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The Fort Center, Florida archaeological site is known for its extensive monumental 

architecture, intricate wooden effigy carvings, and 2,000-year continuous occupation. It is 

thought to be a persistent monumental place (Thompson and Pluckhahn 2012:52) because of its 

long-term (re)use of landscape features, mortuary ceremonialism, and ritualism regarding sacred 

ancestral space. Cultural materials excavated in the 1960s and the 1970s, including the human 

remains, are curated at the Florida Museum of Natural History, University of Florida.  

This research provides a comprehensive and multi-faceted approach to understanding 

these individuals with a focus on human osteology (paleodemography and paleopathology), 

mortuary practices, diet, and mobility. Objectives were to re-associate dispersed skeletal 

elements of individuals and re-assess earlier interpretations regarding the Fort Center population. 

This research provides a necessary foundation for extensive future research endeavors.  

Results indicate that these individuals were given uniform mortuary treatment regardless 

of age or biological sex, which suggests that Fort Center was egalitarian. Skeletal elements re-

associated represent 693 individuals: 272 juveniles (<18 years) and 421 adults (>18 years), 

including 120 males and 126 females. As many as 359 individuals exhibited one or more 
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pathological conditions, with linear enamel hypoplasias affecting 27% of identified individuals. 

Female individuals, infants, and young children display higher rates of observed antemortem 

conditions such as LEH, cribra orbitalia, and non-specific reactive bone, which suggests that 

periods of pregnancy, breastfeeding, weaning, and early childhood were particularly stressful. 

Pilot-level isotopic data (n = 14 individuals) indicates that individuals were native to 

south-central Florida and relied on a varied diet. Strontium values identified a single individual 

identified as non-local to Fort Center but still originally from the Florida region. Carbon and 

nitrogen isotope ratios indicate that the Fort Center individuals consumed both aquatic and 

terrestrial resources and did not rely on maize agriculture or any other single food crop for 

subsistence.  

Unexpected results, both mortuary and osteological, indicate that the individuals 

recovered from the center of the pond during the first year of excavations (1963) represent a 

separate, distinct population. Differences observed include frequencies of antemortem 

conditions, perimortem cut marks, bundle burials, and red staining of elements.  
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CHAPTER 1 

INTRODUCTION 

The Fort Center archaeological site (8GL13) in south-central Florida contains dozens of 

earthworks spread over approximately 300 acres along the south side of Fisheating Creek (Figure 

1-1). First occupied during the Early Woodland period (around cal B.C. 960 - 750), and 

continuously inhabited for over 2,000 years, Fort Center encompasses an extensive amount of 

landscape modification indicative of long-term occupation, persistent religious and ancestral 

beliefs, and social complexity (Sears 1982; Thompson and Pluckhahn 2012). Given the 

similarities between Fort Center and other Florida sites, it is likely that Fort Center participated 

in extra-local networks of commerce, social practices, and ritual beliefs (Thompson and 

Pluckhahn 2012).  

Until the last few decades, southeastern archaeology was dominated by unilinear views of 

cultural development and progression (Morris 2012; Russo 1994a), and Fort Center was no 

exception. For example, Sears (1982:189) ascribed the presence of monumentality and 

complexity at Fort Center to agriculture, asserting that the ritual activities had “agrarian 

overtones.” However, more recent research has demonstrated that agriculture was not a 

prominent part of life at Fort Center. Indeed, at Fort Center and many other architecturally 

complex prehistoric sites, inhabitants were hunter-gatherers in resource-rich environments and 

achieved residential stability, including the formation and maintenance of permanent villages 

(Johnson 1990; Morris 2012; Thompson and Pluckhahn 2013, 2014). Instead, theories on the 

importance of the relationship between religious beliefs and the development of social 

complexity and inequalities have burgeoned (Aldenderfer 2010; Lucero 2003; Rakita 2009; 

Rappaport 1979; Schachner 2001).  
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The emergence of Fort Center was an important development in Florida’s prehistory. It 

likely coincided with a change in traditional social relationships among other Florida sites as 

well as a transition in the role of landscape modification in religious ceremonies and social 

memory (Thompson and Pluckhahn 2012, 2013). Unrelated to agriculture, the activities of 

landscape modification at Fort Center coincided with world renewal ceremonies and feasting. 

Centralized rituals associated with burials were common among sites of prehistoric Florida, and 

they functioned as elaborate and labor-intensive endeavors to maintain ties with distant 

communities (Hall 1997; Milanich 2002; Thompson and Pluckhahn 2012; Yerkes 2002). Given 

its size, Fort Center was likely a central and important meeting place for these rituals; hosting 

feasts and burial ceremonies would allow Fort Center to occupy a role of renewing dispersed 

social ties under common ritual and religious beliefs (Hall 1976; Yerkes 2002).     

As described in Chapter 2, the primary excavation activities at Fort Center involved three 

universities over the summers from 1963 to 1970, with almost all of the human skeletal materials 

excavated by William Sears. The human skeletal assemblage used for this thesis is a part of the 

materials curated at the Florida Museum of Natural History (FLMNH) in Gainesville, Florida.  

Research Objectives 

Despite Fort Center’s standing as one of the most researched sites in the Lake 

Okeechobee region, interpretations using human skeletal remains, a key line of archaeological 

evidence, have been largely absent. The objectives of this research were to fill this gap by 

applying data obtained from the large human skeletal assemblage to a series of questions, some 

of which reflect Sears’s (1982) original interpretations, whereas others were more recently 

proposed.  
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Specifically, osteological data are interpreted to assess the questions invoked by Sears 

(1982), such as whether the individuals buried at Fort Center represent multiple generations of 

high-status mortuary specialists, and whether their mortuary practices included placing bundled 

burials on wooden platforms. In addition to Sears’s original hypotheses, this research aims to 

view osteological data, most notably paleodemographic and paleopathological data, through a 

sociocultural framework with a particular focus on agency and life history theory. Human bodies 

are treated as material evidence and a primary resource to better understand who the Fort Center 

individuals were, how they lived in terms of daily practices, their overall health, what they ate, 

how they related to one another, how they ritually viewed and treated their ancestors, and where 

they were from.   

This knowledge contributes to a better understanding of complex hunter-gatherer 

societies during the Woodland Period (ca. A.D. 200 to 600) in Florida. Using multiple types of 

derived data, this research provides a nuanced understanding of the Fort Center population by 

looking at the people themselves. Original questions of social status and new questions of overall 

health and population dynamics are reassessed using all available data. All results provide a 

critical foundational framework for extensive future research and more refined research 

questions.  

Research Approach 

This research provides the first comprehensive osteological examination of human 

remains from Fort Center. This bioarchaeological work is multi-faceted and incudes: in-depth 

review of all original documentation, including Sears’s comprehensive field notes as well as a 

standard osteological assessment considering a minimum number of individuals (MNI), sex, age-

at-death, stature, overall health and pathologies, and trauma (Buikstra and Ubelaker 1994). It 
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also presents a pilot-level isotopic analysis of dietary and mobility indicators (Ambrose 2003; 

Bentley 2006; Quinn et al. 2007).  

The primary research effort for this dissertation was to perform a comprehensive 

osteological assessment of the human skeletal collection from Fort Center. A foundational 

contribution of this research is the re-association of separated cranial, dental and post-cranial 

elements from Fort Center’s many individuals, without which analyses are impossible. Through 

the application of MS Excel sorting, nested comparisons, and filtering functions, a detailed 

determination of biological data at the individual level was made possible. This provided the data 

with which larger questions of status, health, and paleodemography could be critically evaluated 

using osteological data.  

Overall health was assessed through a combination of factors, including antemortem 

conditions, stature, and traumatic injuries. These data were interpreted within a life history 

framework to assess how these conditions might affect men, women, and children at Fort Center 

at a daily scale of analysis. Insight into social status was determined through a correlation of 

physical health factors with mortuary data. Information regarding mortuary behaviors was 

derived from original site documentation at the FLMNH, particularly Sears’s excavation notes. 

To make meaningful interpretations using both osteological and mortuary data, individuals were 

correlated with distinct site features at Fort Center, including Mound A, Mound 13, Mound B, 

the platform, and the pond.   

A secondary research effort was to complete an isotopic analysis for a pilot-level 

collection of 14 individuals to assess dietary and mobility patterns. Individual samples were 

assayed for light stable isotope ratios derived from bone collagen (δ13C and δ15N), bone apatite 
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(δ13C and δ18O), and tooth enamel apatite (δ13C and δ18O), as well as heavy isotope ratios derived 

from tooth enamel (20nPb/204Pb and 87Sr/86Sr).  

Finally, Fort Center was situated into a broader regional context. Results derived from 

mortuary practices, paleodemographics, paleopathologies, and isotopic analyses were compared 

with available osteological and isotopic data from other prehistoric Florida sites. Data were again 

interpreted to discuss the quality of daily life in terms of age and gender differences for the Fort 

Center population and other prehistoric Florida populations.  

Organization of Dissertation 

Following the introduction, Chapter 2 provides background information on the Fort 

Center archaeological site in terms of environment, previous research and interpretations, 

excavation history, and skeletal collections history. Background information on the development, 

importance, and utilization of bioarchaeological analysis and isotopic analysis is also discussed. 

The theoretical relevance of using the human skeletal body as material insight into the past, 

which provides the backbone of this dissertation work, is presented. Lastly, a geopolitical 

overview of prehistoric Florida, situating Fort Center among its contemporary populations, is 

provided.  

Chapter 3 summarizes an overview of all materials, methodologies, and hypotheses. First, 

relevant research hypotheses are provided. Second, a review of the materials used for this 

research, including documentation and skeletal remains, is given. Third, methods of osteological 

analysis are presented, specifically, methods of re-association and standard methods utilized to 

establish an individual’s biological profile. How these data can be carefully applied to 

sociocultural questions of health and status is reviewed. Fourth, the steps undertaken for sample 

selection and sample preparation for isotopic analysis are presented. Finally, this chapter 
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summarizes the statistical methods utilized for intra-site and inter-site comparisons as well as the 

rationale for intra-site groups by site feature.  

Chapter 4 presents the results of this research. Summaries of all field seasons that 

excavated human remains at Fort Center are provided, as are results indicative of mortuary 

behaviors. An overview of the bioarchaeological information, including re-association of 

individuals, minimum number of individuals, age-at-death, sex, stature, pathologies, and trauma, 

is discussed for the Fort Center population. Finally, the isotopic results for carbon, nitrogen, 

oxygen, strontium, and lead ratios are presented at both the population level and by biological 

sex and site feature.  

Chapter 5 provides a discussion of the significance of the results presented in Chapter 4. 

Mortuary behaviors are assessed in terms of placement and meaning, and contributions to the 

existing debate of a wooden platform are made. Paleodemographics and paleopathologies from 

the human skeletal assemblage are discussed, and the isotopic data are interpreted in terms of 

individual and population-level diet and mobility patterns. Finally, two in-depth osteobiographies 

are provided for two individuals, for which all relevant data are available to contextualize the 

power of multi-faceted bioarchaeological inquiry.   

Chapter 6 relates the osteological and isotopic data from Fort Center to available, 

published data from other Florida sites. Comparisons in terms of mortuary practices, pathologies, 

diet, origins, and mobility patterns are made among different prehistoric Florida sites. These 

comparisons are then interpreted within a broader social framework that enables insight into 

daily practices and quality of life according to age and biological sex.  

Finally, in Chapter 7, all results are related back to the original hypotheses discussed in 

Chapter 3. Broad interpretations and key findings regarding the Fort Center population, including 
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overall health, social status, and patterns of mobility, are summarized, and extensive avenues for 

future research are suggested.  
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Figure 1-1. Location of the archaeological site Fort Center. Figure adapted from Thompson and 

Pluckhahn (2012).  
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CHAPTER 2 

BACKGROUND 

This dissertation illustrates the effective use of bioarchaeology, a companion to 

anthropological archaeology, which has developed into an integrative and multidisciplinary 

approach within biological anthropology. Bioarchaeological data generally encompass a broad 

variety of information derived from visual inspection (e.g., sex, age-at-death, ancestry, stature, 

skeletal trauma, skeletal pathologies, dental disease, cultural body modifications), as well as 

valuable insight inferred from isotope analysis (e.g., date-of-death, paleodiet, mobility, and 

origin). An overview of the bioarchaeology discipline and the theory behind using extensive, 

multifaceted physical data to infer cultural details is presented below. Also discussed is the use 

of different isotope systems for bioarchaeological analysis and relevant information that may be 

gleaned from their analysis, highlighting one of the most versatile tools of the bioarchaeologist. 

Finally, a history of Fort Center provides the background for this dissertation’s focus. 

Bioarchaeology 

The human skeleton is a ubiquitous but unique repository for social information 

regarding the lifeways, including diet, patterns of movement, and social inequality of past people 

(Gowland and Knüsel 2006; Katzenberg and Saunders 2008). Bioarchaeology seeks to explain 

human behaviors across space and time to better understand cultural similarities, differences, and 

complexities (Zuckerman and Martin 2006). Looking at past skeletal populations with a 

simultaneously individual and population-level approach is complementary. Bioarchaeology can 

produce “osteobiographies” (Saul and Saul 1989), which are narrative interpretations of the lives 

of individuals excavated within an archaeological domain (Stodder and Palkovich 2012). These 

osteobiographies can then be used as a natural complement to a wider understanding of the 

population.  



 

30 

 

Although bioarchaeologists specialize in analyzing the physical materials present, or 

human skeletal remains, through an assessment of biological components, it is only through this 

material that bioarchaeologists are able to access a deeper understanding of past cultures. The 

skeletal elements that survive provide direct evidence of an individual’s interactions with its 

social and physical environment in dynamic ways. The skeletal body reflects the social body, a 

“cultural concept and lived reality” (Geller 2008:114), which makes bioarchaeologists uniquely 

qualified to study past individuals and populations. With an osteological approach that considers 

both biological and cultural data, bioarchaeologists can study individuals and society from 

infancy to death and beyond (Geller 2008). Furthermore, skeletal remains provide information 

that may not be visible from other lines of evidence (Perry 2007). When utilized as part of a 

multi-faceted approach, including additional components such as archaeological data, mortuary 

analysis, historical records, isotopic analysis, radiocarbon dating, and ancient DNA, 

bioarchaeology offers an invaluable, integrative and interdisciplinary perspective.     

Human skeletal remains provide a unique source of information on the interaction of 

physical attributes, such as health, genetics, and cultural processes. Osteological analysis can be 

used to infer cultural variability as well as to examine relationships of disease, the environment, 

and lifeways (Lambert 2000). Skeletal remains offer a direct means of interpreting these 

processes, in contrast with archaeological or historical resources, which must be interpreted with 

more caution (Walker 1997). However, using human skeletal remains in addition to other means 

of knowledge – archaeological, historical, ethnographical – is a powerful way to reduce bias of 

interpretation. Using multiple lines of evidence creates a multi-faceted understanding that is 

more likely to be an accurate reflection of the past (Walker 2000). In fact, a reliable and 

comprehensive bioarchaeological approach to infer past behaviors and lifestyles requires the 
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analysis and understanding of both the archaeological contexts and the human skeletal remains 

(Pearson and Buikstra 2006). Additionally, when a skeletal population is known to represent 

multiple generations, a diachronic assessment is useful for providing adaptive information about 

humankind (Walker 2000).  

Bioarchaeology focuses on the analysis of human skeletal remains to gain information 

from past populations that can be of value to modern populations (Walker 2000; Zuckerman and 

Armelagos 2011). Bioarchaeologists seek to analyze skeletal populations in order to document 

major biocultural trends in the processes of human adaptation (Stodder and Palkovich 2012). The 

data sets already produced by global bioarchaeologists are enormous, and large-scale 

comparisons can shed light on general changes that human populations have undergone over 

time (Larsen 2002). For example, one area of focus for such broad comparisons is the adoption 

of a sedentary lifestyle concomitant with intensive agriculture (Cohen and Armelagos 1984; 

Cohen and Crane-Kramer 2007). Cohen and Armelagos (1984) broadly compared pre-agriculture 

populations with agricultural populations and discerned that general changes in health, although 

not universal, did occur during this transition. Bioarchaeology, with a focus on paleopathology, 

can also determine major epidemiological transitions and their implications over time 

(Armelagos 2003). Studying infectious disease and health among past populations can yield 

insight into the suffering of modern populations. Dental pathologies, for example, are an 

increasing global issue today. Developed and developing countries alike suffer from dental 

caries, alveolar abscesses, and to a certain extent, linear enamel hypoplasias. Furthermore, a 

study using human osteology is well suited to a framework for integrating factors of human 

adaptability and health within their larger biocultural and ecological context (Zuckerman and 
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Martin 2006). Human susceptibility to physical stress is dependent upon many factors, and 

bioarchaeology is uniquely qualified to look at the effects of these variables on human biology.   

Benefits of Bioarchaeology 

The tools and techniques used by bioarchaeologists facilitate the reconstruction of the 

deceased’s behaviors and lifestyles, as well as an assessment of biological relatedness among 

individuals. Bioarchaeological data can provide insights into social aspects of a past population, 

as well as conclusions regarding their pathologies and overall health. These benefits are 

considered more fully below. 

Reconstruction of past behaviors and lifestyles  

During an individual’s lifetime, the body undergoes various physical changes in both the 

bones and the teeth. These changes are generally interpreted as being the result of habitual 

behaviors that occurred with enough frequency to impact the body.  

In the bones, cartilage that covers the articulating surfaces of joints will erode as a result 

of use of the joint (Larsen 2002). When the amount of use is pronounced, usually the result of 

repetitive or prolonged physical activities, the skeletal joints will begin to change. Three primary 

indicators of physical activity are osteoarthritis, the biomechanics of long bones, and muscle 

attachment morphology (Larsen 2002). Osteoarthritis, which is the wearing down of articular 

cartilage between joints through repetitive use and age, has been correlated to activity patterns 

such as the strenuous labor required for intensive agriculture. However, osteoarthritis’s etiology 

is multifactorial. Osteoarthritis as well as musculoskeletal stress markers, such as enthesopathies 

and muscle markings, are mainly correlated with age and are more pronounced among older 

individuals. Additional discernible factors include genetics, sex differences, and trauma (Pearson 

and Buikstra 2006; Weiss and Jurmain 2007). Osteoarthritis is used by bioarchaeologists to 
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reconstruct past activity patterns because it results from specific, daily, and repetitive tasks. 

However, there is only a modest correlation between activity and osteoarthritis, and there is a 

large variation in incidence and severity of osteoarthritis. This suggests that interpretations 

regarding osteoarthritis should be made cautiously and with consideration of context, such as 

culture and environment (Larsen 2002; Weiss and Jurmain 2007). 

Bone remodels as a result of repetitive mechanical loading forces. In areas of the skeleton 

that are subjected to high and prolonged levels of mechanical loading, increased bone tissue is 

deposited to thicken the bone. Cross-sectional morphology is thus used to correlate the size and 

shape of long bone cross sections to activity. Smaller, less robust cross-sectional views of long 

bones typically indicate less physical activity, whereas larger, more robust cross-sectional views 

generally suggest greater levels of physical activity (Larsen 2002). Additionally, more 

pronounced sites of muscle attachment also suggest greater levels of physical activity. The larger 

the site of muscle attachment, the more likely that the muscle was well-developed and thus used 

repetitively.  

Habitual behavior can also be discerned by examining the teeth to interpret masticatory 

function, and thus diet, and tooth use, such as using teeth as tools. The patterns of wear and 

damage that are present among teeth reflect how teeth and jaws were used in daily life behaviors 

(Larsen 2002). Teeth can be observed macroscopically to assess general patterns of wear. For 

example, coastal populations typically show heavier amounts of occlusal surface wear because of 

a gritty diet from sandy inclusions in prepared food that hasten wear of tooth enamel. 

Microscopically, using scanning electron microscopy, teeth can be analyzed for patterns of 

microwear that correlate to hard or soft-textured foods.  
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Reconstruction of bio-relatedness  

Physical evaluation of bones and teeth can provide key information about the history and 

relatedness of populations (Larsen 2002). Biodistance, or biological distance, examines 

evolutionary patterns to measure and reconstruct the genetic relatedness within or between 

groups and populations (Knudson and Stojanowski 2008). The general assumption behind the 

validity of this approach is that related individuals share more physical attributes than unrelated 

individuals (Larsen 2002). An analysis of relatedness is based on an inventory of certain 

genetically controlled metric and non-metric cranial and dental traits (Larsen 2002; Turner et al. 

1991). Metric traits are scored with linear measurements, whereas non-metric traits are scored 

for presence or absence. Intra population studies can ultimately aid in the reconstruction of social 

organization, such as post-marital residence patterns or patterns of kinship relations (Stojanowski 

and Schillaci 2006). Biodistance analyses also provide insight into the changing lives of native 

populations, as well as larger-scale interactions of populations. Although an analysis of these 

genetically linked physical traits is illuminating, it is not able to provide the exact nature of 

genetic relatedness among individuals, for example, mother-daughter or grandmother-

granddaughter (Stojanowski and Schillaci 2006). However, as described below, if adequate 

samples are available, ancient DNA (aDNA) analysis can pinpoint familial relationships.  

Reconstruction of stature 

Adult stature of archaeological populations has long been inferred using regression 

formulae derived from skeletal data from modern populations. The height that an individual 

achieves within a lifetime, or terminal stature, is dependent upon many factors, including 

genetics, the physical environment, and sociocultural influences. Climate has been correlated to 
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body breadth, and the amount of body surface area differs in hot and cold climates (Ruff 2002). 

Additionally, rates of growth and thus overall stature are genetically influenced. 

There are three general ways to determine stature from skeletal remains. One is to 

measure the length of a skeleton interred within a grave. For this to work, the individual must be 

well articulated and in a fully extended position. Second is to measure the individual lengths of 

several bones that contribute to height and add them together. This is the Fully Method, which 

was developed by Georges Fully, a French physical anthropologist. The third way to estimate 

stature is by measuring the length of a certain long bone, such as the femur, tibia, or humerus, 

and use that measurement within regression formulae to estimate a total stature for that 

individual (Mays 2010). Using regression formulae for singular long bones is often easier to 

apply within archaeological settings that are subject to disparate patterns of skeletal preservation 

and representation. 

Variation within adult stature is commonly linked to stress levels during development, 

making it an important reflection of other sociocultural influences factors, particularly stress 

from inadequate nutrition (Larsen 2015). Stature, like other responses to stress by the body, is 

mutable during individual growth and development. Estimated stature may be correlated to 

individual and population overall health and life conditions.  

Insights into social aspects  

Recent bioarchaeological analyses are conducted within a social, economic, and political 

framework to interpret the occurrences and changes in health, power, and inequality (Armelagos 

2003; Zuckerman and Armelagos 2011). This broader perspective is better able to illuminate the 

underlying causes behind the observations within the data from skeletal material. The why as 

well as the who (individual actors) becomes important. Bioarchaeologists are able to better 
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ascertain what the presence of certain pathologies and their patterning might mean with respect 

to individuals’ daily lives, what the burial context meant within a larger cultural framework, and 

how bioarchaeology can contribute to bigger-scale questions of human understanding. The 

modern goal of bioarchaeology is to utilize the human skeleton to transcend the material or 

physical, and recreate the social realm of lived experience. Engaging in social theory, 

bioarchaeologists can examine aspects of past social processes and identity such as gender, 

disability, and childhood. This ultimately aids in the understanding of social processes and life in 

the past (Agarwal and Glencross 2011).  

Social bioarchaeology encompasses research on disability and impairment, gender, 

identities of age, body modification, and ethnic identities (Knudson and Stojanowski 2008). 

Bioarchaeology today has matured to the point where it bridges both biological and social 

aspects of anthropology. It facilitates interdisciplinary and multidisciplinary research to 

understand past and present populations through human osteology, mortuary practices, and social 

theory (Knudson and Stojanowski 2008). Although bioarchaeology relies on a physical 

examination of skeletal remains, recent research has progressed beyond merely gaining a 

demographic representation of past populations. Bioarchaeology now seeks to reach deeper 

aspects of past lives, such as an understanding of nutrition, survivorship, physiological 

adaptation, well-being, the human condition, and social identity (Knudson and Stojanowski 

2008; Larsen 2002; Reitsema 2013; Wright and Yoder 2003). One critical way in which the 

current bioarchaeological practice succeeds is that it no longer focuses research questions on 

merely biological or evolutionary processes. Instead, bioarchaeology poses broader research 

questions that delve into a deeper social understanding, and thus entwines anthropological 

archaeology with biological anthropology. Bioarchaeology can access past individual and 
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collective identity in terms of gender, age, status, ethnicity, and religion. By combining all of 

these factors to focus on the entirety of the “social construction of the human experience” 

(Knudson and Stojanowski 2008:398), bioarchaeology uses the past to make important 

contributions to issues that persist today. 

In earlier days of archaeology as well as the incipient days of bioarchaeology, social 

scientists focused on power and social status with the underlying assumption that power or 

centralization appeared in response to a need for social regulation (Hodder 2004). More recent 

approaches in archaeology and bioarchaeology incorporate newer social theories and, in moving 

away from the central concept of power, investigators instead consider the importance of daily 

practices. Emphasis is increasingly placed on the ways in which social meanings, rules, and 

relations of power are manifested in daily practices. This focus increases the importance of 

reconstructing the daily lives of past individuals (Hodder 2004). Daily practices, such as the 

relationships between men and women and children and adults, become social practices and 

social rules. Archaeologists and bioarchaeologists try to recreate the ways in which human 

bodies moved through social spaces, such as within houses, communities, and landscapes, on a 

daily basis, and changes in these patterns of bodily movement that are linked to changes in 

relationships and power (Barrett and Ko 2009; Hodder 2004; Tilley 1994).  

Taking daily practice theory one step further, bioarchaeology attempts to explain how 

these practices create social memory with time. Archaeology and bioarchaeology focus on key 

themes within the past such as sedentism, domestication, and the treatment of the dead and 

ancestors (Hodder 2004). These daily practices combine to create culturally meaningful beliefs 

that, when studied within their cultural context using a multidisciplinary approach, can yield 
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insight into the effects of changes in time, memory, and relationships with the past (Hodder 

2004).  

Insights into paleopathology of past populations 

Understanding health and disease in past populations is important for several reasons. 

The incidence of different diseases provides insight into the life history of individuals and 

populations. Intra-population comparisons can be made for more nuanced analysis, for example, 

health disparities between men and women or the elderly and children. Comparisons of health 

and disease between different populations can provide insights regarding patterns of interaction 

on a regional scale. And finally, diachronic comparisons of populations can yield insight into 

changes in health and disease over time.  

Studying past patterns of disease may provide insight into modern occurrences of disease 

and infections. The origin of most of today’s diseases can be traced to past populations (Larsen 

2002). Bioarchaeology is generally unable to access information regarding acute, or fast acting, 

diseases, because the individual died before changes in the skeleton occurred. Chronic diseases, 

on the other hand, typically linger long enough that there are corresponding skeletal changes. 

Three major chronic infections for which there is undeniable and clear skeletal evidence are 

leprosy, tuberculosis, and treponematosis (tertiary syphilis) (Larsen 2002; Ortner 2003).  

Bioarchaeologists typically examine the human skeleton for signs of stress, which is 

considered to be physiological disruption resulting from environmental circumstances (Larsen 

2002). When these circumstances are negative, disruption can be identified on both the bones 

and teeth through microscopic and macroscopic analysis. Frequently studied pathologies include 

dental caries, alveolar abscesses, linear enamel hypoplasias, porotic hyperostosis, cribra orbitalia, 

periostitis, Harris lines, and osteoarthritis. However, diagnosis of pathological conditions from 
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human remains is not straightforward. Despite the availability of more precise methods of 

diagnosis, many of these pathologies are referred to as non-specific indicators of stress, meaning 

their etiology is unknown. For example, “periostitis,” or periosteal lesions, which results from a 

disruption to the periosteum, the fibrous membrane surrounding the exterior surface of all living 

bone, can result from a variety of different pathologies as well as from traumatic insults or 

events. Despite these limitations, a careful and nuanced evaluation of the form, frequency, 

location, and severity of lesions, as well as the context of the affected individual has led recent 

researchers to stipulate a more precise cause of periosteal lesions (Assis 2013; Marques et al. 

2018; Weston 2008).  Stress indicators in the skeleton largely reflect stress that occurred during 

periods of childhood development when the bone tissue and tooth enamel was forming.       

Archaeological assemblages of human remains paradoxically reflect patterns of fertility 

and birth within a population as opposed to rates of mortality (Larsen 2002). An assemblage with 

average age-at-death that is fairly low, caused for example by high abundance of children or 

infants, is more likely to represent a high fertility rate. The high number of younger individuals 

indicates that the population was growing. Therefore, bioarchaeology is limited in what it can 

learn about mortality from such assemblages but is well-suited for assessment of fertility (Larsen 

2002).  

Using Bioarchaeology in a Multi-Faceted Approach 

A surge in innovative techniques to collect information from human skeletal remains has 

bolstered the knowledge gained from bioarchaeology. Such techniques, including ancient DNA, 

radiocarbon dating and isotopic analysis, generate information directly from preserved tissue, 

i.e., the skeletal remains. The disadvantage of these techniques is that they are intrusive and 

destructive. Furthermore, it can be difficult to balance the benefits of generating data that provide 
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insights into people of the past against the loss from destruction of human remains (Turner and 

Andrushko 2011). There is, however, evidence of increased case-by-case collaboration and 

dialogue between bioarchaeologists and Native American groups, which normalizes these 

relationships and clarifies the “cost-benefit” conundrum (Kakaliouras 2008). Only with 

cooperation between bioarchaeologists and descendant communities can an increased 

understanding of the collective human past be gained (Larsen and Walker 2005). 

 Ancient DNA  

Physical anthropologists have realized the benefits of using ancient DNA (aDNA) studies 

as a part of their broader research questions. Ancient DNA studies provide a glimpse into past 

individual life histories, particularly when bioarchaeology achieves the limits of its potential, 

such as when remains are extremely degraded or fragmentary. Ancient DNA can clarify an 

individual’s sex by identifying specific markers on the X and Y chromosomes. Furthermore, 

bioarchaeology often deals with commingled individuals, which can make re-associating specific 

individuals difficult. Ancient DNA enables identification of specific individuals (Kaestle and 

Horsburgh 2002). When working with a diachronic perspective, a bioarchaeologist can also use 

aDNA studies to assist with reconstructing past population movements and replacements. This 

provides definitive links to descendant groups, which in turn augments the depth of 

interpretations regarding the relationships between the social constructs and cultures involved. 

 Radiocarbon dating 

Originally proposed by Willard F. Libby in 1946-1948 (Marlowe 1980), the exponential 

decay of 14C atoms (radioactive carbon) into 14N atoms provides the basis for dating carbon-

containing (organic and inorganic) archaeological materials. The calendar age of an 

archaeological sample can be estimated by the 14C/12C ratio measured in the sample, together 
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with the known rate of decay for 14C, and corrected (i.e., calibrated) for changes in 14C/12C ratios 

in the atmosphere during the past ca. 50,000 years.  

Carbon isotopes ratios in atmospheric carbon dioxide are reflected in plants following 

photosynthesis and in consumer tissues, the bones and teeth of animals higher in the food web. 

Radiocarbon dating can be used to estimate date-of-death for skeletal remains, provided a 

sufficiently large sample is available for measuring its 14C/12C ratio; typically, the petrous 

portion of the temporal bone is used (Pinhasi et al. 2015). Alternatively, radiocarbon dates on 

grave goods or even a sample from the burial structure may provide a reasonable estimate of the 

date-of-death for the associated archaeological remains.  

Isotopes  

Unlike radioactive 14C, the abundant forms of most naturally occurring isotopes of 

common elements are stable, i.e., do not undergo radioactive decay. The relative frequencies of 

selected stable isotopes in archaeological materials can be used to reconstruct past patterns of 

human life (Katzenberg 2007). Isotope ratios measured in archaeological assemblages are now 

routinely used to reconstruct diet, nutritional ecology, weaning periods, climate, and habitat 

(Ambrose and Krigbaum 2003; Larsen 2015). For example, bones and teeth from human skeletal 

remains provide direct information regarding an individual’s diet and health (Walker 1997).  

The three main skeletal tissues utilized for isotopic analysis are tooth enamel apatite, 

bone apatite, and bone collagen (Tykot 2004). Ratios of carbon (14C /12C and 13C /12C), nitrogen 

(15N /14N), and other selected elements in food consumed by an individual are assimilated into 

the individual’s bones and teeth and preserved in skeletal remains (DeNiro and Epstein 1978, 

1981; Schoeninger and DeNiro 1984). Since tooth enamel is fixed at the time of tooth formation, 

the isotope ratios in pre-molar and molar teeth reflect an individual’s diet during childhood and 
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early adolescence (Sealy et al. 1995). Once enamel has matured, which occurs in early 

adulthood, it will not incorporate changes that occur throughout adulthood (Quinn et al. 2008). 

Although mineralization of bones is continuous throughout the life of an individual, the rate of 

uptake varies, occurring relatively quickly in small porous bones and more slowly in large heavy 

bones (Hedges et al. 2007).  

Stable isotope ratios provide insight regarding diet, socioeconomic status, origin, and 

mobility. The 13C /12C ratios provide a record of long-term consumption of C3 and C4 plant 

resources (van der Merwe and Vogel 1978). Analysis of 15N /14N ratios can be used to determine 

the amount of dietary protein and the trophic level of the protein consumed (Hedges et al. 2007). 

The 18O/16O ratios can provide insights into the water resources utilized and climate during 

which the deceased individual lived, and radiogenic ratios for lead and strontium isotopes 

(20nPb/204Pb and 87Sr/86Sr) can be used to identify the geographic area(s) in which the deceased 

lived. These applications for stable isotope analysis are discussed further in the sections below. 

Mortuary analysis  

The dead do not bury themselves (Parker Pearson 1993). Bioarchaeology can be 

combined with mortuary analysis to gain insight into not only the physical bodies, but also into 

the social constructs that influenced the type and manner of burial. Mortuary analysis takes the 

material of the human skeletal remains a step further and allows the archaeologist to better 

understand how a past society was structured (social stratification, ascribed or achieved status), 

beliefs about death, and practicality regarding disposal of the dead (Parker Pearson 1999). The 

archaeological remains of the body represent a culmination of culturally applied rites of passage 

that separate the living from the dead. Within a wider mortuary framework, the body is prepared 

for final deposition according to socially meaningful, repetitive behaviors (Perry and Joyce 
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2001). Emphasis on the performed funerary conditions enacted by the living provides a more 

critical evaluation of the social context. 

Limitations of Bioarchaeology 

Despite bioarchaeology’s capabilities, it is unfortunately subject to several inherent 

limitations. One significant issue that has always plagued bioarchaeologists and archaeologists 

alike is preservation bias of materials at an archaeological site. As discussed below, taphonomic 

factors affect which materials, organic and non-organic, survive through time. A second major 

limitation is the “osteological paradox,” first articulated by Wood et al. (1992), which outlines 

key factors that can make osteological metrics for the deceased an unreliable representation for 

the general population. Additional sections below review the challenges regarding drawing 

conclusions from osteological data, particularly data on pathologies, followed by methodological 

improvements to address this difficulty. 

Preservation bias  

Poor preservation is a common problem with archaeological remains, both skeletal and 

non-organic. Archaeologists are at the mercy of a particular site or region’s taphonomic 

processes, which ultimately determine the materials that are preserved in the archaeological 

record. Taphonomy, the life history of remains from burial to recovery, encompasses a wide 

variety of natural and unnatural processes that influence the condition of archaeological, 

particularly skeletal, remains (Warren et al. 2008). Unfortunately, preservation of organic 

materials such as skeletal remains is often poor. This begs the question of whether the preserved 

skeletal assemblage is representative of the entire living population. 

Differential preservation of skeletal elements causes a preponderance of larger, more 

robust elements to be found by archaeologists, whereas smaller, more fragile elements are lost 
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(Gowland and Knüsel 2006). For example, the bones of infants and children are more likely to 

decay because they are smaller in size and density, are more fragile and contain more collagen 

(Gordon and Buikstra 1981; Walker et al. 1988). Additionally, the depositional environment 

influences the condition and rate of degradation of skeletal materials. For example, highly acidic 

soils demineralize the bone, leaving it structurally weak and more prone to fracturing. Similarly, 

prolonged exposure to water will often decompose or disintegrate skeletal remains (Stojanowski 

and Doran 1998). The taphonomic process means that bioarchaeologists must often work with 

fragmentary skeletal remains, which makes data collection and interpretation difficult. 

Fragmentary remains hinder inferences about age and sex, which are critical for generating 

comparative data (Knudson and Stojanowski 2008). In addition to natural processes that affect 

the archaeological record, skeletal materials are influenced by a culture or population’s specific 

set of funerary rites and burial practices, which can have positive or negative effects on their 

preservation of remains (DeWitte and Stojanowski 2015). 

Data interpretation  

Bioarchaeology relies on the assumption that an individual was not capable of masking 

his or her biological response to environmental factors such as disease and nutrition (Krieger 

2005). However, in their seminal article, Wood and colleagues (1992) introduced the 

“osteological paradox,” arguing that the interpretation of health and status from human skeletal 

remains is not at all straightforward. They raised three important conceptual issues that need to 

be addressed: 1) demographic nonstationarity, 2) hidden heterogeneity in risks, and 3) selective 

mortality. Demographic nonstationarity refers to fluctuation in population size. Unless a 

population is static and does not change in size, the age distribution of the deceased reveals more 

about fertility patterns than mortality patterns. In other words, a lower average age-at-death 
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within an archaeological assemblage correlates to an increased fertility rate as opposed to an 

increased mortality rate. Hidden heterogeneity in risks recognizes that individuals vary in their 

susceptibility to illness because the underlying frailty of individuals is not identical (Wright and 

Yoder 2003). This individual variation to disease susceptibility makes it a challenge for 

bioarchaeologists to make general inferences about health and disease within an aggregate 

population. Selective mortality presents another problem for bioarchaeologists. All skeletons 

represent individuals who died for a reason. However, the question becomes, does a skeleton 

without lesions represent a healthy person or a weak individual who died before skeletal signs of 

exposure were able to manifest?  

Considering the three issues they raised, Wood et al. (1992) presented two additional and 

unavoidable challenges for bioarchaeology. First, any aggregate estimate of epidemiology from 

archaeological assemblages is problematic, because the precise risk to illness or death of every 

individual is unknown and unknowable. And second, although health and disease are biological 

characteristics of the individual, bioarchaeological reconstructions of past health and disease rely 

on a population-level approach. All three issues prevent investigators from drawing unassailable 

conclusions regarding health and mortality from bioarchaeological data (DeWitte and 

Stojanowski 2015).  

Furthermore, there is always the question of whether or not the original population is well 

represented by the excavated human skeletal remains; at some archaeological sites, remains 

constitute a representative sample, whereas at other sites, remains yield a biased and limited 

sample (Weiss-Krejci 2011; Wright and Yoder 2003). To confirm that the skeletal sample is 

indeed representative of the original population, three conditions must be met: 1) the sample 

must provide correct determinations of age and sex of the individuals; 2) all individuals in the 
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population must have had an equal chance of being represented within the sample; and 3) bias 

affecting the skeletal data must be detectable and considered within the analysis (Bello and 

Andrews 2006).  

In addition to issues of the osteological paradox and population representation, 

bioarchaeology struggles with limitations pertaining to age and sex. Age-at-death distribution is 

not uniform across all ages and may be different between the sexes. For example, young females 

of high reproductive fitness, and young males during times of conflict, have disproportionately 

high risk of death (Jackes 2011). In addition, many demographic inferences are limited by 

inconsistent diagnostic criteria, and the statistical models utilized to infer sex based on post-

cranial elements are very population-specific (DeWitte and Stojanowski 2015; Knudson and 

Stojanowski 2008). This limits their applicability, particularly if the sex-determination models 

are generated from a modern population. Another difficulty for sex analysis is the inability to 

reliably sex subadult remains. 

Pathological interpretation 

 Physiological stress, which disrupts normal development or biological processes, can 

result from a variety of environmental factors. The diagnosis of diseases from skeletal remains is 

not straightforward. Paleopathology relies on a general, nonspecific, and macroscopic analysis of 

human bone for stress and disease (DeWitte and Stojanowski 2015). For example, the human 

body, teeth in particular, have only so many ways they can respond to external stimuli of ‘stress.’ 

Despite it being, in most cases, extremely difficult to determine the cause of skeletal lesions with 

certainty, or the precise narrative associated with trauma, the skeleton nonetheless provides 

indisputable evidence that stress occurred (Walker 2000).  
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Modern clinical research, such as histological and radiological analyses, has improved 

the ability to discern specific diseases among archaeological remains (Larsen 2002). However, 

the difficulty of defining health among living populations makes it particularly challenging to 

apply such concepts to past populations (DeWitte and Stojanowski 2015). Additionally, careful 

analysis of the location of markers of physical stress can provide insight into the past population. 

Tooth growth is genetically controlled and occurs primarily during the early years of childhood 

development. Thus, if most of visible stress markers occur in the dentition, then one can infer 

that stress occurred early in the deceased individual’s life. Conversely, because bone constantly 

remodels throughout life, if the majority of stress markers are visible on skeletal elements, then 

these changes more likely occurred during adulthood (Larsen 2002). Identifying the specific time 

of stress can provide insights into the lives of specific individuals as well as the broader 

population.  

Methodology improvements  

Despite the osteological paradox, bioarchaeology has not been mortally wounded and 

bioarchaeologists should not despair (Armelagos and Van Gerven 2003; Wood et al. 1992). 

Wood et al. (1992) created awareness and understanding of the inherent limitations of 

bioarchaeology, and the need for scrutiny of context (Larsen 2002). This awareness offers 

researchers an opportunity to develop and test alternative methods. Wright and Yoder (2003) 

note improvements of methodology within bioarchaeology in studies of demography, 

biodistance, paleodiet, growth disruption, and paleopathology, which are steps toward addressing 

the osteological paradox. DeWitte and Stojanowski (2015), on the other hand, found that, in the 

twenty years since Wood et al.’s (1992) original publication, some bioarchaeological research 

still mentions the Osteological Paradox but without considering its effect on their conclusions.  
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There have been several methodological improvements since Wood et al. (1992) 

originally described the limitations of the osteological paradox. One significant improvement is 

the use of stable isotope analysis, which enables study of different tissues that represent distinct 

stages in an individual’s life. By providing “pictures” of an individual’s diet during infancy, 

childhood, and early and late adulthood, stable isotopes provide a record of temporal changes in 

diet. These dietary shifts can be correlated with overall health during the individual’s lifetime 

(Reitsema 2013). Furthermore, better understanding of the effects of physiological processes that 

influence nitrogen signatures, such as bone deposition during growth, bone loss during stress, 

bone deposition from fractures, and various other pathologies, can provide insights into infants 

and children (Katzenberg et al. 1999). Given the preservation bias against remains of infants and 

children, which are often lost because of poor preservation or the fragility of the small bones 

(Gordon and Buikstra 1981; Walker et al. 1988), isotopic analysis on adult remains can provide 

insight regarding past childhood nutrition and health.  

Anthropologie de terrain is a recently developed methodology to reconstruct mortuary 

practices and social identity. A ‘field anthropology’ method in France, anthopologie de terrain is 

a holistic and dynamic approach to burial excavation. It seeks to understand the circumstances of 

burial in detail by reconstructing the totality of all events and taphonomic processes that took 

place from the moment of burial to excavation (Duday 2006). Anthropologie de terrain is 

concerned with human anatomy and decomposition as well as natural taphonomic processes 

post-burial. This approach considers every deviation from normal, anatomical articulation to be 

the result of explainable processes (Knudson and Stojanowski 2008). 
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Conclusions about Bioarchaeology 

Bioarchaeology has grown and matured substantially since its inception. With the 

development of new techniques and an advanced understanding of human osteology, 

bioarchaeology is a critical way to assess information about the people of the past. When people 

disappear, what they leave behind is a material record of their behaviors and beliefs, including 

natural and modified objects as well as oftentimes their own skeletal remains. Bioarchaeology is 

a necessary means to understand the past; it is also flexible, adaptive, and collaborative. Its 

rigorous foundation in the scientific method makes it ideal to use in conjunction with other 

means of investigation.  

Archaeological Theories Applied to Human Remains 

The processualist approach led archaeologists to assert that objectivity and the scientific 

method allowed them to draw definitive conclusions about past societies using archaeological 

evidence, including human remains. In contrast, post-processualists are more cautious, 

considering inferences regarding past societies to be tentative, and likely influenced by the 

background and world view of the archaeologist. Post-processual approaches including the body 

and embodiment, experience, personhood, gender, memory, landscape, and materiality have 

added new depth and meaning to the interpretation of archaeological remains (Crossland 2009; 

Gosden 1999; Thomas 2001; Wilson 2010). An additional theoretical shift toward a focus on 

relationships, including people, things, and places, has emerged with the inherent understanding 

that relationships constantly change to produce new phenomena and new relationships (Hodder 

2012; Joyce 2015). These more recent approaches provide more insightful concepts that focus on 

local meaning systems by using theories of symbolic and interpretive approaches.  
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This section briefly reviews theories used by post-processualists – including materiality, 

phenomenology, agency, and practice – and concludes with a discussion of social 

bioarchaeology. 

Materiality 

Materiality focuses on relationships between humans, animals, things, and places (Olsen 

2003; Thomas 2001; Trigger 2006; Watts 2013). Materiality is included as a quality of being 

because all human actions involve components of the material world (Gosden 1999, 2005). With 

a departure from an over-emphasis on the subject and a new inclusion of the material world, a 

relational ontology that focuses on the nature of relationships between entities has emerged 

(Knappett 2012). An ontological shift to relationism, action, being, and perception was 

implemented within a monistic framework to create a singular world view with one system of 

being (Joyce 2015).  

Emphasis on the relationships of daily interactions between individuals and materials was 

clearly beneficial to archaeology, which deals with the material world. With a focus on processes 

of materiality, archaeologists expanded their objects of study to include non-human agents 

(Olsen 2003; Watts 2013). Access to the data of different materialities facilitated the 

reconstruction of the different ways that people, animals, objects, and places were enmeshed in 

interactive networks, as well as the ways that individual subjectivities were constructed (Gosden 

1999, 2005; Olsen 2003; Robb 2010; Watts 2013). In addition to focusing on the active and 

meaningful relationships among present entities, materiality accounted for the meaningful 

influence of absences and the processes of deconstruction (Joyce 2015; Knappett 2012). Both 

aspects were critical to archaeology, which contended with fragmentary remains of entities that 

were once part of the itinerary and flow (Thomas 2002).  
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Materiality recognizes that society and individuals differ in scale but not in type; both 

comprise patterns of social and material interactions (Gosden 1999). Archaeology specifically 

focuses on the interaction between objects and people, viewing the two as mutually entangled 

within a social network to produce material products of routine, daily activities (Dobres and 

Robb 2000; Ortner 1984). Bioarchaeology assesses the movement of past individuals by analysis 

of the material remains left behind. Materiality encompasses how humans interact with things at 

many different levels in the form of material culture (Hodder 2012). When dealing with human 

burials, one often encounters bodies interred with other material remains. Recognizing the 

human-object relationships and interactions enables greater awareness about the objects placed 

within graves, because they are not merely a reflection of the identity of the deceased individual. 

They also constitute the active negotiation of social roles among the living (Joyce 2005).  

An emphasis on the relationships of daily interactions between individuals and materials 

is synergistic with archaeology, which deals with the material world. With a focus on processes 

of materiality, archaeologists have expanded their objects of study to include non-human agents 

(Olsen 2003; Watts 2013). Access to the data of different materialities facilitated the 

reconstruction of the different ways that people, animals, objects, and places were enmeshed in 

interactive networks, as well as the ways that individual subjectivities were constructed (Gosden 

1999; Olsen 2003; Robb 2010; Watts 2013). This provides a practical application to archaeology, 

which is now better able to access the material products of the routine, daily activities of past 

people (Dobres and Robb 2000; Ortner 1984).  

Furthermore, recently developed theoretical perspectives have facilitated a multi-

dimensional analysis of burial practices and the physical bodies themselves. There can be no 

‘mortuary’ context without the presence of bodies (Sofaer 2002), which makes the bodies 
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themselves an invaluable resource to studying past populations. Human skeletal remains are 

literally material products and they are, although not universally, treated by the living as objects. 

Archaeology has traditionally focused on material remains such as artifacts to interpret of past 

populations. The body, or skeleton, is an important part of understanding past peoples because 

the physical body is a human universal. Human skeletal remains need to be well-integrated 

within other pieces of interpretive archaeological evidence for a holistic understanding of the 

past (Sofaer 2002). The human body, particularly with regards to funerary contexts, is a carefully 

crafted artifact that is manipulated by the living at an individual and collective level (Parker 

Pearson 1999). A body, or a deceased individual member of a population, is the primary reason 

for the social phenomena surrounding a depositional event (Sofaer 2002).  

Archaeological remains of the human body represent a culmination of culturally applied 

rites of passage that separate the living from the dead. When a deceased individual is buried, the 

body is treated as a centralized and symbolic medium for the transmission of ritual beliefs and 

practices (Barrett 1994; Sofaer 2002). Within a wider mortuary framework, the body is used as a 

social resource and prepared for final deposition according to socially meaningful, repetitive 

behaviors (Perry and Joyce 2001). Emphasis on the performed funerary conditions enacted by 

the living enables a more critical evaluation of the social context. 

Additionally, monuments themselves are a particular type of material culture. The 

repeated or cyclical use and reuse of constructed features are important for a population’s 

perception of time and social memory (Gilchrist 2000; Gosden 1999). Landscape modification 

becomes a symbolic activity, and the product itself, the monument, becomes a symbolic and 

meaningful feature within a culture.  
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Phenomenology 

Phenomenology focuses on experiential aspects of existence, consciousness, and 

knowledge, which enables an understanding of how past individuals and cultures construe the 

world (Joyce 2015); it is how an individual makes sense of the world as an embodied and 

emplaced being. Furthermore, it removes the assumption that all individuals experience the 

world in the same way because each possessed a physical, biological body (Thomas 2002).  

Humanistic understanding of the individual emphasizes the individual’s experience, 

which is critical for an individualistic approach of bioarchaeology (Thomas 2002). All 

individuals live in and engage with the world, which is a product of experiences (Trigger 2006). 

The physical body is the surface through which all humans experience the physical world and 

give it meaning, and the body serves as a medium for all actions and experiences (Barrett 2012; 

Barrett and Ko 2009; Gosden 1999; Thomas 2001).  

Human bodies are not stagnant; on the contrary, they constantly move and change over 

time, throughout the life course of an individual (Sofaer 2002). Importantly, the body is also the 

boundary through which an individual creates a complex set of relationships between the internal 

self and the external society (Joyce 2005). Bodies are transformed into entities that are symbolic 

and culturally meaningful. The skeleton retains a body’s social presence (Sofaer 2002), which 

means that bioarchaeology, through a careful understanding of the body, can produce meaningful 

information about living individuals of the past. 

Agency and Practice Theory 

Agency theory emphasizes that individuals create the material conditions and institutions 

of social life, while being simultaneously influenced and constrained by community practices 

(Dobres and Robb 2000; Pauketat 2000). Individuals possess the ability to consciously or 
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unconsciously reproduce or transform these conditions (Dobres and Robb 2000). Although 

agency theory initially prioritized rational actor theory, there has been a shift to methodological 

relationism, emphasizing the active engagement of agents with their surrounding world (Dobres 

and Robb 2000; Ortner 1984). Practice occurs at the intersection of thought and action (Pauketat 

2000), incorporating the ways that agencies are motivated, created, and transformed through the 

material conditions (Barrett 2001; Dobres and Robb 2000). Through daily practices, past people 

perceived and created the world around them, producing intentional, unintentional, short-term, 

and long-term consequences (Dobres and Robb 2000; Lightfoot et al. 1998; Pauketat 2000).  

The theoretical underpinnings of agency and practice theories developed from prominent 

individuals such as Marx, Bourdieu, and Giddens. Marx argued that man made his own history 

according to the conditions in which he lived. This was incorporated into the idea of praxis, that 

society was composed of individuals who exist by virtue of the relationships created throughout 

daily material production (Dobres and Robb 2000). A Marxist, material influence on practice 

theory can be seen in the implementation of asymmetrical interactions and power dynamics. 

Bourdieu (1977) proposed the concept of habitus, which emphasized the taken-for-granted 

routines of daily life and that individuals make sense of the world through evaluative schemes 

(Dobres and Robb 2000; Ortner 1984). Giddens (1979, 1984) contributed structuration theory, 

which proposed an interactive relationship between structure and agents.  

Agency theory evolved through the newer applications of phenomenology and 

materiality, which focused on the interaction between humans and the material world (Joyce 

2015; Knappett 2012; Olsen 2003). Non-humans, such as objects, can be considered as actors 

with agency and are able to influence people and society (Latour 2005; Olsen 2003). Although 

objects may not always be visible, they never stop occupying an active role in social 
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relationships. Using the basis of the material world as an interface between thought and action, 

behavioral theory has developed from practice attempting to read past actions through the 

material patterning of the archaeological record (Trigger 2006).  

Several approaches emerged from practice and agency theory, including a focus on the 

role of individuals, the body, the material world, and the landscape (Barrett 2012; Dobres and 

Rob 2000; Gosden 1999; Olsen 2003). Life consisted of a bodily engagement with the physical 

world, which served to mediate actions and experiences (Barrett 2012; Barrett and Ko 2009; 

Gosden 1999; Thomas 2001). Invoking biological processes of agency as a means of reproducing 

life made an understanding of human agency beyond the pre-existing culture-nature dichotomy 

possible; this provided a more meaningful interpretation of human agency as making sense of the 

world in such a way that life continued (Barrett 2012). Further breaking down the divide between 

nature and culture was the incorporation of landscape in agency theories, which considered a set 

of interactive relationships between people and places (Thomas 2001). People created lived 

spaces, which were networks of familiar places that influenced individuals, groups, histories, and 

identities (Thomas 2001).   

Additional theoretical developments include concepts of relationalities, personhood, and 

fields of action, which recognize latent capacities of human and non-human actors and the 

fluidity of identity that occurs from interactions (Barrett and Ko 2009; Joyce 2015; Robb 2010; 

Thomas 2002). Practice and agency theory focus on the role of the individual and the physical 

body (Barrett 2012; Dobres and Rob 2000; Gosden 1999; Olsen 2003,).  

Social Bioarchaeology 

Social bioarchaeology encompasses research on disability and impairment, gender 

identity, identities of age, body modification, and ethnic identities (Knudson and Stojanowski 
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2008). Bioarchaeology today has grown to the point where it bridges the biological and social 

aspects of anthropology. By viewing the body and the physical remains as the culmination of 

environmental, social and biological processes, bioarchaeology facilitates transdisciplinary 

research to understand past and present populations through human osteology, mortuary 

practices, and social theory (Knudson and Stojanowski 2008; Mays et al. 2017). Although 

bioarchaeology relies on a physical examination of skeletal remains, recent research has 

progressed beyond merely gaining a demographic representation of past populations. 

Bioarchaeology now seeks to access deeper aspects of past lives, such as an understanding of 

nutrition, survivorship, physiological adaptation, well-being, the human condition, and social 

identity (Knudson and Stojanowski 2008; Larsen 2002; Reitsema 2013; Wright and Yoder 

2003). 

More recent approaches in archaeology and bioarchaeology have moved away from the 

earlier focus on power, social status, and centralization as a response for social regulation 

(Hodder 2004). Instead, newer approaches incorporate social theories and, in leaving behind the 

central concept of power, they instead consider the importance of daily practices. Emphasis is 

increasingly placed on the ways in which social meanings, rules, and relations of power are 

manifested in daily practices. This focus increases the importance of reconstructing the daily 

lives of past individuals (Hodder 2004). Daily practices, such as the relationships between men 

and women and children and adults, become social practices and social rules. Archaeologists and 

bioarchaeologists try to recreate the ways in which human bodies would have moved through 

social spaces, such as within houses, communities, and landscapes, on a daily basis, and changes 

in these patterns of bodily movement are linked to changes in relationships and power (Barrett 

and Ko 2009; Hodder 2004; Tilley 1994).  
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One critical way in which current bioarchaeological practice succeeds is that it no longer 

focuses research questions on merely biological or evolutionary processes; instead, 

bioarchaeology poses broader research questions that delve into deeper social understanding. The 

body is treated as a dynamic mediator and the culmination of social, cultural, economic, and 

environmental factors (Mays et al. 2017). Bioarchaeology can access past individual and 

collective identity in terms of gender, age, status, ethnicity, and religion. By combining all these 

factors to focus on the entirety of the “social construction of the human experience” (Knudson 

and Stojanowski 2008:398), bioarchaeology uses the past to make important contributions 

toward issues that persist today. 

Taking daily practice theory one step further involves trying to understand how these 

practices create social memory with time. Archaeology and bioarchaeology focus on key themes 

of the past such as sedentism, domestication, and the treatment of the dead and ancestors 

(Hodder 2004). These daily practices combine to create culturally meaningful beliefs that, when 

studied within their cultural context using a multidisciplinary approach, can yield insight into the 

effects of changes in time, memory, and relationships with the past (Hodder 2004).  

Identity, Kinship, Gender, and Childhood 

Bioarchaeologists are moving forward and away from interpreting osteological data in a 

straightforward, two-dimensional way in terms of merely presenting biological profiles and 

frequencies of pathologies and trauma. Instead, they are delving deeper into what sex, age, 

pathologies, or trauma meant for an individual in terms of daily behaviors. We also seek to better 

understand how these identity categories, such as age and gender, were identified, experienced, 

and measured by past individuals and populations (Gilchrist 2000). Bioarchaeologists are placing 

physical, skeletal evidence within a broader social framework to create narratives of individual 
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and collective social identities. Skeletal tissues are the physical and material culmination of 

many biocultural influences that an individual experienced within his or her entire life (Agarwal 

2012). It is important to consider the fluidity with which an individual engaged with the material, 

social, and cultural realms and how that person changed social, gender, or age identities 

accordingly throughout the life course (Agarwal 2012; Knudson and Stojanowski 2008).  

Identity has become a buzzword in bioarchaeology. An identity can be collective, 

individual, or both, but identities are an important part of how societies organize themselves. 

Identities are multi-faceted and include social components such as gender, age, ethnicity, status, 

and religion and they occur along a continuum rather than as strict, non-overlapping categories 

(Geller 2008). Furthermore, an individual’s identity is subject to change through his or her 

lifetime. It is the tangling and inter-weaving of these layers of individual identities that develops 

into collective, societal identities (Knudson and Stojanowski 2008). Social identity has come to 

be valued as the construction of daily human experiences, and distinct forms of social identities 

possess different behavioral roles and expectations within a culture.  

Another critical component of social identity is kinship and family ties. These 

relationships encompass direct descent, or “blood” ties, as well as broader connections between 

unrelated individuals of a population. Kinship rules of behavior have a primary impact on daily 

social lives, and these formed relationships are mutable and flexible throughout an individual’s 

lifetime (Gillespie 2000).  

