ABSTRACT
PAXSON, HEATHER IONE. Dental Wear Trends in Late Archaic and Woodland Period
Populations in the Eastern US. (Under the direction of Dr. D. Troy Case).

Dental wear studies are used to draw inferences about lifestyles of past populations.
Among groups living in the eastern US during the Late Archaic Period (6000-3000 BP), high
levels of dental wear are attributed to heavy consumption of shellfish. Recent research
conducted by Nealis and Seeman in 2015, however, suggests that hot rock food preparation
techniques were the main contributing factor to dental wear. The introduction of pottery in food
preparation during the Early Woodland Period (3000-2000 BP) may have contributed more to
decreasing dental wear than dietary changes. Therefore, decreasing rates of dental wear should
be seen throughout the Woodland Period before the rise of large-scale maize agriculture.

To test this model, five sample populations were selected: the Late Archaic sites of
Indian Knoll, Eva, and Oak View Landing: the Late Archaic/Early Woodland site of Ledbetter
Landing, and the Late Woodland site of Hiwassee Island. Data for the study consists of
calculated area of dentin exposure of adult maxillary second molars’ occlusal surfaces, using
Scott’s 1979 method and photographic analysis.

Comparisons among samples were conducted using the Wilcoxon test. Results showed
no significant difference in rates of wear amongst the Late Archaic sample populations.
However, significant differences were seen between the Late Archaic and Late Archaic/Early
Woodland sample populations when analyzed by age group. Also, significantly decreased rates
of wear in the Late Woodland sample population were seen compared to the Late Archaic in the

young adult and middle adult age groups. This seems to suggest that the introduction of direct-



heat pottery during the Early Woodland period did correspond with a decrease in dental wear

before the introduction of maize as a main crop.
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Chapter 1: Introduction

Since the inception of the bioarchaeological discipline, the examination of health and
lifestyles patterns from the skeletons of past individuals and populations remains a fruitful
avenue of research. The presence of different skeletal markers such as lesions from infectious
diseases, stress markers from repetitive activities, and dental disease indicators aid in creating
models for understanding health in past populations (Waldron, 2009). One of the methods
utilized to trace previous human health and lifestyles is dental wear: the attrition and/or abrasion
of dental materials caused by particular foods, cooking practices, or use of teeth as a third hand
(Hillson, 1996). The following study incorporates comparisons of dental wear rates among
several southeast United States samples from a single region over a time period spanning the
Late Archaic (6000-3000 BP) to the Woodland periods (3000-1000 BP). Similar to many past
and present hunter-gatherer cultures worldwide, the diet and cooking processes utilized by these
populations usually resulted in heavy dental wear with age (Molnar, 1971). The focus of this
thesis is to investigate dental wear for pre-maize agriculture sites and compare the results
between the individual sites. The comparison between sites will allow a consideration of
possible reasons for dental wear reduction besides the commonly attributed factor of shellfish
grit, such as the inclusion of direct-heat pottery cooking and the consumption of EAC crops.

The Significance of Dental Wear in Human Health

Quantifying dental wear in past human populations remains a popular topic of study in
bioarchaeology since diet greatly influences its expression. In prior centuries, researchers treated
human dental wear as a pathological condition (Molnar, 1972; Hinton, 1981). During the early
part of the twentieth century, researchers began to realize that human dental wear represented a

natural process that occurred in past populations and was still expressed in modern hunter-



gatherer societies such as the Inuit, who consume a diet radically different than the grain-rich
diet of most modern Western societies (Hinton, 1981). Today, bioarchaeologists use dental wear
to answer questions about the transition to agriculture, tool use, and the surrounding environment
(Eshed et al., 2006; Deter, 2009; Nealis and Seeman, 2015).

Dental wear represents the gradual reduction of enamel in an individual, either occurring
through internal processes (mastication) or external factors (diet, teeth as a tool, and inadvertent
consumption of foreign material like grit) (Hillson, 1996). In extreme cases, dentin exposure
occurs as a result of enamel reduction. Dentin is the softer component of the tooth that underlies
the enamel. It functions as a second line of defense to stall or halt the painful exposure of the
pulp cavity (Hillson, 1996). Pronounced dental wear occurs more frequently in hunter-gatherer
populations due to diet composition and food preparation techniques. Since the 1970s, different
techniques have arisen in bioarchaeology to better quantify rates of dental wear, ranging from
ordinal scales (Scott, 1979), to angle and tooth height (Molnar, 1971; Sciulli, 1997), to the use of
digital photography and remote sensing (Eshed et al., 2006; Deter, 2009; Nealis and Seeman,
2015).

In addition to dental wear, bioarchaeologists also examine the evidence of caries. Both
pathologies generally share an inverse relationship regarding their presence in the studied sample:
if a population exhibits a higher rate of dental wear, there are generally fewer caries present
(Sciulli, 1997; Eshed et al., 2006). The inverse is typically true as well: a higher caries rate in a
sample will occur with a lower rate of dental wear. The relationship between the two
pathologies arises from the twin influences of the consumed diet and cooking preparation
techniques; hunter-gatherers typically exhibit far greater dental wear, while agriculturalists

exhibit a greater frequency of dental caries (Sciulli, 1997; Eshed et al., 2006).



Dental wear present in archaeological samples is generally of two types: abrasion and
attrition (Burnett, 2016). Attrition refers to tooth-to-tooth wear, which results from contact while
chewing (Hillson, 1996; Deter, 2009; Burnett, 2016). Abrasion, or tooth-to-external-object wear,
occurs when foreign materials are ingested, such as the food containments of sand and grit, or
when the teeth are used as a “third hand” in performing daily tasks (Hinton, 1981). A third, less
common dental wear type, erosion, occurs when ingested highly corrosive materials dissolve
enamel (Burnett, 2016). Examples include the ingestion of toxic materials or foods or beverages
naturally high in acidic properties such as citrus or carbonated sodas. Typically within
archaeological samples, only the abrasion and attrition forms of dental wear are present (Burnett,
2016).

Within many of the past hunter-gatherer populations worldwide, abrasion occurs from
two factors: ingestion of foreign materials such as sand or grit usually noted on the premolars, or
wear from utilizing the anterior teeth for tool use often seen on the incisors (Hinton, 1981; Smith,
1984; Deter, 2009). Dental wear for some agricultural populations occurs due to the inadvertent
consumption of grit introduced during food preparation from tools such as grinding stones,
particularly in cultures that subsist on a predominately carbohydrate-based grain diet; however,
wear from grit predominantly manifests only on the molars (Smith, 1984; Deter, 2009). By
contrast, hunter-gatherers usually exhibit dental wear across the entirety of their dentitions. The
typical appearance of hunter-gatherer dental wear is a smooth, level occlusal surface compared to
the angled, “cupped” appearance of the typical agriculturalists’ dentition (Smith, 1984).

Accidental consumption of indigestible materials is not a common cause of heavy rates of
dental wear (Schmidt, 2001; Deter, 2009). The types of foods consumed, however, do play a

large role in a declining enamel presence. Unlike agriculturalists, hunter-gatherers typically



subsisted on a wide variety of foods that are tougher and required less processing. In addition,
cooking preparation did not soften foods to the extent that a larger-scale agricultural diet would
require (Powell, 1996; Ward, 2005). In many pre-historic and historic agriculturalist societies,
diets were more narrowly comprised of one main starchy-and-sugary grain such as maize, wheat,
or rice, with only a limited number and quantity of non-grain additions to the daily diet. By not
consuming a limited diet comprised primarily of carbohydrates, dental health was better for
hunter-gatherer populations by comparison. The process of worsening dental health during the
transition from hunting animals and gathering starchy plants to agriculture with a reliance on
sticky carbohydrate crops has been witnessed globally by bioarchaeologists (Turner, 1979, Eshed
et al., 2006; Nealis and Seeman, 2015). For the Jomon of prehistoric Japan, for example, a
definite increase in caries rates relative to dental wear occurred after the introduction of taro, a
sticky carbohydrate, into the diet (Turner, 1979). However, some agricultural diets include foods
with low cariogenicity. Data from Southeast Asia has suggested that adoption of rice-based
agriculture had minimal effects on caries rates (Tayles et al 2000).

Hunter-gatherer populations that lived during the Late Archaic and Woodland periods in
the American Southeast were not exempt from the trend toward poorer dental health over time.
Bioarchaeologists involved in the excavations of Late Archaic sites that include Indian Knoll and
Carlston Annis observed many individuals with heavily abraded teeth and noticeable dentin
presence if not pulp cavity exposure (Powell, 1996; Ward, 2005). These findings were
associated with a marked increase in shellfish consumption in the Late Archaic, as inhabitants
shifted from highly mobile hunting camps to semi-sedentary riverside settlements. By
consuming sand from mollusks and other shellfish types, molars wore more quickly due to

abrasion from grit, reaching heavy levels of dental wear before middle age (Snow and Haag,



1961; Powell, 1996; Ward, 2005). The gradual decline in wear seen in populations throughout
the Woodland Period, but prior to the rise of maize as a dietary staple, is attributed to a
diversification of the diet away from shellfish and toward consumption of other indigenous crops
before maize, beans, and squash were imported from the Mexico (Schmidt, 2001; Nealis and
Seeman, 2015). Other researchers attribute the decline in dental wear to an alteration in cooking
processes from hot-rock cooking methods to boiling of grains and other foods in pots,
dramatically decreasing the inadvertent consumption of grit particles. Without the grit particles
found in food through hot-rock cooking, the introduction of directly-heated pottery cooking
vessels may have influenced the decrease in dental wear rate found in the southeastern United
States (Nealis and Seeman, 2015).

Food Sources, Cooking Technology, and Dental Wear in the Southeastern U.S.

The Late Archaic and Woodland Periods in the southeastern United States represent a
time of gradual change in settlement and subsistence from mobile hunter-gatherers to semi-
sedentary horticulturalists and finally to sedentary farmers (Bense, 1994). It is particularly
interesting to study these changes because the region was one of the few centers of independent
domestication of local flora in the New World (Smith, 1990). However, early sedentism was
also the result of an increased reliance on aquatic resources along riverine and ocean-adjacent
sites (McElrath et al., 2009). For several thousand years, the inhabitants of the region continued
to utilize the same variety of dietary resources, primarily local plants, wild mammals and aquatic
resources with associated heavy dental wear (Sciulli, 1997; McElrath et al., 2009). Later, during
the Late Woodland Period (1500-1000 BP) and subsequent Mississippian Period (1000-500 BP),
maize cultivation grew exponentially in importance, such that the Mississippian and Historic

Periods were largely characterized by a predominately maize diet, supplemented with squash and



beans subsistence strategy compared to traditional Native American culture. With the change to
carbohydrate-rich, sticky maize as a main dietary staple, dental disease patterns were also
modified, leading to a more caries-ridden population with markedly decreased dental wear, as is
common in many agricultural societies (Nealis and Seeman, 2015).

