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ABSTRACT
My dissertation project utilizes a theoretical perspective derived from historical ecology
to explore the trajectory in prehistoric subsistence that began with the initial colonization of the
region and eventually led to the domestication of indigenous plants, such as goosefoot and
maygrass, roughly 5,000 calendar years ago. Because a major handicap for exploring prehistoric
subsistence in eastern North America is the rarity of sites with preserved flora and fauna, I apply
formal models derived from behavioral ecology to stone tool assemblages and archaeological site
distributions to evaluate models that have been proposed for the emergence of domesticated
plants.
Based on my results, I argue that the origins of plant domestication came about within the
context of a boom/bust cycle that has its roots in the Late Pleistocene and culminated in the MidHolocene. More specifically, warming climate caused a significant peak in the availability of
shellfish, oak, hickory, and deer, which generated a “tipping point” during the Middle Archaic
period where hunter-gatherer groups narrowed their focus on these resources. After this “boom”
ended, some groups shifted to other plant resources that they could intensively exploit in the
same manner as oak and hickory, which included the suite of plants that were subsequently
domesticated. This is likely due the combined effects of increasing population and declining
returns from hunting, which is evident in my analysis of biface technological organization and
site distributions from the lower Tennessee and Duck River Valleys. Consequently, these
conclusions are an alternative to Smith’s (2011) assertion that plant domestication in eastern
North America came about as a result of gradual niche construction with no evidence for
resource imbalance or population packing.
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CHAPTER 1
HISTORICAL ECOLOGY AND THE ORIGINS
OF AGRICULTURE IN EASTERN NORTH AMERICA
Introduction
Beginning by at least 14,000 years ago with the domestication of the gray wolf, modern
humans have been responsible for artificially selecting traits in other species for their own
benefit (Clutton-Brock 1999; Germonpre et al. 2012; Leonard et al. 2002). In at least six
different locations worldwide, humans independently domesticated a variety of other plant and
animal species, which sparked a radical shift in subsistence economies from hunting and
gathering to near complete reliance on domesticated species (Barker 2006; Kennett and
Winterhalder 2006:2; Figure 1-1). From these hearths of domestication, agriculture spread
rapidly to encompass almost the entire planet. This not only irrevocably changed human dietary
choices, but also generated long-term consequences for the physical environment and human
nutrition that extend to the present day (Diamond 2002; Redman 1999; Ungan and Teaford 2002;
Kennett and Winterhalder 2006; Zeder 2011). This study examines the possible roles of
population pressure and resource imbalance in one of these hearths of domestication - eastern
North America.
In one sense, this research topic falls under the umbrella of historical ecology, which
“traces the complex relationships between our own species and the planet we live on, charted
over the long-term” and takes a “holistic, practical, and dialectical perspective on environmental
change and on the practice of inter-disciplinary research” (Crumley 2007:16). The various
incidences of plant and animal domestication provide compelling case studies because they
reflect choices made over many generations, which in turn coincided with major changes in
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Figure 1-1. The locations of the earliest independent centers for plant and animal domestication.
(Base Map: Bing Aerial Imagery provided by ESRI ArcMap 10).
technology and social organization (Barker 2006; Kennett and Winterhalder 2006:2). The
adoption of domesticated plants and animals has also led to irrevocable changes to physical
environments, creating anthropogenic landscapes that are profoundly shaped by agricultural
practices (Blondel 2006; Delcourt and Delcourt 2004; Mann 2006). In addition to changing the
physical landscape to the point of degradation in some instances, the transition to agriculture is
ultimately responsible for a less diverse diet (Milton 2002), increased evidence for skeletal
pathologies related to nutritional deficiencies and increased workloads (Cohen and Armelagos
1984), higher probabilities for exposure to zoonotic and crowd-borne illnesses (Diamond 2002;
Larsen 2002), and for a variety of diseases that impact people today, including hypertension,
diabetes, and heart disease (Eaton et al. 1988). Given the negative consequences, why did people
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not simply continue to hunt and gather as a primary mode of subsistence? Diamond (2002:701)
poses the question somewhat differently, asking “Why did food production eventually
outcompete the hunter-gatherer lifestyle over almost the whole world, at the particular times and
places that it did, but not at earlier times?” This places the process in historical context,
demanding attention to conditions at particular places and times.

Why Agriculture?
Starting with Tylor’s (1871) classification of human societies into three levels,
“barbarism, savagery, and civilization,” several generations of researchers have been interested
in the transition from a hunting-and-gathering mode of subsistence to one that relies on
agriculture. In the 1930s, V. Gordon Childe argued that a “Neolithic Revolution” occurred at the
end of the last Ice Age. In his “Oasis Hypothesis,” Childe (1936) contends that drier conditions
drove animals and people to oases and river valleys, which would have prompted a co-dependent
relationship. However, climate reconstructions have failed to support this hypothesis (Barker
2006:16-17). Moreover, Braidwood (1960), after an extensive survey in the Zagros Mountains in
Iraq, argued that the earliest evidence for agricultural societies did not occur near oases or major
rivers, but in the “hilly flanks” of the area known as the “Fertile Crescent.” Braidwood, however,
approached the transition to agriculture from a culture historical perspective, and attributed the
transition to agriculture to “cultural” factors (Barker 2006:26). In the ensuing years, the question
of how and when human subsistence has changed at this key juncture has been one of the most
researched and debated issues in archaeological research.
Binford (1968) argued increasing population pressure resulting from ameliorating
climatic conditions at the end of the Pleistocene might be responsible for the appearance of
domesticated plants and animals. Specifically, he cited an increase in sea level and population
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growth that likely increased population density in the Near East, which brought human groups
closer to the carrying capacity of the regional environment. This in turn prompted out-migration
to less populated regions, and subsequent resource intensification. Flannery (1969) applied a
systems approach to as an attempt to demonstrate that the transition from hunting and gathering
to agriculture was the result of a series of positive feedback loops. Most notably, he contends that
Late Pleistocene hunter-gatherers were already in the process of expanding their diet and
utilizing a wide range of plants and animals. This hypothesis been subsequently supported by
regional zooarchaeological analyses (Stiner 2001) and by the discovery of early Epipaleolithic
sites with diverse paleobotanical assemblages such as Ohalo II on the Sea of Galilee (Nadel and
Werker 1999). With changes in climate at the end of the Pleistocene, hunter-gatherers responded
by increasing their reliance and investment in harvesting, processing and management of wild
cereals. Binford (1968) and Flannery (1969) both argued that this type of investment would have
been most necessary in marginal environments where hunter-gatherers were operating at or near
the carrying capacity of their environment. On the other hand, Zeder (2011) argues that the
transition to agriculture in the Near East was likely the result of more gradual niche construction
that produced an increasingly co-dependent relationship between people and the plants and
animals they eventually domesticated. Smith (1987, 1992, 2001, 2011) has long argued for a
similar pathway to domestication in eastern North America.
In a more contemporary formulation of Binford (1968) and Flannery (1969)’s “broad
spectrum revolution” model, Rosenberg (1998) hypothesized that as population density
increases, the number of groups occupying patches will continue to increase and what eventually
unfolds is a pattern that resembles multiple players cheating at a game of musical chairs.
Specifically, groups will occupy spatially discrete and highly predictable resources for
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progressively longer periods of times. One by-product of this pattern is that in order to stay in
such locations, groups must abandon less productive areas as well as locations that are too costly
to defend. He argues that an additional outcome in many cases is that increasing sedentism
fosters innovation to allow for survival in more spatial restricted and/or marginal areas. One such
innovation may have been the inception of domesticated plants and animals.
Stark (1986), and later Kennett and Winterhalder (2006), classified the various models
for plant and animal domestication into three types. Binford (1968) and Flannery’s (1969)
hypotheses would be categorized as “push” models where demographic or resource stress are the
catalysts for changes in subsistence. The second type are described as “pull” models that rely on
climate change and an increase in the availability of certain resources as a causal factor leading
to a co-dependent relationship between plants and people. One such example is Childe’s (1936)
“Oasis Hypothesis” for the appearance of domesticated plants and animals in the Fertile
Crescent, as well as Zeder’s (2011) recent niche-construction hypothesis in the same region.
Finally, a third group of models focus on socioeconomic or social factors. One example is
Hayden’s (1992, 1995) hypothesis that plant and animal domestication may have occurred as a
result of certain key individuals’ desire to acquire resource surpluses in order to increase social
status. The following section discusses attempts to apply some of these models to the origins of
plant domestication in eastern North America.

Plant Domestication in Eastern North America
Eastern North America is one of the areas of the world where indigenous plants were
independently domesticated (Smith and Yarnell 2009; Kennett and Winterhalder 2006). The
primary domesticates for this region include a variety of seed-bearing annuals, such as goosefoot
(Chenopodium berlandieri) and sunflowers (Helianthus annuus), that were domesticated ~5000-
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3800 cal BP. The best documented “earliest” dates occur at six sites: the Phillip Springs site in
southwestern Missouri, the Hayes site in Central Tennessee, the Napoleon Hollow and Riverton
sites in southern Illinois, and Newt Kash and Cloudsplitter rockshelters in Kentucky (Smith and
Yarnell 2009:6561-6562; Figure 1-2; Table 1-1). Bruce Smith (1987, 1992, 2001) argues that the
transition from gathering to horticulture was a consequence of multiple climatic factors, which
spurred a co-evolutionary relationship between plants and people. He further hypothesized that
this process began in the mid-Holocene in the major river valleys of the mid-continent, which is
consistent with the location of the earliest dated domesticated specimens. However, Smith and
Yarnell (2009:6565) state, “…there does not appear to be much, if any, evidence that landscapepacking and resource competition played a causal role in either the initial domestication of
eastern seed plants or their coalescence into an initial crop complex.”
In addition to riverine habitats, there is also evidence for the use of domesticated plants in
upland settings, most notably on the Cumberland Plateau in central Kentucky (Smith and Cowan
1987; Gremillion 1996, 2002; Gremillion et al. 2008) and the Ozarks in Arkansas (Fritz 1990,
1997). Gremillion (2004) argued that the hunter-gatherers in the uplands during the Late
Archaic and Early Woodland periods were low-level food producers (e.g., Smith 2001) and that
the domesticates they were using represented a relatively low-return food item. However, based
on pollen and seed remains from human coprolite samples, she argued that there was a temporal
lag between the time food items were collected (late summer and early fall) and when they were
consumed (late winter and early spring). In her view, this provided hard evidence that the stored
seeds provided a food source in times of seasonal scarcity, when the time spent searching for
alternative food sources was instead allocated to processing and consuming the seeds from
domesticates.
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Table 1-1. Earliest dated domesticated plant remains in eastern North America.1
Age
Age Range
Sites
Species
(14C BP)
(cal BP)2
Phillips Spring, MO
Pepo Squash (C. pepo
4440±75
5342-4920
ssp. Ovifera)
Hayes, TN
Sunflower (H. annus)
4265±60
5081-4640
Napoleon Hollow, IL Marshelder (I. annua)
3920±40
4562-4290
Riverton, IL
Chenopod (Ch.
3490±40
3919-3693
berlandieri)("naked")
Cloudsplitter, KY
Chenopod (Ch.
3450±150
4195-3431
berlandieri)(thin-testa)
Riverton, IL
Chenopod (Ch.
3440±40
3882-3641
berlandieri)(thin-testa)
Newt Kash, KY
Chenopod (Ch.
3400±150
4134-3396
berlandieri)(thin-testa)
1
Adapted from Smith and Yarnell (2009).
2
Calibrated with Oxcal 4.1 using the IntCal 09 curve (Bronk Ramsey 2009).

Lab Number
Beta-47293
Beta-45050
Beta-216463
Beta-253114
Beta-11348
Beta-253117
Beta-11347

Figure 1-2. Location of archaeological sites containing the oldest dated domesticated seeds in
eastern North America with the Cumberland, lower Tennessee, and Duck River drainages
highlighted. The primary location of this study (Benton and Humphreys counties) is also
indicated.
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Furthermore, Gremillion et al. (2008) found that the limestone benches in the escarpment
of this region may have provided an optimal habitat for horticulture that could have been further
augmented by controlled burning. Under these circumstances, the best subsistence strategy was
to invest in weedy plants that could quickly exploit openings in the forest canopy, and then store
seeds in advance of anticipated seasonal resource shortfalls. Moore and Dekle (2010) suggest
that the emergence of low-level food production in this area came about as a result of intensive
seed, nut and shellfish processing that began during the mid-Holocene. However, the upland
populations had little to no access to riverine resources and consequently placed more emphasis
on storing nuts and seeds.
Based on limited evidence, there are several major trends that may illustrate the dynamics
of subsistence change in the periods prior to plant domestication. While evidence for
morphological changes in plants prior to ~5,000 cal BP has not yet been reported (Smith and
Yarnell 2009), despite research programs geared toward capturing and analyzing organic remains
(e.g., Asch et al. 1972; Marquart and Watson 2005), researchers have long observed evidence for
significant and widespread changes in residential mobility, technological organization, and
resource use during the Middle Holocene in the midcontinent (Amick and Carr 1996; Anderson
et al. 2007; Brown and Vierra 1983; Sassaman 2010). This includes an increasing frequency of
deer (Odocoileus virginianus) in archaeological faunal assemblages (Styles and Klippel 1996)
and the appearance of freshwater shell middens in the major drainages of the midcontinent,
including the Tennessee and Cumberland Rivers (Anderson et al. 2007; Claassen 1996; Meltzer
and Smith 1986; Morse 1967; Smith 1986; Sassaman 2010; Steponaitus 1986). Moreover, others
contend that there is evidence for an increasingly diverse diet in the Late Paleoindian period
based on the wide array of floral and faunal remains from sites such as Shawnee-Minisink in
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Pennsylvania (Gingerich 2007, 2011; Dent 2007) and Dust Cave in Alabama (Hollenbach 2007,
2009; Walker et al. 2001). Some have even questioned the assumption that big-game specialist
ever existed in eastern North America, asserting that the earliest populations had a much more
generalized diet (Grayson and Meltzer 2003, 2004), although this has generated much debate
(Fiedel and Haynes 2004; Surovell and Waguespack 2008). Consequently, the questions of
where, when, and why the trajectory leading to the domestication of plants and adoption of
agriculture began in eastern North America remains wide open. In the following sections, I
outline an approach that borrows from human behavioral ecology and complex systems theory to
evaluate the potential role of population pressure and resource imbalance in the millennia
preceding the appearance of domesticated plants in eastern North America.

Human Behavioral Ecology and Complex Systems Theory
While many models have been developed to explain why agriculture developed where
and when it did, attempts to formally test them are few and far between, especially in eastern
North America (Gremillion 2002). Kennett and Winterhalder (2006) argue that one shortcoming
is the lack of an appropriate framework for interpreting changes in subsistence related to this
transition. To this end, they advocate an approach derived from human behavioral ecology,
which benefits from “its ability to carry into hypothesis generation a wide variety of postulated
sources of causation – global climate change to the aggrandizement of dominant individuals”
(Kennett and Winterhalder 2006:10).
Broadly speaking, practitioners of behavioral ecology seek to understand how human
behavior is shaped by economic, and ultimately evolutionary, influences (Smith et al. 2001:128).
They commonly assume that closer-to-optimal alternatives, defined in terms of currencies such
as energy or time, will tend to become more common over time at the expense of less efficient
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strategies. Behavioral ecologists argue that cognitive and physical structures that allow people to
make optimal decisions are under selection, which is often referred to as the phenotypic gambit
(Grafen 1984; Smith and Winterhalder 1992:33). In other words, Borgerhoff Mulder and Schacht
(2012:2) state “Behavioural ecologists assume phenotypic plasticity, and a human ability to
assess payoffs and/or learn from others the best alternative under a given set of ecological and
social circumstances.” This approach grew out of research on evolutionary biology and animal
behavior in the 1960s and 1970s, and was subsequently adopted by anthropologists and
archaeologists initially as a way to interpret subsistence decisions by hunter-gatherer groups, but
has since been applied to a much wider array of behaviors and contexts (Borderhoff Mulder and
Schacht 2012; Winterhalder and Smith 2000). However, most archaeologists interested in
prehistoric subsistence trends or variation in the organization of technology have historically
relied on narrative models, as opposed to formal models, favored by practitioners of human
behavioral ecology (Kennett and Winterhalder 2006; Kuhn and Miller In Press1).
One critique of human behavioral ecology is that the application of optimality models to
human behavior are not appropriate because of the assumptions of perfect knowledge and
economizing behavior geared toward maximizing reproductive fitness. In other words, people
rarely meet these assumptions and therefore human behavior is too complicated to formally
model, or as Sassaman (2010:146) succinctly states, we are not “raccoons or blackbirds.” This
sentiment is essentially part of the “post-modern critique” in anthropology, and bears striking
resemblance to the Foucault’s (1979 [2008:267-286]) caricature of Homo economicus to critique
economists’ attempts to use deterministic models to interpret human behavior and affect public
policy.
1

This reference forms a critical foundation for subsequent chapters in this dissertation. The unpublished manuscript
can be found in Appendix A.
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To counter this critique, I would argue that while human behavior is complex, it is not
random. There is a sizable literature arguing that human beings are so adept at recognizing
patterns that we are cognitively incapable of consciously creating truly random distributions
(e.g., Bennett 1998, Mlodinow 2008). As a result, while culture surely does vary outside the
realm of strict energetics and reproductive fitness, it is safe to say that humans carry out tasks
that are goal-driven to some purpose. The optimality models of behavioral ecology provide a
means to isolate what is subsistence-economizing behavior in the short-term, and what is not. In
this sense, optimality models should be viewed as probabilistic, rather than deterministic,
predictors of human behavior (e.g., Kennett and Winterhalder 2006:18-19). When individuals
operate outside of the norm predicted by a particular model, that does not undermine the
usefulness of optimality models. Instead, it indicates a situation where people are behaving in
way that is not explainable as directly optimizing for caloric intake, as Bleige Bird and Smith
(2005) argued in their application of “signaling theory” to human behavior. For example, in an
application of this approach to archaeological data, McGuire and Hildebrandt (2005) argue that
Middle Archaic hunter-gatherers in the Great Basin exploited ungulates to such a degree that it
was above and beyond the expectations generated by optimality models, and that this was most
likely a runaway effect of males hunting as a means to acquire prestige.
A more problematic issue for archaeologists is that while behavioral ecology is clearly
not “ahistorical,” the studies that utilize them do have do have a tendency to focus on decisions
over relatively short time frames. Behavioral ecologists’ primary point of departure for
interpreting human behavior are formalisms such as the marginal value theorem (Charnov 1976)
and the diet-breadth model (MacArthur and Pianka 1966). These models are designed to make
predictions regarding the instantaneous decisions of specific individuals with well-defined
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parameters. Archaeological datasets, on the other hand, are more likely to be aggregations of
many decisions made by many people spanning multiple generations. Michael Jochim
(1991:308) argues that this scalar mismatch is most obvious when researchers attempt to map
idealized settlement models derived from optimal foraging theory and ethnographic observations
onto the archaeological record. This is could also be viewed as one of the potential pitfalls of
extrapolating ethnographic data to the archaeological record that Wobst (1978) cautioned against
in his classic article on “The Tyranny of the Ethnographic Record.”
Early attempts to bridge deterministic explanatory models and the scales of time
represented by the archaeological record occurred in the 1960s, when archaeologists (and others)
brought a new set of ideas from systems theory into the study of human ecology and behavioral
change. Systems theory has its roots in ecology and the cybernetics of the 1940s and 1950s, and
the use of the systems concept in archaeology gained traction with the work of David Clarke and
Kent Flannery (Kohler 2011; Lansing 2003). In particular, Flannery (1969) used this interpretive
framework to model the origins of agriculture as a series of positive feedback loops. However,
these models were critiqued on the grounds that they were overly functionalist, assumed systems
gravitated towards homeostasis, and relied on outside stimuli for culture change (Salmon 1978).
Ian Hodder, a one-time proponent of systems theory in archaeology, eventually ignored this
approach altogether in a later review of archaeological theory (Hodder 1986). Kohler (2011:6)
argues this position stems from the fact that “Hodder, and other post-processualists, had become
dissatisfied with a failure of processualism generally to be sufficiently contextual and historical,
to account for active agency, and to progress beyond a ‘surface’ level and a focus on function in
order to approach cultural meanings.”
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While most archaeologists went in other theoretical and methodological directions,
research in systems modeling more generally continued with major breakthroughs occurring
during the late 1980s and early 1990s with the explosion in the availability of personal
computers (e.g., Kaufmann and Johnsen 1991; Langton 1991; Wolfram 1984). As a specific
example, John Holland (1995), one of the pioneers of genetic algorithms, became interested in
the ability of agents with very simple decision rules to spontaneously interact, organize and adapt
to novel environments in the absence of a centralized, decision-making hierarchy in a variety of
contexts. Perhaps the most widely cited example of this type of process are the invocations of
Adam Smith’s (1776) “invisible hand” metaphor in explaining how markets have the ability to
organize to meet the demands of consumers even in contexts with little to no centralization.
Many agents making small, but similar, decisions have the ability in some contexts to generate
complex macro-scale phenomena analogously like ants creating elaborate colonies (e.g.,
Hölldobler and Wilson 2009). These types of emergent phenomena, dubbed “complex adaptive
systems,” are also very sensitive to initial conditions, where subtle variation in either starting
points or external influences can lead to chaotic, non-linear outcomes (Gunderson and Holling
2001; Lansing 2003; Lorenz 1963).
While the insights gleaned from the study of complex systems have the potential to
bridge the temporal divide between the models of human behavioral ecology and the
archaeological record, only recently have archaeologists began to explicitly apply them (Bentley
and Maschner 2008; Kohler 2011). Examples include Dean et al.’s (2000) “Long House Valley”
simulations that explored community scale settlement dynamics among the Anasazi in
northeastern Arizona and Mizoguchi’s (2009) use of social network analysis to understand early
state formation in Japan. More indirectly, historical ecologists (e.g., Crumley 1994), as well as
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those utilizing panarchy and resilience theory from ecology (e.g., Gunderson and Holling 2001),
have incorporated insights from complex systems theory as a way to explore greater time-depth
and historical contingency to understanding the role people play in shaping ecosystems, and how
that in turn shapes subsequent human behavior.
One specific case study illustrating an approach derived from historical ecology is
McGovern’s (1994) analysis of the failure of the Norse colonies on Greenland. While climate
change is often cited as the prime mover for abandonment of the Norse colonies, McGovern
argues why it is more interesting to ask why they were not more resilient in the face of climate
change. The reason, he argued, first was the result of the descendants of the initial colonizers of
Greenland, as well as the Church, controlling a disproportionate amount of the most productive
land, and they were unwilling to relinquish tracts to settlers living in more marginal areas.
Second, while there were obvious examples from nearby indigenous groups that illustrated how
to survive during a climatic down-turn, the Norse colonists stubbornly clung to their European,
agrarian lifestyle. Consequently, it was the very processes by which the Norse colonized
Greenland, as well as their refusal to adopt alternative subsistence strategies, that inhibited their
ability to adapt and made their continued prospects for settlement unsustainable.
A historical ecological approach that combines the formal models of behavioral ecology
with the insights from complex systems theory would be valuable in two regards. First, the
models from behavioral ecology provide a baseline for interpreting prehistoric behavior. As
illustrated in Figure 1-3, if you were to frame this as a bivariate plot with the x-axis representing
some predictive parameter, and the y-axis as the observed behavior, the studies of ethnographic
hunter-gatherers have helped to establish expectations for how people should be behave in
certain conditions (Bird and O’Connell 2006; Kelly 1995). Consequently, when an observation
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does not conform to expectations, then that provides analysts a means to either challenge their
assumptions, or it provides a way to diagnose when behavior is being determined by goals other
than subsistence-economizing behavior as modeled. Second, the general tendencies of people to
preferentially adhere to simple economic decisions, given enough frequency, have the potential
to generate the kind of emergent patterns predicted by the complex systems literature. As an
example, Schelling (1978) found, after generating a rather simple series of agent-based models,
that a slight preference by individuals for neighbors who are like themselves could lead to a high
degree of segregation.
While some would decry this as a reductionist approach, others would argue that the
runaway effect of these decisions create situations where the sum is greater than the whole of its
parts, which is why some scholars, like Nobel Laureate Paul Krugman (1996), want to know how
they work so as to better understand the feedback loops that lead to structural inequality in

Figure 1-3. Heuristic illustrating how to use the formal models from Human Behavioral Ecology
to interpret past behavior.
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modern economies. Krugman (1996:16) argues for generating expectations built from microeconomic rationality models, which are often used as null models, and then scaling these up to a
macro-economic level to examine the aggregate result of these decisions. This is how he
proposes that economists can untangle what people should do if they were economizing for
dollars, what they actually do, and what the subsequent consequences are at larger scales.
Stiner (2001) applied this same logic to analyze variation in subsistence strategies
between Neanderthals and modern humans in the eastern Mediterranean. She found that
Neanderthals focused on prime-age adult ungulates and smaller game that were slow and easy to
catch, and argued that the consistent use of such high-return prey is predicted by the diet breadth
model. Neanderthals were able to do this consistently because they appeared to have relatively
low population densities. Later Upper Paleolithic humans, on the other hand, quickly depressed
the population of slow-moving small game (which also have slower reproductive rates) and
larger game species. They then incorporating fast-moving, small game, a wider age-profile of
ungulates, and more costly (but nutritious) vegetable foods into the diet. This different
subsistence signature is most likely due to greater rates of sustained population growth, which
led to the depletion of local game populations and greater investment in lower-ranked species. In
this example, Stiner generated a few basic expectations from behavioral ecology, operationalized
them over a large period of time with a large dataset, and showed that the “broad spectrum
revolution” was likely the culmination of a string of subsistence decisions extending back 30,000
years. Just as importantly, she demonstrated that the aggregate result of individuals preferentially
adhering to a simple decision rule (e.g., maximizing caloric return) over many millennia had
major repercussions for the ecology of the eastern Mediterranean. In this sense, one could argue
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that Stiner’s research is an example of prehistoric macroeconomics, or more simply a
quantitative approach to “deep history” (e.g., Stiner and Feeley-Harnick 2011).

Applying a Historical Ecological Approach in Eastern North America
Conducting detailed analyses of prehistoric subsistence decisions are notoriously difficult
because floral and faunal datasets are few and far between, especially in eastern North America
where preservation of organic is biased towards shell midden and rockshelter sites (Styles and
Klippel 1996). In order to test the various competing models for the transition to agriculture, we
must look to other datasets. For better or worse, stone tools are the best preserved and best
represented artifact class with which to observe changes in human culture over long periods of
time. Fortunately, the lower Midsouth, and the lower Tennessee and Duck River valleys in
particular, is known for its abundant and diverse lithic assemblages from the Paleoindian and
Archaic periods (Amick 1987; Anderson et al. 2010; Broster and Norton 1996; Broster et al.
2013; Lewis and Kneberg 1959). The Tennessee and Duck River drainages in central Tennessee
contain multiple chert-bearing limestone formations that provide ready sources of raw material
for stone tools (Amick 1987). Many have noted that proximity to raw material sources
contributed to high rates of artifact discard (Andrefsky 1994; Beck et al. 2002; Ingbar 1994;
Kuhn 2004; Surovell 2009). In central Tennessee this tendency is reflected in the abundance and
ubiquity of early archaeological sites and artifacts recorded in private collections (Broster and
Norton 1996; Broster et al. 2013). Moreover, the abundant sources of lithic raw material may
have contributed to the extraordinarily high numbers of Paleoindian and Early Archaic bifaces
recovered in Tennessee. Benton and Humphreys counties have some of the highest densities of
Paleoindian period artifacts, as well as one of the most abundant and continuous records of stone
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tool technology for the Paleoindian and Archaic periods in eastern North America (Anderson et
al. 2010; Prasciunas 2011).
More importantly, these two counties are near the geographic center of the distribution of
sites with the earliest documented domesticated plant remains in eastern North America. They
are located located at the mouth of the Duck River, which has been extensively surveyed and
contains the Hayes site, which has yielded the earliest documented domesticated sunflower seeds
(Crites 1987; Smith and Yarnell 2009). The Duck River also traverses multiple physiographic
provinces in the Midsouth, a region that has been argued to be central to the colonization of
North America (Anderson and Gillam 2000; Meltzer 2009) and for subsequent resource
intensification and plant domestication (Smith and Yarnell 2009). Moreover, the state of
Tennessee has an active Paleoindian projectile point survey (Broster and Norton 1996; Broster et
al. 2013) and site file records that are good sources of spatial information about patterns of land
use at different periods (Anderson 1996; Prasciunas 2011). Analysis of the distributions of sites
and temporally diagnostic artifact forms allows for the identification of areas that were most
intensively utilized by the initial occupants of these drainages, and helps establish when humans
expanded into (or abandoned) more marginal areas. These two sources of information combined
enable me to evaluate variation in demography and hunting returns in the time periods preceding
the inception of domesticated plants as a means to formally test widely cited models for the
origins of agriculture.

Research Questions
This study examines the possible roles of population packing, inter-group competition,
and differential mobility in regards to the origins of domestication and agriculture in eastern
North America. More specifically, I assess Smith and Yarnell’s (2009:6565) assertion that
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“there does not appear to be much, if any, evidence that landscape-packing and resource
competition played a causal role in either the initial domestication of eastern seed plants or their
coalescence into an initial crop complex.” The first part of the study involves a detailed
evaluation of Paleoindian and Archaic period biface assemblages to make inferences regarding
changes in technological organization use the lower Tennessee River Valley using economic
approaches derived from (or related to) behavioral ecology (e.g., Kuhn 1995, 2004; Surovell
2009). Then, in order to examine demographic trends, I utilize the “Ideal Free Distribution”
(Kennett et al. 2006; McClure et al. 2006; Sutherland 1996), a formal economic model
sometimes used by behavioral ecologists to predict when a species should exploit a new habitat.
This model is used to interpret changes in the spatial distribution of temporally diagnostic
artifacts and archaeological sites in the lower Tennessee and Duck River drainages.
In Chapter 2, I discuss the environmental setting and culture history in the southeastern
United States, which includes a compilation of radiocarbon dates associated with temporally
diagnostic bifaces. In Chapter 3, I provide overview of recent approaches to the study of biface
technological organization and outline an analytical approach derived from economics (e.g.,
Marshall 1890) and behavioral ecology (e.g., Kuhn and Miller in press) as a means to make
inferences about prehistoric residential mobility and subsistence. I then use two distinct case
studies, Puntutjarpa Shelter in Australia (Gould 1977) and Gatecliff Shelter in Nevada (Thomas
1983), to demonstrate how patterns in biface technological organization relate to prey size and
hunting returns. In Chapter 4, I apply these insights to a sample of sites selected from Benton and
Humphreys counties that span the Early Paleoindian through Late Archaic periods (>13,0003000 cal BP), which is one of the only areas in eastern North America where there is an
abundant and continuous archaeological record from initial colonization to the domestication of
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indigenous plants. In Chapter 5, I discuss previous attempts to model prehistoric demography in
eastern North America, with particular emphasis on studies using the distribution of radiocarbon
dates and archaeological sites. I then use the Ideal Free Distribution (e.g., Kennett et al. 2006;
McClure et al. 2006; Sutherland 1996) to interpret the distribution of archaeological sites through
time in the lower Tennessee and Duck River Valley in order to assess demographic trends in the
Midsouth. In the final chapter, I argue that the origins of plant domestication came about within
the context of a millennial-scale boom/bust cycle that has its roots in the Late Pleistocene and
culminated in the Mid-Holocene. More specifically, warming climate caused a significant peak
in the availability of shellfish, oak, hickory, and deer, which generated a “tipping point” during
Middle Archaic period where hunter-gatherer groups narrowed their focus on these resources.
After this “boom” ended, some groups continued shifted their focus to other plant resources they
could intensively exploit in the same manner as oak and hickory, which includes the suite of
plants that were subsequently domesticated. This is likely due the combined effects of increasing
population and declining returns from hunting, which is evident in my analysis of biface
technological organization and site distributions from the lower Tennessee and Duck River
Valleys. Consequently, this study provides a nuanced understanding of demography and
environmental effects in the time periods that preceded the appearance of domesticated plants.
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CHAPTER 2
CULTURE HISTORY AND ENVIRONMENTAL BACKGROUND
Introduction
The question of how long people have been in North America has been the focus of
considerable research since the middle of the nineteenth century (Haven 1856; Meltzer 2009). In
eastern North America, this debate revolved around two inter-related topics. First, many earthen
mounds dot the landscape, and some of these were excavated by European colonists, the most
famous of whom was Thomas Jefferson (Anderson and Sassaman 2012:8-9). While their
construction was attributed to a variety of groups from the “Lost Tribes of Israel” to the
mysterious race of “Moundbuilders,” Cyrus Thomas (1894) is generally credited with
demonstrating that the ancestors of contemporary Native Americans constructed these mounds
(Anderson and Sassaman 2012:15-16). From this point forward, researchers shifted their
emphasis to trying to determine how long Native Americans had been in North America, driven
in part by discoveries of Paleolithic archaeological sites in Europe and elsewhere (Meltzer
2009:68-69). This debate was amplified with the announcement by Abbott (1877, 1889) that
“Paleolithic” artifacts had been discovered in New Jersey. William Henry Holmes (1890) later
showed that the simple fact that these artifacts were crudely made did not mean that they were
very old. Later, Holmes and Ales Hrdlicka became widely renowned critics of a deep antiquity
of people in North America (Meltzer 2009:68-79). It was not until the discovery at Folsom,
where stone projectile points (i.e. Folsom points) were found in association with extinct species
of bison, that a Pleistocene-aged human presence in the Americas was established (Meltzer
2006). In 1933, E.B. Howard and John Cotter began excavations at a gravel quarry between
Clovis and Portales, New Mexico, where fluted points were reportedly found in association with
the remains of extinct species of bison and mammoth (Boldurian and Cotter 1999). However, it
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was not until the later work by of E.H. Sellards and Glen Evans that the stratigraphic distinction
between Clovis and Folsom was identified, which at that time made Clovis the oldest
documented archaeological “culture” in North America (Sellards 1952). While there are many
sites purportedly older than Clovis in North America (Meltzer 2009:95-135), there has been a
continuous human presence in North America dating to at least 13,250 cal BP2 (Waters and
Stafford 2007:1123).
Although there is an extensive record of a Paleoindian presence, very few stratified sites
containing Pleistocene-aged deposits and radiocarbon datable material have been found in
eastern North America (Dunnell 1990:13). Instead, most fluted bifaces, the key temporally
diagnostic artifact from the earliest occupations across the continent, come from shallow sites
and usually from plowed fields. Furthermore, professional archaeologists do not discover most of
these artifacts, which instead reside in private collections (Goodyear 1999:433). Meltzer (1988)
interpreted this pattern of scattered isolated finds and few buried sites as evidence of extreme
mobility, whereby small groups moved rapidly across the landscape leaving little aside from
small sites and scattered, isolated bifaces. Dunnell (1990:13) argued instead that the ubiquity of
shallowly buried sites is most likely due to a broad scale geomorphological bias. He observed
that compared to other areas in North America, the southeastern United States is situated on a
much older landscape with many upland areas receiving little to no sedimentation since the
arrival of people. Additionally, the warm, mesic climate of this region promotes the decay of
materials that can be radiocarbon dated. That these factors inhibit the preservation of organic
materials is reflected in recent continental scale databases of radiocarbon dates, which contains
comparatively few dates in the southeastern United States compared to other parts of North
2

Unless noted otherwise, all dates are calibrated using OxCal 4.2 using the “IntCal09” curve
(Bronk Ramsay 2013) and presented as “calendar years before present” (cal BP).
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America (Buchanan et al. 2008; Miller and Gingerich 2013a; Waters and Stafford 2007). As a
result, the Pleistocene archaeological record in eastern North America, and especially the
southeastern United States, relies heavily on a handful of sites in the region, supplemented with
well-dated sites outside the region, for creating a culture-historical framework (Miller and
Gingerich 2013b).
While those interested in the Pleistocene archaeological record in eastern North America
are limited by the availability of stratified archaeological sites, archaeologists who are interested
in later time periods benefitted from extensive and systematic archaeological research over the
last 80 years. This boom was in part spurred by the creation and funding of the Works Progress
Administration (WPA) in the 1930s, which employed many individuals in archaeological
projects across North America in advance of reservoir construction and other public works
projects in order to employ large numbers of people in the wake of the Great Depression (Means
2013). In the southeastern United States, additional public works projects commissioned by the
Tennessee Valley Authority (TVA), the Army Corps of Engineers, and other government
agencies continued this tradition of funding archaeological research (Anderson and Sassaman
2012:19, 22-30).
As a result of sustained archaeological research over several decades, a general culturehistorical sequence for eastern North America began to take form in the middle of the 20th
century. In particular, Joffre Coe’s stratigraphic excavations at the Hardaway and Doershock
sites along the Pee Dee River in North Carolina (Coe 1964; Daniel 2001), along with research in
Tennessee (Lewis and Kneberg 1959) and northern Alabama (Cambron and Hulse 1969; Webb
1939; Webb and Dejarnette 1942), provided much of the critical foundation upon which the
contemporary culture-historical framework is based upon. Moreover, with the addition of the
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excavation of sites such as Koster and Napoleon Hollow in Illinois (Brown and Vierra 1983), St.
Albans in West Virginia (Broyles 1966), Ice House Bottom, Bacon Farm, and Rose Island in
Tennessee (Chapman 1976; Kimball 1996), the culture historical sequence for eastern North
America was reinforced by further stratigraphic excavations as well as a growing number of
radiocarbon dates.