Every individual possesses a unique personality that is the result of cultural-specific 

beliefs, norms, and behaviors (Gillespie 2002). An individual’s social identity is composed of 

both material and non-material parts, but it is the material remains from the past that 

bioarchaeologists study (Gillespie 2002). Bioarchaeologists can use the unique contributions 
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made by the body to better understand past social identities. Material, archaeological remains, 

including the skeleton, must be interpreted within appropriate cultural parameters, while using a 

meaningful theoretical framework to understand past identities.   

Bioarchaeology has also begun to consider the nuanced relationship between biological 

sex and gender (Geller 2005; Sofaer 2006). Skeletal differences are recognized as being sexually 

dimorphic and differentiable. Gender identity has therefore been contingent on these skeletal 

anatomical differences and considered in terms of biological sex, particularly because individuals 

represented by fragmentary remains who are unable to be sexed are often left out of an analysis 

altogether (Geller 2005). Biological sex determination was traditionally carried out with the 

assumption that it is inherently dualistic and unchanging; however, this separate and non-

overlapping distinction between male and female can actually obscure an individual’s lifetime of 

biological experiences (Agarwal 2012). Additionally, earlier bioarchaeology studies considered 

divisions of labor to be dualistic, with a clear separation between roles and behaviors of men and 

women (Geller 2008). Osteological data were produced to correlate gender roles to evidence of 

pathologies and degenerative joint disease (Bridges 1991). Women have been traditionally tied 

to domestic activities, sexual reproduction, and child raising. However, recent works on the 

archaeology of mothering utilized skeletal data to gain insight into cultural understandings of 

motherhood, which is a universal experience for women who bear children (Wilkie 2003). 

Mothering is a social construct that represents the fluidity of identity within an individual’s life 

course. Childcare and mothering are integral aspects of studying past societies, particularly with 

regards to gender roles and family structures (Wilkie 2003).  

More recent research using feminist-inspired theories changed the understanding of sex, 

particularly with regard to gender and gender identity. A general viewpoint is that the term sex 
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denotes biological identity, whereas the term gender refers to social identity (Knudson and 

Stojanowski 2008; Walker and Cook 1998). It is widely recognized that a strict division of a past 

population into binary sex groups relies on an inherent assumption that all cultures use this 

separation of non-overlapping gender groups (Agarwal 2012). Gender is dynamic and fluid 

within an individual’s life course, and gender identity is often closely linked to other dimensions 

of social identity, such as class, race, or age. Bioarchaeologists can use their unique perspective 

of placing skeletal evidence of biological sex within a larger and broader social framework to 

make impactful interpretations regarding the dynamism of gender identity, gender roles and 

gender relationships.   

In addition to bioarchaeological studies of social identity and gender, identifying the 

social meaning behind age categories is an integral part of understanding past populations. As 

with sex and gender, age is contextual and culturally dependent. Different groups may assign 

different levels of importance to chronological or cultural stages within an individual’s life 

course (Gilchrist 2000). Bioarchaeologists have therefore developed a better understanding of the 

differences among biological age, which is represented by osteology, social age, which 

encompasses social constructions of age behaviors and expectations, and chronological age, 

which is the time since birth (Halcrow and Tayles 2008; Knudson and Stojanowski 2008; Sofaer 

2006). Although methodological improvements within the field have made accurate 

determination of more specific biological ages possible, it is the nuanced understanding of social 

age in terms of life course that is crucial. Recent approaches to studying age integrate the 

biological and the social aspects of the body to include culturally meaningful social age 

categories. This is important because it allows bioarchaeologists to more meaningfully interpret 
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biological data in terms of age and health, such as rates of mortality, fertility, and disease 

(Halcrow and Tayles 2008).  

Biological interpretations of social ages have expanded to include periods of childhood 

and old age, which have generally been overlooked. Children are not the primary producers or 

consumers within the archaeological record, even though childhood is a social development 

period that is unique to humans (Baxter 2005). It has been more recently recognized that children 

are a critical component of populations because children, who are present within every 

population, represent the transmission of cultural knowledge through generations. Childhood is 

an important cultural category of identity, and experiences during childhood affect the behaviors 

and roles of adults (Kamp 2002). A study of children allows for a better and more meaningful 

diachronic perspective (Baxter 2005). However, children and childhood should not merely be 

assumed simply on the basis of skeletal age, because different cultures have different symbolic 

age categories (Kamp 2002).   

When investigating age categories, a life course approach has been employed by 

bioarchaeologists. Childhood, for example, should be viewed as a stage, or period of time within 

an individual’s life course, and should be interpreted within the cultural framework of an 

individual’s entire life course (Mays et al. 2017). A life course approach recognizes that an 

individual is the result of cumulative experiences, and experiences that occurred during earlier 

stages of life impact those in later life stages. This point has been more thoroughly explored in 

research pertaining to the Developmental Origins of Health and Disease (DOHaD), originally the 

Barker Hypothesis. With a focus on negative health indicators that occur in infancy and early 

childhood, bioarchaeologists can gain insights into the long-term consequences of such diseases 

into adulthood (Armelagos et al. 2009).  
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Isotopes and Bioarchaeological Analysis 

The existence of element isotopes was not recognized until the early 20th century 

(Thompson et al. 1921), and neutron particles that explain isotopes were first reported by James 

Chadwick (1931). Physicists and chemists with the earliest interest in atomic structures tended to 

focus on radioactive nuclei, while early studies using stable isotopes were carried out by 

geologists. Today the study of stable isotopes provides important contributions to a wide variety 

of fields, including “geochemistry, climatology, hydrology, plant physiology, ecology, 

archaeology, meteorology, meteoritics, palaeobiology, bacteriology and the origin of life” (Sharp 

2017:1-4). 

This section begins with a review of the chemistry behind the use of stable isotopes, and 

then provides more detail on their application for investigating the diet, origin, and mobility of 

past populations, and inferences about past cultures. A review of factors that limit the use of 

isotopic analyses is followed by a summary of the strong synergy between advances in isotopic 

analysis and bioarchaeology. 

Chemistry of Stable Isotopes  

The configuration of a compound comprised of two or more atoms varies according to 

the isotopes of its constituent atoms. For example, a water molecule made of two hydrogen 

atoms and a single oxygen atom (i.e., H2O) can have as few as 8 neutrons (in the oxygen atom) 

or as many as 14 neutrons (2 in each hydrogen atom and 10 in the oxygen atom). Specific 

configurations for a compound are termed isotopologues (Sharp 2017). 

Relative abundances of the three stable isotopes of oxygen on Earth are: 99.76% for 16O; 

0.04% for 17O; and 0.20% for 18O. Although the ratio of 18O to 16O atoms is approximately 

0.0002 worldwide (0.02/99.76), the 18O/16O ratio in compounds from different environments 
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varies substantially, because mass differences make one isotopologue more or less likely to 

participate in a particular phase transition or chemical reaction. For example, evaporation of H2O 

molecules containing 16O requires less energy than evaporation of heavier water molecules 

containing 18O, so that the 18O/16O ratio in the water vapor over a body of water is lower than the 

corresponding ratio in the liquid water. This can be expressed by saying that the water vapor is 

“depleted” in 18O relative to the liquid water. Similarly, precipitation of calcium carbonate 

(CaCO3) from calcium (Ca) and carbon dioxide (CO2) in water (H2O) favors reactant 

isotopologues with the heavier 18O isotopes, so that the calcium carbonate is said to be 

“enriched” in 18O relative to the reactants. 

The change in the isotope ratios brought about by a phase transition or chemical reaction 

is termed fractionation. The next two subsections discuss the metrics and standards used to 

quantify fractionation. 

Isotope fractionation  

The fractionation factor for the particular isotope of an element in a phase transition or 

chemical reaction is defined by a fraction whose numerator represents isotope ratios after the 

fractionation and whose denominator represents isotope ratios before fractionation. By 

convention, isotope ratios for “light” elements are represented by the symbol for the isotope of 

an element under study, with the understanding that this single symbol signifies a ratio whose 

unstated denominator is the concentration of the most common isotope for that element (Sharp 

2017). The fractionation factor is represented by the Greek letter α, so that, for example, 

αB-A = RA
18O / RB

18O (2-1) 

represents the 18O/16O ratio after fractionation, denoted RA
18O, divided by the 18O/16O 

ratio before the fractionation, denoted RB
18O. Fractionation factors for “heavy” elements, 
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including strontium and lead, are often assessed for ratios whose denominator does not represent 

the concentration of the most common isotope. For example, although the most abundant isotope 

for strontium is 88Sr, geological studies commonly focus on fractionation of 87Sr relative to 86Sr, 

for which the fractionation factor is 

αB-A = (87Sr/86Sr)A / (87Sr/86Sr)B (2-2) 

The first significant use of stable isotopes for geological studies resulted from the 

observation by Harold Urey that the fractionation factor for the precipitation of calcite (a form of 

calcium carbonate, CaCO3) was temperature dependent (Urey et al. 1948). This meant that a 

careful assessment of the 18O/16O ratio in a sedimentary carbonate could indicate the temperature 

at which the carbonate was formed. Several years of intense effort were required to overcome a 

number of practical obstacles to utilizing this “geological thermometer,” primarily improving the 

accuracy of mass spectrometers and developing a reliable method for sample preparation (Sharp 

2017). 

Isotope standards  

To facilitate comparison of isotope ratios in a wide variety of sources, a clever “delta” 

formula (McKinney et al. 1950) is used to relate the ratio in a sample under study to the known 

ratio in a standard substance. Using this formulation, the ratio RSAM
18O measured in a sample 

would be characterized as follows, in relation to the known ratio RSTD
18O in a standard 

substance. 

δ18OSAM-STD = 1000*[ (RSAM
18O/RSTD

18O) – 1] (2-3) 

The scale factor of 1000 offers the convenience of dealing with values that typically fall 

between -99 and +99, rather than the nuisance of handling tiny ratios. As previously noted, 

18O/16O ratios are likely to fall around 0.0002. The resulting δ value is labeled ‰ and called 
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“parts per thousand,” or simply “per mil.” The use of delta values also facilitates quantitative 

statements about the effects of fractionation, so that the nonspecific observation that water vapor 

over the ocean is depleted in 18O relative to the liquid water can be updated with the more 

explicit observation that evaporation over the ocean produces a δ18O difference of about -13‰ in 

the water vapor compared to the liquid water. 

A more significant feature of the δ metric, which is also apparent in the α metric, is that 

both depend on a ratio of ratios, rather than an individual ratio. This allows mass spectrometers 

to compensate for electronic drift by assessing an unknown sample SAM while simultaneously 

re-assessing a sample of the standard substance. 

For early work with 18O fractionation in carbonates, the known standard substance used 

was a calcite substance collected from the Upper Cretaceous PeeDee formation of South 

Carolina. The substance chosen was the bivalve known as Belemnitella americana, and the 

standard name selected, PDB (PeeDee Belemnite), is an acronym for the sample source and type 

(Sharp 2017). Although all of the original PDB substance has been depleted, delta values 

determined for new samples measured against a new standard substance, STD2 are easily 

converted to delta values that would have been determined using PDB, to facilitate comparison 

with prior samples actually measured against PDB. For example, a bit of algebra with the α and δ 

equations for 18O shows that the shift from new standard STD2 to PDB can be calculated as 

follows – assuming we had the foresight to measure δ18OSTD2-PDB before the supply of PDB ran 

out. 

δ18OSAM-PDB = δ18OSAM-STD2 + δ18OSTD2-PDB + .001* δ18OSAM-STD2 δ
18OSTD2-PDB (2-4) 

Although δ13C values measured today representing 13C/12C ratios also reported relative to 

PDB, ratios for oxygen and hydrogen are typically reported based on the reference standard 
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VSMOW (Vienna Standard Mean Ocean Water). Other common reference standards include 

atmospheric nitrogen (AIR) for nitrogen, National Bureau of Standards (NBS) 987 for strontium, 

and NBS 981 for lead (Sharp 2017). 

Biological Fractionation of Stable Isotopes  

Isotope analysis, as used today to assess past diet and mobility patterns, can be traced to 

early geochemistry studies by geologists who were trying to determine 14C ages of ancient 

organic materials, particularly whole bones. Harold Krueger (1991) was a pioneer geochemist 

who sought to improve methods of radiocarbon dating, including pretreatment of bone apatite to 

remove diagenetic carbonates. However, carbon ratios determined during early attempts at 

radiocarbon dating human remains yielded dates that were younger than expected for consumers 

whose diets included substantial maize (Ambrose and Krigbaum 2003). This difference between 

the known age and radiocarbon age of samples from maize consumers led to the realization that 

carbon isotopes in humans vary according to their diet (Katzenberg 2007; Schoeninger and 

DeNiro 1984; Sullivan and Krueger 1981). 

More generally, living organisms from microbes to marine and terrestrial flora and fauna 

use different chemical pathways at the cellular level that fractionate selected elements relative to 

the organism’s environment. The most familiar of these processes, photosynthesis by plants, 

yields carbohydrates that are depleted in 13C relative to the atmospheric CO2 substrate. For 

organisms higher up the trophic pyramid, cellular processes fractionate some of the isotopes in 

the water and foodstuffs they consume. 

Following are summaries of biological fractionation of isotopes in the two elements of 

greatest interest to bioarchaeologists - carbon and nitrogen. Minimal biological fractionation of 

isotopes of other elements occurs in humans. 
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Carbon. Three distinct photosynthetic pathways have been identified, and their 

fractionation factors yield distinct δ13C signatures (Farquhar et al. 1989). Most terrestrial plants, 

including trees, shrubs, and weedy taxa use the C3 (Calvin) photosynthesis process which – 

depending on environmental conditions such as temperature and humidity – yields δ13Cvalues in 

the plant of -33 to -23‰. The moisture-efficient C4 (Hatch-Slack) process used by maize, millet, 

sorghum, and sugar cane yields δ13C in plant tissues of -16 to -9‰. The less common but even 

more moisture-efficient Crassulacean Acid Metabolism (CAM) process performs part of the C4-

like chemical reactions during the night and others during the day, yielding δ13C in the plant of -

20 to -10‰. Aquatic photosynthesis in phytoplankton yields δ13C of -31 to -18‰ but depends in 

part of the value of the dissolved inorganic carbon available for photosynthesis, and the average 

δ13C value for marine plants is -20‰ (Sharp 2017). 

Mammals and other animals fractionate dietary carbon while processing fats, 

carbohydrates, and proteins to form bones and teeth. Carbon is assimilated into bone collagen, a 

structured protein comprising spiral windings of amino acids that contain carbon, hydrogen, 

nitrogen, oxygen, and (infrequently) sulfur. Carbon is also assimilated into hydroxyapatite 

(apatite), a major component of tooth enamel and bone mineral. Apatite is primarily calcium 

phosphate (Ca10(PO4)6(OH)2 crystals), but 2.5% of its mass is comprised of carbonate radicals 

(CO3) substituting for (OH). Bioarchaeologists assess the 13C content of the carbonate in bone 

and tooth apatite, as well as the 13C content of bone collagen. 

To explain the observed divergence between δ13C in apatite (δ13Cap) and δ13C in collagen 

(δ13Cco) in a single individual, Krueger and Sullivan (1984) developed models for the cellular 

processing of 13C from the food a human consumes. These models were tested and refined based 

on studies of animals whose diets were strictly controlled with respect to different combinations 
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of proteins, lipids, and carbohydrates (Ambrose and Norr 1993; DeNiro and Epstein 1978). Two 

key results from the Ambrose and Norr (1993) dietary study using rats were: (1) for every test, 

the difference between δ13C in the diet and the resulting δ13Cap fell in the narrow range +9.1 to 

+10.9‰, which indicates that δ13Cap reflects the whole diet; and (2) although the difference 

between δ13C in the diet and the resulting δ13Cco varied more significantly across the tests, δ13Cco 

closely tracked the protein portion of the diet, independent of carbon in other components of the 

diet. 

Nitrogen. An important component of terrestrial plant proteins, nitrogen is also an 

essential element in chlorophyll, the primary molecule involved in photosynthesis. Although 

some higher plants get their nitrogen indirectly from N2 in the atmosphere, with the help of 

symbiotic bacteria and with negligible fractionation (Sharp 2017), most plants acquire their 

nitrogen from nitrates and nitrites in soil or water. The δ15N for nitrogen absorbed through a 

plant’s roots closely follows the values in the soil where the plant grows, and the nitrogen 

throughout the plant preserves this δ15N value within approximately ±1‰ (Dijkstra et al. 2008). 

The δ15N reported by Joseph Craine et al. (2009) for a wide variety of plants ranged from a low 

of -14.4‰ to a high of 21.4‰, with an average near 0‰. Controlled dietary studies by DeNiro 

and Epstein (1981) showed an increase of about 3‰ in the δ15N for a range of animals compared 

to the δ15N in their diet.  

Nitrogen ratios in animals vary depending on trophic level, with 15N enrichment at 

successively higher trophic levels (Schoeninger and DeNiro 1984). For herbivores, measured 

δ15N is about 3‰ higher than the average value of δ15N in their diet, and each successive trophic 

level for carnivores and omnivores displays an increase of about 3‰.   
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Although the 15N content of phytoplankton in the oceans varies with the available 

nitrogen sources, which in turn vary with multiple factors including season and latitude, growth 

tests for marine diatoms on ammonium, nitrate, nitrite, and urea yielded δ15N values consistent 

with estimates of about 6‰ (Wasser et al. 1998). A more recent study by Needoba et al. (2003) 

reported δ15N averages between 2.2 and 6.2‰ for a study of 12 species of phytoplankton grown 

on nitrates. Schoeninger and DeNiro (1984) reported that marine animals, like terrestrial animals, 

demonstrate an increase of about 3‰ per trophic level. 

Interpreting Isotopes in Skeletal Tissues  

Stable carbon, nitrogen, and other element isotope values in a deceased individual’s teeth 

and bones reflect the individual’s diet. Furthermore, ratios in a particular tooth reflect the diet 

when that tooth was formed, whereas ratios in bones reflect the diet over the last few years prior 

to the individual’s death. This allows a bioarchaeologist to evaluate a selection of teeth and 

bones that preserve isotopic signatures from different periods of an individual’s life – infancy, 

childhood, adolescence, and adulthood – which facilitates reconstruction of longitudinal, intra-

individual changes (Turner et al. 2005).  

Isotopic analysis of intra-tooth variation of enamel in different teeth from a single 

individual (e.g., pre-molars and molars) can provide a detailed life history of changing diet. 

Sampling successive depositions of enamel that occur in a chronological sequence supports 

interpretation of the timing of specific changes, such as weaning, migration, or other events that 

cause dietary changes (Balasse 2002). Additionally, examining isotopes in multiple individuals 

from a single population provides an understanding of the dietary variation, as well as different 

origins, which can shed light on social dynamics and status (Quinn et al. 2008). This has enabled 
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a more nuanced interpretation of age and sex differences, and resource allocation within a 

population, which ultimately illuminates cultural practices and social identity (Katzenberg 2007). 

Isotopic baseline 

Accurate interpretation of isotopic data from human bones and tooth enamel facilitates 

the recognition of patterns of demography, health, status, and social behaviors and changes over 

time. Different ecosystems have unique isotopic characteristics that must be considered. There is 

substantial variation among ecosystems in the δ15N and δ13C at the base of the foodweb from 

which other organisms acquire their carbon and nitrogen (Ambrose 1991; Post 2002); isotopes of 

oxygen, sulfur, strontium, and lead also exhibit variability. In order to draw accurate conclusions 

regarding human patterns of diet or mobility, the isotopic character of the paleoenvironment – 

termed its isotopic baseline – must be established (Johnston 2009). Researchers studying local 

diet and naturally available resources must first understand the local foodwebs before making 

comparisons to the human population (Ambrose 1991).  

The most thorough way to establish an isotopic baseline for a particular environment is 

by sampling local bedrock, soil, water, flora, small archaeological and modern fauna, and large 

modern fauna (Price et al. 2002). Human dietary patterns are diverse because humans are 

typically opportunistic omnivores, meaning they consume a variety of plants and animals. 

Therefore, an understanding of the dietary signatures of local herbivores, carnivores, and 

omnivores is necessary (Krueger and Sullivan 1984). A range of isotopic values from the studied 

environment is analyzed first and subsequently human isotope ratios are viewed relative to the 

environmental values (Katzenberg 2007). 
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Dietary considerations 

Bioarchaeologists’ early interest in stable isotope analysis during the 1970s focused on 

assessing past diets. The first element to be studied intensively was carbon, with which 

archaeologists were already familiar from radiocarbon investigations. Special emphasis was 

placed on determining whether or not maize was cultivated and consumed (Vogel and van der 

Merwe 1977). The δ13C value in the bones and teeth of fauna should reflect the photosynthesis 

method used by the plants in their diet; a relatively low value for δ13C would suggest C3 

photosynthesis and argue against significant ingestion of C4 maize. 

After carbon, the next element to be considered in archaeological and dietary research 

was nitrogen (Ambrose and DeNiro 1987; DeNiro and Epstein 1981; Schoeninger and DeNiro 

1984). Since δ15N increases with successively higher trophic levels, the information derived from 

analysis of nitrogen reflects the source of dietary protein consumed (Hedges et al. 2007). 

Furthermore, consumed marine fauna typically have higher δ15N values than terrestrial animals, 

because the base of their food chain may have higher δ15N (perhaps near 6‰ for phytoplankton 

vs. near 0‰ for plants), and marine food webs likely have more trophic levels than terrestrial 

webs (e.g., phytoplankton to zooplankton to marine invertebrate to small fish to large fish vs. 

terrestrial plant to herbivore to carnivore.) Therefore, δ15N values can be used to assess the 

relative importance of terrestrial or marine food resources (Schoeninger et al. 1983; Schwarcz 

and Schoeninger 1991). 

The non-specific guidance in the preceding two paragraphs is summarized in Figure 2-1, 

which provides a general indication of the likely dietary mix for an individual based on the 

pairing of δ15N and δ13C values in bone collagen. Relatively low values for both δ15N and δ13C 

suggest a diet with substantial maize, whereas high δ15N values are indicative of a substantial 
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dietary preference for fish, whose trophic level is higher than for shellfish. In any event, the 

isotopic baseline for δ15N and δ13C values of local fauna can help clarify the significance of any 

variance between their isotopic signatures and values in human remains. 

Two additional isotope signatures can provide further insight into the deceased’s diet:  

the observed difference between δ13Cco for collagen and the δ13Cap value for apatite, and the 

sulfur isotope ratios. 

Collagen-apatite spacing. Bone collagen reflects protein intake whereas bone carbonate 

(in the bone apatite) reflects the whole diet (Ambrose and Norr 1993); therefore, the collagen-

apatite spacing, denoted Δ13Cap-co = δ13Cap - δ
13Cco, highlights the portion of the diet that was 

protein. A small collagen-apatite spacing value suggests that the protein content of the 

individual’s diet was significant, whereas a large collagen-apatite spacing indicates that the 

protein content of the diet was more modest. The implication of collagen-apatite spacing can be 

visualized by plotting δ13Cco vs. δ13Cap for each individual in a population under study, and a plot 

of δ15N vs. Δ13Cap-co for each individual provides a focus on protein intake and carbohydrate 

source of animal protein.  

Sulfur. Naturally occurring sulfur in the environment includes four stable isotopes: 32S, 

33S, 34S, and 36S. Terrestrial plants have 34S/32S ratios that are a match to their environment with 

little biological fractionation: depletion of perhaps 1-2‰ relative to a wide range of 

environmental ratios (δ34S from -30 to +35‰) that result from the underlying bedrock, soil 

bacteria, groundwater, and atmosphere. Marine organisms exhibit δ34S values that reflect 

depletion of about 1-2‰ relative to the fairly constant δ34S value of +21‰ in the oceans (Coplen 

et al. 2002; Peterson and Fry 1987; Peterson et al. 1985). Early feeding studies showed biological 
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fractionation for δ34S, between diet and body tissue, of +1.3‰ for gypsy moth caterpillars, 

+1.2‰ for small trout, and +1.4‰ for large trout (Peterson and Fry 1987; Peterson et al. 1985). 

In human remains, the sulfur available for study is limited to methionine, the single 

sulfur-containing amino acid in bone collagen (Nehlich et al. 2014), which comprises only 

0.43% of the amino acids in the collagen (Eastoe 1955). Since dietary studies show that animals 

cannot synthesize methionine (Doyle and Muir 1979; Walton et al. 1982), the sulfur content in 

bone collagen should directly reflect the methionine in the animal’s diet. For example, a recent 

controlled-diet study for pigs (Webb et al. 2017) demonstrated the expected strong linear 

relationship between the δ34S value in the diet and the δ34S value in the consumer’s bone 

collagen, independent of the dietary mix of terrestrial and marine protein sources. 

If the isotopic baseline for a terrestrial environment includes a sulfur signature δ34Ster that 

is significantly lower than the value δ34Smar = +21‰ at the base of the marine organism food 

chain, the δ34Sco measured in an archaeological sample can provide evidence of the deceased’s 

relative use of terrestrial and marine protein sources. A δ34Sco value near δ34Ster would indicate a 

dietary preference for terrestrial protein sources, whereas a value slightly less than +21‰ (i.e., 

δ34Smar less a few ‰ for each tropic level in the food source) would suggest marine sources. 

Two factors limit the effective use of δ34S as a dietary marker. First is the relatively small 

amount of 34S in bone collagen, which means a large sample must be collected. Second is the 

growing anthropogenic contribution of sulfur to the environment from factory and auto 

emissions, which may confound useful comparison with the δ34S content of the archaeological 

environment. 
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Origin and mobility considerations 

Prior to the introduction of isotopic analyses, studies of past patterns of population 

movement relied on the presence/absence of material culture in different geographical locations. 

Displaced material culture was interpreted as signifying contact with outside populations or 

movement of populations (Sassaman 1998, 2004). With stable isotope analyses, patterns of 

movement recorded in the human body can be utilized to discern individual mobility and 

population interactions. The first step is to identify individuals whose isotopic values are 

statistically different from the population average. These outliers are likely to be individuals with 

high mobility or non-local origin. This outlier status can be based on δ15N and δ13C pairing 

(Figure 2-1), the Δ13Cap-co spacing, and/or individual ratios for the isotopes of sulfur, oxygen, 

strontium, or lead. In some cases, the outlier’s origin can even be identified, if the outlier’s 

isotope values match the isotopic baseline documented for another location.  

Strontium. Naturally occurring strontium in the environment includes four stable 

isotopes: 84Sr, 86Sr, 87Sr, and 88Sr. Strontium enters the ecological environment from the bedrock, 

and then moves into the soil, groundwater, and local food chain (Price et al. 2002). In humans, 

strontium substitutes for calcium atoms in tooth and bone apatite (calcium phosphate). Biological 

fractionation of strontium is minimal because of the small mass difference between the isotopes, 

so that its isotope ratios remain relatively constant once strontium enters the foodweb (Beard and 

Johnson 2000; Price et al. 2002; Quinn et al. 2008; Sealy et al. 1995). Therefore, strontium in 

human remains preserves a record of the local isotopic baseline. 

Geologists typically work with 87Sr/86Sr ratios, relative to the NBS987 standard, despite 

the fact that the relative abundance of 88Sr is 83%. Successful strontium analyses rely on the fact 

that bedrock formations from different ages have characteristic strontium ratios. Although the 
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87Sr/86Sr ratio has increased steadily over geological time (Bentley 2006), because of radioactive 

decay of 87Rb (an isotope of rubidium) to 87Sr, the 49-billion-year half-life of 87Rb makes this 

increase extremely slow. Thus, the 87Sr/86Sr is assumed to have been constant over the past few 

millennia (Montgomery 2010; Sealy et al. 1995), although technically the ratio has changed 

because 87Sr is radiogenic and the daughter of 87Rb (rubidium). 

Because strontium in human bones is exchanged over an average of six years, values 

obtained from an individual reflect areas of residence immediately prior to the individual’s death 

(Beard and Johnson 2000). On the other hand, strontium values derived from tooth enamel 

reflect the individual’s early residence because the timing of tooth enamel mineralization early in 

life is genetically controlled. A comparison of strontium values from pre-molar teeth, which 

reflects place of birth, to strontium values in bone, which reflects later residence, provides 

insight into an individual’s mobility. Tracing the movement of people is an important way to 

understand the nuanced patterns of interaction between populations, including trade networks 

and mating patterns (Quinn et al. 2008).  

In Florida, the central region is composed primarily of Tertiary marine limestone 

bedrock, whereas rock of the coastal areas is of Quaternary age (Randazzo and Jones 1997). 

Different formation times of the limestone in coastal and inland regions of Florida are 

responsible for the different strontium isotopic values of the underlying bedrock. These 

differences make it possible to determine the regional origins in Florida of individuals with an 

archaeological assemblage. However, although strontium can identify a coastal origin, the 

specific coast is impossible to determine using only strontium (Montgomery 2010).  

There are several limitations to locality determination based on strontium. Burial and 

fossilization of skeletal elements can mobilize strontium, leading to partial or complete isotopic 
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equilibrium with environmental components such as ground water (Beard and Johnson 2000). 

Additionally, strontium analysis is limited in its precision with respect to determining patterns of 

mobility. For example, strontium isotopes cannot discern whether an individual moved back and 

forth between areas during their lifetime or whether an individual changed residence within the 

same geological provenience (Grupe et al. 1997). Because of the inability to tease out such 

nuanced patterns of movement, strontium results likely underestimate the amount of mobility, 

which remain undetected. Finally, strontium analysis cannot reveal whether non-local food was 

brought to and consumed by an individual who did not travel (Montgomery 2010).  

Lead. Four isotopes of lead are present in the bedrock, soil, and groundwater: 204Pb, 

206Pb, 207Pb, and 208Pb. The NBS981 standard for lead isotope ratios uses 204Pb in the 

denominator, because it is the only one of the four that is non-radiogenic. Conveniently, it is also 

the lightest of the four stable isotopes, and typically yields ratios between 15 and 50. Since the 

three heavier stable isotopes result from decay of uranium and thorium isotopes, the lead ratios in 

the bedrock of different locations vary according to the coexisting concentrations of uranium and 

thorium. As with strontium, growth of the heavier isotopes occurs slowly, so that the modern 

20nPb/204Pb value can be considered to have been constant over the past few millennia. Here “n” 

represents 206, 207, or 208. 

Studies with lead isotopes initially focused on sourcing lead-rich artifacts to infer past 

patterns of trade and interaction. More recently, lead from human remains has been applied to 

help assess the origin and mobility of past populations. Lead is not consumed as a part of the 

food web; instead, it enters the body through inadvertent ingestion and inhalation of soil and dust 

particles that adhere to hands, food, and other objects (Kamenov and Gulson 2014). Like 

strontium, lead undergoes only minor biological fractionation in humans, before presenting as a 
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substitute for calcium in tooth and bone apatite. Therefore, lead isotope values reflect the 

individual’s environment at the time of tooth formation or during lead uptake in the individual’s 

bones during the last few years prior to death.  

Use of lead to identify an individual’s location is subject to all the limitations noted for 

strontium, as well as the low lead concentration in human apatite (Price 2015). Furthermore, 

work on a lead baseline for different environments and geographic distributions in the Americas 

(Sharpe et al. 2016) has focused on southern Mexico, Central America, and the Andes, and is not 

directly applicable to a study of Fort Center in Florida. 

Oxygen. Three stable isotopes of oxygen are used by bioarchaeologists to assess origin 

and migration of past peoples: 16O, 17O, and 18O. Oxygen in the human body derives from the 

water consumed, and the resulting δ18O values are generally utilized in archaeological contexts 

to distinguish individuals with variant, and thus non-local, water sources (Knudson and Price 

2007).  As with strontium and lead, oxygen ratios in tooth and bone apatite, respectively, reflect 

the environment at the time of tooth formation and during the last few years prior to death. 

Oxygen ratios in water sources reflect climate and geography, particularly rainfall, 

temperature, the distance from an evaporation source (e.g., an ocean), elevation, and latitude, as 

well as post-depositional evaporation (e.g., from lakes and ponds) (Price 2015). Generally, δ18O 

decreases with increasing latitude, altitude, and distance from the coast (Katzenberg 2007).  

Application of oxygen ratios to determine human origins and migrations is subject to all 

the limitations noted for strontium, as well as the extra difficulty of establishing general 

geographic baselines for δ18O values. Although oxygen isotopes generally vary by geographic 

location, many temperate or tropical regions in the world have similar oxygen isotope ranges 

(Price 2015). Overlapping ranges makes determining a precise point of origin difficult. Oxygen 
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values are affected by the amount of rainfall, which can display inter-annual variation at a single 

location. This annual variability ultimately produces a larger range of values over multiple areas. 

Additionally, there are observable differences in oxygen ratios from different individuals who 

are from the same, known place of origin (Price 2015). Even more difficult, there can be 

considerable variability of oxygen values among the teeth of a single individual or even within 

the same tooth. This could be the result of local seasonal fluctuations. 

Cultural and individual interpretations 

Stable isotope analysis is applied today to studies of demography, residence patterns, and 

disease (Katzenberg 2007). Furthermore, considerations of intergroup dietary differences can 

illuminate significant cultural factors such as gender roles and socioeconomic status (Lovell et al. 

1986; Murray and Schoeninger 1988). 

Increasingly refined knowledge of isotopic fractionation has developed and aided in a 

better appreciation of how isotopic analysis can expand our understanding of archaeological 

assemblages. For example, it is now widely understood that bone collagen and apatite represent 

an averaged diet during the last few years of an individual’s life. Newer approaches with tooth 

analyses incorporate several types of tissues that preserve isotopic signatures from different 

periods of an individual’s life: infancy, childhood, adolescence, and adulthood. This allows the 

bioarchaeologist to reconstruct longitudinal, intra-individual trends (Turner et al. 2005).  

Isotopic studies have recently been applied to assess physiology, disease, and nutrition 

within various bioarchaeological contexts. This type of research builds on the foundational 

theme of paleodiet reconstruction using isotopes, i.e., that “you are what you eat.” A more 

nuanced understanding of isotopes as well as the physical mechanisms underlying stable isotope 

variation can aid investigations of past health (Katzenberg and Lovell 1999; Reitsema 2013). The 
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ways and extent to which stable isotopes of foods are found within tissue do not provide a direct 

correlation to any specific health issue; the relationship is mediated by the physiology of the 

consumer through fractionation. This, in theory, can cause inter-individual variation that could 

help researchers construct meaningful interpretations of past health, stress, and nutrition 

(Reitsema 2013). For example, Reitsema (2013) identified specific factors that affect isotopic 

signatures in the consumer’s tissue, including eating disorders, pregnancy, high-protein diets, 

and specific pathologies such as liver disease, diabetes, and osteoporosis.  

Pathological conditions result in variations in bone protein isotope ratios at three distinct 

periods of an individual’s life: 1) bone tissue deposition during normal growth; 2) bone tissue 

maintenance in adults; and 3) bone tissue loss during times of stress (Katzenberg and Lovell 

1999). Katzenberg and Lovell (1999) examined the effects of fracture, periostitis, atrophy, and 

osteomyelitis on nitrogen signatures, and determined that, instead of using nitrogen from dietary 

protein for newly formed bone tissue, an individual experiencing stress may use recycled 

nitrogen from existing proteins in the body. For example, new bone tissue deposition that occurs 

subsequent to a fracture can produce isotopic values that register as short-term dietary change 

(Katzenberg and Lovell 1999). Further study to determine with precision the ways in which 

individual physiology affects isotopic values will enable the application of isotopic analysis to 

studies beyond the traditional paleodiet (Reitsema 2013). This could provide a means for 

assessing nutritional stress, for example among infants and children, that generally is not 

apparent in the archaeological record (Katzenberg and Lovell 1999).  

Limitations of Stable Isotope Analysis 

The most serious problem associated with isotope analyses is generating incorrect isotope 

values because of unrecognized diagenesis of analyzed samples or from sample processing 
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errors. Slightly less daunting are the multiple alternative conclusions that can be drawn from 

valid isotope values measured on samples that are unrepresentative, or which yield results that 

are simply not conclusive. These limitations are considered below, followed by a brief review of 

the ethical and legal implications of analyses that involve destroying an archaeological sample. 

Diagenesis 

Isotope values in human bones and teeth can be altered by post-mortem processes that 

occur after burial. Diagenetic pathways in bone collagen, bone apatite, and tooth apatite vary 

because of their structural and chemical differences. However, broadly speaking, there are three 

pathways that lead to diagenesis of bone: chemical deterioration of the organic, or collagen, 

portion; chemical deterioration of the mineral, or bioapatite, portion; or microbiological attack of 

both the protein and mineral components (Collins et al. 2002). When bone is not in 

thermodynamic equilibrium with its external environment, which is most often the case, the bone 

is first subject to chemical deterioration which then causes microbial attack. Thus, it is generally 

a combination of these three possible pathways that leads to bone deterioration.  

Because bone is soft and porous, it is susceptible to long-term structural degradation. 

Bone apatite has low crystallinity (Crowley and Wheatley 2014), making it vulnerable to 

changes based on the environmental conditions of the burial site. For example, the concentration 

of strontium and lead isotopes that substitute for calcium atoms in apatite (calcium phosphate) 

can shift to match concentrations in the groundwater (Beard and Johnson 2000), and the 

carbonate content of bone apatite can be altered by irreversible exchange with absorbed 

environmental carbonate (Ambrose and Krigbaum 2003). 

Bone collagen is less susceptible to diagenesis than bone apatite, making it a more 

reliable source of paleodiet information. The process for removing contaminants from bone 
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collagen is more straightforward than apatite extraction, making it more likely to eliminate 

potential contaminants (Ambrose and Norr 1993). Under favorable conditions bone collagen can 

survive for thousands of years (Katzenberg 2007); nevertheless, understanding postmortem 

degradation of collagen has been an active avenue of research (DeNiro 1985; Schoeninger et al. 

1989). Key factors that affect the rate and extent of diagenesis include moisture, pH, microbes, 

temperature, and elapsed time (Lee-Thorp 2008). 

Tooth apatite in enamel and dentine is non-porous, with large, dense crystal structures, 

which makes it less susceptible than bone apatite to diagenetic alteration over time (Balasse 

2002). Tooth enamel has few substitutions and is considered to be stable, with minimal structural 

and chemical changes over long timescales (Montgomery 2010). Its resistance to diagenesis in 

humid and low-latitude environments make it an attractive choice for isotope analyses. 

Because bone collagen is known to degrade over time and at rates that reflect the 

depositional environment, researchers have focused on the diagenetic factors that could prevent 

measured isotope ratios from accurately representing the deceased’s life history (Lee-Thorp 

2008). Sample preparation procedures have been designed to minimize the effects of known 

diagenetic factors, and metrics have been developed to assess the viability of the extracted 

collagen. The most commonly used guideline, suggested by DeNiro (1985), is that viable 

collagen should exhibit an atomic C:N ratio in the range of 2.9 to 3.6.  

Diagenesis of apatite, on the other hand, is less well understood. There is no uniform 

protocol to detect, properly deal with, or eliminate diagenesis that alters apatite (Lee-Thorp 

2008). Bone apatite has low crystallinity and is subject to many substitutions over time (Crowley 

and Wheatley 2014; Lee-Thorp 2008). Uncertainties and inconsistencies regarding the pathways 
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and effects of diagenesis on apatite introduce variability into isotopic results, which must be 

accommodated statistically by using larger samples.  

The possibility and magnitude of diagenesis is also related to site formation processes, 

which makes it critical to understand post-depositional factors that could alter the original 

isotopic values. For example, several key factors, including moisture, pH, microbes, temperature 

and time (Lee-Thorp 2008) affect the rate and extent of diagenesis.   

Sample processing methodology  

Preparing bone and teeth samples for mass spectrometric analysis is intended to remove 

contaminants and mitigate or assess damage from diagenesis. Two general tests for the viability 

of bone samples are the percent nitrogen and the atomic carbon-nitrogen ratio (Brock et al. 

2012). A more recent approach uses Raman spectroscopy, which indicates whether or not 

collagen is present within the bone and allows identification of ionic substances and secondary 

minerals that have formed (King et al. 2011). Such tests can avoid the expense of processing 

samples whose viability is suspect – unless, of course, more promising samples are not available. 

The most widely used approaches for removing contaminants – hopefully without 

affecting the isotopic signature of the tissue – are immersion in highly caustic sodium hydroxide 

to remove humic contaminants that skew δ13C values (Lee-Thorp 2008) and ultra-filtration of the 

crushed sample (DeNiro and Epstein 1978, 1981). Jorkov et al. (2007) highlighted the 

importance of considering the burial environment and potential sources of diagenesis and 

contamination before choosing a preparation method, and judge treatment with sodium 

hydroxide to be more effective at removing contaminants than using ultra-filtration. 

Nevertheless, Crowley and Wheatley (2014) concluded that there is still no general consensus as 

to which type of treatment is best for removing the compromised material. 
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Using a dilute acid solution can help recover partially degraded collagen, and this has 

become the first step in an “acid-base-acid” sequence used to extract collagen from crushed 

bone. Extraction of apatite from crushed bone or enamel typically uses a base-acid sequence, 

starting with bleach.  

One understudied, and hopefully small, risk is that a bioarchaeologist could base 

conclusions on inaccurate isotopic data because of inter-lab variability. Pestle et al. (2014) 

discovered that the main factor that causes differences between collagen values reported by 

different bone chemistry labs is analytical methodology (instrumentation, working standards, 

data calibration) or standardization, rather than pretreatment methodologies. 

Commingled remains 

When skeletal elements from multiple individuals are commingled, as is apparent in the 

Fort Center remains, the bioarchaeologist is faced with two potentially serious problems: (1) an 

assessment of life history, such as diet or geological location(s) for a particular individual, 

requires association of multiple skeletal elements to that individual, which is obstructed by the 

commingling; and (2) a statistical analysis of population traits requires a selection of skeletal 

elements that are known to represent different individuals, which is also thwarted by comingling. 

One strategy for overcoming the limitations of commingled samples, employed by 

Gregoricka et al. (2016), is to focus on complete or nearly complete mandibles, each of which is 

clearly associated with a single individual. Comparison of δ13C values in enamel carbonate (in 

apatite) from the first and third mandibular molars can identify differences in the individual’s 

diet and environment during childhood and early adolescence (Price 2015). Furthermore, teeth 

are ideal elements to choose for isotope analyses because tooth enamel is more resistant to 

diagenesis, the chemical and physical processes that alter remains in the burial environment 
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(Katzenberg 1992). If well preserved, the mandible itself can also be sampled to assess δ13C 

values in its bone collagen to provide an adult δ13C value for the individual. 

Ambiguous results  

Although instructive, the assessment of stable isotope ratios in human skeletal remains 

does not (and cannot) provide a precise account of the deceased’s diet. Instead, the ratios provide 

the means for identifying “consumption profiles” (Larsen 2015:301) of past individuals and 

populations, and different profiles can overlap.  For example, if local animals consume C4 plants 

and the human diet emphasizes these local animals, the human carbon ratios may reflect the δ13C 

of C4 plants, even if no maize is consumed. Also, since marine resources generally yield ranges 

of δ13C values similar to C4
 plants (Schoeninger and DeNiro 1984), a human diet heavy on 

marine fish and shellfish may yield δ13C values that mimic values indicative of maize. More 

generally, differentiation among dietary combinations that yield an observed δ15N value is 

especially difficult for environments where lakes or streams provide resources that augment 

terrestrial sources (Larsen 2015). 

A wide variety of environmental conditions – including temperature, rainfall, elevation, 

soil chemistry, forestation – can affect the availability and biological fractionation of the isotopes 

used by bioarchaeologists to evaluate diet and mobility. A few examples are: 

• A “canopy effect” can lead to δ13C values in closed, humid forest environments that are 

lower than their actual diet would suggest, particularly for organisms that live near the 

forest floor (Ambrose 1986).  

• Nitrogen isotopic values for organisms within consistently cool environments have lower 

δ15N values than predicted, whereas organisms in hotter, dryer environments have higher 

δ15N values (Ambrose 1991; Ambrose and Norr 1993). 

• Within an environment that offers limited water supplies, herbivores that are 

metabolically tolerant to conditions of water deprivation will present unusually high δ15N 

values similar to carnivores within the same environment (Ambrose 1986).  
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• Elevated δ15N values can result from starvation and protein stress because the body will 

metabolize its own protein under these circumstances (Lee-Thorp 2008; Katzenberg 

2008). The higher δ15N values are subject to interpretation as a protein rich diet. 

Destructive analysis 

A surge in innovative techniques to collect information from human skeletal remains has 

bolstered the knowledge gained from bioarchaeology. Such techniques, including ancient DNA 

sequencing and isotope analyses, generate information directly from the biological, skeletal 

remains. Stable isotope analysis is an important part of many research projects because isotopes 

provide data that is otherwise unavailable, to infer patterns of movement, diet, and disease. 

Isotopic data also aids in the illumination of past local and regional levels of social and political 

interaction.  

The disadvantage of these techniques, however, is that they are intrusive and destructive, 

which poses the ethical question of whether or not human skeletal remains of past people should 

be destroyed in the name of scientific research and pursuit of knowledge. This question can be 

particularly difficult to answer when dealing with Native American remains that are protected 

through NAGPRA. Some legislation prohibits any destructive analysis of human remains (Lee-

Thorp 2008). However, there are increasing case-by-case collaborations and dialogue between 

bioarchaeologists and Native American groups, which helps to normalize these relationships 

(Kakaliouras 2008). Only with cooperation between bioarchaeologists and descendant 

communities can an increased understanding of the collective human past be gained (Larsen and 

Walker 2005).  

Stable Isotopes and Bioarchaeology 

Isotope ratios in archaeological assemblages are now routinely used to augment 

conclusions about past peoples drawn from their material culture (Walker 1997). For example, 
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the bones and teeth from human skeletal remains provide direct information regarding an 

individual’s diet and health, as well as geographical location(s) where the individual lived.  

Bone chemistry and bioarchaeology have developed in tandem since the 1970s. 

Technology improvements and cost reductions have made stable isotope analyses a routine part 

of evaluating archaeological assemblages to help reconstruct past dates, diet, nutritional ecology, 

weaning periods, climate, and habitat (Ambrose and Krigbaum 2003; Larsen 2015). Instead of 

selecting a handful of human samples for isotopic analysis in an archaeological assemblage, 

researchers now analyze a variety of materials, including fauna, plants, bedrock, and water 

(Katzenberg 2007). 

The human skeleton, particularly bones and teeth for chemical analysis, provide direct 

information regarding an individual’s diet and health that is not readily inferred from the 

available material culture (Walker 1997). For example, archaeological evidence is limited by 

what is present or absent, and even the presence of food items does not guarantee that they were 

locally consumed. Isotopes are an effective and clear means of determining paleodiet that serves 

to supplement archaeology and bioarchaeology because they reflect what people actually ate 

(Lee-Thorp 2008). Similarly, clarification of the δ15N ratios and trophic levels of freshwater fish 

has provided a direct means of assessing fish consumption, which is important because small fish 

bones are often lost in the archaeological contexts. A better understanding of the complex and 

nuanced ways in which carbon and nitrogen isotopes are absorbed into the body has also 

produced an awareness of bone turnover rates (Hedges et al. 2007).  

Isotopic examination of multiple individuals from a single population can shed light on 

social dynamics and cultural practices (Quinn et al. 2008). Utilizing isotopic analysis to assess 

demographic differences in diet can highlight correlations between age and sex and resource 
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allocation (Katzenberg 2007). Furthermore, isotopic analysis of intra-tooth variation of enamel 

within a single individual can provide insights into different periods of the individual’s life 

history (Balasse 2002; Turner et al. 2005).  

Fort Center Site History 

The Fort Center, Florida archaeological site is known for its extensive landscape 

modification, including monumental construction (Sears 1982; Thompson and Pluckhahn 2012; 

Thompson et al. 2013) (Figure 2-2). First occupied during the Early Woodland period (around 

cal B.C. 750 – 960), and continuously inhabited for over 2,000 years, Fort Center encompasses 

an extensive amount of landscape modification, indicative of long-term occupation (Sears 1982; 

Thompson and Pluckhahn 2012).  

Fort Center is known for its many site features, including more than two dozen modified 

earthworks and monumental construction. The site’s features include Mounds 1, 2, 3, 5, 8, 10, 

11, 12, 13 (not pictured in Figure 2-2), 14 (not pictured in Figure 2-2), UF Mound, Mounds A 

and B, Middens A and B, and the Great Circle. There are pronounced linear embankments 

associated with Mound 1, Mound 2, Mound 5, and UF Mound. Fort Center’s two most notable 

features are the Great Circle and the mortuary mound-pond complex. The Great Circle spans 

1,200 feet in diameter and contains the traces of two smaller but non-overlapping interior circles 

(Sears 1982). No artifacts were uncovered within the Great Circle, which suggests that it was 

likely used for ritual or ceremonial purposes (Sears 1982). Fort Center’s mortuary mound-pond 

complex, located north-east of the Great Circle, consists of two mounds, Mound A and Mound 

B, an artificial pond with a wooden platform structure, a low earth platform, and a surrounding 

low wall. Intricate wooden effigy carvings in the form of different animals were likely placed 

alongside the human remains on the top of this wooden platform.  



 

88 

 

This section reviews Fort Center and its history in terms of its terrestrial environment, 

occupation chronology, and excavation history. Previous research is presented and early 

hypotheses and interpretations are discussed. Finally, I give an overview of the steps taken at the 

FLMNH to rehabilitate the Fort Center collection, including digitizing and rehousing the 

materials and producing an updated inventory for NAGPRA compliance.  

Terrestrial Environment  

The climate of southern Florida can be characterized as neotropical or subtropical (Morris 

2012). Located along Fisheating Creek, the Fort Center site encompasses an area 1.5 km east to 

west and 1 km north to south and includes a minimum of 24 known earthworks (Thompson et al. 

2013). The environment surrounding Fort Center can be described as low-lying savannah with 3 

sub-environments, including the river meander belt, oak hammocks, and the grass savannah 

(Morris 2012; Sears 1982) (Figures 2-3 and 2-4). Fisheating Creek drains into Lake Okeechobee, 

which means that the overall physical environment surrounding Fort Center is dominated by 

wetlands, including wet prairies, marshes, and swamps. The river, the lake, and the nearby 

freshwater wetlands undoubtedly provided the Fort Center inhabitants with a variety of 

resources. Tropical and temperate plants grow well under these wet and warm conditions. The 

vegetation within this area was likely stable over the past 5,000 years, making it an ideal area for 

long-term habitation (Scarry and Newsom 1992). 

Occupation History 

During the Belle Glade I period (900 B.C. – A.D. 200), Fort Center was first occupied 

around 750 BC (Morris 2012). The Great Circle, which was formed by an excavated ditch, was 

constructed in the initial stages of occupation. In addition to the Great Circle, Midden A and 

Midden B were first utilized and additional mounds, such as Mounds 3, 11, 12, 13, and 14, were 
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constructed (Thompson and Pluckhahn 2012, 2014). This would have taken a considerable 

number of individuals for the amount of labor, which included large-scale earth clearance for the 

Great Circle and other earthworks (Thompson and Pluckhahn 2014). Furthermore, evidence of 

carbonized microbotanical remains suggests that individuals at this site used fire as part of a 

large-scale land clearance effort, possibly to construct the Great Circle or other earthworks 

(Morris 2012; Thompson and Pluckhahn 2014). 

During the Belle Glade II period (A.D. 200 – 900/1000), the mound-pond complex was 

constructed while the Great Circle was still occupied. The mound-pond complex consists of two 

platform mounds, mounds A and B, as well as an artificial pond. It is speculated that the pond 

area and Mound B may have each contained around 150 individuals at this time (Sears 1982). 

Additionally, during this time, the Fort Center inhabitants constructed or occupied two additional 

mounds, Mounds 1 and 3 (Thompson and Pluckhahn 2014).  

During the Belle Glade III period (A.D. 1000 – 1513), people at Fort Center expanded the 

site and constructed many of the circular-linear earthworks that are present, as well as Mounds 1, 

2, 3, and 5 (Thompson and Pluckhahn 2014). Mound B was still actively occupied during this 

period and used for mortuary activities (Thompson and Pluckhahn 2012). Other mounds, 

including the UF Mound and Mound 8, may have been constructed.  

During the Belle Glade IV period (A.D. 1513 – 1763), Mound B was still in use. It is 

possible that Mound A was also used during this time period (Thompson and Pluckhahn 2014). 

Artifacts from the historic Spanish period suggest that Fort Center inhabitants likely traded them 

from the coast. Perhaps Fort Center participated in exchanges with the Calusa, who were a 

complex group of hunter-gatherers with social and political hierarchy whose political influence 

extended across a significant geographical range of southern Florida (Goggin and Sturtevant 
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1964; Marquardt 1986; Thompson and Worth 2011). However, the exact nature of the 

relationship between Fort Center and the Calusa during that time is unknown. It is likely that 

Fort Center was to an extent integrated into the Calusa polity (Thompson and Pluckhahn 2012) 

and thus part of a regional network of interaction and exchange. 

Excavation History  

The history of the Fort Center excavation, which includes primary field seasons from 

1963 to 1970, is discussed. This chronology provides an overview of what features were 

excavated when and by whom, factors that were important in terms of re-associating individuals 

that were separated, through excavation as well as making intra-population comparisons. Table 

2-1 provides a summary of the chronology of Fort Center’s excavation history, including the 

excavation year, institution involved, and primary investigator(s).  

Popular interest in the Fort Center site was initially sparked in 1926 when a local resident 

recovered a well-preserved wooden eagle carving from the site, which was transported to the 

then Florida State Museum (FSM), today the Florida Museum of Natural History (FLMNH) in 

Gainesville (Sears 1982). But it wasn’t until nearly twenty years later that initial archaeological 

work at Fort Center was conducted by John Goggin, who first visited the site in 1944 and 

collected ceramic fragments that he sent to the Yale Peabody Museum (Goggin 1952). Goggin 

returned to Fort Center in 1947 with John W. Griffin of the Florida Park Service. Goggin visited 

again several times in 1949 and 1950 to survey the site in a more detailed manner. During that 

time, Goggin examined both Fort Center and the nearby Platt site, excavating materials such as 

animal bones, shells, ceramics, and other artifacts, from multiple test pits (Goggin 1952). At Fort 

Center, Goggin excavated midden areas.  
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Despite these early efforts, serious archaeological activity at Fort Center didn’t begin 

until 1963. Excavations took place during six field seasons and were conducted by three 

universities (Figure 2-1). The University of Florida field school, under the direction of Charles 

Fairbanks, excavated Fort Center during 1966 and 1967. John Longyear, with the Colgate 

University field school, excavated during 1966, 1967, and 1968. And William Sears, along with 

Florida Atlantic University, worked on the site from 1966 through 1971. These excavations were 

done on what was then private land.  

Excavations, including textbook blocks, test pits, and trenches, were recorded on a grid 

system. Both east-west-oriented rows and north-south rows were marked every 100-foot interval 

with a capped pipe, and a precise elevation was recorded at each pipe (Sears 1982). Original 

excavation notes thoroughly describe and document the provenience of excavated areas, burials, 

and artifacts. In addition to original field notes, there are drawings and photographs that depict 

the excavated units (Sears 1982). Despite using seriation for chronology, excavation strategies 

were not adopted to document chronological control at Fort Center. Although a comprehensive 

excavation was conducted to understand the complex nature of the cultural use of a particular 

feature, chronological analysis was conducted later after excavation and in laboratories (Sears 

1982). During his excavations, Sears (1982) observed feature disturbances that led him to believe 

that certain areas, particularly around the burials of Mounds A and B, had likely been disturbed 

by earlier pot and treasure hunters.  

Unfortunately, because of the collaborative nature of early excavation projects at Fort 

Center, the labeling system of earthworks and features is somewhat inconsistent. For example, 

the University of Florida mound was originally mislabeled as Mound 13 and 14, so Sears (1982) 

renamed it the University of Florida Mound to avoid numerical confusion. Additionally, 
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Thompson and Pluckhahn (2012) recognized that many isolated earthworks at Fort Center were 

unidentified by Sears’s (1982) original excavation and remain unmapped. Mounds 10 and 14 

were not excavated, but a surface collection of materials was conducted at Mound 14 (Sears 

1982). 

 More recent work on Fort Center occurred in 2010 under the direction of The Ohio State 

University. This work included the excavation of four units as well as multiple types of remote 

sensing (Morris 2012). Two units were located on the northeast berm of the Great Circle, and the 

other two units were situated at the inside edge of the ditch along the Great Circle. Bulk and 

flotation samples as well as soil columns were taken for analysis of pollen and phytoliths (Morris 

2012).  

In 2013, exposed bits of wood in the Fort Center pond area prompted the Florida Bureau 

of Archaeological Research (FBAR) to conduct a salvage expedition to recover these potentially 

cultural items. Upon visiting, FBAR archaeologist Daniel Seinfeld deduced that these wooden 

items were exposed from the wallowing of feral swine. After consultations and discussions with 

representatives from Florida’s Native American Tribes and local land managers, it was decided 

to excavate these exposed pieces of wood. An additional site visit and recovery was done in 

2015. These wooden items were recovered and later analyzed by Spivey-Faulkner (2018) for her 

dissertation.  

Skeletal Collection History  

Dr. William Sears, the principal investigator at the Fort Center archaeological site, began 

his excavations in 1963. At that time, he was a Curator of the FSM. During those initial years, 

skeletal and other materials from Fort Center were brought back to the FSM for organization and 

curation. Those human skeletal remains are accession (ACC) #4406. One year later, Dr. Sears 
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retired from the FSM and transferred to the Department of Anthropology at Florida Atlantic 

University (FAU), where he taught and continued his excavations at the Fort Center site. The 

human skeletal materials from Fort Center during those later years of excavation, 1966-1970, 

were sent to FAU for storage and analysis. Remains from those years form ACC#82-22. Dr. 

Sears ultimately transferred the skeletal remains from FAU to the FSM in 1982 when he retired 

from FAU.  

However, it was discovered in 2011, when the FLMNH began the process of NAGPRA 

compliance for the Fort Center assemblage, that not all remains had been returned to the FSM in 

1982. Additional skeletal materials were brought to the FLMNH in 2012 and were given the 

ACC#2012-52 until they could be re-associated with either of the two existing accessions. 

Rehabilitation at the FLMNH 

Recent reorganization of the Fort Center human skeletal materials took place between 

2011 and 2017 under the direction of Donna Ruhl, who is the Collections Manager for Florida 

Archaeology and Bioarchaeology at the FLMNH. During those years, Ruhl and several UF 

graduate students specializing in bioarchaeology (Ellen Lofaro, Kylie Williamson, and I) 

considered the most effective ways to rehabilitate, digitize, and organize the Fort Center human 

skeletal materials in a more stable way at the FLMNH. It was through careful assessment of 

records and field notes, old skeletal inventories, and field bag correlations that three separate 

accessions were assigned to these human remains. These three accessions are ACC#4406, 

ACC#82-22, and ACC#2012-52. Summaries of these accessions can be found within the 

FLMNH documents; however, a brief summary of the skeletal materials per accession is 

provided below.  
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ACC#4406. Skeletal materials from ACC#4406 are from the first years of excavation at 

Fort Center, 1963 and possibly 1964. The skeletal elements within this accession possess pre-

existing numbers that were either written (inked) or stamped onto the bones. These materials 

were excavated by William Sears and sent directly to the FSM for permanent storage and 

curation. Many of these materials are described as originating from the A-B Pond area, with 

excavators during the 1963 field season assigning burial numbers B-1 through B-46, inclusive, to 

human skeletal materials encountered. 