There were, however, two other factors that contributed to the population-wide decrease
in dental wear. Prior to cooking using direct-heat pottery, southeast inhabitants utilized hot-rock
cooking to heat their food (Sassaman, 1993, 1998). Issues with using this cooking process
included the introduction of rock particles into the food, due to the fracturing of the hot-rock
through thermal shock. First, dental wear may have decreased with the incorporation of pottery
into cooking processes. In the southeastern United States, the invention of pottery commenced
first in the Late Archaic along riverine areas near the Atlantic coastline and then spread
westward throughout the region (Sassaman, 1993). The first pottery in the region was likely
utilized for storage or as hot-rock cooking vessels as hypothesized, based on the thick walls and
shallow bowl size (Sassaman, 1993, 1997). The earliest pottery in the region would not have
been conducive for direct-heat cooking, as it would not allow the enclosed food to simmer
(Sassaman, 1993, 1995). Later pottery vessels were constructed into forms commonly used for
boiling over direct heat, allowing food to be softened without the risk of unwanted pieces of
cracked rock mixing with the cooked food. According to several studies, this change in cooking
practices may have reduce the amount of dental wear prior to the shift to a maize-based diet
(Nealis and Seeman, 2015; Sassaman, 1993). Second, Late Archaic dental wear may have been
a consequence of increased consumption of shellfish, and its associated grit, compared to
individuals from the Early Archaic. Previous studies into probable causes of dental wear in

southeastern pre-maize agricultural individuals attribute wear to shellfish grit starting with Late



Archaic populations rather than to hot-rock cooking processes (Nealis and Seeman, 2015; Powell,
1996; Scuilli, 1997).

The research presented in this thesis tests Nealis’ and Seeman’s (2015) argument that
pottery was the primary factor influencing the decrease in dental wear seen through the
progression of the Woodland Period, not the transition from shellfish-consuming hunter-
gatherers to maize agriculturalists. The test is based on a comparison of five populations: three
Late Archaic (6000-3000 BP) sites Indian Knoll, Kentucky, and Oak View Landing and Eva,
Tennessee), one Late Archaic/Early Woodland (3000-2000 BP) site (Ledbetter Landing,
Tennessee), and one Late Woodland (1500-1000 BP) site (Hamilton Phase contexts on Hiwassee
Island, Tennesse). All populations are expected to have utilized similar types of foods, as they
represent the slow transition from foraging, protein-dependent hunter-gatherers to sedentary
Eastern Agricultural Complex agriculturalists. Dental wear on the second molar was studied
through visual scoring by means of wear grades, and through analysis of percent dentin exposure
based on photographic analysis.

The purpose of this thesis is to compare the data collected from the five populations to
further test Nealis and Seeman’s 2015 hypothesis, regarding the probable cause of dental
abrasion in prehistoric southeastern United States populations before the rise of large-scale maize
agriculture. The primary hypothesis is that the prevalence and severity of dental wear will
decrease over time, and prior to the adoption of maize-based agriculture, in relation to the
adoption of ceramics for cooking. On this basis, the heaviest dental abrasion is expected to be
found in Late Archaic samples and the lightest abrasion among Late Woodland populations of

pre-maize agriculturalists who used pottery to cook foods without using the hot rock method.



Chapter 2: Subsistence through the Late Archaic and Woodland Period in the Southeast

This chapter discusses the contributing factors leading to dental wear, subsistence and
cooking practices, in the southeastern Late Archaic and Woodland Periods. From the time of the
Middle Archaic (8000-6000 BP), when climate patterns began shifting to those closer to modern
day standards, to the end of the Late Woodland Period, southeastern residents developed their
own agricultural strategy utilizing local cultigens—maize, beans, and squash were introduced
thousands of years later (Delacourt et al., 1986; Fritz, 1990; Smith and Yarnell, 2009). The
strategy evolved over thousands of years. As many of the local cultigens thrive in disturbed soils,
it is likely that early experiments with domestication and horticulture were the result of first the
prompting of the Hypethisermal Period altering the land and allowing for the rise of the EAC
crops. Horticulture, and later agriculture, of the Eastern Agricultural Complex (EAC) species
allowed for the use of similar farming techniques when large-scale maize agriculture was later
adopted (Scarry, 2008). EAC crops include: sunflower (Helianthus annus), sumpweed (Iva
annua), regional chenopod (Chenopodium berlandieri), erect knotweed (Polygonnum erectum),
and little barley (Hordeum pusillum) (Fitz, 1990; Simon, 2009; Smith, 2011). Though
significant attention has been paid to EAC crops’ domestication and potential ways that these
starchy and oily seed specimens were produced, the diet of southeastern Late Archaic and
Woodland inhabitants also incorporated hunting, collecting nuts, and gathering shellfish among
others (Jackson and Scott, 2002; Peacock, 2002; Simon, 2009).

Evidence for lifestyle patterns in the southeastern Late Archaic suggests that inhabitants
began a transition to sedentism, building seasonal camps, as opposed to their Paleoindian
ancestors who were highly nomadic hunter-gatherers (Bense, 1994). Part of this change in

habitation may be attributed to shifting climate patterns: during the warming climate event of the



Hypisthermal Period (9000-5000 BP), the local climate stabilized river and ocean levels,
promoting increased reproduction of aquatic life to be exploited, while also encouraging the
growth of xeric forests predominantly composed of hickory-oak (Delacourt et al, 1998;
Gremillion, 2004; Simon, 2009). Based on to changing subsistence practices in response to the
Hypisthermal Period, the transition to a semi-sedentary existence allowed increased gathering of
certain foods as a prominent form of subsistence that would have been more difficult to obtain in
large quantities in past millennia (Gremillion, 1998; Smith, 2011).

Through the Late Archaic and Woodland Periods, humans exploited similar types of
protein and fat sources as their ancestors: particularly white-tailed deer and, to lesser extent,
avian species and small mammals (Jackson and Scott, 2002; Crothers, 2005). Inhabitants
camping near bodies of water bodies increased their gathering of shellfish during the Late
Archaic, the evidence of which consists of immense shell mounds. Increased shellfish
consumption was most likely prompted by the stabilization of water bodies during the
Hypisthermal Period (Peacock, 2002; Claassen, 2005). Starting in the Middle Archaic and
continuing through the Woodland period, mast (particularly nut) consumption became an
important dietary component, especially in the more xeric hickory-oak woods shaped by the
Hypisthermal Period (Talalay et al., 1984; Gardner, 1997). Nut gathering continued as a
substantial form of food through the rest of the Archaic Period and the subsequent Woodland
Period. Hickory nuts and acorns were the primary species gathered, while black walnut and
hickory, and other common varieties in the region were less represented in the archaeological
record (Delcourt et al., 1998; Moore and Dekle, 2010). Nut processing most likely consisted of
grinding the meats while also simmering the processed meats in water to skim the fat from the

surface (Sassaman, 1993).
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Southeastern populations began to exploit local plant life that thrived in disturbed areas
as early as the Middle Archaic (Gremillion, 2002; Simon, 2009; Smith and Yarnell, 2009).
During the Late Archaic and Woodland Periods, intentional cultivation and domestication of
these species created a unique agricultural suite that thrived for millennia before it was
supplanted by the maize-dominated agriculture of the later Mississippian Period. The most
commonly reported species for the EAC include: sunflower (Helianthus annus), sumpweed (Iva
annua), regional chenopod (Chenopodium berlandieri), erect knotweed (Polygonnum erectum),
and little barley (Hordeum pusillum) (Fitz, 1990; Simon, 2009; Smith, 2011). Domestication of
these local species occurred over several millennia. Species were first collected as part of
Middle Archaic subsistence strategies. Late Archaic populations began to sow the seeds from
these plants but left them to grow by their own methods. By the end of the Late Woodland
Period, domesticated and cultivated species were sown intentionally using similar techniques that
would be later used for maize agriculture (Scarry, 2008).

Although focus remained on cultivating EAC crops, their successor, maize, was first
grown during the Woodland Period, as it was first introduced into the region at approximately
1800 BP (Smith, 2011). Unlike the situation in the northeast regions, maize remained an exotic
crop until the end of the Late Woodland Period (1500-1000 BP). In the southeast, intensification
commenced around 1200 BP, while EAC crops were still in use (Scarry, 1993). Large-scale
maize agriculture associated with the Mississippian and Historic Periods did not commence until
1000 BP in the region, at which point it supplanted the cultivation of EAC crops (Gremillion,
2002). Along with innovations in pottery in the southeast, the advent of the EAC helped shape
the habitation patterns that would later lead to the highly sedentary lifestyle seen in the

Mississippian Period and Historic Period (Nealis and Seeman, 2015).
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Late Archaic and Woodland Cooking Processes

Until the introduction of cooking pottery in the southeastern United States, inhabitants of
the region shared similar cooking methods with the rest of the North American continent
(Sassaman, 1993; Sassaman, 1995). The most common method of heating food was ‘hot-rock’
cooking. Rocks were first heated over a fire and then placed in a vessel containing food:;
utilizing this method was simple to perform. It required only common materials and limited
preparation, making it ideal for use by constantly roaming hunter-gatherers. Pottery would not
emerge in the Southeast until the Late Archaic, having its genesis in the coastal regions of
Georgia and Florida. While largely confined to local coastal regions for several millennia,
pottery would quickly sweep through the southeastern region after 2000 BP. The new technique
influenced local cultures well before the techniques of maize agriculture were predominately
adopted in the region, and the presence of pottery later contributed to increasing sedentism in
combination with cultivation and domestication of Eastern Agricultural Complex flora in the
region (Sassaman, 1998). The emergence of pottery prior to agriculture is not a novel process; a
similar sequence has been seen in other cultures as well, such as the Jomon hunter-gatherers of
prehistoric Japan (Aikens, 1995).

Based on historical texts and ethnographic research, hot-rock cooking involved the use of
local rocks that were directly heated in or around a fire and then placed within a container with
the foodstuffs that required heating for human consumption (Driver and Massey, 1957,
Sassaman, 1993). As the rocks cooled, they would be removed with sticks or tong-like
implements, reheated over open flames, and placed once again into the cooking vessel. The
process would be repeated as many times as needed until the meal was adequately cooked. The

containers that housed the cooking food varied from region to region: carved stone vessels were
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used by the northern Inuit, while woven baskets and animal hides were used in more southern
regions (Driver and Massey, 1957). The temperature produced by this method allowed for
simmering rather than a full-roll boil (Sassaman, 1995). For inhabitants of the Late Archaic
southeast, the selected temperature would have been ideal for their diet: processing gastropods,
rending nut oil, and obtaining bone grease from animal skeletal material and fatty tissues
(Sassaman, 1995).

Despite the relative ease of selecting and heating rocks, this approach had notable
drawbacks. Commonly selected rocks such as quartz, granite, and limestone were usually highly
susceptible to thermal shock from the quick change in temperature (Sassaman, 1998). After only
a few uses, the hot-rocks would crack and become useless. Fragmentation had another
unfortunate effect on the human inhabitants. Fragmented rocks introduced grit into Archaic
inhabitants’ diets. The accumulated grit contributed greatly to dental attrition, notably in the
molars (Nealis and Seeman, 2015). This would lead to human populations with heavily worn
dentitions early in life compared to populations who utilized direct-heat pottery (Nealis and
Seeman, 2015).

While the inclusion of pottery throughout many societies in the greater southeast region
circa 2000 BP marked a definite change in material culture, its use did not cause an immediate
alteration in other cultural practices (Sassaman, 1993). No other large-scale changes in material
culture, subsistence, or social practices have been observed archaeologically. In prior decades of
southeastern United States archaeological research, however, the presence of pottery identified
the site as belonging to the Woodland Period and not the preceding Late Archaic Period. The
reason for the stark division was the once prevailing paradigm that the Late Archaic represented

a time before the trappings of complex societies, such as pottery and agriculture. Southeast
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cultures that practiced agriculture and created pottery belonged instead the subsequent Woodland
Period (Sassaman, 1993).