Culture History and Climate Change
In the early days of radiocarbon dating (e.g., Libby 1952), many of the first
archaeological radiocarbon dates in eastern North America were produced by the laboratory at
the University of Michigan at the behest of James Griffin, the director of the Museum of
Anthropology. These include the dates from St. Albans in West Virginia (Broyles 1966), Eva in
Tennessee (Lewis and Lewis 1961), and Graham Cave in Missouri (Crane and Griffin 1968).
These dates, along with Griffin’s access to one of the premier collections of artifacts in North
America, provided much of the underpinning for his broad culture historical sequence for eastern
North America (e.g., Griffin 1952, 1967). Griffin (1952) initially divided the prehistory of North
America into Paleo-Indian, Early Archaic, Late Archaic, Early Woodland, Middle Woodland,
and Mississippian periods based on variability in material culture, inferred social organization,
and subsistence. He focused on putting the attributes of these divisions in relative order. In a later
update of this chronology, Griffin (1967) elaborated on his culture-historical sequence and
included absolute, numerical date ranges for each of his periods. This general framework is still
used by most archaeologists who work in eastern North America (Anderson and Sassaman
2012:5; Table 2-1).
Smith (1986) contends that subsequent attempts to update this framework have often
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Table 2-1. James Griffin’s culture history for eastern North America.
Griffin (1952)

Griffin (1967)

Paleo-Indian (12,000-8,000 Years ago)
Small groups hunting bison and mammoths, but likely
utilized local flora and fauna in eastern North America

Paleo-Indian (9,500-8,000 B.C.)
Small hunter-gatherer groups, probably responsible
for hunting large mammals to extinction.

Early Archaic (No Date Range)
Patrilocal bands, mortars and pestles, "hot rock"
cooking, shell "heaps"

Early Archaic (~8,000-6,000 B.C.)
Some continuity with earlier groups, but thinly
scattered with more diverse subsistence.

Late Archaic (No Date Range)
Soapstone, bannerstones, steatite containers, copper,
shell mounds, more elaborate bone tool
technology and burials

Middle Archaic (6,000-4,000 B.C.)
More groundstone and polished stone tools, elaborate
bone technology, shell utilization.

Early Woodland (No Date Range)
Economy the same as Late Archaic, but now includes
burial mounds and more projectile point diversity
Introduction of pottery the appearance of small villages
Middle Woodland (No Date Range)
Hopewell, Large Ceremonial centers
Mississippian (No Date Range)
Pyramidal mounts, fortified villages, corn agriculture,
matrilneal and matrilocal groups
Continuity with groups observed by
the first European explorers.

Late Archaic (4,000-1,000 B.C.)
"Time of considerable population growth, clear
regional adaptation, and exchange of raw material"
(178)
Large shell middens, copper production,
early pottery (fiber-tempered)
Early Woodland (1,000 -200 B.C.)
Adena complex, burial mounds,
small villages, early agriculture
Middle Woodland (200 B.C. - 400 A.D.)
Hopewell Ceremonial Centers and Exchange
Networks
Late Woodland (400 A.D. - 1,000 A.D.)
Introduction of Maize agriculture and temple mounds
Mississippian (1000 A.D. - European Contact)
Inception and spread of the "Southeastern Ceremonial
Complex"

settled on either a “cultural” or “natural” approach. For example, Steponaitus (1986) divided the
chronological framework along the same lines as Griffin (1967). Aside from a brief discussion of
the environmental changes during the Late Pleistocene and Early Holocene, he focused almost
solely on changes in material culture. On the other hand, Smith (1986) spends a significant
amount of space in his overview discussing major changes in vegetation (e.g., Delcourt et al.
1983), which was subdivided based on broad scale variation in climate. Anderson (2001)
provided a more updated and explicit integration of climate and culture, which was in part
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spurred by more detailed paleo-environmental information. In the following sections, I discuss
broad-scale variability in climate and vegetation histories across the southeastern United States,
and followed by a more detailed discussion of the effect of the changes in the study area for this
project – The lower Tennessee and Duck River drainages.
The publication of more detailed climatic reconstructions motivated Anderson (2001) to
discuss the broad impact of climate and culture in the southeastern United States. Perhaps the
most notable study in this regard is the Greenland Ice Sheet Project 2 (GISP2), which contains a
record of past temperature and atmospheric conditions for the last 110,000 years (Alley 2000).
From the GISP2 data, Alley (2000) argues for abrupt changes in climate, most notably the
Younger Dryas cooling event (12,900 - 11,700 cal BP). While Anderson (2001:155)
hypothesized the potential role of the Younger Dryas on early populations in North America, in
the ensuing decade there has been a considerable debate on what archaeologically perceptible
impact, if any, the Younger Dryas may have had on people, especially beyond eastern North
America and western Europe (Meltzer and Holliday 2010; Strauss and Goebel 2011).
Anderson (2001) designates the “Paleoindian period” as the time period coinciding with
the initial appearance of people in North America and spanning the Younger Dryas (>13,450 11,450 Cal. BP/ 11,500 – 10,000 14C yr BP; Figure 2-1a; Table 2-2). Like Smith (1986),
Anderson (2001) also sets the beginning of the Archaic period, which is further sub-divided into
the Early (11,450 – 8,900 Cal. BP/ 10,000 – 8,000 14C yr BP), Middle (8,900 – 5,700 Cal. BP/
8,000 – 5,000 14C yr BP), and Late (5,700 – 3,200 Cal. BP/ 5,000 – 3,000 14C yr BP) periods, as
the beginning of the Holocene. These subdivisions are based on a loose correlation between
climate and cultural change with the Early Archaic period encompassing the most dramatic
increase in temperature and sea-level rise beginning at the end of the Younger Dryas. The
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Figure 2-1. (A) Greenland Ice Sheet Project 2 (GISP2) temperature reconstruction (Alley 2000)
and the culture history periods for eastern North America (Anderson 2001). (B) Mean July
temperature reconstruction for the southeastern United States (Viau et al. 2006) and the Archaic
period culture-historical divisions for eastern North America (Anderson 2001).
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Table 2-2. The current culture-historical sequence for eastern North America (adapted from
Anderson and Sassaman 2012: 5).
Calendar Dates
(approximate)

Period

Culture Complex

>11,050 B.C.

Early Paleoindian

Pre-Clovis

11,050 - 10,950 B.C.

Middle Paleoindian

Clovis and other fluted point types

10,950 - 9,950 B.C

Late Paleoindian

Dalton and other unfluted lanceolates

9,950 B.C. - 6,900 B.C.

Early Archaic

Early Side-Notched, Corner-Notched, and Bifurcate

6,900 B.C. - 4,350 B.C.

Middle Archaic

Benton and Watson Brake

4,350 - 1,200 B.C.

Late Archaic

Stallings Island and Poverty Point

1,200 B.C. to 300 B.C.

Early Woodland

Adena

300 B.C. to A.D. 225

Middle Woodland

Hopewell

A.D. 225 to A.D. 930

Late Woodland

Coles Creek

A.D. 930 to A.D. 1350

Mississippian

Mississippian

Middle Archaic coincides with a time period of warmer, drier conditions in the mid-Holocene
that has been labeled as the “Altithermal,” “Hypsithermal,” or “Mid-Holocene climatic
optimum” (Anderson et al. 2007). The Late Archaic occurs with the end of the warmer, drier
Mid-Holocene conditions (Anderson 2001:161-163). The end of the Archaic period is more of a
boundary directly related to changes in material culture, more generally the widespread
appearance of pottery, but also the collapse of the regional exchange networks and mound
centers that emerged during the Late Archaic. The Woodland period is marked by the
widespread adoption of pottery technology, the incorporation of domesticated plants into fullfledged gardening complex, a collapse and re-organization of long-distance trade networks, and
the emergence of the Adena and Hopewellian mound and earthwork complexes across eastern
North America. The Mississippian period is marked by the widespread adoption of maize
agriculture, the appearance of shell-tempered pottery and wall-trenched houses, and the spread of
the “Southeastern Ceremonial Complex” (Anderson 2001:163, 165-166).
While the GISP2 climatic reconstructions are informative about changes in climate across
the North Atlantic, and to a certain extent at a global level, other studies have attempted to
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examine variation in climate at much more regional scales. For example, Viau et al. (2006) used
a large database of pollen records to reconstruct mean July temperature for the Holocene in
North America, with one of their sub-samples being the southeastern United States (Figure 21b). While their temperature reconstruction bears striking resemblance to the temperature
reconstruction for GISP2, many of the other regions in their sample do not. However, one
noticeable difference between GISP2 and Viau et al.’ s (2006) temperature reconstruction for the
southeastern United States is a more pronounced peak in temperature that lasted several centuries
around 7,000 cal BP, coinciding with the “Altithermal” or “Hypsithermal.”
These broad-scale changes in climate correspond to significant changes in vegetation
across eastern North America. Delcourt and Delcourt (1983, 1985) were responsible for outlining
the variation in vegetation from the Last Glacial Maximum (LGM) to present (Figure 2-2). Their
reconstructions are based on a large sample of pollen records, which they then used to
extrapolate floral composition and generated distribution maps based loosely on Fenneman’s
(1938) physiographic provinces. They argue that during the LGM (23,000-16,500 BP 14C year
BP/ 27,852 - 19,638 cal BP), much of eastern North America was covered in boreal forests
composed of predominantly spruce (Picea sp.), but also fir (Abies sp.) and jack pine (Pinus
bansiana). In some instances these species occurred as much as 1,200 km south of their modern
range in Manitoba and eastern Ontario. Also, during the LGM, mixed hardwood refugia have
also been detected in the pollen records of the southeastern United States. These refugia
contained a diverse mix of temperate species including beech (Fagus sp.), maple (Picea sp.),
walnut (Juglans sp.), hickory (Carya sp.) and oak (Quercus sp.). They occurred in a diversity of
settings, including loess-capped uplands, ravines within sandy interfluves, and the irregular
topography of karstic terrain.
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Figure 2-2. Delcourt and Delcourt’s (1985:16) vegetation reconstructions for eastern North
America.
During the Late Pleistocene (16,500 to 12,500 BP 14C year BP/ 19,638 – 14,761 cal BP),
there was a marked decrease in prevalence of jack pine pollen relative to spruce and fir at several
locations. Delcourt and Delcourt (1985) attribute this to the persistence of cool temperatures, but
also an increase in precipitation. At the end of the Pleistocene, there was also an increase in the
prevalence of oak and hickory pollen, which they interpreted as an expansion of mixed temperate
species northwards from their LGM refugia. In the Early Holocene (12,500 – 8,000 14C year BP/
14,761- 8,879 cal BP), Delcourt and Delcourt found that cool temperate mesic forests become
more dominant. Moreover, many areas appear to have forest compositions that are different from

45
their modern counterparts, with mixed conifer and deciduous forests with no modern analog. In
the Mid-Holocene (8,500 – 4,000 BP 14C year BP/ 8,879 – 4,478 cal BP), Delcourt and Delcourt
argued that increasing aridity and temperature resulted in the eastward expansion of prairie
grasslands, as well as lower species diversity and xeric conditions in central Tennessee.
However, in the Ridge and Valley and Piedmont physiographic provinces, the species
composition in places appears to reflect warmer and wetter conditions. On the Coastal Plain, the
oak and hickory dominated forests were almost completely replaced by southern pine.
In the Late Holocene (4,000 14C year BP to present/ 4,478 cal BP) spruce and fir are
restricted to the high altitudes, and there was an expansion of Oak-Chestnut forests across the
southern Appalachian Mountains. Short-leaf pine forests in Missouri and eastern Oklahoma
expanded northwards as the prairie grasslands retreated, most likely as the result of increasing
precipitation. Also, Carolina Bays begin to fill with peat and rising seas inundated coastal
swamps. Importantly, Delcourt and Delcourt (1985) also note that in many of their sample
locations, there is increasing evidence for anthropogenic disturbance in the last 2,000 years,
especially with the appearance of maize agriculture. Delcourt and Delcourt’s (1985)
reconstruction of past vegetation has since been updated and Williams et al. (2004) have now
made it possible to download the distribution of key pollen types for North America. For
example, Figure 2-3 illustrates the northward expansion of oak-dominated forests from the Late
Pleistocene to present day. In the following sections, I discuss changing environmental
conditions as reflected in more local proxy records found within the Highland Rim and Nashville
Basin.
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Late Pleistocene/Holocene Environment in the Highland Rim and Nashville Basin
There are three classic paleo-environmental studies for the lower Tennessee and
Cumberland River drainages in central Tennessee (Figure 2-4). The first is Delcourt’s (1979)
analysis of pollen cores from Anderson Pond from White County, which contains a 25,000-year
pollen record for the Eastern Highland Rim, and was one of the sample localities for Delcourt
and Delcourt’s (1985) subsequent study of the major trends in vegetation that was summarized
above. At Anderson Pond, Delcourt (1979) inferred evidence for boreal forests during full glacial
conditions from the presence of jack pine, spruce, and fir pollen. During the Terminal
Pleistocene and Early Holocene, these species were replaced by more deciduous, mixed
mesophytic forest composed of ash, ironwood, hickory, birch, butternut, willow, and elm, which
were then followed by beech and sugar maple. During the Mid-Holocene, she argues the
composition of the forest indicates a major warming and drying trend that is reflected by an
influx of oak, ash, hickory, swamp alder, and buttonbush. Moreover, the relative importance of
mixed mesophytic species likely indicates warmer and dryer summer temperatures. However,
after 5,000 14C years ago this trend appears to have ameliorated and the composition of the
forest mirrors the modern forests present in the region. The results of this study also parallels two
other analyses of pollen cores in the region – Mingo Pond (Delcourt 1979) and Jackson Pond
(Wilkins et al. 1991). Similar to Delcourt and Delcourt’s (1983, 1985) observation regarding the
change in forest composition, the pollen cores from both Jackson Pond and Anderson Pond show
large increases in oak pollen during the Mid-Holocene. After generating a correlation matrix for
the pollen counts from Anderson Pound, I found that the influx of oak not only correlates
strongly with hickory pollen, but also positively correlates with 25 other species, which contrasts
significantly with the coniferous species that dominated during the LGM (Figure 2-5).
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Figure 2-3. Distribution of Oak pollen (Quercus sp.) in eastern North America based on
interpolating count density from Williams et al.’s (2004).
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Figure 2-4. Map of major rivers and physiographic sections in central Tennessee with the
locations of Anderson Pond, Mingo Pond, Cheek Bend Cave, and the Columbia Reservoir
Project highlighted.

Figure 2-5. The distribution of Oak (Quercus sp.) pollen during the Holocene for Anderson
Pond, TN (Delcourt 1979) and Jackson Pond, KY (Wilkins et al. 1991) with the Archaic culturehistorical periods (Anderson 2001) highlighted.
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Consequently, forests became increasingly diverse over during the Holocene in comparison to
full glacial conditions.
Klippel and Parmalee (1982) later compared their analysis of the faunal remains from
Cheek Bend Cave in Maury County, Tennessee to the pollen records from Anderson Pond. This
cave, excavated as part of the TVA-sponsored Columbia Reservoir Project, consisted of eight
strata that were Pleistocene to Mid-Holocene in age. They argued that the faunal record in this
cave, especially the small vertebrates (e.g., moles, shrews, mice, and rats), represent the natural
death assemblage since archaeological remains were present only at the uppermost strata, and
that there was no evidence for human consumption of these species. Moreover, they argue that
these species are sensitive to changes in temperature and precipitation. However, they cite
similar studies that attempted to use small mammals to reconstruct climate in the Appalachians
that found that the ability for raptors, one of the primary vectors by which these small mammals
end up in cave assemblages, to traverse ecological zones greatly impairs the ability to use small
mammals as a source of information. In the case of Cheek Bend Cave, the elevation gradient is
much less extreme, and as a result the record is more robust and interpretable. They found in the
lower strata of the cave the presence of species that appear in modern boreal contexts today, and
this likely represents the full glacial record for the region. This pattern was also apparent in a
separate study of the avian fauna, which found boreal species, such as the Hawk Owl (Surnia
ulula) and Boreal Owl (Aegolius funereus) in the same strata (Parmalee and Klippel 1982). They
noted a subsequent shift in the assemblage that may represent ameliorating climate congruent
with Delcourt’s (1979) interpretation of the Late Pleistocene and Early Holocene record at
Anderson Pond. In Strat IV, they found species adapted to more open habitats, which they argue
was likely due to the expansion of upland cedar glades in the Nashville Basin, part of the
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expansion of more drought tolerant species responding to warmer, drier conditions in the MidHolocene. Finally, in the uppermost strata, they argue that the species reflect deciduous forest
expansion at the expense of the cedar glade habitat.
Brackenridge (1984) conducted one of the few large-scale geomorphological studies of
the region that, like the excavations at Cheek Bend Cave, were part of the TVA-sponsored
Columbia Reservoir project. This study was based on an analysis of 18 backhoe trenches over a
22km stretch of the Duck River in the Nashville Basin, representing a 30,000-year record of
floodplain sedimentation, erosion, and stability that was dated using a combination of
radiocarbon dating and temporally diagnostic archaeological remains (Figure 2-6). He found that
Late Pleistocene deposits are five meters above the modern floodplain, and there is also evidence
for severe bedrock and floodplain erosion likely dating to the end of the Pleistocene. This was
followed by vertical and horizontal aggradation during the Early Holocene. By 7,200 14C year
BP (8,000 cal BP), the floodplain stabilized and soil formation occurred, which he argues
probably is related to warmer, drier climate during the Mid-Holocene. Around 6,200 14C year BP
(7,084 cal BP), sedimentation again overtook soil development, which he argues indicates more
humid conditions that were punctuated by two additional episodes of soil development that
ended at 2,600 14C year BP (2,745 cal BP) and 150 14C year BP (143 cal BP).
These three records appear to reflect broader paleoclimatic trends in eastern North
America (Figure 2-7). First, both the pollen record at Anderson Pond and the faunal record at
Cheek Bend Cave provide evidence for boreal forests present at full glacial conditions, which
then gave way to warmer, wetter conditions during the Terminal Pleistocene and Early
Holocene. This transition is also evident in the geomorphological record, where a major
erosional discontinuity may be related to the changeover in forest composition. The increase in
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Figure 2-6. Composite geologic section for the Duck River (Brackenridge 1984:19).
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Figure 2-7. Composite paleo-environmental reconstruction for the Nashville Basin and Eastern Highland Rim since the Last Glacial
Maximum based on (top) Brackenridge’s (1984) geomorphological study of the Duck River, (middle) Klippel and Parmalee’s (1982)
analysis of small vertebrate fauna at Check Bend Cave, and (bottom) Delcourt’s (1979) analysis vegetation reconstruction for
Anderson Pond.
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precipitation increased the amount of water entering river systems, while the increase in
vegetation decreased the sediment load entering the rivers. This would have provided the
conditions for lateral erosion and down-cutting of the channel. On the coastal plain, this
transition is reflected by a shift from braided to large, meandering rivers (Leigh 2008). While it
is unclear if a similar transition occurred on the Duck River, or any other drainage in the region,
the erosional disconformity is most likely related to broad-scale changes in precipitation and land
cover.
During the Mid-Holocene, all three records are consistent with warmer and drier
conditions. Interestingly, at Anderson Pond, this is reflected by an influx of oak and hickory
pollen, whereas Klippel and Parmalee argue that in the uplands of the Nashville Basin, cedar
glades expanded. Both Delcourt (1979) and Klippel and Parmalee (1982) argue that this is
indicative of less rainfall during the summer months. This interpretation is also consistent with
the Mid-Holocene soil observed by Brackenridge (1984). Warmer temperatures coupled with
less precipitation would reduce sedimentation and foster soil development. Finally, at the end of
the Mid-Holocene, modern oak-hickory forests became established, which is reflected both in the
pollen records at Anderson Pond and an increase in more closed-habitat species at Cheek Bend
Cave, which Klippel and Parmalee interpret as evidence for the reduction in the distribution of
upland cedar glades. During this time span, Brackenridge noted that the Duck River began
aggrading again with the exception of two periods of soil development that ended at 2,600 14C
year BP (2,745 cal BP) and 150 14C year BP (143 cal BP). In the following section, I discuss the
culture-history of the Midsouth, and how it relates to the paleo-environmental trends discussed
above.
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Paleoindian and Archaic Period Culture History
In the southeastern United States, sites with radiocarbon datable components are rare,
especially those dating to the Later Pleistocene and Early Holocene (Anderson 2005; Dunnell
1990; Goodyear 1999; Miller and Gingerich 2013a). Consequently, the culture historical
framework relies heavily on a relatively small number of dated sites, and then using the
temporally diagnostic artifacts such as projectile points and pottery to cross-date sites elsewhere.
However, the oldest dated pottery in eastern North America is Stallings Island fiber-tempered
pottery, which dates to 3,500 cal BP (e.g., Sassaman et al. 2006). As a result, archaeologists have
to rely on regional projectile point typologies for the entirety of the Paleoindian period and
almost all of the Archaic period in instances where radiocarbon dates are not available.
Of course, using temporally diagnostic artifacts to date archaeological assemblages is not
without its pitfalls. For example, it is still unclear as to why projectile point shapes change over
time in such a way that their shape and other stylistic attributes can be used as temporal markers.
While this could be related to changes in the prey or hafting technology (e.g., Buchanan et al.
2011), it could also reflect evolving communities of practice (e.g., Bettinger and Eerkens 1999;
Thulman 2006) or neutral transmission operating on the in-haft portions of the projectile points
(e.g., Hamilton and Buchanan 2009). Moreover, many of the sites producing the best
associations between distinctive artifact types were excavated before the first major publications
on site formation theory and most dates were produced prior to the development of acid-baseacid pretreatment and the inception of the accelerator mass spectrometry (AMS) method for
deriving more precise dates (Bronk Ramsey 2008; Miller and Gingerich 2013a). Consequently,
the following section will focus on using a collection of dates associated with temporally
diagnostic artifacts from published, well-dated sites found in the project study area (Table 2-3).
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Table 2-3. Selected radiocarbon dates for sites in eastern North America.
Site
Johnson

Component
Fluted (Clovis?)

Lab Number
Tx-6999

Johnson

Fluted (Clovis?)

Johnson

14

C Date
12660

±
970

Reference
Barker and Broster 1996:98

Tx-7454

11980

110

Barker and Broster 1996:98

Fluted (Clovis?)

Tx-7000

11700

980

Barker and Broster 1996:98

Paleo Crossing

Clovis

AA-8250-C

11060

120

ShawneeMinisink
Sloth Hole

Clovis

W-3391

11050

1000

Clovis

SL-2850

11050

50

ShawneeMinisink
Paleo Crossing

Clovis

11020

30

Clovis

UCIAMS24866
AA-8250-E

10980

110

ShawneeMinisink
Sheriden Cave

Clovis

Ox-A1731

10970

50

Brose 1994; Gingerich
2007:155
McNett et al. 1985; Gingerich
2007:91
Hemmings 2004; Waters and
Stafford 2007
Gingerich 2007:91;Gingerich
and Waters 2007:91
Brose 1994; Gingerich
2007:155
Gingerich 2007:91

Clovis

Beta-127910

10960

60

ShawneeMinisink
Cactus Hill

Clovis

Beta-101935

10940

90

Clovis

Beta-81589

10920

250

Redmond and Tankersley
2005:503; Waters and Stafford
2007: 13
Dent 2002:57; Gingerich
2007:91
McAvoy and McAvoy 1997

ShawneeMinisink
Sheriden Cave

Clovis

10915

25

Gingerich 2007:91

10915

30

Waters et al. 2009:109

ShawneeMinisink

Clovis

UCIAMS24865
UCIAMS38249
Beta-127162

10900

40

Sheriden Cave

Clovis

Beta-127909

10840

80

ShawneeMinisink
Paleo Crossing

Clovis

Beta-203865

10820

50

Clovis

AA-8250-D

10800

185

ShawneeMinisink

Clovis

W-3134

10750

600

Sheriden Cave

Clovis

AA-21710

10680

80

Sheriden Cave

Clovis

Beta-117606

10620

70

Sheriden Cave

Clovis

Beta-117603

10600

60

ShawneeMinisink
Sheriden Cave

Clovis

W-2994

10590

300

Clovis

Beta-117605

10570

70

Dent 2002:57; Gingerich
2007:91; Gingerich and Waters
2007:91
Redmond and Tankersley
2005:503; Waters and Stafford
2007: 13
Gingerich 2007:91;Gingerich
and Waters 2007:91
Brose 1994; Gingerich
2007:155
McNett et al. 1985; Gingerich
2007:91; Gingerich and Waters
2007:91
Redmond and Tankersley
2005:503; Waters and Stafford
2007: 13
Redmond and Tankersley
2005:503; Waters and Stafford
2007: 13
Redmond and Tankersley
2005:503; Waters and Stafford
2007: 13
McNett et al. 1985; Gingerich
2007:91
Redmond and Tankersley
2005:503; Waters and Stafford
2007: 13

Clovis
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Table 2-3. Selected radiocarbon dates for sites in eastern North America (continued).
Site
Sheriden
Cave
Rodgers
Shelter
Dust Cave
Dust Cave
Dust Cave
Dust Cave
Dust Cave
Dust Cave
Dust Cave
Dust Cave
Dust Cave
Dust Cave
Rodgers
Shelter
Dust Cave
Dust Cave
Dust Cave
Dust Cave
Dust Cave
Dust Cave
Dust Cave
Thunderbird

Component
Clovis

Lab Number
Beta-117604

Dalton
Quad/Beaver
Lake/Dalton
Quad/Beaver
Lake/Dalton
Quad/Beaver
Lake/Dalton
Quad/Beaver
Lake/Dalton
Quad/Beaver
Lake/Dalton
Quad/Beaver
Lake/Dalton
Quad/Beaver
Lake/Dalton
Quad/Beaver
Lake/Dalton
Quad/Beaver
Lake/Dalton
Quad/Beaver
Lake/Dalton
Dalton

14

C Date
10550

±
70

ISGS-48

10530

650

Reference
Redmond and Tankersley
2005:503; Waters and
Stafford 2007: 13
Coleman 1972:154

Beta-81599

10500

60

Sherwood et al. 2004:539

Beta-40681

10490

360

Sherwood et al. 2004:539

Beta-81613

10490

60

Sherwood et al. 2004:539

Beta-65179

10390

80

Sherwood et al. 2004:539

Beta-100506

10370

180

Sherwood et al. 2004:539

Beta-40680

10345

80

Sherwood et al. 2004:539

Beta-81609

10340

130

Sherwood et al. 2004:539

Beta-41063

10330

120

Sherwood et al. 2004:539

Beta-133790

10310

60

Sherwood et al. 2004:539

Beta-65181

10310

230

Sherwood et al. 2004:539

M-2333

10200

330

Crane and Griffin 1972:159

Quad/Beaver
Lake/Dalton
Quad/Beaver
Lake/Dalton
Side-Notched

Beta-147135

10140

40

Sherwood et al. 2004:539

Beta-133791

10100

50

Sherwood et al. 2004:539

Beta-81602

10070

60

Sherwood et al. 2004:539

Quad/Beaver
Lake/Dalton
Quad/Beaver
Lake/Dalton
Quad/Beaver
Lake/Dalton
Quad/Beaver
Lake/Dalton
Corner-Notched

Beta-81610

10070

70

Sherwood et al. 2004:539

Beta-147132

10010

40

Sherwood et al. 2004:539

Beta-65177

9990

140

Sherwood et al. 2004:539

Beta-133788

9950

50

Sherwood et al. 2004:539

W-2816

9900

340

Gardner 1974:5

St. Albans

Side-Notched

M-1827

9900

500

Broyles 1966:18, 40-41

Dust Cave

Beta-81611

9890

70

Sherwood et al. 2004:539

Puckett

Quad/Beaver
Lake/Dalton
Dalton

Beta-48045

9790

160

Dust Cave

Side-Notched

Beta-81606

9720

70

Norton and Broster 1992:34,
1993
Sherwood et al. 2004:539

Graham
Cave
StanfieldWorley
Johnson

Dalton/Side-Notched

M-130

9700

500

Crane and Griffin 1956:667

Dalton/Side-Notched

M-1152

9640

450

DeJarnette et al. 1962:85-87

Corner-Notched

AA-9165

9555

90

Barker and Broster 1996:98

57
Table 2-3. Selected radiocarbon dates for sites in eastern North America (continued).
Site
Graham
Cave
StanfieldWorley
Ice House
Bottom
Patrick

±
400

Reference
Crane and Griffin 1968:84-85

M-1346

9440

400

DeJarnette et al. 1962

Corner-Notched

GX-4126

9435

270

Chapman 1976:3-4

Corner-Notched

GX-4122

9410

290

Chapman 1976:3-4

Corner-Notched

GX-4125

9350

215

Chapman 1976:3-4

Dalton/Side-Notched

M-1347

9340

400

DeJarnette et al. 1962

Corner-Notched

GX-3564

9330

250

Chapman 1976:3-4

Clovis

W-3388

9310

1000

Dalton/Side-Notched

M-1889

9290

300

McNett et al. 1985; Gingerich
2007:91; Gingerich and
Waters 2007:91
Crane and Griffin 1968:84-85

Corner-Notched

w-3006

9250

300

Carr 1986

Ice House
Bottom
Central
Builders
Site
Arnold
Research
Cave
Olive
Branch
Rose Island

Corner-Notched

GX-4127

9175

240

Chapman 1976:3-4

Corner-Notched

A-10053

9165

210

Carr 1986

Dalton

M-1497

9130

300

Crane and Griffin 1968:69;
Tankersley 1990a:92

Dalton

not given

9115

100

Gramly and Funk 1991

Corner-Notched

GX-3565

9110

145

Chapman 1976:3-4

Johnson

Corner-Notched

AA-9168

9090

85

Barker and Broster 1996:98

Rae's Creek

Corner-Notched

Beta-35235

9060

110

Crook 1990:124, 126

ShawneeMinisink
Graham
Cave
Fifty

Johnson
StanfieldWorley
Johnson
Johnson

Lab Number
M-1928

Dalton/Side-Notched

14

C Date
9470

Ice House
Bottom
StanfieldWorley
Rose Island

Component
Dalton/Side-Notched

Corner-Notched

AA-9164

9050

85

Barker and Broster 1996:98

Dalton/Side-Notched

M-1348

9040

400

DeJarnette et al. 1962

Corner-Notched

Tx-7695

8980

90

Barker and Broster 1996:98

Bifurcate

Tx-7543

8940

110

Barker and Broster 1996:98

St. Albans

Corner-Notched

Y-1538

8930

160

Broyles 1966:19, 40-41

Johnson

Corner-Notched

AA-8860

8925

75

Barker and Broster 1996:98

Bifurcate

GX-3597

8920

325

Chapman 1976:3-4

Rose Island
StanfieldWorley
Fifty

Dalton/Side-Notched

M-1153

8920

400

DeJarnette et al. 1962:85-87

Kirk Stemmed/Bifurcate

UGa-544

8895

160

Carr 1986

St. Albans

Bifurcate

M-1821

8830

700

Broyles 1966:25, 40-41

Johnson

Corner-Notched

Tx-7693

8830

170

Barker and Broster 1996:98

Dust Cave

Beta-147136

8830

50

Sherwood et al. 2004:538

St. Albans

Kirk Stemmed/
Serrated/Stanly
Bifurcate

M-1820

8820

500

Broyles 1966:25, 40-41

Puckett

Corner-Notched

Tx-7412

8820

180

Norton and Broster 1992:35
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Table 2-3. Selected radiocarbon dates for sites in eastern North America (continued).
Site
Johnson