ACC#82-22. FLMNH ACC#82-22 consists of skeletal materials from the 1966 through 

1970 field seasons and is extensive. Over 200 distinct human burials are noted. The human 

skeletal materials from those field seasons were originally sent to FAU for storage and analysis, 

but accessioned by the FSM in 1982. As with the ACC#4406 material, many individual skeletal 

elements were inked with pre-existing information, which was utilized for organization purposes 

during rehabilitation. The many types of numbers inked onto the bones include D67#s, B68#s, 

D68#s, B69#s, D69#s and U#s. Although the “D” and “B” likely stand for “dental” and “burial,” 

respectively, the meaning behind the “U” numbers is not clear and possibly stands for 

“unknown.” 

ACC#2012-52. Human skeletal materials in this accession were also received by the 

FSM in 1982. This accession includes the material that could not be associated with either 

ACC#4406 or ACC#82-22. Much of this skeletal material possesses no discernible provenience. 

There are assigned researcher numbers (Miller-Shaivitz 1986) but no documented information 

that directly correlates with these numbers. 
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Lost osteological field records 

Dr. Audrey Sublett was a physical anthropology professor in the Anthropology 

Department at Florida Atlantic University. During the excavation of the human burials at Fort 

Center, Dr. Sublett was the osteologist who was responsible for all human skeletal materials. All 

excavated skeletal elements were cleaned, observed, and measured in situ by Dr. Sublett and her 

team of students. These elements were then removed and transported to her laboratory, 

presumably located at Florida Atlantic University, for future study. Unfortunately, Dr. Sublett’s 

illness and death led to the loss of osteological notes, photographs, and observations. As Sears 

(1982:xi) said, “her long illness and subsequent death prevented the preparation of her report.”  

Sears (1982:xi) mentioned that “collections and data are stored at FAU, and it is hoped 

that a report can be prepared in the future.” However, when contacted during the 2012 recall of 

the human skeletal materials from Fort Center, Florida Atlantic University had no records of her 

work at Fort Center. No copies of her original field notes or any in-lab analyses were found. 

Sears (1982) reported that Dr. Sublett and her team estimated a count of approximately 150 

individuals who were excavated in the A-B pond area based on a count of duplicate right mastoid 

processes.  

Previous Research on Fort Center  

There has been extensive research done on Fort Center since its initial excavation. 

Previous research focused on the earthworks, artifacts, faunal remains, coprolites, pollen 

residues, soil, microbotanicals (Hale 1984; Hogan 1978; Johnson 1990; Morris 2012; Sears 

1976), monumentality (Thompson and Pluckhahn 2012, 2013; Thompson et al. 2013), wooden 

artifacts (Seinfeld 2019; Spivey-Faulkner 2018, 2018) and human skeletal remains (Cucina and 

İşcan 1997; Isler and İşcan  1986; Miller-Shaivitz 1986; Miller-Shaivitz and İşcan  1991).  
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Pollen, coprolites, fauna, soil, microbotanicals, and monuments 

Sears (1976) assessed five samples of soil, coprolites, and a white pigment from wood 

carving for the presence of pollen grains and determined that corn pollen was present based on 

the size of the grains (Figure 2-6). He argued that the circular ditches at Fort Center were built 

for drainage required for agriculture and that the linear earthworks were used for agricultural 

plots. Sears (1976) also noted evidence of burning of shells in lime deposits throughout the 

midden and Mound A and believed that lime was used to soften dried corn for food preparation. 

Although the size of the corn pollen grains was somewhat smaller than usual for corn, Sears 

believed that the size reflected contemporary environmental conditions and did not result from 

modern contamination.  

Hogan (1978) examined 21 human coprolites found at Fort Center and extracted pollen to 

gain insight into the population’s diet, environment, and season of exploitation. The coprolite 

samples came from the bottom of the pond and from Mound A (Figure 2-6). For his analysis, 

Hogan assumed that the coprolites were concurrent with the ceremonial mound-pond complex, 

that the coprolites were human, represented a short time-span, were from residents or visitors to 

Fort Center, and that the individuals who deposited the coprolites came into contact with pollen 

near Fort Center. After determining the types of pollen present, Hogan (1978) concluded that the 

Fort Center inhabitants did not rely solely on any one particular wild plant, and found no strong 

evidence for an agricultural crop. He instead posited that these ancient inhabitants exploited their 

natural environment in a more general and opportunistic way. Hogan concluded, however, that 

corn agriculture at Fort Center was possible, particularly because his analysis indicated that the 

plant resource exploitation likely occurred during the spring seasons. The admixture of different 
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plants could have been from the ceremonial ingestion of a “starvation stew” (Hogan 1978:39) 

made by people as part of a site-renewal ceremony in the spring.      

Hale (1984) analyzed the faunal remains from Fort Center and Big Circle (Tony’s) 

Mound Group. He compared the differential distribution of faunal remains at separate locations 

at Fort Center, including Mound A, Midden A, Midden B, Mound 3, Mound 1, the Pond, and 

Mound B and suggested that these areas reflect different social patterns or seasons of use (Figure 

2-6). Based on the presence of deer, bowfin, and gar, Hale (1984) indicated that Mound A and 

Mound 1 were most likely occupied during the wet seasons, whereas Midden A was utilized 

during dry seasons. Hale, however, believed that these differences could also result from 

differential access to these animal resources by the leading mortuary and ceremonial specialists, 

who were of higher social status. This was justified because areas around the central mound-

pond complex had a higher number of deer remains, whereas peripheral areas had a higher 

number of fish remains. Finally, based on the presence of remains of raptoral birds such as 

hawks, owls, and vultures at Mound A, Hale (1984) also inferred that these animals were 

consumed ritually and not part of the primary diet.  

Johnson (1990) presented work on the soils at Fort Center to address the overarching 

question of maize cultivation at the site. Analysis of a soil sample from within one of the circular 

earthworks indicated that soil at Fort Center was too acidic and contains too much aluminum to 

sustain maize agriculture. Additionally, he discussed an eyewitness account from. D’Escalante 

Fontaneda, a shipwreck survivor who lived among the Calusa for 17 years, who mentioned a root 

bread that was consumed, but made no mention of maize. Johnson ultimately concluded that 

maize, although not cultivated intensively within the linear embankments, was possibly present 

and even grown at Fort Center.  
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Morris (2012) analyzed microbotanical and macrobotanical evidence from different areas 

and different occupation periods at Fort Center (see Figure 2-6). Although she viewed these 

plants in terms of their dietary potential, Morris (2012) also considered the use of plants beyond 

food (i.e. for medicine, tools, or construction). She argued that the botanicals reflect a moist and 

wet environment, which is unsurprising considering Fort Center’s natural surroundings. There 

was no evidence for use of a specific plant, such as maize, as a staple, but Morris (2012) 

identified several plant species, such as bulrush, goosefoot, grapes, saw palmettos, cabbage 

palms, oak acorns, arrowhead, and gopher apples, that were likely consumed as part of the diet. 

Morris (2012) noted that plants, in addition to providing various sources of food, also served as 

an important source of medicine for prehistoric populations. Several plants recovered from Fort 

Center were identified as having significant medicinal properties, including “copperleaf, 

flatsedge, bulrush, knotweed, and grape” (Morris 2012:29). The potential medicinal applications 

of these plants range from the treatment of fevers and coughs, to antibacterial applications, to a 

brewed tea beverage.  

Monumentality  

Recent work by Victor D. Thompson and Thomas J. Pluckhahn (2012, 2014) evaluated 

the archaeological landscape and monumental constructions at Fort Center (see Figure 2-7). 

Thompson and Pluckhahn (2012:52) assessed the Fort Center monuments as “persistent 

monumental places” and suggested that these monuments were ritually and repeatedly used and 

re-made to serve within broader social, economic, and environmental contexts. For the 

inhabitants of Fort Center, landscape modification and “earthmoving” (Thompson and 

Pluckhahn 2012:61) were integral components of daily life. Additionally, they recognized that 

the long-term construction of these monuments required mobilization of substantial labor 
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(Thompson and Pluckhahn 2014). The authors (2012) believed that the original emergence of 

Fort Center indicated a change in traditional social relations among Lake Okeechobee sites as 

well as a shift in the view and treatment of landscape with monumental architecture. 

Additionally, they observed that the nature of the earthworks at Fort Center changed dramatically 

over time, and that the shift in type and function of architecture indicates a broader division 

within social groups of the population.  

Early bioarchaeology  

Previous research on the human skeletal remains at Fort Center (Cucina and İşcan  1997; 

Isler and İşcan  1986; Miller-Shaivitz 1986; Miller-Shaivitz and İşcan  1991) focused on adult 

dentition and selected post-cranial elements. However, this work was generally incomplete and, 

because of sampling bias, does not represent the entire population. 

The dentition at Fort Center was analyzed in two separate studies. Isler and İşcan  (1986) 

assessed 950 teeth from Fort Center as well as 1500 teeth from Highland Beach, a coastal 

prehistoric (A.D. 800 – 1200) site in Florida. The authors compared the two sites in terms of the 

presence and frequency of dental pathologies, including carious lesions, periodontal abscesses, 

and occlusal attrition. They demonstrated that the Highland Beach population had twice the 

attrition and a higher number of periodontal abscesses, but had fewer caries than the Fort Center 

population. Isler and İşcan  (1986) related these findings to differences in life styles between the 

two sites and suggested that the Highland Beach population was a hunter-gatherer group with 

incidental consumption of sand and grit accounting for the high attrition, whereas the Fort Center 

population relied on intensive maize agriculture which accounts for the greater number of 

carious lesions.  
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Patricia Miller-Shaivitz (1986) conducted a preliminary osteological assessment of a 

sample of the human skeletal remains recovered from Fort Center, which was subsequently 

reported in a book chapter (Miller-Shaivitz and İşcan , 1991). Cranial metrics, postcranial 

metrics, and a summary of pathological conditions for remains from Fort Center were compared 

with published values for selected Florida sites, leading to the conclusions that Fort Center 

residents had similar stature but slightly better health than their neighbors. However, the support 

for Sears’s hypothesis that Fort Center residents had high-status, based on their supposed role as 

mortuary specialists for surrounding areas, was declared inconclusive. 

Cucina and İşcan  (1997) examined the number and frequency of linear enamel 

hypoplasias (LEH) within the Fort Center population and used this as a proxy for social status at 

this site. The authors looked at a total of 1,072 teeth and scored the position, count, and severity 

of LEH defects. The mean number of defects suggested that stress affected the children in this 

population multiple times during the period of tooth development. Although slight LEH defects 

were more frequent than severe LEH defects, the authors estimated that 30-40% of the Fort 

Center population exhibited at least one severe LEH defect. Finally, the authors were unable to 

draw definitive conclusions about the social status of the Fort Center population.  

Radiocarbon dates  

Previous research provided radiocarbon dates for several features at Fort Center, 

including the Great Circle, Middens A and B, Mound 3, and the Mound-Pond complex. Sears 

(1982) produced a suite of 10 radiocarbon dates from charcoal samples, several of which 

produced acceptable date ranges despite sampling error (accidentally mixing carbon from 

different sources into a single sample for evaluation) or inadequate sample cleaning. Thompson 

and Pluckhahn (2012) used Sears’s field notes to establish provenience for the original 10 
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samples, and evaluated an additional 16 samples to develop the chronology of architecture at 

Fort Center. Spivey-Faulkner (2018) evaluated 7 additional samples during her research on 

wooden carvings from the Mound-Pond Center. 

The 26 samples reported by Thompson and Pluckhahn (2012, Table 1, pp. 54-55) reflect 

activity at Fort Center that spans more than 2000 years, from as early as 700 B.C. to the arrival 

of Europeans. Table 2-2 and Figure 2-8 summarize the samples from the Mound-Pond Complex 

for which coordinate data are available. 

Sears’s Interpretations of Fort Center Culture 

Sears assembled descriptions of the physical earthworks and artifacts found at Fort 

Center, along with his theories regarding the site’s development, into a book that is still the most 

complete account of the site (Sears 1982). A summary of Sears’s primary conclusions is 

presented below, followed by a review of subsequent challenges to and endorsements of his 

assertions. 

Sears’s primary conclusions   

Sears (1982) interpreted the earliest circular mound and adjacent ditch as an agricultural 

plot with effective drainage, and inferred a design influence and even a potential migration of 

people from South America. An analysis of sparse pollen samples sifted from the muck 

supported his supposition that the farming technology came with a focus on maize cultivation.  

Sears hypothesized that at one time Fort Center became a mortuary center, providing 

ceremonial services for a number of individuals from the surrounding area. According to Sears 

(1982:145), mortuary activities took place in the mound-pond complex that is comprised of two 

mounds, Mound A and Mound B, a charnel pond with a wooden platform structure, and a 

surrounding low wall (Figure 2-9).  
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Sears (1982) believed that Fort Center was inhabited by multiple generations of elite 

ritual specialists who oversaw mortuary ceremonial events. Deceased individuals were ritually 

cleansed and processed by morticians within a “bathtub-shaped pit” (Sears 1982:160) on Mound 

B and subsequently placed on a wooden charnel platform alongside intricately carved wooden 

animal effigies (Figure 2-11). These individuals, along with their families, lived in residential 

buildings on Mound A and, according to Sears (1982), multiple generations of these mortuary 

families were interred on the wooden charnel platform.  

According to Sears (1982), the pond had once contained a wooden platform that was 

utilized by the living individuals for the ritual placement of secondarily bundled human remains. 

In addition to human remains, Sears (1982) believed that large wooden effigy carvings were 

ritually placed on the platform. He argued that ca. A.D. 500, this wooden platform caught fire 

and collapsed, dropping the supported bundle burials into the pond. Sears speculated that perhaps 

half of these bundles were recovered and reburied on the earthen platform, which at that time 

stood about 4 feet above the savannah, or about 25 feet above sea level (asl). More dirt 

enveloping these reburials raised mound B to about 28-29 feet asl, and clean white sand was 

added to raise the mound to an elevation estimated at 46 feet. Long term erosion reduced the 

mound’s height to 32-35 feet asl by the historic period (Sears 1982). 

Sears’s conclusions revisited 

Several of Sears’s conclusions have been contested over the years, particularly regarding 

South American influence, the agriculture technology, and the cultivation of maize. Much recent 

research indicates that it is unlikely that Fort Center relied on intensive maize cultivation. 

Thompson and Pluckhahn (2012) argued strongly that the largest system of circular or arcuate 

mounds and ditches from Sears’s Period I (Belle Glade I) was actually a monument for social or 
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ritual activities, and did not include a maize garden. Additionally, it has been suggested that the 

pollen discussed by Elsie Sears and William Sears (1976) was likely misidentified or the result 

of recent contamination (Morris 2012; Thompson and Pluckhahn 2013). No evidence of maize 

cultivation was found during analysis of the microbotanical and macrobotanical pollen and 

phytoliths (Morris 2012), and previously found maize pollen was dated to the Historic Period 

(post Belle Glades IV), which suggests that it was likely a modern contaminant (Thompson and 

Pluckhahn 2013).  

The interpretation that considered a wooden platform over the pond on which the remains 

of bundled individuals were placed has been questioned by recent research (Lawres 2019; 

Seinfeld and Spivey 2016; Spivey-Faulkner 2018, 2019), particularly by work that has focused 

on the wooden specimens from the site. Although there is no doubt that both human skeletal 

remains and culturally significant wooden effigy carvings were found together in the pond, there 

are concerns with Sears’s original interpretations. There are questions about the timing of 

placement of the deceased individuals versus the wooden effigies, and even the existence of a 

platform-like structure on which human remains and wooden effigies would have been placed 

has been called into question.    

Sears’s theories regarding high status, multigenerational specialists, however, have 

received support (Milanich 1994; Milanich et al. 1997). Thompson and Pluckhahn (2012) agree 

that, given the smaller size of earthworks surrounding the mound-pond complex, it can be 

inferred that a select group of elite individuals were indeed responsible for mediating rituals. 

Large burial mounds, such as those at Fort Center, that were re-used through time for burials, are 

not likely to have been used by a single family unit (Wallis 2013), so that individuals buried at 

Fort Center are likely from different social groups and multiple generations. It is possible that a 
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small group of individuals buried at Fort Center achieved higher social status by overseeing 

elaborate mortuary rituals.  

No research has explicitly addressed whether Fort Center was occupied by elite mortuary 

specialists who processed the dead and lived on Mound A with their immediate families. 

Although it is possible that a small group of individuals buried within Fort Center achieved 

higher social status by overseeing elaborate mortuary rituals, it is also possible that Fort Center, 

like the McKeithen site, was actively occupied by one or more elite lineages (Turner et al. 2005). 

This dissertation utilized the human skeletal remains from Fort Center to illuminate these 

components of Sears’s original hypotheses.  

Mounds and Monumentalization  

Landscape alteration is commonly seen in prehistoric Florida sites across time and space, 

and this is certainly a prominent theme at Fort Center. The sections below present a brief 

introduction to southeastern archaeology, the Woodland period in Florida, and place Fort Center 

in a regional context.  

Southeastern Archaeology  

Southeastern archaeology has historically focused on regions north of Florida, such as 

Georgia, Louisana, Ohio, and Illinois. Although Florida has a rich archaeological record and a 

long history of research, it was often peripheral to major synthesis of the Southeastern United 

States (Wallis and Randall 2014). This view ignored the role that ancient Floridians played in 

large-scale regional interactions. Today, research on early Florida abounds and most efforts 

adopt a holistic, multidimensional approach to better understand past people in terms of culture, 

biology, and environment. With the development of new analytical techniques, however, a 

reevaluation of past interpretations has been necessary. The understanding of prehistoric Florida 
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as represented by long-term environmental and social models is no longer tenable, because an 

enormous amount of intercultural variation has been discovered (Wallis and Randall 2014). 

Southeastern archaeology was dominated by unilinear views of cultural development and 

progression as well as cultural classification with typologies (Morris 2012; Russo 1994a). These 

perspectives included language such as ‘primitive societies’ and were structurally and 

behaviorally simplistic. The development of socially and politically complex populations was 

often correlated with the implementation of intensive agriculture, even going so far as to claim 

that agriculture was an essential prerequisite for complex social, political, and economic systems. 

Agriculture was thought to provide the necessary foundation for the development of division of 

labor, resource control, hereditary inequality, increased sedentism, and construction efforts 

(Morris 2012). This view of a regular progression of cultural evolution has been slowly but not 

completely overturned by recent research (Sassaman 2004).  

The construction of earthworks, shell rings, and shell mounds in the Southeast United 

States began and developed during the Archaic period (9500 to 1000 B.C.) with the emergence 

of the social transition to bands and tribes. Contemporary groups were integrated at different 

levels of complexity and were present in different parts of the Southeast region (Anderson 2004). 

These separate populations were connected via trade and travel routes but still functioned 

independently (Sassaman 2004).  

Despite the construction of different types of shell rings and middens during the Archaic 

period, there are conflicting interpretations regarding their function and significance. It has been 

argued that different heights of various parts of the rings may indicate differential status (Russo 

2004). The mere presence of an Archaic shell ring does not automatically equate to an egalitarian 
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society. These early hunter-gatherers who did not rely on exploitation of domesticated plants or 

animals did indeed have social inequality (Sassaman 2004). 

A major development in southeastern archaeology is the recognition that hunter-gatherer 

groups during the Archaic, not exclusively beginning during the Woodland Period, constructed 

mortuary mounds (Randall and Tucker 2012). The subject of monumentality has recently 

emerged within discussions of hunter-gatherer complexity in the Southeast United States. 

Debates as to whether mounds were intentionally constructed or the result of quotidian debris 

have produced a substantial amount of research (Anderson 2004; Marquardt 2010). Shell 

mounds were often interpreted as the accumulation of trash, but more recent research suggests 

that shell mounds are likely the result of rapid accumulation of material as the result of large 

scale social contexts such as the display of food remains and public feasting (Marquardt 2010; 

Randall and Tucker 2012; Sassaman and Randall 2012). Furthermore, questions concerning the 

seasonality of mound or midden use, which could indicate feasting, have been explored 

(Thompson and Worth 2011; Thompson et al. 2015).  

Early Interpretations with Agriculture  

Until recently, southeastern archaeology was dominated by unilinear views of cultural 

development and progression as well as cultural classification with typologies (Morris 2012; 

Russo 1994a). Agriculture was thought to provide the necessary foundation for the development 

of division of labor, resource control, hereditary inequality, increased sedentism, and 

construction efforts (Morris 2012). In the past decades, these progressive views of cultural 

evolution have slowly declined due to the efforts of ongoing research (Sassaman 2004). The term 

‘hunter-gatherer’ is now used to describe a mode of subsistence, instead of for inferences 

regarding internal cultural dynamics. Recent research indicates that social complexity can arise 
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without agriculture in areas with abundant natural food resources (Carr 1985; Magoon et al. 

2001; Morris 2012; Russo 1994a; Sassaman 2004). ‘Complex’ hunter-gatherers, despite not 

implementing agriculture, are not simplistic, egalitarian, or uniform. Complex hunter-gatherers 

rely on dynamic ecological resources and internal power struggles (Sassaman 2004). Hayden 

(1997) recognized transegalitarianism, which qualifies complex hunter-gatherer societies as 

being neither egalitarian or politically stratified. He described egalitarian societies as arising 

under conditions in which food resources are limited, and thus relates the development of 

transegalitarian societies to exploitation of high-yield resources that produce surplus (Hayden 

1997). Furthermore, Widmer (2002) supported the view that population growth and the 

development of a sociopolitical system corresponds with the emergence of rich and productive 

ecosystems.  

Early work at Fort Center relied on evolutionary models to make interpretations 

regarding its inhabitants. For example, Sears (1982), used the evidence of ritual and monumental 

complexity at Fort Center to support his argument that these people relied on maize agriculture. 

Sears believed that the Great Circle and linear earthworks were constructed to aid in the 

cultivation of maize. To support the maize cultivation hypothesis, Sears speculated that the ditch 

was used to drain water into the Circle and the elevated linear earthworks were used for 

irrigation of beds to grow the maize (Sears 1982). He correlated the presence of monuments and 

complexity at Fort Center to agriculture by claiming that the ritual activities had “agrarian 

overtones” (Sears 1982:189). The presence of maize agriculture at Fort Center has since been 

refuted (Johnson 1990; Morris 2012; Thompson and Pluckhahn 2013, 2014).  
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Woodland Period in the Southeast  

The Woodland period roughly spans the years of ca. 1000 B.C. to A.D. 1050. This long 

period has been traditionally divided into three subperiods, Early, Middle, and Late Woodland, 

which are discussed below. Generally, the Woodland Period in the Southeast is notable for its 

burial mound construction, population aggregation, long-distance exchange, and the 

implementation of more widespread agricultural practices. Despite these well-known 

characteristics of the Woodland Period, recent research has demonstrated that many of these 

trends actually extend back to the Archaic (Anderson and Mainfort 2002; Russo 1994b). 

Early Woodland, ca. 1000 to 300 B.C., reflects the widespread use of pottery types across 

the larger Southeast region. Although pottery types and forms were diverse across the Southeast, 

ceramics have been successfully used to assign archaeological culture groups and chronological 

order to specific practices (Anderson and Mainfort 2002). During this time, group size was likely 

small and highly mobile. Early populations were generally egalitarian and tied together by ritual 

activities that were centered around burials and mound building. Interactions at a larger regional 

level were limited during the Early Woodland.  

Middle Woodland, ca. 300 B.C. to A.D. 400, is notable for interaction networks that span 

the region and place important emphasis on mortuary ceremonialism, and the ritual practice of 

mound burials continued to flourish. Similar artifacts and iconography among Middle Woodland 

groups suggests that they interacted with each other across vast distances of the Eastern 

Woodlands, particularly engaging in religious exchanges and activities. During this time, group 

size was likely still small across most of the American Southeast with individual groups 

interacting at a larger scale at ceremonial centers and burial mounds (Anderson 2002). But in 

northern Florida and southern Georgia, more than a dozen “civic-ceremonial centers” appeared, 
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sites that combined large resident populations, numbering in the low hundreds, with ceremonial 

mound complexes (e.g., Milanich et al. 1997; Pluckhahn 2003). There is evidence of movement 

between these sites. Patterns of migration during this period and the Late Woodland period were 

likely a reflection of small groups of people moving over extended periods of time rather than 

massive migration events, even though Pluckhahn et al. (2020) have proposed a trend of 

movement of people from southern to northern areas in Florida and the Deep South. Other 

factors, such as climate change affecting more coastal sites, and the development of more 

elaborate mortuary ritual practices, would have encouraged a greater number of people to 

aggregate in a specific area (Pluckhahn et al. 2020). Although still generally egalitarian, there is 

evidence for the emergence of leaders, or “big men,” who gained social status and prestige 

through the mediation of exchanges and public monumental and mortuary ceremonial events 

(Mainfort 1988, 1989). While the majority of burials received similar mortuary treatment, some 

of these “big men” were given special or singular treatment, such as the presence of Hopewellian 

artifacts as a part of more elaborate mortuary conditions (Anderson and Mainfort 2002). Major 

Middle Woodland period sites in the Southeast are likely to have participated in regional 

networks of exchange that were influenced by the Hopewell heartlands in Ohio (Anderson 1998; 

Mainfort 1988; Mainfort and Sullivan 1998).  

These exotic goods suggest Hopewellian exchange networks was present in some, but not 

all, areas of the Southeast during this period. The frequency of these exotic items during the 

Middle Woodland indicates a general openness or acceptance of what was considered to be novel 

(White 2014). However, the variation of the extent that these novel, exotic artifacts were 

incorporated within Woodland burials is likely a reflection of cultural practices that placed 

differential importance on traditional, familial, and exotic artifacts (White 2014). The variation 
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observed is also in part due to local and natural geography. For example, rivers that connect to 

the Gulf of Mexico better facilitated connections among areas in the Midwest compared to rivers 

in eastern Florida. For example, the major waterway in eastern Florida is St. Johns River, which 

flows north and ends near the Florida-Georgia border, thus not facilitating any travel into the 

interior of the content. It has been theorized that non-local, exotic Hopewell-related artifacts 

signify an exchange among competitive high-status individuals or that these items were 

exchanged as part of an alliance-building strategy between different populations (Hall 1997; 

Wallis 2013; Wallis et al. 2016; Yerkes 2002). More recent interpretations have recognized that 

the Hopewell Interaction Sphere actually entailed distinct aspects beyond acquiring goods for 

mortuary ritual, including subsistence materials (Carr 2006; Fie 2006; Wallis et al. 2016). 

However, the precise nature of these long-distance interactions, including who was participating 

as well as the origin of materials, has been difficult to discern merely through the presence or 

absence of said materials.  

Late Woodland, ca. A.D. 400 to 1050, represents a time of increased population size and 

aggregation as well as the development of intensive agriculture in some areas (Anderson and 

Mainfort 2002). Mound construction was variable during the Late Woodland in the Southeast, 

increasing in certain areas while declining in others. During this later period, some populations 

transitioned away from egalitarian social relations and instead promoted the development of 

civic ceremonial centers that were ruled by high status individuals. These areas were occupied 

continuously by inhabitants and served as sites of central religious authority.  

Woodland Period and Ritual in Florida 

The transformation of natural landscapes is a common theme in Florida history. 

Beginning with Paleoindians who constructed dwellings and deposited shell, place-making in 
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Florida has been diverse (Wallis and Randall 2014). These activities, in turn, allowed these past 

individuals a means of expressing both a local and a larger sense of identity (Pluckhahn and 

Thompson 2013). 

The Woodland Period in southern Florida has three regional divisions that have been 

established based on ceramic typology – Caloosahatchee, the Glades, and the Okeechobee. 

Despite use of ceramics to distinguish between regions and cultures, the settlement and 

community patterning are more reflective of local environmental conditions (Widmer 2002). 

However, traits that characterize the Woodland period are also present in the Late Archaic, some 

extending as far back as the Middle Archaic. 

The Woodland Period in the Southeast marked changes in the relationships between 

people, ritual activities, and the landscape. The extent of ritual and ceremonial behaviors among 

Woodland Period sites was considerable. In particular, this period is notable for its extensive 

practices of mound building. Although not exclusive to the Woodland Period, these mounds 

were apparently widely proliferated and ubiquitous. During this time, the construction of these 

mounds was primarily associated with mortuary rituals, specifically the burial of remains as well 

as caches of objects. Accordingly, Ford and Willey (1941) categorized this span of time as the 

‘Burial Mound’ stage across the Eastern Woodlands. In addition to these mounds, by the Middle 

Woodland in some places, people began to aggregate and construct fully sedentary villages with 

formalized spaces. Extensive long-distance exchange networks also developed, which is, in part, 

evidenced by exotic materials found within many of these different burial mounds (Wallis 2013).  

The pronounced construction of these mounds indicates a pervasive practice of 

modifying the natural landscape as a part of social interactions (Wallis and Randall 2014). In 

other words, these mounds did not merely function as repositories for the deceased or as 
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territorial markers. Instead, they provided a constructed sociocultural environment where 

individuals from disparate communities interacted. This is especially evidenced in the northern 

half of Florida, which exhibits evidence of extensive long-distance exchange networks among 

Middle and Late Woodland sites (Crystal River, Garden Patch, Kolomoki, etc.). Exotic artifacts, 

including ceramic vessels, were likely gifts proffered with a sense of social obligations and to 

solidify social ties among groups (Hall 1997; Wallis 2013; Yerkes 2002).  

Prominent features on the landscape, natural or man-made, impact daily practices and 

influence the structured ways in which the physical body moves through public and private areas 

(Creese 2012; Johnson 2012; Stone 2016). Organized groups of people create and maintain a 

social landscape in which architecture serves as the tie between time, memory, and meaningfully 

created places. Moving through these physically created and modified spaces, individuals create 

meaningful, social relationships. Furthermore, architecture is one means of defining and 

transmitting cultural and social identity through memory through time (Cobb and King 2005; 

Wilson 2010). The social dimension of memory involves the embodiment in places and things, 

which allows architectural constructions to function as resources for social memory such as 

political networks and kin-based interactions (Wilson 2010). Monumentalization, particularly 

within the past, can be analyzed as a means of interpreting the ways in which social memory and 

human agency are embedded in structural practices and the ways in which these practices change 

in meaning over time (Cobb and King 2005; Stone 2016).  

Burial events simultaneously integrate and divide a community. A burial is an occasion 

that intentionally separates the deceased from the rest of the society under specific culturally 

moderated conditions (Luer 2014). Furthermore, monumental constructions such as burial 

mounds are intentional works that define peoples’ places within society (Thompson et al. 2011). 
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Burial mounds served as physical and ceremonial places that brought people together, and the 

artifacts were the glue that held them together. Burial artifacts, particularly ceramic vessels, 

could have served as gifts given or exchanged with social obligations (Wallis 2013).  

Belle Glade Culture  

Sites in the Lake Okeechobee Region of south-central Florida are representative of the 

Belle Glade culture (500 B.C. – A.D. 1700) (Figure 2-13). This archaeological culture generally 

demonstrates a freshwater dependence on natural and abundant resources and a fisher-hunter-

gatherer strategy. Inhabitants of these sites relied on Florida’s diverse natural resources, 

including a range of plants, terrestrial fauna, and aquatic foods (Klingle 2006; Morris 2012). This 

combination supported the development of high levels of cultural complexity, including the 

construction of varied and extensive monumental landscapes (Lawres 2019). Despite this 

complexity, the people associated with the Belle Glade culture generally participated in an 

egalitarian social structure.  

The majority of Belle Glade settlements are located in the tree island hammocks, which 

fostered a heavy reliance on fishing. Plainware pottery, or Belle Glade Plain, was almost 

exclusively manufactured (Porter 1951; Sears 1982). Because Belle Glade style pottery was 

discovered in coastal Manasota and Safety Harbor sites (McGoun 1993), it is thought that Belle 

Glade peoples were connected with other southern Florida populations via trade or travel routes. 

In fact, Lawres (2019) posits that the majority of the cultural materials found at these Belle 

Glade sites are actually not local but imported materials, although sourcing studies have yet to be 

conducted to verify this. Finally, while Belle Glade peoples did build mortuary mounds, some 

noted burials were subaqueous (Hale 1989; Sears 1982).  
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Much of the information on the Belle Glade culture originates from early surveys and test 

excavations. The Belle Glade site and Big Mound City were both excavated in the 1930s 

(Stirling 1935) and produced the data utilized for chronicling the initial traits observed in the 

Belle Glade culture. Another extensively excavated Belle Glade site is Fort Center, whose 

investigation was led by William Sears (1982). The Belle Glade culture is characterized by 

complex constructed features such as conical mounds, linear embankments, circular ditches, 

canals, and various earthworks (Griffin 2002; Milanich 1994; Milanich et al. 1997). Many of 

these architectural types are unlike those seen elsewhere in North America (Lawres 2019). The 

phrase “Big Circle” was originally used to describe sites in the Belle Glade region because of the 

presence of a semicircular sand embankment (McGoun 1993; Milanich 1994; Widmer 2002). 

Belle Glade Big Circle sites include Tony’s Mound, Big Mound City, Ortona, and Belle Glade 

site (Milanich 1994).  

Fort Center Compared to Other Woodland Period Sites 

Fort Center is an expansive site well-known for its lasting mortuary ceremonialism and 

monumentalization. This section will compare notable features present at Fort Center to both 

earlier and contemporaneous sites in Florida. In particular, Fort Center will be compared to 

earlier Archaic “wet cemetery” sites in Florida, Middle Woodland period, or more specifically 

Weeden Island, sites in North Florida, and other Belle Glade archaeological culture sites in the 

Lake Okeechobee region.  

Subaqueous burial dates back to the Archaic period in Florida with so-called “wet 

cemetery” sites, such as Windover, Bay West, and Republic Groves. During the Archaic period, 

the most common type of burial seems to have been the deposition of deceased individuals 

within shallow ponds, some of which were demarked by wooden stakes (Dickel 2002; 
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Hutchinson 2004). Large groups of individuals were buried together, and individuals were more 

often placed in a flexed position (Klingle 2006). At Windover and Republic Groves, individual 

burials were flexed and primary (Dickel 2002; Wharton et al. 1981). These features are discussed 

in comparison to Fort Center in more detail in Chapter 6; however, it should be noted here that 

while the majority of Fort Center’s burials were subaqueous, some demonstrate evidence of 

bundling. This characteristic of secondary, bundle burials is inconsistent with Archaic sites in 

Florida.  

Middle Woodland period sites in Florida have several key features in common. Many of 

these Woodland Period sites exhibit actively constructed mortuary mounds through which 

lineage and kinship ties were maintained (Milanich 2002). In particular, Florida sites within the 

Weeden Island cultures, share a striking similarity of pronounced burial mound ceremonialism. 

Several of these sites, including Crystal River, Kolomoki, Garden Patch, and McKeithen share 

several similarities with Fort Center. However, Fort Center also maintains distinctive 

characteristics that separate it from those other sites of northern Florida, several of which are 

more similar to Archaic sites.  

Crystal River, Kolomoki, and Fort Center all share several key site characteristics. They 

are located at the boundary of two distinct archaeological culture areas, situated near major 

bodies of water, contain both ceremonial and domestic features, and exhibit circular earthworks 

(Pluckhahn and Thompson 2013). These extensive mounds were likely the result of multi-stage 

constructions over time and possibly a reflection of some of the early forms of organized religion 

in Florida (Weisman 1999). Additionally, these distinct site features were episodically modified 

over a period of time and reflect the efforts of multiple generations (Pluckhahn and Thompson 

2013). The meaning and significance appointed to these mortuary structures by these people 
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changed over time and according to developed cultural beliefs. Hutchinson (2004) suggests that 

monumental construction could have functioned as a means through which local authority 

figures maintained social control.  

Additionally, these prominent Middle Woodland sites are located next to a major body of 

water, which has long-term economic implications. With a few exceptions, their features 

constructed for daily village life include a horseshoe-shaped ring of midden along the residences, 

a central plaza, multiple burial mounds, and a platform mound (Wallis et al. 2015). Elaborate 

mortuary rituals were clearly a focus of these communities, and the presence of similar ceramics 

or other burial artifacts suggests that these sites were linked by trade routes. Such similarities 

indicate close connections among these sites, such as ties among close kin members, and broad 

connections, such as long-distance exchange and interaction (Wallis 2013). The extensive burial 

mounds constructed during Swift Creek and Weeden Island cultures clearly functioned as 

gathering centers for these people (Wallis 2008, 2013).   

Belle Glade cultures exhibit two primary patterns of mortuary behaviors: burial within 

water and interment within constructed mounds (Lawres 2019). Sites in the Okeechobee region 

that possess either of these two traits include but are not limited to Fort Center, Belle Glade, 

Blueberry, Big Mound City, and Tony’s Mound, although there is some variability in terms of 

mound size and shape. Two of these Belle Glade sites, Belle Glade mound and Fort Center, are 

more extensively excavated and researched because these investigations occurred prior to the 

implementation of NAGPRA. Although many of the burials at Belle Glade are disturbed, they 

contain individuals that are generally extended and face up (Stirling 1935). Additionally, the 

burials at Belle Glade are located within the mounds at this site, which differs from the burials 

described at Fort Center. Sears (1982) notes that the majority of individuals interred at Fort 



 

117 

 

Center were either flexed or bundled after being intentionally processed for the removal of soft 

tissue. Manual maceration is not found at any other Belle Glade site.  

Despite these notable differences, the Fort Center and Belle Glade sites do share two key 

characteristics. The first is that grave goods are not generally present within burials until closer 

to the historic period (Lawres 2019). The second is that, at both sites, human skeletal materials 

were utilized to manufacture other material goods. For example, at Fort Center, Sears (1982) 

notes an infant skull cap that exhibits cut marks along the margins of the bone. At Belle Glade, 

Willey (1949) reports two daggers that were manufactured from human long bones. Finally, the 

Belle Glade site of Big Mound City presents other different mortuary practices. At this site, two 

separate burial mounds, Mound 8 and Mound 11, included human burials. However, whereas 

Mound 8 contained human skulls, Mound 11 contained only post-cranial elements (Willey 

1949). Unfortunately, Willey (1949b) does not describe whether or not associated goods or 

cultural materials were found with these remains.  

Several sites in the Okeechobee region demonstrate subaqueous burial. Fort Center is 

certainly notable for its extensive aquatic burials within an artificially constructed pond. The 

intentional construction of the watery environment for mortuary events is unique to Fort Center 

(Lawres 2019). Other aquatic burial sites, such as Ritta Island, Grassy Island, Kreamer Island, 

utilize natural landscape features and waters of Lake Okeechobee (Davenport et al. 2011; Hale 

1984; Will 2002). Additionally, there is some observed variation in the spatial organization of 

the burials within these aquatic environments, with some sites containing individuals more 

tightly packed together and others, more dispersed (Lawres 2019).  

In conclusion, when comparing Fort Center to other Florida sites, Fort Center represents 

an amalgam of distinctive characteristics with both northern and southern and earlier and later 
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sites. Fort Center is primarily a site of aquatic burials, which is a practice that carries over from 

the earlier Archaic period. Fort Center shares other key features with Middle Woodland, 

specifically Weeden Island, sites in Florida, such as its extensive monumentalization and mound 

construction, non-local artifacts, and long period of use. Finally, while Fort Center demonstrates 

key site features that are consistent with other Belle Glade period sites in the Lake Okeechobee 

region, Fort Center’s inclusion of subaqueous bundle burials also distinguishes it from these 

other sites.     
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Figure 2-1. Dietary mix suggested by isotopes in bone collagen. Figure courtesy of Krigbaum et 

al. (2013). 

 

Figure 2-2. Original site map and aerial photograph of Fort Center. Figure adapted from Sears 

(1982).  
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Figure 2-3. View of the modern hiking trail now available for use at Fort Center. Photo taken by 

© Van Voorhis 2016. 

 

  

Figure 2-4. Images of Fisheating Creek as it passes through Fort Center. Photos taken by © Van 

Voorhis 2016. 
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Table 2-1. An overview of the excavation chronology at Fort Center. 

Year 
Institution Primary Investigator 

1944, 1949 Florida Park Service John Goggin 

1950 Florida Park Service John Goggin 

1963 Florida State Museum William Sears 

1964 Florida Atlantic University William Sears 

1965 Florida Atlantic University William Sears 

1966 Florida Atlantic University, University of 

Florida, and Colgate University 

William Sears, John 

Longyear and Charles 

Fairbanks 

1967 
Florida Atlantic University, University of 

Florida, and Colgate University 

William Sears, John 

Longyear and Charles 

Fairbanks 

1968 
Florida Atlantic University and Colgate 

University 

John Longyear and William 

Sears 

1969 Florida Atlantic University William Sears 

1970 Florida Atlantic University William Sears 

2010 Ohio State University Victor Thompson 

2013-2015 Florida Bureau of Archaeological Research Daniel Seinfeld 
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Figure 2-5. Map of the continental United States displaying the location of the Fort Center 

archaeological site and the universities involved in the excavation.  
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Figure 2-6. An overview of the site locations of previous research at Fort Center. 
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Figure 2-7. Overview of the landscape features at Fort Center. Figure adapted from Thompson 

and Pluckhahn (2012).  
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Table 2-2. AMS radiocarbon dates on samples from the Fort Center Mound-Pond Complex. 

Tag 
Sample 

Number 
Material Context 

Radiocarbon 

Years B.P. 

2-sigma 

calibrated 

date 

range 

Original 

Sources 

① B253748 
Carbonized 

 Wood 

Mound B charcoal specimen 

67-8 
2530 ± 40 

Cal BC 

700-540 
3 

② I-3554 
Carbonized 

 Wood 

Mound B base, during the 

period with secondary burial 

deposition  

1690 ± 110 
Cal AD 

80-590 
1,2 

③ B253745 
Soot on 

sherd 

Mound B basal bidden 

associated with charnel house 
1660 ± 40  

Cal AD 

340-540 
3 

④ I-3552 
Carbonized 

 Wood 

Mound A midden lens, 

possible living floor with 

ceramics similar to charnel 

house 

1645 ± 115 
Cal AD 

130-650 
1,2 

⑤ B244803 
Wood 

Carving 

Pond at edge of Mound B, 

two-legged creature in three 

pieces 

1450 ± 40 
Cal AD 

540-650 
3 

⑥ 16C0305 Coprolite Mound B at edge of Pond 1270 ± 30 
Cal AD 

663-859 
4 

⑦ M-1600 
Carbonized 

 Wood 

Mound B fragments from 

deposit under charnel house. 
770 ± 100 

Cal AD 

1030-

1330 

1,2 

  Sources     

  1. Sears (1982, Table 7.1, pg. 116)    

  2. Fort Center documents at FLMNH    

  3. Thompson and Pluckhahn (2012, Table 1, pp. 54-55)   

  4. Spivey-Faulkner (2018, Table 2.1, pg. 69)   
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Figure 2-8. Sources of samples for AMS radiocarbon dating. Sample ⑦ is not shown because its 

exact coordinates (near the western edge of the Charnel Platform) were not available.  
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Figure 2-9. Map of the Mound-Pond Complex following Sears (1982) Fig. 9.5. 

 

 

Figure 2-10. Reconstruction of the wooden charnel platform, including bundle burials and 

wooden effigy carvings. Figure adapted from Sears (1982).  
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Figure 2-11. Example of a wooden effigy carving in the form of a woodpecker. The image on the 

left is from the Florida Museum of Natural History; the figure on the right is adapted from Sears 

(1982). 

 

 

Figure 2-12. Map displaying select known Woodland Period sites in Florida  
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Figure 2-13. Overview of select Florida sites from the Belle Glades culture.  
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CHAPTER 3 

HYPOTHESES, MATERIALS, AND METHODS 

The primary research effort for this dissertation involved careful visual examination of all 

physical remains and related documentation from Fort Center, augmented by a pilot-level 

chemical evaluation (isotopic analysis) of a small sample of mandibles and associated teeth. The 

extensive osteological data collected facilitates a detailed analysis of the site population, 

including: sex distribution, age-at-death, pathologies, and traumas. Together with stable isotope 

data from the sample dental material, the site-wide osteological data facilitates broader insights 

into Fort Center population dynamics, including social structure, diet, mobility, and mortuary 

practices. 

Chapter 5 uses the collected data to assess a number of Sears’s conclusions reviewed in 

Chapter 2. The methods used to collect the data are discussed further below, and Chapter 7 

identifies a list of topics for future research based on these data.  

Research Hypotheses 

It is generally impossible to definitively prove or disprove conclusions regarding past 

populations, but Sears’s key assertions are re-visited as hypotheses in Table 3-1. Each hypothesis 

was addressed to determine whether new data supports or fails-to-support it. 

Materials  

As discussed in Chapter 2, anthropological materials used for this dissertation are curated 

in the Florida Museum of Natural History collections building, Dickinson Hall, in Gainesville, 

Florida. The skeletal elements and dental assortments are kept in individual acid-free boxes lined 

with ethafoam and separated by their assigned catalog number. All but a few of the remains were 

recovered from a water (pond) context; remains uncovered in the mounds themselves were 

generally in very poor condition, and were not collected. The materials were generally clean with 
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some adhering dirt and debris; when necessary, remains were manually cleaned with soft brushes 

to gently remove adhering material. 

The primary documentation used to guide the examination of the physical remains was 

the provenience copied from their original packaging and recorded in workbooks for the three 

FLMNH accessions summarized in Chapter 2. Field notes, maps, and catalog cards provided 

additional information, and such information was supplemented by excavation scenarios 

presented by Sears (1982). Figure 3-1 identifies the source of all the remains whose coordinates 

could be identified except: one box of remains recovered by the UF field team in 1967 (at 

coordinates 2520 L450, just 100 feet south of the drawing in Figure 3-1); and five boxes of 

remains recovered from Mound 13 in 1968 (located approximately 1000 feet west-northwest of 

the Great Circle). 

Documents Review  

FLMNH documents provided important information for this research, primarily in terms 

of excavation chronology and burial practices. Before an osteological analysis of the Fort Center 

population could be conducted, FLMNH documents were reviewed to reconstruct a detailed 

excavation history. Fort Center’s excavation was complex, occurring over eight field seasons and 

by investigators from three universities. Additionally, human remains were found at several 

different site features. Careful reconstruction was done to more accurately analyze the composite 

population represented by the skeletal remains. An establishment of the excavation chronology 

enabled a means to better analyze the individuals present.   

Additionally, all relevant FLMNH documents were reviewed for descriptions of burial 

practices. Specifically, any mention of flexed, bundled, or extended burials, as well as 



 

132 

 

descriptions of single-individual or multi-individual burials, were noted. These original 

descriptions were utilized to make inferences regarding mortuary practices at Fort Center.   

Methods of Skeletal Analysis 

The completed skeletal inventory provided the basis for a full osteological assessment of 

the skeletal remains, which considered sex, age-at-death, stature, overall health, and trauma 

(Buikstra and Ubelaker 1994). However, previous work with remains from Fort Center, whether 

directly following excavation or during laboratory efforts, separated many of the individual 

elements into three broad categories: crania, dentition, and post-cranial remains. Before assessing 

the minimum number of individuals (MNI) represented by the population, as well as the 

remaining osteological measures, it was necessary to “re-associate” elements from the same 

individual. This effort, and the methods for the subsequent osteological assessment, are 

described below. 

Skeletal Material Inventory 

All skeletal remains from Fort Center were assessed as part of an overall inventory 

recorded in a massive Excel workbook. In addition to noting bones and teeth present, this 

inventory contains a record of the accession number, osteological cabinet (OC) and tray numbers 

in which the remains are stored at the FLMNH, the catalog number, provenience information 

associated with the remains, and dates associated with the remains. The inventory is organized in 

ascending order of osteological cabinet and tray numbers, which range from OC 121.1 to OC 

139.1.  

Research evaluation began with an assessment of each assigned catalog number utilizing 

standard data collection procedures recommended by Buikstra and Ubelaker (1994). The skeletal 

inventory contains a list of every individual skeletal element, both bones and teeth, present 
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within this collection. For this inventory, each bone was identified (e.g., humerus, femur, 

calcaneus, lumbar vertebra), sided (left/right), and scored for completeness. A column for 

additional comments was created to note obvious or unique taphonomy, pathology, or trauma. If 

a side could not be determined, a score of unknown was given. The completeness score was 

assigned one of the following: <25%, 25-50%, 50-75%, or 100%. In addition to this 

completeness score, a short description of the element was provided, including naming portions 

present or absent. If pieces of the same bone could be re-fit, a note of this was made (e.g., 3 

fragments of an ulna). Teeth present within their alveoli, such as those within maxillae or 

mandibles, were noted in the “additional comments” column following the completeness 

column. Loose teeth were identified as to which class of tooth (upper or lower, sided), and 

scored as cusp only or cusp and root. Non-diagnostic bone fragments that were too small to 

count were called “miscellaneous bone fragments.” When possible, these tiny fragments were 

specified as cranial or post-cranial. 

Re-Associating Individuals 

Previous work at Fort Center, whether directly following excavation or during laboratory 

efforts, separated many of the skeletal remains of individuals broadly into three categories: 

crania, dentition, and post-cranial remains. Provenience for many, but not all assigned catalog 

numbers, included two-dimensional coordinates, an East-West value between 2300 and 2600 and 

a North-South value between L150 and L350, as illustrated in Figure 3-1. Excel sort and filter 

functions for Excel tables were used to identify skeletal elements in close proximity to one 

another, using filters ranging from 2’ to 5’ separation in either dimension. Elevation values did 

not prove to be a valuable third dimension check, because available provenience often lacked 

these values, and in any event, horizontal differences were typically less than one foot. 
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Despite their possible placement in different trays and even different cabinets, the 

skeletal elements identified by the sorting and filtering as having close coordinate matches were 

examined to determine whether any of the separated elements could be re-associated as part of 

the same individual. If elements of the biological profile, along with unique taphonomic 

indicators, could be paired between separate catalogue numbers with matching provenience 

coordinates, then these remains were considered to be from the same individual.   

All available and relevant FLMNH documentation, including original accession cards, 

catalogue cards, excavation notes, and early lab analysis notes, was carefully reviewed to obtain 

specific site provenience for skeletal materials. Special attention was also paid to numbers that 

were hand-written on the bone in ink or permanent marker. These numbers were individually 

recorded and an effort was made to match these numbers to re-associate specific individuals.  

Osteological Assessment 

The methods used for obtaining the standard osteological data, and the methods for 

identifying and processing the samples for isotopic analysis, are defined below. 

Minimum Number of Individuals (MNI). To calculate the MNI in the Fort Center 

skeletal assemblage, the initial estimate considered duplication of skeletal elements, or a total 

count of the same skeletal element from the same side. This, however, provided only a rough 

estimate of the number of individuals present. To determine a more precise count beyond 

duplicate elements, factors such as developmental and chronological age, size of the bones, sex 

and robusticity, and taphonomic conditions were also considered when re-associating specific 

individuals (Schultz et al. 2018). More detailed analysis, especially considering the incomplete 

juvenile individuals, increased the MNI estimate.  
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The field notes from excavation years 1967-1970 provide some descriptions of skeletal 

remains that were briefly examined but considered unrecoverable. These notes were used to 

develop a rough lower bound on the MNI of individuals buried at Fort Center but not counted in 

the MNI calculated for the skeletal elements housed at the FLMNH. 

Sex. Morphological criteria for the pelvis and skull, and metric criteria for long bones 

(Buikstra and Ubelaker 1994; Byers 2011; Ubelaker 1989) were used, if possible, to classify an 

individual as male or female. For incomplete or fragmentary remains, however, sex was 

identified as probable female, probable male, or indeterminate. Juvenile and infant sex 

identifications were not determined, because morphological characteristics needed for an 

accurate sex assessment do not develop until after puberty. Therefore, sex estimates were made 

only for adolescent and adult individuals.  

Age. A variety of skeletal standards were used to assess age-at-death. Whenever possible, 

multiple methods for age estimations were utilized to provide an accurate age estimate (Buikstra 

and Ubelaker 1994). This was especially necessary when dealing with fragmentary skeletal 

assemblages. For juveniles, age was determined using the dentition, according to the standards of 

Ubelaker (1989) and the epiphyseal fusion of secondary ossification centers (Schaefer et al. 

2009; Scheuer and Black 2000). The age of infant individuals was calculated using metric 

guidelines provided by Schaefer et al. (2009). Age categories utilized followed those of Buikstra 

and Ubelaker (1994) and Baker et al. (2005), which include: prenatal, infant (<1 year), child (1-

12 years), adolescent (13-17 years), young adult (17-25 years), adult (24-45 years), and older 

adult (45+ years). When it was not possible to assign an individual to a specific adult age 

category, ‘adult’ was used; similarly, when it was not possible to assign an individual to a 

specific juvenile age category, ‘child’ was used. 
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For comparisons in Chapters 4 and 5, the age categories ‘adults’ and ‘juveniles’ were 

used. The total number of adults is the sum of individuals identified as young adults, adults, and 

older adults (17+ years of age), whereas the total number of juveniles is the sum of individuals 

identified as prenatal, infant, child, and adolescent (<17 years of age). 

Stature. Stature was estimated through metric analysis of long bones. Only elements 

representative of adults were measured for stature estimation. Adult age was determined by a 

visual examination of proximal and distal epiphyses for complete fusion. Additionally, only 

complete elements were selected. Any elements that had postmortem damage to either the 

proximal or distal ends were not included. It should be noted that several femora measured for 

stature were reconstructed as part of a previous lab analysis or curation efforts. These femora are 

held together with glue, which should in no way affect length measurements.  

Although the femur was preferred, it was sometimes incomplete or absent; in such cases, 

the humerus was substituted. For femora, the estimated stature was calculated for both males and 

females using the “temperate” population equations from Auerbach and Ruff (2010:203) derived 

from prehistoric populations that include those from Florida. For humeri, the estimated stature 

was calculated for both males and females using del Angel and Cisneros’s (2004) modifications 

of the original regression equations from Genovés (1967).  

Antemortem conditions. Assessing multiple indicators and skeletal stress or disease 

provides a comprehensive overview of population health (Cohen 1994; Goodman 1993). All 

skeletal elements were assessed for antemortem conditions of pathology and trauma. Any 

skeletal anomaly observed was recorded in terms of location and type of bone or dental 

modification. Note that an individual with multiple expressions of the same condition was 
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counted once (e.g., several teeth from the same mandible affected by caries were regarded as a 

count of one).  

Observations were made under normal light conditions without the aid of microscopy. 

Determination of the chronology of any observed injuries (antemortem, perimortem, or 

postmortem) was based on a macroscopic observation of the bone and included color changes, 

fracture margins, fracture patterns, and externally induced bone surface alterations (Byers 2005; 

Fernández 2015; Ortner 2008). All individuals, regardless of age, were included in this analysis 

of trauma. Injuries with no visible signs of osteogenic response in the diploë, no visible color 

changes on the inner or outer bone surfaces, and straight, sharp fracture margins, were classified 

as occurring perimortem (Fernández 2015). Fracture margins combined with irregular lines and 

obvious color changes between the outer and inner bone surfaces were classified as post-mortem 

damage.  

General pathological conditions affecting the skeleton that were noted included non-

specific stress and infectious disease indicators, such as cribra orbitalia, porotic hyperostosis, 

periostitis, and osteomyelitis, and osteoarthritic or degenerative joint changes, including 

osteoarthritis, spinal osteophytosis, and Schmorl’s nodes. Dental pathologies scored included 

antemortem tooth loss, dental abscesses, linear enamel hypoplasias, carious lesions, and occlusal 

surface wear. Although etiology for many of these pathological conditions is not known, 

differential diagnosis is provided when possible. Other antemortem conditions assessed included 

modifications indicative of habitual behaviors, bilateral asymmetry, and antemortem or 

perimortem fractures.  

Cut marks. Ritual defleshing of the dead prior to their interment on the charnel platform 

is thought to have been a primary component of Fort Center’s mortuary program. With the 
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removal of soft tissue, it is likely that whatever implement was used would have periodically 

nicked the bones, particularly around areas of joints that are difficult to disarticulate. To test 

whether the human remains were intentionally defleshed, an assessment of the presence, 

location, and frequency of cut marks was completed.  

Potential cut marks were classified as perimortem or postmortem using several criteria. 

Marks were determined to have occurred perimortem if there was no obvious color difference 

between the cut margins and the areas of surrounding bone and the striations, or cut marks, were 

linear. Marks were determined to have occurred postmortem if the cut margin was lighter or 

whiter and the surrounding areas of bone were darker and the cut marks were jagged in form  

Burned bone. To assess the frequency of burned bone at Fort Center, this research 

focused on all original field notes as well as the human remains at the FLMNH. All skeletal 

elements were visually assessed for the presence or absence of fire damage as well as the degree 

of damage observed. Additionally, field notes were carefully reviewed for any mentions of burnt 

or charred human bone. Each incidence was recorded along with the date observed, provenience, 

and a brief description. 

Assessing Population Dynamics  

Fort Center population dynamics of health and status were assessed using the following 

methods.  

Overall Health  

To determine the overall health of the individuals in the Fort Center population, this 

research utilized a combined approach and looked for a number of health or stress indicators in 

the osteological assemblage. Incidences of antemortem pathology, stature, and trauma were 

assessed together.  
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Status  

A multi-method approach, including bioarchaeology, stable isotope geochemistry, and 

mortuary analysis, was applied to assess social rank or status within the Fort Center populations.  

An osteological assessment of antemortem or perimortem trauma and pathologies was 

completed and correlated an indicator of an individual’s socioeconomic status. Physiological 

disruption is indicative of “stress,” which can result from environmental constraints, cultural 

practices, or an individual’s resistance (Goodman and Armelagos 1989; Goodman and Martin 

2002). This analysis employed a range of skeletal indicators, including but not limited to the 

antemortem conditions listed above, to establish a comprehensive understanding of past stress 

and status (Goodman and Martin 2002). Identification of pathologies was conducted in 

accordance with the methodologies of Buikstra and Ubelaker (1994).  

Stable isotope (carbon and nitrogen) analysis was used to examine diet. An understanding 

of the dietary variation can shed light on social dynamics and status (Quinn et al. 2008). Meat, or 

protein consumption, which is reflected by larger δ15N values, is generally considered to be a 

high-status food. An assessment of the amount of dietary protein consumed was done to explore 

whether an individual greater access to meat and thus had higher social status.  

Assessing Diet and Mobility  

To discern dietary ecology and mobility patterns at Fort Center, isotopic analysis was 

performed on samples of human bone (n= 14 individuals, n= 14 samples) and tooth enamel (n= 

14 individuals, n= 14 samples). Bone collagen, bone apatite, and tooth enamel apatite from these 

samples were prepared in the Bone Chemistry Lab at the University of Florida following basic 

procedures outlined in Ambrose (1993).  
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Pilot Sample Selection 

 The aim of this isotopic pilot study on the Fort Center population was to gain 

preliminary insights pertaining to intra-population variation across the entire site. Samples 

representative of the two primary accessions, ACC#4406 and ACC#82-22, were chosen for 

analysis; samples from ACC#2012-52 were not analyzed because there is no known provenience 

for this accession. Within these two studied accessions, samples were chosen to represent the 

large number groupings, such as the 9800#s and the 100#s within ACC#4406 and the B#S, the 

A#s, and the U#s within ACC#82-22. Additionally, samples were chosen from catalog numbers 

that have different and non-overlapping proveniences throughout the Fort Center site. 