Within the southeast region, pottery was created and utilized thousands of years before
large-scale maize agriculture transformed the area (Sassaman, 1998, 2002). Previously, the Late
Archaic was defined in terms of lacking the traits usually denoted as the traits of more complex
societies: sedentism, incorporation of ceramic vessels, and agriculture-based subsistence. In the
last few decades, new research has revealed that pottery was present in the Late Archaic,
however, within only certain areas, namely within or near certain coastal regions in Georgia and
Florida. The earliest forms of ceramics were found in coastal regions or interior riverine areas
near the Atlantic coast. As sea levels rose starting in the Early Archaic, new riverine and coastal
environments were created in the region. By the Late Archaic Period, water levels rose to near
modern levels, creating stable environments for aquatic lifeforms to thrive. In turn, this allowed
human exploitation of these resources and some of the subsequent semi-sedentary settlement
habitation patterns of some of the inhabitants of the Late Archaic (Sassaman, 1998, 2002).

The Stallings Culture (4500-3500 BP), located along the Savannah River in Georgia and
South Carolina, represents the oldest pottery tradition in the southeastern United States according
to Sassaman (2002). Based on the research done for this project, Sassaman is the leading expert
on pottery function and development in the southeast United States. Earlier pottery traditions
may have existed in coastal areas, but due to the higher modern sea levels, those sites would
likely have eroded into the ocean (Sassaman, 1995, 2002). Over time, the Stallings Culture
produced two basic types of pottery: a thick-walled shallow basic vessel and a thin-walled tall jar
with a relatively narrow rim opening. The former was most likely used for hot-rock cooking,

with the newer thin-walled ceramic container used in direct-heat cooking. Relatively soon after
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the introduction of these shallow vessels, the latter thinner-walled jar was most likely used for
direct-heat cooking, after which the concept spread throughout the region (Sassaman, 1995,
2002).

Innovations in hot-rock technology did occur while cooking pottery techniques were
being developed, particularly the use of carved soapstone rings (Sassaman, 1998). Developed
after Stallings pottery in the non-pottery coastal regions in Georgia around 3500 BP, these
knapped soapstone items were circular objects with a hole in the center (Sassaman, 2002).
Because soapstone heats more slowly than previously used materials such as quartz or granite, it
was more stable and less prone to cracking. It also showed greater heat retention, requiring
fewer return visits for reheating in the fire (Sassaman, 1993, 1995). The hole in the center was
used for easy removal from the fire and placement in cooking vessels. These were used in
smaller use areas, mainly limited to the area around the Savannah River with outlying sites
exhibiting smaller percentages of these goods. Use of these objects did not persist, however,
throughout the Woodland Period, as they were supplanted by increasingly refined direct-heat
pottery (Sassaman, 1993, 1995, 2002).

As the Woodland Period progressed, pottery techniques continued to be refined in the
region (Sassaman and Rudolphi, 2001). With the inclusion of temper, pottery was more stable
and able to withstand high-temperature firing along with direct-heat over an open flame for
creating boiling temperatures (Sassaman and Rudolphi, 2001; Hart, 2012). As a result, pottery
was utilized for other more sedentary lifestyle activities such as storage or serving (Blitz, 1993;
Sassaman, 1993). Late Woodland sites such as Hiwassee Island had a large percentage of sherds

attributed to these activities including two different types of likely direct-heat cooking vessels



(Lewis and Kneberg, 1970). By the time maize agriculture took root in the area, direct-heat

technology had long been implemented (Blitz, 2012).

15
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Chapter 3: Selection of Samples Site Background

Five southeastern archaeological sites were analyzed for this study: four in Tennessee and
one in Kentucky. All sites are located along or near riverine areas, which most likely meant that
the inhabitants of all sites exploited aquatic resources such as shellfish as part of their diet. Sites
not currently located along riverbanks are believed, based on geological evidence, to have
existed along a prior shoreline. Three of the Tennessee archaeological sites rest within the
midwestern portion of the state near the Tennessee River or its tributaries (Figure 1). The final
Tennessee site is situated at the junction of the Tennessee River and the Hiwassee River in the
eastern part of the state (Lewis and Kneberg, 1970). Northwards, the west-central Kentucky site
of Indian Knoll is located along the Green River (Webb, 1974). All sites were excavated by the
WPA (Works Progress Administration) or the TVA (Tennessee Valley Authority) during the
1930s and 1940s.

Eva

In the western Tennessee county of Benton, the Archaic Site of Eva sits near the left bank
of the Tennessee River (Lewis and Lewis, 1961). It was excavated by the University of
Tennessee with assistance from the WPA and TVA from September to November 1940. Before
the creation of Kentucky Lake formed by construction of a dam, Eva was situated on an ancient
bank of the Tennessee River. Nestled between two sloughs, the Cypress Creek Slough to the
west and the Three Mile Slough to the east, the site is part of a flood plain that stretches
westward from the river to predominantly chert hills. Vegetation present in the area today
includes thick underbrush, cypress forest, and wetland flora (Lewis and Lewis, 1961).

Excavation revealed six strata below the plowzone (Lewis and Lewis, 1961). The

plowzone featured a dark soil combined with a heavy humus component that was dug into for
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several burial pits found in Stratum I. The presence of 21 pottery sherds indicative of Middle
Woodland and Mississippian cultures suggests that the area was used after the Archaic Period,
perhaps for short-term hunting camps. The resulting small amounts of pottery fragments in the
upper strata are the only sherds present at the site. The dense black soil of Stratum I, as part of
the Big Sandy Phase, was unevenly deposited when compared to other sites in the region,
ranging from a narrow depth to over two feet, which was likely caused by sheet erosion. Burial
pits were also located here along with a surprising absence of mussel shells, most likely due to
climate change increasing the depth of the river and/or a change in river course. Stratum II,
representing the Three Mile component, contained the largest shell content, along with the
lengthiest occupational period for the site. It also contained the largest number of artifacts and
human burials. Stratum Il represents a probable flooding period, showing thick river silt where
the site was most likely flooded(Lewis and Lewis, 1961). Another occupational level, Stratum
IV, contained numerous flint flakes and animal bones on the top portion of the stratum, while the
bottom portion held a comparatively larger percentage of mussel remains as well as red jasper-
like artifacts. Stratum V, representing the Eva component yielded a radiocarbon date of 5200
B.C. +/- 500. Though indistinguishable from the middle piles, it was considered the premier
occupation of the site, with quartzite sand and clay suggesting that at the time, 8000 B.C, the site
was directly located on the riverbank. Lewis and Lewis theorize that the site can be divided into
three separate traditions, that they define as a gradual change for the same people and not a form
of diffusion from some other culture (1961). From oldest to most recent, Strata VV and IV are
attributed to the Eva phase, Stratum |1 is defined as the Three Mile phase, and Stratum | and the

plowzone are defined as Big Sandy (Lewis and Lewis, 1961).
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Archaeologists identified and excavated 179 human burials and 18 canine interments;
four of which were buried alongside humans (Lewis and Lewis, 1961:103). The totals numbers
of human burials by component are 60 individuals for Big Sandy, 102 individuals for Three Mile,
and 17 individuals for Eva. Fifty-seven burials contained grave goods, including materials such
as projectile points, knives, bone awls and needles, yellow or red ochre, and ornaments (Lewis
and Lewis, 1961).

The subsistence pattern for the individuals at the Eva Site is hypothesized to be similar to
that of most Late Archaic populations: semi-sedentary foraging (Lewis and Lewis, 1961).
Unfortunately, plant remains were not recovered during the excavation; however, it has been
inferred that the plants consumed were those consumed throughout the region and later
domesticated during the subsequent Woodland Period. Hunting of various species of animals
continued as a tradition throughout the various occupations of the site, including both mammals
and aquatic creatures. The majority of remains for the occupation periods were deer bones, with
a variety of other species such as raccoon and bear making up a fraction of the overall
percentages. In the earlier occupation period, fish and shellfish constituted a smaller percentage
of animal remain totals. During the later occupation period, there was a slight decline in deer
remains along with a noted increase in shellfish remains, potentially suggesting an increase in
shellfish harvesting in the region. This could be due to a change in climate that occurred around
the occupation period that would lead to a wetter local climate, or it could represent the
consequences of overconsumption of mammalian resources, leading to a change in diet towards
aquatic resources. This pattern follows the trend toward increased incorporation of shellfish in

diets for the Late Archaic that is seen in the greater southeast region (Lewis and Lewis, 1961).
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Though fire-cracked rock was not identified at the site (Lewis and Lewis, 1961), the
inhabitants most likely utilized the hot-rock cooking method the rest of the southeast region
practiced (Sassaman, 1993) during the Late Archaic.

Indian Knoll

A well-known southeastern Late Archaic site, Indian Knoll in west-central Kentucky, has
been a focus of research since its excavation (Webb, 1974). Located near the southern boundary
of Ohio County, Kentucky, the site rests on the northeastern shore of the Green River. The
topography of the region consists of drainage areas near the river, with sandstone and shale hills
rising further from the river drainage area. The shellmound—for which Late Archaic sites in the
region are known—was present even on the surface, extending five feet into the subsurface
intermingled with organic material such as food, cracked stone from hot-rock cooking, lithics
and debitage, as well as human burials. While the burials discovered in the site drew Webb’s
main focus, the other main features found at the site were firepits. Clay was spread on the
ground in a 15-meter circumference surrounding each individual fireplace, and likely represented
the floor of a dwelling (Webb, 1974).

First researched in 1915 by C.B. Moore, Indian Knoll saw the excavation of 298
skeletons (Webb, 1974). Unfortunately, Moore subsequently discarded the postcranial elements
and solely removed skulls from 66 individuals. After Moore’s excavation, archaeologists wished
to return to the site to see whether excavation could be expanded. They were prevented,
however, until the 1937 flooding removed the house and other buildings on the property. It was
then in 1939 that William S. Webb was allowed to excavate the site with WPA funding and

manpower (Webb, 1974).
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Even after Moore’s 1915 excavation, 880 individuals were recovered from the site, both
in the shell mound itself and below that layer (Webb, 1974). Individuals discovered below the
subsurface held notably better preservation than those recovered from the mound itself. Burials
were interred during every stage of the accumulation of the site’s shellmound midden, from
incursion into the subsoil to the cutting into the shell midden that existed at that time. Single
burials were the majority of interments in the sandy sediment (488/880), those burials were
closely spaced together, while burials into the shell matrix were intermixed with the sediment
(392/880). Most in that layer were crushed by the pressure of the surrounding midden. Many
burials were round graves, where a circular pit was cut into the sand with vertical walls. This
meant that the individual was compressed into a flexed position in order to fit inside the pit
(524/880). Only over one-fourth of individuals were buried with artifacts (275/880). Artifacts
commonly found in the burials were comprised of beads, carapace rattles, atlatls, and red ochre.
Animal bones were found in in 54 of the burials (Webb, 1974).