Component
Corner-Notched

Lab Number
Tx-7694

Rose Island

Bifurcate

Enoch Fork
Shelter
Ice House
Bottom
Rose Island

14

C Date
8810

±
80

Reference
Barker and Broster 1996:98

GX-3167

8800

270

Chapman 1976:3-4

Corner-Notched

Beta-27767

8740

130

Maslowski et al. 1995:9

Corner-Notched

I-9138

8715

140

Chapman 1976:3-4

Bifurcate

GX-3168

8700

300

Chapman 1976:3-4

Rose Island

Bifurcate

GX-3598

8660

180

Chapman 1976:3-4

Hart

Bifurcate

Beta-191424

8640

90

Double P

Bifurcate

GX-7508

8555

415

Bradbury and Creasman
2008:31
Hoffman 1988:25

Russell
Cave
Ice House
Bottom
Main site

Bifurcate

I-2239

8550

320

Griffin 1974; Futato 1977:39

Corner-Notched

I-9137

8525

355

Chapman 1976:3-4

Bifurcate

Beta-5634

8500

70

Maslowski et al. 1995:9

Puckett

Corner-Notched

Tx-7413

8490

180

Bifurcate

I-822

8485

275

Norton and Broster 1992:35,
1993
Griffin 1974; Futato 1977:39

Beta-81608

8470

50

Sherwood et al. 2004:538

Main site

Kirk Stemmed/
Serrated/Stanly
Bifurcate

Beta-59067

8450

120

Maslowski et al. 1995:9

Rae's Creek

Corner-Notched

Beta-35233

8370

280

Crook 1990:126

Hester

Corner-Notched

UGa-863

8335

305

Brookes 1979:127-128

Dust Cave

Beta-65184

8330

170

Sherwood et al. 2004:538

St. Albans

Kirk Stemmed/
Serrated/Stanly
Bifurcate

Y-1539

8250

100

Broyles 1966:27, 40-41

Main site

Bifurcate

Beta-5638

8190

90

Maslowski et al. 1995:9

Arnold
Research
Cave
St. Albans

Dalton

M-1496

8190

400

Crane and Griffin 1968:69;
Tankersley 1990a:92

Bifurcate

Y1540

8160

100

Broyles 1966:27, 40-41

Bifurcate

I-828

8145

275

Griffin 1974; Futato 1977:39

Corner-Notched

GX-3169

8060

350

Chapman 1976:3-4

Bifurcate

Beta-56433

8030

100

Maslowski et al. 1995:10

Kirk Stemmed/
Serrated/Stanly
Kirk Stemmed/
Serrated/Stanly
Kirk Stemmed/
Serrated/Stanly
Kirk Stemmed/
Serrated/Stanly
Kirk Stemmed/
Serrated/Stanly
Kirk Stemmed/
Serrated/Stanly

GX-3563

8020

190

Chapman 1976:3

ISGS-830

8010

140

Ahler 1993

Beta-10477

7840

100

Nance 1986:42

GX-4121

7810

175

Schroedl 1978:190

GX-4123

7790

215

Chapman 1976:3

UGa-1093

7695

155

Maslowski et al. 1995:10

Russell
Cave
Dust Cave

Russell
Cave
Rose Island
Main site
Rose Island
Modoc
Morrisroe
Patrick
Icehouse
Bottom
Hansford
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Table 2-3. Selected radiocarbon dates for sites in eastern North America (continued).
Site
Dust Cave

±
170

Reference
Sherwood et al. 2004:538

Beta-35187

7570

130

Crook 1990:126

I-827

7565

250

Griffin 1974

Beta-44416

7560

70

Maslowski et al. 1995:10

SFU 130

7530

150

Nance 1986:42

Beta-65170

7480

120

Sherwood et al. 2004:538

Beta-24427

7420

160

Egloff and McAvoy 1990

none given

7390

110

Rodgers 1968

Howard

Kirk Stemmed/
Serrated/Stanly
Kirk Stemmed/
Serrated/Stanly
Eva II/M. Mountain

GX-4704

7305

165

Eastman 1994:59

Howard

Eva II/M. Mountain

GX-4704

7255

165

Chapman 1979:79-80

Cave Spring

Eva II/M. Mountain

A-2362

7250

350

Hofman 1982

Cave Spring

Eva II/M. Mountain

A-2362

7250

350

Hall et al. 1985:83

Walnut

Eva II/M. Mountain

DIC-2082

7250

85

Bense 1987

Anderson

Eva II/M. Mountain

URC-1941

7180

230

Dowd 1989:179

Morrisroe

Eva II/M. Mountain

SFU 270

7180

130

Nance 1986:42

Eva

Eva II/M. Mountain

M-357

7150

500

Lewis and Lewis 1961:13

Walnut

Eva II/M. Mountain

DIC-1952

7080

95

Bense 1987

Rae's Creek

Eva II/M. Mountain

Beta-35186

7070

100

Crook 1990

Dust Cave

Eva II/M. Mountain

Beta-65173

7040

80

Sherwood et al. 2004:538

Dust Cave

Kirk Stemmed/
Serrated/Stanly
Kirk Stemmed/
Serrated/Stanly
Eva II/M. Mountain

Beta-65178

7040

110

Sherwood et al. 2004:538

Beta-65180

7010

90

Sherwood et al. 2004:538

GX-4124

6995

245

Chapman 1976:3-4

Eva II/M. Mountain

AA-1182

6990

120

Cave Spring

Eva II/M. Mountain

UGa-3752

6885

90

Dowd 1989:191; Chapman
and Watson 1993; Crites
1991
Hofman 1982:2

Dust Cave

Eva II/M. Mountain

Beta-65182

6840

90

Sherwood et al. 2004:538

Dust Cave

Eva II/M. Mountain

Beta-58897

6790

120

Sherwood et al. 2004:538

Anderson

Eva II/M. Mountain

GX-8215

6720

220

Dowd 1989:179

Dust Cave

Eva II/M. Mountain

Beta-48752

6700

100

Sherwood et al. 2004:538

Dust Cave

Eva II/M. Mountain

Beta-48752

6700

100

Sherwood et al. 2004:538

Dust Cave

Eva II/M. Mountain

Beta-58899

6660

100

Sherwood et al. 2004:538

Rae's Creek

Eva II/M. Mountain

Beta-35184

6660

90

Crook 1990

Ervin

Eva II/M. Mountain

GX-9082

6645

180

Hofman 1984:2,3

Dust Cave

Eva II/M. Mountain

Beta-65175

6570

190

Sherwood et al. 2004:538

Cave Spring

Eva II/M. Mountain

UGa-3753

6540

110

Hofman 1982:2

Cave Spring

Eva II/M. Mountain

UGa-3753

6540

110

Hofman 1982:2

Russel Cave
Glasgow
Morrisroe
Dust Cave
Slade site
Habron site

Dust Cave
Ice House
Bottom
Anderson

Lab Number
Beta-48756

Kirk Stemmed/
Serrated/Stanly
Kirk Stemmed/
Serrated/Stanly
Kirk Stemmed/
Serrated/Stanly
Eva II/M. Mountain

14

C Date
7680

Rae's Creek

Component
Kirk Stemmed/
Serrated/Stanly
Corner-Notched
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Table 2-3. Selected radiocarbon dates for sites in eastern North America (continued).
Site
Eoff III

Component
Eva II/M. Mountain

Lab Number
UGa-777

Stucks Bluff

Eva II/M. Mountain

Anderson
Dust Cave

14

C Date
6525

±
165

GX-907

6500

120

Reference
Faulkner and McCollough
1977:281
Futato 1977:39

Eva II/M. Mountain

GX-8365

6495

205

Dowd 1989:179

Eva II/M. Mountain

Beta-100510

6480

90

Sherwood et al. 2004:538

Slade site

Eva II/M. Mountain

Beta-22838

6470

90

Egloff and McAvoy 1990

Stucks Bluff

Eva II/M. Mountain

GX-0907

6450

120

DeJarnette et al. 1975

Morrisroe

Eva II/M. Mountain

Beta-10475

6440

110

Nance 1986:42

Sheeps
Bluff
Cedar Creek

Eva II/M. Mountain

TX-5659

6400

170

Hollingsworth 1991:30

Eva II/M. Mountain

GX-8822

6375

215

Russell
Cave
Dust Cave

Eva II/M. Mountain

I-2238

6360

140

Amick 1985:30, 1987; Hall et
al. 1985:63
Griffin 1974; Futato 1977:39

Eva II/M. Mountain

Beta-65174

6350

90

Sherwood et al. 2004:538

Russell
Cave
Russell
Cave
Dust Cave

Eva II/M. Mountain

I-2238

6310

140

Griffin 1974

Eva II/M. Mountain

I-702

6300

190

Griffin 1974; Futato 1977:39

Eva II/M. Mountain

Beta-65171

6280

90

Sherwood et al. 2004:538

Russell
Cave
Clay Mine

Eva II/M. Mountain

I-702

6250

190

Griffin 1974

Sykes/White Springs

A-23671

6240

500

Hall et al. 1985:63

Austin Cave

Side-Notched

TX-7691

6200

60

Barker 1997:216

Stardust I

Side-Notched

Beta-158345

6200

40

Wampler et al. 2004

Sykes/White
Springs/Benton
Sykes/White
Springs/Benton
Eva II/M. Mountain

GX-9954

6160

175

GX-8918

6115

205

Beta-48755

6050

100

Hall et al. 1985:63; Hofman
1984
Hall et al. 1985:63; Hofman
1984
Sherwood et al. 2004:538

Russell
Cave
Austin Cave

Eva II/M. Mountain

I-823

6030

300

Griffin 1974; Futato 1977:39

Side-Notched

TX-7692

5990

90

Barker 1997:216

Walnut

Syke/White Springs

DIC-1950

5970

95

Bense 1987

Benton

GX-6464

5925

160

Peterson 1985

Dust Cave

Eva II/M. Mountain

Beta-65169

5910

70

Sherwood et al. 2004:538

Hayes

Sykes/White Springs

GX-9081

5870

165

Hall et al. 1985:64;

Poplar

Sykes-White
Springs/Benton
Benton

DIC-1949

5820

155

Bense 1987:48

GX-8917

5765

200

Hall et al. 1985:64

Sykes-White
Springs/Benton
Side-Notched

DIC-1953

5730

115

Bense 1987

UGa-528

5680

75

Wilkins 1985

Eva II/M. Mountain

Beta-58898

5670

120

Sherwood et al. 2004:538

Ervin
Ervin
Dust Cave

Mann

Ervin
Walnut
Hansford
Site
Dust Cave
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Table 2-3. Selected radiocarbon dates for sites in eastern North America (continued).
Site
Poplar

±
120

Reference
Bense 1987:48

GX-10492

5660

190

Klippel and Morey 1986:803

Benton

DIC-2558

5630

55

Alexander 1983:85

Sykes-White Springs

DIC-2451

5630

60

Bense 1987

Hart

Benton

UGa-518

5610

75

Parker 1974

Dust Cave

Benton

Beta-58895

5590

50

Sherwood et al. 2004:538

Emmett
O'Neal
22IT606

Ilex

Lab Number
DIC-1948

14

C Date
5670

Hayes

Component
Sykes-White
Springs/Benton
Benton

Benton

DIC-2040

5590

75

Bense 1987

Side-Notched

Beta-10474

5580

100

Nance 1986:42

Benton

GX-6215

5575

200

Dye and Watrin 1985

Emmett
O'Neal
Stardust I

Sykes-White Springs

DIC-2560

5570

65

Alexander 1983:85

Side-Notched

Beta-158344

5560

40

Wampler et al. 2004

Moores
Creek
Hansford
Site
Walnut

Benton

UGa-3872

5550

85

Weinstein 1981

Side-Notched

UGa-676

5550

80

Hemmings 1985;Wilkins 1982

Benton

DIC-1954

5540

75

Ensor and Studer 1983:162

East
Aberdeen
Hayes

Benton

UGa-2633

5525

75

Rafferty et al. 1980

Benton

GX-10491

5525

190

Klippel and Morey 1986:803

1FR538

Benton

DIC-1478

5520

65

Futato 1983

Mann

Benton

GX-6462

5465

205

Dye and Watrin 1985

Morrisroe
Mann

Hayes

Benton

Beta-13395

5430

120

Crites 1985:9

Eva II/M. Mountain

Beta-100509

5400

80

Sherwood et al. 2004:538

Poplar

Benton

DIC-1947

5390

70

Bense 1987:48

Walnut

Benton

DIC-1951

5390

155

Bense 1987

Eoff I

Dust Cave

Ledbetter

UGa-686

5385

205

Faulkner and McCollough 1977

Dust Cave

Benton

Beta-48753

5380

90

Sherwood et al. 2004:538

Emmett
O'Neal
Mann

Benton

DIC-2556

5380

55

Alexander 1983:85

Benton

GX-6213

5370

195

Dye and Watrin 1985

Tom’s
Shelter
Walnut

Benton

GX-8734

5370

190

Hall et al. 1985:64

Benton

DIC-2007

5330

70

Ensor and Studer 1983:162

1FR538

Benton

DIC-1479

5300

60

Futato 1983

Oak

Benton

DIC-2487

5290

75

Bense 1987:105

Dust Cave

Benton

Beta-65168

5280

130

Sherwood et al. 2004:538

Hayes

Benton

GX-9315

5245

230

Hall et al. 1985:64

Walnut

Benton

DIC-2006

5180

75

Ensor and Studer 1983:162

Beech

Benton

DIC-2483

5155

70

Bense 1987:105

Hayes

Benton

GX-10490

5140

185

Klippel and Morey 1986:803

Tom’s
Shelter

Benton

GX-8733

5115

185

Hall et al. 1985:64
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Table 2-3. Selected radiocarbon dates for sites in eastern North America (continued).
Site
Ilex
Eoff I

Component
Benton

Lab Number
DIC-2039

Ledbetter

14

C Date
5075

±
70

Reference
Bense 1987

UGa-686

5055

105

Benton

Beta-100508

5000

80

Faulkner and McCollough
1977
Sherwood et al. 2004:538

Bailey

Benton/Ledbetter

Beta-20702

4960

100

Bentz 1988: 85

Sheeps
Bluff
Kays

Benton

TX-5557

4850

100

Hollingsworth 1991:30

Ledbetter

M-108

4800

500

Lewis and Kneberg 1959:163

Benton/Ledbetter/
Little Bear Creek
Benton

Beta-21244

4780

80

Bentz 1988: 85

Beta-121611

4680

70

Barker and Hazel 2008

Ledbetter

UGa-2775

4655

75

Hall et al. 1985

Ledbetter

GX2746

4595

210

Peterson 1973: 38

Benton/Ledbetter/
Little Bear Creek
Ledbetter/Wade/Little
Bear Creek
Ledbetter

Beta-20990

4450

80

Bentz 1988: 85

GX-10763

4390

95

Amick 1986:5

GX-5043

4390

155

Chapman 1981:40

Ledbetter

GX-10489

4390

170

Klippel and Morey 1986

Dust Cave

Bailey
Ryan
Cheek Bend
Cave
Spring
Creek
Bailey
Fattybread
Branch
Bacon Bend
Hayes
Hayes

Ledbetter

GX-9080

4270

155

Klippel and Morey 1986

Ledbetter/Wade/
Little Bear Creek
Ledbetter

GX-10764

4210

155

Amick 1986:5

GX5244

4210

160

Schroedl 1978:190

Patrick

Ledbetter

GX-5244

4210

160

Schroedl 1978: 189-191

Leftwich

Ledbetter

A-2366

4190

260

Hall et al. 1985

Tom's
Shelter
Harrison
Branch
Okashua

Ledbetter

GX-8732

4185

165

Hall et al. 1985

Ledbetter

GX-2607

4175

230

Schroedl 1975:98

Little Bear Creek

none given

4170

90

Wynn and Atkinson 1976

Leftwich

Fattybread
Branch
Patrick

Benton/Ledbetter

A-2553

4130

130

Hall et al. 1985

Kays

Ledbetter

M-109

4100

300

Lewis and Kneberg 1959:163

Bacon Bend

Ledbetter

UGa-1879

4070

70

Chapman 1981:40

Fattybread
Branch
Fattybread
Branch
Banks V

Ledbetter/Wade/
Little Bear Creek
Ledbetter/Wade/
Little Bear Creek
Ledbetter

GX-11089

4040

95

Amick 1986:5

GX-10877

4030

250

Amick 1986:5

UGa-719

4030

260

Okashua

Little Bear Creek

none given

4005

80

Faulkner and McCollough
1974:29
Wynn and Atkinson 1976

Fattybread
Branch
Buffalo Site

Ledbetter/Wade/
Little Bear Creek
Ledbetter

GX-1108

3889

210

Amick 1986:5

M-1934

3870

250

Broyles 1976

Ledbetter

CWRU-84

3850

500

McCollough 1973:63

Little Bear Creek

UGa-2718

3755

77

Wagner 1982: 432, 516

Higgs
Aaron
Shelton
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Table 2-3. Selected radiocarbon dates for sites in eastern North America (continued).
Site
Pitts

±
70

Reference
Bradbury 1992: 9

GX-4705

3655

135

Chapman 1981:40

Little Bear Creek

GX-3100

3600

180

Oakley and Futato 1975:79

Ledbetter

GX2275

3515

140

Keel 1976

Riverton/Merom

none given

3480

60

Bradbury 1992: 9

Ledbetter

UGa-1883

3470

75

Chapman 1981:40

Lockart
Chapel
Pitts

Riverton/Merom

none given

3440

60

Bradbury 1992: 9

Riverton/Merom

none given

3390

60

Bradbury 1992: 9

Pitts

Riverton/Merom

none given

3380

60

Bradbury 1992: 9

Pitts

Riverton/Merom

none given

3330

90

Bradbury 1992: 9

Spring
Creek
40RH6

Little Bear Creek

none given

3320

155

Peterson 1973: 38

Ledbetter

GX2915

3280

190

Calabrese 1976

Ledbetter/Wade/Little
Bear Creek/
Turkey Tail/Adena
Little Bear Creek

M-1800

3230

160

Morse 1973:317-318

none given

3225

155

Bentz 1988: 85

Dam Axis
Warren
Wilson
Lockart
Chapel
Iddins

Robinson

40HR275
Clay Mine

Lab Number
none given

Ledbetter

14

C Date
3660

Iddins

Component
Riverton/Merom

Ledbetter

UGa-3350

3215

125

Hall et al. 1985

Riverton/Merom

none given

3210

60

Bradbury 1992: 9

Iddins

Ledbetter

GX-4706

3205

145

Chapman 1981:40

Tom's
Shelter
Robinson

Ledbetter

GX-8731

3205

150

Hall et al. 1986

Ledbetter/Wade/Motley/
Little Bear Creek/
Turkey Tail/Adena
Ledbetter

M-1797

3200

160

Morse 1973:317-318

GX2155

3120

140

Chapman 1973

Wade

none given

3025

75

Keel 1978:134

40RH6

Ledbetter

GX2916

3020

260

Calabrese 1976

Dam Axis

Ledbetter

DIC305

3020

75

Futato 1975

40CF108

Wade

UGa-569

3010

135

Faulkner and McCollough 1973

Robinson

Ledbetter/Wade/Little
Bear Creek/
Turkey Tail/Adena
Ledbetter/Wade/Little
Bear Creek/
Turkey Tail/Adena
Ledbetter

M-1798

2970

150

Morse 1973:317-318

M-1799

2970

150

Morse 1973:317-318

UGa-547

2970

155

McCollough 1973

Banks III

Wade

none given

2960

135

Nowlin II

Wade

none given

2920

215

Faulkner and McCollough
1974:294,320
Keel 1978:134

Walker

Little Bear Creek

none given

2915

80

Bentz 1988:85

Banks V

Ledbetter

none given

2850

870

Faulkner and McCollough
1974:297

Pitts

Ice House
Bottom
Nowlin II

Robinson

Higgs
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Table 2-3. Selected radiocarbon dates for sites in eastern North America (continued).
Site
Higgs

Component
Ledbetter

Lab Number
UGa-517

40CF118

Wade

Robinson

Ledbetter/Wade/Little
Bear Creek/
Turkey Tail/Adena
Wade

Higgs
Westmoreland-Barber
Robinson

Ewell III

Oldroy
Robinson

Robinson

Robinson

Chapman

14

C Date
2850

±
85

Reference
McCollough and Faulkner 1973

UGa-939

2840

80

McCollough and Duval 1976

M-1802

2830

130

Morse 1973:317-318

none given

2790

80

Duval 1982: 62

Ledbetter

CWRU-27

2730

110

McCollough and Faulkner 1973

Ledbetter

GX-0572

2705

755

Faulkner 1967

Ledbetter/Wade/Little
Bear Creek/
Turkey Tail/Adena
Wade

M-1805

2630

130

Morse 1973:317-318

none given

2575

85

Bentz 1988: 85

M-1801

2530

150

Morse 1973:317-318

M-1803

2450

140

Morse 1973:317-318

M-1806

2410

200

Morse 1973:317-318

none given

2400

60

Bentz 1986: 65

Ledbetter/Wade/Little
Bear Creek/
Turkey Tail/Adena
Ledbetter/Wade/Little
Bear Creek/
Turkey Tail/Adena
Ledbetter/Wade/Little
Bear Creek/
Turkey Tail/Adena
Wade

While there have been several sites proposed to pre-date Clovis, for the purpose of this study, I
begin with the fluted point occupation for the Midsouth. This is generally thought to begin with
the Clovis type, which is for the most part described as large, parallel-sided lanceolate bifaces
with slightly concave bases and single or multiple flutes that rarely extend more than a third of
the body (Howard 1990; Justice 1995:17-21; Sellards 1952; Morrow 1995; Smallwood 2012)
(Figure 2-8a). Bifaces meeting these criteria have been reported in almost every state in North
America (Anderson et al. 2010; Miller et al. 2013). Secondary hallmarks of Clovis lithic
technology include the presence of biface caches (Kilby 2008) and prismatic blades (Collins
1999). Based on a sample of sites from across North America, Waters and Stafford (2007:11231124) argue that Aubrey in Texas is likely invalid, and the earliest date range for the appearance
of Clovis points should be ~11,050 14C yr BP (12,937 cal BP). Along the Cumberland River in
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Figure 2-8. Selected Paleoindian, Early Archaic, and Middle Archaic projectile point types from
the Benton and Humpheys counties, TN.
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Nashville, TN, the Johnson site is a deeply buried site that has produced fluted bifaces and
datable features. These produced three dates with means significantly older than Clovis, although
two of the three have exceptionally large standard deviations (Figure 2-9). While this could be
used to support evidence of Clovis origins in the mid-continent (e.g., Mason 1962), I used
Haynes et al.’s (2007) date range for Clovis (11,500 – 10,800 14C; 13,351 – 12,677 cal BP) in
part because of Ferring’s (2012) defense of the dates at Aubrey and that the age range for two of
the three dates from Johnson overlap this time range.
After Clovis, there are four other point types that I divide into two groups. First, Gainey
and Redstones are lancelolate points that are very similar to Clovis, but defined by an overall
triangular form that is widest at the base. These points often have indented bases and more
extensive fluting than Clovis bifaces (Goodyear 2006; Justice 1995:22). Goodyear argued that
this is indirect evidence for “instrument assisted fluting “ (Daniel and Goodyear 2006; Goodyear
2006). Moreover, he contends that these points are likely post-Clovis in age based on similarities
to sites in northeastern North America, such as Vail, Bullbrook, and Debert. However, almost all
of the points come from surface contexts or private collections, and there is no site that firmly
establishes their antiquity in the Midsouth. The second group includes the Cumberland and
Barnes types, which are narrower and large basal concavities. Cumberland bifaces are known for
their slightly waisted appearance, whereas Barnes points are more parallel sided. Additionally,
the bases of Cumberland points are slightly concave and often have faint ears (Lewis 1954;
Justice 1995:25-27) (Figure 2-8b). This group of points bears some resemblance to the
comparatively well-dated Folsom points of the Great Plains. Here again, both Cumberland and
Barnes points are found almost exclusively in surface contexts and private collections. Optically
stimulated luminescence (OSL) dates are available at the Stratton site in Kentucky (Gramly
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Figure 2-9. Summed probability distributions generated with OxCal 4.1 using the IntCal 09
curve (Bronk Ramsey and Lee 2013) for Paleoindian-aged sites in eastern North America listed
in Table 2-3.

2009), but the standard deviations are comparatively large, which makes it difficult to accurately
assess this group of points’ temporal relationship with Clovis and other types. However, a
heavily re-worked Cumberland point was found at the deepest level of Dust Cave,
stratigraphically within and below deposits containing Quad, Beaver Lake, and Dalton projectile
points (Sherwood et al. 2004). Consequently, there is some basis to the claim that Cumberland
pre-dates these types, and likely occurred 10,800 – 10,500 14C (12,677 – 12,483 cal BP).
Goodyear (1999) and Anderson (2001) place both Quad and Beaver Lake points as the next
types in the cultural historical sequence for the Midsouth. Beaver Lake points are slightly
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waisted lanceolates with faint ears, slightly concave bases, and moderate basal thinning
(Cambron and Hulse 1975; Justice 1995: 35-36) (Figure 2-8c). Quad points have distinct ears, a
concave base, and pronounced basal thinning (Cambron and Hulse 1975; Justice 1995:35-36)
(Figure 2-8d). While dates have been reported for these point types at Rodgers Shelter (Crane
and Griffin 1972:159) and Olive Branch (Gramly and Funk 1991), the key site for these points is
Dust Cave in northern Alabama. Here, several distinct deposits were identified and a relatively
large number of AMS dates obtained (Sherwood et al. 2004). Also, at this site, Quad and Beaver
Lake points were found to co-occur, which is also reflected in their near identical spatial
distribution across the region (Anderson et al. 2010). As a result, for this study, I will consider
them as a single group. However, at Dust Cave, Sherwood et al. (2004) combined the dates from
the Beaver Lake, Quad, and Dalton component. A summed probability distribution of these dates
shows that a peak in the probabilities between 12,590 – 11,190 cal BP (Figure 2-9).
Goodyear (1982) argued that in eastern North America, Dalton projectile points straddle
the Pleistocene/Holocene boundary. Goodyear based his temporal assessment based on the dates
from Rodgers Shelter in Missouri and Stanfield-Worley in northern Alabama. This sequence has
been subsequently supported by excavations at Dust Cave in northwestern Alabama where Quad
and Beaver Lake components were found stratigraphically below the Dalton components.
(Sherwood et al. 2004). Dalton bifaces typically begin life as lanceolates with concave bases and
serrated edges. Often the basal margins of un-reduced specimens are parallel to slightly
incurvate, while the blade portion is initially excurvate (Justice 1985: 40-42) (Figure 2-8d).
Several studies have shown that the blade margins transition from excurvate to incurvate through
repeated re-sharpening (Goodyear 1974; Shott and Ballenger 2007). Another Late Paleoindian
point type, Greenbrier, is described as a “lanceolate-bladed expanding stem form that shares
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characteristics with Daltons and later notched point types” (Justice 1995: 42). This includes resharpening patterns characteristic of Dalton bifaces, although Greenbrier points also feature
shallow side-notches (Figure 2-8e). However, there are currently no published dates associated
with these projectile point types, and based purely on morphology, this type likely post-dates
Dalton, but precedes the side-notched and corner-notched types prevalent during the Early
Archaic. There are relatively few dates (n=6) associated with Dalton points. Not surprisingly, a
summed probability distribution of these dates shows an extensive temporal range (12,529 –
8,594 cal BP), but two pronounced peaks from 11,400 cal BP – 10,170 cal BP that correspond to
the two dates reported at Rogers Shelter. Both of these peaks post-date the probability peak for
the Quad, Beaver Lake, and Dalton components reported at Dust Cave.
After Dalton, a horizon of side-notched points occurred across the southeastern United
States (Anderson 2001; Goodyear 1999) and into the southern plains with the notched varieties
of the San Patrice type (Jennings 2008) (Figure 2-9). Across the southeastern United States, the
names of the side-notched varieties vary depending on who identified them first. In Florida and
the southern Coastal Plain, they are known as “Taylor side-notched” after Ripley Bullen’s (1975)
description of point types in Florida. However, in the Midsouth, they are known as “Big Sandy”
points based on Cambron and Hulse’s (1969) projectile point guidebook (Figure 2-8g).
Subsequent summaries collapse these sub-regional types into a general “Early Side-Notched”
horizon. In the Midsouth these were first observed in early contexts at Stanfield-Worley, and
again at Dust Cave (Randall 2002; Sherwood et al. 2004), as well as a handful of other sites.
However, adding to the confusion is that side-notching reappears in the Late Archaic, including
at the regionally famous Big Sandy site in West Tennessee (Bissett 2014; Osborne 1942).
Consequently, the mere presence of side-notching does not automatically make a point early
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Holocene in age. Like the Dalton type, there are only a few sites with Early Archaic SideNotched points with associated radiocarbon dates (n=3). A summed probability distribution of
these dates shows that a peak in the probabilities between 11,950 – 10,800 cal BP (Figure 2-10).
Curiously, a sample of dates from sites where both Dalton and Early Archaic Side-Notched
points were recovered has probability distribution with peak that are later in time (11,600 – 9,560
cal BP).

Figure 2-10. Summed probability distributions generated with OxCal 4.1 using the IntCal 09
curve (Bronk Ramsey and Lee 2013) for Early Archaic-aged sites in eastern North America
listed in Table 2-3.
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Across eastern North America, a horizon of corner-notched bifaces appears during the
Early Holocene (Anderson 2001). These are generally described as exhibiting a “large triangular
blade with a straight or slightly rounded base and bifacially serrated blade edges” (Coe 1964: 6970; Justice 1995: 71) (Figure 2-8h). These were found in stratigraphic context first at the
Hardaway and Doershock sites in North Carolina (Coe 1964). This type was later dated at
notable sites such as Ice House Bottom and Rose Island in Tennessee (Chapman 1975) and St.
Albans in West Virginia (Broyles 1966). These early dates have been also been replicated at a
series of other sites across eastern North America. In some instances, this type has been further
split into a series of sub-types such as Kirk, Palmer, St. Charles, Lost Lake, Pine Tree, Cypress
Creek, and Decatur based on variation in size, shape, notching, basal grinding, and flaking
patterns (Justice 1995:71). However, for this study these sub-types are lumped together into an
“Early Archaic Corner-Notched” category. A summed probability distribution of these dates
shows that a peak in the probabilities between 11,070 – 9,500 cal BP (Figure 2-10).
At St. Albans (Broyles 1966) and Ice House Bottom (Chapman 1976), projectile points
with bifurcated bases appear in deposits stratigraphically above those with corner-notched
bifaces (Broyles 1966:23; Justice 1995:86-95; Lewis and Kneberg 1959) (Figure 2-8i). They
have been classified into several sub-types including MacCorkle, St. Albans, and LeCroy and
have been dated elsewhere, where they consistently post-date components with Early Archaic
Corner-Notched bifaces. For this study, I lump these point types together into a single “Early
Archaic Bifurcate” category. As opposed to the corner-notched base points that are widely
distributed across eastern North America, bifurcated base projectile points are more spatially
restricted, and their range roughly corresponds to the Appalachian Mountains and mid-continent,
and are absent from the Atlantic and Gulf Coastal Plain (Justice 1995:89, 92). In other locations,
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stemmed base varieties appear including Kirk Stemmed, Kirk Serrated, Stanly Stemmed, and
Kanawha Stemmed (Justice 1995:82-85; 95-99). At Hardaway and Doershock, these types are
found stratigraphically above Kirk Corner-Notched points (Coe 1964:69-70). However, at Ice
House Bottom and St. Albans, they are above the components with bifurcate-based points, and
based on a series of sites across eastern North America, they consistently post-date both cornernotched and bifurcate based points. A summed probability distribution of these dates shows that
a peak in the probabilities between 10,180 – 7,000 cal BP (Figure 2-10).
The next point types in the sequence are the stemmed varieties that appear at the end of
the Early Archaic. The two most prominent types are “Kirk Stemmed” and “Kirk Serrated,”
which were both identified at the Hardaway site in North Caroline (Coe 1964:70) (Figures 2-8i
and 2-8j). Kirk Stemmed bifaces are described as having a long, narrow blade with a hafting
element that is stemmed; likely by forming a broad notch opening that leaves a slightly
expanding stem (Justice 1995: 82). Kirk Serrated points are similar, but with much more
pronounced serration on the blade element (Coe 1964:70; Justice 1995:82). Two other stemmed
projectile point types that date to the terminal Early Archaic and early Middle Archaic are
“Kanawha Stemmed” and “Stanly Stemmed.” Kanawha Stemmed points were identified at St.
Albans in West Virginia (Broyles 1966:27), and they were found stratigraphically above deposits
containing bifurcate types at Ice House Bottom in Tennessee (Chapman 1975: 125-126). The
projectile points are described as having triangular blades and stemmed bases that sometimes
have a short, shallow bifurcated base (Broyles 1966:27; Justice 1995:95). These points bear
some resemblance to the Stanly Stemmed type, which like the Kirk Stemmed and Kirk Serrated
types, was also identified at the Hardaway site in North Carolina (Coe 1964: 35-36). For this
type, they are described as having “broad, triangular blades and narrow squared stems with
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shallow basal notched or bifurcation” (Coe 1964: 35-36; Justice 1995:97). Based on their
stratigraphic positions at Ice House Bottom, St. Albans, and Hardaway, Stanly Stemmed points
are considered to straddle the Early Archaic/Middle Archaic temporal boundary. The
radiocarbon dates for these points are limited to a handful of sites, and overlap considerably in
their morphology. As a result, for this study I will consider them all as a single group. A summed
probability distribution of these dates shows that a peak in the probabilities occurs at 9,000 –
7,700 cal BP (Figure 2-10).
The next group of projectile points consists of the Eva I, Eva II, and Morrow Mountain
types. Lewis and Lewis (1961:40) identified both of the Eva I and Eva II types at the Eva Site in
the lower Tennessee River Valley. Eva I points are “large, basally notched forms produced from
a percussion flakes, triangaloid preform with a relatively straight basal edge” (Justice 1995: 100)
(Figure 2-8l). Eva II points are smaller and have straight or excurvate blades. However, the basal
notching is the same as Eva I points (Coe 1964: 37-43; Justice 1995: 103) (Figure 2-11a). While
Eva I and Eva II points are found almost exclusively in the Midsouth, Morrow Mountain points
have a much broader range, and were first identified at the Hardaway Site in North Carolina
(Coe 1964: 37-43). These points are described as a “small point with a broad triangular blade and
a short, pointed contracting stem” (Justice 1995: 104) (Figure 2-11b). At the Eva site, Eva I
points are mostly found in Strata IV, where three pieces of antler produced a 14C date of 7150 ±
500 (M-357; Lewis and Lewis 1961:173). However, these three specimens come from an area
roughly 100m2 and consequently the association between the radiocarbon and the associated
artifacts is tenuous, and is currently the subject of further analysis and dating (Bissett 2014).
Regardless, the date for Strata IV at Eva is at the earlier end of the distribution of dates for Eva
and Morrow Mountain points in eastern North America. Also, at the Eva Site, Eva II points were
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Figure 2-11. Selected Middle and Late Archaic projectile point types from the Benton and
Humpheys counties, TN.
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found associated with Morrow Mountain type points, and elsewhere across the eastern United
States, the associated radiocarbon dates for the two points overlap, which has led most analysts
to combine them into a single type (Sassaman 2001:230-231). Similarly, for this study I combine
Eva I, Eva II, and Morrow Mountain types into a single group. A summed probability
distribution of these dates shows that a peak in the probabilities occurs at 8,300 – 6,700 cal BP
(Figure 2-12). While Morrow Mountain type bifaces are found across most of the southeastern
United States (Sassaman 2001:230), in the Midsouth the four point types that immediate postdate Morrow Mountain are more geographically restricted. These include the Sykes type, which
are “broad, short-stemmed forms produced from the corners of trianguloid preforms” (Justice
1995:108) (Figure 2-11c). These points were first identified at the Eva Site in the lower
Tennessee River Valley (Lewis and Lewis 1961:40-41), along with the White Springs type,
which have “all of the essential attributes of Sykes, but White Spring is more refined” (Justice
1995:108) (Figure 2-11d). Both types have been found in Middle Archaic contexts at the Eva
Site (Lewis and Lewis 1961:40-41) and the Stanfield-Worley Rockshelter (Dejarnette et al.
1962:70). Compared to the Eva and Morrow Mountain types, there are comparatively fewer sites
with 14C dates for the Sykes and White Springs types, yet the central tendencies for the available
dates clearly post-date the Eva/Morrow Mountain temporal distribution. A summed probability
distribution of these dates shows that a peak in the probabilities occurs at 7,200 – 6,200 cal BP
(Figure 2-12).
Two other point types appear to post-date the Eva and Morrow Mountain types, and
appear to be coeval with the Sykes and White Springs types. The Benton type was originally
identified at the Eva Site (Lewis and Lewis 1961:34), and is described generally as large bifaces
that are “easily recognized by the presence of oblique parallel flaking that often occurs on the
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Figure 2-12. Summed probability distributions generated with OxCal 4.1 using the IntCal 09
curve (Bronk Ramsey and Lee 2013) for Early and Middle Archaic-aged sites in eastern North
America listed in Table 2-3.
blade” (Justice 1995:111) (Figures 2-11e and 2-11f). These projectile points are stemmed,
sometimes with large-side notches, or in some cases corner-notching, like at the Ensworth site,
which is located along the Harpeth River in the Nashville Basin (Deter-Wolf 2004). McNutt
(2008) compiled a database of 14C dates to argue that Benton projectile points post-date the
Eva/Morrow Mountain points and should be considered to mark the end of the Middle Archaic
period. Moreover, this type also appears frequently as caches in burial contexts, and may have
been traded as part of an exchange network in the Midsouth (Meeks 2000; Peacock 1988). While
it is clear that this type post-dates the Eva/Morrow Mountain type, at Eva they appear in the
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same strata (Strat II – Big Sandy Phase) as the White Springs type. Also occurring in this strata a
smaller, side-notched variety that Lewis and Kneberg (1959:164) designated at “Big Sandy”
points, although this has led to some confusion as similar side-notched forms also occur in Early
Archaic contexts elsewhere in the southeastern United States (Justice 1995: 60-61) Figure 211g). However, at a handful of sites, side-notched forms have been found to post-date the
Eva/Morrow Mountain type and are coeval with the Sykes, White Springs, and Benton types. For
this study, these types are combined into a single “Middle Archaic Stemmed” category.
Following the “Middle Archaic Stemmed” group are another set of stemmed projectile
points, the most notable of which is the Ledbetter type (Figure 2-11h). Named after the Ledbetter
site in the lower Tennessee River Valley, it was also found in the Late Archaic contexts a the
Eva site (Lewis and Lewis 1961) and Russell Cave in northern Alabama (Ingamnson and Griffin
1974:45). These points are described as “a contracting stem form with an asymmetrical blade”
and usually have barbed shoulders (Justice 1995: 65). This type is also known as the “Pickwick”
type (Cambron and Hulse 1969:75) and is also similar to the “Etley” type, which is found in Late
Archaic contexts in the mid-continent (Justice 1995: 146-148). An additional stemmed type,
Little Bear Creek, also overlaps temporally with the Ledbetter type, and is described as “medium
to large with slightly to excurvate blade edges and has a long stem” and “the haft element varies
from straight to contracting stem with grounding on the lateral margins of the stem” (Justice
1995:96) (Figure 2-11i). While Justice (1995: 196) places this type in the Early Woodland
period, most of the available dates for this type are coeval with the Ledbetter and Pickwick types
and place it firmly in the Late Archaic. For this study these points will combined into a single
“Late Archaic Stemmed” category. A summed probability distribution of radiocarbon dates
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associated with the Ledbetter type shows that a peak in the probabilities occurs at 5,600 – 2,600
cal BP (Figure 2-12).
The “Wade” projectile point type appears next in the chronological sequence and is
“basically straight-stemmed forms with wide barbs” (Cambron and Hulse 1969:110; Justice
1995:180) (Figure 2-11j). These points appear to straddle the Late Archaic/Early Woodland
boundary (e.g., Faulkner and McCollough 1973:149) and have been found in pre-ceramic
contexts in shell middens as well as associated with Early Woodland pottery (Justice 1995:180).
These points are morphologically similar to the “Delhi” type, which are “straight stemmed forms
with barbed shoulders” (Ford and Webb 1956; Justice 1995: 79). This type has been found at the
Poverty Point site (Ford and Webb 1956: 117) and, like the Wade type, is found in Late Archaic
and Early Woodland contexts in the Mississippi River Valley and Midsouth (Justice 1995:179).
Following Justice (1995:179-180), I combine these types into a single “Terminal Archaic
Barbed” category. A summed probability distribution of radiocarbon dates associated with the
Wade type shows that a peak in the probabilities occurs at 3,500 – 2,300 cal BP (Figure 2-9).