Specifically, these samples represent distinct coordinates from the site, including areas from 

Mound 13, Mound B, the wooden Charnel Platform, and the Pond. Provenience information that 

specified a unique burial number was also prioritized. 

Catalog numbers that had only one individual represented were ideal, although this was 

not always possible. The number of individuals within a catalog number chosen for sampling did 

not exceed three. If more than one individual was present, a single adult mandible was used; 

juveniles less than 18 years of age were not sampled.  

To avoid the possibility of resampling the same individual, all samples of bone and teeth 

were taken together from a single adult mandible or maxilla. For bone, all samples were taken 

from areas of these elements that were free of diagnostic features or pathological conditions. For 

teeth, the third molar was preferentially selected for sampling, when possible, because the third 

molar is the last tooth to form/mineralize and reflects the period of mid-adolescence (Hillson 

1996). If the third molar was absent, either due to agenesis or postmortem loss, the second molar 

was used.  
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Table 3-2 and Figure 3-2 identify the samples selected and their extraction point from the 

Fort Center site. Five samples were chosen from 1963 excavations near the center of the pond, 

five samples were chosen from 1969 and 1970 excavations near the north end of the pond, two 

1968 samples were chosen from the Charnel Platform area, one 1968 sample was from the 

eastern edge of Mound B, and one sample (not shown) was from Mound 13. 

Sample Preparation 

All bone and tooth samples were assigned a BCL (Bone Chemistry Lab) number and 

tooth and bone were initially cleaned by hand with scalpels to remove debris and/or impurities 

from the cortical surface or tooth crown. ‘Cleaned’ bone samples were then placed in beakers 

with double deionized distilled water (DDI-H2O) sonicated and air-dried for 24 hours. Ceramic 

mortars and pestles were utilized on the cleaned bone fragments, and sampled bone powder was 

sieved into two fractions for bone collagen (0.25-0.5mm) and bone apatite (0.25mm) analysis.  

For teeth, each tooth was sampled using a Brasseler dental drill and a Dedeco NM slim 

separating disc to produce a wedge of tooth enamel ca. 100 mg in size. Adhering dentin along 

the interior portions of the wedge and exogenous debris were removed using a dental drill and 

carbide bit. Once cleaned, the enamel chunk was split into a smaller sample (ca. 20-30 mg) and 

ground using an agate mortar and pestle. The larger sample (ca. 40-50 mg) was retained as a 

‘bulk’ sample chunk of tooth enamel (for Sr and Pb analysis) and placed in a 1.5 mL 

microcentrifuge tube for subsequent column chemistry and ICP-MS analysis.  

Bone collagen was prepared by demineralization of ca. 0.5g of ground bone (0.25-

0.5mm) in 12-13mL 0.2 M hydrochloric acid (HCl) using 15mL tubes for approximately 24 

hours, and after centrifugation every 24 hours, the HCl was refreshed in each sample until the 

samples were completely demineralized. In this case, demineralization took 7 days. 
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Demineralized samples were then rinsed to neutral pH with DDI-H2O, followed by treatment 

with ca. 12ml of 0.125 M sodium hydroxide (NaOH) for 16 hours. Samples were then rinsed to 

neutral pH and transferred to a 20 mL scintillation vial with ca. 10 mL of 0.001 M HCl, and 

transferred to a 95°C oven for 4-5 hours. Samples were then spiked with 100µl of 1M HCl to 

completely dissolve the collagen and heated at 95°C for another 4-5 hours. Solubilized samples 

were then transferred back to their respective 15 mL vial (cleaned), centrifuged, and the solution 

was then transferred to its 20ml scintillation vial and reduced to ca. 2 mL at 65°C. Samples were 

then placed in the freezer and lyophilized for four days, weighed, and prepared for mass 

spectrometry in the Stable Isotope Laboratory at the University of Florida. Samples and relevant 

standards were then weighed and loaded into tin capsules for elemental analysis using a Carlo-

Erba NA1500 CNS elemental analyzer and subsequent isotope ratio analysis with a Delta V 

isotope ratio mass spectrometer (IRMS).  

Bone apatite was prepared using the finer bone fraction (<0.25mm), of which ca. 0.5g 

was weighed and placed in a 15 mL centrifuge tube and ca. 12-13ml of 50:50 bleach (~2.5%) or 

sodium hypochlorite (NaOCl) was added. After 24 hours, the samples were refreshed, and then 

once fully oxidized (ca. 48 hrs), the samples were rinsed to neutral pH and ca. 12-13ml of 0.2M 

acetic acid (CH3COOH) was added for 16 hours. Samples were then rinsed to neutral pH, 

decanted, placed in the freezer, and lyophilized for three days. All pretreated bone apatite 

samples were then weighed and loaded into a Kiel carbonate prep device connected to a 

Finnegan MAT 252 IRMS. For tooth enamel samples, a similar procedure was adopted, but ca. 

20-25 mg of tooth powder was weighed and placed in a 1.5 mL microcentrifuge tube, and 50:50 

bleach was added for ca. 8 hours, rinsed to neutral, and then 0.2 M acetic acid was added for ca. 

8 hours, and then samples were rinsed to neutral, frozen, and lyophilized before being loaded 
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into the Kiel for analysis on the IRMS. All light stable isotope ratios are expressed in standard 

delta notation, and carbon and oxygen isotope ratios are reported relative to VPDB, and nitrogen 

isotope ratios are reported relative to AIR.  

For heavy isotope analysis of Sr and Pb ratios, requisite column chemistry was conducted 

in a Class 500 ‘clean lab’ where prepared tooth enamel chunks were dissolved in pre-cleaned 

Teflon vials with 1 mL 5-% nitric acid (HNO3) and placed on a 120°C hotplate under laminar 

flow for 24 hours. Following methods outlined in Valentine et al. (2008), ion chromatography 

was used to separate Pb and Sr from single aliquots, using Dowex 1X-8 and Sr-selective crown 

ether resin (Eichrom Technologies, Inc.), respectively. Sr and Pb ratios were analyzed separately 

using a Nu Plasma multi-collector inductively-coupled plasma mass spectrometer (MC-ICP-

MS), using time-resolved analysis (TRA) for Sr and the Tl-normalization technique for Pb 

(Kamenov et al. 2004). Sr ratios (87Sr/86Sr) are reported relative to the NBS 987 standard 

87Sr/86Sr=0.71024 (±0.00003, 2), and Pb ratios (20nPb/204Pb) are reported relative to the NBS 

981 standard 206Pb/204Pb=16.937 (±0.004, 2), 207Pb/204Pb=15.490 (±0.003, 2), and 

208Pb/204Pb=36.695 (±0.009, 2).  

Fort Center Comparisons  

Once the physical evaluation of all human remains and the pilot isotope analysis of 

selected dental elements were complete, it was instructive to make a variety of intra-site 

comparisons of results among different population groupings, considering biological sex, age-at-

death, and site feature. For example, it was informative to determine whether the incidence of 

linear enamel hypoplasias (LEH) was higher or lower for males than for females, or for children 

than for adults, or for individuals recovered from the eastern edge of Mound B than from the 

center of the pond. Results are presented in Chapter 4 and discussed in Chapter 5. Similarly, 
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Chapter 6 compares the bioarchaeological and isotopic data derived for Fort Center remains with 

published data for other Florida sites. Comparisons with earlier Archaic wet cemetery sites such 

as Windover and Republic Groves in addition to other Woodland Period sites such as McKeithen 

Mound C, Palmer Mound, Bayshore Homes Mound B, provide insights into regional and 

chronological changes in demography, health, status, diet, and mobility of prehistoric Floridians.  

The next section defines a number of areas within the Mound-Pond Complex that were 

the basis for intra-site comparisons using assessment of both physical and stable isotope 

differences identified in remains from the different areas. A final section below summarizes the 

statistical methods used for these comparisons, as well as for the comparisons between Fort 

Center and other Florida sites. 

Sample Groups for Intra-Site Comparisons 

As noted above in Chapter 2 section Radiocarbon dates, occupation and use of the 

Mound-Pond Complex continued for six to eight centuries. Therefore, careful osteological 

assessment and isotopic analysis is likely to identify differences among groups of individuals 

recovered from different areas of the site. Few of the human remains were recovered from areas 

that had not been continuously under water, and these “dry” specimens came from three areas, 

Mound 13, Mound A, and the central area of Mound B. Figure 3-3 defines three distinct feature 

areas, in and near the pond, from which most of the human remains were recovered. All of the 

1963 recoveries were from the 40’x30’ area labeled Pond Center-63, and most of the recoveries 

from the Charnel Platform area were realized in 1968. For convenience, the few recoveries from 

the area labeled CPP (Charnel Platform or Pond) are considered part of the Pond for intra-site 

comparisons in Chapters 4 and 5. As indicated in Figure 3-3, the Pond abuts the eastern edge of 

Mound B and the western edge of Mound A.  



 

145 

 

Although all of the 1963 recoveries were from the 40’x30’ Pond-Center area, Figures 3-4 

and 3-5 show multiple active areas for 1968 and 1969 recoveries, but with minimal overlap. Two 

of the “dry” areas, Mound 13 and Mound A, are useful for qualitative comparisons in Chapter 4, 

but include too few specimens for meaningful statistical analysis. However the scattering of 

excavated remains from the central area of Mound B, shown in Figure 3-1, can be combined with 

1969 recoveries from the eastern edge of Mound B to define a robust collection of samples that 

can be compared with the other three other robust collections - Charnel Platform, Pond Center-

63, and Pond after 1963 - to facilitate statistically significant conclusions. 

Statistics 

Chapters 4 and 5 use hypothesis testing as described in Triola (2006) to assess the 

isotopic values from the pilot study and to compare intra-site averages for physical, pathological, 

and isotopic results. Chapter 6 provides similar comparisons of Fort Center results with data 

from other Florida sites.  

The 14 teeth analyzed are considered a “random” sample from the whole Fort Center site, 

and for each tooth, the null hypothesis is that the tooth is representative of the site. For example, 

the average (mean) and standard deviation for δ13Cen values from all 14 teeth sampled are the 

basis for determining whether the tooth from individual ⑩ should be considered a 

representative of the site population or an outlier. The null hypothesis is “representative.” For 

statistical evaluations in many disciplines, the p-value chosen for rejecting a null hypothesis is p 

≤ 0.05 = 5%. For isotopic analyses, the typical rejection criterion for defining an outlier is two 

standard deviations away from the mean. This convenient but slightly more stringent metric 

corresponds to a p-value of 4.55% on the standard normal probability distribution curve. 
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It should be noted that for the isotope samples analyzed, the relative complexity of the 

sample preparation process could lead to an outlier status (rejection of the null hypothesis), 

implying that a processing error resulted in the individual being deemed not representative of the 

Fort Center population. For bone samples, it is assumed that, as discussed in Chapter 2 section 

Limitations of Stable Isotope Analysis, a C:N ratio outside the range 2.9 to 3.6 identifies a 

sample that suffered post-mortem diagenesis or poor sample preparation. Otherwise, absent 

problems observed during sample processing, it is assumed that outlier status characterizes a 

sample that is NOT representative of the Fort Center population, presumably because the 

associated individual was non-local. 

To compare the percentages of individuals or physical elements with a specific 

characteristic, such as males with teeth indicating apical abscesses vs. females with teeth 

indicating apical abscesses, or teeth from the Charnel Platform indicating apical abscesses vs. 

teeth from Pond-Center indicating apical abscesses, a two-proportion pooled z-test was 

performed. To compare the average number of dental pathologies of any kind for males vs. the 

average for females, or for individuals from Mound B vs. individuals from the Charnel Platform, 

a t-test for difference between population means was performed. The t-test was also used to 

compare mean values for isotope ratios from different site features. 

For all two-sample comparisons the null hypothesis was that the two samples came from 

the same population, and a p-value less than 0.05 indicated that the null hypothesis should be 

rejected, and the observed difference declared “statistically significant.” In addition, considering 

the small number of isotope samples analyzed for this dissertation – and the potential that a 

future, larger sample would yield slightly different means and variances – a more relaxed range 
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of 0.08 to 0.05 for p-values was used to define a “statistically suggestive” conclusion. This 

relaxed range corresponds to values at least 1.75 standard deviations from the mean. 
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Table 3-1. Sears’s hypotheses. 

Sears’s Primary Interpretations of Fort Center 

H1.  The Mound-Pond Complex included a wooden platform over part of the pond.  

H2.  Individuals whose remains were interred in the pond area had high status.  

H3.  Mortuary specialists at Fort Center defleshed bones of the deceased prior to interring 

them in the pond.  

H4.  Individuals at Fort Center were not all contemporary.  

H5.  Individuals at Fort Center were native to south-central Florida.  

H6.  Individuals at Fort Center were reliant on maize agriculture. 

 

 

 

 

Figure 3-1. Sources of skeletal remains recovered from Fort Center. 
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Table 3-2. Stable isotope pilot samples. 

Tag ACC# Catalog# Element Tooth Age Sex 

① 4406 98808HR Mandible 
LM3 

Adult Female 

② 4406 98816HR 
Right 

Maxilla 
RM3 

Adult Probable Female 

③ 4406 98826HR Mandible 
RM2 

Adult Male 

④ 4406 98832HR Mandible 
LM3 

Adult Probable Male 

⑤ 4406 98848HR Mandible 
RM2 

Adult Male 

⑥ 82-22 
82-22-

30210HR 
Mandible 

RM3 
Adult Probable Male 

⑦ 82-22 
82-22-

30384HR 
Mandible 

RM3 
Adult Female 

⑧ 82-22 
82-22-

30551HR 
Mandible 

LM3 
Adult Indeterminate 

⑨ 82-22 
82-22-

30648HR 
Mandible 

RM3 
Young Adult Probable Female 

⑩ 82-22 A-16272HR Mandible 
RM2 

Adult Indeterminate 

⑪ 82-22 
82-22-

30092HR 
Mandible 

RM2 
Adult Indeterminate 

⑫ 82-22 
82-22-

30096HR 

Right 

Maxilla 
RM3 

Adult Probable Male 

⑬ 82-22 
82-22-

30081HR 
Mandible 

RM3 
Adult Indeterminate 

⑭ 82-22 A-16027HR Mandible 
LM2 

Adult Male 
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Figure 3-2. Sources for isotope pilot samples. 
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Figure 3-3. Areas in and near the pond. 
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Figure 3-4. Burial locations for 1968 recoveries.     
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Figure 3-5. Burial locations for 1969 recoveries. 
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CHAPTER 4 

RESULTS  

Chapter 4 presents the results from all analyses conducted for this dissertation. The 

results are organized as follows: those derived from FLMNH documents, primarily Sears’s 

original field notes, including excavation chronology, field season summaries, and observations 

on mortuary behaviors; the osteological results, including taphonomy, re-association of 

individuals, MNI, paleodemography, and paleopathologies; and stable isotope results, including 

data obtained from bone apatite, bone collagen, and enamel apatite.  

Chronology  

Before osteological analysis could be conducted, it was necessary to formulate a detailed 

overview of Fort Center’s excavation history, which is discussed in greater detail in Chapter 2. 

Once this general chronological overview was established, it was possible to determine a more 

specific chronology to assess which burials were encountered at what site feature location and in 

what year (Table 4-1). This was done in the hopes that a more detailed understanding of the 

burial relationships to one another could aid the re-association of specific individuals. The 

depositional chronology and seriation of these remains is particularly important. Elevation or 

depth was sometimes recorded in the original field notes; however, this was rarely a helpful 

means of determining whether or not remains belong to the same individual. Table 4-1 

summarizes the more detailed excavation history, including the excavation year, the feature(s) 

excavated, and the FLMNH catalog numbers of human remains.  

Field Season Reviews 

As previously discussed, Sears led excavations of Fort Center for a total of 6 field 

seasons, the Fall of 1963 and the summers from 1966 to 1970. Following are summaries of the 

field activities with a focus on the human skeletal remains found and recovered.  
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1963 Excavations  

This was the first field season in which Fort Center was actively excavated. The 

excavations began and focused on the center of the pond. The excavated area was marked with a 

10-foot square grid system. To properly access and excavate the pond, a water pump was used to 

remove water and lower the water level.  

Sears noted that, within the pond area, they encountered human burials, animal bone, 

feces, many pottery fragments, pipe fragments, and other cultural materials. In a 1963 field 

report, Sears described the burials encountered as “disarrayed” (Sears 1964:2) and not “in any 

kind of anatomical order” (Sears 1964:2-3). These descriptions support what is depicted on plan 

view drawings from the 1963 excavations in the pond. It was during this field season that large 

wooden carvings of animals, such as birds, an otter, and deer, were first uncovered. In addition to 

carved wooden figures, Sears noted the presence of many timbers and poles, which were found 

both above and below the human burials. These pole-like structures were removed during their 

excavations but ultimately reburied under a tarp at their approximate original location in the 

pond.   

In the 1963 field notes, Sears describes a particularly dense area full of human burials, 

wood carvings, and timbers as a charnel house. He speculated that, after death, the bones were 

placed, possibly wrapped within bundles, upon a wooden platform that was part of this structure. 

Because of time and financial constraints, Sears and his excavation crew were not able to clear to 

the bottom of the pond and locate the original post holes of the charnel structure.  

Unfortunately, the excavation notes on file at the FLMNH for the 1963 field season are 

incomplete. They end abruptly after describing Burial 26, but provenience information on 

materials at the FLMNH from 1963 indicates the burials continue until Burial 48. Although not 
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mentioned in the field notes or site report for this year, some of the FLMNH CAT#s for the 100s 

material are depicted on the 1963 burial maps.  

1964 and 1965 Excavations  

Excavations in both 1964 and 1965 are discussed together because there was little to 

report in either season. Although Sears was at Fort Center during these years, there are no field 

notes for these years within the FLMNH materials. Additionally, there is no indication that 

human remains were excavated during either of these seasons.  

1966 Excavations  

1966 was the first year that saw a collaborative excavation among Florida Atlantic 

University, University of Florida, and Colgate University. Florida Atlantic University and Sears 

worked to excavate Mound B and the pond, the two primary areas for human burials. The 

University of Florida and Colgate University focused on additional features at Fort Center such 

as the UF Mound, the Round Mound, Middens A and B, Mound 1 and its associated linear 

earthwork, Mound 3, and Mound 5 and its associated linear earthwork (see Table 2-1 in Chapter 

2 for specifics). This field season did not uncover many human remains; specifically, only 9 

catalog numbers from the FLMNH material. 

1967 Excavations  

It should be noted that the human skeletal remains from the 1967 excavations of the pond 

area, which are depicted in Sears’s Figures 9.8 and 9.11 (Sears 1982:154, 159), are in the 

FLMNH collections. These burials, with the exception of B67-7 (FLMNH CAT#ANT 82-22-

30005HR) and B67-38 (FLMNH CAT#ANT 82-22-30006HR), were documented and then 

discarded when they proved too fragile to excavate, as described by Sears (1982:154):  

A few well-decayed burials and a few small and rather poorly defined postholes 

were associated. These burials, and those to follow in this central area, were 
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‘discovered’ by the tractor, meaning that they were observed after a tractor cut 

had gone just above them, revealing the brownish stain. In all cases, the only facts 

recoverable were whether the bones were human, sometimes whether they were 

adults or children, and usually whether the burial was a bundle or flexed. Most 

were flexed. There were a few bundles and no extended burials. Since this 

information was gained, and rechecked, by a clean slice or slices through a stain 

with a few bone splinters and teeth broken in place, we did not modify our 

technique.  

After “discovery” with a tractor, and documenting the “bone splinters” and teeth, Sears 

resumed his “tractor excavation.” He does clarify and justify this approach in a later reference to 

the 1967 burials (1982:160):  

The human teeth were, in most cases, just below it, on the original surface of the 

mound. We could only record them in part because of rapid drying conditions that 

led to immediate deterioration. With the teeth, invariably represented only by 

enamel that was fractured in place, were many smaller human bones. These were 

brown stains with a ‘cheesy’ bone interior.  

It is doubtful that the bone quality lent itself to adequate removal during this excavation 

season. The remains likely crumbled or deteriorated upon removal, if excavators were able to 

remove them at all. However, despite the fact that these individuals were not collected for long-

term curation, there were clear records made about the specific proveniences. These burial 

locations are clearly shown in Sears’s Figures 9.8 and 9.11, and there is a typed burial list within 

the FLMNH records of the 1967 FAU season materials. This typed list provides a detailed 

description of these burials encountered in 1967. The list enumerates a provenience with specific 

coordinates and sometimes elevation as well as a brief description of elements present for B67-1 

through B67-95, inclusive. These descriptions mention many “deteriorated,” “decayed,” 

“unidentified” and even “destroyed” bone fragments. This list does not generally mention an 

assessment of adult or child age or provide any demographic or pathological insight. The only 

burial that includes a description of the individual’s age is B67-92, which is recorded as an 

infant, and B67-95, which says that the “left third molar had just erupted,” which suggests a 
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likely young adult. These provenience coordinates were carefully cross-checked against all 

coordinates of materials in the FLMNH holdings from Fort Center. With the exception of a B67-

7 (FLMNH CAT#ANT 82-22-30005HR) and B67-38 (FLMNH CAT#ANT 82-22-30006HR), 

there were no matches.  

1968 Excavations  

The 1968 excavations focused on Mound B and what Sears called the “charnel platform.” 

Many unique burials were identified during excavations. These burials range from B68-1 to B68-

87 but both B68-14 and B68-26 are absent from FLMNH’s holdings. The 1968 FAU field notes 

within the FLMNH ACC#82-22 documents do not focus on the human burials encountered. 

Instead, these field notes prominently feature the wood specimens discovered. As seen in 

Chapter 2, there was a designated physical anthropologist, Dr. Audrey Sublett, who worked as a 

part of the FAU field crew in the 1968 season. It was her role, along with a few selected graduate 

students, to document and excavate the human burials. Unfortunately, she suffered an extended 

illness and passed away without publishing her observations; her original field notes and 

materials have not been recovered to date.  

For the 1968 materials, an effort was made to correlate skeletal materials to the materials 

present within the FLMNH collections. This was done in the hopes of illuminating a better 

context for the individuals excavated and to assist with the long-term goal of re-associating 

individuals. It became difficult, however, because the 1968 FAU field notes only mention 

skeletal materials in passing. There are fairly detailed notes for Burials 68-1 through 68-10, but 

then the notes mention the arrival of Dr. Sublett and no additional specific burial numbers are 

mentioned. However, an attempt to match the mentioned skeletal materials to FLMNH materials 

was carried out by searching for specific provenience given in the 1968 field notes. This proved 
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to be largely unsuccessful, possibly because many of the skeletal materials encountered during 

excavation, particularly miscellaneous loose teeth, were not collected at this time.   

1969 Excavations  

The bulk of the skeletal materials in ACC#82-22 are from the 1969 FAU excavation 

season. More than one hundred unique burials were noted during this excavation season. These 

burials range from B69-1 to B69-125 but B69-15, B69-18, B69-38, B69-79, B69-106, B69-116, 

and B69-122 are absent from the FLMNH collection. As with FAU’s 1968 field notes, the 1969 

field notes do not primarily note human burials but instead focus on wood and other specimens. 

Again, Dr. Sublett and her students were responsible for documenting the human burials in situ 

but as mentioned, all of her original field notes and materials are missing. An effort was made to 

match recorded provenience of materials present in the FLMNH holdings to human remains 

recorded in the 1969 field notes, but this was unsuccessful for the same reasons described above 

for 1968 excavations. Skeletal remains were only briefly mentioned in the field notes.  

1970 Excavations  

The 1970 field season was the last led by Dr. Sears at FAU. There was a focus that year 

on Mound A, but also on final recovery of cultural materials from Mound B. They also 

excavated the midden associated with Mound A. Several areas or “concentrations” of human 

bone are mentioned in the FAU field notes for the 1970 season, but not many were collected. 

Once again, the focus of the field notes was on other artifacts encountered, such as shell, lithics, 

and pipes. These original records also indicate that bone preservation in Mound A was generally 

poor. In terms of human remains, only seven FLMNH CAT#s were collected during this field 

season (Table 4-1). 
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Mortuary Behaviors   

Interpretations of mortuary behaviors demonstrated at Fort Center are discussed in 

Chapter 5. However, this research indicates that all individuals buried at Fort Center appear to 

have been given the same social or ritual treatment by the living. Burials contained individuals of 

both biological sexes and all ages, including infants, children, adolescents, adults, and older 

adults. The majority of individuals were buried at similar locations in the Fort Center site, with 

the greatest number of individuals interred within the artificial pond. A few primary burials 

contained only a single individual, but the majority of burials represent a minimum of two or 

three individuals.  

Unfortunately, little information was gained regarding specific burial position. Original 

plan view drawings from 1963 depict individuals as bundled, but subsequent details from Dr. 

Sublett’s field notes were lost. Therefore, it cannot be said whether or not the bulk of the 

individuals interred at Fort Center, those representative of ACC#82-22, were bundled. To further 

assess the questions of defleshing and bundling, all phalanges, tarsals, metatarsals, carpals, and 

metacarpals were counted in each accession and compared to the total counts of elements present 

(Table 4-2). Although ACC#82-22 had a greater number of individual elements (n= 9,766) than 

ACC#4406 (n= 2,477), the frequencies of these bones were similar at 3.6% for ACC#4406 and 

4.1% for ACC#82-22.  

In the original 1963 field notes, there is one mention of a possible “ceremonial burial” 

with regards to either burial 9 or burial 10, which are catalogue numbers 98810HR and 

98811HR, respectively, from ACC#4406. Tables 4-3 through 4-5 summarize the findings from 

these burials. Both of these burials were found in close proximity to “large quantities of wood,” 

including a two-legged animal (CAT#98791), duck head (CAT#98789) and an otter effigy 
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(CAT#98792). The other pieces of wood were too fragmentary or rotted to be identified and 

collected in 1963 by excavation personnel. These burials are also adjacent to projectile point 

fragments, ceramic sherds, and red ochre. Additionally, each of these burials contains more than 

one individual. Ultimately, no singular or unusual treatment was observed for the individuals 

within these burials. 

Charnel Platform and Fire  

First, a detailed overview of wood specimens encountered at Fort Center, including those 

that were destroyed, left uncollected, and within the FLMNH collections, was constructed to 

facilitate burn assessments (Appendix A). Original field notes from 1963 and 1966 – 1969, the 

years during which the artificial pond was excavated, were carefully reviewed for evidence of a 

prehistoric fire, including specimens that were not collected for long-term curation. Any mention 

of burnt materials, particularly wood or human bone, was noted in a separate document along 

with the date, recorded provenience at Fort Center, and a short description (Table 4-6). There 

were ten separate references to burnt wood and bone in the 1968 field notes and twelve 

references in the 1969 field notes.  

Except for two charred specimens found on the west side of Mound B, the locations of 

these specimens are presented in Figure 4-1 using a scatter plot overlaid with a segment of 

Sears’s Figure 9.5 (Sears 1982:146). As indicated, the trend line for these charred specimens 

generally follows the edge of the charnel wooden platform demarked by Sears (1982).  

General Remarks and Taphonomy  

The osteological information from Fort Center is derived primarily from a mix of 

complete, nearly complete, and fragmentary skeletons. The overall bone preservation from “wet” 

site features (see Chapter 2 for distinctions) is good, and many of the individual skeletal 
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elements, even smaller ones such as vertebrae, tarsals, carpals, and phalanges, are complete. 

There is a tremendous range of color variation among remains within the Fort Center collection, 

with individual elements displaying colors such as white, tan, gray, orange, brown, and black. 

The larger elements, particularly long bones, are heavy when held, which indicates good overall 

bone density. Few remains are chalky or dry to the touch, and these are primarily from “dry” 

areas of the site. This further suggests that there is still a considerable amount of the organic 

component within the bones. Although there are many small, non-diagnostic fragments as well 

as bits of bone dust, the elements are generally not friable or fragile.  

Surface areas of many elements are a brownish or black color that results from prolonged 

contact with soil. There are also many visible fine etchings made from plant roots adhering to the 

bones. The dark staining and root marks were accompanied by small amounts of vegetal matter, 

likely roots, that adhered to elements along with a plethora of dirt and soil that was contained 

within crevices and medullary cavities. Occasionally, adherent whitish gray concrete-like sand is 

present in lumpy regions on the exterior surfaces of elements. There is post-mortem damage 

throughout the collection, but the majority of elements are complete or nearly (>75%) complete. 

In addition to post-mortem fractures, some elements display evidence of cortical flaking and 

delamination. Striations from rodent gnawing are present on only a few elements, which is 

consistent with their long-time storage in cardboard boxes. There is no evidence of algae 

staining.  

Red Staining  

Red staining was noted on 71 skeletal elements in the Fort Center assemblage (Appendix 

B). This coloration covers a large portion, if not the entire surface, of the affected bone. There is 

a range in the red coloration with certain elements presenting with a bright, vibrant red, whereas 
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others exhibit a faded and darkened red. This staining is only found within the materials from 

ACC#4406 which were excavated in 1963 and possibly 1964.  

Of these 71 skeletal elements, seven are faunal, including the species of panther, probable 

bobcat, and deer. The remaining 64 human skeletal elements represent approximately 26 

individuals of the population, including 21 adults and 5 adolescents. Of these 26 adults, four 

individuals are male, five are probable male, and one is female, while the remaining individuals 

are of indeterminate sex. The adolescents are all aged generally between 12 to 20 years old, 

although it is impossible to determine sex for these individuals due to a lack of skeletal elements 

informative of biological sex.  

However, a total count of individuals is obfuscated by two factors. Because many of the 

catalog numbers with red stained elements contain multiple individuals, it was impossible to 

determine to which individual specific metatarsals, metacarpals, phalanges, or vertebrae belong. 

Furthermore, many of the catalog numbers with red stained elements do not have a specific 

provenience recorded.  

This staining affects limited areas of the body. Specifically, there are 26 metatarsals 

stained red, 8 metacarpals, 5 manual and pedal phalanges, 18 vertebrae, one clavicle, one fibula, 

and one sacrum (Table 4-7). The most common area of the body affected was by far the feet, 

which accounted for 44% of the remains (28 of 63 elements). Hands and feet combined account 

for 62% (39 of 63 elements), which is a substantial percentage. Vertebrae, in contrast, accounted 

for 25% (16 of 63 elements) of the red stained elements. It is interesting to note that the 

uncommon elements with red staining, the clavicle, fibula, and sacrum, all belong to adolescent 

individuals (i.e., not adults).  

  Possible etiologies of the red staining are discussed in Chapter 5. 
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Cut Marks  

The presence, absence, location and frequency of cut marks were observed through 

careful visual examination of every element within the Fort Center skeletal collection. When a 

cut mark was found, a note of the element, side, location, and brief description was made. In 

total, cut marks were observed on 26 skeletal elements (Table 4-8). Of these 26, only 4 (15%) 

occurred within the perimortem interval whereas 22 (85%) occurred postmortem. The cut marks 

from the perimortem interval are observed on two tibiae and two femora and were present as 

multiple and clustered shallow cuts. The marks reflective of postmortem damage, in contrast, are 

likely the result of accidental damage by a shovel or trowel during excavation. These were 

singular and deep or multiple, widely spaced, with sharp margins. There was also an obvious 

color difference between the margin of the cut and the interior of the bone, which suggests that 

these marks occurred more recently.  

All observations of perimortem cut marks were found within ACC#4406 materials that 

are from the pond. The only elements that displayed perimortem cut marks were the tibia and 

femur. In contrast, postmortem cut marks are found on many different elements, such as the 

sacrum and clavicle, which are areas unlikely to demonstrate damage from the intentional 

removal of soft tissue.   

Burnt Bone 

All skeletal elements within the Fort Center collection were assessed for fire damage. 

Any evidence of burning was noted and described (Table 4-9), but this research found minimal 

evidence of burnt bone. Only six FLMNH CAT#s contained skeletal elements that exhibited 

damage from contact with a fire. Specifically, this totaled to approximately 12 out of more than 

12,000 fragments that displayed visible evidence of burning. Approximately six bone and teeth 
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fragments presented with blackened areas of burning, while five were white indicating calcined 

bone, and one had evidence of both blackened and calcined bone. A single element presented 

with linear fractures, which are consistent with fire damage. Although two of the original field 

bags are specifically labeled with “burned skull and diaphysis” and “burned skull scraps,” no 

burnt bone was found within these bags. All 12 fragments were from the ACC#82-22 portion of 

the Fort Center collection; no evidence of any kind of fire damage was found within ACC#4406. 

Interpretations of the burnt bone observed within the Fort Center collection, as well as 

burnt bone and wood noted within Sears’s original field notes, are discussed in Chapter 5.   

Re-Associating Individuals  

Re-association of individuals was done for all skeletal materials excavated during the 

1966-1970 field seasons, which comprise ACC#82-22. The materials from ACC#4406 excavated 

in 1963 were never separated in any way post-excavation, and thus individuals encountered 

during the original excavation at Fort Center are intact. No sorting or re-association effort was 

necessary for these materials. A first look at re-association sorted all skeletal materials regardless 

of excavation year. This was done to account for the possibility that the excavation of a single 

individual could have occurred across more than one field season. A sorting of all FLMNH 

catalog numbers by coordinates did not yield any significant overlap between different field 

seasons, which suggested that FAU was not re-excavating the exact same areas within the pond 

or Mound B in subsequent field seasons.  

Re-association of individuals was therefore primarily done according to excavation year 

and coordinates. When all FLMNH catalog numbers were sorted by site coordinates within the 

excavation years, there proved to be a considerable frequency of overlap among different and 

disparate catalogue numbers. A complete list of these sorted materials is too large for this 
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dissertation but is available within the FLMNH’s Fort Center bioarchaeology materials for 

ACC#82-22.  

There was a range in the number of separate catalog numbers that matched with the same 

or nearby coordinates. For some coordinates, only two catalog numbers matched that same 

provenience, but for others, as many as twelve catalog numbers matched. Generally, however, 

the majority of specific coordinates (i.e., 2398 L275) matched with less than five catalog 

numbers, whereas the less specific coordinates (i.e., 2400 L275) matched a larger number of 

catalog numbers. For example, while sorting the 1968 materials, only three catalog numbers 

matched with the coordinates 2398 L275. These catalog numbers are 82-22-30032HR, 82-22-

30133HR, and 82-22-30519HR. However, twelve of the 1968 catalog numbers matched with the 

same 2400 L275 coordinates. These catalog numbers are A-16246HR, A-16258HR, 82-22-

30123HR, 82-22-30126HR, 82-22-30128HR, 82-22-30130HR, 82-22-30131HR, 82-22-

30134HR, 82-22-30137HR, 82-22-30413HR, 82-22-30469HR, and 82-22-30471HR (Table 4-

10). In this instance, twelve CAT#s sorted together because all materials within the 10’x10’ grid 

were given the same coordinate, which was the southeast corner of that square.  

Overall, efforts to re-associate individuals were largely successful. More than 100 

matches of disparate FLMNH catalog numbers were possible and as many as 300 individuals 

were able to be re-associated. Specifically, individuals represented by distinct catalog numbers 

that were over several hundred catalog numbers apart and in different cabinets were able to be 

re-associated.  

MNI  

MNI for the Fort Center population is estimated to be a total of 784 (Table 4-11), 

including materials present within the FLMNH’s collections and remains that were not collected 
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but mentioned during Sears’s 1966 through 1970 excavations. There are an estimated 693 

individuals present within the FLMNH’s Fort Center collection. Of these 693 individuals, there 

are 183 (26%) individuals from ACC#4406, 509 individuals (73%) from ACC#82-22, and a 

single individual (<1%) from ACC#2012-52. Of the 91 total individuals represented by the 

uncollected materials, there were no individuals from 1966, 65 (72%) individuals from 1967, two 

(2%) individuals from 1968, and 22 (24%) individuals not collected in 1969, and two (2%) 

individuals from 1970.  

Table 4-12 distinguishes among the site feature at Fort Center and groups the interred 

individuals into six general areas according to where they were excavated. These site features 

correspond to Mound 13, Mound A, Mound B, charnel platform, the pond, and incorrect or no 

provenience. With respect to the number of individuals representative of each feature, the area 

with the largest MNI is the pond. There are a total of 485 individuals (70% of the population), 

including those from the center of the pond excavated in 1963 as well as the rest of the pond; 

these individuals comprise both sexes and come from all age groups, ranging from prenatal to 

older adult. The features with the second and third largest numbers of individuals uncovered are 

the regions denoted by Sears (1982) as the charnel platform and Mound B, both of which also 

contain individuals of both biological sexes and all ages. The area marked as the charnel 

platform represents 90 individuals (13% of the population), whereas Mound B represents 86 

individuals (12% of the population). Features with a smaller number of individuals are Mound 

13, which has 4 individuals (1% of the population), and Mound A, which has 5 individuals (1% 

of the population).  



 

168 

 

Fort Center Paleodemography  

More than 12,300 bone fragments were assessed for this dissertation. Based on counts of 

skeletal elements as well as a refined assessment of additional factors, there was a minimum of 

693 individuals within the Fort Center collection and at least 784 individuals represented at the 

site. The specific age and sex demographics focus on those individuals within the FLMNH 

population and are discussed below.  

Age 

The ages of the Fort Center individuals range from prenatal, or gestational age, to infant 

(<1 year), child (1-12 years), adolescent (13-17 years), young adult (17-25 years), adult (25-45 

years), and older adult (45+ years). When considering all age ranges, the skeletal assemblage 

represents 421 adults (61% of the population), both young, middle-aged, and older, and 272 

juveniles (39% of the population), including all individuals younger than 18 years (Table 4-13).  

Specifically, of the 421 adults, 25 (6%) were determined to be younger adults of 17-25 

years of age, 336 (80%) were determined to be 25-45 years of age, and 60 (14%) were 

determined to be older adults of 45 years of age or older. For juveniles, of which there are 272 

individuals, there are 8 (3%) prenatal, 31 (11%) infants present, 186 (69%) children between the 

ages of 5 and 12 years, and 47 (17%) adolescents present. 

Tables 4-14 and 4-15 presents MNI of age categories by site feature at Fort Center. In 

terms of site feature, the largest number of individuals of all ages was excavated from the pond. 

The relative frequencies for each age group is fairly consistent across the different site features, 

except that a statistically significant difference (higher percentage) for adults 25 to 45 years was 

noted for the Pond-Center 1963 (p-value = 0.04) and for the No/Bad Coordinates (p-value = 

0.03) of individuals with no coordinates or obviously mis-recorded coordinates. The relative 



 

169 

 

frequencies that determine the composite ratios shown in Table 4-15 for adults (> 17 years) to 

juveniles (prenatal to 17 years) exhibited no statistically significant difference. The apparently 

large differences for Pond-Center and No/Bad Coordinates reflect p-values of 0.12 and 0.08, 

respectively, which exceed the criteria of 0.05 used to define statistical significance. 

Biological sex  

Biological sex of these individuals was assessed for both adults and adolescents, when 

possible. It was determined that, of these 693 identified individuals in the skeletal population, 

there were 120 (29% of 421 adults) males or probable males and 126 (30% of 421 adults) 

females or probable females. It was not possible to determine the sex of 447 (65% of total 693) 

individuals, including both adults and juveniles, due to the absence of features utilized for the 

assessment of biological sex and the inability to estimate biological sex from juvenile remains. 

Tables 4-16 and 4-17 present MNIs by biological sex according to site feature and age. 

The majority of each biological sex was recovered from the artificial pond. However, there are 

some other notable differences with respect to the distribution of biological sex. The only 

individuals from both Mound 13 and Mound A whose biological sex could be identified were 

male; there were no females identified in either of these mounds. In contrast, both the charnel 

platform area and Mound B contained more female than male individuals. The charnel platform 

assemblage included 19 identified females (15% of all females) and 9 identified males (8% of all 

males). Similarly, Mound B had 14 out of 126 females (11%) but only 9 out of 120 (7%) males. 

With the exception of the center of the pond excavated in 1963, which is discussed in-depth 

below, the ratio of males to females among the different site features was similar. In terms of 

age, there were similar percentages of adolescent and young adult males and females but 

different percentages of adults and older adults. While for both biological sexes, adults aged 25-
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45 years displayed the greatest frequency, males showed a higher percentage of older adults 

(26%) than did females (13%). 

Stature  

Adult stature estimates were done using the maximum lengths of 16 humeri and 24 

femora (Appendix C). Only long bones that could be reliably assessed for sex were used for 

stature analysis. In total, stature data were obtained for 40 adults of the population, 23 males and 

17 females, revealing substantial sexual dimorphism. Table 4-18 presents the average statures 

and ranges for both males and females within the population. The average male stature was 167 

centimeters with a range of 165 to 177 cm, whereas the average female stature was 156 

centimeters with a range of 147 to 159 cm. The average stature within the population in general 

is 162 cm.   

Pathological Conditions   

Multiple antemortem conditions were observed, including infectious diseases, 

osteoarthritic changes, and dental pathologies. The total frequencies of these pathologies within 

the Fort Center population are recorded in Tables 4-19 and 4-20.  

As many as 359 (52%) individuals exhibited one or more pathological condition in the 

Fort Center population. The most commonly expressed pathology was linear enamel hypoplasia, 

which affected 190 individuals, or 27% of the individuals available for analysis. The pathologies 

with the next highest frequencies include periosteal lesions (n=106, 15%), porotic hyperostosis 

(n=97, 14%), cribra orbitalia (n=95, 14%) pronounced occlusal wear of teeth (n=85, 12%), and 

carious lesions (n=69, 10%). The remaining pathologies, although exhibited, were all present in 

less than 10% of the population.  
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An overview of pathological conditions observed according to site feature at Fort Center 

is presented in Tables 4-21 and 4-22. No single site feature exhibited the highest frequency of all 

observed pathologies; however, the group of individuals that make up no or bad coordinates had 

the highest frequency of many of these pathologies. Mound A, likely due to its small number of 

individuals (n= 5), had the highest percentage of carious lesions (n=1 individual, 20%), LEH 

(n=2 individuals, 40%) and occlusal wear (n=1 individual, 20%). Mound B demonstrated the 

greatest percentages of individuals with porotic hyperostosis (n=18 individuals, 21%). The pond 

area excavations after 1963 had the highest frequency of cribra orbitalia (n=54 individuals, 

18%), second highest frequency of porotic hyperostosis (n=54 individuals, 18%) and periostitis 

(n=46 individuals, 15%). Individuals recovered from the center of the pond in 1963 had the most 

periodontal disease (n=16 individuals, 9%), TMJ (n=10 individuals, 5%) and a higher frequency 

of periosteal lesions (n=26 individuals, 14%). Mound 13 had the fewest number of all 

pathological conditions but also had a small MNI (n= 4).  

The pathology frequencies in Tables 4-21 and 4-22 do not indicate any statistically 

significant differences among the feature areas for any individual pathology; the smallest p-value 

calculated was p=.084, which results from comparing LEH frequencies in Pond-Center 1963 vs. 

the rest of the Fort Center population. However, as indicated in Tables 4-23 and 4-24, a 

comparison of the average number of different antemortem conditions per person in each site 

feature area shows that the group of individuals excavated from the center of the pond in 1963 

(n= 183) had significantly fewer average negative health problems per individual than those from 

the rest of the population. The implications of these differences are discussed in Chapter 5.  

An overview of pathological conditions observed according to age is presented in Tables 

4-25 and 4-26. In general, adults demonstrated a greater number of pathologies than did 
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juveniles. Older adults (n=60) expressed the highest rates of several pathologies, including LEH 

(n=38 individuals, 63%), periodontal disease (n=14 individuals, 23%), abscesses (n=8 

individuals, 13%), antemortem tooth loss, (n=14 individuals, 23%), osteoarthritis (n=12 

individuals, 20%), and TMJ (n=3 individuals, 5%). Older adults also exhibited an 

overwhelmingly high rate of heavy occlusal wear of teeth at 62% (n= 38 individuals). Middle-

aged adults (n=336) generally expressed pathological conditions at frequencies less than those of 

older adults but greater than those of young adults. In fact, middle-aged adults did not have the 

highest frequency of any single antemortem condition observed. Young adults (n=25) generally 

expressed lower rates of pathologies. Young adults, however, exhibited the greatest number of 

carious lesions (n=7 individuals, 28%), LEH (n=12 individuals, 48%) and Schmorl’s nodes (n=1 

individual, 4%). Although non-pathological, or benign, young adults also expressed the greatest 

percentage of button osteoma (n=1 individual, 4%). Following adults, children between the ages 

of 1 and 12 years (n=186) exhibited a high number of pathologies. Specifically, children had the 

highest frequency of cribra orbitalia at 25% (n=47 individuals). Prenatal individuals (n=8), 

however, exhibited the greatest amounts of both periostitis (n=3 individuals, 38%) and reactive 

bone (n=2 individuals, 25%).  

An overview of pathological conditions observed according to sex is presented in Tables 

4-27 and 4-28. Males (n=120) exhibited higher numbers of antemortem trauma (n=4 individuals, 

3%), LEH (n=32 individuals, 27%), antemortem tooth loss (n=12 individuals 10%), osteoarthritis 

(n=15 individuals, 13%), periostitis (n=13 individuals, 11%), osteolytic lesions (n=3 individuals, 

3%) and Schmorl’s nodes (n=3 individuals, 3%). Males also generally presented with more 

occlusal wear of teeth (n=29 individuals, 24%). Females, in contrast, exhibited the highest 

frequency of carious lesions (n=14 individuals, 11%), periodontal disease (n=18 individuals, 
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14%), abscesses (n=9 individuals, 7%), TMJ (n=8 individuals, 6%), cribra orbitalia (n=30 

individuals, 24%), porotic hyperostosis (n=32 individuals, 25%), and areas of reactive bone (n=8 

individuals 6%). Additionally, only individuals identified as female presented with symptoms of 

treponemal disease or syphilis; no identified male individuals were observed with syphilis. 

Interpretations of these differences are discussed in Chapter 5.   

General Observations  

Although not pathological in nature, several additional observations are worth 

mentioning. Entheseal changes were frequently noted, particularly on the deltoid tuberosity of 

the humerus, the anterior crest of the tibia, and the gluteal lines of the femur. Additional 

observations include bilaterally pronounced mastoid grooves in many individuals, a high 

frequency of bilateral cranial bossing, and many Wormian bones present within the lambdoidal 

suture. Interpretations related to these non-pathological observations are discussed in Chapter 5. 

Antemortem and Perimortem Trauma 

As noted in Table 4-19, twenty instances of antemortem and possible antemortem trauma 

were observed, whereas there were no instances of perimortem fractures noted among Fort 

Center bones examined. The types of antemortem trauma exhibited include wedge compression 

fractures of vertebrae, particularly lumbar, several noticeable calluses observed on the radius and 

ulna, and several areas of likely trauma within the metatarsals and metacarpals (Table 4-29). 

Many of these instances of trauma also exhibited pronounced regions of reactive bone, and in a 

few cases, areas of pronounced heterotopic ossification. Discussions of the significance of 

antemortem trauma are presented in Chapter 5.   
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Stable Isotopes Pilot Results  

A bone sample and a tooth sample for each of the fourteen dental elements listed in Table 

3-2 were processed for a stable isotope pilot analysis. Unfortunately, for bone apatite, only two 

of the fourteen samples proved viable, as indicated by C:N ratios that were within the target 

range of 2.9 to 3.6 (DeNiro 1985). The non-viable bone samples actually produced no collagen at 

all. All fourteen teeth yielded useful results for carbon, oxygen, strontium, and lead. The two 

bone samples that yielded good C:N ratios, together with isotope values for all fourteen teeth, 

were utilized for the analyses detailed in the following sections. At this point, results are 

enlightening but preliminary. For all sections below, relevant values within these tables are noted 

as being statistically significant, whereas other values are noted as being statistically suggestive. 

See Chapter 3 section Statistics for these differences.  

Carbon, Nitrogen, and Oxygen 

Tables 4-30 and 4-31 show the carbon, nitrogen, and oxygen isotope values for the two 

viable bone samples from ACC#82-22 – CAT#s A16272HR and 82-22-30081HR – which are 

mandibles from different adults of indeterminate age-at-death. Individuals with good bone 

collagen yields (n= 2) have δ13Cco values of -20.9‰ and -20.0‰ and δ15Nco values of 8.9‰ and 

10.4‰. For bone apatite, the two δ13Cap values are -13.8‰ to -12.0‰ while the two δ 18Oap 

values are -1.8‰ to -1.0‰. 

Tables 4-32 and 4-33 display the carbon and oxygen isotope values for the enamel from 

the fourteen tooth samples evaluated. The average δ13Cen is −13.26 ± 0.77‰ with a range from -

14.6‰ to -11.0‰. The δ 18Oen values have an average of -1.04 ± 1.11‰ and a range from -3.8‰ 

to -0.004‰. One value in Table 4-32 (individual ⑩ at δ13Cen of -11.00‰) and one in Table 4-33 

(individual ⑩ at δ 18Oen of -3.80‰) is greater than two standard deviations from their respective 
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mean values, or statistically significant, whereas another value in Table 4-32 (individual ⑬ at 

δ13Cen of -14.60‰) is statistically suggestive. As explained in Chapter 2, the carbon and nitrogen 

values and the collagen-apatite spacing (denoted Δ13Cap-co = δ13Cap - δ
13Cco in Table 4-30) 

provide insights into the deceased’s diet. These are discussed in Chapter 5.  

Strontium and Lead 

Tables 4-34 and 4-35 show the strontium and lead isotope values for the fourteen tooth 

samples evaluated. 87Sr/86Sr had an average value of 0.70892 ± 0.00023‰, while 208Pb/204Pb had 

an average value of 40.11 ± 0.79‰, 207Pb/204Pb had an average value of 15.83 ± 0.09‰, and 

206Pb/204Pb had an average value of 20.73 ± 1.04‰. A single 87Sr/86Sr value in Table 4-34 

(individual ① at 0.70837) is the only statistically significant value at more than two standard 

deviations from the mean value. In Table 4-35, two 20nPb/204Pb values, those of individual ⑩ 

and ⑬, are statistically suggestive. As discussed in Chapter 2 section Interpreting Isotopes in 

Skeletal Tissues the strontium and lead values provide insights into the deceased’s origin and 

mobility. These are discussed in Chapter 5. 

Intra-Population Isotope Values by Biological Sex and Site Feature  

In addition to population-wide values, it was possible to examine in more detail isotopic 

differences by biological sex and site feature at Fort Center.  

Statistical analysis assessing differences between biological sexes and site features for 

87Sr/86Sr, 206Pb/204Pb, δ13Cen and δ 18Oen are presented in Tables 4-36 through 4-39. In Tables 4-

36 and 4-37, as in previous discussions, values for “females” include probable females, and the 

values for “males” include probable males. The average δ13Cen for females (−13.34 ± 0.13‰) is 

almost the same as that for males (−13.32 ± 0.38‰); however, the average δ 18Oen for females (-

0.24 ± 0.50‰) is higher than the average δ 18Oen for males (-1.22 ± 0.83‰.) The t-test for 
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different means shows that this difference is statistically suggestive (p = 0.062), and difference 

between females and males + indeterminate is statistically significant (p = 0.011). Average 

values for strontium and lead isotopes for females and males are quite similar, as shown in Table 

4-36, and the corresponding t-tests for means reported in Table 4-37 shows no statistically 

significant differences. 

The site feature names used in Tables 4-38 and 4-39 reflect groupings identified in 

Figures 3-2 and 3-3, with addition of excavation year and clarification that samples ⑥-⑩ were 

collected from the north end of the “Pond after 1963” grouping, and that sample ⑩ (Pond 

NorthEast-70) has been identified as an outlier from this grouping. The statistically significant 

and statistically suggestive comparisons for Pond-Center 1963 are discussed in Chapter 5.  
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Table 4-1. Excavation years and features excavated at Fort Center and their corresponding 

FLMNH catalog numbers.  

Excavation 

Year 

Feature(s) 

Excavated 
FLMNH ACC# and CAT#s for Human Remains 

1963 Pond 
4406: 98802HR to 98848HR inclusive, 4406-100HR to 125HR 

inclusive 

1964/1965 n/a No human remains collected in 1964 or 1965 

1966 Mound A 82-22: A-15381HR, A-15404HR, A-15407HR 

1966 Mound B 
82-22: A-15366HR, A-15600HR, 82-22-30001HR to 82-22-

30004HR inclusive 

1967 Mound B 82-22: 82-22-30005HR, 82-22-30006HR, S-521HR 

1968 Mound 13 82-22: A-16025HR, A-16027HR, A-16030HR, 82-22-30072HR 

1968 A-B Pond 

82-22: A-15972HR to A-15975HR inclusive, A-15998HR, 82-22-

30016HR, 82-22-30028HR to 82-22-30033HR inclusive, 82-22-

30040HR to 82-22-30043HR inclusive, 82-22-30123HR, 82-22-

30126HR, 82-22-30128HR, 82-22-30130HR, 82-22-30131HR, 

82-22-30133HR, 82-22-30134HR, 82-22-30137HR, 82-22-

30141HR, 82-22-30148HR, 82-22-30149HR, 82-22-30150HR, 

82-22-30462HR 

1968 
Charnel 

Platform 

82-22: A-16006HR, A-16009HR, 

82-22-30008HR to 82-22-30172HR inclusive, 82-22-30446HR to 

82-22-30526HR not inclusive 

1968 Mound B 
82-22: A-16040HR, 82-22-30081HR, 82-22-30103HR, 82-22-

30110HR, 82-22-30111HR, 82-22-30508HR 

1969 A-B Pond 

82-22: 82-22-30173HR to 82-22-30198HR inclusive, 82-22-

30375HR, 82-22-30376HR, 82-22-30377HR, 82-22-30379HR, 

82-22-80380HR, 82-22-30666HR, 82-22-30668HR, 82-22-

30672HR, 82-22-30673HR, 82-22-30674HR 

1969 

Boundary: 

A-B Pond/ 

Mound B 

82-22: 82-22-30202HR to 82-22-30436HR inclusive, 82-22-

30530HR to 82-22-30683HR not inclusive 

1969 Mound B 
82-22: A-16156HR, 82-22-30213HR, 82-22-30234HR, 82-22-

30378HR, 82-22-30581HR 

1970 Mound A 82-22: A-16254HR, A-16272HR, A-16284HR, A-16308HR 

1970 A-B Pond 82-22: A-16246HR, A-16258HR, A-16314HR 
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Table 4-2. Tarsals, metatarsals, carpals and metacarpals present within ACC#4406 and 

ACC#82-22. 

ACC# 

Approx. 

Total 

Skeletal 

Fragments 

Tarsals 
Meta-

tarsals 
Carpals 

Meta-

carpals 
Phalanges 

Total 

Count 

Total 

% 

4406 2,477 30 34 0 20 6 90 3.6% 

82-22 9,766 144 104 63 75 11 397 4.1% 

 

Table 4-3. Burials 9 and 10 and associated artifacts from 1963 excavations.  

CAT# Burial # Prov. Wood Assoc. Other Artifacts 
MNI of 

Burial 

98810HR B9 
A-B Pond 

2045 L285 possible "duck" 

head, possible 

"otter," many 

other decayed 

wood 

red ochre, 1 Saint 

John's Plain sherds, 26 

Sand-tempered Plain 

sherd, 1 Zoned dec. 

sand-tempered sherd, 2 

PPs, 1 PP tip frag, 1 

chalky lime stone 

plummet 

3 

98811HR B10 

A-B Pond 

2045 L285-

290 

5 

 

Table 4-4. Age, sex, and pathologies of individuals from CAT#98810HR, Burial 9. 
 Age Biological Sex Pathologies 

Individual 1 adult female cribra orbitalia, periostitis 

Individual 2 adult male none found 

Individual 3 adolescent indeterminate periostitis 

 

Table 4-5. Age, sex, and pathologies of individuals from CAT#98811HR, Burial 10. 

 Age Biological Sex Pathologies 

Individual 1 adult male none found 

Individual 2 adult indeterminate none found 

Individual 3 adolescent indeterminate none found 

Individual 4 child indeterminate TMJ, cribra orbitalia 

Individual 5 child indeterminate none found 
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Table 4-6. All burnt materials noted in Sears’s original 1968-1969 field notes.  

Date Year E-W Coord N-S Coord Elevation Field Notes 

18-Jul 1968 2402 L297 n/a 
removed wooden object (curved, 

heavily burned) 

24-Jul 1968 2425 L300 n/a heavily charred wood timbers 

26-Jul 1968 2417 L295 18 
charred wood mixed with human 

bones 

29-Jul 1968 n/a n/a n/a charred wood pieces 

31-Jul 1968 2418 L297 18 
mass of wood, badly rotted with 

possible charring, some heavy 

19-Aug 1968 2416 L296 17.8 burned stump 

19-Aug 1968 2432 L306 17.3 charred wood scrap 

20-Aug 1968 n/a n/a n/a human bone and charred wood 

20-Aug 1968 2422.5 L307.5 n/a 
charred wood (and charcoal) and 

human bone 

21-Aug 1968 2420.4 L302.7 17.3 charred timber fragment 

9-Jul 1969 2407 L266 18± charred wood 

10-Jul 1969 2412.8 L267 17.6 charred fragment of wooden artifact 

14-Jul 1969 2406 L270.5 17.5 charred wood scrap 

14-Jul 1969 2404.6 L270 17.7 charred wood scrap 

4-Aug 1969 2402.5 L263.9 17.5 
structural timber fragment, charred at 

top 

5-Aug 1969 2401 L263.5 n/a charred log, flattened 

5-Aug 1969 2402 L263.5 n/a charred wood, flat and thin 

5-Aug 1969 2402.5 L260 n/a large log with some charring 

26-Aug 1969 2424 L322.7 17.8 grouping of charred wood fragments 

27-Aug 1969 2548 L260 23 
mass of human bone fragments with 

burned parietal and long bone 

27-Aug 1969 n/a n/a n/a 
human bone, burned and in poor 

condition 

27-Aug 1969 n/a n/a n/a burned human bone and teeth 

 



 

180 

 

 
Figure 4-1. An overview of burnt wood (dots) and human bone (triangles) found in the pond.  

 

Table 4-7. Human skeletal elements with red staining. 

Element Count 

Metatarsals 26 

Pedal Phalanges 2 

Metacarpals 8 

Manual Phalanges 3 

Metatarsal/Metacarpal 4 

Cervical 2 

Thoracic 7 

Lumbar 9 

Clavicle 1 

Fibula 1 

Sacrum 1 

Total 64 
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Table 4-8. Overview of peri- and postmortem cut marks observed within the Fort Center 

skeletal collection.  