Evidence for dietary patterns at Indian Knoll follow other Late Archaic hunter-gatherer
trends (Webb, 1974). While shellfish was most likely a popular staple, hunting was another
crucial component. Of the animal bone debris found at the site, deer was the most prevalent,
followed by other mammals such as raccoon, dog, possum, ground hog, fox and beaver.
Nonmammalian animals such as wild turkey, goose, and sandhill crane were also present along
with turtles. As common with Late Archaic sites, nut shells were discovered at the site. Though
Webb did not tabulate the quantity of nut leavings, he did note the presence of walnut, hickory,
and acorn shells (Webb, 1974). Sherds were not recovered from the sites, which is unsurprising
for a Late Archaic site. The residents most likely incorporated hot-rock cooking as their main

means of cooking their food, as heated fractured rock was recovered from the site (Webb, 1974).
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Oak View Landing (1Dr1)

South of Benton County, in the adjoining county of Decatur, the Late Archaic site of Oak
View Landing rests along the western bank of the Tennessee River (Burroughs, 1941). Prior to
the purchase of the property by the TVA and its subsequent excavation in 1941, the area was
utilized as farmland. This particular usage first occurred sometime after 1870 when it was the
Townsend family’s private property (Burroughs, 1941). The Townsends’ constructed a house,
warehouse, and well prior to selling the land to the TVA. Even after construction, the property
remained buried in mussel shell, accompanied by large quantities of artifacts such as stone flakes,
celts, and projectile points. During the excavation, seven strata were identified: a plowzone and
six subsurface strata. Strata of note for the site include Stratum I, 11, and Ill. Stratum I, an
occupational level, housed the majority of artifacts and burial pits. No pottery was found at this
level. Other evidence of occupation included hearths, pits, and burned sand that may also have
been hearths. The burial area containing 73 individuals of mixed sex and age was cut slightly
into Stratum I, and the area appeared to be part of a combination of grave and refuse pits that
accumulated over time. Stratum Ill, the other occupational level, only contained two burials.
Though the site is a mixture of Late Archaic and Early and Late Woodland components, the
Woodland occupation was brief. The Late Archaic components housed all human burials and
was likely a lengthy occupation (Burroughs, 1941).

Acrtifacts were found primarily in the plowzone and Stratum | (Burroughs, 1941). The
recovered objects included projectile points, scrapers from projectile point reduction, celts, drills,
and iron-ore-in-shale hoes. Both worked and unworked antler and red ochre were present at the

site. Pottery sherds were not recovered (Burroughs, 1941); since the site was occupied during
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the Late Archaic, the inhabitants most likely incorporated fire-cracked rock for hot-rock cooking
similar to the rest of the interior southeastern Late Archaic.
Ledbetter Landing (9BN25)

Also situated within Benton County, Tennessee, the Late Archaic/Early Woodland
Ledbetter Landing site (9BN25) was known prior to official excavation as a source of artifacts
(Lidberg, 1940). Local lore suggested that the southeast area of the county was both a region for
gold panning and for looting of Native American artifacts; however, the strata where Late
Archaic and Early Woodland components were later professionally excavated were undisturbed.
Also prior to the archaeological excavation, testing of post-holes from constructed warehouses
and from a prior excavation yielded no indications of site presence (Lidberg, 1940).

Ledbetter Landing rests along the Tennessee River, north of the junction with Morgan’s
Creek (Lidberg, 1940). At the time of investigation, the river bank had declined sharply to the
river’s edge, suggesting that alluvial erosion had removed portions of the site prior to excavation.
Lidberg suggests that previous erosion of the site is likely, since the site only comprises what he
terms a cemetery (1940). Approximately a mile-and-half north of the site, a chert bluff extends
northwards for several miles. West of the site, a flood plain extends for almost a mile, where it
then joins a hilly area (Lindberg, 1940).

During excavation, two strata were identified beneath the plowzone (Lindberg, 1940).
The upper stratum (Stratum I) consists of approximately two feet of humic loam mixed with
river shells of local species. The lower stratum (Stratum I1) was comprised of yellow sand
mixed with charcoal, charred soil, and shell fragments. Stratum Il melded into the subsequent

subsoil without clear indication of separation (Lindberg, 1940).
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The site was classified as a cemetery site by Lidberg, as no structures or traces of
structures were located during excavation (1940). One hundred and eighteen burials were
excavated, with nine in situ cremations. Due to the nature of the site, all recovered artifacts were
discovered in relation to human remains and are presumably burial goods. Grave goods were
interred with 28 burials; the artifacts were comprised of bone, shell, copper, stone, and flint.
Only small amounts of crystalline limestone tempered pottery, either cord-wrapped dowel-
impressed or basket-impressed, was found at the site, mainly in Stratum I. Some sherds were
also found in Stratum II but were thought to be intrusive. The type of pottery excavated was of
the same sort that is typically recovered in the Tennessee region. Smaller percentage types of
sand tempered, shell tempered, and clay-grit tempered sherds were also recovered (Lidberg,
1940). As the later burials fit within the Early Woodland Period (3000-2000 BP), the recovered
sherds may have been direct heating cooking vessels that were introduced to the wider
southeastern region during the terminal Late Archaic and the Early Woodland Period.

Hiwassee Island

Prior to the inundation induced by the TVA that created Chickamauga Lake, Hiwassee
Island in Meigs County, eastern Tennessee was the second largest island in the Tennessee River
(Lewis and Kneberg, 1970). Located at the junction of the Tennessee River and the Hiwassee
River, the site was found near the left bank of the Tennessee River. Excavation of the site was
conducted from April 1937 to April 1939 under the supervision of Charles H. Nash, Wendell C.
Walker, and Charles Fairbanks from the University of Tennessee. Substantial funding for the
excavation was provided by the WPA and TVA. Temporal components at the site included the

Late Woodland Hamilton Phase, the Mississippian Dallas Phase, and the Historical Cherokee.
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For the current study, only the Hamilton Phase (circa 1300-1100 BP) was investigated (Lewis
and Kneberg, 1970).

The archaeological manifestations of the Hamilton Phase consisted of burial mounds and
round midden regions (Lewis and Kneberg, 1970). The large number and regular patterning of
these features suggests that, unlike communal Late Archaic midden piles, the Hamilton Hiwassee
Island middens were attributed to individual households. No evidence of household structures or
features were recovered. Lewis and Lewis attribute this pattern to two factors: either the
excavation did not extend into the negative testing areas past the midden and burial mounds, or
the types of structures erected may not have necessarily left traces, as might be the case if they
were constructed of organic materials such as skins and bark (1970). The large number of burial
mounds and refuse pits suggested to Lewis and Lewis that occupation on the island during this
time consisted of a long, stable period that allowed for the flourishing of culture as evidenced by
the number of interments. Large quantities of mussel comprised the refuse pits. As was true for
Late Archaic populations, shellfish was an important subsistence staple. No evidence of
agricultural practices was found. However, considering the era and region, it is most likely that
they practiced some form of horticulture based on indigenous plants. Maize, if cultivated, was
most likely a supplement not a staple of the average diet. Protein included large and small
mammals and avian species. Fish and turtles were also exploited. Also, similar to Late Archaic
populations, nuts were processed for consumption, such as walnuts and acorns (Lewis and
Kneberg, 1970).

As was true of most Late Woodland sites, the Late Woodland Hamilton Phase component of
Hiwassee Island included pottery sherds (Lewis and Kneberg, 1970). All sherds found in this

component were comprised of limestone temper with the majority recovered in burial mounds
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and small midden areas rather than the likely habitation areas between those features. From the
types of sherds discovered and subsequent vessel reconstruction, three common types of vessels
used are usually attributed to the Hamilton inhabitants. The first in importance is a wide-bodied
jar combined with a shorted vertical neck and a wide opening. The second was another wide-
bodied vessel that most closely resembled a kettle or cauldron with the neck removed. Both
types of vessels were conducive to direct-heat boiling and simmering (Sassaman, 1993). The
third and last of the common vessels had the appearance of a shallow, hemispherical bowl.
Based on previous work done on identifying probable uses for pottery types, the first two vessels
were most likely used for cooking or storage, while the third vessel may have been used for
serving food (Lewis and Kneberg, 1970).

Burial mounds were the predominant interment style for Hamilton Phase individuals
(Lewis and Kneberg, 1970). Areas were selected for burial with special preparation for
interment by removing all humus and vegetation. As time progressed and more individuals were
buried, the mound increased in height. By contrast, individual burial pits were infrequent. A
total of 173 individuals were recovered from the Hamilton Phase at the site. The majority of
individuals were buried partly flexed (126), but four burials were extended, and eight were fully
flexed. Only 54 individuals were interred with burial objects. No objects were found to
correspond with age or sex or burial position. Objects most found in the burials included
projectile points, conch shells, beads, bone and shell artifacts, and celts (Lewis and Kneberg,
1970).

Summary

The aforementioned five sites share several key attributes that led to their inclusion in this study.

First, all sites were located near riverine environments and probably included shellfish as a
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common resource. Second, the five sites are close in proximity to the rest of the region and may
have shared similar cultural characteristics. Third, the inhabitants of the sites thrived before
maize became a core crop. Southeastern inhabitants from the Late Archaic to the Late Woodland
instead utilized similar dietary staples from the Eastern Agricultural Complex crops to nutmast

harvesting to hunting deer, small mammals, and avian species.

Late Archaic and Woodland Site Locations in Kentucky and Tennessee
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Figure 1. Map of Site Locations in Kentucky and Tennessee. Counties in which the sample

sites are located are outlined in red. Both the Eva Site and the Ledbetter Landing Site are located

in the same county.
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Chapter 4. Materials and Methods

Research for this study compared dental wear among individuals from three consecutive
prehistoric time periods using the dentitions from five skeletal samples: one from Kentucky and
four from Tennessee. In order to make the comparisons, both a visual scoring method and a
photographic assessment of dentine exposure were utilized to assess dental wear on the occlusal
surface of the maxillary second molars of these skeletons (see below). The skeletal samples
represent three different time periods: Late Archaic, Late Archaic/Early Woodland, and Late
Woodland. The Late Archaic samples are Indian Knoll, Eva, and Oak View Landing. The Late
Archaic/Early Woodland sample is Ledbetter Landing. The Late Woodland sample comes from
the Hamilton Phase of Hiwassee Island.

The Indian Knoll collection, unearthed in Kentucky during WPA excavations, is
currently housed at the William S. Webb Museum of Anthropology at the University of
Kentucky. Indian Knoll has been the subject of many research studies and more importantly,
was used in Nealis’ and Seeman’s work (2015) analyzing Late Archaic and Prehistoric dental
wear rates. Use of the same collection allows me to compare my results with theirs. The Indian
Knoll collection is quite large (n=900 individuals). Therefore, a randomly selected sample of the
skeletal population was examined for comparison to the other four samples. Originally, a
random sample of 200 individuals were analyzed from Indian Knoll to calculate the percentage
of dentin exposure on the occlusal surface of the maxillary second molar.

The four sites from Tennessee: Eva, Hiwassee Island, Ledbetter Landing, and Oakview
Landing, were housed at the Frank H. McClung Museum at the University of Tennessee.
Random sampling was not attempted at the four other sites due to already small sample sizes, the

number of individuals with missing or broken dentitions, or both. Instead, all adult skeletons
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from the four skeletal samples at the Frank H. McClung Museum were examined for the
presence of intact molars and absence of resorbed alveolar processes that might have affected the
biomechanics of chewing. The Ledbetter Landing sample totaled 33 individuals. The sample for
Oak View Landing consisted of 15 individuals, Hiwassee Island’s sample numbered 55
individuals, and the sample for the Eva Site totaled 45 individuals.

After reassessing the collected data for both methods in all samples, only those
individuals who possessed left maxillary second molars were used for the analysis due to the
greater occurrence of preservation of the second molars in the studied populations among chosen
age groups. Selecting this method decreased the number of originally studied individuals that
had been selected for present maxillary and mandibular first and second molars. After
conducting the photographic analysis, the useable sample sizes for all populations decreased.
The new total sample for Indian Knoll was 168 out of the original selected random sample of
200. The sample for Ledbetter Landing totaled 17. The Eva sample decreased to 29 individuals.
The sample for the Hamilton component of Hiwassee Island narrowed to 37, and the Oak View
Landing sample became eight individuals.