Conclusion: Correlating Climate, Culture, and Bifaces in the Midsouth
Based on the information compiled here, it is possible to correlate major environmental
and cultural trends with changes in the morphology of temporally diagnostic bifaces in the
Midsouth during the Paleoindian and Archaic periods. Clovis bifaces appeared during the
Boling-Allerod and disappeared along with a wide array of species (e.g., the Rancholabrean
extinction) at roughly the onset of the Younger Dryas (Meltzer 2009:255-265). During the
Younger Dryas, a series of more geographically restricted types appear (Anderson et al. 2010).
In the Midsouth, these include Redstone/Gainey, Cumberland/Barnes, Quad/Beaver Lake, and
the Dalton type at the end of the Younger Dryas. Walthall (1998) argued that during the latter
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half of the Younger Dryas there was more regular use of caves and rockshelters. It was also
during this time that the first recorded cemetery in North America, the Sloan site in Arkansas,
appears (Morse 1997). When preserved, Late Paleoindian faunal and floral assemblages are
surprisingly diverse (Sherwood et al. 2004; Walker 2007).
During the Early Holocene, climate became warmer and deciduous forests continued to
expand northwards (Delcourt and Delcourt 1985, Viau et al. 2006). Over this period people
produced a succession of point types, including Greenbriar, Early Site-Notched, Early Archaic
Corner-Notched, Bifurcates and Early Archaic Stemmed. At sites across the region, there was an
increase in the relative abundance of deer in archaeological assemblages (Styles and Klippel
1996) and increasing focus on hickory nuts (Carmody 2010). Based on the distribution of
archaeological sites in the Southeast, Early Archaic groups had clearly expanded across most of
the southeast (Anderson 1996), including the Appalachian Summit (Kimball 1996).
During the Mid-Holocene, climate became warmer and drier, which is reflected in the
expansion of the prairie grasslands into the Midwest, cedar glades in the Nashville Basin, and the
pine forests of the Atlantic and Gulf Coastal Plain (Delcourt and Delcourt 1985). It is during this
time that Eva/Morrow Mountain and Middle Archaic stemmed types were made. During this
time the first shell midden sites appear and become more widespread in the Midsouth (Claassen
1996, 2010). The trend of more focused exploitation of deer and hickory continues (Carmody
2010; Gremillion 1996). Also, during this time there is a slight decrease in the relative frequency
of sites and their distribution becomes concentrated along the major river valleys across the
southeastern United States (Anderson 1996). The first earthen mounds appear in the lower
Mississippi River Valley (Saunders 2010) and by the end of the Middle Archaic emerging trade

80
networks of bone pins, stone beads, Benton bifaces, and atlatl weights become evident
(Anderson and Sassaman 2012:88-91).
At the end of the Mid-Holocene, climate cooled slightly, which is reflected locally by the
retreat of the Prairie grasslands in the Midwest, and the shrinking of the cedar glades in the
Nashville Basin. Archaeological sites increase in number and expand beyond the range of the
Middle Archaic (Anderson 1996). In the Midsouth the use of shells continued, coalescing in
what some have termed the “Shell Mound Archaic.” Also appearing at this time are the first
domesticated plants, the first pottery at Stallings Island, the emergence of the Poverty Point
interaction sphere, the first appearance of soapstone containers, and more broadly an increase in
ground stone, mortars and pestles, storage pits, and clear evidence for residential structures
(Anderson and Sassaman 2012: 101-111). In the Midsouth the “Late Archaic Stemmed” and
“Terminal Archaic Barbed” types overlap with all of these trends.
Based on this analysis, it is now possible to tie major trends in climate and culture to
specific biface types in the Midsouth. The following chapters will now explore ways in which
formal models from behavioral ecology can be used to track variation in bifaces re-sharpening
and archaeological site distributions to make inferences regarding hunting returns and
demographic trends in the lower Tennessee and Duck River Valleys.
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CHAPTER 3
FROM PROJECTILE POINTS TO PREY SIZE
Introduction
Hafted bifaces are “lithic tools that have been extensively modified by chipping and have
two sides or faces that meet to form a single edge that circumscribes the entire specimen”
(Andrefsky 2006:744). They are one of the most intensively studied artifact classes in eastern
North America, especially for the Paleoindian and Archaic periods. This is largely due to the fact
that their sizes and shapes vary predictably with time, making them fairly reliable temporal
markers in a region where there is poor preservation of organic material for 14C dating (Anderson
and Sassaman 2012:5; Dunnell 1990:13). Moreover, as demonstrated in the previous chapter,
there is a loose correlation between changes in climate, culture, and biface morphology
(Anderson 2001). This makes bifaces extremely important for organizing Paleoindian and
Archaic period chronologies in eastern North America, as well as a valuable point of departure
for interpreting changes in human behavior.
Bifaces have also played a prominent role in studies of technological organization in
North America. Binford’s dichotomy between “forager” and “collector” strategies, as well as
other publications based on his ethno-archaeological fieldwork, provided a theoretical foundation
for interpreting lithic assemblages (e.g., Binford 1979; Binford 1980; Kelly 1992). Some more
notable early attempts to apply this framework to archaeological case studies in the southeastern
United States include Anderson and Hanson’s (1988) Early Archaic “Band-Macroband”
settlement model for the Atlantic Coastal Plain, Kimball’s (1981, 1996) examination of Early
Archaic site use in the Little Tennessee River Valley, and Amick’s (1987) raw material survey of
the Duck River Valley. In each of these examples, bifaces were the primary artifacts analyzed,
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and they have continued to play a central role in the study of lithic technological organization in
the southeastern United States (Carr and Bradbury 2000; Carr et al. 2012).
The application of narrative models derived from Binford’s work also began to
proliferate the Paleoindian literature due to a handful of influential studies. These include
Goodyear’s ([1979] 1989) “Cryptocrystalline Hypothesis” in which he argued that Paleoindian
groups targeted high quality raw materials that were often moved great distances from their
source. Because of the quality of the material, artifacts could be re-sharpened, re-used, and
recycled repeatedly, which would have provided a high degree of flexibility in the toolkits of
highly mobile hunter-gatherer groups reliant on curated tools. Similarly, Kelly (1988) argued that
there were three roles that bifaces can play in the organization of technology – cores, bifacial
tools, and preforms for projectile points. In the same year, Kelly and Todd (1988) incorporated
part of this hypothesis into their “high technology forager” model for the colonization of North
America. Specifically, they argued that a reliance on bifacial technology was part of a versatile
mobility strategy that can be adapted to novel environments.
With the crystallization of the “technological organization” theoretical perspective (e.g.,
Nelson 1991), analysts shifted their attention to identifying the various factors that could
influence decisions regarding the manufacture, maintenance, discard, and design of stone tools
(Andrefsky 2009: 70-72, and references therein). These include access to raw material
(Andrefsky 1994; Bamforth 1986; Ingbar 1994; Kuhn 1995, 2004), the role of time and risk
(Torrence 1983), maintainability and reliability (Bleed 1986), and other factors (e.g., Andrefsky
2009: 71). In recent years, there have been several examples that have attempted to move away
from narrative explanations to formal models that are on more solid quantitative footing.
Examples would include Kuhn (1994)’s formal model for ithic-tool transport, which predicts that
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highly mobile hunter-gatherers transport finished or near-finished tools rather than cores.
Brantingham (2006) generated a neutral model of tool discard based on a Levy random walk as a
baseline from which to interpret raw material variation in assemblages in Southern France. In
other instances, analysts have borrowed or derived models directly from behavioral ecology.
Beck et al. (2002) used a central place provisioning model from Metcalf and Barlow (1992) to
frame hypotheses for lithic provisioning in the Great Basin. Surovell (2009) created a set of
economic models as a means to analyze differences in occupation intensity at a sample of
Folsom sites on the Great Plains and Rocky Mountains. Kuhn and Miller (in press) derived
expectations for the discard of artifacts based on the Marginal Value Theorem (e.g., Charnov
1976) by treating artifacts as patches of potential utility.
Whether implicitly or explicitly, archaeologists interested in stone tool economies
routinely makes use of concepts and models from human behavioral ecology, which in turn
borrows heavily from animal behavioral ecology (Krebs and Davies 1983; Smith et al. 2001) and
behavioral economics (Allison 1982). All of these theories are ultimately derived from classical
economics (e.g., Smith 1776; Ashraf et al. 2005) and are driven by attempts to understand the
decisions individuals make when addressing supply versus demand. I propose that we skip the
intervening steps and simply frame stone tool economics, and in particular bifaces technological
organization, in terms of supply and demand. While this construct was formalized as a means to
understand modern, western economies, the underlying question remains the same – how do
people negotiate access to resources in advance of anticipated need? After all, the basic premise
of Binford’s (1979, 1980) settlement and subsistence models, which have become so
fundamental to studies of technological organization, was to understand how resource structure
influenced whether people moved to resources, or if people moved resources to more centralized

84
locations. While some would argue that mapping western economic constructs onto prehistoric
hunter-gatherers might be inappropriate (e.g., Sahlins 1974), I will argue below that using a
“supply” versus “demand” heuristic (e.g., Marshall 1890) as a basis for model building can aid in
understanding the relationship between hunting implements, and the relative success and failure
in pursuing prey.

Supply:Demand::Raw Material:Re-Sharpening
A fundamental concept that pervades the study of economic systems is the relationship
between supply and demand. Supply is generally defined as the amounts of some product
producers are willing and able to sell at a given price all other factors being held constant
(Gravelle and Rees 1992:5). The factors affecting supply in modern economies include
production costs, the technology available for production, expectations about future prices, and
the number of suppliers. Demand is the quantity of a product or service that is desired by buyers.
This can be determined by income, preference, the price of related goods and services,
expectations about future prices and incomes, and the number of potential consumers. Marshall
(1890) represented this graphically to illustrate the role that supply and demand play in
determining the price and quantity of particular commodities (Figure 3-1). Besanko and
Braeutigam (2005:33) argue that there are four basic expectations that can be derived from the
relationship between supply and demand:
1) If demand increases and supply remains unchanged, a shortage occurs, leading to a
higher equilibrium price.
2) If demand decreases and supply remains unchanged, a surplus occurs, leading to a
lower equilibrium price.
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Figure 3-1. Bivariate plot illustrating the relationship between supply and demand (after
Marshall 1890).
3) If demand remains unchanged and supply increases, a surplus occurs, leading to a
lower equilibrium price.
4) If demand remains unchanged and supply decreases, a shortage occurs, leading to a
higher equilibrium price.
The relationship between supply and demand presupposes a dichotomy between
producers and consumers (e.g., Gravelle and Rees 1992:5), whereas in hunter-gatherer societies,
individuals took on both roles, often with respect to the same artifact (e.g., Binford 1979;
Binford and O’Connell 1984: 407; Gould 1978:288; Shott 1986). Consequently, the variables
have to be slightly adjusted and defined differently to reflect this, and to make it more amenable
to archaeological terminology. First, most hunter-gatherers, especially those in prehistory, did
not participate in anything resembling the types of market economies envisioned by Smith
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(1776) and subsequent generations of economists, but they surely weighed costs and benefits for
the production of stone tools. As a point of departure, perhaps the best currency for measuring
cost is energy expenditure (Kelly 1995:53-54). Also, since hunter-gatherers are likely to be both
the producers and consumers, the “quantity sold” is the number of tools (or the amount of raw
material) that an individual has at a given moment to fulfill a particular task. Thus, for a
particular individual the key decision is whether to behave like a producer or a consumer.
For stone tools, the supply-side constraints include factors such as access to raw material,
the quality of the material, and the cost of producing a tool as measured in time or energy. The
demand-side constraints would be contingent on the variety of tasks a tool for which a tool could
be used, and those tasks would in turn influence the probability of catastrophic failure (i.e.
breakage that would render a tool unable to perform a desired task) and the attrition rate (i.e.
mass lost due to use and maintenance). The final demand-side constraint is the actual energy
gained from using the tool for a task versus an alternative tool, or no tool at all.
Framed in this way, a hunter-gatherer’s estimation about the availability of raw material
and the cost of producing a new artifact (i.e. supply constraints) is juxtaposed against their
expected gains, measured in caloric return, from a new artifact (i.e. demand). In other words,
modern producers and consumers are negotiating quantity and price based on their perceptions of
current and future supply and demand. Archaeologists, on the other hand, can use this same
framework as a means to make inferences regarding anticipated supply and demand as perceived
by prehistoric individuals. As a stone tool producer, an individual must consider energy lost due
to extraction and transport costs when acquiring suitable raw materials and the costs associated
with producing and using a new tool. Conversely, as a stone tool consumer, an individual must
also consider the energy gained by using a particular tool at a given time and how many times a
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tool can be used before being maintained or replaced. More simply, an individual must balance
the amount of energy lost to production costs to the energy gained from choosing to use, or
consume, a tool.
Kuhn and Miller (in press) applied many of the same concepts in a formal model for the
prediction, maintenance, and discard of artifacts that was derived from the marginal value
theorem (MVT), an economic model used by behavioral ecologists to predict mobility decisions
between resource patches (e.g., Charnov 1976). They argued that artifacts can be considered
“patches of utility” (Figure 3-2), where the criterion E is the expected yields for the replacement
artifacts minus the replacement costs, which is then divided by the time used or number of uses.
The optimal point of artifact abandonment occurs when immediate returns drop below expected
yields for replacement artifacts (T1, T2).
In this model, the criterion E is essentially the energy gained from using a given tool after
considering the supply and demand constraints outlined above. This presents two related issues
for archaeologists: 1) how can analysts untangle supply and demand constraints as sources of
variation in archaeological assemblages, and 2) what are reasonable proxies for measuring
energy expenditure with archaeological data? One strategy for controlling the supply-side
constraints is to analyze assemblages that are in areas with ubiquitous, high quality raw material
(e.g., Andrefsky 1994:30), or stable, permanent locations on the landscape that were likely used
in the same way repeatedly over time, like caves or rockshelters. Alternatively, an analyst could
control for supply constraints by examining material from known sources and regressing the
distance from site to source against other variables of interest (e.g., Eren and Andrews 2013).
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Figure 3-2. The Marginal Value Theorem applied to stone tool production, use, and discard
(Kuhn and Miller in press). E is the criterion for artifact abandonment, which is equal to the
expected yields for replacement artifacts minus amortized replacement costs, divided by number
of use events. The optimal points of artifact abandonment (t1, t2, t3) occur when immediate
returns drop below expected yields for replacement artifacts. The upper, middle, and lower
curves reflect different attrition rates for the use of artifacts over time.
Surovell (2009) used a 20km buffer around his sites, which is the average daily maximum
foraging radius for ethnographic hunter-gatherers. Materials from sources beyond 20km are
considered “extra-local” and are therefore more costly to acquire. This provides a proverbial
“line in the sand” for comparing the frequency of raw material types in different locations. These
various analytical strategies provide archaeologists a means to either minimize the effects of (or
explore the costs associated with) producing new tools.
With stone tools, archaeologists analyze the amount of lithic raw material that is
consumed, or more specifically, how many times has a tool been used before breakage or
discard. One artifact class that has received a considerable amount of attention in this regard has
been scrapers or retouched flakes, where several methods have been derived for determining the
size of the original flake prior to retouching relative to the mass of the artifact upon discard
(Clarkson 2002; Eren and Pendergast 2008; Hiscock and Clarkson 2005; Kuhn 1990). These
researchers are trying to determine the “expended utility” for each artifact (e.g., Shott 1996:267).
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Similar attempts have been made to develop ways to measure the effects of breakage and resharpening on bifaces, and in particular projectile points (Andrefsky 2006; Hoffman 1985;
Goodyear 1974, 1979; Shott and Ballenger 2007; Wilson and Andrefsky 2008; Miller and
Smallwood 2012). For example, Amick (1996) used the ratio of broken to complete bifaces in
his sample of Folsom assemblages, which can be considered in index of catastrophic breakage.
For measuring re-sharpening, most studies consist examine the relationship between the parts of
the biface that have been hafted relative to the total length. This is because hafted portions of
bifaces are less likely to be re-worked (e.g., Keeley 1982), which means that the length will be
preferentially removed during re-sharpening. Kuhn and Miller (in press) simply used the
maximum length divided by the maximum width as a proxy for re-sharpening. This ratio is
effective because it is an easily measured proxy for how much of the length of the biface has
been reduced by re-sharpening or repair.
Recently, several experimental studies have tested the assumptions that underpin these
archaeological proxies for projectile point re-sharpening and breakage. Cheshier and Kelly
(2006) fired obsidian-tipped arrows at a deer carcass and found that roughly half broke upon first
use, and overall the points that were shorter and thicker were significantly more durable. They
argued that their results are consistent with the high failure rates in comparable studies by Titmus
and Woods (1986) and Odell and Cowen (1986). Moreover, Waguespack et al. (2009) fired
arrows tipped with stone and wood at ballistics gel covered in hide, and they found that stonetipped projectile points only penetrated 10% deeper than wood-tipped points. They argued that if
this translated to greater blood loss, using a stone-tipped point could convey some economic
benefit with larger prey, which is consistent with some ethnographic case studies where stonetipped spears and arrows were used preferentially for larger game and close encounter kills.
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However, they remain skeptical that this payoff would be enough to warrant the use of stonetipped projectiles over their wooden-tipped counterparts.
Hunzicker (2008) examined both the probability of catastrophic failure and re-sharpening
on projectile points. In his experiment, he fired 25 Folsom point replicas attached to atlatl darts
in five different hafting designs into bovine rib cages using a tripod-mounted crossbow. He
found that three-fourths of the firing attempts successfully penetrated the target, and after resharpening the damaged points, they averaged five attempts before being broken beyond repair.
He also found that after a total of 108 firing attempts, 35 missed the ribs and suffered no visible
damage. However, of the 73 attempts that made contact with ribs, all were damaged including 18
attempts where the points were irreparably damaged. Half of the breaks were “snaps” or
“crushes” that allowed the points to be re-sharpened, as opposed to longitudinal fractures.
Finally, he argued that the reduction in length was the best proxy for measuring point
rejuvenation, as opposed to thickness, width, and a width-to-thickness ratio, which did not
appear to vary significantly. Hunzicker then plotted length against the number of rejuvenation
attempts to create an experimental attrition curve, and then compared these results to published
Folsom assemblages. He argued that the Folsom assemblages likely reflect greater amounts of
use and re-sharpening than previously recognized.
The attrition rates observed by Hunzicker were drastically different than those observed
by Cheshier and Kelly (2006), which is likely because Hunzicker used projectile points made of
chert, as opposed to obsidian, and he fired his points at the end of atlatl darts at a lower velocity
than the bow and arrow that Cheshier and Kelly used in their experiment. Iovita et al. (in press)
used replicas of Levallois points cast in glass and fired them into ballistics gel and synthetic bone
using an air gun. They found that as kinetic energy increases the probability of breakage
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increases, and the breaks are more likely to be longitudinal fractures rather than transverse snaps.
Consequently, it should not be surprising that firing points made out of a more brittle raw
material at a much higher velocity into a target with more closely spaced ribs should experience
higher rates of catastrophic failure. These factors may also have influenced the decisions of some
groups to invest in stone-tipped projectile points. In the study by Waguespack et al. (2009), they
used ballistics gel with no proxy for bone, whereas Hunzicker showed in his study that every
point that made contact with bone was damaged. While Hunzicker’s points were rejuvenated
after damage, there is no comparable study to test the efficacy and the durability of wooden
points against targets with bone. Moreover, Waguespack et al. argue that there is relatively little
cost associated with wood-tipped arrows or spears compared to their stone-tipped counterparts.
However, Gould (1980), in his ethnographic accounts of the Ngatarra in Australia, observed that
individuals employed a wide array of tools that were used to produce and maintain their wooden
spears. Consequently, the rationale for choosing wood versus stone-tipped projectiles may
involve a trade-off between carrying raw material around at the end of an arrow or spear, or
carrying raw material in the form of maintenance tools to produce and re-sharpen softer,
wooden-tipped projectiles.
Based on Hunzicker’s (2008) study, the assumptions that projectile point length is
differentially affected by impact and re-sharpening, and that these points can survive multiple
rejuvenation attempts, appear entirely reasonable. Moreover, the differences between Chesier
and Kelly (2006) and Hunzicker (2008) show that there may also be reason to believe that
variation in prey-size (e.g., deer vs. bovine targets) may have also differentially impacted the
attrition rate and probability of catastrophic failure, which is consistent with the hypothesis by
Kuhn and Miller (in press) that the increase in biface re-sharpening in the southeast observed in
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Paleoindian points from Tennessee is due to a shift from hunting megafauna to deer and a wider
array of smaller species (e.g., Morse 1973; Walker 2007). Furthermore, establishing a
relationship between projectile point re-sharpening and prey-size would be extremely important
because it would provide an archaeologically tractable proxy for the amount of energy gained
from the use of these particular tools. However, there are other confounding variables that also
explain the differences between their results, including raw material selection, re-sharpening,
point size, point shape, and firing velocity.
An alternative approach to demonstrating the relationship between projectile point resharpening and prey-size (and by extension hunting returns) is to compare faunal remains and
projectile points from archaeological contexts where access to raw material can be held constant.
However, this is surprisingly difficult in eastern North America, where published data on sites
containing deposits with preserved faunal remains are few and far between (Styles and Klippel
1996). Instead, I use two case studies, Puntutjarpa Shelter in Australia (Gould 1977) and
Gatecliff Shelter in Nevada (Thomas 1983), to demonstrate that if supply is held constant, then
the resulting variation is likely due to demand, or fluctuations in hunting returns. Then, in the
following chapter, I examine long term trends in biface re-sharpening in the lower Tennessee
River Valley as a means to evaluate hunting returns over the 10,000 years that span the initial
peopling of the region to the appearance of domesticated plant in the archaeological record.

Puntutjarpa Shelter
Puntujarpa Shelter in Western Australia was excavated under the direction of Richard
Gould from 1969-1970 and contains a record of occupation that spans the entirety of the
Holocene epoch. The results of this meticulous excavation are provided in a full report that
contains a highly detailed description of the lithic inventory recovered at the site, as well as a
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subsequent analysis of the faunal remains (Archer 1977; Gould 1977, 1996). Surovell (2009)
used the information from this excavation as an independent test of his site occupation index
model, and found that components with assemblages indicative of higher degrees of occupational
intensity corresponded to spans of time with increased effective precipitation. This relationship
may be driven by the observation that the largest animals – Red Kangaroo (Megaleia rufa), Hill
Kangaroo (Macropus robustus), and Emu (Dromaius navaehollandiae) – become more plentiful
after seasons of heavy rains (Gould 1977). Moreover, Gould (1977: 28-29, 169-170) argues that
availability of water is the single most important variable that influences residential mobility,
group size, the likelihood of group hunts, and prey selection.
The Puntujarpa Shelter dataset is also valuable because of the extensive ethnographic and
ethno-archaeological research among the Ngatarra conducted by Gould (1980) prior to the
excavations at Puntujarpa Shelter. Consequently, Gould argues that it is possible, in a very
general sense, to derive the function from the form of the artifacts from direct ethnographic
observation. As a result, Puntujarpa Shelter can be used as a case study for examining the
Table 3-1. Artifact classes and ethnographically observed functions from Gould (1977).
Type
Large Cores

Type
Abbreviation
1a, 1c

Function

page #

Only the very hardest wood.

92

Horsehoof Core

1b

Chopper/scraper planes?

93

Large Flake
Scrapers/Spokeshaves

2a, 2b

94

Adzes and Adze slugs

3a-3d

Used exclusively for scraping hard woods to make spear
shafts. Whether for smoothing them or for shaping and
sharpening.
Scraping hard woods

96-97

Micro-adzes and
Micro-Adze slugs
Small Endscrapers

3e-3h

Scraping hard woods

98

3i

Scraping hard woods

99

Backed blades

4

Multiple?

99-100

Handaxes

5

Early woodworking production

100

Ground seeder/grinder

6

Grinding seeds

101

Grinding slabs

7

Grinding seeds

101

Hammerstone

8

Hammerstone

101

Retouched fragments
and utilized flakes

9

Multiple?

101-102
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relationship between hunting returns and the projectile point re-sharpening. However, in this
case, the Aboriginal Australians used nine-foot long wooden spears that were hurled with spearthrowers, mostly from behind blinds or other forms of stealth hunting (Gould 1977:26-28). Since
the Aboriginal Australians who inhabited Puntutjarpa Shelter did not utilize stone projectile
points, I instead use stone tool types that Gould argued are used almost exclusively for the
production and maintenance of spear-shafts (Table 3-1). These include one type he claims were
used exclusively for sharpening and straightening spears (Types 2a and 2b).
With the faunal data, only presence and absence information by species was available
(Archer 1977:159). I divided those into two groups: large species (the three species of kangaroo)
and small species (everything else) (Table 3-2). I then standardized the number of small species
by the bone weight and count for each level as a course proxy for species diversity (Table 3-3). I
then regressed these values against Surovell’s (2009) “Occupation Span Index’ values, and found
that they correlate (Figure 3-3). In other words, as occupation intensity increases, faunal diversity
decreases. I then compared the proxy for faunal diversity to the “adzes” that Gould described as
woodworking tools. I divided the frequency of these by the number of utilized flakes and the
total number of tools for each level in order to create a measure of the relative abundance of
these tools compared to the overall lithic assemblage. Both proxies for the frequency of
woodworking tools correlate with the proxy for small species diversity (Figures 3-4 and 3-5). I
interpret this as indicating that there is a greater frequency of tools suggestive of woodworking
activity occurring when there is a wider array of small species present. Finally, the frequency of
these woodworking tools also correlates with the Occupation Span Index for each component
(Figure 3-6). Based on this analysis, it appears that the Occupation Span Index, prey size, and
the frequency of woodworking tools for each component are all correlated.
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Common Rabbit-eared bandicoot

X

Brush-tailed possum

X

Bettongia lesueur

Lesueur's Rat Kanga-roo

X

Wester Hare-wallaby

X

X

X

X

X

X

X

X

X

X

X

Crescent nail-tailed wallaby

X

KZ-LZ

IZ-JZ

IZ

HX

GX-HX

GX

X

X

Rock-wallaby

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

Large Macropodid

Large kangaroo

X

X

X

X

X

X

X

X

Native mice

X

X

European Rabbit

X

X

X

X
X

Dingo/Thylacine/ Tasmanian Devil

X

Varanidae varanus

Monitor lizard

X

X
X

X

X

X

X

X

X

X

X

4

2

X

X

X

X

X

X

2

3

5

1

X

X

large carnivore(s)

Total

X
X

Large kangaroo

Aves

X

X

Large kangaroo

Ophidia

FX

EX-FX

CX-DX

CX

BX
X

X

Mealeia rufa

Orychtolagus cuniculus

X

X

Macropus robustus

murids

X

X

Macrotis lagotic
Thichosurus cf. T.
Vulpecula

Petrogale sp.

KZ

Pig-footed bandicoot
Golden bandicoot

Onychogale lunata

X

Desert bandicoot

cf. Isoodon auratus

Lagorchestes hirsutus

X

JX

Chaeropus ecaudatus

X

EX

Perameles cf. P. eremiana

Western Native cat

DX

Dasyurus cf geofforoii

Name

AX

Taxa1

AX-BX

Table 3-2. Presence and absence of observed faunal taxa by excavation level from Puntujarpa Shelter (Archer 1977; Gould 1977,
1996).

X

X

X
X

snakes
birds

X
7

7

11

6

6

8

8

3

3

3

6
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Bettongia lesueur

Lesueur's Rat Kanga-roo

X X

X

X

X

X

4

1

2

2

1

1

1

1

S5-T5

X

S5

X

R5-S5

X

R5

X

Q5-R5

Q5

P5-Q5

P5

O5-P5

X

X

X

X

X

X

X

X

Crescent nail-tailed wallaby

X

Rock-wallaby

X

X

X

Large kangaroo

Mealeia rufa

Large kangaroo

X

Large Macropodid

Large kangaroo

X X

X

X

Native mice

X

X

X

X

X

X

X

X

X

X

X

X

European Rabbit

large carnivore(s)

Dingo/Thylacine/ Tasmanian Devil

Varanidae varanus

Monitor lizard

Total

X

X

X

Wester Hare-wallaby

Macropus robustus

Aves

U5-V5

X X

Ophidia

O5

X

Brush-tailed possum

Orychtolagus cuniculus

N5-O5

Pig-footed bandicoot
Common Rabbit-eared bandicoot

murids

X

X

Macrotis lagotic
Thichosurus cf. T.
Vulpecula

Petrogale sp.

N5

Desert bandicoot
Golden bandicoot

Onychogale lunata

X

Western Native cat

cf. Isoodon auratus

Lagorchestes hirsutus

U5

Chaeropus ecaudatus

T5-U5

Perameles cf. P. eremiana

T5

Dasyurus cf geofforoii

Name

M5-N5

Taxa1

M5

Table 3-2. Presence and absence of observed faunal taxa by excavation level from Puntujarpa Shelter (Archer 1977; Gould 1977,
1996) (continued).

X

X

X

snakes

X

birds
4

4

3

3

7

4

3

2

3

6
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Table 3-3. Data for Puntutjarpa Shelter from Gould (1977, 1996) and Surovell (2009).

1

2

Type 2&3
(Woodworking)
9

Type 2 & 9
(Utilized
Flakes)
8

34.14

1

26

29.14

4

49

271.5

30.14

13

4535

331

27.69

Stratum1

Area
(m2)

Artifacts

Density

Occupation
Span Index

Type 1
(Cores)

Total
Tools

Waste
Flakes

Small
Species

Large
Species

Bone
frag.