ACC# CAT# Element Side Description 
Peri- or 

Postmortem 

4406 98808HR tibia left multiple shallow cuts  peri 

4406 98811HR femur left multiple sharp cuts post 

4406 98812HR humerus left multiple sharp cuts post 

4406 98815HR femur left multiple sharp cuts post 

4406 98817HR femur right multiple shallow cuts peri 

4406 98819HR femur left multiple shallow cuts peri 

4406 98829HR sacrum n/a single deep cut post 

4406 98839HR tibia left multiple shallow cuts peri 

4406 98846HR C5 n/a single deep cut post 

4406 98848HR scapula left single deep cut post 

4406 4406-100HR tibia left single deep cut post 

4406 4406-101HR sacrum n/a single deep cut post 

4406 4406-102HR femur left multiple sharp cuts post 

4406 4406-104HR frontal n/a multiple sharp cuts post 

4406 4406-110HR humerus right single deep cut post 

82-22 A-15366HR tibia right multiple sharp cuts post 

82-22 A-16009HR tibia right multiple sharp cuts post 

82-22 A-16027HR scapula left multiple sharp cuts post 

82-22 30017HR femur right multiple sharp cuts post 

82-22 30223HR femur right single deep cut post 

82-22 30240HR C2 n/a single deep cut post 

82-22 30290HR long bone frag. n/a single deep cut post 

82-22 30306HR parietal n/a single deep cut post 

82-22 30455HR long bone frag. n/a multiple sharp cuts post 

82-22 30472HR femur left multiple sharp cuts post 

82-22 30480HR lumbar n/a multiple deep cuts post 

 

Table 4-9. Fort Center skeletal elements that exhibited fire damage.  

ACC# CAT# Coordinates Elements Affected Color 

4406 98827HR 2409 L299 faunal bone black 

4406 98839HR 2413 L283 cranial frags. black 

4406 98845HR 2414 L272 femur black 

82-22 30109HR 2420 L300 
loose tooth 

 and misc. frags 
white and black 

82-22 30173HR 2548 L260 humerus white with fracture 

82-22 30442HR 2524 L219 tibia white 
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Table 4-10. Two examples of FLMNH catalog numbers that were re-associated into groups by 

coordinates.  

Year Coordinates CAT# 

1968 2398 L275 
CAT # ANT 82-22-30032HR, 82-22-30133HR, 82-22-

30519HR 

1968 2400 L275 

A16246HR, A16258HR, 82-22-30123HR, 82-22-

30126HR, 82-22-30128HR, 82-22-30130HR, 82-22-

30131HR, 82-22-30134HR, 82-22-301HR37, 82-22-

30413HR, 82-22-30469HR, 82-22-30471HR 
  

Table 4-11. Fort Center’s total MNI by FLMNH accession and excavation year. Note that the 

total MNI includes individuals of all ages as well as uncollected materials.  

ACC# 
Excavation 

Year(s) 

Remains at 

FLMNH 

Remains 

Uncollected 
TOTAL MNI 

4406 1963 183 0 183 

82-22 1966 5 0 5 

82-22 1967 3 65 68 

82-22 1968 101 2 103 

82-22 1969 216 22 238 

82-22 1968/1969 160 n/a 160 

82-22 1970 10 2 12 

82-22 Unknown 14 0 14 

2012-52 Unknown 1 0 1 

Totals 693 91 784 

 

Table 4-12. Fort Center MNI distribution by site feature. 

Fort Center Feature Total MNI % MNI by feature 

Mound 13 4 1% 

Mound A 5 1% 

Mound B 86 12% 

Charnel Platform  90 13% 

Pond-Center 1963 183 26% 

Pond After 1963 302 44% 

No/Bad Coordinates 23 3% 

Totals 693 100% 
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Table 4-13. Fort Center MNI distributions by age. 

Age Category MNI 

Prenatal 8 

Infant (<1 year) 31 

Child (1-12 years) 186 

Adolescent (13-17 years) 47 

Young Adult (17-25 years) 25 

Adult (25-45 years) 336 

Older Adult (45+ years) 60 

Totals 693 

 

Table 4-14. Ages of the Fort Center individuals by site feature. 

Fort Center Feature 
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TOTAL 

Mound 13 0 0 0 0 0 3 1 4 

Mound A 0 0 2 0 0 3 0 5 

Mound B 3 1 26 3 2 42 9 86 

Charnel Platform  0 5 28 4 4 41 8 90 

Pond-Center 1963 1 3 38 21 6 105 9 183 

Pond After 1963 4 22 87 19 13 125 32 302 

No/Bad Coordinates 0 0 5 0 0 17 1 23 

Totals 8 31 186 47 25 336 60 693 

% of Population  1% 4% 27% 7% 4% 48% 9% 100% 

% of Juveniles 3% 11% 68% 17% N/A N/A N/A N/A 

% of Adults N/A N/A N/A N/A 6% 80% 14% N/A 

 

Table 4-15. Ages of the Fort Center individuals by site feature – juveniles vs. adults 

Fort Center Feature 
Juveniles  

(<18 years) 

Adults 

(>18 years) 

Ratio: 

Adults/Juveniles 

Mound 13 0 4 N/A 

Mound A 2 3 1.5 

Mound B 33 53 1.6 

Charnel Platform  37 53 1.4 

Pond-Center 1963 63 120 1.9 

Pond After 1963 132 170 1.3 

No/Bad Coordinates 5 18 3.6 

Totals 272 421 1.5 
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Table 4-16. Biological sex of Fort Center individuals by site feature. Note that each category 

includes both adults and juveniles, when possible. 

Fort Center Feature MNI Identified Males Females 
Ratio: 

Males/Females  

Mound 13 2 2 0 N/A 

Mound A 1 1 0 N/A 

Mound B 23 9 14 0.6 

Charnel Platform  28 9 19 0.5 

Pond-Center 1963 72 41 31 1.3 

Pond After 1963 110 52 58 0.9 

No/Bad Coordinates 10 6 4 1.5 

Totals 246 120 126 1.0 

 

Table 4-17. Counts of identified male and female individuals by age. Note that sex for 

individuals younger than 13 years (prenatal, infant, child) could not be assessed. 

Age Category MNI Identified Males Females 

Adolescent 7 5 2 

Young Adult 9 3 6 

Adult 181 80 101 

Older Adult 49 32 17 

Total 246 120 126 

 

Table 4-18. Estimated ranges and average stature (in cm) for Fort Center adults. 

Biological Sex MNI Assessed Range (cm) Average (cm) 

Female 17 147 - 159 156 

Male 23 165 - 177 167 

Total 40 147 - 177 162 

 

Table 4-19. Counts of trauma, dental pathologies, and degenerative joint diseases for re-

associated individuals from the Fort Center site and for remains with no provenience.  

   Dental Pathology 
Degenerative 

Joints 
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Re-associated 693 12 51 158 42 21 31 75 48 18 

No Provenience N/A 8 18 32 7 2 3 10 12 3 
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Table 4-20. Counts of non-specific stress / infectious diseases and additional observations for re-

associated individuals from the Fort Center site and for remains with no provenience. 

  Non-Specific Stress / Infectious Disease 
Additional 

Observations 
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Re-associated 693 95 94 92 16 40 3 1 4 3 9 

No Provenience N/A 0 3 14 2 8 1 0 4 0 2 

 

Table 4-21. Frequencies (%) of Fort Center trauma, dental pathologies, and degenerative joint 

diseases for re-associated individuals by site feature.  

   Dental Pathologies 
Degenerative 

Joints 

Feature 
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Mound 13 4 0% 0% 25% 0% 0% 0% 25% 0% 0% 

Mound A 5 0% 20% 40% 0% 0% 0% 20% 0% 0% 

Mound B 86 2% 8% 21% 5% 1% 7% 9% 8% 0% 

Charnel Platform 90 1% 6% 17% 6% 6% 2% 7% 4% 0% 

Pond-Center 1963 183 1% 3% 9% 9% 1% 5% 10% 7% 5% 

Pond After 1963 302 3% 10% 33% 5% 4% 5% 13% 8% 2% 

No/Bad Coordinates 23 0% 9% 22% 4% 0% 0% 9% 0% 4% 

Total 693 2% 7% 23% 6% 3% 4% 11% 7% 3% 
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Table 4-22. Frequencies (%) of Fort Center non-specific stress / infectious diseases and 

additional observations for re-associated individuals by site feature. 

 

Table 4-23. Average number of antemortem conditions per individual by feature 

 MNI 
Dental 

Pathologies 

Non-Dental 

Pathologies 

Overall Negative 

Health Factors 

Mound 13 4 .25 0 .25 

Mound A 5 .60 0 .60 

Mound B 86 .41 .58 1.00 

Charnel Platform 90 .31 .41 .73 

Pond-Center 1963 183 .19 .35 .54 

Pond After 1963 302 .55 .63 1.19 

No/Bad Coordinates 23 .35 .61 .96 

Total 693 .40 .51 .92 

 

Table 4-24. Average number of antemortem conditions per individual in Pond-Center 1963 

compared with the rest of Fort Center, using the two-sample, unpooled t-test.  

 MNI 
Dental 

Pathologies 

Non-Dental 

Pathologies 

Overall Negative 

Health Factors 

Pond-Center 1963 183 .19 .35 .54 

All Except 1963 510 .47 .57 1.05 

p-value N/A .<.0001 .0001 <.0001 
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Observations 

Feature 
M

N
I 

C
ri

b
ra

 O
rb

it
al

ia
 

P
o
ro

ti
c 

H
y
p
er

o
st

o
si

s 

P
er

io
st

ea
l 

R
ea

ct
io

n
 

O
st

eo
ly

ti
c 

L
es

io
n
s 

R
ea

ct
iv

e 
B

o
n
e
 

C
y
st

s 

O
st

eo
m

y
el

it
is

 

T
re

p
o
n
em

al
 D

is
ea

se
 

B
u
tt

o
n
 O

st
eo

m
a 

S
ch

m
o
rl

's
 N

o
d
es

 

Mound 13 4 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Mound A 5 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Mound B 86 16% 21% 8% 1% 7% 0% 0% 1% 1% 1% 

Charnel Platform 90 8% 10% 14% 4% 2% 0% 0% 0% 1% 0% 

Pond-Center 1963 183 9% 4% 14% 1% 5% 0% 0% 0% 0% 1% 

Pond After 1963 302 18% 18% 15% 2% 7% 1% 0% 1% 0% 2% 

No/Bad Coordinates 23 17% 22% 4% 9% 4% 0% 0% 9% 0% 0% 

Total 693 14% 14% 13% 2% 6% 0% 0% 1% 0% 1% 
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Table 4-25. Frequencies (%) of Fort Center trauma, dental pathologies, and degenerative joint 

diseases by age.   
    

Dental Pathology 
Degenerative 

 Joints 

Age MNI 
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Prenatal 8 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Infant (<1 year) 31 3% 0% 0% 0% 0% 0% 0% 0% 0% 

Child (1-12 years) 186 0% 7% 23% 0% 0% 0% 1% 0% 1% 

Adolescent (13-17 years) 47 0% 6% 17% 2% 0% 2% 0% 0% 0% 

Young Adult (17-25 years) 25 0% 28% 48% 0% 4% 0% 8% 4% 0% 

Adult (25-45 years) 336 3% 6% 17% 8% 4% 5% 10% 10% 4% 

Older Adult (45+ years) 60 2% 15% 63% 23% 13% 23% 62% 20% 5% 

Total 693 2% 7% 23% 6% 3% 4% 11% 7% 3% 

 

Table 4-26. Frequencies (%) of Fort Center non-specific stress/ infectious diseases and additional 

observations by age.  
  

Non-Specific Stress / Infectious Disease 
Additional 

Observations 

Age MNI 
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Prenatal 8 13% 13% 38% 0% 25% 0% 0% 0% 0% 0% 

Infant 

(<1 year) 
31 6% 10% 35% 0% 3% 0% 0% 0% 0% 0% 

Child 

(1-12 years) 
186 25% 15% 8% 3% 6% 0% 0% 1% 0% 0% 

Adolescent 

(13-17 years) 
47 9% 13% 30% 2% 4% 0% 0% 0% 0% 0% 

Young Adult 

(17-25 years) 
25 8% 12% 12% 8% 4% 0% 0% 0% 4% 4% 

Adult 

(25-45 years) 
336 9% 11% 13% 2% 6% 1% <.3% 1% 1% 2% 

Older Adult 

(45+ years) 
60 17% 25% 3% 2% 3% 0% 0% 0% 0% 3% 

Total 693 14% 14% 13% 2% 6% 0% <.2% 1% 0% 1% 
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Table 4-27. Counts and frequencies (%) of Fort Center trauma, dental pathologies, and 

degenerative joint diseases by biological sex.     

Dental Pathology 
Degenerative 

 Joints 
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Male 120 4  8 32 13 6 12 29 15 5 

    % of Males    3%   7%  27%  11%   5%  10%  24%  13%   4% 

Female 126 3 14 33 18 9 8 25 12 8 

    % of Females    2%  11%  26%  14%   7%   6%  20%  10%   6% 

Indeterminate 447 1 25 79 7 4 7 14 4 1 

% of Indeterminates <1%   6%  18%    2%   1%   2%   3%   1% <1% 

 

Table 4-28. Counts and frequencies (%) of Fort Center non-specific stress/ infectious diseases 

and additional observations by biological sex. 

  Non-Specific Stress / Infectious Disease 
Additional 

Observations 

B
io

lo
g
ic

al
 S

ex
 

M
N

I 

C
ri

b
ra

 O
rb

it
al

ia
 

P
o
ro

ti
c 

H
y
p
er

o
st

o
si

s 

P
er

io
st

ea
l 

R
ea

ct
io

n
 

O
st

eo
ly

ti
c 

L
es

io
n
s 

R
ea

ct
iv

e 
B

o
n
e
 

C
y
st

s 

O
st

eo
m

y
el

it
is

 

T
re

p
o
n
em

al
 D

is
ea

se
 

B
u
tt

o
n
 O

st
eo

m
a 

S
ch

m
o
rl

's
 N

o
d
es

 

Male 120  10  16  13 3 6 1 0 0 1 3 

    % of Males   8% 13% 11%   3%  5%  1%  0%  0%  1%  3% 

Female 126  30  32  10 3 8 1 0 1 1 2 

    % of Females  24% 25%  8%  2%  6%  1%  0%  1%  1%  2% 

Indeterminate 447  53  43  44 8  18 0 1 2 1 1 

  % of Indeterminates 12% 10% 10%  2%  4%  0% <1% <1% <1% <1% 
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Table 4-29. Antemortem trauma observed within the Fort Center skeletal collection. 

CAT# Element Trauma? Description 

A-15974HR 
thoracic 

verts. 

possible pathology 

secondary to 

trauma 

corresponding SAF/IAF pair with 

RB/pitting and some osteophytes 

82-22-30178HR ulna, right yes 

major fracture callus about 1/3 

midshaft on distal end, mis-aligned 

when healing 

82-22-30179HR thoracic 

possible pathology 

secondary to 

trauma 

RB/ pitting on the entire surface of 

right SAF and right and left IAFs 

with some osteophytes 

82-22-30181HR lumbar yes 

two lumbar verts affected, lower one 

is compressed, both have major 

osteophytes/ heterotopic ossification 

82-22-30188HR radius, left yes 
fracture callus on prox end directly 

under head 

82-22-30198HR lumbar yes 

wedge fx present on lumbar vert with 

osteophytes around body, several 

other verts with osteophytes/RB 

which could be path or path 

secondary to trauma 

82-22-30240HR MT/MC possible trauma 
cortical thickening and RB present on 

entire shaft 

82-22-30253HR MT5, left possible trauma 
distal end present with RB and 

heterotopic ossification 

82-22-30265HR 
ulna and 

radius, right 
possible trauma 

prox ulna, specifically olecranon 

process, has RB and heterotopic 

ossification; also RB present on distal 

radius 

82-22-30461HR lumbar yes 
wedge fx present on lumbar vert with 

osteophytes around body 

82-22-30484HR MC2, right yes 

majority of shaft is affected by RB 

with macro/micro pitting and strange 

new bone deposition 

2012-52-2HR radius, right 

possible pathology 

secondary to 

trauma 

concave area on medial aspect of 

distal end with RB and pitting 
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Table 4-30. Carbon isotopes from bone collagen and bone apatite. 

Tag Catalog # Feature Sex C:N 

d13Cco (‰ 

vs. 

VPDB) 

d13Cap 

(‰ vs. 

VPDB) 

D13Cap-co 

(‰ vs. 

VPDB) 

⑩ A16272HR 
Pond 

NorthEast-70 
I 3.4 -20.0 -12.0 8.0 

⑬ 
82-22-

30081HR 

Mound B 

East-68 
I 3.6 -20.9 -13.8 7.1 

    
Average -20.5 -12.9 7.6    

Standard Deviation 0.6 1.3 0.6 

 

Table 4-31. Nitrogen isotopes from bone collagen and oxygen isotopes from bone apatite. 

Tag Catalog # Feature Sex C:N 
 15Nco (‰ 

vs. AIR) 

18Oap (‰ vs. 
VPDB) 

⑩ A16272HR 
Pond 

NorthEast-70 
I 3.4 10.4 -1.0 

⑬ 
82-22-

30081HR 

Mound B East-

68 
I 3.6 8.9 -1.8 

    
Average 9.7 -1.4    

Standard Deviation 0.6 1.1 

 

Table 4-32. Carbon isotopes from tooth enamel apatite. 

Tag Catalog # Feature Tooth Sex 

δ 13Cen 

(‰ vs. 

VPDB) 

δ13Cen 

std devs 

from mean 

① 4406-98808HR Pond Center-63 LM3 F -13.20 0.07 

② 4406-98816HR Pond Center-63 RM3 F? -13.50 -0.32 

③ 4406-98826HR Pond Center-63 RM2 M -13.30 -0.06 

④ 4406-98832HR Pond Center-63 LM3 M? -13.50 -0.32 

⑤ 4406-98848HR Pond Center-63 RM2 M -13.40 -0.19 

⑥ 82-22-30210HR Pond NorthWest-69 RM3 M? -13.70 -0.58 

⑦ 82-22-30384HR Pond NorthWest-69 RM3 F -13.40 -0.19 

⑧ 82-22-30551HR Pond NorthWest-69 LM3 I -13.50 -0.32 

⑨ 82-22-30648HR Pond NorthWest-69 RM3 F? -13.20 0.07 

⑩ A16272HR Pond NorthEast-70 RM2 I -11.00 2.94 

⑪ 82-22-30092HR Charnel Platform-68 RM2 I -13.20 0.07 

⑫ 82-22-30096HR Charnel Platform-68 RM3 M? -12.70 0.73 

⑬ 82-22-30081HR Mound B East-68 RM3 I -14.60 -1.75 

⑭ A16027HR Mound 13 LM2 F? -13.40 -0.19 

    Average -13.26  

   Standard Deviation 0.77  
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Table 4-33. Oxygen isotopes from tooth enamel apatite. 

Tag Catalog # Feature Tooth Sex 

18Oen 
(‰ vs. 
VPDB) 

δ18Oen 

 std devs 

from mean 

① 4406-98808HR Pond Center-63 LM3 F -0.70 0.30 

② 4406-98816HR Pond Center-63 RM3 F? -0.80 0.21 

③ 4406-98826HR Pond Center-63 RM2 M -0.20 0.75 

④ 4406-98832HR Pond Center-63 LM3 M? -1.20 0.15 

⑤ 4406-98848HR Pond Center-63 RM2 M -0.90 0.12 

⑥ 82-22-30210HR Pond NorthWest-69 RM3 M? -1.30 0.24 

⑦ 82-22-30384HR Pond NorthWest-69 RM3 F -0.10 0.84 

⑧ 82-22-30551HR Pond NorthWest-69 LM3 I -0.70 0.30 

⑨ 82-22-30648HR Pond NorthWest-69 RM3 F? 0.004 0.94 

⑩ A16272HR Pond NorthEast-70 RM2 I -3.80 2.50 

⑪ 82-22-30092HR Charnel Platform-68 RM2 I -0.70 0.30 

⑫ 82-22-30096HR Charnel Platform-68 RM3 M? -2.50 1.32 

⑬ 82-22-30081HR Mound B East-68 RM3 I -2.00 0.87 

⑭ A16027HR Mound 13 LM2 F? 0.40 1.30 

   Average -1.04  

  Standard Deviation 1.11  

 

Table 4-34. Strontium isotopes from tooth enamel apatite.  

Tag Catalog # Feature Tooth Sex 87Sr/86Sr 

87Sr/86Sr 1 

std dev 

from mean 

① 4406-98808HR Pond Center-63 LM3 F 0.70837 2.37 

② 4406-98816HR Pond Center-63 RM3 F? 0.70898 0.24 

③ 4406-98826HR Pond Center-63 RM2 M 0.70894 0.06 

④ 4406-98832HR Pond Center-63 LM3 M? 0.70884 0.34 

⑤ 4406-98848HR Pond Center-63 RM2 M 0.70854 1.65 

⑥ 82-22-30210HR Pond NorthWest-69 RM3 M? 0.70929 1.56 

⑦ 82-22-30384HR Pond NorthWest-69 RM3 F 0.70896 0.15 

⑧ 82-22-30551HR Pond NorthWest-69 LM3 I 0.70893 0.01 

⑨ 82-22-30648HR Pond NorthWest-69 RM3 F? 0.70902 0.40 

⑩ A16272HR Pond NorthEast-70 RM2 I 0.70922 1.29 

⑪ 82-22-30092HR Charnel Platform-68 RM2 I 0.70894 0.08 

⑫ 82-22-30096HR Charnel Platform-68 RM3 M? 0.70902 0.43 

⑬ 82-22-30081HR Mound B East-68 RM3 I 0.70894 0.08 

⑭ A16027HR Mound 13 LM2 F? 0.70894 0.08 

   Average 0.70892  

  Standard Deviation 0.00023  
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Table 4-35. Lead isotopes from tooth enamel apatite. 

Tag 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb  

208Pb/204Pb 

1 std dev 

from mean 

207Pb/204Pb 

1 std dev 

from mean 

206Pb/204Pb 

1 std dev 

from mean 

① 40.30 15.84 21.07 
 

0.24 0.14 0.30 

② 39.76 15.80 20.33 
 

0.44 0.25 0.41 

③ 40.82 15.92 21.65 
 

0.89 0.96 0.86 

④ 40.96 15.93 21.83 
 

1.08 1.04 1.03 

⑤ 40.87 15.92 21.76 
 

0.96 1.02 0.97 

⑥ 39.09 15.72 19.58 
 

1.28 1.13 1.13 

⑦ 40.44 15.87 21.20 
 

0.42 0.41 0.43 

⑧ 40.50 15.87 21.30 
 

0.49 0.43 0.52 

⑨ 40.05 15.82 20.69 
 

0.08 0.10 0.06 

⑩ 38.66 15.64 18.76 
 

1.83 1.97 1.91 

⑪ 40.65 15.89 21.43 
 

0.68 0.66 0.65 

⑫ 40.65 15.89 21.43 
 

0.68 0.66 0.65 

⑬ 38.68 15.65 18.77 
 

1.80 1.86 1.90 

⑭ 39.70 15.82 20.34   0.52 0.12 0.40 

Average 40.11 15.83 20.76 
    

Std. Dev. 0.79 0.09 1.04 
    

 

Table 4-36. Isotope values correlated with biological sex. 

No. of 

Samples 

 

Sex  

δ13Cen 

(‰ vs. 

VPDB) 

δ18Oen 

(‰ vs. 

VPDB) 

87Sr/86Sr 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb 

4 

 Females: 

Average 

-13.33 -0.40 0.70883 40.14 15.83 20.82 

 Females: 

Std. Dev 

0.15 0.41 0.00031 0.30 0.03 0.39 

6 

 Males: 

Average 

-13.33 -0.95 0.70893 40.35 15.87 21.10 

 Males: 

Std. Dev 

0.34 1.00 0.00024 0.77 0.08 0.93 

 

Table 4-37. P-values for t-test of difference between means for biological sexes. 

Comparison 

δ13Cen 

(‰ vs. 

VPDB) 

δ18Oen 

(‰ vs. 

VPDB) 

87Sr/86Sr 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb 

Females vs. Males 0.959 0.265 0.615 0.565 0.387 0.538 

Females vs. Others 0.741 0.051 0.489 0.803 0.836 0.744 

Males vs. Others 0.734 0.808 0.944 0.291 0.181 0.250 
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Table 4-38. Isotope values for different features. 

No. of 

Samples 
Feature 

δ13Cen 

(‰ vs. 

VPDB) 

δ18Oen 

(‰ vs. 

VPDB) 

87Sr/ 
86Sr 

208Pb/ 
204Pb 

207Pb/ 
204Pb 

206Pb/ 
204Pb 

5 Pond Center-63 -13.38 -0.76 0.70873 40.54 15.88 21.33 

4 Pond NorthWest-69 -13.45 -0.52 0.70905 40.02 15.82 20.69 

1 Pond NorthEast-70 -11.00 -3.80 0.70922 38.66 15.64 18.76 

5 
Pond NorthWest-69& 

Pond NorthEast-70 
-12.96 -1.18 0.70908 39.75 15.78 20.31 

2 Charnel Platform-68 -12.95 -1.60 0.70898 40.65 15.89 21.43 

1 Mound B East-68 -14.60 -2.00 0.70894 38.68 15.65 18.77 

1 Mound 13 -13.40 0.40 0.70894 39.70 15.82 20.34 

  Weighted Average -13.26 -1.04 0.70892 40.08 15.83 20.73 

 

 

Table 4-39. p-values for t-test of difference between means for site features. 

.Comparison 

δ13Cen 

(‰ vs. 

VPDB) 

δ18Oen 

(‰ vs. 

VPDB) 

87Sr/ 
86Sr 

208Pb/ 
204Pb 

207Pb/ 
204Pb 

206Pb/ 
204Pb 

Pond Center-63 vs. 

Pond NorthWest-69 
0.584 0.524 0.070 0.242 0.188 0.242 

Pond Center-63 vs. 

Pond NorthWest-69& 

Pond NorthEast-70 

0.447 0.586 0.044 0.114 0.097 0.120 

Pond Center-63 vs. 

Charnel Platform-68 
0.324 0.519 0.110 0.659 0.779 0.732 

Charnel Platform vs. 

Pond North-69 
0.261 0.431 0.521 0.150 0.130 0.159 

Charnel Platform vs. 

Pond North-69 & 

Pond NorthEast-70 

0.986 0.742 0.286 0.073 0.074 0.085 
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CHAPTER 5 

DISCUSSION OF RESULTS  

The following sections present interpretations regarding the Fort Center population. It 

should be noted, however, that although conclusions were drawn regarding the mortuary 

practices, paleodemographics, and paleopathologies of the Fort Center individuals, Sears (1982) 

admits that there were many burials left unexcavated. Instead of speculating about what was not 

excavated, interpretations were made on the basis of burials that were excavated at Fort Center 

and are curated in the FLMNH collections. 

Taphonomy - Red Staining  

Red staining was found on 71 skeletal elements in the Fort Center collection (see Table 

4-7 and Appendix B). Although etiology of this staining is unknown, it predominantly presents 

as a vibrant red that coats the exterior surface of the element affected and, in some instances, is 

also present within visible cortical bone. Even under a microscope, it is difficult to discern 

whether this red pigment was laid down on the bone before or after a shiny substance, likely a 

shellac, glue, or B72 acetone and the black ink catalog number. On some elements, it appears as 

though the red pigment is the bottom layer, whereas on others, the red pigment looks to have 

dripped or run slightly over the black ink. On one element, a possible root hair within the 

trabecular bone that was also stained red was visible, which suggests an earlier application of the 

red pigment.    

There are several possible explanations for the red pigment on these elements, all of 

which reflect two broader hypotheses. The first is that this staining is the result of a cultural or 

mortuary behavior that was probably ritually significant for the living, whereas the second is that 

the staining occurred post-excavation and in the lab. Future research should shed light on which 

interpretation is more plausible. However, whichever scenario is true, the elements with red 
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staining are almost exclusively metatarsals, metacarpals, phalanges, and vertebrae. The fact that 

the red staining is limited to these specific areas of the body suggests that this was the result of 

intentional behavior, whether ritual or in lab. 

If the staining were caused by ritual behavior, then the pigment is likely either red ochre, 

a natural clay, or hematite, a mineral with iron oxide. Red ochre has been found in many 

prehistoric sites worldwide, including burials in the Southeast, and it is often associated with 

residential sites and human burials (Northam 2013; Zedeño 2009). Among prehistoric 

populations, red ochre and hematite were modified in a number of ways, including being crushed 

into powder or heated, for an array of cultural activities. Both produce bright red pigments that 

would be quite versatile. Red ochre and hematite are also quite portable, which makes it an 

important artifact for understanding past human behaviors and beliefs. Additionally, at Fort 

Center this red staining affects both males and females, adults and children, which suggests that, 

if ritually significant, it is not a reflection of the individual’s age or biological sex.  

Unlike other archaeological artifacts, the purpose and meaning behind red ochre and 

hematite is often difficult to interpret. It has been speculated that these materials were used as a 

symbol of prestige, because the bright red color would have had a high impact during a burial or 

mortuary ceremony (Northam 2013). Additionally, the materials could have been an important 

part of shamanistic rituals. Although there is no mention of red ochre in Sears’s (1982) book on 

Fort Center, he mentions in passing that hematite was found in the charnel pond (Sears 1982:83). 

Additionally, red ochre has been found in other burial contexts within the southeast United States 

(Northam 2013).  

Alternatively, if the red staining reflects a practice implemented post-excavation, likely in 

the lab, there are no records that document this. The red staining is only present on elements in 
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ACC#4406, which is the accession that has remained at the FLMNH since excavation in 1963. If 

there were something done in lab, then it seems like it would be more likely to affect ACC#82-

22 which was actively handled as a teaching and research collection for many years at FAU. 

Mortuary Practices 

Humans are unique in that they act upon their dead. The disposal of the dead is a broadly 

shared cultural complexity, although there are myriad techniques involved in this process. 

Treatment of the dead is done exclusively by the living through specific cultural processes and 

social behaviors that allow the living to either abandon or preserve the deceased’s remains 

(Parker Pearson 1999; Sprague 2005). The terms “burial” and “burial practices” have been 

argued to be a somewhat exclusive term when studying the dead (Shepherd 1999; Sprague 

2005), but these terms will be used in this research because the deceased individuals were, in 

fact, intentionally buried. This research considers the literal burial processes in terms of post-

mortem treatment of the remains, the position and orientation of bodies at an individual level, 

and the collective organization of bodies at a site level.  

Manual Maceration or Defleshing 

All skeletal elements were assessed for the presence, location, and frequency of cut 

marks. Particular attention was given to larger joint areas (e.g., the femoral head and humeral 

head) because these areas are more difficult to detach manually. Perimortem cut marks were 

differentiated using two criteria: 1) color of the margins of the cut in comparison to the color of 

the surrounding bone, and 2) the form (linear or jagged) of the cut mark itself. When bone is 

broken at or around the time of death, the margins of the fracture are smooth-edged. Postmortem 

damage, however, is more likely to produce jagged and irregular margins because of the drier 

and more fragile nature of the bone after its prolonged exposure to taphonomic conditions.  
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A careful, visual examination of all elements yielded possible evidence of manual 

defleshing of individuals. The evidence, however, was minimal, affecting only two of all tibiae 

and two of all femora recovered within the Fort Center skeletal population. These possible 

instances of defleshing were observed within the ACC#4406 materials, which were likely 

deposited during a more recent time period. There were several, shallow cut marks found on the 

anterior crest of the tibiae and the gluteal tuberosity of the femora. The appearance of these 

shallow and linear cuts is highly suggestive of manually scraping against the bone surface to 

remove soft tissue.  

However, the small number of perimortem cut marks observed could be an 

underrepresentation of manual defleshing at Fort Center. Evidence of defleshing would not be 

evident under two scenarios. The first depends upon the implement used to remove soft tissue, 

and the second has to do with whether the inhabitants of Fort Center relied on natural 

decomposition processes to remove the soft tissue. Sears (1982:39) mentions that individuals 

used “flint, other stone, shell, and sharks’ teeth,” to carve the many wooden effigies found at Fort 

Center. He also describes the presence of many chert chips and blade-like objects recovered from 

Mound B. These implements are all durable and sharp enough to remove soft tissue. If, however, 

the individuals who did the defleshing used something other than a sharp instrument, then it is 

possible that a duller or softer implement would not have left any visible marks on the bone. For 

example, it was documented that historic Choctaw morticians actually used their long fingernails 

to remove the soft tissue from bones (Kidwell and Roberts 1980; Swanton 1946). It is unlikely 

that fingernails would leave any visible marks on the bones.  

It has also been hypothesized that the deceased individuals at Fort Center were buried in 

the ground as a means of natural maceration. After an unknown period of time, individual 
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remains were then exhumed, wrapped in a fetal, or flexed, position, and placed in the charnel 

house or on the charnel house platform (Rogers 1974). In fact, Sears (1982) speculated that there 

was a “bathtub-like” feature found at the edge of the earthen platform. He posits that deceased 

individuals were processed within this feature by ritual specialists who temporarily deposited the 

remains until such time as they were deemed ready for final deposition.   

Decomposition is a complex biogeochemical process that affects all organic substances. 

The rate of decomposition depends on a multitude of environmental factors, including 

temperature and pH, humidity, exposure to the sun, presence of insects and other animals, and 

water depth (İşcan  and Steyn 2013). In Florida, four important variables that affect 

decomposition are body size, burial depth, burial duration, and the type of soil (Schultz 2007). 

Shallow burials, smaller or child-sized individuals, and soils without the presence of clay 

generally expedite the rate of decomposition (Schultz 2007).  

The decomposition rates in warm, moist climates are generally faster compared to those 

of dry or cold climates (Bass 1997; Galloway et al. 1989; Komar 1998). Studies of 

decomposition rates in Florida, specifically wetland areas such as the Everglades, indicated that 

the timeline of decomposition in these areas is accelerated (van der Heiden 2008). It would stand 

to reason, therefore, that of the area surrounding Fort Center, which is generally sunny and damp 

because of all the surrounding wetlands, would also be subject to accelerated rates of 

decomposition. This subtropical and temperate environment would lead to rapid decomposition 

of soft tissue. If bodies were placed within this natural environment, either buried in a shallow 

location or left exposed to the elements, and allowed to naturally decompose for a period of time, 

then it is possible that minimal manual defleshing would be necessary. The soft tissue would 

likely be decomposed and soft enough to remove without a lot of cutting.  
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Evidence of perimortem processing of individuals was only found within ACC#4406, the 

part of the Fort Center population that was likely the latest chronologically. This supports the 

likelihood that the individuals who lived during this later time period manually defleshed and 

bundled their dead. As described in Chapter 4, the original excavation plan-view maps depict 

individuals that appear to have been bundled upon deposition. These individuals are clearly not 

in anatomical position.  

When individuals are defleshed and bundled elsewhere for final burial, often times 

smaller elements, such as those from the hands and feet, are lost during the transfer. To 

determine whether or not this was the case with the materials from ACC#4406 and ACC#82-22, 

a total count of tarsals, metatarsals, carpals, and metacarpals was made per primary accession 

(Table 4-2).   

In both accessions, the percentages of skeletal elements recovered that were identified as 

tarsals, metatarsals, carpals, and metacarpals were similarly small. In ACC#4406, these types of 

elements represented only 3.4% of all skeletal materials and only 4.0% of all materials in 

ACC#82-22. Although these percentages are low, which supports the argument for manual 

defleshing and bundle-style burials, it could also be a reflection of selective excavation. As noted 

earlier, Sears admitted that the collection of smaller elements was not a priority. Therefore, it is 

likely that many of these smaller elements were not collected for long-term curation.  

Burial Placement 

Fort Center’s long-term use of an artificial pond as a locale for the ritual placement of the 

dead is significant. The following sections discuss the significance of an artificially constructed 

pond as well as the deliberate placement of deceased individuals.  
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Pond Use. It is likely that the charnel pond was used continuously for a minimum of 

hundreds of years, with episodic ritual events of deposition, as opposed to a single massive 

deposition event. Dates from the charnel pond support this interpretation. Dates on wood from 

the pond span ca. A.D. 545 to 1025 (Thompson and Pluckhahn 2012), which suggests a 

continued use of the wooden carvings as well as a continued deposition of them within the pond. 

These episodes of deposition are thought to be significant ritual moments that marked a change 

for the Fort Center community (Spivey-Faulkner 2018; Thompson and Pluckhahn 2012). Future 

dating of the human remains will provide more direct evidence regarding the question of 

continued use. 

Burial position. Many of the original field notes and proveniences mention that the Fort 

Center individuals were “bundle” burials. A bundle burial is a type of secondary burial that 

results when deceased individuals are buried at an original location and left to decompose 

naturally for a period of time. Once the flesh is gone, these remains are then excavated and re-

buried at a second and “final burial” location (Hertz 1960:54). Secondary burials typically occur 

after a length of time from the moment of death and represent a different part of the multistage 

process of burial (Hutchinson and Aragon 2002; Ubelaker 1978). These are represented in the 

archaeological record by disarticulated remains that are not in anatomical position.  

Among all of the Fort Center materials, approximately 16 original field bags, not 

counting bags with duplicate provenience, were found to contain the word “bundle.” These 

“bundle” burial bags are exclusively from the excavation years 1968 and 1969, both of which are 

part of ACC#82-22 and from the mound-pond complex. No original material labeled as 

“bundled” was found within ACC#4406. However, plan view drawings of excavations from 

1963, which yielded the materials in ACC#4406, depict individuals that do appear to have been 
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bundled. They are certainly not drawn in anatomical position, but rather with elements jumbled 

together and contained within a small area. In any event, Sears (1982) did not recover any 

materials, such as cloths, used to contain the skeletal remains. 

However, Sears (1982:164) notes in undocumented communications with the late Dr. 

Sublett, the physical anthropologist who worked with students on excavating and analyzing the 

human remains, that many of the buried individuals excavated had only “partial articulation.” He 

further argued that the collapse of the charnel platform after it was burned affected the degree of 

skeletal articulation observed, suggesting that these individuals would have been found closer to 

anatomical position had the platform not collapsed.  

Burial Meaning  

Mortuary analysis enables the archaeologist to gain insights into how a society was 

structured (social stratification, ascribed or achieved status), beliefs about death, as well as the 

practicality of the disposal of the dead (Parker Pearson 1999). Body modification in mortuary 

treatment is often linked with social identity (Geller 2012). Different aspects of social identity 

include gender, age, status, ethnic affiliation, community, and religion (Buikstra and Scott 2009). 

These aspects were considered in the interpretation of the Fort Center burials. Individuals, 

representative of both sexes and all ages, were deposited at Fort Center in a shared space and in a 

similar manner. This indicates that burial patterns and treatment of the dead were not sex or age 

dependent. Therefore, there was no consistent association between either gender or age for those 

to be significant factors within this mortuary program.  

Childhood. The daily lives of children and past, cultural notions of childhood can be 

difficult to study within archaeological or mortuary contexts. Children are a unique component 

of a population because they are not yet fully integrated into a society. Children are often under-
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represented within burial contexts, although it is certain that they were included in daily adult 

activities at least to a certain extent. Particularly because the skeletal remains of children are 

fragile and often do not survive for prolonged periods in the archaeological record (Binford 

1971; Parker Pearson 1999), bioarchaeologists sometimes struggle to determine what place 

children occupied in an otherwise world of adults (Berseneva 2006). Burials in general are the 

responsibility and result of actions governed by the living (Parker Pearson 1999), and buried 

children become objectified as they occupy the place of objects manipulated by living adults 

(Berseneva 2006). 

The children, whose ages range from prenatal to adolescent, are a significant percentage, 

39%, of the Fort Center population. These individuals were likely overlooked in Sears’s (1982) 

original estimation of MNI and were definitely omitted in Miller-Shaivitz’s (1986) early health 

and paleopathological assessment of Fort Center. Although many of the children, particularly the 

prenatal infants, are represented only by a single or a handful of skeletal elements, their presence 

makes them important members of a population. This research seeks to correct this oversight by 

giving them the time and attention that they deserve.  

According to original provenience information and Sear’s field notes, children and 

infants were found buried alongside the adults. Children were deposited in the same manner as 

adults, which indicates that the living members of the Fort Center community gave similar 

treatment to all members of the population regardless of age.   

Unfortunately, at this time, no interpretations regarding the period of childhood or the 

daily lives of the children at Fort Center can be made except for those that pertain to health, 

which will be discussed below. A closer inspection of burial artifacts could yield further insight, 

although Sears (1982) makes no mention of artifacts that he interprets as being used by (e.g., 
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toys) or made for children. It seems likely that Fort Center was not a location where many, if 

any, children were raised (Baxter 2005).  

“Big Man”. Available evidence suggests that Belle Glade cultures were egalitarian in 

social structure prior to the 16th century. At Fort Center, there is no obvious evidence for social 

differentiation or singled-out figures of political or ritual authority. Sears (1982:193) originally 

noted that “there is absolutely no evidence for differential treatment of persons, individually or 

as a class” in a summary discussion of Period I. He does, however, mention that in Period II, the 

Fort Center individuals “constituted a single social class that had sacred status” (Sears 

1982:197).   

There has been debate as to whether the accumulation of grave goods associated with a 

particular individual in fact indicates special, high status. Early interpretations of these caches of 

objects suggested that the population was a ranked society under the control of a chief, or “Big 

Man” (Yerkes 2002). Recent reevaluation of these exotic goods Hopewell-related sites indicates 

that they are more likely to be corporate or community-level gifts (Yerkes 2002). However, 

despite a likely absence of centralized authority, it is believed that certain individuals, through 

ritual means in particular, can achieve higher status as spiritual leaders (Klingle 2006; Milanich 

1994; Sears 1956). The Weeden Island McKeithen site, may have been inhabited by one or more 

elite lineages or may have been used as a burial site for local elites along with the leader, or “Big 

Man.”  

As noted in Chapter 4 and in Tables 4-3 through 4-5, two burials excavated from the 

center of the pond in 1963 were noted as being “possibly ceremonial” in the original field notes. 

Although a thorough analysis was completed for these individuals, my research did not support 

these original claims. Other than a cursory description primarily of wood, which is difficult to 
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distinguish because everything was found clustered within an area, the 1963 field notes do not 

explain why these burials were noted as exhibiting singular mortuary treatment. It is likely that 

the large quantities of wood led excavators to these conclusions, but I did not find any evidence 

that suggests that these individuals were treated differently from others at Fort Center.  

Additionally, careful osteological analysis does not indicate anything unique about 

burials 9 and 10. In fact, neither burial is a single individual; both represent multiple individual 

burials. Burial 9 has three individuals: one adult male, one adult female, and one adolescent; 

Burial 10 has five individuals: one male adult, one adult of unknown sex, one adolescent, and 

two children. Several pathologies were observed among these individuals, including cribra 

orbitalia and periostitis, and TMJ.     

Aside from this one burial, there is no other mentioning of any possible “ceremonial” 

burials within the original excavation notes at Fort Center. An assessment of specific burial 

proveniences throughout the site yields that there is no singular individual who stands out as 

having been given obviously unique mortuary treatment. Although it has been suggested (e.g., 

Sears 1986; Thompson and Pluckhahn 2012) that there were several elite specialists who 

performed and led mortuary rituals at Fort Center, no corroborating evidence was observed. My 

research did not identify any “big men” present within the population who would have been 

given deference and a higher social status by others.  

However, my research focused on an osteological assessment as well as a detailed review 

of the original field notes. A lack of evidence supporting elite “big men” doesn’t necessarily 

mean that they didn’t exist within this population, only that this research was unable to confirm 

their existence. It is possible that these individuals were interred in a feature or area of the site 

that was not excavated by Sears or others, such as Mound 13. Sears (1982:141) hypothesized 
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that, at Mound 13, “Possibly burials were made through the floor of a house platform,” 

suggesting that this could have been a residential mound. He also admitted that (1982:141) 

“further work was scheduled several times over a number of seasons, each time a rise in water 

levels made it impossible to carry it out.” It is clear that Mound 13 was never fully excavated 

despite the interest.  

It is also possible that a careful analysis of associated artifacts in relation to specific 

individuals could yield a clearer picture of social status and treatment, but not likely because 

Sears (1982:105) said that the “exact contexts cannot be determined” for these artifacts. The 

most common artifacts found at Fort Center were animal bones and ceramics (Sears 1982:13) 

but, with the exception of Hale (1984), no official report on the zooarchaeology was ever 

produced. Additionally, several distinctive artifacts, including shell and stone plummets, worked 

animal bone artifacts, unique lithics, and a single piece of metal, were found in the mound-pond 

complex in association with the human remains. The stone plummets were imported as they were 

made from exotic and non-local materials, including “granulite, crystalline quartz, granodiorite, 

gneiss, diorite, rhyolite-granite, quartz crystal (one specimen) and conch (Busycon) columellas” 

(Sears 1982:84). The worked animal bone includes polished, drilled, and carved materials found 

alongside human remains in the pond. The lithic points found at Mound B and the pond are 

distinctive because they are not stemmed like those found in Mound A. Sears speculates that 

these points were used by the individuals for procurement-related activities. Finally, a single 

piece of metal was recovered in the mound-pond area, which was a small galena hemi-cone. 

There is no description or picture of this material in Sears (1982), only a brief mention in the 

field notes. 
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In addition to a closer analysis of artifacts, more intensive stable isotope analysis could 

be helpful in the future to address social stratification. Stable isotopes of strontium and lead 

would be beneficial to identify whether there were any non-local individuals present who could 

have been ritual specialists, as was the case at the McKeithen site (Turner et al. 2005). A closer 

inspection of burial artifacts, such as the types and frequencies, could but is unlikely to 

illuminate whether certain individuals were given unique mortuary treatment.   

Other High-Status Role? During investigation of Weeden Island mortuary 

ceremonialism, which occurred across cultures in Florida, an evaluation of ceramic vessels has 

provided insight into status and craft specialization. Ritual specialists who rose to higher status 

and led mortuary rituals may also have been responsible for crafting specialized sacred and 

prestige wares (Pluckhahn and Cordell 2011; Wallis et al. 2016).  

At Fort Center, it is possible that ritual specialists or individuals of high status were 

treated as such not because they processed the dead but because they carved the wooden effigies. 

A high degree of craft specialization would have been required to carve such large and intricate 

statues. Sears (1982) suggests that these statues were portable, which would mean that they were 

fashioned to be transferred between locations and activities. And these wooden statues were 

clearly of significant spiritual value to these people considering they were deposited alongside 

human burials.   

Wooden Platform and Fire     

As noted in Chapter 2, several authors have challenged Sears’s scenario that a fire caused 

the collapse of a wooden charnel platform, which led to the shift of burials from the pond to the 

earthen platform that was subsequently built into Mound B. This section reviews the rationale for 

these challenges and the contributions of my research.   
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Reasons for Doubting Existence of the Wooden Platform  

Recent work by Daniel Seinfeld and Margaret Spivey-Faulkner questions not only the 

idea that a fire burned down a charnel platform at Fort Center, but also the very existence of a 

wooden platform-like structure. Salvage excavations at Fort Center in 2013 and 2015 by the 

FBAR and Daniel Seinfeld led to the discovery of wood objects in the charnel pond that were 

left behind from Sears’s original excavations. Spivey-Faulkner (2018) assesses these abandoned 

pieces, including four long poles of wood, and re-assessed the wooden artifacts that are curated 

at the FLMNH. With a complete analysis of 268 wooden artifacts in total, only 11 displayed any 

evidence of burning. The argument is that, if a fire occurred and caused a wooden platform 

structure to collapse, then it is likely that a higher percentage of these wooden artifacts would 

have burned. Additionally, Spivey-Faulkner (2018) finds that the specific wooden pieces that 

Sears believed served as structural supports to the platform were not burned. 

In addition to questioning a prehistoric burning event, Seinfeld and Spivey-Faulkner 

(2016, 2018) expressed doubt that a wooden charnel platform was even present at Fort Center. 

According to their arguments, there were no plank-like or horizontal pieces of wood found in the 

Fort Center assemblage, including among the materials Sears’s left behind. The absence of 

decking materials may imply there never were any at Fort Center, Sears did not collect them, 

they decomposed over time, or the inhabitants collected them after the platform collapsed. 

Spivey-Faulkner (2018) also saw no evidence to support the claim that there were wooden 

pilings or connective facets that could have been used as structural support for a platform or 

dock. She furthermore argued that the wood pieces are not tall enough to have been structural 

support for a platform given the estimated depth of the pond (Spivey-Falkner 2018). If stood 
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upright, they would be completely submerged within the pond and thus of very little structural 

support.  

Despite a recent, general argument that the wooden effigies were placed on poles, the 

timing of their deposition within the pond is still debated. Seinfeld and Spivey (2016) and 

Spivey-Faulkner (2018) believe that the wooden carvings were possibly viewed by the living as 

powerful and dangerous objects with their own agency, so when these objects were no longer in 

use, they were ritually deposited within the charnel pond alongside the dead. It has long been 

argued that the animals depicted in the wooden carvings, primarily birds, were likely thought to 

be sacred by the living.  

The main arguments in support of there never having been a wooden platform over the 

pond, include: not enough wood was recovered, based on what is now present within the 

FLMNH’s holdings (Spivey-Faulkner 2018; Wheeler 1996), not enough burned pieces of wood 

were found to substantiate a fire, no plank-like pieces of wood were found, no connective or 

structural parts of wood were found, and the recovered wood was not tall enough to breach the 

surface of the pond given its estimated depth (Spivey-Faulkner 2018).  

Contribution of this Research  

This dissertation contributes to the overall debates about whether there was an original 

wooden platform that burnt and collapsed into the pond by reviewing two new lines of evidence: 

the human skeletal remains and the original field notes. All skeletal elements within the FLMNH 

collections were assessed for fire damage. When evidence of fire was encountered, the coloration 

and extent of the burn damage were both noted. Additionally, FLMNH documentation was 

thoroughly reviewed for a detailed composite of wooden specimens within the collection 

(Appendix A). Original field notes from seasons 1963, 1968, 1969, and 1970 were carefully 
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reviewed for any descriptions of wooden specimens, burnt or otherwise. These are noted within a 

separate document that is part of the FLMNH’s ACC#82-22 records.   

Burned wood and burned human bone are presented separately in the sections below. 

Before evidence of burned wood is discussed, a review of the key components of the recent 

arguments against the existence of a wooden platform that burned and tumbled into the pond at 

Fort Center is made (Seinfeld 2019; Spivey-Faulkner 2018, 2019). Components considered for 

review are: (1) there was not enough wood recovered and now present within FLMNH holdings 

to make a platform, (2) there was not enough burned wood to suggest a fire event, (3) there were 

no plank-like pieces of wood found within FLMNH holdings, (4) no connective or structural 

parts of wood were found, and (5) the recovered wood was not tall enough to breach the surface 

of the pond given its estimated depth.  

Not enough wood? The question of whether or not there was “enough” wood to 

constitute a wooden platform, as Sears claims, is difficult to evaluate. Spivey-Faulkner’s (2018) 

work assessed 268 wooden artifacts, 91 pieces of wood recovered by the FBAR in 2013 and 

2015 as well as all wood present within FLMNH collections, presumably 177 pieces. Upon 

review, this research found that the FLMNH has 173 CAT#s specifically for wooden specimens 

from Fort Center, but many of these are broken into two or more fragments (see Appendix A). 

During excavation, not all wooden specimens were collected. There is a hand-written 

note at the top of a plan view map of burials 22 through 49 from the 1963 excavations, which 

was the first year that William Sears and others were at Fort Center. This notation says “many 

large poles and logs over these burials. Removed. In separate area. More slender poles under 

these left in place,” which indicates that early excavators indeed encountered wooden poles and 

left them at Fort Center instead of collecting them for curation. This description matches the 
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conclusions drawn by Spivey-Faulkner (2018) who discovered a similar notation on an original 

plan view map that mentioned the reburial of wooden pole-like objects found within the pond.   

Additionally, Sears was clear about the fact that many wooden specimens were 

“destroyed” during the excavation process or too “rotted” to properly remove from the pond. 

While excavating, Sears was constantly faced with the problem of keeping these water-logged 

specimens from drying out and crumbling. He was careful to keep them wet and preserved by 

immediately placing them within vats of water mixed with white glue, but many fragments were 

too small or too fragile to be successfully recovered. In addition to their handling in the field, 

Sears (1982:41) notes that there was also “some breakage in place or in the laboratory.” When 

possible, these breaks were re-glued, but it is likely that not all breaks were fixable.  

For example, during the 1968 field season, which excavated heavily within the pond, 

there were 109 pieces of wood deemed large or significant enough to receive a “wood number,” 

or a specimen number, which is not the same as a museum’s catalog number. Of these 109 

wooden fragments, only 68 (62%) actually received a catalog number. Several of these were 

given a justification as to why they were not assigned an official catalog number, while others do 

not provide a reason. Specifically, sixteen were noted as “destroyed,” two as “rotted,” one as left 

“in place,” and one as “discarded.” Others that were uncollected without justification were nine 

“timbers” and five wooden fragments (noted as a single wood number), a stick, a hollowed piece, 

another scrap, a possible wing, a possible crow’s head, a possible bird’s head, a possible large 

bird’s wing, a possible cat, a possible pointed bill bird head, and a triangular woodcarving. This 

totals to 41 (38%) items of wood that were not collected and are therefore not a part of 

FLMNH’s Fort Center collection.  
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Not enough burned wood? Spivey-Faulkner (2018) argued that there are not “enough” 

wooden fragments that show evidence of burning to support a fire-based destruction of a charnel 

platform. Her research found only 11 wooden fragments out of 268 (4%) with fire damage. 

However, as mentioned above, it has already been demonstrated that Sears was unable or chose 

not to collect all wooden specimens encountered during the excavations. Therefore, in an effort 

to determine a more holistic understanding of the burnt wood present at Fort Center, this research 

took an in-depth look at notes from all field seasons, including 1963, 1966, 1967, 1968, and 

1969. Each occurrence of burnt or charred wood was noted and recorded in a document with the 

excavation date, and available descriptions of the wood encountered (Table 4-6).  

In total, there were 20 distinct charred or burnt wood pieces noted in all the field seasons. 

The 1963 field notes do not mention burnt or charred wood at all. In fact, most of the burnt 

materials were observed in 1968. There does not seem to be one particular type of wooden 

artifact that was preferentially burned. The field notes mention a variety of wood, including 

timbers, scraps, stumps, logs, and other wood fragments. Several of these are noted as having 

been found in association with burnt human bone, which is discussed in the section below.  

Using the available provenience, these burnt wood pieces were plotted on Sear’s Figure 

9.5 of the mound-pond complex (Figure 4-1). This burn line, which has definitive end points, 

loosely follows the edge of the wooden platform as demarked by Sears in Figure 2-9 (1982). 

No planks found? A careful review of all of Sears’s original field notes yields no 

mention of the word “plank” or any description of horizontal pieces of wood. However, there are 

many mentions of wooden “timbers,” which brings to mind a long and tree-like piece of wood. 

According to the American Heritage Dictionary (2001:854), the word “timber” has the following 

definitions: “trees or wooden land considered as a source of wood,” “wood used as a building 
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material,” “a dressed piece of wood, esp. a structural beam,” and “a rib in a ship’s frame.” 

Sears’s original field notes refer in some places to “logs” and in other places to “timber.”  

For example, Sears (1982:19) mentioned that “large pine logs” were observed during 

excavations but not collected, and he noted logs as large as 30 inches in diameter. Additionally, 

an uncollected timber from the 1968 field season, given the wood specimen number 68-52, is 

described as a “buttonwood timber with roots.” A buttonwood is another name for the Platanus 

occidentalis tree, which is native to the eastern and central United States. This supports the 

argument that Sears apparently used “timber” as a generic label for both unfinished logs and long 

finished/dressed pieces of lumber.  

No structural parts? At no point did Sears (1982) suggest that all wooden artifacts 

encountered or recovered served a structural purpose. On the contrary, he repeatedly indicated 

that these carvings had religious or spiritual significance to the past inhabitants of Fort Center. 

He did say that some of the wooden specimens, particularly the tenoned birds, likely served as a 

structural component of the platform. Sears also described these wooden carvings as being 

“broken off the end of a pole” (Sears 1982:3) and speculated that they were placed inside the 

charnel house structure, in front, at the main entrance, or even on the roof.  

With regards to the tenoned birds, he noted that the long, associated poles were carefully 

carved and squared at the top. There were also corresponding “fitted sockets” (Sears 1982:48) at 

the tops of these poles and the bases of several bird carvings. This suggests that the pole and the 

carving were separate structures and not carved together as a single and large piece of wood. In 

addition to being a part of the mound-pond complex, Sears posited that these wooden carvings 

were portable, meaning that they could have also served a different purpose elsewhere at the site 

before being ritually deposited in the pond.  
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Not tall enough? Spivey-Faulkner (2018) also notes that the recovered wood was not tall 

enough to breach the surface of the pond given its estimated depth. Her argument is as follows:  

After a reanalysis of the pond construction phases and chronology (see above), we 

know that the pond was at least a meter deep at times based on the height of the 

ground surface (21-22 feet above sea level) and the depth of the pond where the 

wood was found (15-16 feet above sea level). The average height of the tenoned 

wooden statuary was 68 centimeters, including the figural positions (Spivey-

Faulkner 2018:77).  

No mathematical justifications for these estimates are given, and the measurements of the 

wooden specimens in the FLMNH are not reported. A length of 68 centimeters corresponds to 

26.7 inches, or 2 feet and 2.7 inches. As opposed to the average height, the range of heights 

observed among the wood would be a better indication of whether or not specimens were “tall 

enough” to extend from the surface to the bottom of the pond.  

Sears (1982) also did not argue that all wooden artifacts would have necessarily been 

long enough or constructed with the intent to reach the bottom of the pond. Sears (1982:147) 

noted that the bottom of the pond was flat and measured the elevation to be between 16 and 17 

feet below sea level. The majority of the wooden effigy carvings found at Fort Center are of 

animals, with no complete, adjoining tenoned pole at their base. However, that does not mean 

that Sears did not find any poles. On the contrary, Sears (1982:43) estimated that each supportive 

pole, or base “part of each carving below” was “about 6 feet long,” except for one that is 15 feet 

long. Additionally, although some the poles at the base of these carvings were lost and therefore 

are not present within FLMNH holdings, other larger wooden artifacts are not. Sears notes many 

large timbers or partial timber fragments in his original field notes, and he also mentioned that 

“specimens 10 feet long or more had been erected vertically” (Sears 1982:38).  
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These reported lengths were not an arbitrary guess on his part. Sears (1982:43) justified 

these estimates based on field measurements. If these poles were indeed the base of the carved 

figures, then a 6-foot pole would definitely have been long enough to reach the bottom of the 

pond. There is a significant difference between measures of 6,10, and 15 feet and the recently 

reported average of slightly greater than 2 feet (Spivey-Faulkner 2018). It is likely that the 68 

centimeters (2’2.7”) portion measured by Spivey-Faulkner (2018) is the portion of the wood 

carving that Sears speculated had protruded above the water, not below it.  

Burnt Bone  

Fire damage can dramatically alter bone. Bone that is altered by intense heat or fire has a 

very distinct appearance that is unlikely to be confused with any other type of post-mortem 

damage. In fact, there are a myriad of published studies regarding the effects of heat and fire 

damage on soft tissue and bone that come from the anthropological, archaeological, and 

medicolegal communities (Correia 1997). These studies have focused on how to distinguish 

perimortem trauma despite fire damage, how to determine whether the fire occurred to fleshed or 

dry bone, and on bioarchaeological analyses of cremated bone (Pope and Smith 2004). These 

studies have produced experimental models that enable researchers to better interpret burn 

patterns on skeletal remains, because they occur in predictable ways.  