The selected skeletal components for study are both the right and left maxillary and
mandibular second molars of each adult individual, one of the last teeth to erupt and move into
its permanent position (Deter 2009). It is normally fully erupted in humans between the ages of
11 and 13 (Hillson, 1996). The second molar was selected for study because of its prevalent use
in dental wear studies, as its later eruption allows for a longer window of investigation for adult
individuals compared to its predecessor. Juvenile individuals under the age of 15 were excluded.
This restriction allowed for a time lapse between eruption of the second molar and the

beginnings of attrition and abrasion as the individuals entered adulthood. Individuals exhibiting
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broken molars on one side or resorbed alveolar processes were eliminated from consideration, as
unilaterally missing teeth would interfere with chewing patterns and increase the rate of wear on
the opposite side.

Age and sex estimates made by previous researchers were utilized in this study. These previous
sex estimates were based on the morphology of the os coxa (Buikstra and Ubelaker 1994). Age

estimates by previous researchers were made through examination of the pubic symphysis based
on the Suchey-Brooks method (1990) and the auricular surface based on Lovejoy et al.’s method
(1985).

Results for sex estimation are presented below (Table 1). Thirteen individuals lack sex
assessments, eight of whom were adolescents. Previous studies for the Late Archaic inhabitants
of the Southeastern United States suggest that oral health and dental wear was not statistically
different by sex (Nealis and Seeman, 2015). It has been hypothesized that this lack of difference
is due to more egalitarianism and less stratification than the later societies of the Mississippian
and Prehistoric Periods. Due to the small number of individuals at four of the sites, dental wear
differences by sex were not investigated, except for Indian Knoll. The Indian Knoll sample
contained the largest number of individuals, which allowed for comparisons of dental wear by
sex for each age group.

Age-estimated individuals were separated into three categories: teen, young adult, and
middle adult (Table 2). Teen individuals were categorized as those between 15-20 years old.
Young adult individuals were those between 20-35 years and middle adult individuals were older
than 35 years. When testing for statistical significance across different sites using the Wilcoxon

Test comparing the total samples, no differences were found between samples. The inconclusive
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outcome is most likely due to the different range of ages found in each of the samples. Therefore,
testing between age categories was necessary for this project.
Methods

Two methods were used to assess the degree of dental wear. The first was Scott’s (1979)
visual scoring method. The second was photographic estimation of the percentage of dentine
exposure based on pixel area, using GIMP, an open-source raster graphics editor.

Scott’s (1979) method is an ordinal scale used for visually analyzing dental wear and
subsequent dentine exposure by assigning a numeric value to an individual molar’s occlusal wear
(Scott, 1979). Dental wear is broken down into 10 stages. The first four stages involve the
increasing wear of the molar cusps as their height declines. The last six stages are the relative
amount of dentine exposure by progressive abrasion or attrition as illustrated by the associated
drawings and detailed written descriptions. The numeric value for an individual tooth is
calculated in several steps. The occlusal surface is divided into quadrants for analysis; each
quarter is analyzed separately and assigned a value based on the scale. Lastly, the mean of the
four scores is assigned as the numerical value for the tooth (Scott, 1979).

Each individual’s dentition was examined for all present second molars, both maxillary
and mandibular, using Scott’s Method (1979). For this project, however, only the left second
maxillary molars were used for subsequent data analysis incorporating both methods. For a
single molar, each molar quadrant was assigned a numerical value ranging from 1-10, following
Scott’s Method (1979). After data collection, each molar was awarded a numerical value taken
from the average of the four quadrants’ values. The resulting average represented the dental

wear for the single molar, and therefore, representing the individual.
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The photographic method involved calculation of percent dentine exposure with the
assistance of photo manipulation software. Compared to Scott’s Method (1979), the photo
method was more precise in identifying dentin exposure but would not be able to observe the
early stages of dental wear, crown reduction. The photo method was also much more time
extensive than Scott’s Method. All photographs were taken with a Panasonic Lumix DMC-ZS1
under direct light to avoid poor photo quality or shadows that would obscure details or create the
appearance of new, non-existent pathologies. Two clear photos were taken for each maxillary
left second molar and saved in jpeg format. After data collection, the better quality photo for
each molar was converted into a .png file through GIMP, a raster graphics editor. By converting
the photo to a .png, | could change the photo into a raster image, comprised of uniform polygon
pixels. The selected photos were then cropped, by removing all photo material that was not the
occlusal surface of the molar (Figure 2). Then, using the free select tool, | created a shape that
encompassed the entirety of the occlusal surface and recorded the corresponding pixel count in
Excel. |then used the free select tool to outline the dentin features and also noted the attached
pixel count for each of the exposed areas. Next, | divided the total dentin pixel count value by
the occlusal surface pixel count to obtain the relative percentage of dentin exposure on the
occlusal surface. A value closer to 0 represents a low occurrence of dentin exposure, while a
number closer to 1 represents a molar with very high dentin exposure. No significant differences
were observed between left and right second molars for either the maxillary molars using the
Wilcoxon Test, so the only data utilized was limited to the left second maxillary molar,
following Nealis and Seemans’ study (2015)

The statistical method used for this project was the Wilcoxon Test. It was chosen to

compare site pairs because the data were not normally distributed. The null hypothesis was that
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no statistical significance would be found between the sample pairs when testing the same age
groups. The alternate hypothesis was that statistical significance would be found between the
samples when testing for the same age groups. Significance was set to a=.05. Statistical
analysis was performed using JMP Pro software version 13.2. Testing for statistical significance
was performed between the teen samples for the five sites and between the young adult samples
for the five sites. Only Indian Knoll and Hiwassee Island were tested for statistical differences

between middle adult individuals, as those sites were the only two that included older individuals

for study.

Figure 2. View of the occlusal surface of a left maxillary second molar. The outline in blue

marks the boundary of the detine exposure.
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Chapter 5: Results
Results from the comparisons of the five sites based on both Scott’s Method (1979) and
the digital photo manipulation analysis are summarized here. To reiterate, the five samples were
from three different time periods. The Late Archaic sites (6000-3000 BP) were Indian Knoll,
Eva, and Oakview Landing. The Late Archaic/Early Woodland site (3000-2000 BP) was
Ledbetter Landing. Finally, the Late Woodland site (1500-1000 BP) was Hiwassee Island.
Ranges for dental wear for both Scott’s Method (1979) and the photo analysis are

presented below (Figures 3, 4,5, 6, 7, 8, 9, and 10).

Table 1. Sex Estimation Distribution for Selected Individuals for All Sites
Indian Eva Oak View Ledbetter Hiwassee
Knoll Landing Landing Island
Male 80 11 5 9 14
Female 86 17 1 7 17
Unknown 2 1 2 1 6
Total 168 29 8 17 37
Table 2. Age Estimation Distribution for Selected Individuals for All Sites
Indian Eva Oak View Ledbetter Hiwassee
Knoll Landing Landing Island
Teen 27 5 2 4 9
(15-20 years)
Young Adult 127 24 5 13 9
(21-35)
Middle Adult 14 0 1 0 19
(35+)

Total 168 29 8 17 37
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The results for the Wilcoxon Test for teen individuals in the five samples using both
Scott’s Method (1979) and photographic analysis are presented below (Table 3, Table 4).
Results showed no statistically significant differences in occlusal wear between any of the
samples. For all comparisons, | failed to reject the null hypothesis, that there were no differences
between the teen samples in terms of dental wear. A lack of difference in dental wear between
the teen samples from these different time periods may be due to the fact that the eruption of the
second molar occurs around the twelfth year, and there may not have been sufficient time
between eruption and death for wear to affect these teeth significantly.

Table 3. Wilcoxon Test Results for Teen Individuals in All Samples Using Scott’s Method
with a=.05

z-score p-value

Late Archaic: Late Archaic

Eva: Indian Knoll 294 .769
Eva: Oak View Landing .603 547
Indian Knoll: Oak View Landing .760 447

Late Archaic: Late Archaic/Early Woodland

Eva: Ledbetter Landing .106 916
Indian Knoll: Ledbetter Landing -.080 .936
Oak View Landing: Ledbetter Landing 197 .844

Late Archaic: Late Woodland

Eva: Hiwassee Island .204 .839
Indian Knoll: Hiwassee Island -.151 .880
Oak View Landing: Hiwassee Island 372 .710

Late Archaic/Early Woodland: Late Woodland

Ledbetter Landing: Hiwassee Island 0 <.999
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Table 4. Wilcoxon Results for Teen Individuals in All Samples Using Photographic
Analysis with a=.05

Z-score P-value
Late Archaic: Late Archaic
Eva: Indian Knoll -.916 .360
Eva: Oak View Landing -.316 152
Indian Knoll: Oak View Landing -1.179 .238
Late Archaic: Late Archaic/Early Woodland
Eva: Ledbetter Landing 171 441
Indian Knoll: Ledbetter Landing 394 .694
Oak View Landing: Ledbetter Landing -.725 467
Late Archaic: Late Woodland
Eva: Hiwassee Island 622 534
Indian Knoll: Hiwassee Island .356 122
Oak View Landing: Hiwassee Island -.955 339
Late Archaic/Early Woodland: Late Woodland
Ledbetter Landing: Hiwassee Island .369 712

Statistical results for the young adult samples based on both Scott’s Method (1979) and
the photo analysis method did illustrate differences in dental wear based on time period (Table 5,
Table 6). When the data derived from Scott’s Method were analyzed, all Late Archaic sites
demonstrated similar levels of dental wear between the sample groups, as expected. These
analyses showed significant differences between two of the three Archaic sites and the Archaic-
Early Woodland site of Ledbetter Landing, and between the late Woodland site of Hiwassee

Island and all three Archaic sites. The photographic analysis also showed a significant
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difference between the Archaic-Early Woodland site of Ledbetter Landing and the late

Woodland Hiwassee Island site, though the method based on Scott’s 1979 method fell just shy of

significance.
Table 5. Wilcoxon Test Results for Young Adult Individuals in All Samples Using Scott’s
Method with a=.05
Z-score P-value
Late Archaic: Late Archaic
Eva: Indian Knoll -1.018 .309
Eva: Oak View Landing -.116 .908
Indian Knoll: Oak View Landing 418 .676

Late Archaic: Late Archaic/Early Woodland

Eva: Ledbetter Landing -2.462 .014*
Indian Knoll: Ledbetter Landing -2.742 .006*
Oak View Landing: Ledbetter Landing 1.348 178

Late Archaic: Late Woodland

Eva: Hiwassee Island -3.452 .0006*
Indian Knoll: Hiwassee Island -4.011 <.0001*
Oak View Landing: Hiwassee Island 2.365 .018*

Late Archaic/Early Woodland: Late Woodland

Ledbetter Landing: Hiwassee Island 1.708 .086
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Table 6. Wilcoxon Test Results for Young Adult Individuals in All Samples Using
Photographic Analysis with a=.05

Z-score P-value
Late Archaic: Late Archaic
Eva: Indian Knoll -1.34 79
Eva: Oak View Landing -.260 .795
Indian Knoll: Oak View Landing 227 821

Late Archaic: Late Archaic/Early Woodland

Eva: Ledbetter Landing -2.243 .025*
Indian Knoll: Ledbetter Landing -2.258 .024*
Oak View Landing: Ledbetter Landing 1.479 139

Late Archaic: Late Woodland

Eva: Hiwassee Island -3.183 .0015*
Indian Knoll: Hiwassee Island -3.582 .0003*
Oak View Landing: Hiwassee Island 2.427 .015*

Late Archaic/Early Woodland: Late Woodland

Ledbetter Landing: Hiwassee Island 2.015 .044*
Table 7. Wilcoxon Test Results for Middle Adult Individuals in All Samples Using Scott’s
Method with 0=.05

Z-score P-value
Late Archaic: Late Woodland 2.270 .023*
Table 8. Wilcoxon Test Results for Middle Adult Individuals in All Samples Using
Photographic Analysis with a=.05

Z-score P-value

Late Archaic: Late Woodland 1.950 .051
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Only two sites had enough individuals who fell into the middle adult category: Indian
Knoll and Hiwassee Island. Use of Scott’s Method to compare the sites resulted in a z-score of -
2.598 and a significant p-value of .009. The photographic analysis Wilcoxon results were also
statistically significant with a z-score of -2.132 and a p-value of .033. The statistical difference
between the two sites when testing both methods suggests that differences in the quantity of
dietary components as well as cooking methods may have strongly influenced the differences in
dental wear seen in these samples.