Bone
Wt. (g)

AX

15.88

770

48.5

27.15

17

753

5

2

1211

507.4

BX

15.26

1537

100.7

CX

14.64

2622

179.1

19

47

1590

9

2

776

322.1

36

92

2530

4

2

901

464.2

DX

14.02

3806

70

59

142

3664

6

2

853

507.2

EX

13.7

15

82

66

168

4367

5

3

894

549.2

FX

13.69

3727

272.2

27.83

9

70

60

138

3589

2

1

1066

673.6

GX

13.68

4792

350.3

35.36

25

55

53

139

4653

2

1

1284

791.5

HX

13.67

3687

269.7

34.95

15

30

29

76

3611

2

2

893

540

JZ

10.03

3116

310.6

59.82

7

9

22

38

3078

883.5

JZ

7.53

1335

177.4

50.96

5

17

10

30

1315

KZ

5.02

1606

320.1

55.8

4

5

13

25

1591

LZ

2.51

636

253.5

2

5

10

626

M5

13.82

8146

589.4

79.08

14

19

44

85

8061

2

2

1505

N5

13.79

9845

714.1

85.46

13

16

34

81

9764

2

1

1954

988.5

O5

13.75

8768

637.5

74.22

22

17

33

77

8691

5

2

2163

1275.3

P5

13.72

6140

447.5

74.93

20

7

21

54

6086

1

2

1701

1031.5

Q5

13.65

4657

341.1

93.78

11

18

37

68

4589

2

1

811

489.2

R5

13.55

3790

279.6

57.32

13

10

21

45

3745

2

2

646

345.5

S5

13.46

1908

141.8

44.05

7

6

17

30

1878

1

1

310

136.6

T5

13.36

1411

105.6

30.64

8

8

25

42

1369

0

1

174

100.8

U5

10.63

456

42.9

17.63

6

5

12

22

434

0

1

23

10.2

V5

5.24

76

14.5

14.79

0

3

5

71

0

1

1

0.1

X5

2.73

18

6.6

1

0.2

0

18

Strata JZ-LZ consist have large pieces of roof-fall that the principal investigators deemed problematic and excluded from their analysis (Gould 1996). Zones
T5-X5 had no small species present and had low values for bone weights compared to the rest of the strata, which is why I excluded them.
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Table 3-4. Proxies for Puntujarpa Shelter derived from Gould (1977, 1996) and Surovell
(2009).
Stratum

Occupation
Span Index

AX

27.15

Small
Species:
Bone
Weight
9.854158

BX

34.14

CX

29.14

DX

Small
Species:1k
Fragments

Adze:
Utilized
Flakes

Adze:
Total
Tools

4.128819

1.125

0.529412

27.94163

11.59794

1.368421

0.553191

8.616975

4.439512

1.361111

0.532609

30.14

11.82965

7.033998

1.186441

0.492958

EX

27.69

9.104151

5.592841

1.242424

0.488095

FX

27.83

2.969121

1.876173

1.166667

0.507246

GX

35.36

2.526848

1.557632

1.037736

0.395683

HX

34.95

3.703704

2.239642

1.034483

0.394737

JZ

59.82

0.409091

0.236842

JZ

50.96

1.7

0.566667

KZ

55.8

0.384615

0.2

0.4

0.2

LZ
M5

79.08

2.263724

1.328904

0.431818

0.223529

N5

85.46

2.023268

1.023541

0.470588

0.197531

O5

74.22

3.920646

2.311604

0.515152

0.220779

P5

74.93

0.969462

0.587889

0.333333

0.12963

Q5

93.78

4.088307

2.466091

0.486486

0.264706

R5

57.32

5.788712

3.095975

0.47619

0.222222

S5

44.05

7.320644

3.225806

0.352941

0.2

T5

30.64

0

0

0.32

0.190476

U5

17.63

0

0

0.416667

0.227273

V5

14.79

0

0

0

0

0

0

0

0

X5
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Figure 3-3. Small species diversity (number of small species taxa/1000 bone fragments)
compared to Surovell’s “Occupation Span Index.”

Figure 3-4. Small species diversity (number of small species taxa/1000 bone fragments)
compared to frequency of woodworking tools (adzes/total tools).
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These findings are consistent with Kuhn and Miller’s (in press) “Artifact as
Patches” model. When return rates are lower (represented by greater diversity of small
species), there should be more maintenance of tools. In this case, the signature of more
maintenance is the greater relative abundance of adzes, spokeshaves and other tools that
have been observed ethnographically as woodworking tools, including adzes hafted to
spear-throwers that were used primarily for re-sharpening wooden spears (Gould 1980:
14). Moreover, while the faunal data from Puntutjarpa Shelter is highly fragmented, the
reporting of the lithic data is superb. When you compare the proposed woodworking tools
to Surovell’s (2009) Occupation Span Index for each level, there a significant
relationship (Figure 3-6; Figure 3-7). The more time people spent in the shelter, the fewer
woodworking tools they discarded relative to everything else.
This pattern conforms to many of Gould’s (1980) ethnographic observations of
contemporary Ngatarra people who inhabit the same region as Puntutjarpa Shelter. The
only large animals available for hunting (Kangaroo and Emu) become noticeably more
abundant and cluster in mulga woodlands with small flats of grass when precipitation
increases (Gould 1980:192). These areas are in effect vegetation oases, or corridors.
Puntutjarpa Shelter is located near one of these and has an extensive viewshed. Also,
Gould (1980: 66) argued that human group size increases (and aggregation events are
more likely to occur) when hunting returns are higher, which also co-varies with rainfall.
Conversely, when rainfall decreases, this would likely depress the density of kangaroo
and emu, decreasing herd size for these animals, and lead to an increase in logistical
foray distance for human groups. Moreover, hunters would have been more likely to
widen their diet breadth to include smaller, harder-to-catch species. This would have led
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Figure 3-5. Small species diversity (number of small species taxa/1000 bone fragments)
compared to frequency of woodworking tools (adzes/utilized flakes).

Figure 3-6. The frequency of woodworking tools (adzes/total tools) compared to
Surovell’s “Occupation Span Index” by level.
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to the combined effect of increasing the number of unsuccessful spearing attempts,
increasing the likelihood of damage each time a tool is used, increasing the length of time
a spear is kept on hand, and increasing the wait-times at ambush locations, which is
where Gould (1980:14) observed much of the spear shaft maintenance occurring. Finally,
this would have an ultimate effect on the production and consumption of woodworking
tools, because spears are relatively costly to produce and maintain, yet have a finite shelflife because they become brittle and more prone to catastrophic failure upon drying out
(Gould 1980: 129). Or, to put this in economic terms, there appears to be greater demand
for spear production and maintenance when the prey size decreases, diet-breadth widens,
and the returns from hunting decrease. This result is consistent with the expectations of
Kuhn and Miller’s (in press) model, but this particular example really emphasizes the
frequency of wooden spear maintenance. The following example will instead explore the
relationship between prey size and the condition of discarded stone projectile points from
an archaeological case study.

Gate Cliff Shelter, Nevada
Gatecliff Shelter that was initially discovered in 1970 by David Hurst Thomas in
the Monitor Valley of Nevada, and was subsequently excavated from 1971-1978
(Thomas 1983). A sequence of deposits 12m deep was excavated, with over 650 m3
removed. The site contained 56 distinct strata including 16 cultural horizons that were
dated with a total of 47 14C dates and a layer of temporally diagnostic Mazama ash.
Gatecliff Shelter is also known for its exceptional faunal preservation with over 51,000
animal bones recovered from the excavation (Grayson 1983). The remains recovered
ranged in size from small mammals, such as rats and voles, to larger artiodactyl species,
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including pronghorn (Antilocapra americana) and big horn sheep (Ovis canadensis).
Also recovered from this site were over 400 projectile points, which help provide the
foundation for the regional chronology (Thomas and Bierwith 1983).
McGuire and Hildebrandt (2005) used Gatecliff Shelter as part of their argument
that during the mid- to late-Holocene transition, prehistoric hunters in the Great Basin
were acquiring large animals above and beyond what would be expected if they were
simply economizing for calories. They interpret their sample of sites from across the
Great Basin through the lens of costly-signaling theory (e.g., Bleige-Bird and Smith
2005), and argue that hunting to the point of being wasteful may have served as a prestige
signal (McGuire and Hildebrandt 2005:708). To illustrate this quantitatively, they use the
ratio of large mammals (i.e. pronghorn and big horn sheep) to jack rabbits (Lepus sp.) and
cottontails (Sylvilagus sp.) to show that during the Middle Archaic there was a spike in
the representation of large species relative to small species.
Byers and Broughton (2004) and Byers and Smith (2007) argue that this increase
in artiodactyls is likely due to ameliorating climate during the Late Holocene, where
dramatic increases in artiodactyl remains are found non-archaeological assemblages, such
as Homestead Cave (Byers and Broughton 2004:240-242). Byers and Broughton (2004)
then applied their version of the artiodactyl index (Σ Artiodactyl NISP/ Σ Artiodactyl
NISP + Σ Lagomorph NISP) to a sample of archaeological assemblages elsewhere in the
Great Basin and found a dramatic increase in artiodactyl representation between 4,000
and 3,000 14C years ago. They also argued that the frequency of burned lagomorph
remains were constant over time, and that there was no correlation between human and
raptor-modified specimens, which they argued indicated that the relative contribution of
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human and non-human predators varied little over time (Byers and Broughton 2004:
244). They did, however, find that a relationship between the artiodactyl index and the
ratio of projectile points to cordage. They argued that as larger game became more
abundant, there was an increase in the use of projectile points (presumably used for
hunting artiodactyls) relative to nets, which were used in ethnographic contexts to hunt
rabbits (Byers and Broughton 2004: 245). They used these multiple lines of evidence to
argue that during the Late Holocene, as artiodactyl populations increased, humans
focused their diet-breadth and preferentially targeted this species relative to smaller,
harder-to-catch species.
Following both McGuire and Hildebrandt (2005) and Byers and Broughton
(2005), I planned to use the ratio of artiodactyls to rabbits/cottontails as my proxy for
prey size selection for each component at Gatecliff Shelter, and then compare this ratio to
the condition of the associated bifaces. However, Grayson (1983:99) argued that the
bones of many smaller species were likely brought into the cave by avian predators or
wood rats (Neotoma sp.). As a result, the frequency of smaller species in each component
may not reflect the prey-size choices of human hunters if instead other agents are
introducing them. As a means to test for the extent to which the small species
representation is due to non-human predation, I compared the NISP of “Rabbits and
Cottontails” to “Mice and Voles,” species for which there is no evidence for human
consumption. This resulted in a clear, positive relationship (r2 = .79; p < 0.0001), which
suggests that a significant percentage of the NISP can likely be attributed to factors other
than human predators (Figure 3-7; Table 3-5). To minimize the effects of natural
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Table 3-5. The NISP of mice, rats and voles and cottontails and jack rabbits by
strata/horizon at Gatecliff Shelter, Nevada.
Mice, Rats,
and Voles

Cottontails and
Jack Rabbits

Residuals

Horizon I

131

129

-28.69143351

Horizon 2

370

526

73.14393119

Horizon 3

727

876

-17.75052405

Horizon 4

350

547

118.8439007

Horizon 5

179

362

145.0286397

Horizon 6

296

654

292.5338183

Strata 6/7

59

146

77.22845662

Stratum 8

25

31

4.218404737

Stratum 9

166

360

159.0836199

Stratum 10

5

23

20.91837422

Strata 11/ 12

212

210

-47.72630991

Stratum 13

104

19

-105.3464747

Strata/Horizon

Strata 14-16

0

1

5.093366588

Stratum 17

12

14

3.273384899

Stratum 18

2

0

1.62336964

Stratum 19

150

54

-127.1564045

Stratum 20

14

18

4.803387951

Stratum 21

1

0

2.858368114

Stratum 22

34

30

-7.89658153

Stratum 23

26

14

-14.01659374

Strata 24/25

126

79

-72.51644114

Strata 26-30

59

8

-60.77154338

Strata 31/32

105

63

-62.58147319

Stratum 33

302

160

-208.8761726

Stratum 37

96

83

-31.46648692

Stratum 54

202

154

-91.37632517

Stratum 55

1

0

2.858368114

Stratum 56

428

332

-192.4859803
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Table 3-6. Hafted biface and faunal representation by horizon at Gatecliff Shelter,
Nevada.
Component

Bifaces
(n)

Complete
Bifaces
(%)

1

Yankee

19

68

18

129

-23.263

Ovis/
Antilocapra:
Adjusted
Cottontail/
Jack Rabbit
0.235

2

Underdown

22

55

500

526

80.974

2.763

3

Underdown

29

62

106

876

-6.331

1.132

4

Reveille

68

75

79

547

126.473

0.349

5

Reveille

106

76

68

362

150.939

0.271

6

Reveille

56

73

44

654

299.620

0.110

4-6

Reveille

230

75

191

1563

192.344

0.653

7

Reveille
Reveille/
Devil's
Gate
Devil's
Gate
Devil's
Gate?
Devil's
Gate?
Unknown
Clipper
Gap
Clipper
Gap
Clipper
Gap
Clipper
Gap

39

69

45

146

81.933

0.247

53

360

164.863

0.200

Horizon

8
9
10
11
12
13
14
15
16

Ovis/
Antilocapra

Cottontails/
Jack
Rabbits

Residuals Cottontails/
Jack
Rabbits

38

73

11

210

-41.484

0.188

17

88

2

19

-100.190

-10.530

0

2

7.505

0.000

5

60

9

54

-121.537

-0.418

6

57

0

18

9.055

0.000

1

0

4

18

-3.444

0.041

2

30

-67.139

0.061

0

8

-56.067

0.000

accumulation, I extracted the residual values for each component from the previous
regression, and I then took those residuals and regressed them against the NISP of sheep
and pronghorn. I used the residuals of this second regression analysis as a measure of the
relative abundance of artiodactyls versus rabbits and cottontails (Figure 3-8; Table 3-6).
When compared to the biface assemblage, a negative trend occurs where an
increase in the relative abundance of smaller game yields a higher percentage of complete
bifaces (Figure 3-9). The two Underdown components that drive this pattern are found in
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Figure 3-7. The NISP for rats, mice, and voles regressed against the NISP for jack rabbits
and cottontails by horizon at Gatecliff Shelter, Nevada.

Figure 3-8. The adjusted NISP for jack rabbits and cottontails regressed against the NISP
for antelope and big horn sheep by component at Gatecliff Shelter, Nevada.
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Figure 3-9.The percentage of complete bifaces regressed against the residuals from the
regression illustrated in Figure 3-9.
Horizon 2, which contains a bone bed with the remains of nearly two-dozen adult,
bighorn sheep that were likely killed in a single event (Thomas and Mayer 1983: 355,
379). Moreover, Thomas and Mayer (1983: 370) argue that the elements represented in
the assemblage are consistent with an “ideal reverse utility strategy” (e.g., Binford 1978),
where low-utility elements, such as mandibles, are discarded while those with higher
economic utility are transported elsewhere. Compared to other components, the faunal
record of Horizon 2 indicates a situation where the returns from hunting were
exceptionally high, and a higher proportion of broken bifaces were discarded and not resharpened. These findings are consistent with the application of the MVT to tool discard,
where one of the less intuitively obvious predictions is that “the optimal point to abandon
an artifact declines as average returns increase.” In other words, as optimizing tool users
stand to gain more from the use of particular artifacts, they should replace them with new
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ones more often. In this case, when large game are abundant and preferentially selected,
there were likely more “one shot, one kill” opportunities, whereas in the other instances
hunters most likely had to re- sharpen and re-use bifaces multiple times to bring back
comparable amounts of meat. Moreover, Kuhn and Miller (in press) state, “Conversely, if
average yield from application of the tools goes down, people should hold on to artifacts
longer.” When returns were comparatively lower, a higher percentage was discarded in
complete form, most likely because they were simply lost or reused past the point at
which they were deemed useful, and were subsequently replaced. Or, to frame this in
strictly economic terms, there appears to haven been less demand for projectile point
maintenance when prehistoric hunters were more successful.

Conclusion
In this chapter, I argued that hafted bifaces are a critical artifacts class in North
American Archaeology because of their role as temporally diagnostic artifacts, which
also makes them a valuable point-of-departure for making inferences regarding human
behavior. As a result, they have played a significant role in the development of the
“Technological Organization” theoretical perspective in Paleoindian and Southeastern
Archaeology, as well as recent attempts to apply more formal models from Human
Behavioral Ecology to stone stools. I then argued that both the narrative and formal
approaches are both ultimately derived from economics, and the production, use,
maintenance, and discard of projectile points can be framed in terms of supply and
demand. As an example, I used Kuhn and Miller’s (in press) model, which is derived
from Charnov’s (1976) “Marginal Value Theorem,” as an example where juxtaposing
supply and demand constraints can be used to make archaeologically tractable predictions
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that can then be applied to the archaeological record. One implication of this study is that
if supply-side constraints are held constant, the strategies for discarding artifacts are
likely related to prey size, and by extension hunting returns. To demonstrate this further, I
used two case studies. At Puntutjarpa in Australia, when prey-size decreases and diet
breadth widens, the frequency of tools used to maintain wooden spears increases. At.
Gatecliff Shelter, when hunting returns were exceptionally high, it appears that little
effort was made to rejuvenate points for later use. In the following chapter, I will apply
this model to a sample of bifaces that span the 10,000 years between the first appearance
of people to the emergence of domesticated plants in order to evaluate aggregate hunting
returns over time.
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CHAPTER 4
BIFACE ECONOMICS FROM COLONIZATION TO
DOMESTICATION IN THE LOWER TENNESSEE RIVER VALLEY
Introduction
Beginning with the pioneering work of Volney Jones (1936), a considerable
amount of research has been focused on documenting the timing (and to a lesser degree
the context) of plant domestication in eastern North America. Subsequent interest in this
topic has been pushed by a handful of individuals, one of the most notable being Bruce
Smith (1987, 1992, 2007, 2011), who argued that plant domestication happened so much
later in eastern North America compared to other ‘domestication hearths’ because the
environmental pre-conditions were not in place until the Mid-Holocene. It was during
this time that the major rivers across eastern North America stabilized and began
aggrading, which created the meander belt topography that typifies eastern North
America presently. The formation of more ecologically diverse floodplain habitats,
accompanied by a decrease in precipitation caused a deterioration of upland habitats
created a ‘push/pull’ effect that prompted groups to settle more intensively in riverine
environments. A co-evolutionary relationship began to emerge between people and a set
of plants that are adept at exploiting disturbed ground. More recently, Smith (2011:S482)
has taken his arguments a step further, by stating that
Eastern North America, arguably the best-documental region case-study available,
does not provide much support for general models including those of human
behavioral ecology that incorporate environmental downturn, external
environmental stress, population growth, landscape packing, constructed resource
zones, and carrying-capacity imbalance or resource scarcity in explaining the
initial domestication process.
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Smith’s view is in stark contrast with Gremillion’s (2004) argument for
agricultural origins in eastern North America, which she largely derived from the
expectations of the diet-breadth model. Building on previous arguments by Winterhalder
and Goland (1997), she contends that the seedy annuals in eastern North America were
low-ranked resources. We should expect to see them used in two contexts: 1) their
profitability improved, perhaps as the result of technological innovations to make
harvesting more efficient, or 2) where more highly ranked resources become scarce.
Gremillion contends that food storage and the inclusion of low-ranked seedy annuals in
the diet was originally a strategy to combat seasonal food shortages. In this instance,
Gremillion (2004:229) finds that, if the modern distribution of these species is a proxy for
prehistoric ranges, most of the domesticated species utilized by the groups in the uplands
of eastern Kentucky were well outside of their native rage.
Whereas Smith (2011) is skeptical that a whole array of variables could be causal
explanations for why agriculture appeared when it did, and where it did, Gremillion
(1996, 2004; Gremillion and Piperno 2011) frequently makes use of models from human
behavioral ecology (particularly including the diet-choice and central place foraging
models) as an interpretive framework to understand the micro-economic decisions
available to prehistoric hunter-gatherers and early farmers. More broadly, she also
examines regional spatial trends, finding that domesticated plants in archaeological
context appear in the mid-continent, and in particular the lower Illinois River Valley
(e.g., Asch and Asch 1985), central Tennessee (Crites 1991), east Tennessee (Chapman
and Shea 1981), and eastern Kentucky and the Ozarks (Cowan 1985; Gremillion 2004;
Yarnell 1978). The spatial extent of these locations roughly corresponded to isotherms of
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the average number of days annually in which temperatures drop below 32° (Gremillion
2002:497; Figure 4-1). She argues that this further supports the hypothesis there is some
relationship between food production and seasonal shortfalls, and that while Smith’s
model hinges on enriched river valleys, the distribution of sites and variation in their
landscape contexts lead Gremillion to conclude that agriculture could have developed
independently in other areas away from the major river valleys of the mid-continent
(Gremillion 2002:492-493).
While Gremillion has focused on micro-economic and broader spatial trends, she
has also called into question the degree to which subsistence has been stable over the
Holocene (Gremillion 1996:99). The hypothesis that subsistence remained stable over the
course of the Holocene gained traction first with Caldwell’s (1958) “Primary Forest
Efficiency” model, and some versions of it are still popular (e.g., Anderson and Sassaman
2012:101-107). This view, at least in regards to subsistence, is still held by Smith
(2011:482), who contends that in the Late Archaic period “subsistence economies have
remained stable over long periods of time.” However, Gremillion (1996:99) argues that
this “transformation of inferences into assumptions may further reinforce our ignorance
by discouraging the formulation of alternative hypotheses.” She then cites Gardner’s
(1997) hypothesis that Mid-Holocene warming increased the abundance of oak and
hickory, as well as reduced the frequency of mast failure. This in turn prompted
specialization, which is reflected in high proportions of oak relative to other species in
the mid-continent during the Mid-Holocene, a view that has been central to more recent
studies of Middle Archaic subsistence (Bissett 2010; Carmody 2009, 2010; Moore and
Deckle 2010). Consequently, Gremillion (1996:111) finds that there is a need for the

114

Figure 4-1. Distribution of pre-maize agriculture with iso-therms indicating the annual
number of days below 32º (adapted from Gremillion 2002:497).
systematic gathering of archaeobotanical, faunal, and archaeological data that crosscut
environmental boundaries at multiple scales of analysis.
To this end, this chapter examines trends in hunting returns from the initial
colonization of eastern North America to the time period that coincided with the first
appearance of domesticated plants. It is unique in that it is one of the few studies in this
region to take a more explicitly macro-economic approach derived from human
behavioral ecology. This study also examines the assertion that subsistence economies
have been stable over the Holocene, and that there is no evidence for resource stress in
the time periods leading up to the appearance of domesticated plants. In this regard,
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human behavioral ecology is well suited as a theoretical construct to generate hypotheses
that can then be used to interpret variation in the archaeological record.
However, one problem with applying prey-choice models to test for evidence for
resource stress in eastern North America is that the available archaeological faunal
datasets are relatively small in number and patchy in their distribution (Styles and Klippel
1996). Moreover, they are biased towards caves, rock shelters, and shell middens, which
are contexts where organic remains are more likely to be preserved. The alternative
approach taken here is to analyze the tools there were likely used for hunting, the most
obvious of which would be the stone projectile points.
In the previous chapter, I elaborated on a model for the production, use,
maintenance, and discard of artifacts that is derived from Charnov’s (1976) Marginal
Value Theorem by demonstrating the link between projectile point re-sharpening and
prey-size. It should be emphasized that the model as applied in this study uses projectile
point re-sharpening as a proxy for hunting returns, and not necessarily prey-choice, since
there is no way to asses which species are being selected from the projectile points alone.
Regardless, the relationship between projectile point re-sharpening and the returns from
their use provides another means to index hunting returns over time. In this chapter, I use
this model to examine biface assemblages and make inferences regarding the aggregate
hunting returns over the course of the Paleoindian and Archaic periods in the Midsouth.
If there is evidence for demographic pressure and resource depression, the expectation is
that this should be reflected in the production, maintenance, and discard of projectile
points. More specifically, as returns decrease, points should be re-sharpened and
discarded with less mass. This relationship was demonstrated in the previous chapter with
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the Puntujarpa and Gatecliff Shelter examples. Conversely, if hunting returns actually
increase, then there should be less evidence for re-sharpening and points should be
discarded with more mass, or unexpended utility. Of course, if hunting returns stayed
constant over time, there should be little observable change in size and dimensions of
projectile points upon discard.
The assemblages that I used for this analysis are drawn from Benton and
Humphreys counties on the lower Tennessee River, which are ideal for several reasons.
First, there are abundant raw material sources. The Tennessee and Cumberland drainages
in central Tennessee contain multiple chert-bearing limestone formations that provide
ready sources of raw material for stone tools. The assemblages consist primarily of
Dover and Fort Payne chert types. Dover chert occurs at the contact of the St. Louis and
Warsaw formations and is found near Dover, TN, although nodules are frequently found
along the Tennessee River in the northern parts of Benton and Humphreys counties
(Parish 2011). Fort Payne formation chert, in particular the variety known locally as
“Bulls-eye” or “Buffalo River” chert, is found near the confluence of the Tennessee and
Duck Rivers at the southern part of the study area. In addition, other chert types are likely
to be found from outside the research area, most likely from the Nashville Basin or the St.
Louis and St. Genevieve formations located in the Cumberland River drainage. The
abundance of lithic raw material in this area provides an archaeological context where
access to raw material can be held constant, and the resulting variation is likely due to
hunting returns (e.g., demand) instead of other supply-side constraints.
Second, many have noted that proximity to raw material sources contribute to
high rates of artifact discard (Andrefsky 1994; Beck et al. 2002; Ingbar 1994; Kuhn 2004;
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Surovell 2009). In central Tennessee this tendency is reflected in the abundance and
ubiquity of early archaeological sites (e.g., Anderson 1996; Kerr and Bradbury 1998) and
artifacts recorded in private collections in this region (Broster and Norton 1996).
Moreover, abundant raw material is a contributing factor to the extraordinarily high
numbers of Paleoindian and Early Archaic bifaces recovered in Tennessee. Benton and
Humphreys counties have some of the highest densities of Paleoindian period artifacts
recorded in North America (Anderson et al. 2010; Prasciunas 2011), and these two
counties boast one of the most abundant and continuous records of stone tool technology
for the Paleoindian and Archaic periods in eastern North America. Additionally, they are
located near the geographic center of the sites containing the earliest evidence for
domesticated seeds (e.g., Smith and Yarnell 2009).
Third, there are many collections available for study from this area (Figure 4-2).
This includes one excavated Early Paleoindian period Clovis site, Carson-Conn-Short
(40BN190) (Broster and Norton 1993, 1996), which is located at the confluence of the
Tennessee and Duck Rivers. Two additional sites contain Paleoindian period artifacts,
Nuckolls (Broster and Norton 1991; Lewis and Kneberg 1958; Norton and Broster 1992)
and Twelkemeier (Broster and Norton 1990). Both sites have been exposed and deflated
by the periodic raising and lowering of Kentucky Lake. However, large collections from
both sites are curated at the Tennessee Division of Archaeology and the McClung
Museum at the University of Tennessee. As for post-Paleoindian occupations, several
sites from this section of the lower Tennessee River valley excavated as Works Progress
Administration (WPA) projects provided the basis for Lewis and Kneberg’s cultural
sequence for the Archaic period for the mid-continent (Lewis and Kneberg 1959). These
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Figure 4-2. Study area, site locations, and the distribution of chert-producing St.
Genevieve, St. Louis, and Fort Payne limestone formations.
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include the Middle and Late Archaic sites of Eva (Lewis and Lewis 1961), West Cuba
Landing (Lewis and Kneberg 1958), Ledbetter (Higgins 1982), Thomas (Lewis and
Kneberg 1958), Frazier (Lewis and Kneberg 1958), Cherry (Magennis 1977) and
McDaniel (Lewis and Kneberg 1958). Additionally, artifacts collected during the course
of a shoreline survey of Kentucky Lake by Cultural Resource Analysts, Inc. (Kerr 1996;
Kerr and Bradbury 1998) are also included in this study.
One drawback to using this sample of assemblages is that, aside from CarsonConn-Short, no artifacts except obvious shaped tools were collected. In the case of
Nuckolls and Twelkemeier, this was because these sites were deflated surface scatters
containing multiple cultural components. For the sites excavated as part of the WPA,
lithic debitage and unmodified faunal remains were not curated (Bissett 2014; Chapman
1988). However, it appears that almost all of the bifaces recovered from each of the sites
in the study sample were collected and curated. As a result, this group of collections
contains a continuous sample of bifaces spanning the10,000 years of prehistory from
initial occupants of this area to the time at which the earliest domesticated seeds appear in
the archaeological record. This chapter will provide an overview of the assemblages I
used in this study, and my rationale for vetting the sample. I also discuss how I recorded
the data used in this study, which consisted of caliper measurements, photographs, and a
suite of software packages including Adobe Illustrator, Adobe Photoshop, ESRI ArcGIS,
and Microsoft Access. I then describe the measures I used as re-sharpening indices and
how, after being applied to the sample of bifaces from my study sample, re-sharpening
appears to correlate roughly with climate change. I argue here that the economic
decisions surrounding the production, use, maintenance, and discard of bifaces indicate
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that the returns from hunting over the Paleoindian and Archaic periods was dynamic and
sensitive to the combined effects of climate change and human predation. In particular, at
the peak of the Mid-Holocene projectile points appear to be discarded with relatively
high amounts of un-expended utility compared to other types.

Study Sample and Data Collection
Benton and Humphreys counties are located on either side of the lower Tennessee
River and have been the focus of a considerable amount of research since the 1930s (Dye
2013). In particular, archaeologists working at the behest of the WPA conducted the first
systematic survey of this drainage in advance the construction of Kentucky Lake, and
subsequently excavated a series of sites that become the foundation for the regional
culture-historical sequence for the Midsouth (Lewis and Kneberg 1959).
Part of the success that the WPA archaeologists had in locating, and then
excavating, a large number of sites is due to alluvial geomorphology in this section of the
river drainage. Here, the down-cutting is constrained by the bedrock geology, so this
section of the river is characterized by a relatively high degree of lateral movement. The
lateral movement produced a series of levees radiating away from the main channel of the
river (Leach and Jackson 1987). The levee system is beneficial for archaeological site
discovery and excavation because it created the context for burial in levee deposits, while
the lateral movement of the river prevented sites from becoming deeply buried. For
example, the Eva site is located on a levee 1.2km away from the main channel and the
artifact bearing layers only extended ~2m below surface and contained Early Archaic
through Woodland period deposits (Figure 4-3).
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The subsequent inundation of Kentucky Lake, and the seasonal rising and falling
of the lake, has eroded and exposed many of the archaeological sites in these counties. In
some areas, this has completely exposed and deflated Paleoindian and Early Archaic sites
located further away from the main channel of the river, which have since been collected
by both professional (Broster and Norton 1996; Kerr and Bradbury 1998; Lewis and
Kneberg 1958) and avocational archaeologists (McNutt et al. 2008) in the decades after
the creation of Kentucky Lake. Important Paleoindian and Early Archaic sites include
Nuckolls (Lewis and Kneberg 1958; Norton and Broster 1992), Twelkemeier (Broster
and Norton 1990), and Carson-Conn-Short, where Broster and Norton (1993, 1996) have
reported a limited area of intact, buried deposits. In other cases, most of the available
information on sites comes from private collections. For example, Ernie Simms donated
his entire collection to the McClung Museum, which includes the primary assemblage
from the Kirk Point site (McNutt et al. 2008). In other cases, information from private
collections was incorporated directly into the Tennessee Fluted Point survey (Broster
1989; Broster and Norton 1996; Broster et al. 2013). Finally, since Kentucky Lake is
managed jointly by the Tennessee Valley Authority and Tennessee Fish and Wildlife
Resources Agency, it has been surveyed multiple times, including a large-scale survey by
Cultural Resource Analysts, Inc. (Kerr 1996). As a result of these various projects,
Benton and Humphreys counties contain one of the most abundant and temporally
complete inventories of artifacts, and in particular bifaces, available for study in all of
eastern North America.
In December 2010 and July and August 2011, I collected the primary information
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Figure 4-3. (Top) Location of the Eva Site relative to the Tennessee River (modified from
Lewis and Lewis 1961:ii). (Bottom) N-S Trench at the Eva Site (Frank H. McClung
Museum WPA/TVA Archive).
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Figure 4-4. Photography stand with a Canon DSLR at a fixed elevation. A local
avocational archaeologist, DuVal Lawrence, is using digital calipers to measure the
maximum thickness of each artifact and is entering this information directly into a
Microsoft Access Database.
used in this analysis. Data collection was a multi-step process that first began with taking
digital photos of each artifact from a fixed elevation using a Canon Eos Rebel DSLR
(Figure 4-4). Then I took caliper measurements for thickness, and for a limited number of
artifacts also maximum length and maximum width. I used Adobe Photoshop CS 5.5 to
crop each artifact image, scale them to actual size, and then re-set the canvas size so each
image was the same overall dimension. The artifact images for each site were then
combined into a single document in Adobe InDesign to create a “virtual table” of
artifacts, which was also exported as an image file (.tiff) (Figure 4-5). I imported these
image files into ESRI ArcGIS, where I converted each raster into individual polygons for
each biface. I then used the “envelope” function to generate a maximum bounding box
around each artifact, which provided a means to calculate the maximum width and length
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(Figure 4-6). These measurements, as well as image files for each artifact, were then
imported into Microsoft Access, where they were integrated into a relational database
that also includes the initial caliper measurements. Within Microsoft Access, I also
created a coding sheet to record qualitative attributes, primarily reflecting the condition
of the artifact and its typological classification (Figure 4-7). From this point, I was then
able to integrate the artifacts that were recorded by the Cultural Resource Analysts, Inc.
survey of Kentucky Lake, as well as the bifaces reported in the Tennessee Fluted Point
Survey from Benton and Humphreys counties. This provided me with an overall total of
5,244 bifaces from 87 sites from within my study area.3
Because of the relatively large sample size, I was able to be selective in the
artifacts I chose to analyze. First, I am primarily interested in the points that were
produced for, and presumably used in, the context of hunting. Consequently, points that
were intentionally placed within burials were likely transferred from the ‘systemic’ to the
‘archaeological’ context (e.g., Schiffer 1983) prematurely, which would mean that they
were discarded before their utility was completely expended (Shott and Ballenger
2007:156). Consequently, points from clear burial contexts were excluded from the
analysis. Also, for some point types, like the Big Sandy Side-Notched and CornerNotched points, there are both early and late forms that are difficult to separate based on
visual inspection. For the Big Sandy Side-Notched, I only use the bifaces found in
Stratum II at Eva, which is clearly Late Archaic in age. Similarly, for the Corner-Notched
bifaces, I only use the points recovered at Nuckolls and Kirk Point, which are

3

Copies of all of the raw data from this study are curated by the McClung Museum at the
University of Tennessee-Knoxville and the Tennessee Division of Archaeology in
Nashville, Tennessee.
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Figure 4-5. A “Virtual Table” of the biface assemblage from the Eva Site (40BN12).
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Figure 4-6. Example of a “Virtual Table” imported into ArcGIS, where each artifact was
converted into a unique polygon and an “envelope” was placed around each to calculate
maximum width and maximum length.

Figure 4-7. Example of the coding sheet to record qualitative attribute for each artifact.
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characterized by relatively large percentages of bifaces that are Paleoindian and Early
Archaic in age, and any Corner-Notched points found at these sites are also likely to be
Early Archaic in age as rather than dating to the Woodland Period. The large sample size
also allows me to be selective in regards to the measurements I am able to use. The
overwhelming majority of the points in my sample are not complete, and are composed
of artifacts found in what were likely residential sites and isolated finds. However, for
most basic measurements, I have a robust sample sizes for each type in the study sample
(Table 4-1; Table 4-2).