Important factors that determine how and to what extent fire actually alters bones are the 

temperature of the heat applied and the duration of the heat event (Ubelaker 2009). Fire damage 

to bone not only changes the color of the bone but it may also change the shape of the bone 

(Symes et al. 2008). The color change of burned bones progresses in a systematic manner as 

more heat is applied and as more time elapses (Shipman et al. 1984). These color changes 

indicate the progression of stages of organic pyrolysis, including collagen, proteins, lipids, and 
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water (Pope and Smith 2004). The typical color changes from least burned to most burned bone 

are yellow, to light brown, to black, to blue-gray, and white. However, a variety of colors may be 

present in a single bone fragment or within a single individual (Mayne 1990). When bone is 

burned in an oxygen-deprived state, it becomes charred and takes on a permanent, dark black 

stain in the affected areas (Herrmann 1970). With prolonged exposure, the organic component of 

bone disappears, turning the bone shades of white, gray, or rarely blue, leaving only the 

inorganic component; this is calcined bone.  

In addition to color changes, calcined bone in particular, which has been subjected to 

intense heat, sometimes also undergoes irreversible shape changes. Specifically, bone has been 

known to shrink up to 20 percent from its original size, warp, which happens when the bone 

shape changes from its original architecture, or fracture. Fractured calcined bone typically 

displays fracture margins that are outlined in a deep black color (Pope and Smith 2004). Spongy 

or trabecular bone, that shrinks, is more likely to retain its original and recognizable shape, while 

compact bone is more likely to fragment into smaller pieces (Correia 1997; Gejvall 1969). 

Burnt Bone at Fort Center    

The minimal evidence of burned bone does not, in and of itself, discredit Sears’s (1982) 

original interpretations. The lack of burnt bone within the Fort Center skeletal assemblage could 

signify that, if there was a prehistoric fire that burned down the charnel platform on which the 

bodies rested, then the bodies themselves were minimally affected by the fire. In fact, it is 

possible that, if a platform fire did occur, fire damage was largely limited to the platform’s edge. 

Falling immediately into the water below could also have minimized the fire damage and kept 

the fire from spreading. Additionally, the platform structure itself is not large enough to have 

held a significant number of individuals, which suggests that not many individuals would have 
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even been exposed to fire damage. Finally, it is likely that any burned or calcined bone would 

have become very fragile and thus difficult to recover during excavation. It is possible that these 

bones, if present, crumbled upon removal from the pond area or after being allowed to air-dry.  

Additionally, an attempt was made to locate within the FLMNH collection any burned 

bone noted in Sears’s original field notes. Although the majority of the original field notes 

describe burned wood (timbers, fragments, scraps, logs, etc.), there are a few mentions of burned 

bone. Unfortunately, several of these do not contain a clear site provenience, so these materials 

could not be found by their coordinates. However, a match was made to the description of 

burned bone in the 1969 field notes. In this particular instance, the coordinates in the field notes 

of 2584 L260 were identical to the coordinates of FLMNH CAT#82-22-30175HR. Several 

cranial and post-cranial bones were noted to have been burned, and upon examination at the 

FLMH, there are several bones that indeed exhibit evidence of being burned.  

Concluding Thoughts  

It is difficult to draw definitive conclusions based on a potentially unreliable count of the 

wooden specimens and human remains. This approach was undermined by two fundamental 

problems. First, the evidence available today at the FLMNH – field notes, wooden specimens, 

and human remains – may not accurately represent the evidence Sears discovered during his late 

1960s excavation, because many physical elements were unsalvageable or simply discarded. 

Second, the physical evidence available to Sears may not accurately represent the wreckage from 

a wooden platform that collapsed ca. A.D. 500, because the Fort Center residents at that time 

may have salvaged most of the wood pieces for local reuse. Going beyond simple artifact counts, 

my research considered the location of burnt wooden and human remains in the pond. 
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The lack of burnt bone within the Fort Center skeletal assemblage signifies that, if there 

had been a prehistoric fire that burned down the charnel platform on which the bodies rested, 

then the bodies themselves were affected minimally by the fire. This is unsurprising considering 

that, once the platform was structurally weakened, it, along with the human remains would have 

fallen directly into the water below. Direct contact with the water would have immediately put 

out any fire, so the overall damage to human bone would have been minimal. Furthermore, it is 

unlikely, because of size constraints, that the platform would have held a significant number of 

individuals at any given time. So, had a fire occurred, only the small number of individuals 

directly on top of the platform, not those that had already been deposited within the pond, would 

have potentially been exposed to fire.  

Re-Associating Individuals  

This existing separation of mandibles, maxillae, and reconstructed crania only affected 

the remains from ACC#82-22, which were transferred from FAU, but not those from 

ACC#4406, which have been stored at the FLMNH since their original excavation in 1963. 

Separated mandibles, maxillae, and reconstructed crania were given unique catalogue numbers at 

the FLMNH during rehabilitation efforts and a careful record of written provenience information 

was kept. This was done in the hopes that they could one day be re-associated and cross-

referenced, which was a task far beyond rehabilitation.  

For this research, careful attempts were made to re-associate individuals that were 

assigned unique catalog numbers and stored within distinct osteological cabinets at the FLMNH. 

This was done by sorting all assigned FLMNH catalogue numbers by excavation year, 

provenience, and elevation. The year of excavation and site coordinates were given the highest 

priority in terms of sorting these individuals. Additionally, all skeletal materials present were 
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carefully assessed for other indicators such as age, biological sex, and taphonomy. The skeletal 

remains of juvenile individuals are more fragile and thus non-adult members of a population are 

less well-preserved within the archaeological record (Gordon and Buikstra 1981). These younger 

individuals are less likely to be well-represented by a count of duplicate elements, and in fact, 

many of these individuals were represented by only a few skeletal elements. Finally, taphonomy 

was an important consideration when determining MNI. In some instances, elements that were 

broken postmortem could be re-fit, which then linked two separate catalog numbers together. For 

example, a distal humerus fragment found as a part of CAT#4406-120HR was re-fit to a 

proximal humerus fragment found within the materials of CAT#4406-110HR. The humerus 

described had a clean postmortem break in the midshaft and was easily re-fit. These two catalog 

numbers were therefore considered together as the same individual when formulating a total 

MNI.   

Thoughts on MNI  

Although an estimate of MNI is a useful tool for bioarchaeologists, this count does not 

necessarily reflect exactly how many individuals were interred at a particular site; rather, this 

number is an estimate of the minimum number of individuals represented by the observed 

skeletal remains. The MNI is never an absolute and is bound to overlook some individuals buried 

at a particular site. Because an estimate of MNI is typically conservative, the count derived 

typically underestimates the true number of individuals interred.  

This is likely the case with the MNI estimate of Fort Center. Although stringent efforts 

were made to re-associate individuals and only count individuals once, it is likely that certain 

individuals were missed by this count. For materials with unknown provenience or no 

associations, cranial fragments were given priority for the MNI estimate. Furthermore, Sears 
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(1982) admitted that excavations only worked on part of Mound B at the site. It is extremely 

likely that many individuals remain unexcavated at Fort Center. Additionally, the skeletal 

collection is very large with thousands of individual bone fragments, which made it impossible 

due to space limitations to assess all remains simultaneously. Finally, the lack of definite 

provenience for many catalog numbers and individuals also hindered the overall estimation of 

MNI. This may have influenced the MNI in such a way that certain individuals were accidentally 

counted twice or not counted at all, although multiple levels of Excel sorting were done to 

minimize this.  

Because the MNI estimate of Fort Center required the careful compilation of many 

factors, specifically burials excavated by Sears, the following sections review what was and was 

not counted as part of a site-wide MNI.  

Total MNI using 1963 Burials 

Not all of the ACC#4406 skeletal materials excavated in 1963 have specific 

proveniences. Many are simply listed as being from the A-B Pond, which makes an overall 

assessment of MNI from this portion of the Fort Center population difficult. For those burials 

listed as being from the A-B Pond, an effort was made to determine a more specific provenience, 

including site coordinates, by reviewing original plan view maps from the 1963 field season. 

These documents demonstrate a detailed rendering of the burials and skeletal materials 

encountered during this time. A determination of specific coordinates allowed for a more refined 

estimation of MNI because it reduced the probability that an individual would be counted twice. 

For example, if skeletal elements from two separate CAT#s were buried within very close 

proximity of one another, and it appeared likely that skeletal materials likely overlapped between 

both CAT#s, then these materials were assessed together for MNI. However, if the proveniences 
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were distinct enough that it looked as though separate CAT#s were, in fact, representative of 

separate individuals, then each was counted in the overall MNI.     

MNI using 1967 Burials 

As mentioned in Chapter 4 section 1967 Field Season, the human skeletal remains 

encountered during excavations in 1967 were never collected. This means that a detailed 

osteological assessment of this part of the Fort Center population is not possible. However, the 

individuals from the 1967 field season were still counted as a component of the total Fort Center 

MNI. A count of individuals from these burials was estimated by using a sum of the number of 

the times that the description “cranium,” “skull fragments,” “skull cap,” “decomposed skull,” or 

“partial skull” was mentioned along with a unique provenience. The cranium was chosen for an 

estimation of MNI because there is only one cranium per individual which decreases the odds of 

duplicate counts. B67#s without these descriptions were not counted. It is, however, possible that 

some of these individuals were counted twice within this MNI. Appendix E summarizes the 

information from the 1967 burials as well as whether or not a specific burial was utilized to 

estimate a total MNI.  

Total MNI using 1968 and 1969 Burials at FLMNH  

The bulk of the Fort Center population was excavated during these two field seasons. 

MNI for the human skeletal materials excavated in 1968 and 1969 was estimated by compiling 

several different methodologies applied to sorted materials, unsorted materials, unprovenienced 

materials, and unexcavated materials. 

The primary component of the overall MNI from these years was determined using the 

catalog numbers as they sorted by specific site coordinates and excavation year. Catalog numbers 

were considered to be a match only when their coordinates were within plus or minus five feet in 
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either the north-south or east-west directions. This allowed for a systematic estimation of MNI 

on a grid-by-grid basis throughout the site, which ensured that individuals were only counted 

once. Sorted catalog numbers were assessed together to re-associate these individuals and to 

determine a count of individuals present at those specific grid coordinates.   

In addition to catalog numbers that sorted as having the same site coordinates, there were 

catalog numbers that had unique coordinates and did not match with any other catalog numbers. 

These were predominantly singular crania. These individuals were assessed separately and 

counted as part of the overall population MNI.  

Finally, there were materials whose site coordinates are incorrect, unknown or were lost 

at some point during the collection’s history. These materials were assessed as part of the overall 

MNI. However, catalog numbers that only contained post-cranial elements were not included in 

a total MNI estimate, because it is likely that they are a part of an existing individual represented 

by a cranium.  

1966 through 1970 Uncollected Materials  

With a careful review of the original field notes from 1966 through 1970, it was quickly 

noticeable that not all human skeletal materials encountered in the field were collected or have 

ultimately survived as part of the current Fort Center collection at the FLMNH. In order to still 

count these individuals as a legitimate part of the total population’s MNI, I made a detailed list 

(Appendices D through G) of the coordinates of the bones or teeth and a description of the 

materials uncovered.  

The same strategy used to discern a workable total number of individuals from the 1967 

field season was used for these materials as well. Individuals who were clearly represented by 

unique crania and unique site coordinates were included in an overall estimation of MNI.   
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Using No Provenience Materials  

There are 128 catalog numbers within ACC#82-22 that contain skeletal materials from 

Fort Center that lack any known provenience information, including site feature, coordinates, or 

the year of excavation. These materials were assessed as part of an overall MNI estimation but 

not all of these materials were used. As with the un-matched coordinates, catalog numbers with 

no provenience that contained only post-cranial elements were excluded from the MNI. This was 

done because it is likely that the non-provenienced post-cranial elements are part of an individual 

within the collection that is represented by a cranium.   

Paleodemography 

When combining collected and uncollected human remains, the overall estimation of the 

population is 774 individuals. Individuals of all ages and both sexes are represented, which 

suggests that this is a good approximation of a total population. The abundance of juvenile 

skeletal remains augments the reliability of paleodemographic interpretations and allows this 

research to provide deeper insights into aspects of growth and development at Fort Center 

(Armelagos et al. 1972; Van Gerven et al. 1986) 

The majority of these individuals (n=485, 70%) were excavated from within the pond, 

including the center of the pond excavated in 1963. This may be a consequence of intentional 

and selective burial practices of the living, preservation bias, or a combination of the two. The 

mucky pond conditions actually better preserved skeletal elements, while those recovered from 

the dry contexts of mounds A and 13 were more fragile and subject to crumbling when handled. 

There is a good distribution of ages and both males and females were recovered from the pond, 

which suggests that if this was a preferred burial location, then the entire population was given 

access by the living. Previous interpretations of the symbolic and supernatural role of water as a 
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gateway support the idea that the pond was preferentially selected as a place for final deposition 

(Hall 1976).  

Because both mounds 13 and A have low MNIs (4 and 5, respectively), it is difficult to 

draw meaningful interpretations about burials in these site features. This research presents 

demographics and antemortem conditions of these features but does not extrapolate heavily from 

such a small sample size. However, it is interesting to note that, at Mound 13, all individuals 

identified were adults and two were males. There are no females or children recovered from this 

mound. At Mound A, there are two children and three adults. While only one of these adult 

individuals could be assessed for biological sex, it was estimated to be male.  

The mean adult age at death was within the 25 to 45 years range, which represents the 

bulk of individuals recovered at Fort Center. All age ranges were observed, from prenatal to 

older adult, suggesting that both the median and average age-at-death were early adulthood. 

Additionally, there is a greater number of older adults (n=60 individuals) than younger adults 

(n=25 individuals), which supports the inference that individuals generally survived into 

adulthood. However, there is a discrepancy between the number of older adult males and 

females. A higher percentage of older adult males than females suggests that the average life 

expectancy for males was greater than that for females. The majority of identified females died 

as adults.  

Of the individuals younger than 18 years of age, the largest age cohort at Fort Center is 1 

to 12 years, representing 68% of all juvenile individuals. These early years encompass the 

critical weaning period, which is often a time of increased physiological stress (Lewis 2007; 

Schultz et al. 2018). Finally, there are more infants (n=31) and adolescents (n= 47) than young 

adults (n= 25) present, which suggests a difficult period of transition for these individuals. 
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Puberty and growth taxes an individual’s body, particularly if the individual is already sickly or 

affected with other pathologies. Perhaps, in addition to the demands of puberty, social 

obligations changed according to age gradient, and during this period individuals had to become 

more self-reliant or were given dietary changes. Whatever the case, the large number of 

adolescents suggests that this was potentially a difficult period for the Fort Center inhabitants.  

Biological sex could not be assessed for many individuals due to a lack of elements 

necessary for sex assessment, or because individuals were young and had not yet undergone 

puberty changes. Of the adult population, 120 male individuals and 126 female individuals were 

identified. Although slightly more female than male individuals were present, the difference is 

not statistically significant. With respect to site feature, there were a total number of 93 males 

and 89 females recovered from the pond, including the center region excavated in 1963, which 

had the greatest number of individuals present. There were also 14 females and 9 males 

recovered from Mound B, 19 females and 9 males recovered from the charnel platform area, no 

females and 2 males recovered from Mound 13, and no females and 1 male recovered from 

Mound A. This nearly equal distribution suggests that burial practices were unrelated to the 

biological sex of deceased individuals.  

Paleopathologies  

It is important to assess multiple indicators of skeletal stress or disease. Within the Fort 

Center population, at least 359 individuals (52% of the population) exhibited one or more of the 

different antemortem conditions and 241 individuals (35% of the population) suffered from one 

or more non-specific stress condition. None of the comparisons of frequencies for individual 

conditions across site features, age groups, or biological sex revealed any statistically significant 

differences. However, as reported in Table 4-24, the average number of different antemortem 
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conditions for individuals from Pond-Center 1963 (0.54 per individual) was significantly lower 

than the average for the rest of the Fort Center population (1.05 per individual). And across the 

whole site the average number of non-dental pathologies for males (0.60) was significantly lower 

than the average number for females (0.85). 

The most frequently observed pathological conditions in this population were linear 

enamel hypoplasias, porotic hyperostosis, cribra orbitalia, occlusal surface wear, and carious 

lesions (Tables 4-19 and 4-20); all affect 10% or more of the Fort Center population. The high 

frequency of LEH suggests that childhood was a critical age period for these individuals and is 

discussed in-depth below. Despite the extent of dental pathologies observed, there were 

surprisingly few instances of abscesses (23 individuals affected, 3% of population) and 

antemortem tooth loss (34 individuals affected, 5% of population).  

Of the 421 individuals identified as adult, 33 females, 33 males, and 125 of indeterminate 

sex exhibited at least one pathological condition. Females generally exhibited a higher frequency 

of pathological conditions than males, with respect to numbers of carious lesions, periodontal 

disease, abscesses, TMJ, cribra orbitalia, porotic hyperostosis, and reactive bone. Additionally, 

only female individuals present with evidence of syphilis. Males demonstrated a higher 

frequency of antemortem trauma, LEH, antemortem tooth loss, occlusal surface wear, 

osteoarthritis, periostitis, and Schmorl’s nodes. For counts and frequencies of these pathologies 

in both biological sexes, see Tables 4-27 and 4-28. The differences between sexes are likely 

correlated with either dietary differences or behavioral differences between males and females in 

the population. It should be noted that, the frequencies of pathological conditions observed 

among individuals of indeterminate biological sex, were often greater than frequencies observed 
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within both males and females; this is no surprise considering the greater number of 

indeterminate individuals.  

Of the 272 individuals identified as juvenile, at least 60 individuals (22% of juveniles) 

exhibit at least one pathological condition. The age cohort with the fewest number of 

antemortem conditions is prenatal, which also has the smallest number of individuals present. 

Prenatal individuals were affected by cribra orbitalia, porotic hyperostosis, periostitis, and 

reactive bone. However, prenatal individuals exhibit the highest frequencies of both periostitis 

and reactive bone (see Table 4-25 and 4-26). Infants within this population were similarly 

affected by non-specific infections of cribra orbitalia, porotic hyperostosis, and periostitis. 

Children between 1-12 years of age exhibited the greatest frequency of most antemortem 

conditions when compared to the other juvenile age cohorts. Many were affected by carious 

lesions, linear enamel hypoplasias, cribra orbitalia, porotic hyperostosis, osteolytic lesions and 

areas of reactive bone. Adolescents generally expressed minimal frequencies of antemortem 

conditions with the exception of the amount of periostitis (30%). Older adults generally exhibited 

a greater number of pathologies than adolescents but not as many as younger adults.  

Several specific antemortem conditions were observed within the Fort Center skeletal 

population (see Tables 4-17 through 4-24 for all details). Dental pathologies, including carious 

lesions, linear enamel hypoplasias, periodontal disease, abscesses, antemortem tooth loss, and 

occlusal surface wear were observed and assessed. Non-specific infections, including cribra 

orbitalia, porotic hyperostosis, periostitis, osteolytic lesions and reactive bone, cysts, 

osteomyelitis, and Schmorl’s nodes were noted. Additional but non-pathological observations 

include button osteoma, parietal bossing, and Wormian bones. Each of these conditions, 
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including causes, prognoses, and interpretations for the Fort Center population, are discussed 

below. Antemortem and perimortem trauma are discussed in a separate section. 

Dental Pathologies  

Dental pathology is represented by dental caries, enamel hypoplasias, periodontal 

disease, abscesses, antemortem tooth loss, and occlusal surface wear.  

Carious lesions. Carious lesions occur when a tooth decays and range in severity from 

“slight enamel opacities to extensive cavitation involving partial or complete loss of tooth 

crowns and roots” (Larsen 2015:65). These dental caries result from the demineralization of 

dental hard tissues, such as enamel, by organic acids that are produced by the bacterial 

fermentation of carbohydrates and sugars (Hillson 1979). Different bacterial breakdowns of 

foods within small grooves and fissures in the teeth can lead to carious lesions. Because molars 

and premolars possess more and deeper grooves, these teeth are most likely to be affected by 

carious lesions (Hutchinson 2006).  

Although not all causes of carious lesions are currently known, there are several proposed 

factors that can contribute to their formation. Dietary factors such as the types of foods 

consumed and food textures can affect the rate of formation of carious lesions. Non-dietary 

factors include but are not limited to biological sex, hormonal levels, oral hygiene, attrition rates, 

the composition and flow rate of saliva, and pregnancy and lactation (Lukacs 2008). However, 

the most commonly attributed factor is the buildup of bacterial flora and diet, which is the 

primary way in which carious lesions are interpreted in anthropological studies. Specifically, 

high incidences of carious lesions are associated with a diet rich in carbohydrates or cariogenic 

foods, which is often times interpreted as a reflection on agriculture (Cucina et al. 2011). In 
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contrast, low incidences of carious lesions signify a more varied diet that includes proteins and 

other less-cariogenic foods.  

The total numbers of carious lesions per tooth and according to tooth type were not 

assessed as a part of this research. Observed within the population at Fort Center, 69 (10%) 

individuals demonstrated carious lesions, the majority of whom were young adults (n=7 

individuals, 28% of all young adults). This group was followed by older adults, children, and 

middle-aged adults, but the frequencies of carious lesions among children and middle-aged 

adults were quite similar. Additionally, older adults experiencing the second highest frequency 

(15% of n=60 older adults) was unsurprising because they have accumulated more years’ worth 

of attrition and bacteria within their mouth and on their teeth. The difference observed between 

frequencies of caries for males and females is minor and not statistically significant. This small 

difference suggests that dietary behaviors were not correlated to biological sex, and that food 

availability was approximately equal for males and females. Finally, a relatively low population-

wide prevalence of dental caries, which are caused by the demineralization of teeth caused by 

bacterial fermentation of dietary carbohydrates, supports existing literature that the Fort Center 

individuals did not heavily rely on agriculture (maize).  

Linear enamel hypoplasias. LEHs can manifest in different ways, including small pits 

on the surfaces of teeth and thick, pronounced grooves within the enamel. LEHs result from 

periods of metabolic stress or malnutrition during childhood. These perturbations, or stress, 

affect developing ameloblasts, the enamel-forming cells, and disrupts otherwise normal enamel 

deposition (Hutchinson 2006). Because the enamel of permanent teeth is formed during 

childhood before teeth actually erupt, it has been accepted that LEHs occur early in an 

individual’s life history. Specifically, an assessment of the locations of enamel defects can 
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translate to a corresponding period within an individual’s development, spanning from in utero to 

approximately twelve years old. Deciduous teeth are affected by LEH as early as the fifth fetal 

month to the tenth to twelfth postnatal month, while permanent teeth are affected from birth to 

early adolescence (Armelagos et al. 2009).  

Although LEHs are nonspecific indicators of stress, these linear defects do not remodel 

throughout an individual’s lifetime; thus, they are permanent evidence of stress (Hutchinson 

2006). There are three speculated causes for LEHs, including hereditary anomalies, localized 

trauma, or systemic metabolic stress (Larsen 2015). However, because hereditary anomalies or 

trauma leading to LEHs rarely occur among humans, the predominant cause is systemic 

metabolic stress. Many previous bioarchaeological studies have correlated the presence and 

frequency of LEHs to particularly stressful periods within an individual’s life, such as weaning, 

intestinal parasites, endemic disease, and social or cultural stressors (Goodman and Armelagos 

1988; Hutchinson and Larson 1988).     

Teeth were not cleaned of calculus or other affixed materials, which likely produced a 

slightly conservative estimate for the rate of linear enamel hypoplasias (LEH). Additionally, 

LEHs were not tabulated in terms of the number of lesions per individual or per type of tooth. 

Individuals were merely scored in terms of presence or absence for LEH. 

LEH is the most prevalent antemortem condition observed among the Fort Center 

population, affecting at least 190 individuals (27% of the population). They are most commonly 

observed among older adults, with 38 out of 60 (74%) older adult individuals exhibiting LEH on 

their dentition. It is likely that the Barker Hypothesis, or the Developmental Origins of Health 

and Disease hypothesis (DOHaD), is at play. This hypothesis suggests that many diseases 

experienced by adults originate during the fetal or childhood development period due to a 
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permanent change in metabolism. Specifically, defects occurring in utero are associated with 

negative adult health consequences and a decrease in longevity (Armelagos et al. 2009). For 

these older individuals at Fort Center, the period of stress did not occur within the critical phases 

of prenatal and fetal development. Instead, because these LEH are present on permanent teeth, 

the period of stress occurred in at a later childhood age.  

The age cohort with the second highest frequency of LEH is young adults at 48% (n=12 

of 25 young adult individuals). In this instance, these individuals survived a physiologically 

stressful period of childhood. Defects observed on deciduous teeth reflect an early period of 

development within an individual’s life history. At Fort Center, 19% (n=51 of 272 juvenile 

individuals) of all individuals exhibiting LEHs were children under the age of 12 years. 

Incidences of LEH present on deciduous teeth indicate that these individuals experienced stress 

in utero or during the period of infancy. This is a critical period of development for all 

individuals, which causes greater levels of susceptibility to stress. If the stressor event occurred 

while in utero, then this is more of a reflection of the health and quality of life of a pregnant 

female within the Fort Center population. If the stressor event occurred while the individual was 

an infant, this could be a reflection of either the mother or the infant. In either scenario, exposure 

to nutritional deficiencies or infectious disease insults would compromise the future survival of 

the individual (Armelagos et al. 2009).  

Of the adults affected, 27% of males (n=32 of 120 male individuals) and 26% of females 

(n=33 of 126 female individuals) exhibit LEH. This small difference between males and females 

is not statistically significant. Young adults and children have the next highest levels of LEH. 

Because LEHs are lines of enamel deficiency due to disruption of the enamel formation process, 
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this suggests that a high percentage of the Fort Center population exhibited some form of 

physiological stress during the period of childhood.  

Periodontal disease, abscesses, antemortem tooth loss, and occlusal wear. Other oral 

health conditions observed within the Fort Center population include periodontal disease, 

abscesses, antemortem tooth loss (ATL), and occlusal surface wear. These conditions are 

discussed together because of the high probability that their causes and symptoms are co-related.   

Infections, or buildup of bacteria, that extends to the tooth pulp can cause both 

periodontal disease and abscesses. Periodontal disease is characterized by the inflammation and 

destruction of the periodontium, or the structure containing the teeth. Etiology is complex, with 

factors such as genetics, age, sex, oral hygiene, and other environmental conditions at play 

(Tuggle and Watson 2019). Periodontal disease was identified by reduction and horizontal 

resorption of the alveolar bone, which exposes a greater area of the tooth root. Abscesses form 

when these infections cause pus to build up in a specific area, which results in the formation of a 

hollowed cavity in the alveolar bone. The etiology of ATL is multifactorial and includes severe 

carious lesions or attrition that exposes the tooth’s pulp cavity to infection, extreme periodontal 

disease, or trauma (Kinaston et al. 2016). ATL at Fort Center was identified by healed and 

actively remodeled alveolar bone.  

 At Fort Center, females exhibit higher levels of periodontal disease (n=18 individuals, 

14%) and abscesses (n=9 individuals, 7%), whereas males have a greater frequency of ATL 

(n=12 individuals, 10%) and occlusal wear (n=29 individuals, 24%). All four oral health diseases 

are highest in older adults and non-existent within individuals under the age of 12 years. This 

supports a general trend of age-related progression of oral diseases in terms of cumulative effects 

of use and life history.  
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With females being more affected by periodontal disease and abscesses, it is possible that 

hormonal factors, particularly those associated with pregnancy such as estrogen and progesterone 

levels, may have produced a negative effect on oral health (Silk et al. 2008; Tuggle and Watson 

2019). Although pregnancy does not directly cause periodontal disease or other negative oral 

health conditions, associated hormonal effects may exacerbate already existing oral conditions 

(Silk et al. 2008). As discussed earlier, females also had higher rates of carious lesions; these co-

occurring trends observed in the data suggest that these processes are likely related and 

contribute to overall poorer dental health among female individuals. It is possible that an 

underlying biological phenomenon is responsible for disproportionate and negative impacts on 

women’s oral health. Tuggle and Watson (2019) attribute similar results observed among 

Mogollon females as being due to high fertility rates.  

The higher rates of both ATL and occlusal wear observed among males suggests that 

these two conditions are also related. It is likely that, for the Fort Center male individuals, 

pronounced occlusal surface wear of teeth was a primary causal factor in the progression of 

ATL. The loss of a tooth can be a painful process. It is unknown whether these teeth were lost 

naturally or removed intentionally as a part of palliative care, but the outcome of these missing 

teeth likely impacted the quality of life for these male individuals, who would have had to 

readjust how they ate and used their teeth in daily practices (Tuggle and Watson 2019).  

Cribra Orbitalia and Porotic Hyperostosis  

Cribra orbitalia is identified macroscopically by circular areas of pitting and porosity that 

are located in the upper surfaces of the orbits and the external surface of the cranial vault. Cribra 

orbitalia is often, but not always, seen bilaterally and is frequently seen in conjunction with 

porotic hyperostosis. Some researchers believe that cribra orbitalia is an early form of porotic 
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hyperostosis, although this has been more recently contested because porotic hyperostosis often 

occurs on crania that lack cribra orbitalia (Mann and Hunt 2005; Ortner 2003; Walker et al. 

2009). Porotic hyperostosis is similar to cribra orbitalia in that it appears as areas of porosity 

along the outer table and diploë of the exterior surface of the cranial vault. There is a 

corresponding increase in thickness (Mann and Hunt 2005) or thinness (Hutchinson 2006) of the 

affected vault bones. Porotic hyperostosis is identified by rough patches of porous bone that are 

typically present on the parietals or occipital. 

The precise cause of cribra orbitalia is not known, and many factors have been suggested, 

such as iron deficiency anemia, possibly related to malnutrition, scurvy, chronic gastrointestinal 

bleeding, ancylostomiasis, parasites, and epidemic disease (Hirata 1998; Larsen 2015; Ortner 

2003). Anemia, the most commonly noted cause, is characterized by low levels of iron in the 

blood and usually results from an insufficient diet or blood loss from parasitic infections or 

menstruation. When iron levels fall below what they should be for an individual, red marrow is 

stimulated to produce more red blood cells (Hens et al. 2019). This results in an increase of bone 

marrow and the expansion of diploë, particularly within the orbits and on the cranial vault. The 

etiology of porotic hyperostosis is often the expansion of the diploë (spongy bone) of the skull in 

response to marrow hypertrophy, but other pathological processes such as scurvy, iron 

deficiency, hereditary anemia, nutritional or vitamin deficiencies, infection, trauma, or toxins 

could also be factors (Hrdlička 1914; Salvedei et al. 2001; Walker 1986; Walker et al. 2009). In 

instances where there is not a clear indication of diploë hypertrophy, subperiosteal inflammation 

is a suggested cause (Wapler et al. 2004). For both cribra orbitalia and porotic hyperostosis, 

Walker et al. (2009) suggest two alternate etiologies. First, two other types of anemia, 

megaloblastic and hemolytic anemia, and even more specifically, vitamin B12 (cobalamin) and B9 
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(folic acid) deficiencies, may play a role. And second, porotic hyperostosis and cribra orbitalia 

may result from age-related responses to other underlying antemortem conditions.   

Within the Fort Center population, 95 individuals (14% of 693 assessed individuals) had 

cribra orbitalia and 97 individuals (15% of 693 assessed individuals) had porotic hyporstosis. At 

Fort Center, certain individuals expressed both conditions simultaneously while other individuals 

expressed either cribra orbitalia or porotic hyporstosis. Cribra orbitalia is most prevalent among 

children aged 1-12 years with 46 of 187 (25%) individuals affected, while porotic hyporstosis is 

most common among older adults with 15 of 60 (25%) individuals affected. Of all females, 30 

(24% of 126 female individuals) displayed cribra orbitalia and 30 (24% of 126 female 

individuals) exhibit porotic hyperostosis. For males, 10 (8% of 120 male individuals) exhibited 

cribra orbitalia while 16 (13% of 120 male individuals) had porotic hyperostosis. These 

differences between male and female frequencies of cribra orbitalia and porotic hyperostosis are 

not statistically significant.  

The rates of cribra orbitalia and porotic hyperostosis generally increase among larger, 

more sedentary populations with inadequate sanitation and other pathologies (Obertov and 

Thurzo 2008). An increase in parasitic infections likely correlates with increased rates of both 

cribra orbitalia and porotic hyperostosis. Children and females were clearly the most affected 

groups within the population, and the reasons for this are likely related. Because of the high 

frequency of cribra orbitalia among children, it is likely that cribra orbitalia is associated with the 

high childhood mortality seen at Fort Center.  

Low reserves of vitamin B12 in infants can causes symptoms to develop within months of 

birth, especially when being breastfed by mothers who also have a vitamin B12 deficiency 

(Walker et al. 2009). For other young children, physiological stress induced by breastfeeding and 
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weaning processes could correlate with the stress developed from cribra orbitalia. Weaning is 

commonly accomplished by administering foods of low nutritional value to babies in unsanitary 

conditions. Additionally, fetuses and infants exposed to B12 deficiency in utero are more likely to 

develop a susceptibility to infections later in life (Walker et al. 2009).  

Young children generally exhibit greater vulnerability and susceptibility to infectious 

diseases and parasitic infections than adults. Both past and current populations have suffered 

from diarrheal diseases, respiratory infections, and parasitic infections, which are common 

causes of energetic and nutritional stress for young individuals (Tanner et al. 2014). Parasitic 

infections, such as soil-transmitted helminths (roundworm, whipworm, and hookworm) and 

protozoa, are pervasive today (Hotez et al. 2013). At Fort Center, early childhood residential 

factors, particularly exposure to parasites and infectious diseases, may have been a primary cause 

of higher levels of cribra orbitalia and porotic hyperostosis among younger individuals (Turner 

and Armelagos 2012). As with LEHs, children exhibiting nutritional anemia have a 

compromised level of survival and ultimately a lower age-at-death.  

If cribra orbitalia and porotic hyperostosis are related to malnutrition, particularly low 

iron or B12 levels, then it is not surprising that females are most affected. Females, due to the 

blood loss during menstruation and pregnancy, are generally at a higher risk of having lower iron 

levels (Hens et al. 2019). Furthermore, many societies enact food taboos, which potentially shape 

or limit the diets of women or particularly pregnant females. Under such circumstances, a 

deficiency that develops in the female would ultimately be passed to the child. Modern 

ethnographic analogs to the Fort Center population would provide useful comparisons.  
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Periosteal Reactions    

Periosteal reactions, also called periosteal new bone formation or “periostitis,” are among 

the most common types of pathologies documented by bioarchaeologists. The term “periostitis” 

inherently refers to the tissue membrane of the periosteum and not the bone, making it an 

inaccurate description of lesions observed on the bone. For this research, the term periosteal 

reactions is used instead. Periosteal reactions can affect any bone in the skeleton but are most 

frequently observed on the tibiae or other long bones (Klaus 2014; Weston 2012). Expression 

ranges from visible areas of small, longitudinal striations to regions of heavy pitting and 

thickening of the bony plaque on the cortical surface of the bone affected. Periosteal reactions 

generally result from stimuli that stretch, tear, or traumatize the periosteum, which in turn, causes 

new bone formation in the affected regions. These perturbances to the periosteum can be a 

product of local or systemic infection or inflammation caused by a variety of other factors 

(DeWitte 2014; Larsen 2015; Ortner 2003). 

“Periostitis” has been traditionally interpreted by bioarchaeologists as an indicator of 

stress, and more specifically, the product of non-specific infectious diseases (Marques et al. 

2018). Although the disease is not specifically interpreted, periostitis is considered to be a clear 

sign that the body, and thus the skeleton, responded to periods of stress. However, more recent 

research has demonstrated that a strict correlation between periostitis as a non-specific infection 

and stress within past populations is challenging and misleading (Assis 2013; Marques et al. 

2018; Weston 2008). Weston (2008) pointed out that classifying periostitis as a non-specific 

infection is a misnomer because it implies that no etiology is known or discernible. In contrast, 

more recent work has linked periosteal reactions to many types of factors, illuminating that it is a 

complex phenomenon. Periosteal reactions are multifactorial and have been linked to a wider 



 

237 

 

range of etiologies, including hormonal, mechanical (such as trauma), metabolic (such as scurvy, 

rickets), rheumatic (such as rheumatoid arthritis), nutritive (deficiency of vitamins) or pathogenic 

conditions (Klaus 2014; Marques et al. 2018; Weston 2008). Although now recognized that there 

is not a straightforward correlation between the presence of periosteal reactions and “stress,” 

current research is still working to determine these various, complicated and inter-related 

etiologies.    

Periosteal reactions were present in 106 individuals (15% of 693 assessed) in the Fort 

Center population. It most commonly affected the youngest age groups, both prenatal and infant 

individuals. The rate of expression of periosteal reactions observed among prenatal individuals 

was the highest, affecting 3 of 8 (38%) individuals. Similarly affected were infants under the age 

of one, with periosteal reactions exhibited by 11 of 30 (35%) individuals. The age cohort with 

the lowest frequency of periosteal reactions was older adults with only 2 out of 60 (3%) affected. 

Despite these seemingly large differences among age groups at Fort Center, none of these 

differences are statistically significant. Of the identified adults, 10 females (8% of 126 female 

individuals) and 13 males (11% of 120 male individuals) were affected by periosteal reactions.  

Although the incidence of periosteal reactions affecting different skeletal elements was 

not studied, this pathology was noted as primarily affecting a single element, the tibia. It was not 

widespread, which indicates that it was not systemic in nature within the Fort Center population. 

The youngest age cohorts at Fort Center, prenatal and infant individuals, were most commonly 

affected. Infancy and childhood are generally viewed as periods of high physiological stress, and 

this seems to be the case for these individuals at Fort Center. Individuals of these younger age 

groups possess a periosteal membrane that is more loosely attached and more susceptible to 

tearing and inflammation (Klaus 2014; Wenaden et al. 2005). Knowing this, it is likely that the 
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etiology of periosteal lesions among these individuals is multi-faceted and influenced by the 

multiple factors discussed above.  

Additionally, a greater expression was observed among adult males than adult females. 

This finding has been reported in many previous bioarchaeological studies and is also the likely 

result of many factors. Males are more likely to engage in activities that have a higher risk of 

physical trauma and are also more likely to be exposed to different infectious agents. Sex 

hormones may also affect the rates of periosteal reactions, as they play an important role in the 

regulation of the body’s immune response (Marques et al. 2018). However, additional factors, 

such as the nutritional and metabolic status of these individuals, their expression of other 

antemortem conditions, and the extent and aggressiveness of the underlying stressor, should also 

be considered as part of the etiology.  

Osteomyelitis occurs when an infection spreads to below the periosteum of the bone. This 

type of infection is typically marked by three defining features: cloaca, lesions from which pus 

drains out of the infected area; sequestra, patches of deadened bone; and involucra, irregular 

bone growths that result from loss of the periosteum. Within the Fort Center population, only 

two instances of osteomyelitis were observed, and it is likely that these were bilateral expression 

within the same individual. Both right and left femora were similarly affected with osteomyelitis 

and cloaca. The individual is an adult of indeterminate biological sex, which limits interpretation. 

However, the overall rate of osteomyelitis within the Fort Center population was low.  

Degenerative Joint Disease  

Degenerative joint disease (DJD) is used as an umbrella term that encompasses 

osteoarthritis, osteoarthrosis, and osteophytosis. It is caused by degeneration of the articular 

joints of the skeleton over time, specifically when joint allostasis fails (Hutchinson 2006; Klaus 
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2014). Under these circumstances, chronic inflammatory changes to the area perturbed causes 

bone resorption or bone formation (osteophytosis) (Klaus 2014). Although it is one of the most 

common pathologies seen in both archaeological and modern populations, it can be difficult to 

diagnose and score for severity; scoring systems generally follow the guidelines proposed by 

Buikstra and Ubelaker (1994) of lipping, porosity, eburnation, and osteophytes. Furthermore, 

there is no straightforward relationship between the presence and extent of DJD and an 

individual’s age. On the contrary, other etiologies may lead to more pronounced DJD, making an 

individual seem physiologically older than their actual chronological age (Calce et al. 2017).  

DJD is affected by many factors, including genetics, sex and hormonal differences, age, 

environmental factors, individual immune response, diet and nutrition, disease, physical activity, 

body size, and trauma (Calce et al. 2017; Lieverse et al. 2016; Pearson and Buikstra 2006; Weiss 

and Jurmain 2007). Although DJD is often used by bioarchaeologists to glean inferences on past 

patterns of behavior, this must be done carefully and with a consideration of all factors that could 

have caused the development of DJD (Larsen 2002; Weiss and Jurmain 2007). There is only a 

modest correlation between activity and osteoarthritis, by no means a direct and simplistic 

relationship, and there are large variations in incidence and severity of osteoarthritis. That does 

not mean, however, that osteoarthritis, when viewed in conjunction with other data and within a 

broader context, is not a useful means of inferring past behaviors and lifestyles (Lieverse et al. 

2016). 

Both osteoarthritis and temporo-mandibular joint (TMJ) disorder were observed within 

the Fort Center population. Osteoarthritis at Fort Center was scored as primarily taking the form 

of lipping and porosity with few cases of eburnation and osteophytes. The majority of instances 

were noted within the vertebrae, primarily the lower thoracic and lumbar, followed by the upper 
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and lower limbs. TMJ was marked by localized regions of porosity or pitting to the superior 

surface of either mandibular condyles as well as either mandibular fossa on the temporals. 

Occasionally, these lesions were correspondingly present in both locations. TMJ was also noted 

when alteration to the joint contour, either on the mandible or the temporals was present (Rando 

and Waldron 2012).  

A total of 60 individuals (9% of 693 individuals assessed) presented with osteoarthritis 

and 21 individuals (3% of 693 individuals assessed) with TMJ. No osteoarthritis was present 

within any juvenile (<18 years) individuals and there was only 1 young adult individual (n=1 out 

of 25 individuals, 4%) affected. TMJ was noted in only a single child individual (n=1 out of 186 

individuals, <1%) and a single young adult (n=1 out of 25 individuals, 4%). The age cohort at 

Fort Center expressing the highest frequency of osteoarthritis was older adults, which suggests a 

positive correlation between osteoarthritis and age-related degenerative changes. Adults had the 

greatest rate of expression of TMJ (n=3 individuals, 5%), but the difference, in comparison with 

other age cohorts, was not statistically significant.  

With respect to biological sex, males had a greater expression of osteoarthritis (n=15 out 

of 120 male individuals, 13%) than females (n=12 out of 126 individuals, 10%). Although this 

difference is not statistically significant, it likely suggests a gender-related activity difference, or 

differing intensities or durations of activities, particularly as this relates to adulthood and older 

age. These differences could reflect foraging activities; if male-dominated, then these frequent or 

intensive activities would increase joint degeneration over time, causing higher frequencies in 

older male individuals (Lieverse et al. 2016). Additionally, females are generally more prone to 

joint degeneration than males (Lieverse et al. 2016). Pregnancy and lactation have been 

demonstrated to affect calcium homeostasis, which affects long-term bone production and bone 
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mass. It is possible that the reproductive histories are a contributing factor for rates of 

osteoarthritis observed among females (Mays 2016).  

TMJ is rarely observed among young individuals, suggesting that the single child at Fort 

Center with TMJ suffered from either a developmental defect or trauma (Lobbezoo et al. 2004). 

Females, in contrast, exhibit higher rates of TMJ (n=8 of the 126 female individuals, 6%) than 

males, but this is not a statistically significant difference. Pilot isotopic data indicate minimal 

dietary differences between male and female individuals at Fort Center, which suggests that 

higher levels of TMJ among females could be attributed to a gender-related behavior, such as 

using the jaw or teeth as tools.   

Treponemal Disease and Syphilis 

 The origin of the bacteria that causes syphilis, Treponema pallidum , has been widely 

researched and debated by anthropologists and bioarchaeologists. The two primary, most 

accepted theories regarding the origin of syphilis are the “Columbian hypothesis,” which states 

that syphilis was transmitted from the New World to the Old by Columbus in the 1490s and the 

“pre-Columbian hypothesis,” which posits that syphilis was present in the Old World before 

Columbus’s arrival but subsequently increased in frequency (Harper et al. 2011). It is a type of 

treponemal disease, which encompasses pinta, bejel, and yaws, and affects the periosteum of 

bones, particularly the tibia. 

The skeleton is limited in the ways in which it can respond to perturbations, meaning 

different pathologies may produce similar-looking changes. Although syphilis has the potential 

to be identified with good skeletal context, differential diagnosis between treponemal disease and 

other infections or other causes is not straightforward. The lesions caused by treponematoses can 

appear similar to those caused by other infectious diseases or parasites. Furthermore, the 
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appearance of these lesions is also influenced by the state of healing, the duration of infection, 

and the individual’s immune response (Harper et al. 2011; Ortner 2003) 

Treponemal disease presents in three stages: primary, secondary, and tertiary. It is during 

the later tertiary stage that distinctive lesions may develop on the skeleton, particularly on the 

tibiae. Earlier primary and secondary stages cause periosteal reactions and osteitis, while the 

tertiary stage also involves osteomyelitis (Harper et al. 2011). Tertiary lesions are systemic and 

bilateral, affecting a number of specific elements. Pseudo-bowing of the tibia, or saber shins, can 

also occur. Additionally, regions of the cranium present with nodes, cavitations and stellate 

scares (caries sicca) (Mann and Hunt 2005).  

There are numerous proposed etiologies for treponemal diseases that include trauma to 

the bones that lie near the skin’s surface, secondary to infection, or malfunction of the lymphatic 

system (Pinto 2004). There are two types of syphilis, endemic or non-venereal and venereal. 

Endemic or non-venereal syphilis is spread by body contact and, when acquired in early 

childhood, causes skeletal lesions during the tertiary stage that persist for years and into adult life 

(Ortner 2003). Venereal syphilis, in contrast, is sexually transmitted and does not affect the 

skeleton.  

 Within the Fort Center population, no cranial lesions (caries sicca) indicative of 

treponemal disease were observed. However, symptoms suggestive of treponemal disease were 

noted on several tibiae in the form of porosity, finely striated areas of reactive bone, 

circumferential expansion, medullary narrowing, and pseudo-bowing of the anterior tibiae 

(Harper et al. 2011). Although syphilis from skeletal remains is almost impossible to diagnose, 

due to the overlap of symptomatic lesions with those produced from other infectious diseases and 

factors, the evidence from skeletons recovered at Fort Center is consistent with treponemal 
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disease. A single incident of suspected congenital syphilis was diagnosed based on the presence 

of Hutchinson’s incisors, but modern clinical data have also documented that these notched 

incisors may result from other non-infectious diseases (Harper et al. 2011). Therefore, a 

diagnosis of syphilis at Fort Center is tentative.   

 A total of nine individuals within the Fort Center population presented with symptoms 

that are consistent with treponemal disease. Three cases were observed within young children 

and suggest congenital syphilis. Two children presented with bilateral and pronounced bowing of 

anterior tibiae with increased cortical thickness from new bone deposition, circumferential 

expansion, and shallow lytic pitting on the bone surface. The third child possessed Hutchinson’s 

incisors, which is a common symptom of congenital syphilis. Among these three children, in 

particular the child with Hutchinson’s incisors, it is likely to be congenital syphilis due to their 

young ages and the fact that transplacental transmission of yaws and bejel is rare. Although yaws 

and bejel are acquired during childhood, syphilis is primarily acquired after puberty (Harper et 

al. 2011). Cases of congenital syphilis result from maternal infection at the primary or secondary 

stage, which indicates that, whether or not skeletal lesions were observed, syphilis was present 

within at least three female individuals (i.e., the mothers of these children) in the Fort Center 

population.  

The remaining five individuals were all adults of indeterminate biological sex and 

presented with varying severities of anterior tibial bowing, shallow lesions of reactive bone, and 

circumferential expansion. Although the evidence is suggestive of syphilis, a positive diagnosis 

is not possible at this time. Nevertheless, symptoms are consistent with the identification of a 

nonspecific treponemal disease in these individuals.  
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Osteological Paradox  

 A proper application of the osteological paradox to bioarchaeological research is often 

overlooked or used as an after-thought without any real meaning (DeWitte and Stojanowski 

2015; Wood et al. 1992; Wright and Yoder 2003). For this research, straightforward relationships 

between frequencies of negative health indicators and overall individual and population-level 

frailties were avoided. In particular, social and environmental contexts were carefully 

considered. This is because skeletal lesions may not actually be a reflection of poor health. Many 

of these skeletal markers actually require a long formation period before they become visible on 

the bone (DeWitte 2014). In other words, individuals who exhibit skeletal lesions may have been 

at least healthy enough to survive their development, while individuals without any visible 

skeletal lesions may have died prior to their development. 

Therefore, it should be noted that, if the presence of antemortem conditions and 

pathological lesions do signify poor health and increased pathology of individuals affected, then 

these conditions reflect elevated mortality hazards. However, if these conditions and lesions 

instead represent survivorship of an individual, then they may in fact reflect lower frailty 

compared to individuals who did not develop pathologies (Hens et al. 2019). All interpretations 

regarding a direct relationship between the frequency of pathological lesions and overall health 

are made with caution and a critical eye.  

Other Non-Pathological Observations  

 Several non-pathological observations are discussed below.  

Non-Metric Traits 

Non-metric, or discrete, traits, reflect patterns of genetic inheritance and can illuminate 

potential familial relationships within a population. Several noted cranial non-metric traits within 
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the Fort Center population included but were not limited to supraorbital notches, supraorbital 

foramina, mental foramina, parietal foramina, infraorbital foramina, zygomaticofacial foramina, 

and extra-sutural bones. Dental traits observed, but not analyzed at this time, included but were 

not limited to multiple roots, Carabelli’s cusp, congenitally absent molars, shoveling, cusp 

variation, and groove patterns (Turner et al. 1991). Non-metric traits and biodistance were not 

assessed for this research but will be an important part of future research. Potential applications 

of non-metric and biodistance include not only an assessment of biological relationships but also 

insight into postmarital residence patterns. However, craniometric analyses may be limited due 

to the fact that the majority of the crania within this collection were reconstructed decades ago. 

They are currently held together (‘mended’) by long-dried glue, and many have since warped, 

making it unlikely that accurate measurements are possible.   

Entheseal Changes 

An enthesis is an area where a tendon or ligament directly interacts with bone, and this 

area anchors muscles and dissipates the stress of using them (Larsen 2015). Although several 

skeletal elements presented with obvious entheseal changes, the most commonly affected were 

the humerus, tibia, and femur. The precise cause of entheseal changes is not universal, although 

they are generally the result of continuous or repetitive use of that muscle. Analyzing entheseal 

changes, therefore, can be an important means of inferring past patterns of activity (Hawkey and 

Merbs 1995; Villotte and Knüsel 2013). Although entheseal changes were noted throughout the 

Fort Center population on both men and women, they were more commonly seen on males. This 

is not unexpected and generally fits an archaeological pattern that suggests that males partake in 

greater and more intense physical activity, including repeated muscle use, than females (Larsen 
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2015). Future work regarding a more specific analysis of types and frequencies of entheseal 

changes would provide a greater understanding of gender-related activities at Fort Center.  

Button Osteoma  

 A button osteoma is a small to large circular area of dense bone that is convex like a 

dome (Mann and Hunt 2005). These circular protrusions are sharply defined and are often 

solitary. This area of dense, well-organized lamellated bone is poorly vascularized and has few 

osteocytes (Eshed et al. 2002). Some authors have correlated button osteomas with sex but not 

age (Aufderheide and Rodriguez-Martin 1998). These growth areas are benign tumors that affect 

past and modern populations alike. As such, individuals with button osteomas do not present 

with any negative health symptoms. The cause of button osteomas is unknown. Button osteomas 

were found on three individuals (<1%) within the Fort Center population. Of these three 

individuals, one was a young adult male, one was an adult female, and one was an adult of 

indeterminate biological sex.   

Schmorl’s Nodes 

Schmorl’s nodes present as small lesions on vertebral bodies where the bone has 

remodeled around a herniated intervertebral disk. They are thought to be of multifactorial origin, 

and different etiologies, including functional or axial loading, trauma, age-related degeneration, 

work activity and stress, and mechanical stress, have been suggested (Robb 2019). In the Fort 

Center population, 11 individuals (2% of 693 individuals assessed) had Schmorl’s’ nodes. The 

age category that exhibited the highest frequency of Schmorl’s nodes was young adults at 4%. 

However, this was only a single individual within this age cohort. Among the adults, 8 

individuals (2%) were affected by Schmorl’s nodes. Older adults who expressed Schmorl’s 

nodes represented <1%. This indicates, at least for the Fort Center population, Schmorl’s nodes 
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were not a result of older age and degenerative processes. Additionally, males presented with a 

slightly higher number of Schmorl’s nodes. It is therefore more likely that Schmorl’s nodes 

within these younger individuals were caused by functional or axial loading than age-related 

degeneration.  

Antemortem and Perimortem Trauma  

Trauma is an extremely useful part of reconstructing the lifeways of past populations. 

Different types of trauma present in distinctive ways on the skeleton, which enables 

bioarchaeologists to determine the type of trauma and its cause – typically accidental or 

intentional moments of violence. Bioarchaeologists often study patterns of trauma and correlate 

specific injuries to past periods of warfare. The presence and frequency of traumatic injuries to 

the skeleton can provide insight into inter- or intra-population patterns of violence (Larsen 2002).  

Twenty incidences of antemortem trauma were observed at Fort Center, while no 

perimortem trauma was seen (see Table 4-29). The majority of the antemortem fractures noted 

were wedge compression fractures (n=6, 30%) to the vertebrae, particularly the thoracic and 

lumbar vertebrae. There were various types of antemortem trauma, but many of these affected 

several common regions. The radius and ulna exhibited several healed fractures with a prominent 

callus, and there were possible areas of trauma observed within the metatarsals and metacarpals. 

No radiographs were used, but they are recommended as a valuable part of future work.  

With wedge fractures, an external force is applied to the vertebral body which results in 

the crushing of the anterior portion and cancellous bone. The posterior portion of the vertebral 

body remains intact, making this a key characteristic of a wedge fracture. Wedge flexion 

fractures most commonly occur in the thoracic and lumbar vertebrae – specifically, the thoraco-

lumbar junction (Aquarius et al. 2011), which is consistent with observations at Fort Center. 
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Most if not all noted wedge fractures were accompanied by pronounced osteoarthritis including 

osteophytic lipping around the vertebral bodies. Specific etiology is unknown but could be 

associated with a fall or carrying a heavy weight. 

Three cases of antemortem trauma were observed in the arm. First, one parry fracture to 

the ulna, also known as a nightstick fracture, was noted on an adult individual of unknown 

biological sex. This was an isolated fracture that affected the distal third portion of the ulnar 

shaft. A parry fracture is often correlated with an act of interpersonal violence because it can 

result from an individual raising the arm in a defensive position. Unfortunately, both radii were 

absent for analysis and the extent of this injury could not be assessed, which would have helped 

to determine the possible cause of the trauma (Judd 2008). Furthermore, it is possible that this 

was a Monteggia fracture, which would have included radial displacement. However, neither 

radius was available for examination, and the bone was too dry to allow for an assessment of the 

displacement. Second, a healed fracture callus was present on a proximal radius of an adult 

probable female directly below the neck and in the area of the radial tuberosity. Unfortunately, 

the radial head is absent due to post-mortem damage, which leads to imprecise assessment of the 

type of fracture. The area surrounding the callus presents with reactive bone. Third, a possible 

fracture is noted on the olecranon process of an ulna from an adult of indeterminate biological 

sex. Although healed, there was reactive bone present along the edges of the olecranon process 

and there were pronounced margins of heterotopic ossification. A corresponding radius was 

present for analysis but did not exhibit any associated trauma. The radius did, however, have an 

area of reactive bone on the distal portion, the etiology of which is unknown.  

Four fractures were noted within the hands and feet. An indiscernible metacarpal or 

metatarsal shaft fragment was noted with abnormal cortical thickening and reactive bone 
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covering the majority of the shaft. Although the etiology is unknown, antemortem trauma or 

pathology secondary trauma is suspected. Within the metacarpals, one incident of a possible 

boxer’s fracture was observed, which affected the proximal-mid-shaft of a fifth metacarpal. 

There is a pronounced ridge of bone along the medial portion of the shaft which could have 

resulted from a fracture. Boxer’s fractures result from a forceful impact to the knuckle. Although 

antemortem trauma is a possible cause, this could also be due to individual variation. A second 

occurrence of possible antemortem trauma was noted on the second metacarpal of an adult of 

indeterminate biological sex. An isolated fracture to the mid-shaft is suspected, but the etiology 

is unknown; the entire bone is pitted and affected by severe reactive bone. A possible Jones 

fracture was observed in a fifth metatarsal of an adult of unknown biological sex. There was a 

pronounced region of reactive bone and heterotopic ossification between the base and mid-shaft 

of this metatarsal, which could have resulted from a traumatic event. This injury could have also 

resulted from an avulsion fracture or an oblique fracture to the distal portion of the shaft.  

The frequency of antemortem trauma within the Fort Center population observed was 

quite low, and no instances of perimortem trauma were observed. No cases of antemortem 

trauma to juvenile individuals were observed. Although males exhibited more antemortem 

trauma than females, the difference is not statistically significant. With the exception of the one 

parry fracture described above, which could have resulted from personal injury or interpersonal 

violence, the skeletal evidence suggests that there was little to no violence within the Fort Center 

population.  

Stable Isotopes Pilot Study 

The objective for the stable isotope pilot study was to provide evidence about diet, origin, 

and mobility patterns for the Fort Center population. Of the fourteen mandible samples selected 
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for the stable isotope analysis pilot, only two produced viable C:N ratios and could be used as 

reliable data. These two data values will be discussed but they are not sufficient by themselves to 

draw definitive conclusions about the Fort Center population. Therefore, dietary inferences from 

isotopes in the two individuals is instructive but not conclusive. Because of this limitation, this 

research relies on enamel apatite data to draw broader interpretations about the Fort Center 

population. Future isotopic endeavors at Fort Center should aim to select baseline samples, such 

as water and bedrock from the charnel pond, Fisheating Creek, Lake Okeechobee and various 

faunal species.  

From the 14 viable tooth enamel samples, this section reviews inferences about diet, 

origin and mobility of individuals recovered from a cross-section of the Mound-Pond complex. 

The data are discussed in terms of all samples being representative of the Fort Center population 

and then in terms of intra-population dynamics with respect to biological sex and site feature. 

Finally, possible causes for the non-viable bone samples are considered. 

Isotope data for the two viable bone samples, ⑩ and ⑬ in Table 3-1 and Figure 3-4, 

together with isotope data from tooth enamel samples and osteological analyses in the preceding 

sections are used to develop detailed reports on individuals ⑩ and ⑬ (CAT#A16272HR and 

82-22-30081HR, respectively). These “osteobiographies” are presented in a final section of this 

chapter. Both individuals are isotopic outliers in several respects, which suggests that they are 

not local to the Fort Center area. 

Pilot Results – Population  

Discussed below are the results and interpretations for all isotopic data. Although the 

sample size (n=14) is small, for the purposes of interpretation, all individuals with the exception 

of outliers are treated as representatives from a single population.  
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Carbon and Nitrogen. Figure 5-1 plots the δ15Nco vs. δ13Cco (see Tables 4-30 and 4-31) 

for individuals ⑩ and ⑬ with viable bone samples on an overview of dietary categories for 

both carbon and nitrogen (Krigbaum et al. 2013), which was introduced as Figure 2-1. The 

position of these individuals in isotope space suggests that they likely relied on a plethora of 

available resources, both aquatic and terrestrial, from their local environment.  