The Indian Knoll sample was the sole sample that contained enough individuals to
perform analysis comparing potential differences in dental wear between the sexes. For the teen
and middle adult samples, there was no significant differences between males and females. For

the young adult population, there were significant differences between the male and females.

Table 9. Wilcoxon Test Results for Indian Knoll Males and Females Using Scott’s Method
with a=.05
Z-score P-value
IK Male Teen: IK Female Teen .091 .928
IK Male Young Adult: IK Female Young Adult 2.671 .008*
IK Male Middle Adult: IK Female Middle Adult ~ -1.152 .249
Table 10. Wilcoxon Test Results for Indian Knoll Males and Females Using Photographic
Analysis with 0=.05
Z-score P-value
IK Male Teen: IK Female Teen 314 .753
IK Male Young Adult: IK Female Young Adult 2.491 013*

IK Male Middle Adult: IK Female Middle Adult  -1.491 .136
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Chapter 6: Discussion & Conclusions

Results for this project followed similar patterns seen in other studies comprised of Late
Archaic and Woodland populations (Molnar, 1971; Sciulli, 1997; Nealis and Seeman, 2015). In
this case, however, the study focused on differences between pairs of sites instead of between
amalgamations of samples from multiple sites dating to the same time periods. By having the
opportunity and luxury of large enough samples from individual sites to derive meaningful
results, | was able to draw inferences regarding the individual populations rather than simply
comparing time periods.

The comparisons for the teen samples resulted in no statistically significant differences
when incorporating data from either Scott’s Method (1979) or the photographic analysis. These
results are unsurprising, because the permanent secondary molar erupts around the 12" year of
age (Hillson, 1996), and it is likely that not enough time would have passed for dental wear to
accumulate sufficiently in teen individuals to produce identifiable differences among sites.
Dietary patterns during these periods were not too dissimilar, since all groups studied consumed
shellfish, deer and small game, nuts, and Eastern Agricultural Complex (EAC) crops, with the
main differences among the populations being the proportions consumed (Gremillion, 2002;
Simon, 2009; Smith and Yarnell, 2009).

There were statistically significant differences amongst the adult samples based on both
Scott’s Method and the photographic analysis. All differences were found to occur between
populations of different eras and not those from similar time periods. No statistically significant
differences were found among the three Late Archaic populations (6000-3000 BP) with similar
diets and no pottery. All Late Archaic sites were located near river resources and therefore most
likely consumed shellfish, the progenitors of the EAC crops, nuts, and small game (Gremillion,

2002; Simon, 2009; Smith and Yarnell, 2009). There were significant differences when
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comparing the Late Archaic populations to the Late Archaic/Early Woodland population at
Ledbetter Landing when using Scott’s Method (1979) and photographic analysis for two of the
Late Archaic sites. Oak View Landing did not show significant differences when compared to
Ledbetter Landing. The difference in results may be attributed to the small sample size of the
young adult population of Oak View Landing (n=5). While differences in the proportions of
diets commonly found in the Late Archaic Period through the Woodland Period may have
induced a reduction in dental abrasion during this later period, the presence of sherds in the
burial levels suggests another possibility (Lindberg, 1940). Since direct-heat cooking pottery
was introduced throughout the southeast during the last stages of the Late Archaic and the
beginnings of the Early Woodland, the decrease in dental wear may instead be attributed, at least
in part,to the introduction of gritless methods of cooking compared to the preceding hot-rock
cooking (Sassaman, 1997).

The Late Archaic populations compared to the Late Woodland population at Hiwassee
Island showed strongly significant differences. This is also unsurprising, since the southeastern
Late Woodland populations (1500-1000 BP) incorporated more types of pottery by this period.
As noted in Chapter 3, the Hiwassee Island population relied on two different types of cooking
pottery (Lewis and Kneberg, 1970). Dietary patterns for this period also appear to have included
more EAC crops as main dietary staples. Farming methods for these crops would lead to the rise
of maize from an exotic food to a main dietary staple (Lewis and Kneberg, 1970). Therefore,
overall, it is not unreasonable to assume that the decrease in observed dental wear abrasion was
caused by a combination of refined direct-heat cooking pottery and a greater reliance on EAC

crops.
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When comparing the Late Archaic/Early Woodland population at Ledbetter Landing and
the Late Woodland population at Hiwassee Island for young adults, there is a difference in result
between Scott’s Method (1979) and the photographic analysis. When using Scott’s Method,
there was no statistically significant difference between the two populations (p=.086). This
differed from the photographic analysis which resulted in statistically significant differences
between the populations (p=.044). This change could most likely be attributed to the finer detail
about dentine exposure available through the photographic analysis method. While Scott’s
Method does a good job of providing general notions of the differences in wear between molars,
it is not as fine grained as the photographic analysis and is more prone to intra-observer error.
The photographic analysis method is most likely the more precise method in this regard.

For middle adults, only the Late Archaic Indian Knoll and the Late Woodland Hiwassee
Island held enough individuals of that age range to perform a statistical analysis. Unsurprisingly,
there was a statistically significant difference between the two populations. The reasons for this
are the same as those for the young adult populations. One interesting observation, however,
remains for these populations. For all Late Archaic populations and the Late Archaic/Early
Woodland population, there was a noticeable decline in middle adults with intact second molars
after the age of 35. Many molars were either missing, chipped, or too cracked to include in the
analysis, drastically decreasing the sample sizes available for comparison. The increased
damage to molar integrity could potentially be attributed to the increased wear seen in the young
adult populations that would lead to tooth loss and subsequent alveolar resorption during the
fourth decade of life. The Late Woodland population, however, showed a different pattern.
Even though Hiwassee Island was not as large as Indian Knoll in the number of individuals,

there were more individuals still possessing their second molars into middle adulthood. This
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observation may provide some corroborating evidence to the results from the wear analysis.
Even during initial assessment of molars when first gathering the data, it seemed obvious that
individuals from Hiwassee Island had visually less dental wear than their Late Archaic cohort,
and the statistical analyses, by and large, bore this out.

Comparisons of Indian Knoll males and females by age group results in differences in
certain age groups. For the teen and middle adult populations, there were no significant
differences in wear. The young adult population had statistically significant differences. While
no concrete interpretations can be made, the difference by age group may be due to differences
in gendered behavior in the population. While Late Archaic populations are usually defined as
egalitarian (Nealis and Seeman, 2015), there may have been differences in dietary practices by
gender or other status markers.

The box plots showing the range of dental wear provided intriguing results for
consideration. For the teen samples, wear ranges were low for all sites except for Ledbetter
Landing when using both methods. For the young adult samples, wear ranges were wide for Eva
and Indian Knoll when including the whiskers, though the box plots themselves were similar to
those of the other Late Archaic sample, Oak View Landing. The wide ranges seen in the box
plots when including the whiskers may have several causes. Potential reasons for the wide
ranges may include population divisions, such as access to certain foods, or differences in an
individual’s biology.

The analysis of second molars from these five sites using both Scott’s Method and the
photographic analysis methods yielded similar trends to Nealis and Seeman’s 2015 research. By
further dividing the samples by relative age groups, patterns occur that may be remarked upon

for further research. From the Late Archaic to the Early Woodland to the Late Woodland, there
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is a notable decrease in dental wear across the millennia when comparing the selected samples.
The observed decrease in tooth wear has been largely attributed in the past to shifting diet
patterns, with a decrease in consumption of grit-filled substances like shellfish and nuts
(Gremillion, 2002; Simon, 2009; Smith and Yarnell, 2009), instead of the transition from hot-
rock cooking to direct-heat pottery cooking (Sassaman, 1993). Cooking processes are usually
not considered as a means of shaping dental wear patterns, so most past researchers settled on
dietary staples as the primary driver.

However, results for this project reveal similar trends to those predicted by Nealis and
Seeman (2015). These authors studied three populations from two different time periods: Indian
Knoll and Black Earth from the Late Archaic (6000-3000 BP) and the late Prehistoric Libben
Site (1000-450 BP). Though they did not separate the samples by defined age groups,
conclusions were made regarding the dental wear trends from the different eras. No significant
differences were found between the Late Archaic populations, even though Indian Knoll is
notably associated with shell mounds, while according to Nealis and Seeman (2015), Black
Earth was distant from water bodies and lacked a shellmound, thus removing inadvertent
consumption of teeth-wearing grit as a likely cause for differences in dental wear. The most
recent population of Libben consumed maize as a major dietary staple and had incorporated
direct-heat pottery as a cooking process. Unsurprisingly, there were significant differences in
tooth wear between the Late Archaic populations and the late Prehistoric population, as predicted
by Nealis and Seeman (2015), as the introduction of direct-heat pottery occurred millennia
before maize became a dietary staple. When compared to the research presented here, there is no
significant difference in dental wear among the Late Archaic populations. All sites studied were

located near river sources and most likely exploited shellfish. The decrease in dental wear may
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instead be attributed to the change from hot-rock cooking to direct-heat pottery as a more
predominate factor.

Overall, given the general trends of decreasing dental attrition during the Woodland
Period in the southeast, the results fit the previous models. Since maize was still an exotic good
in the region, compared to its earlier introduction in the northeast (Gremillion, 2002), pottery
very well may be the primary reason for the decrease in dental wear during the Woodland
Periods, not a changing diet to a greater reliance on EAC crops (Sassaman, 1993: Nealis and
Seeman, 2015). While the climate shift from the Hypisthermal Period allowed groups to further
exploit shellfish, nutmast leavings, and EAC progenitors, the Late Archaic and Woodland Period
inhabitants shared very similar dietary patterns. Subsistence patterns only shifted in a major way
at the terminal end of the Woodland Period when maize, beans, and imported squash rose in
prominence (Fitz, 1990; Simon, 2009; Smith, 2011).

The research and results presented here concur with Nealis and Seeman’s assessment of
dental attrition over time in the Southeast (2015). While the study here only incorporates a small
group of sites, more populations should be studied to continue to test whether pottery was the
primary cause for the decrease in dental wear. Several suggestions follow for the incorporation
and analysis tools used, as well as observations noted during this project. Bioarchaeological
studies will always remain dependent on the quality and quantity of skeletons present for study.
Even though preliminary research may suggest a decent sized sample of individuals present for
study, the elements required for a project may be missing or in poor condition. Dental materials
present a particular conundrum: though they preserve better than skeletal boney materials, they
may easily be lost during years or decades of other research studies, leaving only an empty

maxilla and/or mandible behind for the prospective researcher (Hillson, 1996). This decreases
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the number of individuals present for analysis, despite previous records of a decently —sized
samples. Therefore, it is probably prudent to identify more samples than might seem necessary
at the outset of the research to offset any complications when samples become too small,
particularly when conducting age-limited and/or gender-based comparisons across different sites.