Methods
In the previous chapter, I analyzed bifaces from the Tennessee Fluted Point
survey and found evidence for increasing re-sharpening over the course of the
Paleoindian period. In this study, I have extended this analysis forward in time to the end
of the Late Archaic period. Moreover, I also have restricted my sample spatially to
include just two counties, Benton and Humphreys. This allows me to better control the
supply-side constraints. In other words, probably at no point in prehistory was a huntergatherer more than a single day’s foray away from a source of high quality raw material.
As a result, variation in re-sharpening likely reflects factors other than raw material
scarcity, including fluctuations in hunting returns from the Pleistocene and through the
Mid-Holocene. This relationship was demonstrated in the previous chapter both by
reference to experimental studies and by examining the relationship between projectile
point re-sharpening and prey-size at Puntutjarpa Shelter in Australia and Gatecliff Shelter
in Nevada. However, unlike both of these archaeological case studies, I can apply a wider
variety of proxies for re-sharpening to my study sample.
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Table 4-1. Archaeological components present at each site included in the study sample.
Site Number

Clovis

Cumberland

Quad/
Beaver
Lake

Dalton

CornerNotched

Early
Archaic
Stemmed

40BN0005

Eva I
X

Eva II/
Morrow
Mountain
X

Middle
Archaic
Stemmed

40BN0006
40BN0007

X

40BN0012

X

40BN0014

X

Late
Archaic
Stemmed
X

Late
Archaic
Barbed

X

X

X
X

40BN0017

X
X

40BN0018

X

X

X

X

X

X
X

40BN0025

X

X

X

40BN0028
X

40BN0035

X

40BN0039

X

X

X

40BN0047

X

X

40BN0056

X

40BN0058

X

X
X

40BN0059

X
X

X

40BN0074
40BN0081

X
X

40BN0029

40BN0077

X

X

40BN0024

40BN0059

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

40BN0086

X

40BN0088

X
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Table 4-1. Archaeological components present at each site included in the study sample (continued).

40BN0090

Late
Archaic
Stemmed
X

40BN0094

X

Site Number

Clovis

40BN0100

X

40BN0101

X

40BN0113

X

Cumberland

X

40BN0114

Quad/
Beaver
Lake

Dalton

Early
Archaic
Stemmed

Eva I

Eva II/
Morrow
Mountain

Middle
Archaic
Stemmed

X

X

40BN0120

X

40BN0124

X

X

X

40BN0141

X

X

X

40BN0142

X

X

X

X

40BN0143

X

40BN0144

X

X

X

X

X

X

40BN0145
40BN0147

X

X

40BN0149

X

40BN0179

X

40BN0190

X

X

40BN0295

X

X

40BN0317

X

X

40HS0009

X

40HS0023

X

40HS0048

X

40HS0059

CornerNotched

X

X
X

X

X
X

Late
Archaic
Barbed
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Table 4-1. Archaeological components present at each site included in the study sample (continued).
Site Number
40HS0060

Clovis

Cumberland

X

X

40HS0063
40HS0075

Quad/
Beaver
Lake
X
X

X

X

40HS0173

X

X

X

40HS0174

X

X

X

40HS0175

X

X

X

40HS0176

X

X

X

40HS0181

X

X

X

40HS0182

X

40HS0183

X

X

X

40HS0185

X

X

X

40HS0098

CornerNotched

X

X

Early
Archaic
Stemmed
X

X

X

X

X
X

40HS0186

X

X

X

40HS0200

X

40HS0205

X

40HS0284

X

40HS0333
40HS0334

Dalton

X
X

X
X

X

X

X

X
X

X

Eva II/
Morrow
Mountain
X

Middle
Archaic
Stemmed
X

Late
Archaic
Stemmed
X

Late
Archaic
Barbed
X

X

X

X

X

X

Eva I
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Table 4-2. Sample size for each measurement by biface group.
Type
Thickness
Area
L:W1
Clovis
136
94
94
Cumberland/Barnes
78
62
62
Quad/Beaver Lake
220
90
90
Dalton
161
56
56
Corner-Notched
92
104
104
Early Archaic Stemmed
113
109
109
Eva I
203
62
62
Eva II/Morrow Mountain
89
46
46
Middle Archaic Stemmed
214
105
105
Late Archaic Stemmed
956
378
378
Late Archaic Barbed
153
85
85
1
Maximum Length:Maximum Width
2
Maximum Length:Maximum Thickness
3
Maximum Width:Maximum Thickness

L:T2
58
48
66
57
39
63
78
52
96
319
76

W:T3
91
63
178
125
77
111
164
79
200
932
143

Hunzicker (2008:306) simply used length as the y-axis in his attrition curve
(Figure 4-8). This is essentially a measure of the size or the projectile point, or
alternatively, a measure of the unexpended utility (e.g., Shott 1996:267). Hunicker (2008)
could use length because he was using replicas of Folsom points, which all share a
similar form. In my sample, form varies greatly over time in some cases. As a result,
other proxies for the absolute size of the point are required. Since I recorded the
maximum length, width, and thickness for each biface, I can calculate area and volume
for each point instead.
Also, unlike Hunzicker (2008), I have no way to identify the number of uses, or
the time in use, directly. Instead, I have to make the assumption that the degree of resharpening non-linearly correlates with time in use, which based on Hunzicker’s
experimental data, is a reasonable assumption. Following Kuhn and Miller (in press), I
am able to calculate the Length:Width. This proxy assumes that with each re-sharpening
episode, length will be differentially removed relative to the width, which is constrained
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Figure 4-8. (Left) The relationship between E (the average expected instantaneous returns
minus the cost of producing or procuring a new artifact) and time and/or the number of
uses (modified from Kuhn and Miller in press). (Right) The relationship between length
and re-sharpening episodes for Folsom type bifaces fired and re-sharpened in an
experimental context (modified from Hunzicker 2008:306).
by the portion that is within the haft. As a result, in situations where there is minimal resharpening, the size of the points will be free to vary, but their aggregate lengths and
widths will be correlated. On the other hand, points that have been subjected to varying
degrees of re-sharpening will not have lengths and widths that correlate in the same
manner, because the length will be reduced at a much greater rate than the width with
each re-sharpening episode (Figure 4-9). Since many of the bifaces in my sample are
incomplete, which makes it impossible to accurately assess maximum width and length
measurement, I utilize two additional proxies for re-sharpening that can be applied to a
larger number of bifaces in my sample, which are the Length:Thickness and
Width:Thickness ratios. In both instances, maximum thickness is constrained by the
portion of the biface that is located in the haft and is not affected much by re-sharpening,
whereas re-sharpening will impact the length and width of the exposed portion of the
point (Figure 4-10; Figure 4-11). These proxies were calculated for each biface type that I
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delineated in Chapter 2 (Table 4-3). For this analysis I examined Thickness, Area,
Length:Width, Length:Thickness, and Width:Thickness using first ANOVA (Fisher
1918) to determine if the means across all of the types are statistically different. I then
used Tukey-Kramer method (Kramer 1956; Tukey 1953) to determine which pairs of
means for each group of bifaces are statistically similar or different. Finally, I used
Principal Components Analysis (PCA) (Pearson 1901) to examine the combined effects
and interactions of all of these variables through time.

Results
For the maximum thickness, the ANOVA test was statistically significant (F =
146.49; df = 10; p <.0001), which indicates that the means across all of the groups of
bifaces are not the same (Figure 4-12). There appears to be a slight decrease in mean
thickness during the Paleoindian period that is not statistically significant other than the
difference in means between the sample of Clovis bifaces and the Quad/Beaver Lake and
Dalton samples. However, there is a very noticeable decrease in the size of the standard
deviations over this time span. Then over the course of the Archaic period, the means
increase significantly with the highest means values occurring with the Eva I, Late
Archaic Stemmed, and Late Archaic Barbed groups.
To calculate the two-dimensional area for each point, I simply multiplied the
maximum length by the maximum width for each point. This provides a value for the
modular area of the point, or the size of the smallest rectangle that will contain it. An
ANOVA test found significant differences in the mean values (F = 22.15; df = 2; p
<.0001) (Figure 4-13). The means and standard deviations decrease over the course of the
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Figure 4-9. The hypothetical relationship between biface length, width, and resharpening.

135

Figure 4-10. The hypothetical relationship between biface length, thickness, and resharpening.

Figure 4-11. The hypothetical relationship between biface length, width, and resharpening.
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Table 4-3. Means and standard deviations for each variable by biface group.
Thickness
Area
Type
n
μ
σ
n
μ
σ
n
136
7.59 2.78
94 22.54 0.80 94
Clovis
78
7.35 2.22
62 20.91 0.99 62
Cumberland/Barnes
220
6.75 1.28
90 17.61 0.82 90
Quad/Beaver Lake
161
7.21
1.14
56 13.91 1.04 56
Dalton
92
7.70 1.07 104 17.22 0.76 104
Corner-Notched
113
7.84 1.24 109 16.77 0.74 109
Early Archaic Stemmed
203
8.75 1.32
62 25.15 0.99 62
Eva I
89
8.45
1.75
46 20.37 1.14 46
Eva II/Morrow Mountain
214
8.14 1.47 105 16.60 0.76 105
Middle Archaic Stemmed
956
10.48 2.01 378 23.81 0.40 378
Late Archaic Stemmed
153
9.43 1.93
85 20.88 0.84 85
Late Archaic Barbed

L:W
μ
2.55
2.53
2.50
2.26
1.89
2.04
1.62
1.93
2.04
2.22
1.79

σ
0.06
0.07
0.06
0.07
0.05
0.05
0.07
0.08
0.05
0.03
0.06

L:T
n
μ
σ
58 10.33 3.98
48 8.96 2.85
66 9.44 3.16
57 7.82 2.01
39 6.63 1.15
63 7.37 1.52
78 7.51 1.51
52 7.56 1.75
96 7.33 1.90
319 7.13 1.67
76 6.73 1.31

n
91
63
178
125
77
111
164
79
200
932
143

W:T
μ
4.19
3.87
3.92
4.15
3.96
3.84
4.48
4.06
3.66
3.43
3.78

σ
0.08
0.09
0.05
0.07
0.08
0.07
0.06
0.08
0.05
0.02
0.06
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Figure 4-12. Means and standard deviations for the Maximum Thickness values for each
biface group. Gray bars indicate whether means of adjacent groups are statistically the
same based on the Tukey’s HSD test.

138

Figure 4-13. Means and standard deviations for Area values for each biface group. Gray
bars indicate whether means of adjacent groups are statistically the same based on the
Tukey’s HSD test.

Paleoindian and Early Archaic periods, and then increase significantly with the Eva I
sample. They then decrease again with the Eva II/Morrow Mountain and Middle Archaic
Stemmed groups. This is followed by an increase again with Late Archaic Stemmed
bifaces, and then a decrease with the Late Archaic Barbed samples.
The ANOVA test for the Length:Width for all of the samples was statistically
significant (F = 26.33; df = 10; p <.0001) (Figure 4-14). There is a slight decrease in the
means and standard deviations in the Paleoindian samples that is not statistically
significant except for the difference between the mean values for Clovis and Dalton. The
mean values for the Corner-Notched and Early Archaic Stemmed groups were
statistically the same, but also significantly lower than the Paleoindian samples. Finally,
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Figure 4-14. Means and standard deviations for Length:Width values for each biface
group. Gray bars indicate whether means of adjacent groups are statistically the same
based on the Tukey’s HSD test.
the Eva I group had the lowest mean value, which is followed by a significant increase
over the rest of the Middle and Late Archaic, with the Late Archaic Barbed sample being
the lone exception.
For the Length:Thickness, the ANOVA test was statistically significant (F =
21.44; df = 10; p <.0001), which was driven largely by a significant decrease in both the
means and the standard deviation from the Clovis through Corner-Notched samples
(Figure 4-15). However, the results of the Tukey-Kramer test show that the mean values,
as well as the standard deviations, stayed remarkably constant over the course of the
Early, Middle, and Late Archaic periods.
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Figure 4-15. Means and standard deviations for Length:Thickness values for each biface
group. Gray bars indicate whether means of adjacent groups are statistically the same
based on the Tukey’s HSD test.
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Figure 4-16. Means and standard deviations for Length:Width values for each biface
group. Gray bars indicate whether means of adjacent groups are statistically the same
based on the Tukey’s HSD test.
The mean values for the Width:Thickness were also significantly different (F = 45.74; df
= 10; p <.0001) and there appeared to be a slight decrease in mean values over the course
of the Paleoindian and Early Archaic periods (Figure 4-16). However, the results of the
Tukey-Kramer test indicate that this trend is not significant other than the difference
between the means between the Clovis and Early Archaic Stemmed samples. There was a
significant increase with the Eva I sample, followed by decrease through to the Late
Archaic Stemmed sample. This was followed by a significant increase with the Late
Archaic Barbed sample.
Finally, I generated a correlation matrix and conducted a principal components
analysis (PCA) (e.g., Pearson 1901) to examine how these various proxies for size and
shape interact (Figure 4-17; Figure 4-18; Table 4-4). For the PCA, I used the correlation

142
matrix for the basis of comparison since I used variables for both measurements
(Maximum Width, Maximum Length, Thickness, and Area) and ratios (Length:Width,
Width:Thickness; Length:Thickness), and thus the units of measurements were different
between the variables. The correlation matrix de-scales the data, whereas the covariance
matrix does not. For the analysis, the eigenvalues of the first three principal components
accounts for 98.6% of the variation. The first eigenvector reflects variation in the
Maximum Length and Area variables, which are highly correlated (r = .85).
Consequently, the first principal component is essentially variation in size,
especially as it relates to length. The second principal component is driven by the
Length:Width and Length:Thickness variables, and their negative correlation with the
Maximum Width and Thickness. This principal component is a proxy for the relative
shape of the artifact, or the relative relationship between Length, Width, and Thickness. It
is basically a proxy for the relative degree of elongation or refinement. Finally, the third
principal component is related to variation in the Width:Thickness variable. I then saved
the principal component values for each artifact, and examined the variation for each
biface group through time (Figure 4-19, Figure 4-20, and Figure 4-21; Table 4-5).
For the first principal component, there appears to be a decrease in both the means
and standard deviations from the Clovis through Early Archaic Stemmed groups, which
indicates decreasing size from the Paleoindian period and into the Early Archaic. Then,
with the Eva I group, the values become significantly larger, and then increase for the
remainder of the Middle Archaic. Finally, the values increase, and then decrease, with the
Late Archaic Stemmed and Late Archaic Barbed types.
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Figure 4-17. Correlation matrix for all of the variables used in this study.

Figure 4-18. Principal components for all of the variables used in this study.
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Table 4-4. The eigenvectors from the principal components analysis.
Variable
PC1
PC2
PC3
PC4
PC5
Max Width (cm)
0.31
-0.45
0.38
-0.07
0.68
Max Length (cm)
0.57
0.14
-0.07
-0.19
-0.24
Thickness_cm
0.31
-0.47
-0.33
0.74
-0.15
Area
0.56
-0.16
0.15
-0.39
-0.33
Length:Width
0.31
0.48
-0.32
0.09
0.57
Width:Thickness
-0.03
0.10
0.75
0.34
-0.10
Length:Thickness
0.27
0.54
0.24
0.37
-0.09

PC6
-0.24
0.22
0.06
0.00
0.39
0.55
-0.66

PC7
-0.16
-0.71
0.07
0.62
0.28
0.04
0.03

For the second principal component, during the Paleoindian period, there was a
slight decrease in the mean values, but only the difference between Clovis and Dalton
was significant. This trend continues throughout the beginning of the Middle Archaic
with Eva I, albeit with smaller standard deviations than their Paleoindian counterparts.
This trend indicates decreasing length relative to width and thickness, and may reflect
proportionality indicative of increasing frequency of re-sharpening episodes. This trend
then reverses itself during the remainder of the Middle Archaic. Finally, the values again
decrease with the Late Archaic stemmed and Late Archaic Barbed groups.
For the third principal component, the variation is primarily due to the
Width:Thickness variable. From the Paleoindian through the Early Archaic groups there
is a slight decrease in the relative widths, although this is not statistically significant aside
from the two Early Archaic groups being significantly smaller than their Paleoindian
counterparts. However, compared to the preceding point types, the relative width of the
Eva I group is much larger. Then, following Eva I, the values decrease for the
Eva/Morrow Mountain, Middle Archaic Stemmed, and Late Archaic Stemmed types.
Finally, with the Late Archaic Barbed groups, the values increase again, indicating an
increase in the relative width.
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Figure 4-19. Means and standard deviations for the first principal component values for
each biface group. Gray bars indicate whether means of adjacent groups are statistically
the same based on the Tukey’s HSD test.
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Figure 4-20. Means and Standard Deviations for the second principal component values
for each biface group. Gray bars indicate whether means of adjacent groups are
statistically the same based on the Tukey’s HSD test.
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Figure 4-21. Means and standard deviations for the third principal component values for
each biface group. Gray bars indicate whether means of adjacent groups are statistically
the same based on the Tukey’s HSD test.
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Table 4-5. Means and standard deviations from the PCA values by biface group.
PC1
PC2
PC3
Type
μ
σ
μ
σ
μ
0.33
0.20
1.61
0.17
0.80
Clovis
-0.15
0.24
1.16
0.20
0.07
Cumberland/Barnes
-0.18
0.19
1.48
0.16
0.24
Quad/Beaver Lake
-1.19
0.25
0.92
0.21
0.07
Dalton
-1.51
0.25
0.02
0.22
-0.10
Corner-Notched
-1.04
0.19
0.24
0.17
0.06
Early Archaic Stemmed
0.50
0.20
-1.14
0.17
1.65
Eva I
-0.21
0.22
-0.13
0.19
0.48
Eva II/Morrow Mountain
-1.09
0.16
0.23
0.14
-0.15
Middle Archaic Stemmed
0.84
0.09
-0.57
0.07
-0.60
Late Archaic Stemmed
-0.30
0.18
-0.75
0.15
0.29
Late Archaic Barbed

σ
0.16
0.19
0.15
0.19
0.20
0.15
0.16
0.17
0.12
0.07
0.14

Discussion
In Kuhn and Miller’s (in press) reformulation of the Marginal Value Theorem as
an artifact “patch choice” model, they predicted two extreme expectations for the
production, use, maintenance, and discard of artifacts. At one extreme are artifacts that
experience a gradually accelerating rate of discard, and at the other extreme are artifacts
that fail frequently early in their use-lives, or lose much of their utility early on.
Consequently, as the replacement cost of switching “artifact patches” increases, more
expensive artifacts should be kept in use longer. Moreover, faster loss of utility also
favors earlier abandonment of artifacts. Finally, it becomes optimal to abandon an artifact
earlier in its life history as average returns from using the artifact increase.
Since the “supply” of raw material is held constant in the study sample, the loss of
utility likely reflects variation in the aggregate returns from hunting over time. However,
it is worth noting that there is some evidence that the variation in the loss of utility could
be a function of changes in design. For example, both the mean and standard deviations
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for the Length:Thickness decreases significantly from Clovis through Corner-Notched
groups. Afterwards both the means and standard deviations become remarkably constant
for the remainder of the samples in this study. This is even more striking given that the
mean maximum thickness increases steadily, and significantly, over the course of the
time span encompassed by this study. This break, and subsequent stability, in the
Length:Thickness appears to coincide with the advent of notching. However, it is unclear
if is coincidental or indicative of an intentional performance advantage that comes along
with using notched bifaces as projectile points.
Overall, there appeared to be three major breaks in the size and form of discarded
bifaces in the study (Figure 4-22). The first break occurs at the Pleistocene/Holocene
boundary. Over the course of the Paleoindian period, both the Area, Thickness, and
Length:Thickness exhibit decreasing means and standard deviations, while the
Length:Width is stable. Then, with the appearance of Dalton and Corner-Notched points
that span the Pleistocene/Holocene boundary, the trends either reverse or destabilize, and
during the Early Holocene discarded points are smaller, thicker, and display less length
relative to the width of the points. These variables indicate that over the course of the
Pleistocene/Holocene transition, points show greater evidence of being discarded at
smaller, more re-sharpened states despite changes in artifact design. This trend is also
reflected in the results of the PCA, where points display decreasing means and standard
deviations over time in the first principle component (e.g., size), and the second principle
component (e.g., shape) indicates proportionality more consistent with increasing resharpening over this time. The next major break occurs during the Mid-Holocene at the
boundary between the Early and Middle Archaic periods. With the Eva I type, points
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Figure 4-22. Trends in the size and shape of the biface groups with three primary breaks
indicated.
become thicker with more surface area, and most of that area coming in the form of
increasing width relative to the thickness. Surprisingly, the Length:Width upon discard is
indicative of relative high rates of re-sharpening. This is further reflected in the results of
the PCA, where the first principle component increases significantly with Eva I, but the
second principal component shows increasing proportionality indicative of increasing resharpening that begins with Clovis and reaches an apex with the Eva I group. The third
principal component shows larger increases in relative width, which shows that these
points are larger, and much wider, than the preceding types.
The final, and most complicated, break occurs with the last two groups in the
study sample – Late Archaic Stemmed and Late Archaic Barbed. With the Late Archaic
Stemmed sample, the Area and Thickness variables increase significantly relative to the
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preceding Eva/Morrow Mountain, and Middle Archaic Stemmed groups. Most of this
added volume comes from the length relative to the width. This is immediately followed
by a decrease in Thickness, Area, and the Length:Width with the Late Archaic Barbed
group. In the PCA, the first principal component (i.e. size) increases with the Late
Archaic Stemmed group, and then decreases with the Late Archaic Barbed group.
However, with the second principal component, there was a decrease in values that is
indicative of a reduction of relative length with the Late Archaic Stemmed and Late
Archaic Barbed relative to the Middle Archaic Stemmed group. On the other hand, the
third principle component shows that Late Archaic Barbed points are much wider relative
to their thickness than the Late Archaic Stemmed points. This pattern indicates that over
the course of the Middle and Late Archaic there was 1) a decrease in the mean size of the
bifaces groups and 2) a decrease in the relative amount of length lost to re-sharpening.
This indicates a decrease in the overall amount of unexpended utility in the projectile
points that were discarded. Point size then increases with Late Archaic Stemmed, and
then decreases with the Late Archaic Barbed, while the relative length stays somewhat
constant. As a result, there is an increase in the amount of unexpended utility with the
Late Archaic Stemmed group relative to the Middle Archaic Stemmed and Late Archaic
Barbed groups.
These “breaks” coincided with what are likely major changes in subsistence over
the Paleoindian and Archaic periods in the Midsouth. First, with the exception of
Kimmswick (Graham et al. 1981) and Sloth Hole (Hemmings 1998), there is minimal
direct evidence for the exploitation of megafauna in eastern North America. More locally,
in the Nashville Basin, the association of stone tools with Mastodon remains at Coats-
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Hines (Deter-Wolf et al. 2011), as well as an overlap with the recovery of Clovis bifaces
and mastodon remains recorded in the Tennessee Fluted Points Survey (Breitburg and
Broster 1995, 1996), provide some more evidence that these larger species were
exploited, at least in the initial states of the human colonization of this area. However,
sites such as Dust Cave and a handful other cave and rockshelter sites in the Midsouth are
notable for their high percentage of smaller, harder-to-catch species, including avian and
smaller mammal species (Styles and Klippel 1996; Walker 2007). While the actual
zooarchaeologial record of the Paleoindian period is sparse, the pattern of discard of
bifaces indicates a broader trend with decreasing variability with the two extremes:
Clovis, which are discarded on average larger, but with a higher degree of variability, and
Dalton, which are smaller, less variable, and exhibit a Length:Width proportion indicative
of higher rates of re-sharpening. Consequently, the general pattern of discard reflects
artifacts that are likely maintained and re-used for longer periods of time over the course
of the Paleoindian period, which also coincides with the duration of the Younger Dryas.
Based on the MVT model, I hypothesize that this reflects an aggregate decrease in
hunting returns over the course of the Paleoindian period that may be the result of
increasing population in the major river valleys combined with effects of deteriorating
climate during the Younger Dryas, which may resulted in a decrease in residential
mobility and an increasing reliance on smaller, harder-to-catch species. The shift in dietbreadth might also mean that hunters missed their targets more frequently, and when they
did hit their targets, they had a higher likelihood of hitting bone. Finally, as prey-size
decreased, hunters likely had to procure more animals to acquire the requisite amount of
calories upon each foray, which further increased the number of firing attempts.
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The next major break occurs at the shift between the Early to Middle Archaic, and
coincides with broad scale changes in vegetation and the relative abundance of deer
reported in archaeological assemblages. At both Anderson and Jackson Ponds, there was
a noticeable increase in the abundance of oak and hickory pollen over the Early Holocene
that peaked during the Mid-Holocene (Delcourt 1979; Wilkins et al. 1991). While Dust
Cave and handful of other Late Paleoindian assemblages are also well-known for their
preservation of diverse faunal remains (Styles and Klippel 1996; Walker 2007), one of
the key findings of Walker’s (1998) analysis was the high percentage of avian species
relative to the components from later time periods. Using Stiner’s (2001) analyses of
Paleolithic assemblages in the eastern Mediterranean as a loose analytical guide, I
divided Walker’s taxonomic classifications into categories based on both size and search
and handling costs (Figure 4-23). From the Late Paleoindian through Middle Archaic,
there was an increase in the proportion of deer remains relative to smaller, relatively
harder to catch species like birds and squirrels. Moreover, the frequency of turtle and
tortoise remains also increases over this time period. In the eastern Mediterranean, Stiner
argued that these species are highly susceptible to population crashes as a result of human
predation, because they are relatively easy-to-catch and have slow reproductive rates.
They can thus be considered a proverbial “canary in the coal mine” indexing the impact
of human hunting on local environments. In the case of Dust Cave, species like turtles
and tortoises (which are relatively easy to catch), and deer (the largest herbivore) increase
in frequency through the Early and Middle Archaic. In other words, the inhabitants of
Dust Cave appear to be focusing their efforts on the highest-ranked species in terms of
overall caloric return after adjusting for search and handling costs.
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Figure 4-23. Percent NISP for the deer, bird, squirrel, and turtle/tortoise categories by
component from Dust Cave, AL (from Walker 1998).

This pattern in faunal use is not specific to Dust Cave. Styles and Klippel (1996)
examined nine faunal assemblages from across the Midsouth and found a similar trend,
most notably that the relative frequency of deer dramatically increases in the Middle
Archaic, but then diminishes in later time periods when compared to smaller species, like
squirrels (Figure 4-24). Similarly, Bissett (2010) compiled data on a set of Middle
Archaic sites from Tennessee, Kentucky, Illinois and Indiana and found that while the
proportion of deer remains clearly dominated these assemblages, by the end of the
Middle Archaic the relative proportion of deer remains had already began to decrease.
Gardner (1997), and later Bissett (2010) have argued that this relationship is
likely due to a broader interaction between climate, forest structure, and the abundance of
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Figure 4-24. Percent NISP for the squirrel (Top) and white-tailed deer (Bottom) from a
sample of archaeological assemblages in the Illinois and Mississippi River drainages
(Modified from Styles and Klippel 1996).
deer. More specifically, as annual temperature increases, there is an increase in
thefrequency and abundance of mast production, which in modern deer populations have
been linked to a decrease in birth spacing and an increase in the frequency of birthing of
fawns, as well as an increase in the survival rate of sub-adults. Additionally, Bissett
(2010) finds that studies of modern deer populations have also shown that when there
was an increase in mast production, increases in the overall body mass of deer
populations was observed. This interaction between temperature, mast production, and
deer demography probably is responsible for the increase in the deer representation in
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archaeological assemblages. This broader climatic trend was also found by Viau et al.
(2006) who inferred not only an increase in warming over the Early Holocene, but a
warming trend that begins around 8,000 cal BP and peaks between 7200 and 6600 BP
that coincides with the appearance of Eva I and Eva II/Morrow Mountain biface types.
Compared to the preceding point types, Eva I points were discarded on average
with a large amount of unexpended utility. In other words, there was a large amount of
usable stone available upon discard, but prehistoric hunters made little effort to salvage
them for further use. According to the “artifacts as patches” model, this type of pattern
would be indicative of a dramatic increase in the expected returns from hunting. The
upsurge in large prey is consistent with increased returns.
Following Eva I, the subsequent point groups (Eva/Morrow Mountain and Middle
Archaic Stemmed) decrease in both Area and Thickness, which is also reflected in the
results of the PCA, where the first principle component also indicates a reduction in size.
There was also a decrease in the width relative to the length and thickness. In other
words, the points become relatively narrower but with less overall size, which indicates
that these points were produced, used, and discarded in a much more expedient fashion,
and possibly directed at smaller, more diverse prey. The producers did not invest in
stocking their spear points with potential utility (e.g., mass), nor did they continue to
maintain their artifacts after using them, because the anticipated returns for doing so had
likely decreased to the point where this was not deemed a worthwhile investment in time
or energy compared to the preceding Eva I group. These results are consistent with
Bissett’s (2010) analysis of a sample of Middle Archaic faunal assemblages, which
displayed a decrease in the proportion of deer relative to smaller species during the
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timespan encompassing the Eva I, Eva II/Morrow Mountain, and Middle Archaic
Stemmed groups. Again, following the “artifacts as patches” model, this type of pattern
would be indicative of a decrease in the expected returns from hunting over the course of
the Middle Archaic.
This pattern is particularly intriguing given that it coincides with the Middle
Archaic Stemmed group, which includes the anomalous Benton type (Justice 1995:111;
Lewis and Lewis 1961:34). This type is well known for their relatively large size and
exceptional craftsmanship, and are often found a significant distance from the sources of
raw material from which they were made (McNutt 2008; Meeks 2000). While a number
of Benton bifaces were included in my sample, I excluded all points that were found in
burial contexts, including several of the type specimens first identified by Lewis and
Lewis (1961:34) from the Eva site. Given the general pattern for more expedient use of
bifaces during the Middle Archaic, the deviation in size between these large, well-made
“Benton” bifaces, which are occasionally found as caches in burials, is particularly
striking. This bifurcation in size may provide some of the economic rationale for why
Benton bifaces appear in “special context” (e.g., Shott and Ballenger 2007:156) and
become central to emerging trade networks in the Midsouth (e.g., Jefferies 1996; McNutt
2008). In other words, the production of large, expertly crafted bifaces became rarer and
more costly within the larger context of the trend toward more expedient biface
production, maintenance, and discard during the Middle Archaic.
The third and final break in this dataset occurs with the appearance of “Late
Archaic Stemmed” and “Late Archaic Barbed” types, where the mean values in the first
component (e.g., size) increases significantly with the Late Archaic Stemmed and
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decreases with the Late Archaic Barbed sample. As a result, there appears to be a large
increase, and the decrease in the size of bifaces at the end of the Archaic period.
However, in addition to being smaller in size than the Late Archaic Stemmed group, the
Late Archaic Barbed bifaces are also relatively short and wide. This shift from Late
Archaic Stemmed to Late Archaic Barbed reflects an increase and subsequent decrease in
the amount of unexpended utility upon discard. Per the predictions of the “artifacts as
patches” model, this reflects an increase, and subsequent decline in the expected returns
from hunting. However, this interpretation assumes that all of the bifaces during the Late
Archaic period were used for hunting animals. Alternatively, Milner (1999) notes that
during the Late Archaic there is a clear increase in the frequency of archaeological sites
displaying evidence for intergroup violence and warfare. Maria Smith (1995, 1996) also
reported evidence for scalping and the removal of limbs, presumably for warfare-related
trophies, from burials found in many of the same sites I used in this study. Consequently,
the increase in size among the Late Archaic Stemmed group, which is driven by the
Ledbetter, Pickwick, and Little Bear Creek types, may be also related to firing attempts
made at other individuals, and then also serving as knives for disarticulating limbs and
removing scalps and for trophies. However, actually demonstrating this actually occurred
with these artifacts would be exceptionally difficult.
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Conclusion
The variation in size and shape of bifaces over the Paleoindian and Archaic
periods presents an opportunity to examine trends in hunting returns over time
encompassing the first appearance of people in eastern North America and the
appearance of domesticated plants. This is made possible by the unique location of the
study area, which is located in a region that contains abundant and widely available
sources of lithic raw material. By utilizing a model that treats artifacts as potential
patches of utility, I was able to evaluate the choices made about the production, use,
maintenance, and discard of these artifacts, and make inferences regarding the relative
success of these artifacts for the tasks in which they were used.
This study first found that aside from the Eva I and Late Archaic Stemmed
groups, there is a broad trend in the size and shape of bifaces that reflects decreasing
returns from hunting over the course of the Paleoindian and Archaic periods. However,
this study also shows that these trends do not represent a gradual change over time, and
there are three major “breaks.” The first occurred at the Pleistocene/Holocene transition,
where the appearance of notching coincided with a decrease in the variability in the size
and shape of the discarded bifaces, yet a broader trend of increased re-sharpening of
bifaces continued. The techniques employed by those who produced and re-sharpened
Dalton points and then the inception of notching allows for the extensions of utility
relative to the area and thickness of the point. In other words, this provided a way to
extend the use-lives of these bifaces.
However, with the appearance of the Eva I type, points were discarded with a
relatively high degree of unexpended utility. The timing of the “break” is coeval with a
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peak in temperate in the Mid-Holocene, which may have increased the frequency of
acorn and hickory masting, resulting in a boom in the availability of deer. This is
reflected in the relatively high proportion of deer in Middle Archaic archaeological
assemblages (e.g., Bissett 2010; Styles and Klippel 1996). This trend then reverses over
the remainder of the Middle Archaic, where bifaces are on average smaller, narrower, but
thicker. This is probably related to the decrease in the relative proportion of deer in faunal
assemblages over the Middle Archaic period. Finally, the last break was observed in the
Late Archaic, there the Late Archaic Stemmed group is statistically larger and less resharpened than the Middle Archaic Stemmed and Late Archaic Barbed types. This
increase in size is comparable to the Eva I group, and could also be related to the increase
in the availability of deer. Conversely, given the frequency of recorded evidence for
intergroup violence and warfare at this time, these points could also be related to
aggressive attacks on other humans (e.g., scalping and trophy taking). This hypothesis is
somewhat supported by Styles and Klippel’s (1996) study, which found no change in the
relative population of deer in the Late Archaic.
Smith (2011) argued that there is minimal evidence for resource stress and
population packing in the time periods coinciding with the appearance of domesticated
plants during the Late Archaic period. However the results of this study, combined with
zooarchaeological and paleo-ecological information, show that over the course of the
Paleoindian and Archaic periods there are broad trends in the design and discard of
bifaces and the content of faunal assemblages that are indicative of overall decreasing
hunting returns. Furthermore, this trend is punctuated by what appears to be a boom in
the availability of deer coinciding with the appearance of Eva I during the Mid-Holocene.
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A second boom/bust cycle may have occurred in the Late Archaic, although the available
faunal assemblages from archaeological sites do not strongly support this. Regardless,
Paleoindian and Archaic hunter/gatherers in the lower Tennessee River Valley had to
contend with gradually decreasing returns and periodic boom/bust cycles in the time
between the initial colonization and the appearance of domesticated plants.
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CHAPTER 5
THE IDEAL FREE DISTRIBUTION AND LANDSCAPE USE
IN THE DUCK AND LOWER TENNESSEE RIVER VALLEYS

Introduction
In the previous chapter, I discussed competing models for the emergence of
agriculture in eastern North America and beyond. As one way to test these models, I
used variation in the design and life-histories of bifaces to gauge variation in hunting
returns over the Paleoindian and Archaic periods in the lower Tennessee River Valley.
An alternative avenue to explore the relationship between demography and agricultural
origins is to analyze the land-use patterns across space and time. In this chapter, I use a
model from human behavioral ecology, the Ideal Free Distribution (e.g., Fretwell and
Lucas 1970; Sutherland 1996), to interpret changes in the frequency and distribution of
recorded archaeological sites in the Duck River and lower Tennessee River drainages to
make inferences regarding demographic trends over the Paleoindian and Archaic periods.