An average δ13Cco of -20.5 ± 0.6‰ from bone collagen reported in Table 4-30 is assumed 

to be an enrichment of approximately 5‰ relative to the diet (Ambrose and Norr 1993; 

Katzenberg 2007). Therefore, the inferred diet is actually closer to -25.45‰, which suggests that 

these individuals consumed C3 plants such as rice, legumes, trees, or shrubs. The general range 

of in δ13C values for C3 plants is -20 to -35‰ (Deines 1980), which does not overlap with that of 

C4 plants. The reliance on maize, a C4 plant that is more enriched in δ13C, produces higher δ13Cco 

values that range from -9 to -14‰ (Deines 1980). Carbon values also reflect the extent to which 

individuals are exploiting coastal areas with aquatic resources. The consumption of top-predator 

freshwater fish can cause a trophic level effect that produces greater δ13C values (Katzenberg 

2007). The bone apatite average δ13Cap (-12.9 ± 1.3‰) reflects ‘total diet’ and supports this 

contention, and the average collagen-apatite spacing Δ13Cap−co (7.6 ± 0.6‰) also suggests that 

these individuals had a mixed diet.    

As indicated in Table 4-32, the enamel apatite average of δ13Cen is -13.26 ± 0.77‰ which 

also supports the interpretation of a mixed aquatic and terrestrial diet. As expected, this value is 

similar to that derived from the bone apatite for these individuals. With a δ13Cen value of -11.0‰ 

individual ⑩ is a statistically significant outlier at over two standard deviations from the 

average. The δ13Cen of -14.6‰ for individual ⑬ is 1.75 standard deviations from the mean, 
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which I consider to be “statistically suggestive,” as discussed in Chapter 3. This suggests that 

future isotope study should include additional samples near individual ⑬, in area Mound B East. 

Nitrogen levels reflect the amount of dietary protein consumed. The average δ15Nco of 9.7 

± 0.6‰ shown in Table 4-31 supports a reliance on freshwater-based and terrestrial protein. A 

more complete dependence on marine or other aquatic resources would yield higher δ15Nco 

values between 14 and 20‰ (Sealy and van der Merwe 1985; Walker and DeNiro 1986). At 

9.65‰, the Fort Center individuals are below this range, indicating that these individuals made 

little to no use of deep-sea marine resources. In fact, the δ15Nco value of 9.7‰ suggests that these 

individuals consumed considerable terrestrial fauna.  

These averages support a mix of maritime and terrestrial diet (Krigbaum et al. 2013). 

This is not surprising considering Fort Center’s location. Lake Okeechobee and the surrounding 

freshwater areas likely provided a variety of both aquatic and terrestrial resources for its 

prehistoric inhabitants. There are more than 60 species of fish in this lake today, including: bass, 

catfish, bullhead, trout, crappie, sunfish, drum, carp, shiner, gar, and bigmouth buffalo. Other 

modern species from the Lake Okeechobee area, both aquatic and terrestrial, that past inhabitants 

likely exploited include deer, opossum, raccoon, turtles, frogs, snakes, alligators, snails, shrimp, 

mollusks, oysters, crayfish, muskrats, marsh rabbits, many birds, and other small animals. 

Additionally, it was not a surprise to find no evidence of maize consumption considering past 

research efforts that have argued against the intensive cultivation of maize at Fort Center. This 

supports previous research (Johnson 1990; Morris 2012; Thompson and Pluckhahn 2013; 

Thompson and Pluckhahn 2014).    

Oxygen. For oxygen isotopes on apatite, shown in Table 4-31, the δ 18Oap could only be 

obtained from two individuals, which yielded values of -1.8 and -1.0‰. The average δ 18Oen 
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obtained from tooth enamel for all 14 individuals was -1.04 ± 1.11‰ with a range of -3.8 to 

0.004‰ (Table 4-33). For δ 18Oen, thirteen individuals showed values that were not significantly 

greater or less than the average. However, the δ 18Oen value of -3.8‰ obtained for individual ⑩ 

is an outlier at more than two standard deviations away from the average of -1.04 ± 1.11‰. This 

supports the interpretation that this individual was from an area beyond Fort Center, which is 

discussed in more detail below. If the δ 18Oen value for this individual is removed, then the 

average δ 18Oen value increases to -0.82 ± 0.80‰; however, the p-value of .35 obtained from the 

two-sample t-test indicates that this difference is not statistically significant. Although the 

sample size of δ 18Oap (n=2) was too small to prove a statistical difference, the difference in 

averages between bone and enamel apatite suggest behavioral differences that vary by age. The 

teeth selected for analysis were second and third molars, which reflect periods of adolescence 

and early adulthood, while the bone sampled reflects a more recent period in the individuals’ 

lives.  

Strontium. Variation in strontium values are correlated with local bedrock geologies. 

Strontium ratios in Table 4-34 for the 14 teeth from the Fort Center suggests that 13 of these 

individuals were from the same geographic region. The average 87Sr/86Sr ratio is 0.70892 ± 

0.00023. Removing individual ① (CAT#82-22-98808HR), the single individual whose 87Sr/86Sr 

ratio (0.70837) is more than two standard deviations from the average produces a new 87Sr/86Sr 

ratio of 0.70897 ± 0.00018. It is possible that this individual was from a different geographic 

area. Additionally, this 87Sr/86Sr ratio of is 0.70892 is very close to the value for modern 

seawater, which is 0.7090 (McArthur and Howarth 2004).  

Lead. Variation of lead isotope abundances in geological bedrocks reflects the initial 

proportions of uranium, thorium and lead as well as the amount of time that has passed since the 
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initial formation. The average 206Pb/204Pb ratio in Table 4-35 is 20.76 ± 1.04, which suggests that 

the bedrock of Fort Center is geologically old with relatively concentrations of uranium and 

thorium (Kamenov and Gulson 2014). The average208Pb/204Pb ratio is 40.11 ± 0.79, while the 

average 207Pb/204Pb ratio is 15.83 ± 0.09. For lead, twelve individuals had similar ratios of 

208Pb/204Pb, 207Pb/204Pb, and 206Pb/204Pb that are within one standard deviation of the means. The 

lead ratios for individuals ⑩ and ⑬ are more than 1.75 standard deviations from the 

corresponding averages. These values reflect two-tail probabilities of less than 8%, and suggest 

that it would be useful to analyze more lead isotope samples in the future.  However, if the 

average is re-calculated with these two individuals omitted, the new values of 208Pb/204Pb at 

40.23 ± 0.56, 207Pb/204Pb at 15.86 ± 0.06, and 206Pb/204Pb at 21.05 ± 0.69 reflect little change.  

Pilot Results – Intra-Population  

To the extent possible, this research also assessed the intra-site differences in isotope 

values of individuals at Fort Center in terms of biological sex and site feature (Tables 4-36 

through 4-39). Of the 14 individuals selected, males and ‘possible’ males were included in one 

group, and females and ‘possible’ females in another. This yielded 4 (28.6%) females, 6 (42.9%) 

males, and 4 (28.6%) of indeterminate sex represented by the pilot sample. For comparisons 

between males and females, the indeterminate individuals were omitted. Site features compared 

included the pond excavated in 1963, the pond at the base of Mound A, the rest of the pond, the 

charnel platform area, Mound B, and Mound 13. The materials excavated from the center of the 

pond in 1963 are treated separately from the handful of 1968 and 1969 excavations from this 

area to facilitate an assessment of the hypothesis that the individuals from 1963 represent a 

distinct sub-population at Fort Center. Additionally, the individual from the pond at the base of 

Mound A was kept as a separate point of comparison; it is possible that the original place of 
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burial was Mound A, but the individual rolled into the pond. Unfortunately, no bone collagen or 

bone apatite patterns can be classified by sex because a sex estimate was not possible for the two 

individuals that yielded good bone collagen and bone apatite. However, enamel apatite yielded 

data for all 14 samples, which allows for several intra-population comparisons between males 

and females.  

Carbon. As indicated in Table 4-36, the average δ13Cen for females is −13.33 ± 0.15‰ 

while the average δ13Cen for males is δ13Cen −13.33 ± 0.34‰. This difference is not significant, 

and both averages are close to the overall average of -13.26 ± 0.77‰. The lack of difference 

between males and females suggests that all adults, regardless of biological sex, consumed the 

same types of resources. It is likely that the Fort Center individuals relied on a mixed diet of 

terrestrial and fresh-water protein with no reliance on maize agriculture.  

Oxygen. In archaeological contexts, oxygen isotopes are typically utilized as a proxy for 

meteoric drinking water, because δ 18O values can generally distinguish individuals with 

different, and thus non-local, water sources (Knudson and Price 2007). For δ18Oen, females had 

an average value of -0.40 ± 0.41‰, whereas males had an average value of -0.95 ± 1.00‰ 

(Table 4-36). Although this difference is not significant, a comparison of the 4 female samples 

with the other 10 samples (6 males and 4 indeterminates) yields a statistically suggestive p-value 

of 0.051, highlighting the potential for future analysis of additional samples. 

A difference between oxygen ratios for teeth from females and ratios from others might 

suggest that the females consumed water from a different source than the others, at least during 

the period of adolescence and early adulthood when their molars were formed. Oxygen ratios 

vary with the amount of rainfall and seasonality, both of which could have affected Fort Center. 

Additionally, oxygen isotope ratios are influenced by cultural practices. For instance, storing, 
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boiling, and cooking with water causes evaporation and enrichment in 18O (Knudson 2009; 

Lightfoot et al. 2014; Lightfoot and O’Connell 2016). However, for Fort Center, the difference 

between oxygen ratios for women and the rest of the samples is further evidence that individuals 

excavated in 1963 represent a subpopulation, because the difference between δ18Oen for the two 

females from Pond-Center-63 (-0.75‰) is significantly different from the average for the two 

females from Pond North-69 (-.05‰). 

Strontium. The average 87Sr/86Sr ratio for females is 0.70883 ± 0.00031‰ and the 

average 87Sr/86Sr ratio for males is 0.70893 ± 0.00024‰, while the population average for Sr is 

0.70892 ± 0.00023‰. This is not a statistically significant difference, which suggests that the 

individuals sampled are from the same geographic region of origin. However, individual ① 

(CAT#98808HR), an adult female, is an outlier whose 87Sr/86Sr ratio of 0.70837‰ is 2.37 

standard deviations below the average. This difference suggests that this individual was from a 

different place of origin. If this outlier is removed from analysis, the 87Sr/86Sr average becomes 

0.70897 ± 0.00018‰. 

Lead. The average 206Pb/204Pb ratio for males is 21.10 ± 0.93‰ and 20.82 ± 0.39‰ for 

females. Additionally, the female average for 208Pb/204Pb is 40.14 ± 0.30‰ and the male average 

is 40.35 ± 0.77‰ while the female average for 207Pb/204Pb is 15.83 ± 0.03‰ and the male 

average is 15.87 ± 0.08‰. Comparable averages for males and females do not differ statistically 

and are also similar to the averages calculated for the total population.  

By Feature  

Tables 4-38 and 4-39 provide all isotope data from the features identified in Figure 3-4: 

Pond Center (n=5 individuals); Pond North (n=5 individuals); Pond East (n=1 individuals); 

Charnel Platform (n=2 individuals); Mound B East (n=1 individuals); and Mound 13 (n=1 
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individuals). Table 4-39 reports comparison tests for the three features with more than one 

sample. A single statistically significant difference is observed when comparing pond center with 

the northwest pond and the northeast pond. These comparisons also identified a statistically 

suggestive p-value of 7% for strontium ratio differences between Pond Center-63 and Pond 

North-69 and 7% for 208Pb/204Pb and 207Pb/204Pb between the charnel platform, pond north and 

pond northeast.  

Diagenesis of Materials  

Before discussing the pilot results, it is important to address why twelve of fourteen bone 

samples (85.7%) did not produce acceptable data. The diagenesis of the Fort Center skeletal 

materials is likely the result of a combination of different factors, including the physical 

environment at the site and post-excavation treatment of the bones.   

Physical Environment  

One important cause of diagenesis and contamination is the burial environment (Jorkov et 

al. 2007). Fort Center’s physical environment consists of several factors, either individually or 

combined, that could ultimately have led to bone collagen diagenesis. These factors include: 

marshy waters, acidic soils, warmer temperatures, higher levels of humidity, and possible 

microbes.  

An observed cause of bone collagen loss is microbial attack. However, although research 

has demonstrated that waterlogged sites are not prone to microbial attack, it is likely that a 

fluctuation of water, such as seasonal variation and the movement of ground water, could lead to 

more diagenetic changes (Bocherens et al. 1997; Hedges 2002). Warmer climates also likely 

possess certain mechanisms that are responsible for collagen loss. Bones buried in acidic soils 

are sometimes subjected to crystallinity increases in which the bone’s hydroxyapatite is 
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transformed into brushite (Molleson 1990). Furthermore, bone can be in thermodynamic 

disequilibrium with its burial environment. Continued recharge with fresh water, which can 

occur from rain-water percolating on the ground’s surface, can negatively cause dissolution of 

bone and accelerate both chemical and biological degradation (Collins et al. 2002). Because the 

rate of bone mineral loss is affected by diffusion between the bone’s outer surface and the 

surrounding physical environment, bone within areas of recharging water and soil of non-neutral 

pH are negatively affected (Hedges 2002). Under these circumstances, bone generally exhibits 

increased porosity and becomes more fragile. 

Post-Excavation Treatment of Bones  

No notes were found regarding any chemical treatment of the human remains, but there is 

a visible shine on the exterior of almost all elements within the Fort Center collection. This shine 

could not be scraped off with a scalpel during sample preparation and, after a deep surface 

cleaning, the bone samples remained shiny.  

Synthetic resins have been widely used by conservators to preserve archaeological 

specimens. These resins are polymers, or long molecules made up of hundreds to millions of 

groups of smaller molecules called monomers (Johnson 1994). In early bioarchaeology studies, 

these resins were applied to preserve deteriorated bone by holding the bone within a network of 

stronger polymer molecules. A common solvent used was Paraloid B-72, which is often mixed in 

acetone before application. Paraloid B-72, or Acryloid 72, is an acrylic resin that has been 

considered to be a good and all-purpose consolidant. Paraloid B-72 is soluble in acetone, which 

makes it reversible. However, even though Paraloid B-72 is still utilized to preserve 

archaeological specimens, it was more commonly used on bone in the earlier days of 
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archaeology. It is now known that this type of treatment has negative long-term physical and 

chemical effects on bone.  

Sears (1982) mentioned that carbowax and white glue were used to treat the wood 

specimens that were excavated at Fort Center. Additionally, vats of water and a water-white glue 

admixture were kept on-site during the excavations so personnel could place wooden specimens 

removed from the pond directly into these vats. His protocols reflect the general rules of 

archaeological conservation, such as to keep already wet specimens wet. Letting them dry out 

often led to significant and avoidable damage. In Sears’s words, they submerged wood in vats of 

water to “prevent any damaging moisture loss” (Sears 1982:16) until the wood could be moved 

to the “treatment tank” (Sears 1982:16) of glue. The wooden specimens were left within these 

tanks for a subjective amount of time that ranged from several days to several months. 

Additionally, these specimens were often re-soaked in the white glue solution to prevent further 

damage. Because many of the human remains were excavated from within the pond alongside 

the wood specimens, it is possible that the human bones were given the same on-site treatment 

and placed within these vats of white glue. Although not mentioned directly, Sears does state that 

both wood and bone specimens were excavated and cleaned in place (Sears 1982:15).  

However, bone can also develop a shine that makes it appear polished after extensive 

abrasion. Abrasion is defined as erosion of a bone’s surface by any agent through physical force 

(Bromage 1984), and it is generally characterized by a smooth, glossy appearance. This happens 

through the removal of the external layers of lamellar bone over time (Behrensmeyer 1982). 

Causes of abrasion are varied and include natural processes and animal or human modification.  

There are two relevant scenarios for ablation being the cause of the shiny appearance of 

the majority of the bones within the Fort Center collection. First, abrasion can result from many 
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people touching the bones after an extended period of time. The natural oils produced in human 

skin, particularly on the fingertips, tend to cling and linger to the surfaces of the bone. Second, 

movement of the bone within aqueous settings can also be a cause of abrasion (Bromage 1984; 

Denys 2002). The first scenario is more likely than the second. The majority of the Fort Center 

human remains (ACC#82-22) were housed at Florida Atlantic University before being recalled 

by the FLMNH. It is known that at least part of this skeletal collection was used at FAU as a 

teaching collection, which would facilitate the regular handling of these materials. There was 

additional handling of these bones by researchers in the 1980s. Fluvial ablation, in contrast, also 

rounds and smooths the broken edges and other sharp margins of bones. Rounded edges were not 

observed within this collection.  

Diagenesis at Fort Center is likely multi-factorial. However, the largest contributing 

factor is most likely the treatment of bones with an unknown chemical, such as the white glue or 

Acryloid 72.  

Two Osteobiographies  

Because only two individuals yielded the full suite of isotopic data considered, these two 

individuals separately and in more detail.  

A-16272HR   

Individual ⑩ is represented by a single and incomplete mandible. It is estimated that this 

individual is an adult around 25 years of age, which was scored noting that the permanent first 

and second molars that were minimally worn. Elements typically used for the estimation of sex 

were absent or too fragmentary to be adequately utilized, so this younger adult individual is of 

unknown biological sex. This individual was buried in association with a child between 5-10 
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years of age. Together, this individual and this younger child were buried within the pond but 

close to the perimeter of Mound A indicated in Figure 3-4.    

In terms of paleopathologies, this individual presented with linear enamel hypoplasias 

(LEH) on the left second premolar. Bilateral buccal carious lesions were present on the first and 

second molars that affected a small region on the first molars and a larger area on the second 

molars. Finally, periodontal disease with horizontal resorption was evident throughout both the 

upper and lower dentition. It should be noted that the young child also presented with LEH but 

otherwise had no notable pathologies.  

 Isotopic data for individual ⑩ generally indicated this individual was an outlier with 

respect to the broader population. The bone collagen and apatite values of δ15Nco = 10.4‰, δ13Cap 

= -12.0‰ and δ 13Cap-co = 8.0‰ are consistent with a mixed diet of terrestrial and marine protein. 

Although the δ13Cen value of -11.0‰ from this individual’s lower right second molar (RM2) is 

consistent with the bone value δ13Cap of -12.0‰, the enamel result is greater than two standard 

deviations above the population mean for teeth, -13.6‰. This suggests that individual ⑩ had a 

more 13C-enriched diet as reflected in its δ13C value. In terms of geographical origin, this 

individual’s 87Sr/86Sr ratio is 0.70922 which is more than one standard deviation above the 

population mean of 0.70892 ± 0.00024, and this individual’s lead ratios are all considered 

statistically suggestive because they are more than 1.75 standard deviations above the average 

ratios.  

Oxygen data from bone apatite and enamel apatite vary considerably for individual ⑩. 

Oxygen from bone apatite produced a value of δ18Oap = -1.0‰, while oxygen from enamel 

apatite produced a value of δ18Oen -3.8‰, which made this individual’s δ18Oen an outlier among 

the other teeth samples. Because bone is constantly being remodeled throughout an individual’s 
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lifetime, isotopic data from bone produces a more recent reflection of an individual’s diet or 

location. Data obtained from teeth reflect a particular period in an individual’s earlier 

development. For this individual, a second molar was chosen for sampling, which reflects a 

period of older childhood to early adolescence, around 12 to 13 years of age. A change of this 

magnitude from childhood to adulthood suggests a shift in the source of imbibed water for this 

individual. This new water source likely reflects a migration, or movement from somewhere 

non-local, into the Fort Center area.  

 Considering that this individual displayed unique ratios for carbon, oxygen, and lead, it is 

possible that they migrated into Fort Center from the coast.  

82-22-30081HR   

 Individual ⑬ is represented by an incomplete mandible and right maxilla. It is estimated 

that this individual was an adult, likely younger due to minimal wear of the posterior molars. As 

with the individual ⑩, biological sex could not be determined because elements typically used 

for the estimation of sex were absent or too fragmentary to be scored. This individual was 

recorded in the original provenience records as being burial 68-66 and was found in association 

with one other adult of indeterminate biological sex. The second adult individual is represented 

only by incomplete right and left maxillae. These two individuals were buried at the eastern edge 

of Mound B.  

 In terms of paleopathologies, this individual had a small carious lesion on the labial 

surface of the right first premolar and a buccal carious lesion on the right first upper molar. LEHs 

are present on the right canine, lateral incisor, and first premolar. There was antemortem loss of 

the right third lower molar with a corresponding alveolar resorption. Finally, mild periodontal 



 

263 

 

disease with horizontal resorption was observed. It should be noted that the second adult 

individual had LEH on the first right premolar and slight periodontal disease.  

 Isotopic data generally classifies differences between individual ⑬ and the rest of the 

population as statistically suggestive, rather than as an outlier. Bone collagen and apatite values 

of δ15Nco = 8.9‰, δ13Cap = -13.8‰, Δ13Cap−co = 7.1‰ are all indicative of a mixed terrestrial and 

aquatic diet. The δ13Cap value is consistent with the δ 13Cen of -14.6‰, from this individual’s 

lower right third molar (RM3), but the difference between this individual’s δ 13Cen and the rest of 

the teeth sampled is statistically suggestive. The 87Sr/86Sr value of 0.70922 for individual ⑬ is 

very close to the mean for all samples, but the lead ratios exhibited by this individual are 

significantly different from the means, but the differences between lead ratios exhibited by this 

individual and the lead ratios for other teeth is statistically suggestive. 

 Oxygen data from bone and enamel apatite are quite similar for individual ⑬. Oxygen 

from bone apatite produced a value of δ13Oap = -1.8‰, while oxygen from enamel apatite 

produced a value of δ13Oen =-2.0‰. For this individual, a third molar was selected for analysis. 

Third molars erupt around 17 to 21 years of age, which reflects a period of early adulthood. 

Therefore, the oxygen ratios suggest that individual ⑬ resided at Fort Center at least from early 

adulthood until death.  
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Figure 5-1. δ15Nco and δ13Cco values for isotope samples ⑩ and ⑬. Figure adapted from 
Krigbaum et al. 2013.  
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CHAPTER 6 

FORT CENTER IN REGIONAL CONTEXT 

To situate the Fort Center population within a regional context, this chapter compares the 

results of this research to data available from other prehistoric Florida sites. Data compared 

include mortuary practices, paleodemography, paleopathologies, and stable isotope analyses.  

Bioarchaeology in Florida  

Although early archaeological investigations in Florida and elsewhere in the southeastern 

United States did not place significant importance on the analysis of human skeletal remains, 

research on the topic has burgeoned within the last several decades. Bioarchaeology in Florida, 

in particular, has had to contend with several archaeological challenges and limitations, 

including: destruction of sites, improper excavations and inadequate documentation, the 

disappearance or destruction of excavated materials, and poor preservation (Klingle 2006). 

Extensive studies of human osteology, including demographics, trauma, and pathology, as well 

as stable isotope analyses have contributed to questions of the past within the Southeast. 

Interpretation from human skeletal remains, particularly with a diachronic perspective, provides 

insight into changes in environment, population growth, workload stress, health and disease, diet, 

patterns of violence social conditions, and lifeways (Lambert 2000). Bioarchaeology is able to 

emphasize regional and developmental diversity in distinct biocultural adaptations (Powell et al. 

1991). The variety of bioarcheological interpretations have led to recent reconsiderations of 

traditional assumptions about cultural complexity. The majority of bioarchaeological research in 

Florida and the Southeast has focused on the Contact-era to examine differences before and after 

European arrival, or on the earlier transition to sedentary lifestyles with the implementation of 

maize agriculture (Hutchinson 2004, 2006; Hutchinson and Norr 1994; Hutchinson et al. 1998; 

Lambert 2000; Larsen et al. 2001).  
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With poor preservation conditions and acidic soil in Florida, it is uncommon that a large 

number of individuals’ skeletal remains are preserved. Additionally, many other sites in Florida 

were not excavated in their entirely, with original excavations leaving behind buried individuals. 

Fort Center, in contrast, is unique in that it was so extensively excavated, which led to the 

recovery and ultimate curation of a greater number of individuals. With larger skeletal samples, 

it is more likely that these individuals, particularly if there is an equal distribution of age and sex, 

are representative of the entire population. Fort Center represents a remarkably well-preserved 

and large number of individuals, which makes it ideal for regional and diachronic comparisons. 

Comparisons  

This research compared the Fort Center data to data from other Florida skeletal 

assemblages, which are represented, along with their original references, in Table 6-1. Data from 

two Archaic wet cemetery sites, Windover and Republic Groves, are used to situate Fort Center 

as a possible wet cemetery site. Fort Center’s heavy and preferred use of the pond as a primary 

area for interment makes this a critical evaluation. The bulk of comparisons, however, are made 

with other Woodland period sites because this is the time period thought to represent the most 

activity of the mound-pond complex at Fort Center (Sears 1982; Thompson and Pluckhahn 

2012). It should be noted that osteological comparisons in particular are limited to available data. 

Although additional Woodland Period sites are mentioned in Figure 2-12, not all of these sites 

have osteological data that are currently available.  

All data were compared in two meaningful ways. First, an overview of the mortuary 

practices discerned within Fort Center were compared to mortuary practices at other selected 

Florida sites. Second, bioarchaeological data, including skeletal stress, disease and health, dental 

disease, trauma and injury, paleodiet inferred from light stable isotopes, mobility and origin 
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inferred from heavy stable isotopes, situate the Fort Center population within a greater regional 

context (Katzenberg and Saunders 2008). A focus was placed on negative health indicators to 

discern a general understanding of demographic health disparities within populations. Several 

key pathologies are counted within a population to determine the percentage of occurrence, and 

these percentages are compared among populations to discern trends in physical health. Sites 

with unreported or unavailable osteological data for a particular category (i.e., dental 

pathologies) were omitted from the corresponding tables.   

Mortuary Practices  

The majority of the burials recovered at Fort Center were from the pond. Use of a pond as 

a final place of deposition is similar to other sites from the Early Archaic Period. This time 

period was marked by burials that were placed in shallow ponds and held down by wooden 

stakes (Dickel 2002; Hutchinson 2004). These so-called wet cemetery sites, including Republic 

Groves and Windover Pond, contained a large number of individuals, typically flexed burials, 

and associated artifacts such as stone tools, animal bones, and jewelry (Klingle 2006). However, 

the precise burial location of the Fort Center individuals is unknown. Sears (1982) also posits 

that individuals recovered from the pond were originally defleshed, bundled and placed on a 

wooden platform over the pond, and subsequently positioned in the pond.  

In Florida, a well-known example of a wet cemetery site, and one of the most analyzed, is 

Windover, which dates to 5000-6000 B.C. of the Early Archaic period. This is one of the most 

thoroughly and well-excavated wet cemetery sites, along with one of the larger human skeletal 

samples of 168 individuals. The long-term occupation of this site, perhaps as long as 1,000 years, 

indicates a significant persistence in cultural way of life (Tuross et al. 1994). This is similar to 

how Thompson and Pluckhahn (2012:52) describe Fort Center as a “persistent monumental 
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place” due to its long-term ritual use and significance. Early analysis at both Windover and 

Republic Groves has determined that the individuals interred within these mortuary ponds are 

primary and flexed burials (Doran and David 1988; Klingle 2006). Additionally, in contrast to 

practices observed at Fort Center, juvenile individuals were buried with a greater number of 

burial goods than adults (Doran and Dickel 1988).  

Contemporary Weeden Island sites to the North in Florida do not have an artificial pond. 

There are, however, several excavated and analyzed sites that indicate the presence of a charnel 

house, such as Bayshore Mound B, McKeithen, and Palmer Mound (see Chapter 2), as well as 

frequent bundle and single skull burials (Willey 1949a). This research suggests that, while it is 

likely that there was a wooden structure erected over the pond at Fort Center, which at some 

point burned and fell into the pond, it is unclear how long deceased individuals were maintained 

on top of this structure. Furthermore, this research found little evidence to support the hypothesis 

that deceased individuals were intentionally defleshing. As discussed in Chapter 4 section Cut 

Marks, perimortem cut marks found noted on only four long bones, two tibiae and two femora 

from the ACC#4406 materials recovered in 1963. The precise burial position of the rest of the 

population, including whether or not burials were primary or secondary, is unknown at this point 

due to the loss of Dr. Sublett’s original field notes. Sears’s original plan view maps of burials 

excavated in 1963 depict individuals that are not in anatomical position and appear to have been 

bundled, but this is a relatively small component of the overall Fort Center population. 

Finally, no evidence of special treatment of select individuals was found at Fort Center. It 

has been suggested that some individuals at Weeden Island period sites in northern Florida were 

able to achieve higher social status by being ritual leaders or specialists. Evidence of higher 

status has been inferred from slightly different burial treatment observed, including burial 
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placement and the association of grave goods. For example, at McKeithen Mound B, a Weeden 

Island site, and Block-Sterns Mound A, a pre-Weeden Island site, a single individual at each site 

was the recipient of distinguished treatment (Brose 1979; Milanich 1997; Turner et al. 2005). 

The osteological assessment conducted for this research did not find evidence suggesting that a 

similar high-status individual, or a “big man,” was at Fort Center. It is possible that a more 

intensive analysis of either stable isotope geochemistry or burial goods would yield more insight. 

However, from initial reviews of Sears’s original field notes and the nature of the highly 

clustered individuals within the pond area, not only are few grave goods even noted but it is also 

nearly impossible to correlate specific grave items to specific individuals.  

Osteology  

Osteological data from the Fort Center population, including paleodemography and 

paleopathologies, are described and compared to other Florida sites below. 

Paleodemography. MNI estimates from multiple Florida sites, ranging from the Archaic 

Period to Post-Contact, are shown in Table 6-1. Original references for all data utilized in the 

following comparisons are also provided within this table. The number of individuals recovered 

at Fort Center (n=693) is unusually large, particularly for a pre-contact site in Florida. The other 

sites with substantial MNIs generally peak at 400 or 500 individuals (i.e., Palmer Mound, 

Thomas Mound and Bayshore Mound B). The exception was Tick Island, which may have held 

as many as a thousand burials; however, shell mining removed them and thus a final MNI count 

is unknown (Aten 1999). Additionally, other sites, such as Windover, were not fully excavated. 

Therefore, the MNI reported is not representative of the entire site or population, merely the 

number of individuals excavated and available for analysis. The Fort Center site has a robust 

MNI of 693 individuals, not including individuals who were noted in Sears’s original field notes 
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but uncollected and those individuals who were likely buried in areas of the site not excavated at 

all.  

The 693 individuals at Fort Center include of 421 adults (61%), including younger and 

older adults, and 272 juveniles (39%), including prenatal individuals, infants, children, and 

adolescents. Of the adults, 126 are female (18%), 120 are male (17%), and another 450 (65%), 

including both adults and juveniles, are of indeterminate sex (see Chapter 4).   

Table 6-2 summarizes the paleodemographics in terms of biological sex at Fort Center, 

two Archaic period wet-cemetery sites, and other Woodland Period Florida sites. When 

comparing Fort Center’s demographics to those of other analyzed Florida collections, Fort 

Center has a fairly even distribution of males to females. Several other sites also display a similar 

number of males and females, including Windover, Republic Groves, Woodward Mound, 

McKeithen Mound C, Palmer Mound, and Bayshore Homes Mound B. The majority of other 

sites have as many as two or three times as many males as females. These sites include Thomas 

Mound, Jones Mound, Browne Mound, and Briarwoods. Additionally, Aqui Esta is unique in 

that no female individuals were identified. Another exception is Perico Island, which has a 

significantly larger number of females. It should be noted that Fort Center, along with several 

other sites, has a large percentage of individuals whose biological sex could not be determined. 

Other sites could also be affected by preservation bias or even researcher bias.  

Table 6-3 summarizes the paleodemographies for Fort Center and other Florida sites in 

terms of age-at-death. When juveniles (individuals <18 years of age) are compared to adults of 

any age, Fort Center’s adult/juvenile ratio of 1.6 (n=421 adults, 61%; n=272 juveniles, 39%) 

places it in the middle of the range for all sites. The largest percentage of juvenile individuals 

was reported at Windover, which is one of the wet cemetery sites. Other sites with high 
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percentages of juvenile individuals include Sowell Mound and Bayshore Homes Mound B. The 

higher number of adults relative to juveniles at Fort Center is generally the case at other Florida 

sites. Nevertheless, the adult/juvenile at Fort Center is smaller than values at Republic Groves, 

Aqui Esta Mound, Thomas Mound, Jones Mound, Browne Mound, McKeithen Md C, Bayshore 

Homes Mound B, and Briarwoods. Overall, adult and juvenile percentages at Fort are 

comparable with these reported ranges from other prehistoric Florida sites and do not stand out 

as being exceptionally high or low. 

 Paleopathology. A summary of observed pathological conditions observed at Florida 

archaeological sites is summarized in Table 6-4 through 6-7. In general, Fort Center has 

intermediate to low levels of antemortem conditions compared with other Florida sites. For 

whatever reason, general oral health was better at Fort Center. Other, non-specific infectious 

diseases, such as porotic hyperostosis and cribra orbitalia, were also encountered at fairly low 

frequencies within the Fort Center population. 

Dental pathologies. Dental pathologies are reported in Table 6-4. The most common 

pathology at Fort Center, dental or otherwise, was LEH at 27% (n=190 individuals) which is 

intermediate when compared to sites with lower prevalence such as Windover and Bayshore 

homes and sites with higher prevalence such as Browne Mound, Palmer Mound, and Pericho 

Island. Other dental pathologies at Fort Center, including the frequency of carious lesions, 

antemortem tooth loss, periodontal disease, and abscesses are lower than percentages reported 

from other Florida sites.  

When comparing Fort Center’s dental pathologies at a population level, with the 

exception of carious lesions, for which Fort Center demonstrated the highest percent, all other 

negative health indicators were much lower than values reported from other sites. McKeithen 



 

272 

 

Mound C, Palmer Mound, and Perico Island, in particular, exhibited high frequencies of nearly 

all dental pathologies. 

Non-specific pathologies. Non-specific pathologies are reported in Table 6-5. 

Osteoarthritis and syphilis are not compared because data from other Florida sites are not 

available. Both cribra orbitalia (n=95 individuals, 13%) and porotic hyperostosis (n=97 

individuals, 14%) frequencies are lower than those observed in Windover, Palmer Mound, and 

Perico Island. Periosteal reactions, on the other hand, are observed on 106 individuals, or 15% of 

the 693 Fort Center individuals, which is a high frequency when compared to other Florida sites 

except Sowell Mound.  

When comparing non-dental pathologies, Fort Center also presents with relatively low 

frequencies of non-dental pathologies. For porotic hyperostosis, Fort Center has the second 

lowest frequency, with only Bayshore Mound B displaying a lower percent. For cribra orbitalia, 

Fort Center was also the second lowest following Aqui Esta Mound. For periostitis, osteolytic 

lesions, and osteoarthritis, Fort Center’s frequencies were comparable to those of other sites.  

Male vs. female. Pathologies according to biological sex are reported in Tables 6-6 and 

6-7. When comparing the overall health differences between males and females, results varied 

and no general trends were observed. However, it should be noted that many pathological 

conditions for these comparative sites are reported as a single value for the entire population and 

do not differentiate between frequencies of pathologies in males and females and certainly not 

between adults and juveniles.  

In terms of biological sex, females at Fort Center demonstrated higher frequencies of 

carious lesions, periodontal disease, and abscesses than did males. Similar to Palmer Mound and 

Perico Island, males at Fort Center displayed a higher frequency of LEHs than females. Palmer 
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Mound, Bayshore Homes Mound B, and Fort Center also display higher rates of abscesses 

among females, compared to males. For non-dental pathologies, females at Fort Center and 

Windover were more affected by porotic hyperostosis and cribra orbitalia. Palmer Mound and 

Perico Island, in contrast, had higher frequencies of those afflictions than were exhibited among 

males. With the exception of Palmer Mound, periostitis more frequently affected males within 

Fort Center and all other compared populations. Osteoarthritis, which was only reported at two 

other sites, was more commonly observed to affect male individuals in Fort Center and 

Windover.  

Antemortem Trauma. An overview of observed trauma in Fort Center and other Florida 

sites is presented in Table 6-8. Minimal occurrences of antemortem trauma were reported across 

all Florida sites used for comparison. The number of individuals affected by antemortem trauma 

is generally less than 10% of the entire population, with the exception of Windover, which had a 

high rate of trauma of 22%. Antemortem trauma observed within the Fort Center population is 

the second lowest reported, following that of Perico Island. Both Fort Center and Palmer Mound 

exhibit a higher rate of antemortem trauma for male than females. Females at Windover, in 

contrast, exhibit a dramatically higher frequency of antemortem trauma than males. Perico Island 

only reports one incident of antemortem trauma which affected a single female individual.   

Stature. Estimated statures are presented in Table 6-9 below. For some comparative 

sites, only ranges, for either the total population or by biological sex, were reported; for others, 

no estimate of stature was reported. To compare stature at Fort Center to a greater number of 

Florida populations, search parameters were broadened to include sites of any time period. When 

comparing the available stature data, there is a general trend that males have a greater stature 

than females. The mean stature calculated within the Fort Center population falls nicely within 



 

274 

 

the range of mean statures estimated from other Florida populations. Specifically, the mean 

stature observed within the Fort Center population is very similar to that observed at Windover, 

Manasota Key, and Bayshore Homes Mound B. Reported ranges of stature, either population 

wide or by biological sex, are also similar to the range of 165 to 171cm within the Fort Center 

population.  

Daily Lives  

A brief interpretation of the quality of daily life in terms of gender differences and age 

categories is discussed below. For inferences about age groups, an emphasis is placed on LEH 

and cribra orbitalia, which are thought to reflect physiological stress during periods of childhood, 

and the number of juvenile individuals present at a particular site. For gender inferences, all 

available health data are considered. Mortuary and burial practices were not considered in this 

analysis but should be incorporated in future research efforts.  

Table 6-10 compares the frequencies of LEH and cribra orbitalia among the different 

Florida sites. Fort Center exhibits intermediate levels of both LEH and cribra orbitalia when 

compared to the other Florida sites. Aqui Esta Mound has the lowest incidence of LEH and an 

intermediate frequency of cribra orbitalia. Perico Island, in contrast, demonstrates high levels of 

both. The incidence of LEH is also extremely high at McKeithen Mound C and Palmer Mound, 

although neither site reports a frequency for cribra orbitalia. When looking at whether there are a 

greater number of juveniles or adults, all sites with the exception of Windover Pond report that 

there are more adult individuals present. Windover also exhibits a high incidence of LEH but a 

surprisingly low incidence of cribra orbitalia.  

Different LEH and cribra orbitalia values across sites suggest that the period of childhood 

was not comparable within these populations. Individuals at Perico Island, which had high levels 
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of both LEH and cribra orbitalia, likely suffered from a particularly stressful period of childhood. 

Unfortunately, age determination was done on these individuals, so age-at-death distributions are 

unknown. Palmer Mound too had the highest percentage of LEH, and individuals there likely 

experienced stressful times during childhood. However, the majority of individuals analyzed at 

Palmer Mound were adult, which suggests that, despite a stressful childhood, these individuals 

were able to survive into adulthood. This is not uncommon with past populations, as the weaning 

transition can be especially stressful to young individuals. Childhood was apparently less 

stressful at Aqui Esta Mound, Windover, and Fort Center. The population at Windover, as the 

site with the greatest number of juvenile individuals, perhaps had high levels of fertility. 

Table 6-11 presents an overview of health indicators according to biological sex. The 

frequencies of pathologies according to biological sex reflect what is presented above, with 

Palmer Mound and Perico Island exhibiting high frequencies and Fort Center displaying lower 

and intermediate frequencies across the board. Generally, the majority of sites compared have 

nearly equivalent numbers of males and females, and both biological sexes are affected by 

pathologies at the same rate. This suggests that, if there were cultural rules that mediated gender 

behaviors, biological sex was not a limiting factor. Even osteoarthritis, when reported, was 

present at similar levels in males and females, which indicates that levels of activity and activity 

patterns between biological sexes. In other words, males and females likely performed similar 

daily tasks and ate similar foodstuffs. Although this research did not assess the mortuary 

practices of these sites, the nearly equal distributions of males and females found at Fort Center, 

Windover, and Palmer Mound suggests that individuals of different biological sex were treated 

similarly, at least insofar as they were placed within the same general area. Future work should 
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consider Aqui Esta, Perico Island, and Bayshore Homes Mound B, all of which had unequal 

percentages of males and females.  

Despite the fact that health levels between males and females were quite similar at most 

sites, there were two primary exceptions. Aqui Esta Mound males exhibited a higher level of 

periostitis; however, no females were reported as present, although a large number of individuals 

were of indeterminate biological sex. This makes intra-population comparisons in terms of 

biological sex difficult for this site. At Fort Center, males and females demonstrated a 

statistically significant difference in the frequency of porotic hyperostosis. While the levels 

exhibited by females at Fort Center were intermediate compared to other Florida sites, they were 

much higher than the levels of males. While specific interpretations of this difference are 

discussed in Chapter 5 Paleopathologies sections, this suggests that, at Fort Center, which 

appears to have been an egalitarian society, females clearly suffered more than males at least to a 

certain extent.  

Stable Isotopes  

There have been few isotope studies on prehistoric archaeological remains in Florida. 

Current research that uses stable isotopes as a part of a multidisciplinary archaeological approach 

in Florida falls into three general categories: 1) sampling human remains to determine paleodiet 

with a specific focus on maize agriculture, 2) analysis of shells to determine midden 

accumulation processes, and 3) case studies of human remains to discern past origins and trends 

of mobility.  

Many existing reports of stable isotopes have used data from bone collagen and bone 

apatite data to make inferences about paleodiet. Specifically, studies have sought to determine 

when and where maize agriculture was implemented in Florida and thus distinguish between pre- 
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and post-contact periods in the area (Hutchinson 2006; Hutchinson and Norr 1994; Hutchinson et 

al. 1998; Kelly et al. 2006; Larsen et al. 2001; Norr 2003; Tykot et al. 2005). Results generally 

suggest that reliance on maize agriculture did not occur in Florida until after European contact 

(contra Kelly et al. 2006). As discussed in Chapter 5 section Stable Isotopes Pilot, the δ13Cap, 

δ13Cco, and δ13Cen values suggest that individuals at Fort Center did not consume maize. In fact, it 

is more likely that these individuals had a mixed diet that relied heavily on both fresh water and 

terrestrial resources.  

Other studies in Florida used stable isotopes to investigate shell mounds and deposits 

(Randall and Tucker 2012; Thompson et al. 2015). Recent research indicates that shell mound 

formation was likely rapid and an important discovery for understanding past large-scale 

gatherings (Sassaman and Randall 2012). A critical isotopic assessment of shell, such as oyster, 

can provide insights into the seasonal harvest of the bivalves, use of the midden, and larger site 

area. Such isotope analyses may make it possible to determine whether shell middens 

accumulated in a single season or over multiple years. This, in turn, may enable inferences about 

past social and ritual gatherings in a particular site and area, particularly with respect to 

reconstructing past feasting events.  

Stable isotope studies in Florida that have utilized strontium, lead, or oxygen data from 

tooth enamel were predominantly case studies. For example, Turner et al. (2005) utilize δ18O 

data to identify a non-local woman at McKeithen buried in Mound B and several individuals in 

Mound C. Quinn et al. (2008) sampled individuals from Tick Island and used 87Sr/86Sr ratios to 

determine that two individuals at the site were non-local. At Fort Center, although the sample 

size is small, isotopic data suggest that one adult individual of unknown biological sex likely 
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migrated to the site from the coast. There is no evidence, however, to suggest that this individual 

was a “big man” or a person of higher social status.  

Isotopic analysis, particularly as a part of broader, multidisciplinary approaches to 

studying the past, have tremendous potential. Additional research on prehistoric Florida that 

employs stable isotopes is necessary to better understand past populations in the region. Isotopes 

can be used to identify what people ate, where they came from, how they moved across the 

landscape, and for making broader socio-cultural interpretations.   
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Table 6-1. Overview of other Florida sites. 

Site Time/ Culture Period 
Analyzed 

MNI 
Reference/s 

Bird Island Early Archaic 36 
Stojanowski 1997; 

Stojanowski and Doran 1998 

Windover 

Pond 
Early Archaic 169 

Estes 1988; Purdy 1991; 

Hamlin 1995; Walsh-Haney 

1999; Dickel 1991, 2002; 

Doran 2002; Smith 2003; 

Hutchinson 2004 

Tick Island Middle Archaic 184 Aten 1999 

Republic 

Groves 

Middle-Late/ Transitional 

Archaic 
37 

Saunders 1972; Purdy 1991; 

Wharton et al. 1981 

Gauthier Late Archaic 105 Maples 1987 

Manasota Key Transitional/Late Manasota 120 Dickel 1991 

Aqui Esta Md Late Weeden-Safety Harbor 100 Hutchinson 1991, 2002 

Thomas Md Late Weeden-Safety Harbor 112 Willey 1949a 

Jones Md Late Weeden-Safety Harbor 188 Bullen 1952; Willey 1949a 

Browne Md 
Late Weeden Island/St 

Johns 
41 Sears 1959; Simpson 2001 

Mackenzie Md 
Late Weeden island/St 

Johns 
24 Sears 1959 

Woodward 

(Tacoma) Md 

Late Weeden Island/St 

Johns 
28 Bullen 1949 

Sowell Md Late Weeden Island 169 Robbins 1994 

Safety Harbor 
Safety Harbor Contact 

Period 
100 Griffin and Bullen 1950 

Mayport Md Swift Creek 46 Wilson 1965; Simpson 2001 
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Table 6-1. Continued  

Site Time/ Culture Period 
Analyzed 

MNI 
Reference/s 

McKeithen 

Md B 
Weeden Island 1 

Milanich et al. 1997; Turner et al. 

2005 

McKeithen 

Md C 
Weeden Island 36 

Milanich et al. 1997; Turner et al. 

2005 

Palmer Md Weeden Island 429 Hutchinson 2004 

Perico Island Glades I/Manasota 185 Wiley 1949; Hutchinson 2004 

Bayshore 

Homes Md B 

Late Weeden Island/ 

Early Safety Harbor 
118 Sears 1960 

Briarwoods 
Late Weeden Island/ 

Safety Harbor 
87 Mitchem 1985; Pinto 2004 

Yellow 

Bluffs-

Whitake Md 

Semi Safety 

Harbor/Glades 

III/Manasota 

10 Milanich 1972 

Tatham Md 
Safety Harbor Post-

Contact 
314 

Hutchinson 1991, 2004; Mitchem 

and Hutchinson 1986 
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Table 6-2. Paleodemographics of biological sex at Fort Center and other Woodland Period sites 

in Florida.   

Site Period 
Analyzed 

MNI 

Males 

(%) 

Females 

(%) 

Indeter-

minate 

(%) 

Males: 

Females 

Fort Center Woodland Period 693 17 18 65 0.9 

Windover 

Pond 
Early Archaic 169 47 47 74 1.0 

Republic 

Groves 

Middle-Late/ Transitional 

Archaic 
37 10 10 17 1.0 

Aqui Esta 

Md 
Late Weeden-Safety Harbor 100 18 0 82 n/a 

Thomas Md Late Weeden-Safety Harbor 112 53 24 24 2.2 

Jones Md Late Weeden-Safety Harbor 188 75 25 0 3.0 

Browne Md Late Weeden Island/St Johns 41 28 10 63 2.8 

Mackenzie 

Md 
Late Weeden Island/St Johns 24 0 0 100 n/a 

Woodward 

(Tacoma) 

Md 

Late Weeden Island/St Johns 28 29 21 50 1.4 

Sowell Md Late Weeden Island 169 40 46 14 0.9 

McKeithen 

Md C 
Weeden Island 36 28 25 47 1.1 

Palmer Md Weeden Island 429 17 17 66 1.0 

Perico 

Island 
Glades I /Manasota 185 38 62 0 0.6 

Bayshore 

Homes Md 

B 

Late Weeden Island/ Early 

Safety Harbor 
118 42 36 23 1.2 

Briarwoods 
Late Weeden Island/ Safety 

Harbor 
87 32 13 55 2.5 
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Table 6-3. Paleodemographics of age of Fort Center and other Woodland Period sites in Florida.   

Site Period 
Analyzed 

MNI 

Adults 

(%) 

Juveniles 

(%) 

Unk. 

Age (%) 

Adults: 

Juveniles 

Fort Center Woodland Period 693 61 39 0 1.6 

Windover Early Archaic 169 43 50 7 0.9 

Republic Groves 
Middle-Late/ 

Transitional Archaic 
37 31 6 0 5.2 

Aqui Esta Md 
Late Weeden-Safety 

Harbor 
100 77 23 0 3.3 

Thomas Md 
Late Weeden-Safety 

Harbor 
112 85 15 0 5.7 

Jones Md 
Late Weeden-Safety 

Harbor 
188 78 17 5 4.6 

Browne Md 
Late Weeden Island/St 

Johns 
41 75 8 17 9.4 

Mackenzie Md 
Late Weeden Island/St 

Johns 
24 0 4 96 n/a 

Woodward 

(Tacoma) Md 

Late Weeden Island/St 

Johns 
28 25 71 4 0.4 

Sowell Md Late Weeden Island 169 36 64 0 0.6 

McKeithen Md C Weeden Island 36 72 28 0 2.6 

Palmer Md Weeden Island 429 79 12 9 6.6 

Bayshore Homes 

Md B 

Late Weeden Island/ 

Early Safety Harbor 
118 36 63 1 0.6 

Briarwoods 
Late Weeden Island/ 

Safety Harbor 
87 52 14 34 3.7 
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Table 6-4. Total population frequencies (%) of dental pathologies observed in Fort Center and 

other Florida sites. 

Site MNI 
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Fort Center 693 10 27 5 7 3 pres. 

Windover Pond 169 5 2.8 n/a n/a 38 reported n/a 

Republic Groves 37 3.1 n/a n/a 83 n/a pres. 

Aqui Esta Md 100 6 23 0 0 0 n/a 

Woodward 

(Tcoma) Md 
28 8 n/a 32 n/a n/a pres. 

Sowell Md 169 4 teeth n/a n/a n/a n/a pres. 

McKeithen Md C 36 n/a 67 n/a n/a n/a n/a 

Palmer Md 429 3 78 26 23 14 pres. 

Perico Island 185 5 52 n/a 50 50 n/a 

Bayshore Homes 

Md B 
118 n/a 1 n/a n/a 5.2 pres. 
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Table 6-5. Total population frequencies (%) of non-specific and other pathologies observed in 

Fort Center and other Florida sites. 
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Fort Center 693 14 13 15 3 <1 1 9 

Windover Pond 169 41.6 27.2 7 to 8 n/a 0.4 n/a 98 

Republic 

Groves 
37 7 n/a n/a n/a 10.8 n/a 

most common 

pathology 

Aqui Esta Md 100 30 7.7 9 11 11 4.5 n/a 

Sowell Md 169 n/a n/a 58.5  19.4 1 person 0.3 

Palmer Md 429 29 n/a 8 6 0.5 2 11 

Perico Island 185 44 44 n/a n/a n/a 1 n/a 

Bayshore 

Homes Md B 
118 0.8 n/a n/a 5 5.2 2 >13% 

 

 

Table 6-6. Biological sex frequencies (%) of dental pathologies observed in Fort Center and 

other Florida sites. 
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Site  MNI M F M F M F M F M F 

Fort Center 693 7.5 11 28 26 12 7 12 14 6 8 

Aqui Esta Md 100 n/a n/a n/a n/a 0 0 0 0 0 0 

Palmer Md 429 4 2 80 71 29 31 24 29 14 21 

Perico Island 185 10 7 65 51 n/a n/a 52 47 n/a n/a 

Bayshore Homes Md B 118 n/a n/a 2 0 n/a n/a n/a n/a 2.1 12 

For this table, M = males and F = females.  
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Table 6-7. Biological sex frequencies (%) of non-specific and other pathologies observed in Fort 

Center and other Florida sites. 
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MNI M F M F M F M F 

Fort Center 693 13 25 8 24 11 8 13 10 

Windover Pond 169 38.8 52.3 16.6 30 1.80 1.10 100 97 

Aqui Esta Md 100 n/a n/a n/a n/a 50 0 n/a n/a 

Sowell Md 169 n/a n/a n/a n/a 12.8 7.8 n/a n/a 

Palmer Md 429 56 39 n/a n/a 8 14 20 24 

Perico Island 185 50 43 50 43 n/a n/a n/a n/a 

Bayshore Homes Md B 118 n/a n/a n/a n/a n/a n/a n/a n/a 

For this table, M = males and F = females. 

 

Table 6-8. Observed rates of trauma in Florida sites. 

Site 
MNI 

Trauma (%)   

T M F M:F 

Fort Center 693 3 3 2 1.5 

Windover Pond 169 22 27.8 34 1.3 

Republic Groves 19 n/a n/a n/a n/a 

Aqui Esta Md 100 0 0 0 0 

Thomas Md 112 7 n/a n/a n/a 

Woodward (Tacoma) 

Md 

100 4 n/a n/a n/a 

Sowell Md 46 4 n/a n/a n/a 

Palmer Md 36 4 11 5 2.8 

Perico Island 429 1 0 1 0 

Bayshore Homes Md B 185 5 n/a n/a n/a 

For this table, T = total population, M = males, and F = females. 
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Table 6-9. Recorded stature averages and ranges for Fort Center and other Florida sites. 

Site Period 
Total 

(cm) 
Males (cm) Females (cm) 

Fort Center Woodland Period 162 167 158 

Bird Island Early Archaic 170 172 164 

Windover Pond Early Archaic 165 170 159 

Republic Groves 
Middle-Late/ 

Transitional Archaic 
157 to 172 

Bay Cadillac Late Archaic n/a 158 to 178 120 to 141 

Gauthier Late Archaic 159 165 154 

Aqui Esta Md 
Late Weeden Island/ 

Safety Harbor 
n/a n/a n/a 

Tierra Verde Md Safety Harbor 156 to 163 

Manasota Key 
Late Manasota/ 

Caloosahatchee 
164 166 157 

Bayshore Homes Md 

B 

Late Weeden Island/ 

Early Safety Harbor 
167 169 164 

Briarwoods 
Late Weeden Island/ 

Safety Harbor 
n/a 158.2 n/a 

Quad Block Second Seminole War n/a 165.1 to 172.7 152.4 to 165.1 

Weeki Wachee Md 
Safety Harbor - Post 

Contact 
174 n/a n/a 
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Table 6-10. Levels of LEH and cribra orbitalia and the age cohort with the greatest number of 

individuals.  
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Fort Center adults medium medium 

Windover juveniles high low 

Republic Groves adults n/a n/a 

Aqui Esta Md adults low medium 

McKeithen adults n/a high 

Palmer Md adults n/a high 

Perico Island n/a high high 

 

 

Table 6-11. Levels of pathologies in terms of biological sex (males and females).   
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Fort Center equal 
same, low except 

for LEH 

different, 

females > 

males 

same, low same, low 

Windover equal n/a same, high same, low same, high 

Aqui Esta Md all males same, low n/a 

different, 

males > 

females 

n/a 

Palmer Md equal 
same, 

high/intermed. 
same, high same, low 

same, 

intermed. 

Perico Island females 
same, high 

except for caries 
same, high n/a n/a 

Bayshore Homes Mound B males same, low n/a n/a n/a 
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CHAPTER 7 

CONCLUSIONS AND FUTURE WORK 

Despite Fort Center’s position as one of the most extensively studied ceremonial sites in 

prehistoric Florida, the lack of information from a complete assessment of the human remains 

has inhibited more holistic archaeological interpretations. This research sought to begin filling 

this gap by examining the Fort Center human skeletal collection and drawing broader health and 

sociocultural conclusions about these people. Specifically, by drawing on approaches of social 

bioarchaeology, this research contributed to an understanding of how these people lived in terms 

of daily practices and overall health, what they ate, where they came from, how they related to 

one another, and how they ritually treated their dead.  

Hypotheses Re-Visited 

The primary hypotheses assessed by this research, guided by Sears’s (1982) original 

interpretations of Fort Center, are presented in Table 3-1. The following sections provide an 

explanation as to whether the results obtained support or fail to support each of the hypotheses.  

H1. The mound-pond complex included a wooden platform over part of the pond.  

Evidence supports this hypothesis. A careful review of existing documentation indicates 

that the burnt wood found at Fort Center is from the vicinity of the original demarcation of the 

charnel platform by Sears (1982). The wood collection present within the FLMNH does not 

provide a holistic view of the wood present within the site in general and should not be treated as 

such. Sears (1982), in his extensive field notes, included multiple references to uncollected 

“timbers” encountered during excavations. Although these large wooden timbers are not 

available for analysis, it is certainly possible that they were used to construct a platform. The 

amount of wood described as discarded or too fragile for collection is extensive. Finally, it is 
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conceivable that the prehistoric inhabitants of Fort Center recollected and reused larger pieces of 

wood after the fire for other practical purposes.  

Minimal evidence of fire damage is observed on human skeletal elements and wood 

fragments present within the FLMNH collections, but this “lack of evidence” is not definitive. It 

is likely that severely burnt wood was destroyed during or after the fire event. Due to its fragility, 

it is unlikely that much of the severely burnt wood would have survived post-depositional 

processes for hundreds/thousands of years. Discovery of only a dozen burnt human skeletal 

elements is also not surprising. It is unlikely that many deceased individuals would have been 

placed upon the platform at any given time due to space constrictions. Finally, a fire on the 

wooden platform likely would have affected the platform itself. Once the structure grew too 

weak and damaged to support the human remains, it would have collapsed, submerging those 

individuals into the pond. The collapse would have extinguished any fire that affected the human 

remains.  

 Although not found at the FLMNH, many instances of burnt materials are noted in 

Sears’s original field notes. As seen in Figure 4-1, careful reconstruction of the “burn line” of 

these materials plotted against Sears’s original figure proved to be a good match to the edge of 

the charnel platform as originally drawn by Sears (1982). This is not a coincidence and suggests 

there was indeed a wooden platform present above Fort Center’s artificial pond.  

H2. Individuals whose remains were interred in the pond area had high status.  

Evidence fails to support this hypothesis. This research did not identify individuals who 

were distinguished as either high or low status. All osteological and mortuary evidence suggests 

that individuals, regardless of biological sex or age, were given the same social treatment in 

death. As discussed in Chapter 5, in terms of overall health, however, certain intra-population 
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differences were discerned, which could reflect differential social status or roles of behavior. 

Females and children were most affected by certain pathological conditions, for example LEH 

and cribra orbitalia. This uneven distribution of negative health indicators suggests that the 

periods of pregnancy, breastfeeding, weaning, and early childhood were especially stressful 

within the Fort Center population.  