It is encouraging that Scott’s Method (1979) and the photographic analysis conducted for
this study produced similar results. Both methods rely on assessing dentin exposure on the
occlusal surface; however, there are several differences. Scott’s methods can only be utilized for
molars, as the photographic charts and descriptions were built specifically for both maxillary and
mandibular molars. Photographic analysis utilized for this project involved tracing the outline or
outlines of the dentin exposure of the photograph by hand, and then calculating the ratio of
dentin exposure area to the total overall tooth area size. There are advantages and drawbacks for
both methods, which was part of the reason two methods were used for this project. Scott’s
method is simple to use, since Scott was very specific and detailed in his methodological
descriptions. With practice, one can assess the level of enamel wear and subsequent dentin
exposure for each quadrant in under a minute, and then calculate the average quickly. The issues
with incorporating this method are that scores are ordinal rather than continuous, and therefore
potentially less precise. Furthermore, because the scoring is subjective, the researcher must be
careful that there is no drift in assessments over the course of a project. There are no firm
controls to maintain a constant pattern unless the researcher establishes a control group that can
be rescored to test and potentially readjust one’s perspective.

The photographic analysis utilized in this project is much more time intensive than
Scott’s method and requires more tools to generate high quality data. For the photographic

analysis, a camera with a high quality zoom is required as well as good lighting (usually a high
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quality lamp). Careful work needs to be done to prevent blurring of the images, requiring several
photographs for each tooth. After data collection, much more work needs to be done in order to
conduct the analysis. First the photo must be cropped in order to remove all photo portions that
are not the occlusal surface of the tooth. Next, the total area of the entire tooth must be
calculated as a pixel count. Third, the researcher must outline the dentin exposure of the tooth
and then calculate the resulting area of dentin exposure. Finally, the researcher must calculate
the percentage of visible dentin to the total area of the tooth. The entire process can take up to
20 minutes for each photo, making it very time-intensive. However, the results for the photo
analysis can be more easily replicated, and scoring can be checked by other researchers as long
as the data was collected properly.

Several conclusions can be reached regarding this project. More studies regarding
whether a decrease in a shellfish diet or the inclusion of pottery was the primary cause for the
decrease in dental wear seen in the Woodland Period should still be investigated. One potential
venue of research would be isotopic analysis so gain a better sense of the degree of shellfish
consumption for selected populations. Though sparse in number, large skeletal samples from
individual sites from the Late Archaic through the Woodland Period should be investigated to
see if this trend holds. One possibility for a future project would be to test whether differences in
dental wear exist for Late Archaic and Early Woodland populations between coastal sites, with
greater access to shellfish, and inland sites with less or no access. The results could be tested to
see whether dental wear trends differ based on those with early adopted pottery and those
without. Researchers could then begin to define when and where tooth wear begins to decrease

in the Southeast with the introduction of pottery.
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Appendix.  Sampled Individuals and their Associated Data Results
Site ID Sex | Age | Age Scott's Photographic
Number Group Method Analysis

Eva 7 F 18- | Young 9.5 0.820
25 Adult

Eva 8 M 24- | Young 10 1.000
35 Adult

Eva 29 F 16- | Teen 4 0.000
18

Eva 37 M 20- | Young 4 0.002
25 Adult

Eva 44 M 24- | Young 5.5 0.208
30 Adult

Eva 51 M 25- | Young 6.75 0.439
30 Adult

Eva 54 M 18- | Young 4.25 0.047
23 Adult

Eva 56 F 18- | Young 3.5 0.000
25 Adult

Eva 57 M 24- | Young 9.5 0.901
30 Adult

Eva 92 F 18- | Young 4,75 0.105
25 Adult

Eva 103 M 20- | Young 6.75 0.383
25 Adult

Eva 105 F 25- | Young 6.75 0.359
35 Adult

Eva 107 F 24- | Young 5 0.162
35 Adult

Eva 115 F 25- | Young 7.75 0.419
30 Adult

Eva 127 F 25- | Young 9.5 0.810
35 Adult

Eva 131 M 20- | Young 4.5 0.050
30 Adult

Eva 142 F 18- | Young 8.5 0.556
28 Adult

Eva 143 M 15- | Teen 4.5 0.009
17

Eva 145 F 18- | Young 5 0.170
25 Adult

Eva 147 M 15- | Teen 3.75 0.000
17

Eva 151 F 25- | Young 6.25 0.331
30 Adult
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Eva 158 F 25- | Young 6.75 0.272
35 Adult
Eva 164 F 22- | Young 5.75 0.174
30 Adult
Eva 175 F 18- | Young 4 0.000
25 Adult
Eva 178 F 17- | Teen 3 0.000
20
Eva 179 M 25- | Young 8.5 0.455
30 Adult
Eva 182 F 20- | Young 4.25 0.021
25 Adult
Eva 191 F 30+ | Young 9.5 0.828
Adult
Eva 192 ? 15- | Teen 3.5 0.000
17
Hiwassee Island 33 F 35+ | Middle 4.5 0.062
(42MG31) Adult
Hiwassee Island 38 M 15- | Teen 4.5 0.041
(42MG31) 20
Hiwassee Island 39 F 35+ | Middle 3.75 0.031
(42MG31) Adult
Hiwassee Island 44 F 35+ | Middle 5.75 0.362
(42MG31) Adult
Hiwassee Island 47 M 35+ | Middle 7.75 0.654
(42MG31) Adult
Hiwassee Island 49 M 35+ | Middle 9.75 0.848
(42MG31) Adult
Hiwassee Island 51 ? 21- | Young 4 0.005
(42MG31) 35 Adult
Hiwassee Island 53 M 35+ | Middle 9.5 0.886
(42MG31) Adult
Hiwassee Island 74 M 15- | Teen 3.5 0.000
(42MG31) 18
Hiwassee Island 76 F 35+ | Middle 7.25 0.502
(42MG31) Adult
Hiwassee Island 1 F 15- | Teen 3.5 0.000
(46MG31) 20
Hiwassee Island 2 ? 15- | Teen 4 0.000
(46MG31) 18
Hiwassee Island 6 F 35+ | Middle 7.25 0.278
(46MG31) Adult
Hiwassee Island 10 ? 21- | Young 4 0.000
(46MG31) 35 Adult
Hiwassee Island 11 M 35+ | Middle 4 0.078
(46MG31) Adult
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Hiwassee Island 12 M 15- | Teen 4.25 0.002

(46MG31) 20

Hiwassee Island 18 M 28- | Young 4.75 0.131

(46MG31) 38 Adult

Hiwassee Island 27 F 35+ | Middle 8 0.844

(46MG31) Adult

Hiwassee Island 32 F 35+ | Middle 4.25 0.021

(46MG31) Adult

Hiwassee Island 53 F 20- | Young 4 0.002

(46MG31) 25 Adult

Hiwassee Island 56 M 21- | Young 4.25 0.055

(46MG31) 35 Adult

Hiwassee Island 57 F 18- | Young 35 0.000

(46MG31) 24 Adult

Hiwassee Island 59 ? 15- | Teen 2.75 0.000

(46MG31) 18

Hiwassee Island 60 F 15- | Teen 4 0.000

(46MG31) 20

Hiwassee Island 65 M 18- | Young 3.75 0.000

(46MG31) 26 Adult

Hiwassee Island 70 F 35+ | Middle 45 0.066

(46MG31) Adult

Hiwassee Island 74 F 18- | Young 35 0.000

(46MG31) 23 Adult

Hiwassee Island 75 M 35+ | Middle 9.5 0.890

(46MG31) Adult

Hiwassee Island 76 F 15- | Teen 3.75 0.000

(46MG31) 20

Hiwassee Island 80 F 35+ | Middle 6.5 0.289

(46MG31) Adult

Hiwassee Island 85 F 20- | Young 4.25 0.055

(46MG31) 25 Adult

Hiwassee Island 87 F 35+ | Middle 4.5 0.065

(46MG31) Adult

Hiwassee Island 93 ? 15- | Teen 4 0.006

(46MG31) 20

Hiwassee Island 109 ? 35+ | Middle 9 0.591

(46MG31) Adult

Hiwassee Island 115 M 35+ | Middle 9 0.575

(46MG31) Adult

Hiwassee Island 117 M 35+ | Middle 8.5 0.843

(46MG31) Adult

Hiwassee Island 120 M 35+ | Middle 3.5 0.003

(46MG31) Adult

Indian Knoll 9 F 24- | Young 6.5 0.149
25 Adult
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Indian Knoll 10 F 20- | Young 4.75 0.022
22 Adult
Indian Knoll 12 F 45+ | Middle 10 1.000
Adult
Indian Knoll 13 F 30- | Young 5.75 0.217
35 Adult
Indian Knoll 15 F 30- | Young 4.75 0.165
35 Adult
Indian Knoll 17 F 25- | Young 4.75 0.137
30 Adult
Indian Knoll 22 F 35- | Middle 9 0.792
45 Adult
Indian Knoll 32 M 30- | Young 9.5 0.886
35 Adult
Indian Knoll 39 F 18- | Teen 4 0.005
19
Indian Knoll 50 M 22- | Young 5 0.040
28 Adult
Indian Knoll 52 F 23- | Young 8 0.555
25 Adult
Indian Knoll 55 M 35- | Middle 4 0.003
40 Adult
Indian Knoll 56 F 25- | Young 35 0.007
30 Adult
Indian Knoll 68 F 20- | Young 4.25 0.007
22 Adult
Indian Knoll 70 F 25- | Young 8.5 0.369
28 Adult
Indian Knoll 71 M 30- | Young 55 0.305
35 Adult
Indian Knoll 73 M 27- | Young 8.75 0.437
32 Adult
Indian Knoll 79 M 23- | Young 5.75 0.271
28 Adult
Indian Knoll 81 M 25- | Young 5.75 0.240
30 Adult
Indian Knoll 87 F 19- | Teen 4 0.000
20
Indian Knoll 90 F 30- | Young 8.5 0.586
40 Adult
Indian Knoll 97 M 16- | Teen 4 0.000
17
Indian Knoll 105 M 24- | Young 8.5 0.657
27 Adult
Indian Knoll 106 M 45+ | Middle 10 1.000

Adult
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Indian Knoll 107 F 25- | Young 6.75 0.461
28 Adult