Archaeological Approaches to Demography in Eastern North America
Population pressure is a linchpin in many of the models proposed for the origins
of agriculture. Presumably, an increase in population density should be evident in the
archaeological record, but several of the most common means for measuring
demographic trends are problematic in eastern North America. For example, the
frequency of 14C dates is rapidly becoming a common method for extracting demographic
trends (Kelly et al. 2013; Surovell et al. 2009). In some instances, most notably Australia
(Williams 2012, 2013) and the Neolithic expansion into Europe (Shennan and
Edinborough 2007), this approach has been used effectively. However, taphonomic bias
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(Surovell and Brantingham 2007; Surovell et al. 2009) and differential sampling
(Ballenger and Mabry 2011) must be taken into account before assuming that the
frequency of radiocarbon dates translates directly to the number of people at a given point
in time. In eastern North America, this is particularly difficult, especially for the
Paleoindian and Early Archaic period, because samples sizes are small and the effects of
sampling and taphonomic biases likely swamp any demographic signal in some regions
(Miller and Gingerich 2013a,b).
Another potential source of information is bioarchaeological data. Smith
(1996:134) states that the available records in eastern North America are “often spotty
and focused on large cemetery samples.” While many of the large cemetery samples are
located in the Midsouth, including Indian Knoll in Kentucky and Eva in Tennessee,
Smith contends that the “most anyone could say about Archaic populations was that they
were robust and had high levels of dental attrition, few caries, and long heads.” Some
recent studies, however, focus on demography and population structure using much
larger, and geographically expansive datasets. For example, Powell (1995) used a large
sample of sites from across eastern North America and found that during the middle and
late Holocene, gene flow likely increased as populations became more fixed on the
landscape. On the other hand, Herrmann (2002) found significant differences between the
Green River sites in Kentucky and the Eva site in Tennessee. He argues that within the
Green River sample, the population is much more homogenous, and likely indicates local
mate exchange networks and greater female mobility. However, he states that before
biological data can be used to make more definitive statements about population structure
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and demographic trends, more existing collections need to be re-analyzed and a much
more extensive dataset (distributed both through time and across space) is necessary.
Another strategy for examining demographic trends in eastern North America has
been to examine the frequency and distribution of archaeological sites. For example,
Anderson (1996) examined the site file records from states in the lower southeast and was
able to generate a database of 32,428 Archaic period sites ranging from isolated artifacts
to dense middens. When standardized by time period, he found that sites decrease in
frequency from the Early to the Middle Archaic, but increase more than two-fold in the
Late Archaic period. Moreover, the Early Archaic sample is widely, but unevenly
distributed over the landscape, and has a tendency to occur along major rivers, with some
concentrations at or near known major lithic raw material sources. Middle Archaic sites
in the Midsouth, on the other hand, appear to be much more restricted, localized, and
concentrations of sites rarely extend more than a few counties, especially in the
Tennessee, Cumberland, Duck, and Green River drainages. These locations overlap with
major known areas where shell- and earth-midden deposits occur in relatively high
frequencies. Finally, Late Archaic sites occur widely, which led Anderson (1996:165) to
argue that by this time “moderate to extensive use of almost every part of the region is
indicated, suggesting that considerable landscape filling had occurred.”
While using the frequency and distribution of archaeological sites and artifacts to
assess demography is useful because of their much larger sample sizes and distributions
relative to other proxies, there are still several issues that must be overcome with this
approach. First, like the frequency of 14C dates, archaeological sites are also subject to a
variety of taphonomic biases that make finding and recording older archaeological sites

165
more difficult (e.g., Dunnell 1990; Kelly et al. 2013; Surovell et al. 2009). Moreover, as
Anderson (1996) frequently mentions in his analysis, certain areas have been subjected to
substantially more research than others, which leads to a form of survey and research bias
in the sample. Another issue noted by Anderson is the variation in the size of sites
(isolated finds vs. large, dense sites), and the fact that state site files usually only record
temporal data by broad time periods. One way to resolve this issue would be to convert a
site-based approach into a non-site survey (e.g., Dunnell and Dancey 1983; Thomas
1975). For example, Cabak et al. (1998) analyzed the site records for the Savannah River
Site to make inferences about shifts in landscape use over the duration of the Holocene.
Another potential analytical avenue would be to use Surovell’s (2009) proxies for
measuring occupation intensity for a sample of assemblages spanning the Holocene.
However, attempting to replicate Cabak et al.’s (1998) and Surovell’s (2009) analyses
would be difficult because of different excavation protocols and curation criteria would
severely limit the number of sites available for analysis.
Finally, attempts to use the distribution and frequency of sites to reconstruct
demography suffer from a lack of a developed interpretive framework. For example,
Meltzer (1988) interpreted the high frequency of recorded Early Paleoindian sites and
their wide distribution across the southeastern United States as evidence that groups were
smaller and more residentially mobile when compared to Paleoindian groups at higher
latitudes. Conversely, Anderson (1996) interpreted the increase in the frequency and
wider distribution of sites in the Late Archaic across the southeast as evidence for an
increase in population compared to earlier time periods. Does the increase in frequency
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and a wider distribution mean more people, or fewer people moving around more often?
Clearly, there is an equifinality issue here.
In this chapter, I will argue that a formal model from behavioral ecology, the Ideal
Free Distribution (Fretwell and Lucas 1970), can be appropriated as an interpretive
framework for analyzing variation in site frequencies and distributions to understand
fluctuations in demography. I apply this approach to a database of archaeological sites in
the Duck River drainage to trace variation in landscape use over the Paleoindian and
Archaic periods.

The Ideal Free Distribution
The Ideal Free Distribution (IFD) was first used to model habitat selection by
birds (Fretwell and Lucas 1970; Figure 5-1). Its most basic assumption is that individuals
will select habitats to maximize fitness, and that the suitability of the habitat and
population density will influence an individual’s decision to either stay in a habitat or
move to a location with greater net fitness benefits. Consequently, if the IFD holds true,
the distribution of individuals should reflect the relative suitability of habitats. Moreover,
as the quality of a habitat or patch declines due to increasing population or a reduction in
the amount of available resources, individuals will move to a habitat that was initially
less suitable but is now superior to the original habitat. The IFD model shares certain
characteristics with the Marginal Value Theorem (e.g., Charnov 1976; Kelly 1995:9097): it assumes that individuals have all of the available information to make a decision
on whether to move or stay, and that all individuals are free to leave or enter a new
habitat.
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Figure 5-1. The Ideal Free Distribution. The upper panel shows suitability curves on a
normalized scale of 0-1 for three habitats (A, B, and C) as a function of population
density in the habitat. The habitats are ranked in alphabetical order by the suitability
experienced by the initial occupant, and in all cases suitability declines with population
growth. The lowest ranked habitat (C) also experiences the lowest rate of declining
suitability. The lower panel shows how population growth will be allocated among
habitats given these suitabilities (Fretwell and Lucas 1970; Winterhalder et al. 2010:473)
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However, unlike the marginal value theorem, the Ideal Free Distribution incorporates
expectations relating to population density, or landscape in-filling, which makes it useful
as an interpretive framework for assessing demography. The applicability of using the
IFD in conjunction with archaeological data has been demonstrated with recent studies of
the transition to agriculture in Spain (McClure et al. 2006), the spread of agriculture into
Europe (Shennan and Edinborough 2007), and the colonization of Oceania (Kennett al.
2006) and the Channel Islands in California (Kennett and Winterhalder 2008;
Winterhalder et al. 2010).
The Duck River drainage is a tributary of the Tennessee River in central
Tennessee and represents an ideal location to examine trends in the frequency and spatial
distribution of archaeological sites in the time periods leading up to the emergence of
domesticated plants in eastern North America (Figure 5-2). First, the earliest

Figure 5-2. The Duck River drainage study area.

169
domesticated sunflower remains currently known were recovered at the Hayes site in this
drainage. Second, the drainage also intersects the two counties (Benton and Humphreys)
from which I drew the sample of sites that I used in the previous chapter to analyze trends
in biface technology for the Paleoindian and Archaic periods.
A critical component of using the IFD to interpret archaeological site distributions
is determining the suitability of each habitat. Complicating matters further, this study
uses assemblages that span approximately 10,000 years, and in Chapter 2 I discussed the
substantial environmental changes that occurred over this span of time in eastern North
America (e.g., Delcourt and Delcourt 1983, 1985; Viau et al. 2006; Williams et al. 2004).
As a function of increasing temperature and moisture, the boreal forests that covered
eastern North America during the LGM began moving north and more temperate species
expanded to cover large swaths of area by the Mid-Holocene. This trend is also reflected
in the distribution of species relative to altitude. For example, Mills and Delcourt (1991)
observed that several areas of the Blue Ridge Mountains show evidence of alpine tundra
being replaced by boreal forests after 12,500 years ago (~14,761 cal BP). Moreover, the
reconstructions by Delcourt and Delcourt (1983, 1985) and Williams et al. (2004) show a
delay in the northward movement of boreal forests in areas with higher altitude,
especially the Appalachian Highlands. This pattern likely indicates a “sky island” effect
where remnant boreal forests and tundra are present in the uplands well after deciduous
forests spread into lower elevations. However, with the dramatic increase in temperature
at the end of the Younger Dryas and into the Early Holocene, the size of these boreal sky
islands would have diminished as deciduous forests climbed to higher elevations. This
pattern is relevant to the current study because there is a considerable variation in
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elevation from eastern Gulf Coastal Plain (~115m) to the Cumberland Plateau (~600m)
(Figure 5-3). The expected pattern for settlement in the Duck River drainage would be
for groups to colonize the lowest elevations first, followed by an expansion to higher
elevations as boreal forests give way to deciduous forests from the Late Pleistocene to
Early Holocene.
Multiple studies have also found evidence for fluctuations in environmental
conditions during the Mid-Holocene (Brackenridge 1984; Delcourt 1979; Klippel and
Parmalee 1982). During the peak of the Mid-Holocene, the warming trend that began in
the Early Holocene continued, but conditions also became much drier. In the Nashville
Basin, this likely caused a retraction of oak/hickory-dominated forests and an expansion
of cedar glades. At the end of the Mid-Holocene, climate became cooler and moister
causing an expansion of oak-hickory forests in the Nashville Basin. The expectation for
IFD would be that during the Mid-Holocene, the overall suitability of the Nashville Basin
decreased as a primary food sources (acorns and hickory nuts) for both humans and deer

Figure 5-3. Variation in elevation across the Duck River Drainage (vertical exaggeration
10x).

171
became much less common in this physiographic province. Then, once climate
ameliorated, people should be expected to be present in the Nashville Basin once again as
oak and hickory dominated forests re-expand into these areas.

Study Sample
Works Progress Administration crews first surveyed the areas around the
confluence of the Duck and Tennessee Rivers in the 1930s as part of the Kentucky Lake
project (Lewis and Kneberg 1959). It has since been resurveyed by both Cultural
Resource Analysts, Inc. in the early 1990s (Kerr and Bradbury 1998) and most recently
by the University of Tennessee Archaeological Research Lab (Angst 2012). The section
of the river in Coffee and Bedford counties in the Eastern Highland Rim was surveyed as
part of the Normandy Reservoir project in the early 1970s (Faulkner and McCullough
1973). The section of the drainage that traverses the Nashville Basin in Maury and
Marshall counties was surveyed as part of the Columbia Reservoir project (Klippel and
Parmalee 1982). Jolley (1980) conducted a survey of sites in Hickman and Humphreys
counties to locate sites between the extent of the Kentucky Lake and Columbia Reservoir
surveys. In the ensuing years, many additional sites were reported as part of cultural
resource management projects, making this one of the more comprehensively surveyed
drainages in the Midsouth. The Duck River also crosses multiple physiographic
provinces, including the lower Tennessee River Valley, the Western Highland Rim,
Nashville Basin, Eastern Highland Rim, and Cumberland Plateau (e.g., Fenneman 1938).
Because of the unique geologic setting and variation in elevation in this drainage, each
physiographic section can be used as a proxy for a “habitat” in an Ideal Free Distribution
analysis.
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There are two primary sources of data on the distributions of sites and artifacts for
the study area. The first is the Tennessee state archaeological site files at the Tennessee
Division of Archaeology (TDOA). This dataset contains information on site location,
condition, cultural affiliation, artifacts recovered or observed, and where the collections
are curated. Many of these records are in hard-copy format, so in August 2010 I analyzed
these files and generated a coding sheet in Microsoft Access that I used to record
information on cultural affiliation, presence of temporally diagnostic artifacts, presence
or absence of shell deposits or earthen mounds, date of discovery, and when the site file
was last updated. In addition to site file information, the state of Tennessee also has one
of the most active Paleoindian projectile point surveys in North America (Anderson et al.
2010; Broster and Norton 1996; Broster et al. 2013). This database, obtained in large part
from private collections, contains information on the projectile point type, metric
attributes, raw material type, and date of recovery. When applicable, data on Paleoindian
points were integrated into the Microsoft Access database to make it comparable to
information derived from the state site files (Figure 5-4). This provided a database of
2,427 localities from the eight counties spanning the extent of the Duck River drainage.
Of these, I was able to acquire specific coordinates for 2,211 of these sites (Figure 5-5;
Table 5-1).

Methods
I analyzed several variables that allow me to assess potential sources of sampling
bias in the distribution of sites in the study sample. These include temporal and research
biases that could influence the frequency in which sites are encountered and reported.
These potential effects were assessed by examining 1) the distribution of dates at which
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Figure 5-4. Screenshot of the Microsoft Access database coding form.

Figure 5-5. The distribution of recorded archaeological sites in the Duck River drainage.
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Table 5-1. Summary data for the site file record analysis for the Duck River drainage.

Temporal Component1
Clovis/Gainey/Redstone
Cumberland/Barnes
Quad/Beaver Lake
Dalton/Greenbrier
Early Archaic Corner-Notched
Bifurcate
Kirk Stemmed & Serrated/Stanly Stemmed
Eva I/Eva II/Morrow Mountain
Middle Archaic Stemmed
Late Archaic Stemmed/Barbed
Total Paleo and Archaic
Other
Unknown
Total Components
Total Sites
1

Coastal
Plain/
Western
Valley
43
26
31
33
26
4
18
29
24
75
309
213
257

Western
Highland
Rim
5
2
9
7
22
4
14
14
49
107
233
166
170

Nashville
Basin
(Maury
County)
0
2
7
1
23
6
7
18
28
52
144
113
261

Nashville
Basin
(Marshall
and Bedford
Counties)
1
0
1
2
29
3
11
15
21
42
125
118
209

1088
568

802
411

662
434

577
373

Eastern
Highland
Rim
(Coffee
County)
4
5
12
13
61
18
16
30
46
84
289
185
101

Eastern
Highland Rim
& Cumberland
Plateau
(Grundy
County)
0
0
0
2
13
6
3
12
12
27
75
73
29

Total
53
35
60
58
174
41
69
118
180
387
1175
868
1027

864
316

252
109

4245
2211

A component is determined by the presence or absence of a temporally diagnostic artifact at a site as defined by the Tennessee
Division of Archaeology.
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sites were recorded, 2) the overall distribution of all sites by physiographic section, 3) the
distribution of all sites by component, 4) the frequency of sites relative to county area size, 5)
population density from the U.S. Census by county (United States Census Bureau 2010), 6) the
frequency of sites by land cover (USGS 2013a), 7) geologic formation age (USGS 2013b), and
8) the relative amount of alluvium to uplands in each county based on the USDA-NRCS
SSURGO database (USDA-NRCS 2013). Where appropriate, I used Pearson’s Chi-square
“Goodness of Fit” test to assess for statistical significance (Pearson 1900; Plackett 1983) and
Cramer’s V which converts the results of the chi-square test into a value that ranges from 0 to 1
(Cramer 1946).
As described in the results section below, there appears to be differential reporting of
sites in the Duck River drainage. As a means of counteracting this problem, I first divided each
cell by the total number of Paleoindian and Archaic components identified in each county. For
example, in Coastal Plain physiographic section, there are 43 Clovis components out of a total of
309 Paleoindian and Archaic components for the entirety of the Duck River drainage. For that
cell, I simply divided the number of Clovis components by the total number of Paleoindian and
Archaic components, which provides a relative measure of the distribution of components over
time for Coastal Plain physiographic section. Alternatively, I divided each cell by the total
number of sites for the same temporal components. Again, using the Clovis sample from the
Coastal Plain physiographic section as an example, I divided the total number of Clovis
components in the physiographic section (43) by the total number of Clovis components in the
entire study sample (53). This provides a relative measure of the distribution of components
across space at a particular time. Finally, I used Pearson’s “Goodness of Fit” test (Pearson 1900)
with Cramer’s V (1946) as another way to statistically determine the degree to which sites are
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evenly distributed across the drainage by temporal component. For this analysis, I compared the
reported number of sites against an even distribution of sites across the entire drainage.

Results
Based on this analysis, differential reporting of sites across the Duck River drainage is
occurring. For example, there are several peaks and gaps in the reporting of sites over time
(Figure 5-6). A peak that occurs in the late 1930s and early 1940s is due to the initial survey of
the lower Tennessee River in advance of the creation of the Kentucky Lake Reservoir. Following
this survey, no sites were reported in the Duck River drainage until the mid-1950s. Then,
beginning in the mid-1960s through the early 1980s, the majority of the sites in the Duck River
drainage were identified and reported as a result of the Columbia (Klippel and Parmalee 1982)
and Normandy (Faulkner and McCullough 1973) reservoir projects and also Jolley’s (1980)
survey of the lower Duck River. Two additional peaks occur in the early 1990s and in

Figure 5-6. The frequency of sites in the Duck River drainage by date reported from the
Tennessee Division of Archaeology site file records.
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2010, which coincide with additional TVA-sponsored surveys of Kentucky Lake by CRAI, KY
(Kerr 1996) and by the Archaeology Research Lab at the University of Tennessee (Angst 2012).
As for the distribution of reported sites across the drainage, 26% of the sites are located
in the Coastal Plain/Western Valley physiographic section (Figure 5-7). This is likely due to the
three major surveys of the Kentucky Lake Reservoir and active cultural resource monitoring by
the TVA. The next highest concentration of sites (19%) occur in the Nashville Basin
physiographic section within Maury County with most of the sites recorded during the Columbia
Reservoir project, which also included sites in Marshall County. The Eastern Highland Rim and
based on an even distribution of sites across the drainage. For example, if a particular
physiographic section has 30% of the total area of the drainage, it should contain 30% of the

Figure 5-7. The frequency of reported sites by physiographic section in the Duck River Drainage
from the Tennessee Division of Archaeology site file records.
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sites. Using this hypothetical distribution as a baseline for comparison, it is clear that sites are not
evenly distributed across the drainage (X2 = 941.61; df = 5; p < 0.0001; V = 0.46; Table 5-2).
This is due mostly to over-representation of sites in the Coastal Plain/Western Valley and the
Nashville Basin in Maury County and an under-representation of sites in the Western Highland
Rim and Eastern Highland Rim/Cumberland Plateau physiographic sections.
Moreover, the distribution of temporal components found at these sites is not even
through time (Figure 5-8). This is more than likely due to a temporal taphonomic bias, whereby
older sites are generally more difficult to locate because of preservation issues (e.g., Surovell et
al. 2009). In other words, there are more Late Archaic (n=389) than Clovis (n=54) components
because there has been more time for erosion and other processes to destroy Clovis sites.
Another source of variation is that the time ranges for each projectile point type are not defined.
For example, Clovis may have spanned only a few centuries (e.g., Waters and Stafford 2007),
whereas the Late Archaic types span two millennia (Anderson and Sassaman 2012). However,
determining an actual range for many of the components in the study sample is problematic
because of the limited number of radiocarbon dates in the southeastern United States. This makes
it difficult to generate statistically robust age ranges for the temporal components used in the
study sample (e.g., Prasciunas 2008; Williams 2012).
Buchanan (2003), Prasciunas (2011), and Shott (2004) have all argued that modern
population could potentially influence the recovery of Paleoindian period bifaces, and more
broadly the identification of archaeological sites. To test for bias, I examined the distribution of
modern population by county from the 2010 U.S. Census Bureau to the distribution of
archaeological sites in the study sample. To construct a Pearson’s Chi-square Goodness of Fit
test, I created a hypothetical distribution based on the modern population. For example, since
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Table 5-2. Chi-square analysis for area size and site frequency in the Duck River Drainage.
Physiographic Section
Coastal Plain/
Western Valley
Western Highland Rim
Nashville Basin
(Maury County)
Nashville Basin
(Marshall & Bedford
Counties)
Eastern Highland Rim
(Coffee County)
Eastern Highland Rim
and Cumberland Plateau
(Grundy County)
Total

Area
(Square km)

Area (%)

Sites
(observed)

Sites
(Expected)

Differential

X2

1511.78
3950.52

15.08
39.42

568
411

333.50
871.48

234.50
460.48

164.90
243.31

714.88

7.13

434

157.70

276.30

484.09

1589.29

15.86

373

350.59

22.41

1.43

1321.47

13.18

316

291.51

24.49

2.06

934.82
10022.77

9.33
100.00

109
2211

206.22
2211

-97.22

45.83

X2:
df:
p:
V:

941.61
5
< 0.001
0.46

Figure 5-8. The frequency of temporal components in the Duck River drainage.
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Benton County contains 60% of the modern population, it should be expected to contain
60% of the archaeological sites in the sample if modern population perfectly predicts the
identification and reporting of sites (Table 5-3). The results indicate that the distribution of
archaeological sites differs significantly from modern population, a relationship driven for the
most part by the high frequency of sites from Benton and Humphreys counties, and the
comparatively low frequency of sites found in Coffee and Grundy counties. This overrepresentation of sites in Benton and Humphreys counties is likely due to the multiple, intensive
surveys related to Kentucky Lake on the lower Tennessee River.
This over-representation of the sites in the lower Tennessee River Valley is also evident
in the distribution of sites by land cover (Table 5-4). Specifically, while the sites are slightly
over-represented in grasslands and under-represented in deciduous forests and mixed forests,
sites in water bodies are highly very over-represented. This is likely due to the large number of
sites that were initially identified by the WPA in the Kentucky Lake survey, and subsequent
surveys by CRAI, KY and the Archaeological Research Laboratory at the University of
Tennessee when lake levels were down. However, these areas would be classified as a “waterbody” now since the area is either completely, partially, or periodically submerged. Again, since
most of the sites in the study sample were recorded in advance of reservoir projects, this is likely
a contributing factor as to why sites are over-represented in alluvium as derived from the USDANRCS SSURGO soils database (USDA-NRCS 2013; Table 5-5) and in Holocene and
Quaternary deposits as opposed to other geologic formations as classified by the USGS (Table 56). However, sites are also over-represented in areas classified as Ordovician-aged, which is
likely a result of the survey efforts in association with the Columbia Reservoir project in the
Nashville Basin.
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Table 5-3. Chi-square analysis for modern population size and site frequency by county in the
Duck River Drainage.
2010 Population
County
Benton
Humphreys
Hickman
Maury
Marshall
Bedford
Coffee
Grundy
Total

n
16489
17929
24690
80956
26767
45058
53016
13703
278608

All Sites

%
5.92
6.44
8.86
29.06
9.61
16.17
19.03
4.92
100.00

Observed
334
336
180
545
195
216
296
109
2211

Expected
130.85
142.28
195.94
642.46
212.42
357.57
420.73
108.75
2211

Differential
203.15
193.72
-15.94
-97.46
-17.42
-141.57
-124.73
0.25

X2
315.37
263.75
1.30
14.78
1.43
56.05
36.98
0.00

X2:
df:
p:
V:

689.66
7
< 0.001
0.39

Table 5-4. Chi-square analysis for land cover and site frequency by physiographic section in the
Duck River Drainage.
Area
Land Cover Category
Urban and Built-Up Land
Dryland Cropland and Pasture
Cropland/Grassland Mosaic
Cropland/Woodland Mosaic
Grassland
Savanna
Deciduous Broadleaf Forest
Evergreen Needleleaf Forest
Mixed Forest
Water Bodies
Total

Km
86.36
104.19
17.57
104.29
2.00
38.44
8727.83
289.70
442.91
207.66
10020.96

All Sites
%
0.86
1.04
0.18
1.04
0.02
0.38
87.10
2.89
4.42
2.07
100.00

Observed
27
18
18
41
6
40
1788
67
36
170
2211

Expected
19.05
22.99
3.88
23.01
0.44
8.48
1925.69
63.92
97.72
45.82
2211

Differ
-ential
7.95
-4.99
14.12
17.99
5.56
31.52
-137.69
3.08
-61.72
124.18

X2
3.31
1.08
51.47
14.06
69.90
117.14
9.84
0.15
38.99
336.57

X2:
df:
p:
V:

642.51
9
< 0.001
0.38
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Based on the analyses above, a temporal taphonomic bias and an over-representation of
sites in areas that were surveyed as part of the Kentucky Lake, Columbia, and Normandy
reservoir projects are the two main sources of variation that appear to be biasing the study
sample (Figure 5-9). Consequently, it is necessary to adjust the study sample in two ways to
winnow out the effects of these biases in the reporting of sites containing Paleoindian and
Archaic components in the Duck River drainage. First, I divided each component in each
physiographic section by the total number of Paleoindian and Archaic components in the same
physiographic section (Figure 5-10). This accounts for the variation related to survey coverage,
area size, modern population density, geology, land cover, and the amount of area that is
composed of floodplain alluvium as opposed to more stable, upland surfaces.
Three trends are apparent after adjusting the data to account for temporal taphonomic and
survey coverage biases. First, the majority Clovis, Cumberland/Barnes, Quad/Beaver Lake, and
Dalton/Harpeth River/Greenbrier components are found in Coastal Plain/Western Valley
physiographic section associated in the lower Tennessee River Valley. However, there is a
slightly higher representation of the Quad/Beaver Lake and Dalton/Harpeth River/Greenbrier
components across the drainage, and in particular in the Eastern Highland Rim in Coffee County.
Then, with the Early Archaic Corner- Notched and Bifurcate components, the trend reverses with
the majority of the sites in these time periods located in the Nashville Basin, Eastern Highland
Rim, and Cumberland Plateau. Beginning with the Early Archaic Stemmed group, the
subsequent components are more widely distributed across the drainage, although fewer Eva
I/Eva II/Morrow Mountain and Middle Archaic Stemmed components are reported in the
Western Highland Rim.
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Table 5-5. Chi-square analysis for soils (upland soils vs. alluvium) and site frequency by
physiographic section in the Duck River drainage.
Area
Soils Category
Alluvium
Upland
Total

Km
1637.46
8383.50
10020.96

%
16.34
83.66
100.00

All Sites
Observed
Expected
1455
361.29
756
1849.71
2211
2211.00

X2
3310.99
646.70

Differential
1093.71
-1093.71

X2:
df:
p:
V:

3957.69
1
< 0.001
0.95

Table 5-6. Chi-square analysis for geologic formation age and site frequency by physiographic
section in the Duck River Drainage.
Geologic Formation Age
Holocene
Quaternary
Pennsylvanian
Mississippian
Devonian
Silurian
Ordovician
Total

Area
Km
165.87
441.62
682.93
4434.65
132.83
99.74
3613.22
9570.86

%
1.73
4.61
7.14
46.33
1.39
1.04
37.75
100.00

All Sites
Observed Expected
252
38.32
338
102.02
35
157.77
404
1024.46
47
30.69
28
23.04
1107
834.70
2211
2211.00

Differential
213.68
235.98
-122.77
-620.46
16.31
4.96
272.30

X2:
df:
p:
V:

X2
1191.60
545.83
95.53
375.78
8.67
1.07
88.83

2307.32
6
0
0.72
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Figure 5-9. Distribution of temporal components across each physiographic section.
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Figure 5-10. Distribution of temporal components divided by the total Paleoindian and Archaic
components from within the physiographic section (column).
I then standardized the study sample by dividing the number for each temporal
component in each physiographic section by the total number of components from the same time
period (Figure 5-11). For example, I divided the number of Clovis components reported in
Coastal Plain/Western Valley by the total number of Clovis components represented in the
drainage. Modifying the sample in this way helps to account for the taphonomic bias that affects
the temporal distribution of sites by isolating the study sample at each time slice to analyze how
each component varies across space. Again, three major trends are observable. First, the majority
of the Paleoindian sites are found in the Coastal Plain/Western Valley physiographic section with
increasing frequency in the Eastern Highland Rim for the Quad/Beaver Lake and
Dalton/Greenbrier/Harpeth River components. Similar to the previous analysis, both the Early
Archaic Corner-Notched and Bifurcate components are more prevalent in the Eastern Highland
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Figure 5-11. Distribution temporal components by county divided by the total components from
the same temporal group (row).

Rim. Also similar to the previous analysis, beginning with the Early Archaic Stemmed, the
subsequent components are more broadly distributed across the Duck River drainage, although
there are fewer reported components in the Western Highland Rim for the Eva I/Eva II/Morrow
Mountain and Middle Archaic Stemmed components.
Finally, I used Pearson’s “Goodness of Fit” test with Cramer’s V as another means to
illustrate the degree to which sites are distributed across the drainage (Table 5-7). As a null
hypothesis, I again used an even distribution of sites across the drainage. To derive this, I divided
the total number of components for each time slice by the percentage of the total area of the
county. In other words, if a physiographic section encompasses 30% of the total area of the
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Table 5-7. Results of chi-square analyses for the frequency of each temporal component
compared to an even distribution of components in the Duck River Drainage.
Component

n

X2

df

p

V

Paleoindian

206

42.85

3

<0.001

0.32

Early Archaic Corner-Notched/Bifurcate

215

85.48

3

<0.001

0.45

Kirk Stemmed/Kirk Serrated/Stanly Stemmed

69

1.90

3

0.387

0.01

Eva I/Eva II/Morrow Mountain

118

17.30

3

<0.001

0.27

Middle Archaic Stemmed

180

15.36

3

<0.001

0.01

Late Archaic Stemmed/Barbed

387

10.79

3

0.005

0.12

drainage, it should also contain 30% of the components for a given a time slice if they were
perfectly dispersed across the drainage. To meet the minimum sample size requirements for each
cell, I combined the physiographic sections into three categories (Coastal Plain/Western
Highland Rim, Nashville Basin, and Eastern Highland Rim/Cumberland Plateau). I also
collapsed the Clovis, Cumberland, Quad/Beaver Lake and Dalton/Greenbrier components into a
general Paleoindian group, and the Early Archaic Corner-Notched and Bifurcate components
into another. This analysis illustrates that the trends described above are statistically significant.
The Paleoindian and Early Archaic Corner-Notched/Bifurcate samples vary significantly from an
even distribution, which is a result of the Paleoindian samples occurring more frequently in the
Coastal Plain/Western Valley and the Early Archaic component in the Eastern Highland Rim.
While the remaining samples are significantly different from an even distribution of sites, their
Chi-square and Cramer’s V values are much lower compared to the Paleoindian and Early
Archaic Corner-Notched and Bifurcate distributions. In other words, while they differ
significantly from an even distribution, they are much more evenly distributed than their
Paleoindian and Early Archaic counterparts.
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Discussion
Based on this analysis, there are several sources of variation in the reporting of sites in
the Duck River drainage. This is partly due to differential reporting of sites across the drainage
due to the frequency and extent of archaeological surveys. There is also a likely taphonomic bias
that affects the recovery and reporting of progressively older sites, although correcting for this in
a manner similar to Surovell et al. (2009) is hampered by relatively few 14C dates available to
generate temporal ranges for each component. Moreover, modern population density and the
amount of stable upland surfaces relative to floodplain alluvium do not seem to impact the study
sample. To counteract the effects of these biasing factors, I divided each cell by both the total
number of components for a given time slice, and again by the total number of Paleoindian and
Archaic components from within the same county.
From the analysis of bias-corrected data, there are three major trends in the distribution of
sites. First, the Paleoindian period sites are predominantly found in the lower Tennessee River
Valley, although by the Late Paleoindian period sites begin to appear in the Eastern Highland
Rim. Starting with the Early Archaic Corner-Notched and Bifurcate components, sites are found
more frequently in the Eastern Highland Rim. Then with the appearance the Early Archaic
Stemmed components, sites are more evenly distributed across the physiographic provinces,
although Eva I/Eva II/Morrow Mountain sites in the Western Highland Rim are slightly underrepresented.
Using the Ideal Free Distribution as an interpretive framework, the lower Tennessee
River Valley was the first habitat occupied. By the end of the Paleoindian period the increased
frequency of sites in the Eastern Highland Rim indicates that this was a secondary habitat that
began to see increased use. Then, loosely coinciding with the Pleistocene/Holocene transition,
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Early Archaic Corner-Notched and Bifurcate components began to appear more frequently in the
Eastern Highland Rim, whereas the proportion in the lower Tennessee Valley diminished to the
point to where Bifurcate components are comparatively rare in the lower Tennessee River
Valley. This shift in focus from the lower Tennessee River Valley to the Eastern Highland Rim
over the course of the Younger Dryas is perhaps not that surprising given that the structure of the
forests in eastern North America were fairly dynamic at a millennial scale and were responding
to warmer climate (e.g., Delcourt and Delcourt 1983). Paleoindian and Early Archaic groups
were able to move into the Eastern Highland Rim and Cumberland Plateau as the boreal forests
gave way to deciduous forests at increasingly higher elevations.
At the transition from the Early to Middle Archaic, the Early Archaic Stemmed
components are more evenly distributed across the Duck River drainage, even though the
retraction of oak/history forests and expansion of cedar glades during the Mid-Holocene would
have made the Nashville Basin less desirable than the surrounding physiographic provinces.
Since the Nashville Basin, and the rest of the Duck River drainage, was occupied for the
remainder of the Mid-Holocene, this likely indicates that an expansion into secondary and
tertiary habitats had occurred as a consequence of population growth.
For the remainder of the Archaic period, sites are found across the entirety of the Duck
River Drainage, although there are fewer sites for the Eva I/Eva II/Morrow Mountain and Middle
Archaic Stemmed groups in the Western Highland Rim. Finally, for the Late Archaic
Stemmed/Barbed components, sites are spread evenly across the drainage with representation in
every physiographic section. Using the Ideal Free Distribution again, this pattern would be
consistent with increasing population growth and limited flexibility to move to alternative
habitats as a response to changing climatic conditions. To use Rosenberg’s (1998) “Cheating at
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Musical Chairs” metaphor, from the onset of the Mid-Holocene through the remainder of the
Archaic period, there were few, if any, open seats (e.g., habitats) available in the Duck River
drainage.