In particular, this research found no evidence that there was a “Big Man,” or elite ritual 

specialist, at Fort Center. No single individual, or group of individuals, stood out in terms of 

osteological, mortuary, or stable isotope evidence. However, a single individual, CAT#A-

16272HR, was identified as a possible non-local inhabitant at Fort Center, but local to the area of 

south-central Florida. This individual’s osteobiography is discussed in Chapter 5. The general 

lack of evidence to support elite status, however, could be a consequence of preservation bias. If 

elite mortuary specialists lived at and were buried within Mound A, which was a “dry” area on 

the site, then their remains likely would not have been preserved. Only five individuals were 

recovered from Mound A, and their remains are all heavily fragmentary.  

Additionally, as discussed in Chapter 6, this research found that incidences of negative 

health indicators at Fort Center were generally lower than those observed at other prehistoric 

Florida sites. This could be because the population of Fort Center was representative of a higher-

status group. These differences in overall health, however, could also be a reflection of Fort 

Center’s natural abundant resources, both from Lake Okeechobee and from the surrounding 

environment. With more abundant and diverse natural resources, it is possible that stress levels, 

particularly during childhood, were relatively low in the Fort Center population.  
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H3. Mortuary specialists at Fort Center defleshed bones of the deceased.  

Evidence fails to support this hypothesis. Only four long bones had perimortem cut 

marks, which is certainly not a large enough frequency to characterize the behaviors of an entire 

population. The majority of cut marks (n=22, 85%) were, in fact, the result of postmortem 

damage and likely occurred during excavation from the sharp edge of a trowel. Additionally, 

secondary, bundled burials are often seen in association with postmortem treatment of human 

remains, and there is minimal evidence of secondary or bundled burials at Fort Center.  

However, the few elements with perimortem cut marks came from the center of the pond, 

which was excavated in 1963, the first year of excavation. Original burial maps depict 

individuals in bundled positions. Both the cut marks and the bundling, as well as other lines of 

evidence discussed below, suggest that the individuals excavated from the center of the pond in 

1963 are representative of a separate or sub-population. 

H4. Individuals at Fort Center were not all contemporary.  

Evidence supports this hypothesis. Although no radiocarbon dating was done for this 

research, a careful review of the original field notes and assessment of the burials indicates a 

complex depositional history at Fort Center. Different groups of individuals were recovered at 

different depths within the pond and Mound B, which suggests multiple and periodic use of these 

site features. Furthermore, due to the large number of individuals interred at Fort Center (n=693), 

it is extremely unlikely that all of these individuals were deposited in a single or even several 

depositional events. The observed intra-site differences, in terms of burial treatment, overall 

health, and stable isotopes, which are discussed in Chapters 4 and 5, indicate it is unlikely that 

individuals from all the different site features represent a single population. Additionally, several 
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exceptional characteristics of individuals from the 1963 excavations suggest they belong to a 

separate or sub-population.  

H5. Individuals at Fort Center were native to south-central Florida.  

Evidence supports this hypothesis. All individuals had an average 87Sr/86Sr ratio of 

0.70892, which suggests an origin in south-central Florida, particularly a coastal region. 

Specifically, this average ratio indicates an area of origin near the juncture of the Quaternary 

limestone bedrock to the north and the Upper Tertiary region to the south (Quinn et al. 2008). 

Even the single outlier 87Sr/86Sr ratio (0.70837), identified in Chapter 5, is consistent with the 

Upper Tertiary region, perhaps slightly south of Fort Center. 

H6. Individuals at Fort Center enjoyed a broad-spectrum diet.  

Evidence supports this hypothesis. All δ15Nco, δ
13Cco and δ13Cen data from Chapters 4 and 

5 indicate that individuals at Fort Center likely relied on myriad resources, both aquatic and 

terrestrial, available to them. Lake Okeechobee and the surrounding environment unsurprisingly 

provided a variety of potential foodstuffs for Fort Center’s prehistoric inhabitants. Additionally, 

isotopic data suggests that the Fort Center individuals did not consume maize or rely on any 

other single food crop for subsistence. In addition to a diverse diet, these individuals consumed 

C3 plants such as rice, legumes, trees, or shrubs.  

Persistent Monumental Place 

The Fort Center, Florida archaeological site is known for its extensive landscape 

modification, ceremonial significance, and long-term occupation. Persistent place is a term 

originally proposed by Schlanger (1992) to mean locations that are occupied or reoccupied over 

extended periods of time. According to this original definition, persistent places possess certain 

key characteristics that serve as a focal point for their long-term histories of (re)use, such as 
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particular landscape features, and are generally located near an area of abundant natural 

resources (Schlanger 1992). Given the broad nature of this concept, Thompson and Pluckhahn 

(2012:50) proposed the partitioning into specific types of persistent places, and suggested the 

term “persistent monumental places” for locations where “monumentalization takes place 

incrementally over extended time frames relative to other sites in a given region.” This new term 

was successfully applied to Fort Center due to its long-term practice (over 2,000 years) of large 

monument construction in association with mortuary ceremonialism. Thompson and Pluckhahn 

(2012) provide numerous radiocarbon dates that supported a long-term use of the mound-pond 

complex. 

This research supports the classification of Fort Center as a “persistent monumental 

place.” Given the extensive number of individuals buried at Fort Center, including both males 

and females and individuals of all age categories, it is highly unlikely that all of these individuals 

were interred in a single depositional event or even over a short timeframe. The complicated 

seriation of the Fort Center individuals as well as their dispersed locations throughout the site 

also suggests that burial events were episodic. Indeed, preferential use of a particular site feature, 

such as Mound A or Mound 13, suggests it was socially or ritually significant to a specific group 

of prehistoric inhabitants of Fort Center.  

Despite some location variation at the site, this research showed that, by far, the majority 

of individuals (n=485, including pond center-1963) were placed within the artificial pond, which 

further supports the persistent practice of aquatic burial. The recognition of water as a sacred 

ancestral space was clearly a persistent belief and an important part of spiritual beliefs, ritual 

practices, and ancestral treatment. To summarize, this research supports previous conclusions 

that Fort Center is a ritually significant mortuary site that was used for many generations and 
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through a long period of time (Lawres 2019; Seinfeld and Spivey 2016; Thompson and 

Pluckhahn 2012).  

Separate or Sub-Population  

Results presented in Chapter 4 and discussed in Chapter 5 suggest that individuals 

extracted in 1963 from the center of the pond are likely representative of a separate or sub-

population at Fort Center. Numerous characteristics observed in the skeletal collection from this 

area of the site were not seen anywhere else. These characteristics include perimortem cut marks 

indicative of postmortem defleshing, bundle burials and red staining for which etiology is 

unknown. Additionally, a comparison of isotopic data and antemortem conditions between the 

1963 extractions from the center of the pond and the rest of the population yielded many 

significant differences (see Chapter 4). It is possible that individuals from the pond represent a 

period in Fort Center’s occupation history when the living performed specific and sacred burial 

rites that included the defleshing and bundling of the dead.  

NAGPRA Related Contribution 

In addition to providing a wealth of bioarchaeological data, this research contributes to 

ongoing efforts in support of the Native American Graves Protection and Repatriation Act 

(NAGPRA) of 1990. Human remains curated at museums, while available for study by qualified 

and approved researchers, are culturally, ethically, and legally sensitive materials. 

Bioarchaeological analysis and ongoing efforts to repatriate cultural materials present a complex 

and labor-intensive set of requirements. This is especially true for museum collections that 

comprise cultural materials which were excavated decades prior to the passing of NAGPRA 

legislation, such as Fort Center.  
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With the implementation of NAGPRA, federally recognized Native American tribes have 

a legal pathway to repatriate ancestral remains and funerary, sacred, and patrimonial objects. 

NAGPRA also facilitates collaboration, communication, and consultation between museums and 

tribes. With culturally sensitive collections, NAGPRA requires the inventorying of unassociated 

and associated funerary objects, sacred and patrimonial objects, and human remains. NAGPRA 

compliance includes an accurate minimum number of individuals (MNI) estimate, which is then 

listed in the Notices of Inventory Completion published in the Federal Registrar. This is a time-

consuming and laborious effort for museum personnel and is often, at least in part, compiled by 

knowledgeable volunteers and researchers. Such is the case with the materials from Fort Center.  

Efforts for this dissertation contribute to ongoing NAGPRA compliance and 

communications regarding the Fort Center human remains as well as associated funerary objects, 

such as the wooden effigy carvings. The two primary contributions of this research as a part of 

NAGPRA efforts are a detailed analysis of Fort Center accession records and documentation as 

well as the human remains. First, before working with the more than 12,300 skeletal elements, I 

thoroughly reviewed and assessed all associated documentation and records for the Fort Center 

collection. Because the Fort Center materials represent a legacy collection, their documentation 

is extensive. Second, as a trained bioarchaeologist, I was able to work directly with the remains, 

museum professionals, and associated documentation to provide a revised evaluation of the 

individuals represented within the Fort Center collection, including estimates of their age-at-

death and biological sex. Early NAGPRA submissions for the Fort Center skeletal materials 

listed an estimated MNI of 342, which is only about half of the individuals actually represented 

by this collection (see Table 4-11). This research ultimately reassessed and re-inventoried these 

materials to provide the required line by line list of individuals present. Information from this 
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recent review of both the documentation and the skeletal remains provides a foundation for 

future artifact analyses to distinguish which cultural materials are associated funerary objects. 

All of these efforts are part of the ongoing process to correct and resubmit the Fort Center notice 

to National NAGPRA.  

Future Research 

The Fort Center skeletal collection is exceptionally large and contains a wealth of 

important information. Although this research provides a foundational approach to working with 

this collection, particularly in terms of re-associating individuals, there is still much work to be 

done. Future work should be multi-faceted and focus on different types of evidence, including 

the human skeletal remains, other associated artifacts, and original documentation from the 

multiple field seasons. The potential applications for future research are extensive; several 

primary avenues are considered below.  

Relatedness  

Biodistance analysis, the study of genetically controlled traits, would be extremely 

helpful for determining relatedness of individuals. Even if occupation and use of Fort Center was 

episodic, it is possible that different generations were genetically related. In addition to 

relatedness, sex-specific patterns of trait variation can suggest past practices of post-marital 

residence, which would provide valuable insights into past patterns of mobility. In addition, 

aDNA research is recommended to enhance understanding of gene flow. Ancient DNA can be 

used to track past patterns of migration and inter-population gene mixture.  

Fort Center Timeline 

Radiocarbon dates have been provided for different moments of construction of site 

features but not on the human remains themselves. Selective sampling of the human remains for 
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AMS dates would be provide direct evidence about the occupation history at Fort Center. These 

results also have broader social implications because the majority of landscape modification at 

this site is related to mortuary rituals. A more refined chronology of these practices would 

facilitate more accurate interpretations of social identity and social interactions, particularly as 

they transformed and change through time (Stojanowski 2013).  

Paleodiet, Origin, and Paleomobility  

Further work using a larger sample for stable isotope analysis would facilitate a more 

detailed analysis of the dietary variation, human origins, and movements of individuals within 

the Fort Center population. However, future samples will have to be selected carefully due to the 

poor yields of bone collagen and bone apatite. Tooth enamel samples should be preferentially 

chosen as well as skeletal elements that are more robust and less likely to be affected by 

postmortem treatments and diagenesis. Given the small sample size used in this research, the 

potential for identifying mobile and non-local residents was minimal. Now that individuals have 

been re-associated and placed within their broader burial contexts, a more precise approach to 

broader sampling can be applied. Baseline samples, including bedrock, soil, water, and small 

fauna, from the Fort Center and Lake Okeechobee region should also be collected and analyzed 

isotopically to facilitate a more nuanced understanding of patterns of mobility.  

Re-Associating Individuals with Artifacts  

Future work on associated burial artifacts and original records is also necessary. All 

provenience of non-osteological materials, including but not limited to ceramics, historic 

artifacts, and wooden effigies, should be retrieved carefully using the original documentation. 

Then, the non-osteological methodologies (information processing techniques) utilized within 

this dissertation to re-associate component elements of specific individuals (i.e., to overcome the 
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separation of crania, dental elements, and post-cranial remains) can be applied to artifacts. 

Specifically, the application of Excel sort and nested filtering functions to tables of collected data 

can be used to re-associate these individuals to specific artifacts. This would provide another step 

towards NAGPRA compliance and would also help answer earlier questions about chronology 

and status.   

Other Research  

The above suggestions for future work are by no means exhaustive. Additional and 

meaningful analyses include dental microwear analysis, micro-CT scanning of dentine and tooth 

enamel, CAT scanning and 3D scanning the crania and radiographing for a better analysis of 

antemortem pathologies.  

Life Course Approach  

A more detailed assessment of antemortem health conditions observed within the Fort 

Center population can be completed by applying life course theories. Using this theoretical 

framework, which posits that an individual body is the sum of all experiences, including social, 

environmental, and physiological, it would be possible to make interpretations regarding 

sociocultural experiences in terms of life history developments. Specifically, the relationship 

between childhood frailty and adulthood frailty should be examined. It has long been posited that 

periods of stress early within an individual’s lifetime, particularly those that occurring in utero, 

during infancy, and early years of childhood, affect that individual’s overall health as an adult 

(Agarwal 2016). Early exposure to stressors often correlates with more frequent manifestations 

of disease in later adult life. By assessing childhood frailty and mortality, direct insights can be 

gained about these affected individuals as well as indirect inferences regarding their mothers, 

including pregnancy, breastfeeding, and weaning practices.  
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Additional research on the Fort Center population would include a more detailed 

assessment of LEH, including types of teeth affected and band measurements, and cribra 

orbitalia data in relation to other adult negative health indicators. LEH is a direct record of early 

life stressors ranging from in utero to around twelve years of age, while cribra orbitalia reflects 

periods of stress that occur before the age of four (Armelagos et al. 2009; Watts 2013). Using the 

Developmental Origins of Health and Disease (DOHaD) paradigm, one can address whether 

individuals who display either LEH or cribra orbitalia were more likely to have early rates or 

mortality, smaller terminal stature heights, or more frequent occurrences of other antemortem 

conditions. If no direct relationships are observed among these factors, then even this can inform 

as to whether periods of stress experienced as a young age were episodic and not long term or 

whether, after periods of stress, individuals experienced “catch up growth” in terms of stature. 

Finally, using a life history approach also enables the interpretation of cumulative events not 

only at the individual level but also over many generations at a community level.  
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APPENDIX A 

OVERVIEW OF WOOD AT FORT CENTER. 

Table A-1. Wood excavated at Fort Center.  

FLMNH 

ACC# 

FLMNH 

CAT# 

FAU 

ACC# 

FAU 

CAT# 

Excavation 

Year 
Wood # Description Provenience 

4406 98791 n/a 98791 1963 n/a a two-legged animal Charnel House 

4406 98792 n/a 98792 1963 5 
animalistic in shape with 

neck, back and tail 

A-B Pond, adjacent to 

2045 L285 in 2035 

L290 

4406 98793 n/a 98793 1963 6 
woodpecker-like head 

with vertical shaft 
A-B Pond, 2038 L294.5 

4406 98794 n/a 98794 1963 7 

carved wood bowl, oval, 

with carved owl head at 

one end 

A-B Pond, 2042.7 

L303.5 

4406 98795 n/a 98795 1963 8 
somewhat fish-like in 

outline 
A-B Pond 

4406 98796 n/a 98796 1963 9 bifurcated deer antler A-B Pond, 204.5 L292 

4406 98797 n/a 98797 1963 10 deer antler 
A-B Pond, 2052.1 

L290.7 

4406 98798 n/a 98798 1963 11 possible deer head A-B Pond, 2053.9 L271 

4406 98799 n/a 98799 1963 12 
small fragment, irregular 

shape 

A-B Pond, 2046.2 

L273.2 

4406 98800 n/a 98800 1963 13? resembles half a wheel 
A-B Pond, 2053.7 

L293.7 

4406 98801 n/a 98801 1963 13? 
roughly rectangular in 

cross section 
A-B Pond, 2054.5 L297 

82-22 
A-

15166 
38 A-0165 1964 n/a 

large bird carving in 2 

pieces 
Charnel House Pond 

82-22 
A-

15167 
38 A-0166 1964 n/a cat head carving Charnel House Pond 

82-22 
A-

15168 
38 A-0167 1966 n/a bird carving 

Charnel House 2434 

L267 Elev 18 

82-22 
A-

15169 
38 A-0168 1966 n/a unknown 

Charnel House 2433 

L262 Elev 18 

82-22 
A-

15170 
38 A-0169 1966 n/a unknown 

Charnel House 2436 

L268 Elev 19 

82-22 
A-

15171 
38 A-0170 1966 n/a unknown 

Charnel House 2436 

L266 Elev 17.9 

82-22 
A-

15172 
38 A-0171 1966 n/a unknown 

Charnel House 2421 

L268 Elev 17.8 

82-22 
A-

15173 
38 A-0172 1966 n/a unidentified 

Charnel House 2420 and 

2450 L265 to 270 

82-22 
A-

15356 
38 A-0395 1967 W67-1 deer antler 2409 L306 

82-22 
A-

15357 
38 A-0396 1967 W67-2 eagle head 2407 L298 

82-22 
A-

15358 
38 A-0397 1967 W67-3 double ended pounder 

Charnel House Indef. 

Location 

82-22 
A-

16058 
26 A-1281 1968 68-1 hollow pine square 2433 L297 Elev 20.6 
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Table A-1. Continued.  

FLMNH 

ACC# 

FLMNH 

CAT# 

FAU 

ACC# 

FAU 

CAT# 

Excavation 

Year 
Wood # Description Provenience 

82-22 
A-

16087 
26 A-1312 1968 68-2 small fragment 

10' north of 68-1 and 1" 

lower 

 

82-22 
A-

16004 
26 A-1217 1968 68-3 

2 small fragments, 

irregular 
2423 L299.5 

82-22 n/a [26] 
possible 

A-1216 
1968 68-4 5 fragments 2420 L271 Elev 17.8 

82-22 
A-

16056 
26 A-1279 1968 68-5 

large flat woodcarving in 

2 pieces 
n/a 

82-22 n/a [26] n/a 1968 68-6 timber, not collected A-B pond 

82-22 
A-

16028 
26 A-1245 1968 68-7 

flat woodcarving in 3 

pieces 
n/a 

82-22 n/a [26] n/a 1968 68-8 timber, not collected A-B pond 

82-22 n/a [26] n/a 1968 68-9 stick n/a 

82-22 n/a [26] n/a 1968 68-10 scrap, destroyed n/a 

82-22 
A-

16105 
26 A-1333 1968 68-11 

small long nosed 

mammal 

Charnel House 240284" 

L280 Elev 16.9 

82-22 
A-

15874 
26 A-1084 1968 68-12 

flat woodcarving, 2 

pieces 
n/a 

82-22 n/a [26] n/a 1968 68-13 
partial timber, not 

collected 
A-B pond 

82-22 
A-

15886 
26 A-1096 1968 68-14 

triangular woodcarving, 

possible part of bird 
n/a 

82-22 n/a [26] n/a 1968 68-15 
knot (like horse hoof), 

destroyed 
2422 L294 

82-22 n/a [26] n/a 1968 68-16 scrap, destroyed 2415 L290 Elev 1.9 

82-22 n/a [26] n/a 1968 68-17 scrap, destroyed 2416 L292 Elev 17.6 

82-22 n/a [26] n/a 1968 68-18 scrap, destroyed 2416.5 L289 Elev 17.6 

82-22 n/a [26] n/a 1968 68-19 scrap, destroyed 2415.5 L288 Elev 17.6 

82-22 n/a [26] n/a 1968 68-20 scrap, destroyed 2414 L291 Elev 17.4 

82-22 n/a [26] n/a 1968 68-21 scrap, destroyed 2415 L291 Elev 17.1 

82-22 n/a [26] n/a 1968 68-22 scrap, destroyed 2425 L291 Elev 18 

82-22 n/a [26] n/a 1968 68-23 scrap, destroyed 
2424 L290 Elev 17.9 or 

19.9 

82-22 n/a [26] n/a 1968 68-24 scrap, destroyed 2428.5 L282 

82-22 n/a [26] n/a 1968 68-25 n/a, left in place n/a 

82-22 n/a [26] n/a 1968 68-26 scrap, destroyed 2406 L284 Elev 16.4 

82-22 n/a [26] n/a 1968 68-27 scrap, destroyed 2420 L284 

82-22 n/a [26] n/a 1968 68-28 timber, not collected 2425 L283 Elev 18.3 

82-22 
A-

15876 
26 A-1086 1968 68-29 rounded timber 

2429 L279 to 2845 Elev 

18.4 

82-22 
A-

16069 
26 A-1293 1968 68-30 

pointed woodcarving, 

possible bird head 
2412.5 L292 Elev 16.6 

82-22 n/a [26] n/a 1968 68-31 scrap, destroyed 2420 L2935 
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Table A-1. Continued  

FLMNH 

ACC# 

FLMNH 

CAT# 

FAU 

ACC# 

FAU 

CAT# 

Excavation 

Year 

Wood 

# 
Description Provenience 

82-22 
A-

16071 
26 A-1295 1968 68-32 woodcarving unk. 2413.2 L281 Elev 16.4 

82-22 n/a [26] n/a 1968 68-33 hollowed piece 2423 L299.2 Elev 18 

82-22 
A-

15882 
26 A-1092 1968 68-34 

bird head, possible 

vulture 
2419 L302 Elev 18 

82-22 
A-

16063 
26 A-1286 1968 68-35 Woodcarving scraps 2422 L298 Elev 18 

82-22 n/a [26] n/a 1968 68-36 timber, not collected 
A-B pond, 2416 L279 

Elev 17.7 

82-22 n/a [26] n/a 1968 68-37 scrap, destroyed 241 L291 Elev 17.5 

82-22 
A-

15866 
26 A-1076 1968 68-38 woodcarving unk. 2417 L285 Elev 17.9 

82-22 n/a [26] n/a 1968 68-39 
timber and scrap, not 

collected 
A-B pond, 2416 L286 

82-22 
A-

15887 
26 A-1097 1968 68-40 woodcarving unk. 242 L304 Elev 18.1 

82-22 n/a [26] n/a 1968 68-41 n/a, rotted 2420 L85 Elev 18.1 

82-22 
A-

15867 
26 A-1077 1968 68-42 winged bird 2423 L302 Elev 18.3 

82-22 n/a [26] n/a 1968 68-43 n/a 2423 L298 Elev 18.1 

82-22 n/a [26] n/a 1968 68-44 
large timber, not 

collected 

A-B pond, 2421 L285 

Elev 17.9 

82-22 
A-

16062 
26 A-1285 1968 68-45 two woodcarving pieces 2419 L286 Elev 17.6 

82-22 
A-

15889 
26 A-1099 1968 68-46 trapezoid shaped 2416 L287 Elev 17.5 

82-22 
A-

16060 
26 A-1283 1968 68-47 

prob larger panther, in 

pieces 
2418 L283.5 Elev 17.6 

82-22 n/a [26] n/a 1968 68-48 scrap, adjoins 68-47 2418 L284 Elev 17.5 

82-22 
A-

16109 
26 A-1337 1968 68-49 

small bird's head with 

long narrow beak 

Charnel House 2430 

L285 Elev 18 

82-22 n/a [26] n/a 1968 68-50 partial timber, destroyed 2416 L289 Elev 17.6 

82-22 n/a [26] n/a 1968 68-51 
buttonwood timber with 

roots, not collected 

A-B pond, 2415.5 L289 

Elev 17.7 

82-22 
A-

15869 
26 A-1079 1968 68-52 cat, two pieces 2419 L274 Elev 17.6 

82-22 n/a [26] n/a 1968 68-53 wing 2425 L303 Elev 17.9 

82-22 
A-

16064 
26 A-1287 1968 68-54 possible eagle 2435 L291 Elev 17.8 

82-22 
A-

15883 
[26] A-1093 1968 68-55 

possible bird back and 

part of legs 
2429 L293 Elev 17.8 

82-22 
A-

16061 
26 A-1284 1968 68-56 small woodcarving 2434 L289 Elev 17.8 

82-22 
A-

15868 
26 A-1078 1968 68-57 cat head 2427 L296.5 Elev 17.8 

82-22 n/a [26] n/a 1968 68-58 timber, rotted 
A-B pond, 2422 L291 

Elev 17.3 
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Table A-1. Continued 

FLMNH 

ACC# 

FLMNH 

CAT# 

FAU 

ACC# 

FAU 

CAT# 

Excavation 

Year 

Wood 

# 
Description Provenience 

82-22 
A-

15871 
26 A-1081 1968 68-59 

large carved bird or cat, 

2 pieces 
2440 L286 Elev 18.3 

82-22 
A-

16072 
26 A-1296 1968 68-60 bird on post, 2 pieces 2435 L306 Elev 18 

82-22 
A-

16067 
26 A-1290 1968 68-61 small pointed object 

2421 L276 from top of 

burials above basal 

midden and below sand 

wash 

82-22 
A-

16085 
26 A-1310 1968 68-62 badly rotted cat head 2437 L284.5 Elev 18.4 

82-22 
A-

16084 
26 A-1309 1968 68-63 masked cat, 2 pieces 2435 L280 Elev 17.6 

82-22 
A-

16068 
26 A-1291 1968 68-64 

small pointed 

woodcarving 

2415 L270 assoc with 

burials above basal 

midden and below sand 

wash 

82-22 
A-

16066 
26 A-1289 1968 68-65 possible bird 2440 L294 Elev 19.2 

82-22 
A-

15873 
26 A-1083 1968 68-66 bird minus head 

2427 L275 Elev 17.7 

on post just below legs 

82-22 
A-

15879 
26 A-1089 1968 68-67 possible duck 2434 L277 Elev 17.6 

82-22 
A-

15881 
26 A-1091 1968 68-68 cat head 2416.5 L274 Elev 17 

82-22 
A-

16092 
26 A-1317 1968 68-69 woodcarving unk. 2435 L277 Elev 18.1 

82-22 
A-

16059 
26 A-1282 1968 68-70 small flat wing 2430 L308 Elev 18.2 

82-22 
A-

16073 
26 A-1297 1968 68-71 probable bird, 2 pieces 

2433 L311 to L306 

Elev 18.3 

82-22 
A-

16091 
26 A-1316 1968 68-72 small bird, 5 pieces 2436 L279 Elev 18 

82-22 
A-

15885 
26 A-1095 1968 68-73 resembles a mortar 2422 L314 Elev 17.9 

82-22 
A-

16090 
26 A-1315 1968 68-74 possible bird, 2 pieces 2430 L310 

82-22 
A-

15884 
26 A-1094 1968 68-75 

two-legged bird, 2 

pieces 

2440 L298 between 

sand and muck at Elev 

18 

82-22 
A-

16086 
26 A-1311 1968 68-76 bird, possible duck 2444 L295 Elev 18.5 

82-22 
A-

15870 
26 A-1080 1968 68-77 possible bird, 5 pieces n/a 

82-22 
A-

15875 
26 A-1085 1968 68-78 

large effigy (deer or 

bear?) 
2420 L315.4 Elev 17.1 

82-22 
A-

15880 
26 A-1090 1968 68-79 spoonbill 2420 L277.5 Elev 17.5 

82-22 n/a [26] n/a 1968 68-80 crow head 2437 L305 Elev 18.7 

82-22 
A-

15890 
26 A-1100 1968 68-81 

timber piece, possibly 

hollowed 
2441 L274 Elev 18.2 
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Table A-1. Continued  

FLMNH 

ACC# 

FLMNH 

CAT# 

FAU 

ACC# 

FAU 

CAT# 

Excavation 

Year 

Wood 

# 
Description Provenience 

82-22 
A-

16108 
26 A-1336 1968 68-82 

bird's head with a stout 

beak 

Charnel House 2417 

L275 Elev 17.4 

82-22 
A-

16106 
26 A-1334 1968 68-83 

small head of a bird of 

prey, probably owl 

Charnel House 2421 

L279 Elev 17.9 

82-22 
A-

15888 
26 A-1098 1968 68-84 

woodcarving, possible 

bird tail 
2419 L286.5 Elev 17.8 

82-22 
A-

15877 
26 A-1087 1968 68-85 woodcarving of animal 

vicinity 2420 L275 

Elev 17.7 

82-22 n/a [26] n/a 1968 68-86 bird head 2420 L283.5 

82-22 
A-

15872 
26 A-1082 1968 68-87 bird breast-back 2418 L303 

82-22 
A-

16080 
26 A-1305 1968 68-88 wing, 2 pieces 2422 L302 

82-22 n/a [26] n/a 1968 68-89 large bird wing 2423 L275 

82-22 
A-

16078 
26 A-1303 1968 68-90 

twisted knot resembling 

a bird 
2431 L292.5 Elev 17.6 

82-22 
A-

16076 
26 A-1300 1968 68-91 small bird 

2431.5 L285.6 Elev 

17.5 

82-22 n/a [26] n/a 1968 68-92 timber, not collected 2427 L269 

82-22 
A-

16065 
26 A-1288 1968 68-93 small bird, 2 pieces 2426 L265 Elev 17.7 

82-22 
A-

16070 
26 A-1294 1968 68-94 

two-legged bird 

(possible eagle) on post, 

no head 

2426 L284Elev 17.7 

82-22 
A-

16077 
26 A-1301 1968 68-95 

two-legged bird, 2 

pieces 
head NE end 

82-22 n/a [26] n/a 1968 68-96 possible cat n/a 

82-22 
A-

16088 
26 A-1313 1968 68-97 spoon bill duck head 2422 L274 Elev 17.5 

82-22 
A-

16089 
26 A-1314 1968 68-98 bird head 2427.9 L289 Elev 17.3 

82-22 
A-

16079 
26 A-1304 1968 68-99 

back of bird or other 

animal 
2440 L301 Elev 17.9 

82-22 
A-

15878 
26 A-1088 1968 68-100 

duck head, spoon part of 

bill decayed 

2427 L286.5 on basal 

muck 

82-22 
A-

16057 
26 A-1280 1968 68-101 possible wing 2432.7 L302 Elev 17.5 

82-22 n/a [26] n/a 1968 68-102 pointed bill bird head 
2433.4 L305.6 Elev 

17.5 

82-22 n/a [26] n/a 1968 68-103 triangular woodcarving 2429 L305.9 Elev 17.2 

82-22 
A-

16107 
26 A-1335 1968 68-104 

rectangular portion of 

unidentified 

woodcarving 

Charnal House 2420 

L304 Elev 17.2 

82-22 
A-

16083 
26 A-1308 1968 68-105 pointed woodcarving 2422.3 L276.2 Elev 7.3 

82-22 
A-

16074 
26 A-1298 1968 68-106 wing woodcarving 2426 L276.5 

82-22 n/a [26] n/a 1968 68-107 
two-legged creature, 

discarded 
2426.5 L277 Elev 17.1 
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Table A-1. Continued  

FLMNH 

ACC# 

FLMNH 

CAT# 

FAU 

ACC# 

FAU 

CAT# 

Excavation 

Year 

Wood 

# 
Description Provenience 

82-22 
A-

16081 
26 A-1306 1968 68-108 timber fragment 2426 L273.3 

82-22 
A-

16082 
26 A-1307 1968 68-109 eagle wing, 2 pieces 2427 L305 Elev 17.3 

82-22 
A-

15380 
48 A-0427 1969 69-1 cat face 

Charnel House 2428.9 

L265 Elev 8.1 

82-22 
A-

16565 
48 A-1886 1969 69-2 

irregular worked piece 

in 3 pieces 

Charnel House 2424.3 

L265 Elev 18.1 

82-22 
A-

15503 
48 A-0551 1969 69-3 

two-legged bird on 

tapered base 

Charnel House 2412.2 

L269 o 2414 L268.8 

Elev. 17 

82-22 
A-

16097 
48 A-1325 1969 69-4 possible bird 

Charnel House 2391.2 

L254.75 to 2390.7 

L257.75 Elev 18.2 

82-22 
A-

16095 
48 A-1323 1969 69-4-2 possible bird wing 

Charnel House 2391.2 

L254.5 to 2390.7 

L257.75 Elev 18.2 

82-22 
A-

15509 
48 n/a 1969 69-5 large bird wing, 2 pieces 

Charnel House 2409'8" 

L262'10" to 2407'6" 

L265 Elev 17.6 

82-22 
A-

15539 
48 A-0587 1969 69-6 bird with vertical wings 

Charnel House 2409'9" 

L261'8" to 2409'11" 

L263'9" Elev. 17.2 

82-22 
A-

15835 
48 n/a 1969 69-7 bird head with flat beak 

Charnel House N.E. 

quadrant of 2420 L285 

basal midden 

82-22 
A-

16102 
48 A-1330 1969 69-8 tapered post 

Charnel House 2416'3" 

L262'6" Elev 17.4 

82-22 
A-

16567 
48 A-1924 1969 69-9 oblong frag 

Charnel House 2416'3" 

L262'6" 

82-22 
A-

15540 
48 A-0588 1969 69-10 bird head 

Charnel House 2419'5" 

L280'4" 

82-22 
A-

15424 
48 A-0471 1969 69-11 founded, shaped piece 

Charnel House 2418'2" 

L263'3" 

82-22 
A-

15361 
48 A-0406 1969 69-12 bird 

Charnel House 2412'2" 

L263'5" to 2412'4" 

L262'5" Elev 17.4 

82-22 
A-

15368 
48 A-0414 1969 69-13 

two-legged creature in 3 

pieces 

Charnel House 2414'2" 

L263'5" to 2412'4" 

L262'5" Elev 17.4 

82-22 
A-

16566 
48 A-1896 1969 69-14 bird wing frag. 

Charnel House 2412'6" 

L262 to 2411'6" 

L263'2" Elev 17.4 

82-22 
A-

15526 
[48] n/a 1969 69-14-1 

flat rectangular 

fragment 
Charnel Pond 

82-22 
A-

15372 
48 A-0419 1969 69-15 

bird head with pointed 

beak 

Charnel House 2418'3" 

L261'6" middle of head 

Elev 17.7 
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Table A-1. Continued  

FLMNH 

ACC# 

FLMNH 

CAT# 

FAU 

ACC# 

FAU 

CAT# 

Excavation 

Year 

Wood 

# 
Description Provenience 

82-22 
A-

15865 
48 A-1061 1969 69-16 oblong shaped frag 

Charnel House 2405'8" 

L259'8" Elev 17.7 

82-22 
A-

16096 
48 A-1324 1969 69-17 oblong shaped frag 

Charnel House 2412 

L261 Elev 17.3 

82-22 
A-

16101 
48 A-1329 1969 69-18 conical pedestal 

Charnel House 2409'1" 

L260'1" to 2407' 

L262.9" Elev 17 

82-22 
A-

16155 
48 A-1448 1969 69-19 conical pedestal frag. 

Charnel House 2410'2" 

L257'8" to 2410'11" 

L259'8" Elev 17.4 

82-22 
A-

15415 
48 A-0462 1969 69-20 shaped fragment 

Charnel House 2405 

L256'3" Elev 17.7 

82-22 
A-

15541 
48 A-0589 1969 69-21 shaped fragment 

Charnel House 2411'3" 

L260'11" Elev 17.2 

82-22 
A-

16231 
48 A-1525 1969 69-22 rectangular frag 

Charnel House 2415 

L253'11" Elev 17.7 

82-22 
A-

16094 
48 A-1322 1969 69-23 

bird head split 

longitudinally 

Charnel House 2404'8" 

L255'2" Elev 17.6 

82-22 
A-

16098 
48 A-1326 1969 69-24 

right triangular concave-

convex piece 

Charnel House 2402'9" 

L258'2" Elev 17.5 

82-22 
A-

15829 
48 A-0965 1969 69-25 small bird's head 

Charnel House 2429'7" 

L273'9" Basal muck 

82-22 
A-

15346 
48 A-0385 1969 69-26 medium bird's head 

Charnel House 2412'6" 

L269 basal muck 

82-22 
A-

16103 
48 A-1311 1969 69-27 bird on tenon 

Charnel House 2429'4" 

L258 on basal muck 

82-22 
A-

16104 
48 A-1332 1969 69-28 thin necked effigy 

Charnel House 2431'4" 

L254 to 2426'4" L254 

Elev 17.9 

82-22 
A-

15583 
48 A-0632 1969 69-29 wooden pestle 

Charnel House 

2401'10" L322'5" to 

2402'6" L322'3" Elev 

17.4 

82-22 
A-

15864 
48 A-1029 1969 69-30 panther 

Charnel House 2431'8" 

L261'8" Elev 17.6 

82-22 
A-

15401 
48 A-0448 1969 69-31 

bird effigy on conical 

base 

Charnel House 2428 

L262'8" Elev 17.6 

82-22 n/a 48 n/a 1969 69-32 
shaped fragment with 

slede? Midsection 

Charnel House 

2428'10" L263'6" Elev 

17.6 

82-22 
A-

16099 
48 A-1327 1969 69-33 conical pedestal 

Charnel House 2420 

L260'10" Elev 17.7 

82-22 
A-

16100 
48 A-1328 1969 69-34 eagle wing 

Charnel House 2424'8" 

L235'4" to 2426'4" 

L323'11" Elev 17.8 

82-22 
A-

15482 
48 A-0529 1969 69-35 alligator head 

Charnel House Elev 

17.4 
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APPENDIX B 

SKELETAL ELEMENTS, HUMAN AND FAUNAL, OBSERVED WITH SUPERFICIAL RED 

STAINING.  

Table B-1. Red Staining.  

CAT# Provenience Element Side Age Sex 

98803 A-B Pond, B-5 

panther, 1 phalanx 

and 4 metacarpals/ 

metatarsals 

n/a n/a n/a 

98804HR A-B Pond, B-3 first metatarsal right adult M? 

98804HR A-B Pond, B-3 fourth metatarsal right adult M? 

98804HR A-B Pond, B-3 metatarsal left adult M? 

98804HR A-B Pond, B-3 metatarsal/ metacarpal not sided adult M? 

98804HR A-B Pond, B-3 
proximal manual 

phalanx from ray 2-5 
not sided adult M? 

98805HR A-B Pond, B-4 clavicle left 
adolescent, 13-

14 years 
I 

98810HR A-B Pond, B-9 metatarsal/ metacarpal not sided adult I 

98812HR A-B Pond, B-11 
proximal manual 

phalanx from ray 1 
n/a adult M 

98812HR A-B Pond, B-11 lumbar n/a adult M 

98813HR A-B Pond, B-12 metatarsal/ metacarpal n/a adult I 

98813HR A-B Pond, B-12 thoracic n/a adult I 

98814HR A-B Pond, B-13 fourth metacarpal right adult M? 

98817HR A-B Pond, B-16 first metatarsal right adult M 

98817HR A-B Pond, B-16 third metatarsal right adult M 

98817HR A-B Pond, B-16 fifth metatarsal right adult M 

98817HR A-B Pond, B-16 second metatarsal not sided adult M 

98817HR A-B Pond, B-16 lumbar n/a adult M 

98817HR A-B Pond, B-16 lumbar n/a adult M 

98819HR 
2045 L300 A-B 

Pond, B-18 
lumbar n/a adult I 

89929HR 
2045 L290, A-B 

Pond, B-28 
thoracic  adult I 

89929HR 
2045 L290, A-B 

Pond, B-28 
thoracic n/a adult I 

89929HR 
2045 L290, A-B 

Pond, B-28 
third metacarpal right adult I 

89929HR 
2045 L290, A-B 

Pond, B-28 
second metacarpal right adult I 

98831HR A-B Pond, B-29B fifth metatarsal left adult M? 

98832HR 
2045 L290, A-B 

Pond, B-30 
thoracic n/a adult I 
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Table B-1. Continued. 

CAT# Provenience Element Side Age Sex 

98832HR 
2045 L290, A-B 

Pond, B-30 
thoracic n/a adult I 

98832HR 
2045 L290, A-B 

Pond, B-30 
fibula n/a 

adolescent, 14-

17 years 
I 

98832HR 
2045 L290, A-B 

Pond, B-30 
second cervical n/a adult I 

98832HR 
2045 L290, A-B 

Pond, B-30 
cervical n/a adult I 

98832HR 
2045 L290, A-B 

Pond, B-30 
thoracic n/a adult I 

98832HR 
2045 L290, A-B 

Pond, B-30 
lumbar n/a adult I 

98832HR 
2045 L290, A-B 

Pond, B-30 
lumbar n/a adult I 

98833HR 
2045 L290, A-B 

Pond, B-31 
second metatarsal left adult M? 

98835HR 2045 L280-290, B-33 fourth metatarsal right adult I 

98837 A-B Pond, B-35 
likely bobcat, 

metatarsal/ metacarpal 
n/a n/a 

I 

98839HR 
2045 L280, A-B 

Pond, B-37 
S1 segment n/a 

adolescent, 6-

18 years 

I 

98839HR 
2045 L280, A-B 

Pond, B-37 
first metatarsal left? 

adolescent, 13-

16 years 

I 

98839HR 
2045 L280, A-B 

Pond, B-37 
lumbar n/a 

adolescent, 12-

20 years 

I 

98839HR 
2045 L280, A-B 

Pond, B-37 
third metacarpal right adult 

I 

98839HR 
2045 L280, A-B 

Pond, B-37 
metatarsal/ metacarpal n/a adult 

I 

98841HR 
2045 L280, A-B 

Pond, B-39 
fifth metacarpal left adult 

F 

98845HR 2045 L270, B-44 fifth metacarpal right adult I 

98846HR 2040 L270, B-45 first metatarsal right adult I 

98846HR 2040 L270, B-45 first metatarsal left adult I 

98846HR 2040 L270, B-45 fifth metatarsal right adult I 

98846HR 2040 L270, B-45 
proximal pedal 

phalanx from ray 2-5 
n/a adult 

I 

98846HR 2040 L270, B-45 first metacarpal right adult I 

98846HR 2040 L270, B-45 
proximal manual 

phalanx from ray 2-5 
n/a adult 

I 

98846HR 2040 L270, B-45 second metatarsal right adult I 
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Table B-1. Continued.  

CAT# Provenience Element Side Age Sex 

98847HR 
2040 L270, B-46, A-

B Pond 
fourth metatarsal right adult 

I 

98847 
2040 L270, B-46, A-

B Pond 
deer phalanx n/a n/a 

I 

98847HR 
2040 L270, B-46, A-

B Pond 
thoracic n/a adult 

I 

9881XHR No provenience third metatarsal right adult I 

9884XHR No provenience second metacarpal left adult I 

988XXHR No provenience 
proximal pedal 

phalanx from ray 1 
n/a adult 

I 

988XXHR No provenience lumbar n/a adult I 

988XXHR No provenience lumbar n/a adult I 

4406-101HR 
A-B Pond, 2025 

L290; Top 12" +/- 
fourth metatarsal left adult 

I 

4406-101HR 
A-B Pond, 2025 

L290; Top 12" +/- 
fifth metatarsal left adult 

I 

4406-102HR 2025 L290; Level 2 first metatarsal left adult M? 

4406-102HR 2025 L290; Level 2 second metatarsal left adult M? 

4406-102HR 2025 L290; Level 2 fourth metatarsal left adult M? 

4406-102HR 2025 L290; Level 2 fourth metatarsal right adult M? 

4406-104HR 

A-B Pond, 2025 

L300, L310; Level 1; 

0-12" 

first metatarsal right adult 

M 

4406-108HR 

A-B Pond, 2035 

L290; Level 2; 12-

24" 

first metatarsal right adult 

I 

4406-108HR 

A-B Pond, 2035 

L290; Level 2; 12-

24" 

fourth metatarsal right adult 

I 
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APPENDIX C  

STATURE MEASUREMENTS 

Table C-1. Stature measurements.  

ACC# CAT# Bone Sex Stature (cm) 

4406 98831 Humerus F 150.494 

4406 98837 Humerus F 155.07 

4406 98838 Femur F 158.542 

4406 98839 Femur F 159.076 

4406 98847 Femur F 156.406 

82-22 82-22-30179HR Femur F 152.935 

82-22 82-22-30196HR Femur F 155.338 

82-22 82-22-30203HR Humerus F 159.646 

82-22 82-22-30265HR Femur F 159.61 

82-22 82-22-30448HR Humerus F 147.582 

82-22 82-22-30475HR Femur F 159.877 

82-22 82-22-30479HR Femur F 152.134 

82-22 82-22-30484HR Femur F 151.6 

82-22 82-22-30506HR Humerus F 157.982 

82-22 82-22-30520HR Humerus F 153.406 

82-22 82-22-30605HR Femur F 156.406 

82-22 82-22-30616HR Humerus F 155.07 

82-22 82-22-30684HR Femur F 160.678 

82-22 82-22-30186HR Femur F? 158.809 

82-22 82-22-30639HR Femur F? 161.479 

4406 98813HR Femur M 166.134 

4406 98817HR Femur M 166.388 

4406 98828HR Femur M 165.118 

4406 98832HR Femur M 171.722 

4406 98838HR Humerus M 166.686 

4406 98839HR Femur M 169.69 

4406 98846HR Femur M 166.134 

4406 98848HR Femur M 173.5 

82-22 82-22-30179HR Humerus M 166.185 

82-22 82-22-30196HR Femur M 170.452 

82-22 82-22-30472HR Femur M 166.134 

82-22 82-22-30623HR Humerus M 167.9385 

4406 98832HR Femur M? 165.626 

4406 98847HR Humerus M? 161.9265 

82-22 82-22-30195HR Humerus M? 161.175 

82-22 82-22-30494HR Femur M? 168.674 
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Table C-1. Continued  

ACC# CAT# Bone Sex Stature (cm) 

82-22 82-22-30571HR Femur M? 168.674 

82-22 82-22-30490HR Humerus M? 177.95 

82-22 82-22-30621HR Humerus M? 165.886 

82-22 82-22-30229HR Humerus M? 170.878 
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APPENDIX D  

HUMAN BURIALS RECORDED IN THE 1966 FIELD NOTES AND MNI.  

Table D-1. Human remains recorded in 1966 field notes. 

Year Coordinates Elevation Description  
Counted in 

MNI  

1966 Feature 1 n/a one bone frag. no 

1966 
2390 L215 and 

2380 L215 
n/a various bone no 

1966 2477.2 L212.3 20.4 calvarium no 
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APPENDIX E  

HUMAN BURIALS RECORDED IN THE 1967 FIELD NOTES AND MNI.  

Table E-1. Human remains recorded in the 1967 field notes. 

Burial # Provenience Description Counted in MNI 

67-1 2527 L265 cranium, vertebrae yes 

67-2 2528 L264 jaw with teeth no 

67-3 2532 L262 long bones (tibia, fibula) no 

67-4 2525 L262 skull cap yes 

67-5 2521 L267 unidentified bones and teeth no 

67-6 2502 L244 skull cap yes 

67-7 2478 L251 teeth, bones, copper no 

67-8 2505 L246 unidentified bones and teeth no 

67-9 2507 L246 skull cap yes 

67-10 2509 L245 vertebrae, jaw, teeth no 

67-11 2503 L240 teeth, possible skull fragments yes 

67-12 2541 L251 jaw and teeth no 

67-13 2539 L251 small bone no 

67-14 2537 L251 skull fragments yes 

67-15 2537 L252 unidentified bones no 

67-16 2535 L253 skull fragments yes 

67-17 2539 L248.5 skull fragments yes 

67-18 2538 L252 skull yes 

67-19 2531 L217 long bones no 

67-20 2534 L218 possible skull fragments, long bones yes 

67-21 2533 L219 skull cap, possible jaw and teeth yes 

67-22 2535 L220 partial skull yes 

67-23 2536 L221 partial skull and jaw yes 

67-24 2530 L217 skull cap, possible teeth yes 

67-25 2533 L217 
long bones (femur, tibia, radius, 

humerus), patella, skull 
yes 

67-26 2532 L222 3 skull caps and long bones yes, counted as 3 

67-27 2531 L221 most of a skull yes 

67-28 2537 L221 long bones (radius, ulna, humerus) no 

67-29 2538 L222 long bone, skull fragment yes 

67-30 2536 L222.5 skull cap yes 

67-31 2511 L224 skull fragments yes 

67-32 2531 L225 skull fragment yes 
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Table E-1. Continued  

Burial # Provenience Description Counted in MNI 

67-33 2528 L225 skull and jaw yes 

67-34 2532 L255.5 skull fragments yes 

67-35 2530 L257 skull fragments yes 

67-36 2520 L261 unidentified bones no 

67-37 2505 L249 skull yes 

67-38 2462 L240 skull and other bones yes 

67-39 2509.5 L223.8 misc bone no 

67-40 2522.6 L224.6 skull fragments yes 

67-41 2523 L222.4 skull and jaw yes 

67-42 2528.5 L225.6 skull, jaw, misc bone yes 

67-43 2530 L223.1 skull fragment yes 

67-44 2537.8 L226.4 skull fragment yes 

67-45 2504.5 L236.8 long bone no 

67-46 2506.6 L237.4 skull fragment yes 

67-47 2506.8 L238.6 skull fragment yes 

67-48 2507.7 L231 skull, jaw, and teeth yes 

67-49 2519 L221 long bone fragment no 

67-50 2504 L239 skull yes 

67-51 2509 L241 long bone no 

67-52 2513 L239 skull yes 

67-53 2503 L250 skull and misc bone yes 

67-54 2504 L236 skull yes 

67-55 2534 L255.5 skull fragments yes 

67-56 2535 L252 skull fragments yes 

67-57 2530 L257 unidentified bones no 

67-58 2530 L259 long bone no 

67-59 2529 L263 destroyed bone no 

67-60 2520.5 L262.5 unidentified bones no 

67-61 2518 L257 long bones no 

67-62 2517.5 L258 unidentified bones no 

67-63 2513 L256 skull fragment yes 

67-64 2513 L28.5 unidentified bones no 

67-65 2509 L261 long bone no 

67-66 2507 L261.5 skull fragment yes 

67-67 2505.5 L255 unidentified bones no 
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Table E-1. Continued  

Burial # Provenience Description Counted in MNI 

67-68 2530 L216 skull and teeth yes 

67-69 2531.5 L217.5 skull yes 

67-70 2535 L218.3 skull fragments yes 

67-71 2533.5 L220 long bone no 

67-72 2536.5 L223 skull yes 

67-73 2537.5 L226 skull and long bone yes 

67-74 2531.8 L225 skull fragments and long bone yes 

67-75 2517 L217 jaw and teeth no 

67-76 2516 L219 jaw and teeth no 

67-77 2501 L243 skull fragment yes 

67-78 2512 L241 long bone and teeth no 

67-79 2495.5 L241 skull and teeth yes 

67-80 2494.2 L240 skull cap yes 

67-81 2308 L253 skull and long bones yes 

67-82 2541 L257 skull and long bones yes 

67-83 2535.5 L257 skull and teeth yes 

67-84 2534 L252 skull fragments yes 

67-85 2506 L253 skull cap yes 

67-86 2540 L255 skull yes 

67-87 2533 L251.5 skull, jaw, and teeth yes 

67-88 2514 L246 skull fragments yes 

67-89 2535 L246 two skulls yes, counted as 2 

67-90 2528 L245 skull yes 

67-91 2531 L224 skull fragment yes 

67-92 2537 L220 infant skull, jaw, and teeth yes 

67-93 2541 L253 skull fragment and long bones (femur) yes 

67-94 2537 L212 unidentified bones no 

67-95 2458.5 L228 
skull, jaw, and long bones (femur, 

humerus) 
yes  
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APPENDIX F  

HUMAN BURIALS RECORDED IN THE 1968 and 1969 FIELD NOTES AND MNI.  

Table F-1. Human remains recorded in 1968 and 1969 field notes. 

Year Coordinates Elevation Description Counted in MNI 

1968 2513 L225 24.1-24.5 Loose teeth no 

1968 2517 L223.5 24.1-24.5 Loose teeth no 

1968 2513.5 L226.5 24.1-24.6 Loose tooth no 

1968 
2512-2517 

L225-230 
24.1-24.6 Loose teeth no 

1968 2515 L270 17.9 
Skull fragments and post-cranial 

fragments from adult and child 
yes, count as 2 

1968 2515 L275 n/a Misc, unidentified bone no 

1969 2497 L225 21 Skull yes 

1969 2512.3 L233 24.8 Loose teeth no 

1969 
2546-2551 

L229-242 
27.9 2 calvarias and one mandible yes, count as 2 

1969 2548 L242 27.9 calvarium yes 

1969 2551 L236 27.9 calvarium yes 

1969 2551 L238 27.9 mandible no 

1969 2547 L234.5 27.9 two long bones no 

1969 2545 L235-240 27.1 
Irregular mass of bone, 3 possible 

bundle burials 
yes, count as 1 

1969 
2530-2490 

L210-220 
24.6 Misc. bone and teeth no 

1969 2472 L258 23.2-24.1 Misc. bones no 

1969 2477 L252 23.4 Misc. bone no 

1969 2475 L252 23.7 Misc. bone no 

1969 2555 L247 24.2 Probable skull yes 

1969 2560 L248 22.1 Bone with ochre traces no 

1969 2561 L247 22.1 loose tooth no 

1969 2561 L250 22.1 Skull frag and loose teeth no 

1969 2562 L240 22.1 infant or immature skull, 3 tooth caps yes 

1969 2549 L229.1 22.1 Probably human humerus no 

1969 2561 L240 22.5 probably maxilla no 

1969 2548 L228 22.3 Mandible no 

1969 2559 L230 n/a cranium and long bones yes 

1969 2553 L239 22.1 possible bundle burial yes 

1969 2568 L222.6 22.9 possible bundle burial yes 
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Table F-1. Continued  

Year Coordinates Elevation Description  Counted in MNI  

1969 2561 L249.6 n/a long bone no 

1969 2563 L249 22.1 Maxilla no 

1969 2562 L231 22.1 Loose teeth no 

1969 2555 L256.4 22.1 possible bundle burial yes 

1969 2556 L257.8 22.3 Misc. unidentifiable bone no 

1969 2555 L254.7 22.3 Skull yes 

1969 2557.6 L254.4 22.3 Misc. unidentifiable bone no 

1969 2562.5 L24 22.3 Skull yes 

1969 2565 L245 22.2 Long bone no 

1969 2557 L255 22.2 Misc. unidentifiable bone no 

1969 2557.6 L258 22.2 Misc. unidentifiable bone no 

1969 2561 L256.4 22.2 Long bones no 

1969 2562.5 L257 n/a Misc. unidentifiable bone no 

1969 2566.5 L254 n/a Long bone no 

1969 2569.5 L234.5 n/a Cranium yes 

1969 2552.4 L254 n/a Cranium yes 

1969 2557.4 L258.6 21.9 Misc. unidentifiable bone no 

1969 2563 L256.7 22 Long bones no 

1969 2542.4 L258.3 21.5 Long bone no 

1969 2541.6 L257.4 23.5 Adult with teeth no 

1969 2543.9 L259.1 23.4 Misc. small bones no 

1969 2543.7 L257 23.2 Misc. small bones no 

1969 2544.8 L255.4 23.3 Misc. bones no 

1969 2548 L258 23.3 Misc. bones no 

1969 2542 L267 22.9 Two skulls and bone yes, count as 2 

1969 2548 L260 24.3 Long bones no 

1969 2548 L260 23 Large mass of bone no 

1969 2548 L260 23 Loose tooth no 

1969 2550 L264.9 23 Loose teeth no 

1969 2552.3 L265 22.9 2 skulls yes, count as 2 

1969 2554.6 L270.5 22.2 Skull yes 

1969 2555.9 L271 22.3 Possible skull no 

1969 2556.3 L262.3 22.3 Long bones no 

1969 2556.1 L270.5 22.2 Skull yes 
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APPENDIX G  

HUMAN BURIALS RECORDED IN THE 1970 FIELD NOTES AND MNI.  

Table G-1. Human remains recorded in the 1970 field notes. 

Year Coordinates Elevation Description Counted in MNI  

1970 2358.5 L215 12-18" possible human bone no 

1970 2370-2375 n/a possible human bone no 

1970 2322.3 L212 30" possible human bone no 

1970 
2358 L215 to 

2390 L215 
18-24" possible human bone no 

1970 2364 L213 36-42" possible human bone no 

1970 
2315 L215 to 

2320 L215 
26-32" 

dense bone layer, 

possible human bone 
no 

1970 
2325 L215 to 

2330 L215 
32-38" 

dense bone layer, 

possible human bone 
no 

1970 
2395 L215 to 

2395 L320 
n/a possible human bone no 

1970 2395 L270 24" 
heavy concentration of 

bone, possibly human 
no 

1970 2395 L266.5 25" 
possible human femur 

and other bones 
no  

1970 2350 L285 n/a possible human bone no 

1970 2350 L265 10-11" 
concentration of bone, 

possibly human 
no 

1970 2495 L215 18-24 possible human bone no 

1970 2675 L215 18-24 possible human bone no 

1970 2365 L215 40-26" 
heavy concentration of 

bone, possibly human 
no 

1970 2385 L210 6" possible human bone no 

1970 2400 L225 n/a possible human bone no 

1970 2400 L255 6" 
bone bits, possibly 

human 
no 

1970 2376.9 L224.7 19" human bone no 

1970 2375 L260 n/a human femur no 

1970 2385 L260 29.7" 
vertical long bone, 

possibly human 
no 

1970 2621 L211 n/a loose teeth no 

1970 2598 L209 n/a 
2 skulls, one with long 

bones  
yes, count as 2 
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obtained a Master of Arts in anthropology from this institution. Her thesis, Land of Contrast: 

Osteological Analysis of Human Remains from Salango, Ecuador and a Comparison of 

Paleopathologies Between Coastal Highlands, contributed new paleodemographic and 

paleopathological data from Site 35 Salango, Ecuador.   

Upon a successful completion of her master’s work, Dr. Van Voorhis then joined the 

University of Florida anthropology department’s doctoral program in 2014. Her dissertation, 

Prehistoric Denizens of Fort Center, Florida: Osteoarchaeology and Isotope Geochemistry, was 

supervised by Dr. John Krigbaum. This dissertation focused on the Fort Center, Florida human 

skeletal population that is a legacy collection at the Florida Museum of Anthropology. Dr. Van 

Voorhis received her Ph.D. from UF in the spring of 2020.  

During her time at UF, Dr. Van Voorhis also worked as a research assistant and Lab 

Manager in the Bone Chemistry Lab under the direction of Dr. John Krigbaum. As a research 

assistant, she learned the protocols and procedures for stable isotope analysis and geochemistry 

and collaborated with Dr. Krigbaum on several long-term projects, including Trinidad and 

Tobago, Belize, and St. Augustine. Dr. Van Voorhis also served as a forensic analyst assistant at 
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the C.A. Pound Human Identification Laboratory for several years, during which time she solo-

authored and peer-reviewed several forensic case reports. 

In addition to lab work, Dr. Van Voorhis worked as teaching assistant and teaching 

associate/ instructor of record for multiple courses, including Introduction to Biological 

Anthropology, both in person and online, Human Osteology, General Anthropology, and The 

Bioarchaeology of Violence, a special topics course that she helped to design.  

Dr. Van Voorhis has also been actively involved in museum studies work throughout her 

tenure at UF with a particular focus on ongoing consultations with Native Peoples as part of 

NAGPRA compliance. She spent several years as a volunteer at the Florida Museum of Natural 

History and progressed to an intern and different part-time positions working alongside Donna 

Ruhl in North Florida and bioarchaeological collections. Dr. Van Voorhis also worked alongside 

the South Florida Museum in Bradenton to aid with the analysis of a human skeletal collection 

that was ultimately repatriated under NAGPRA.    

 