Indian Knoll 108 M 20- | Young 4.75 0.042
25 Adult

Indian Knoll 109 M 30- | Young 8.5 0.313
35 Adult

Indian Knoll 117 F 25- | Young 8.5 0.666
28 Adult

Indian Knoll 122 M 23- | Young 8 0.849
28 Adult

Indian Knoll 124 M 25- | Young 6 0.143
32 Adult

Indian Knoll 146 F 22- | Young 4.75 0.052
28 Adult

Indian Knoll 148 M 35- | Middle 9 0.849
39 Adult

Indian Knoll 150 F 25- | Young 5.25 0.173
28 Adult

Indian Knoll 160 F 28- | Young 8.5 0.605
30 Adult

Indian Knoll 168 F 23- | Young 4.5 0.076
24 Adult

Indian Knoll 184 F 19- | Teen 35 0.009
20

Indian Knoll 191 F 19- | Teen 4.25 0.010
20

Indian Knoll 205 F 25- | Young 5.25 0.104
28 Adult

Indian Knoll 215 F 17- | Teen 4.5 0.006
18

Indian Knoll 217 M 20- | Young 4.25 0.007
22 Adult

Indian Knoll 218 M 30- | Young 8.75 0.750
35 Adult

Indian Knoll 220 F 20- | Young 3.5 0.000
22 Adult

Indian Knoll 233 F 23- | Young 3.5 0.000
24 Adult

Indian Knoll 234 F 26- | Young 7.5 0.408
27 Adult

Indian Knoll 235 M 31- | Young 5 0.100
34 Adult

Indian Knoll 237 F 30- | Young 4.75 0.099
33 Adult

Indian Knoll 242 F 23- | Young 5.5 0.077
24 Adult
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Indian Knoll 247 M 28- | Young 8.75 0.468
30 Adult
Indian Knoll 256 M 25 Young 8.5 0.348
Adult
Indian Knoll 261 F 28- | Young 6 0.350
30 Adult
Indian Knoll 266 M 30- | Young 9.25 0.906
35 Adult
Indian Knoll 280 ? 27- | Young 4.5 0.022
28 Adult
Indian Knoll 285 F 20- | Young 4.75 0.011
22 Adult
Indian Knoll 288 M 25- | Young 4.75 0.044
28 Adult
Indian Knoll 289 M 16- | Teen 4.25 0.003
17
Indian Knoll 291 F 21- | Young 4.25 0.012
23 Adult
Indian Knoll 292 M 28- | Young 9 0.674
35 Adult
Indian Knoll 293 M 25- | Young 4.75 0.033
27 Adult
Indian Knoll 294 M 26- | Young 6 0.205
29 Adult
Indian Knoll 296 M 28- | Young 55 0.222
35 Adult
Indian Knoll 299 M 25- | Young 4.75 0.100
27 Adult
Indian Knoll 310 M 28- | Young 6.5 0.314
30 Adult
Indian Knoll 311 F 23- | Young 4 0.029
25 Adult
Indian Knoll 314 F 23- | Young 7 0.314
24 Adult
Indian Knoll 322 M 27- | Young 6.5 0.307
35 Adult
Indian Knoll 347 M 28- | Young 7.25 0.303
30 Adult
Indian Knoll 366 F 18- | Teen 3.75 0.000
20
Indian Knoll 377 M 28- | Young 8 0.488
30 Adult
Indian Knoll 379 F 20- | Young 55 0.189
21 Adult
Indian Knoll 381 F 17- | Teen 4 0.000

19
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Indian Knoll 382 F 29- | Young 8.5 0.576
30 Adult

Indian Knoll 391 F 19 Teen 4.75 0.104

Indian Knoll 398 F 22- | Young 4.25 0.053
23 Adult

Indian Knoll 401 M 25- | Young 4 0.000
27 Adult

Indian Knoll 402 M 25- | Young 4.5 0.060
26 Adult

Indian Knoll 403 F 23- | Young 5.25 0.066
26 Adult

Indian Knoll 407 F 30- | Young 6.75 0.164
33 Adult

Indian Knoll 408 M 35- | Middle 7 0.313
40 Adult

Indian Knoll 409 M 22- | Young 4.5 0.049
25 Adult

Indian Knoll 411 F 27- | Young 5.5 0.274
33 Adult

Indian Knoll 417 F 19- | Teen 3.75 0.008
20

Indian Knoll 418 M 22- | Young 5 0.121
25 Adult

Indian Knoll 423 F 25- | Young 7.25 0.429
28 Adult

Indian Knoll 436 M 30- | Young 9.25 0.727
35 Adult

Indian Knoll 440 F 22- | Young 3.5 0.000
25 Adult

Indian Knoll 441 M 35- | Middle 9 0.671
37 Adult

Indian Knoll 447 M 25- | Young 5.25 0.038
30 Adult

Indian Knoll 449 M 27- | Young 5 0.165
28 Adult

Indian Knoll 451 M 30- | Young 95 0.840
35 Adult

Indian Knoll 452 M 30- | Young 8.5 0.747
35 Adult

Indian Knoll 454 M 25- | Young 6.25 0.264
26 Adult

Indian Knoll 464 F 27- | Young 4.75 0.121
28 Adult

Indian Knoll 467 M 30- | Young 7.5 0.484
35 Adult
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Indian Knoll 473 F 24- | Young 4.25 0.013
26 Adult
Indian Knoll 474 F 19- | Teen 35 0.004
20
Indian Knoll 474 F 19- | Teen 4 0.002
20
Indian Knoll 475 M 35- | Middle 9.5 0.837
40 Adult
Indian Knoll 476 M 30- | Young 9 0.680
35 Adult
Indian Knoll AT7 M 35- | Middle 9 0.736
40 Adult
Indian Knoll 480 F 20- | Young 4.5 0.022
21 Adult
Indian Knoll 481 M 24- | Young 5.25 0.096
25 Adult
Indian Knoll 488 F 16- | Teen 3.5 0.000
17
Indian Knoll 489 M 28- | Young 6 0.283
30 Adult
Indian Knoll 494 ? 20- | Young 3.75 0.000
21 Adult
Indian Knoll 494 F 20- | Young 4 0.000
21 Adult
Indian Knoll 495 F 17 Teen 35 0.000
Indian Knoll 496 M 27 Young 45 0.075
Adult
Indian Knoll 501 F 16- | Teen 3.5 0.001
17
Indian Knoll 520 F 33- | Young 9.5 0.808
37 Adult
Indian Knoll 529 M 30- | Young 6.75 0.389
33 Adult
Indian Knoll 540 M 29- | Young 8.5 0.469
30 Adult
Indian Knoll 552 M 22- | Young 5 0.057
23 Adult
Indian Knoll 555 F 27- | Young 8.75 0.599
30 Adult
Indian Knoll 559 M 29- | Young 9.75 0.776
33 Adult
Indian Knoll 561 M 28- | Young 4.5 0.094
30 Adult
Indian Knoll 563 F 16- | Teen 35 0.000

17
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Indian Knoll 564 F 28- | Young 5.75 0.196
30 Adult
Indian Knoll 565 F 28- | Young 4.5 0.166
30 Adult
Indian Knoll 567 M 16- | Teen 3 0.000
17
Indian Knoll 568 M 23- | Young 4.75 0.014
24 Adult
Indian Knoll 570 F 26- | Young 5 0.051
28 Adult
Indian Knoll 575 M 22- | Young 4.75 0.081
25 Adult
Indian Knoll 588 F 19- | Teen 3.5 0.000
20
Indian Knoll 589 F 16- | Teen 3.5 0.000
17
Indian Knoll 590 F 30 Young 4.75 0.099
Adult
Indian Knoll 591 F 27- | Young 8.75 0.619
30 Adult
Indian Knoll 595 F 35- | Middle 8.75 0.771
40 Adult
Indian Knoll 603 M 19- | Teen 3.75 0.008
20
Indian Knoll 604 M 30- | Young 9 0.872
33 Adult
Indian Knoll 618 F 16- | Teen 4 0.000
17
Indian Knoll 634 F 30- | Young 6 0.227
35 Adult
Indian Knoll 639 M 25- | Young 6 0.274
27 Adult
Indian Knoll 652 F 28- | Young 9 0.787
29 Adult
Indian Knoll 661 M 36- | Middle 7 0.374
40 Adult
Indian Knoll 665 M 35- | Middle 7.25 0.408
40 Adult
Indian Knoll 687 M 28- | Young 6.75 0.396
30 Adult
Indian Knoll 696 F 21- | Young 4.25 0.016
23 Adult
Indian Knoll 698 M 25- | Young 4 0.008
28 Adult
Indian Knoll 701 F 21- | Young 3.5 0.000
22 Adult
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Indian Knoll 706 F 16- | Teen 4 0.000
17

Indian Knoll 712 F 35- | Middle 10 1.000
40 Adult

Indian Knoll 715 F 21- | Young 4.75 0.062
22 Adult

Indian Knoll 717 F 30- | Young 5.25 0.224
35 Adult

Indian Knoll 727 M 30- | Young 4.75 0.101
35 Adult

Indian Knoll 735 F 27- | Young 5.25 0.088
30 Adult

Indian Knoll 737 M 35- | Middle 9.5 0.832
40 Adult

Indian Knoll 738 M 30- | Young 4.75 0.154
35 Adult

Indian Knoll 742 M 30- | Young 10 1.000
33 Adult

Indian Knoll 755 M 28- | Young 7 0.315
30 Adult

Indian Knoll 761 F 20- | Young 4 0.000
21 Adult

Indian Knoll 766 M 28- | Young 4.25 0.015
30 Adult

Indian Knoll 772 F 25- | Young 4.5 0.058
28 Adult

Indian Knoll 775 F 20- | Young 4.25 0.011
21 Adult

Indian Knoll 804 M 19- | Teen 35 0.000
20

Indian Knoll 810 M 30- | Young 6 0.317
35 Adult

Indian Knoll 817 M 25- | Young 4.25 0.016
27 Adult

Indian Knoll 819 F 28- | Young 6.75 0.353
30 Adult

Indian Knoll 832 F 17- | Teen 4 0.000
18

Indian Knoll 835 F 19- | Teen 3.75 0.000
20

Indian Knoll 836 M 17- | Teen 4.25 0.014
18

Indian Knoll 837 F 30- | Young 55 0.195
33 Adult

Indian Knoll 843 F 30- | Young 8.75 0.451
35 Adult
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Indian Knoll 847 F 27- | Young 5 0.165
30 Adult
Indian Knoll 848 M 22- | Young 4 0.006
23 Adult
Indian Knoll 851 F 20- | Young 4 0.000
25 Adult
Indian Knoll 852 M 33- | Young 6 0.211
35 Adult
Indian Knoll 853 M 22- | Young 4.75 0.062
25 Adult
Indian Knoll 860 M 30- | Young 7 0.334
35 Adult
Ledbetter Landing 10 F 25- | Young 4.25 0.064
30 Adult
Ledbetter Landing 12 M 18- | Young 4.25 0.012
25 Adult
Ledbetter Landing 13 M 30+ | Young 5.75 0.176
Adult
Ledbetter Landing 20 F 16- | Teen 3.5 0.000
18
Ledbetter Landing 26 M 16- | Teen 5.75 0.145
18
Ledbetter Landing 34 M 20- | Young 4 0.012
25 Adult
Ledbetter Landing 40 M 18- | Young 4.25 0.071
23 Adult
Ledbetter Landing 41 M 23- | Young 8.5 0.494
36 Adult
Ledbetter Landing 55 ? 18- | Young 4 0.006
25 Adult
Ledbetter Landing 62 F 18- | Young 4 0.000
25 Adult
Ledbetter Landing 66 F 16- | Teen 3.5 0.000
20
Ledbetter Landing 81 F 18- | Young 4 0.004
25 Adult
Ledbetter Landing 91 M 21- | Young 7.5 0.440
25 Adult
Ledbetter Landing 96 F 25+ | Young 4.5 0.085
Adult
Ledbetter Landing 112 M 27- | Young 3.5 0.005
33 Adult
Ledbetter Landing 118 M 25+ | Young 5 0.097
Adult
Ledbetter Landing 52A F 18+ | Teen 5.25 0.157
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Oak View Landing 5 25+ | Young 4 0.004
Adult
Oak View Landing 6 17- | Teen 4 0.000
20
Oak View Landing 41 27- | Young 55 0.190
39 Adult
Oak View Landing 42 34- | Middle 55 0.252
39 Adult
Oak View Landing 45 25+ | Young 6.75 0.132
Adult
Oak View Landing 54 20- | Young 7.5 0.454
30 Adult
Oak View Landing 59 15- | Teen 4 0.000
18
Oak View Landing 71 20- | Young 7.25 0.534
30 Adult