Conclusion
Both Binford (1968) and Flannery (1969) argued that population pressure was a critical
component in explaining the context for the origins of agriculture in the Near East. Flannery
(1969) in particular argued that plant and animal domestication came about within the context of
a “Broad Spectrum Revolution.” However, in eastern North America, Smith (2007, 2011) argued
that while people gravitated towards the major river valleys during the Mid-Holocene, there is
little to no evidence for population pressure in the time periods leading up to the domestication
of plants in eastern North America. Instead, plant domestication was driven by the abundance of
seedy annuals, which exploited the same areas as people and further prompted a co-evolutionary
example of niche-construction between plants and people.
As one way to test for evidence of population pressure in the Midsouth, I used the Ideal
Free Distribution to interpret trends in the distribution of sites in the Duck River drainage.
During the Paleoindian and Early Archaic periods, the frequency of components shifts from the
lower Tennessee River Valley to the Eastern Highland Rim. By the end of the Early Archaic,
every habitat in the drainage appears to have been occupied. This sort of infilling would have
reduced the ability of groups to adjust spatially to environmental change. If this does represent
the effects of increasing numbers of people utilizing the drainage from the Mid-Holocene
forward, it would provide evidence for increasing population pressure in the time periods leading
up to the appearance of domesticated plants in eastern North America.
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CHAPTER 6
A BOOM/BUST MODEL FOR THE ORIGINS OF
AGRICULTURE IN EASTERN NORTH AMERICA
Introduction
The transition from foraging to farming was one of the most momentous changes in
prehistory, affecting everything from health to climate change in subsequent generations
(Diamond 2002). This transition occurred independently in at least six different places (Kennett
and Winterhalder 2006). The most recent was eastern North America, where the timing and
suite of domesticated plants was firmly established by the work of Volney Jones (1936), Gayle
Fritz (1990, 1997), Gary Crites (1991), Richard Yarnell (1974), and especially Bruce Smith
(1987, 1992, 2001, 2011). However, the cultural context during which the appearance of
domesticated plants emerged is still open to debate. Bruce Smith (2011) argues that eastern
North America is one example that fails to support models that rely on resource depletion and
population pressure as causal factors. This critique can be seen as part of a larger rejection of
models, originally put forth by Binford (1968) and Flannery (1969), that use resource imbalance
to explain why the transition to agriculture occurred where and when it did.
When compared to later time periods, especially the Mississippian palisaded villages or
Woodland period Hopewellian earthworks, the Late Archaic in the mid-continent seems rather
simple (e.g., Anderson and Sassaman 2012:66; Caldwell 1958; Smith 2011:S471). However,
when viewed across a broader time span, there is evidence for increasing population pressure and
an imbalance of resources in the periods leading up to the first appearance of domesticated
plants. To demonstrate this, I first summarize Smith’s (2011) most recent formulation of his
“Floodplain Weed” hypothesis. I then integrate the results of Chapters 4 and 5 to argue that at the
end of the Early Archaic period that there is an abrupt change in the organization of biface
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technology and landscape use that likely had ramifications for the rest of the Archaic period.
Rather than a gradual response to stable environmental conditions after the Mid-Holocene (e.g.,
Caldwell 1958; Smith 2011), I instead contend that the appearance of domesticated plants
occurred within the context of a millennial scale boom/bust cycle in available resources. Finally,
I conclude with some suggestions for future research that could prove valuable to continuing to
explore this topic at a much finer temporal resolution at larger spatial scales.
Smith’s Floodplain Weed Theory
Bruce Smith’s (1987, 1992, 2011) model for the inception of domesticated plants and the
emergence of a suite of co-occurring crops is considered to be the preeminent model for the
origins of agriculture in eastern North America (Anderson and Sassaman 2012; Gremillion 1996,
2004). In the most recent formulation of his model, Smith (2011) focuses more specifically on
the environmental and social factors influencing the groups that made the transition from hunting
and gathering to food production. He does this by focusing first on the seven sites where the
earliest domesticates have been recovered, and then expands his discussion to the Late Archaic
period in the mid-continent (5000-3400 cal BP). Smith argues that the earliest dated sites where
domesticates have been identified occur along secondary and tertiary tributaries of the
Mississippi River, which supports a floodplain (as opposed to upland cave/rock shelter) origin
for the inception of domesticated plants. He then links this phenomenon to changes in fluvial
geomorphology that occurred during the Mid-Holocene, whereby aggrading rivers created the
meander belt topography typical of the region today. This in turn created more plant- and animalrich back swamps that were coupled with a deterioration of upland resources during the MidHolocene. Smith argues that it is within this context that people began to incorporate the weedy,
r-selected species that are adept at colonizing the disturbed sediments along alluvial floodplains.
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For the remainder of the Archaic period, and particularly the Late Archaic period, Smith
(2011) contends that the archaeological record is remarkable for its stability and common
patterns in technology, subsistence, and social organization. First, chipped stone assemblages, an
absence of pottery, and open fire or heated stone cooking technology dominate all of the sites
from this time period. Second, the settlement size or organization show little evidence for social
differentiation, and that based on the mortuary assemblages that it appears that these sites were
composed of extended family units and ownership of resource catchments. Third, deer and a
suite of smaller birds and mammals were the primary prey species, whereas hickory, oak, and
walnut were the primary collected items because they can be gathered, processed, and stored
with minimal effort. Fourth, he focused on the evidence of regional interaction and trade
networks primarily as vectors for the movement of domesticated plants around the region. From
these characterizations of the Late Archaic, Smith argues that the groups responsible for the
domestication of plants in eastern North America consisted of small-scale societies and simple
farming units with little to no status differentiation. Finally he argues that the case for population
pressure or resource imbalance as a causal factor has yet to be made in eastern North America,
and cites Claassen’s (1996) observation that many river valleys were not intensively occupied in
the Late Archaic. Smith (2011:S482) then asks two questions: 1) Why do some areas seemingly
remain empty during the Late Archaic? and 2) Why do the primary subsistence and technological
trends remain stable over the Archaic period?
Rather than exploring these questions at the same very broad spatio-temporal scale as
Smith (2011), this study attempted to track variation in biface technological organization and
land-use patterns from the point when people first entered North America to the time periods
coinciding with the appearance of domesticated plants. I also used formal models from Human
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Behavioral Ecology (e.g., Kennett and Winterhalder 2006; Smith et al. 2001) as a means to
interpret trends in subsistence, technology, and site distributions over time. For my analysis, I
chose to examine bifaces from Benton and Humphreys counties at the confluence of the lower
Tennessee and Duck River because they contain abundant Paleoindian and Archaic biface
assemblages. Moreover, the Duck River has been extensively surveyed and contains the Hayes
Site, where the earliest dated domesticated sunflower seed was recovered (Crites 1991). Based
on the results of this study, it is possible to begin evaluating the two questions posed by Smith
(2011:S482) in his critique of models that invoke population pressure and resource stress as
causal explanations for the origins of agriculture.
First, while Smith (2011) cites Claassen’s (1996) observation that many areas of eastern
North America do not appear to be intensively occupied, an alternative hypothesis is that there
are still areas of the Midsouth that have yet to be extensively surveyed or have had site files that
have not been updated since they were initially recorded (Anderson 1996:159). The Duck River,
however, has been the focus of several large-scale surveys, and based on the analysis reported in
Chapter 5, there is evidence for extensive occupation since the Mid-Holocene. Second, Smith
(2011) contends that the trends in subsistence and technology remained stable over the Archaic
period. Based on the analysis discussed in Chapter 4, there appears to have been substantial
changes in the organization of biface design, manufacture and discard that are likely related to
variation in the returns from hunting over the Holocene. Consequently, the results of these two
analyses run counter to Smith’s (2011) assertions that there were areas that were unoccupied and
that subsistence trends were stable. In the following sections, I provide an alternative
“Boom/Bust” model for contextualizing the environmental and economic conditions for the
emergence of domesticated plants in eastern North America.
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An Early Archaic-Middle Archaic Subsistence Boom
Almost 30 years ago, Brown and Vierra (1983) published their observations regarding the
Archaic period occupations at the Koster site in Illinois. Of particular interest, they noted that the
Mid-Holocene components, dating to between 9,000 and 5,800 cal BP, contained multiple dense
occupations, a higher number of recorded features, evidence for intensive nut and seed
processing, and the exploitation of aquatic species. These changes prompted Brown and Vierra
to ask “What happened in the Middle Archaic?” – perhaps one of the most famous questions in
the archaeology of eastern North America. They hypothesized that changes in fluvial
geomorphology promoted the formation of species-rich backwater swamps that, coupled with
Mid-Holocene warming, prompted groups to shift towards using river valleys in a more
sedentary way. This punctuated “pull” model provided a stark contrast to Caldwell’s (1958)
“Primary Forest Efficiency” model, whereby hunter-gatherers gradually adapted to the eastern
woodlands over the course of the Archaic period. The trends that Brown and Vierra observed at
Koster have also been noted in many other areas of eastern North America, and are thought to
foreshadow the appearance of intensive shellfish processing, monumental architecture, exchange
networks, and the domestication of indigenous plant species (Anderson and Sassaman 2012:104107).
One key problem with exploring the changes in subsistence in the Midsouth in the
periods before the appearance of domesticated plants is that sites with preserved organic remains
are relatively rare (Dunnell 1990; Styles and Klippel 1996). However, from the data that are
available, it appears that during the Late Pleistocene through Mid-Holocene, prehistoric groups
began to focus their dietary choices on a narrower set of highly-ranked resources. This trend is
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reflected in the floral and faunal remains, the organization of biface technology, and the
distribution of archaeological sites.
As part of his thesis and dissertation research, Carmody (2010) analyzed Middle Archaic
paleobotanical remains from Dust Cave and three other rockshelters in the northern Alabama,
building on previous analyses by Hollenbach (2007) of the Late Paleoindian and Early Archaic
period components from these same sites. Hollenbach argued that the manner in which plants
were used changed little between the Late Paleoindian and Early Archaic. However, increased
intensity of nut exploitation is suggested at the sites by the recovery of mortars and nutting
stones, and most notably at Dust Cave, a dramatic increase in the recovery of hickory nut shell
within the Kirk Stemmed component at the close of the Early Archaic. Carmody found that, after
incorporating the results of his analysis, this trend continued with Middle Archaic assemblages.
He argued that when viewed through the lens of the diet breadth model (e.g., MacArthur and
Pianka 1966), hickory nuts provide a source of calories, proteins, and fats, and should be one of
the most highly ranked plant resources in terms of caloric return when processed using a smashand-boil method. Overall, the trend in paleobotanical remains from this sample of sites indicates
an increasing emphasis on more highly ranked plant items from the Late Paleoindian through
Middle Archaic.
Dust Cave is also well known for its preservation of faunal remains (Walker 1998, 2007).
One of the key findings of Walker’s research was that the species recovered from the Late
Paleoindian components were exceptionally diverse. The most striking pattern was the high
percentage of avian species relative to the components from later time periods. Moreover, from
the Late Paleoindian through Middle Archaic, there was an increase in the proportion of deer
remains relative to smaller, relatively hard to catch species such as birds and squirrels.
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Additionally, the frequency of turtle and tortoise remains also increases over this time period. In
the eastern Mediterranean, Stiner (2001) argued that these species are highly susceptible to
population crashes as a result of human predation, because they are relatively easy to collect and
have slow reproductive rates. They can thus be considered a proverbial “canary in the coal mine”
indexing the impact of human hunting on local environments. In the case of Dust Cave, species
such as turtles, tortoises, and deer (the largest herbivore) increase in frequency through the Early
and Middle Archaic. In other words, the inhabitants of Dust Cave appear to be focusing their
efforts on the highest-ranked species in terms of overall caloric return after adjusting for search
and handling costs. This pattern in faunal use is not specific to Dust Cave. Styles and Klippel
(1996) examined nine faunal assemblages from across the Midsouth and found a similar trend,
most notably that the relative frequency of deer dramatically increases in the Middle Archaic, but
then diminishes in later time periods.
In Chapter 4, I presented the results from an analysis of Paleoindian and Archaic bifaces
from Benton and Humphreys counties in the lower Tennessee River Valley. These counties have
some of the highest densities of recorded Paleoindian artifacts in eastern North America
(Anderson et al. 2010; Broster et al. 2013), contain several key Archaic period type sites (e.g.,
Lewis and Kneberg 1959), and are located near the geographic center of the sites with the
earliest dated domesticated plants in eastern North America (e.g., Smith and Yarnell 2009). I
drew my sample from the WPA collections at the McClung Museum (Chapman 1988), the
collections at the Tennessee Division of Archaeology (Broster and Norton 1996), and the
Tennessee Fluted Point Survey (Broster et al. 2013). Based on this analysis, I found that Late
Paleoindian and Early Archaic points were relatively smaller and displayed on average
proportions consistent with extensive re-sharpening. However, a major break in this pattern
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occurs with the Eva I type, which are discarded with relatively large amounts of unexpended
utility. Using the model developed by Kuhn and Miller (in press), bolstered with the analysis of
faunal remains and technological organization from Puntutjarpa Cave (Gould 1977, 1980) and
Gatecliff Shelter (Thomas 1983) in Chapter 3, I interpret this pattern as indicative of
exceptionally higher returns from hunting. This finding is consistent with the faunal record at
Dust Cave (Walker 1998, 2007) and the sample of sites across the Midsouth analyzed by Styles
and Klippel (1996), where the frequency of deer to smaller mammal remains increases
substantially from the Early to Middle Archaic.
This “break” in the flora, fauna, and biface technological organization also correlates
with a major shift in the distribution of archaeological sites. Based on analysis of site file
records, Anderson (1996) found an abrupt decrease in the frequency of Middle Archaic sites
relative to Early Archaic sites, and that in the Midsouth Middle Archaic sites appear to be more
concentrated around major river systems. In Chapter 5, I analyzed the distribution of
archaeological sites in the Duck River drainage, which is one of the most intensively studied
drainages in the Midsouth. The Duck River is also a tributary of the Tennessee River, and the
confluence is located in Benton and Humphreys counties, which is where I drew my sample of
bifaces for my analysis in Chapter 4. In this analysis, I was also able to code for specific point
types and also integrate the Tennessee Fluted Point Survey as an additional source of
information. This allowed me to create a smaller, but more temporally precise dataset than the
one used by Anderson (1996). It also extends into the Paleoindian periods, whereas Anderson
only examined the distribution of Archaic sites. During the Paleoindian period, sites in the Duck
River are more frequently found near the confluence with the lower Tennessee River, but by the
Late Paleoindian period sites begin to appear in the Eastern Highland Rim. Then, during the
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Early Archaic the frequency of sites shifts disproportionately to the Eastern Highland Rim. At
the end of the Early Archaic period, sites are found across the entirety of the drainage. I interpret
this pattern as indicating the Paleoindian and Early Archaic populations were low enough that
they had both the flexibility to move and access to the most productive habitats as a means to
adjust to changing environmental conditions. However, by the end of the Early Archaic, loosely
coinciding with the increasing focus on highly ranked resources at the beginning of the MidHolocene, populations were found throughout the drainage.
After reviewing the data, there appears to be several co-occurring trends. First, in the
paleobotanical records in North Alabama there is an increasing focus on hickory, a relatively
high-ranked plant resource, from the Late Paleoindian through Middle Archaic periods (e.g.,
Hollenbach 2007; Carmody 2010). Second, the faunal assemblage at Dust Cave also indicates a
shift away from the utilization of smaller species with high search-and-handling costs to
components dominated by deer by the Middle Archaic (e.g., Walker 1998, 2007). This pattern is
apparent not only in other studies from across the region (e.g., Style and Klippel 1996), but
correlates with trends in biface design and re-sharpening, with the Middle Archaic Eva I group
discarded with a relatively high degree of unexpended utility, which is indicative of higher
returns from hunting. These trends also line up with a major shift in the distribution of
archaeological sites in the Duck River drainage, where by the end of the Early Archaic sites are
found across the entire drainage.
Like Brown and Vierra (1983), I would argue that climate change played a prominent
role in the observed changes in subsistence. While the Mid-Holocene is generally considered a
period of warmer, drier conditions relative to modern climate, on-going research from a variety
of sources has identified substantial regional variation. An increase in temperature over the Early
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Holocene, which peaked roughly 7,000 cal BP, would have greatly altered the resources
available for prehistoric groups. The pollen cores from both Jackson Pond in Kentucky (Wilkins
et al. 1991) and Anderson Pond (Delcourt 1979) in central Tennessee show large increases in oak
pollen at this time. After generating a correlation matrix for the pollen counts from Anderson
Pound, I found that the influx of oak not only correlates strongly with hickory pollen, but also
positively correlates with 25 other species, which contrasts significantly with the coniferous
species that dominated eastern North America during the LGM. Moreover, the rise in
temperature over the course of the Holocene likely would have increased the masting
productivity and frequency of bumper crops in oak and hickory dominated forests (Gardner
1997; Bissett 2010).
This would have had two major ramifications. First, nearly 90 animal species are known
to feed on acorns, deer represent one of the most significant acorn consumers in modern oak
forests. During years of high acorn productivity, as much as 83% of white tail deer diet is
comprised of acorns and these boom periods are associated with higher average female body
weight, increased frequency of ovulation, higher birthrates, and higher birth weights of fawns
(Gardner 1997; Bissett 2010). Consequently, it is reasonable to argue that high masting
productivity, which probably characterized the peak years of the Mid-Holocene, would have
resulted in greater health and fertility in deer populations. Second, rather than competing with
deer for acorns, the increased availability of hickory nuts would have provided an alternative,
more highly ranked food source for humans to intensively exploit. Consequently, the expansion
of oak/hickory forests during the Early and Mid-Holocene likely led to a millennial scale boom
in resources capped by an additional peak in temperature 7,000 years ago. In other words, the
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intensive focus on deer and hickory in the Middle Archaic was the result of a wave of abundance
that began gathering momentum at the beginning of the Holocene.
In the 30 years since Brown and Vierra first asked “What happened in the Middle
Archaic?,” there has been a considerable amount of research in chaos theory, complex systems,
and agent-based modeling that has been applied towards understanding what happens when a
large number of individuals make similar decisions over many iterations (Holland 1995;
Kaufmann and Johnsen 1991; Lansing 2003; Wolfram 1984). One universal conclusion is that
these scenarios are subject to non-linear, punctuated change (e.g., Gunderson and Holling 2001;
Lorenz 1963), or as Malcolm Gladwell (2000) has famously called them, “Tipping Points.”
Political scientist Morton Grodzins (1958) coined this term in his studies of how neighborhoods
became racially segregated in the 1950s and 1960s. This work was later expanded by the
economist Thomas Schelling (1978) using a series of simulations that would become part of the
basis of his seminal book Micromotives and Macrobehaviors. The implication of the work of
Grodzins, Schelling, and a subsequent generation of researchers assembled under the umbrella of
complex systems theory is that subtle shifts in the behaviors of individuals, if given enough
frequency, can lead to rapid, unexpected, and oftentimes drastic changes at larger scales
(Gunderson and Holling 2001; Kohler 2011; Lansing 2003).
Archaic period subsistence patterns should be interpreted in a macro-economic sense,
where the general tendency of individuals preferentially adhering to the expectations of the dietbreadth model over a substantial amount of time, and in the face of rather dramatic climate
change, had the potential to create the context for rapid change at the scale of analysis provided
by the archaeological record. Consequently, the observations that prompted Brown and Vierra
(1983) to ask “What happened in the Middle Archaic?” were the result of such a tipping point
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that came about as a consequence of a cascade of subsistence decisions that stretch at far back as
the beginning of the Holocene (Figure 6-1).

A Middle Archaic-Late Archaic Subsistence Bust
At the end of the Early Archaic and the beginning of the Middle Archaic periods, the
variation in flora and faunal remains, the organization of biface technology, and the distribution
of archaeological sites indicate a resource and population boom. It was within this context of
abundance that groups began to focus on higher-ranked items, which is consistent with the
predictions of the diet-breadth model (e.g., MacArthur and Pianka 1966), and would have fueled

Figure 6-1. Major environmental, subsistence, technological, land-use, and cultural trends in
during the Paleoindian and Archaic periods in the Midsouth (CP – Cumberland Plateau; LTR –
lower Tennessee River valley).
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a population increase and perhaps a more sedentary lifeway. It was also during this time that
Moore and Dekle (2010) argued that a radical shift in household economies occurred across the
Midsouth to focus on more stable, predictable, and immobile resources, such as hickory and
shellfish. Consequently, this allowed for greater food storage capabilities, which allowed them to
delay consumption and bank calories to overcome the late winter/early spring shortfalls
described by Gremillion (2004).
However, the optimal conditions did not persist through the duration of the Middle
Archaic period. Based on the pollen sequence at Anderson Pond (Delcourt 1979), the relative
abundance of oak and hickory diminished, while at Cheek Bend Cave (Klippel and Parmalee
1982) there is a shift in small mammal species indicative of a retreat in the distribution of upland
glades that had expanded during the peak of the Mid-Holocene. Based on the projection by Viau
et al. (2004) and the vegetation reconstructions by Williams et al. (2006) and Delcourt and
Delcourt (1983, 1985) mean annual temperatures decreased and the oak/hickory dominated
forests moved north as a result of increasing moisture and decreasing mean July temperature.
This shift in climate and environmental conditions would have impacted the returns from
both hunting and gathering over the long-term. For hunting, this decline in returns is evident with
the more expedient use of bifaces with less overall mass being invested in the initial production
of Eva II/Morrow Mountain and Middle Archaic Stemmed points. Based on the model derived
from the Marginal Value Theorem (Charnov 1976), this would indicate declining returns from
hunting, especially when compared to the Early Archaic Stemmed and Eva I groups. This trend
correlates with the decline in deer relative to smaller mammals in in archaeological assemblages
noted by Styles and Klippel (1996) and Bissett (2010) that begins in the Middle Archaic. This
would have increased the attrition rates of hunting implements and it would have meant that the
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distance and duration of hunting forays would have also increased. However, by the time the
distribution of sites extended across the entire drainage, which indicates that there were relatively
few, if any, unoccupied areas in the drainage that this time. This would have created the kind of
resource imbalance described by Rosenberg (1998) beginning in the Middle Archaic. In other
words, the decline in high-ranked deer and tree nuts and the absence of mobility options
encouraged some groups to restrict their movement, to focus more intensively on extracting
limited resources from more limited areas, and to create more rigid territories.
Rather than expanding their diet-breadth to encompass a wider range of resources as
hickory and deer diminished, it appears that some groups began to focus more intensively on rselected species of plants, including some that would eventually become domesticated. This
would have allowed some groups to expand the productivity of their resource catchments as the
availability of hickory and deer waned, an example of hunter-gatherer groups innovating to
expand productivity in a limited area.
In a context such as that just described, there should be increasing evidence for groups
defining and defending territories. Based on ethnographic research with four hunter-gatherer
groups in the Kalahari Desert, Cashdan et al. (1983) argued that there are two ways to manage
unexpected visitors to one’s territory. First, create rules for granting access (e.g., social boundary
defense), which is usually facilitated by gift exchange. This is visible archaeologically in the
Middle Archaic when exchange networks begin to emerge, most notably with exchange of bone
pins in the Ohio River, Benton Interaction Network in the lower Midsouth, and other items in
eastern North America (Jefferies 1996, 2004). In the case of the Benton bifaces, the exchange of
well-crafted, large bifaces contrasts with the broader pattern of smaller, more expediently
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discarded bifaces during the Middle Archaic, which probably helped to under-write their value as
an exchange item in the Midsouth.
Cashdan et al. (1983) identified other contexts where an unexpected intrusion could
provide grounds for a violent response (e.g., perimeter defense). In the Midsouth, human skeletal
remains found in the Tennessee, Cumberland Duck, and Green River Valleys, partially as a
result of the excellent preservation of remains found in shell mounds and middens, provide
evidence of these sorts of more antagonistic interactions. When compared to skeletal samples
from across eastern North America, the individuals from the Late Archaic sites, including several
in the lower Tennessee River Valley that were used in the study sample in Chapter 4, show
evidence for trauma and trophy-taking (scalping and/or the removal of limbs and crania)
indicative of inter-group violence and competition (Mensforth 2007; Milner 1999; Smith 1995,
1996). Coeval with this pattern is the appearance of the Ledbetter and Pickwick point types,
which are on average larger than earlier and later types. There is no evidence from the faunal or
paleo-environmental data to suggest this change in biface size is due to variation in hunting
returns. This could mean that the variation in the organization of technology is more sensitive to
changes in hunting returns than the faunal records found in the archaeological record.
Alternatively, these points could also have been used in contexts beyond hunting deer as Late
Archaic points are frequently found embedded in interred individuals (Mensforth 2007; Milner
1999). Consequently, after the boom in resources and population in the Mid-Holocene, there is
evidence for the emergence of more rigid, regionalized territories in the Midsouth, rules for
entering adjacent territories with permission, as well as evidence for what happens if you get
caught trespassing.
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Plant Domestication and Macro-Economic Deep History
In the opening chapter, I argued that the formal models of Human Behavioral Ecology
(e.g., Kennett and Winterhalder 2006; Smith et al. 2001) could be used to diagnose and interpret
major trends in subsistence over time. This is in large part because studies in complexity theory
have shown time and time again that individuals displaying even slight preferences for some
choices over others, given enough time, have the ability to produce emergent patterns in behavior
(Holland 1995; Kaufmann and Johnsen 1991; Langton 1991; Lansing 2003; Wolfram 1984),
such as those which structure the archaeological record (Bentley and Maschner 2008; Kohler
2011). It is this basic premise that allows macro-economists to operationalize economic
decisions by individuals over much larger scales. The tendencies of individuals to make
decisions to maximize gains versus losses produce trends at national and international scales
over yearly and decadal scales (Krugman and Wells 2012). The same sort of “crowd-sourcing”
or “swarm” behavior has the ability to average the intelligence of large groups and arrive at
similar solutions to shared problems (e.g., Surowieki 2005). In a sense, the current study is an
example of using the same interpretive framework to analyze trends in subsistence among nonWestern, pre-agricultural groups over longer stretches of time than those traditionally analyzed
by economists. This study is in effect a “Deep History” macro-economic approach (e.g., Stiner
and Feeley-Harnik 2011) that examines the environmental and demographic context prior to the
appearance of domesticated plants in eastern North America.
Based on this study, as well as supporting lines of evidence, there are several major
trends in subsistence that have ramifications for contextualizing the emergence of the suite of
domesticated plants known as the “Eastern Agricultural Complex” (Smith 2001; Smith and
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Figure 6-2. A “Boom/Bust” model for the origins of agriculture in the Midsouth.

Yarnell 2009; Figure 6-2). Based on flora and faunal remains, as well as the organization of
biface technology and site distributions, Late Paleoindian diet-breadth was relatively diverse, yet
population density was low enough that groups had the flexibility to move around the landscape
to respond to changes in environmental conditions at a very gross scale. During the Early
Holocene and in the Mid-Holocene, however, these trends reversed with an increasing reliance
on high-ranked plant and animal species. The shift in economic focus is likely related to
environmental changes including a broad warming trend in the Early Holocene that is associated
with an increase in oak and hickory pollen, and an increasing abundance and diversity of species.
The outcome was an increase in the availability of hickory nuts (the highest ranked gathered item
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for people) and acorns (the preferred food item for deer). This trend culminated in a dramatic
shift in household economies in the Early Archaic and the beginning of the Middle Archaic (e.g.,
Moore and Dekle 2010) to a reliance on more stable, predictable resources, which included
shellfish in addition to nut mast. In other words, it was in the context of abundance, not scarcity
that the “Shellmound Archaic” began to gain momentum in the Midsouth.
The shift in household economies had several unintended consequences for subsequent
generations. First, it created the context for sedentism as abundant, predictable resources allowed
hunter-gatherers to decrease the frequency of residential moves and still procure sufficient
calories. Second, the reduction in mobility in the context of abundance allowed groups to exploit
resources suitable for food storage and select places to store these resources. Third, the seasonal
gap in resources in the late winter/early spring provide a micro-economic catalyst to find ways in
which to bank calories and delay consumption as a buffer against anticipated shortfalls
(Gremillion 2004; Woodburn 1982). Finally, the increase in the abundance of high ranked
resources, decrease in mobility, and the ability to bank calories to offset shortfalls likely led to a
population boom in the Midsouth, reflected locally in the widespread distribution of sites across
the Duck River drainage and the discard of projectile points with a high degree of expended
utility, something we would only expect if the returns from hunting were exceptionally high.
Unfortunately, these conditions did not persist through the duration of the Mid-Holocene.
The warm dry conditions that drove the abundance of oak and hickory masting receded, which is
reflected locally by a reduction in oak and hickory pollen in Anderson Pond and the species
composition found in Cheek Bend Cave (Delcourt 1979; Klippel and Parmalee 1982). As the
conditions that prompted the boom unraveled, several factors prevented local hunter-gatherer
groups from simply diversifying their diet-breadth and increasing the frequency of residential
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moves to acquire sufficient resources. First, by this point groups display evidence for increasing
reliance on stored resources (Moore and Dekle 2010). Second, there were fewer unoccupied
habitats, reflected in the continued widespread distribution of sites across the entire Duck River
drainage. Consequently, even if people were willing to give up the source and location of their
stored calories, the presence of other groups in these locations would limit their options for
moving and exploiting alternative habitats. Such potential “interference” would increase the
costs of giving up one habitat and moving to another. Instead of moving, groups invested in
technology that would allow them to extract more calories from more limited resource
catchments, which include the use of ground stone and other innovations to extract more calories
from gathered goods, mortar holes on the Cumberland Plateau (Franklin 2002), soapstone,
pottery, and associated cooking technologies (Sassaman 1996:68-73). They also began
experimentating with alternative r-selected seedy annuals that could be used to fill storage pits in
lieu of acorn and hickory nuts. Restrictions on mobility and greater investment in extracting food
value from limited resources also led to an investment in defining and defending territories,
reflected in the emergence of monumental architecture (Russo 1996, 2006), large multigenerational cemeteries (Smith 1996), continued production of shell mounds and middens
(Claassen 1996; Marquart and Watson 2005), regional exchange networks (Jefferies 1996, 2004),
and increasing evidence for inter-group violence and warfare (Mensforth 2007; Milner 1999;
Smith 1996) during the Middle and Late Archaic in the Midsouth. Rather than plant
domestication in eastern North America emerging in the context of resource scarcity (e.g.,
Binford 1968; Flannery 1969) or abundance (e.g., Hayden 1990, 2009; Smith 2011), it came as
the result of sequential boom/bust cycles rooted in changing Holocene environmental conditions.
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Deep History and Big Datasets
Both Smith (1987, 1992, 2001, 2011) and Gremillion (1996, 2004) observe that plant
domestication in eastern North America is a phenomenon that occurred not as a single event at a
single place, but as a culmination of processes that occurred at a regional scale. For this study, I
was able to integrate these various sources of information in a much more limited area to argue
that in the Duck River drainage, the appearance of domesticated plants occurred within the
context of a macro-economic boom-bust cycle in available resources. By increasing the size and
scale to a truly regional level, it will be possible to more fully explore whether the patterns
observed in the Duck River are evident elsewhere as part of an explanation for the origins of
agriculture in eastern North America. Consequently, there is a need for datasets that can meet the
requirements for exploring the context of plant domestication in eastern North America. One
such dataset that would be immediately valuable would be to systematically collect and
consolidate archaeological radiocarbon dates into a single database. Successful examples include
the Canadian Archaeological Database (Morlan 2005) and the database of archaeological
radiocarbon dates from Australia (Williams 2013). Most information on available radiocarbon
dates from eastern North America can only be found in summary articles or regional gray
literature, often with minimal information on the context from which they came and the artifacts
with which they were associated (Miller and Gingerich 2013a,b).
Second, the chronological framework for eastern North America relies heavily on
temporally diagnostic bifaces from a relatively limited number of type-sites. One model for
streamlining information on this artifact class is the Paleoindian Database of the Americas
(PIDBA), which is an ongoing project that aims to integrate artifact images, qualitative and
metric attributes, and locational information on Paleoindian-aged artifacts from North and South
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America (Anderson et al. 2010). More specifically, rather than just images of the ideal types and
average metric attributes such as those found in Justice (1995), a database that provides the full
range of variation from key sites could provide the basis for more robust comparisons when
coupled with approaches that make use of geometric morphometrics (e.g., Buchanan 2006;
Thulman 2012).
Third, there are several studies I have repeatedly cited that have demonstrated the value
of compiling and integrating data at large scales to examine broad trends in subsistence.
Moreover, there has been a call for integrating these datasets specifically in eastern North
America (Hollenbach and Walker 2010; Vanderwarker and Peres 2010). Given that sites with
preserved organic remains are more difficult to find with increasing antiquity, a premium should
be placed on reporting and compiling this type of information. Two such examples that have
done this this effectively are FaunMap (Graham and Lundelius 2010) and the North American
Pollen Database (COHMAP Members 1988).
Finally, in Chapter 5, I argued that site file records can be useful for interpreting land-use
trends to make inferences concerning demography and also reference Anderson’s (1996) study of
site distributions across the lower Southeast. More recently, there is a project underway to fully
integrate the site file records in eastern North America in a single database (Anderson et al.
2012). One future consideration for such an undertaking would be to include the full information
on how temporal designations are made to allow analysts to further combine or sub-divide sites
temporally beyond major culture historical units.
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APPENDIX
Artifacts as Patches: The Marginal Value Theorem and Stone Tool Life Histories4
Steven L. Kuhn
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Tucson, AZ 85721- 0030 USA

Abstract
In this paper we take a model generally associated with Behavioral Ecology (the marginal
value theorem (MVT) and apply it to a phenomenon (artifact life histories) normally associated
with studies of technological organization. We first develop a modified version of the MVT
applicable to certain kinds of artifacts, and then use it to make predictions about how artifact
discard strategies should vary according to potential yields and the costs of replacement. We
examine data on life histories of Paleoindian spear points from Tennessee, taken from the
PIDBA project in light of these predictions. This particular application of the model is largely
heuristic. However, it does lead to novel hypotheses about changes in Paleoindian artifact life
histories and discard strategies.
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HBE, TO and the study of lithic technology
North American researchers interested in explaining technological variation and change
as a consequence of adaptive problem solving have gravitated toward two conceptual
approaches: what is broadly termed, following Nelson’s (1991) terminology, the study of
“Technological Organization” (TO); and Human Behavioral Ecology (HBE). Although they
have somewhat different intellectual foundations, the study of technological organization and
human behavioral ecology actually share many fundamental goals and presuppositions.


Both seek to understand human behavior in terms of economic constraints and payoffs, costs
and benefits.



Both assume that closer-to-optimal behavioral alternatives will tend to increase over time,
holding conditions constant (all other things being equal).



Both focus on energy or time as key currencies in understanding technological behavior.



Both assume that variation in technological behavior is not directly subject to natural
selection but reflects flexibility in the human behavioral phenotype. HBE goes a step further,
assuming that the cognitive apparatus that governs decision making and variation in the
behavioral phenotype is under selection, and that selection favors cognitive mechanisms that
more effectively arrive at optimal solutions (see Shennan 2008), a proposition also known as
the phenotypic gambit (Grafen 1984; Smith and Winterhalder 1992:33). TO is silent on this
matter: it assumes economic rationality but does not enquire as to its origins.



Both have addressed questions of artifact design and technological investment.
There are some differences between these approaches as well, but these are relatively

unimportant compared to the commonalities. Researchers working with concepts from HBE
tend to couch models in terms of fitness benefits, whereas studies of TO are more explicitly
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concerned with time, energy, and risk. However, as energetic or temporal efficiency inevitably
substitute for direct measures of fitness in HBE studies, the difference is of comparatively little
consequence. HBE has also tended to favor quantitative models, whereas TO studies rely more
on narrative models (but see Brantingham and Kuhn 2001; Kuhn 1994). This is more a matter
of style than a reflection of deep intellectual differences. With specific reference to lithic
technology, researchers interested in HBE have mainly focused on artifact design and
technological investment (e.g., Bettinger et al. 2006, Bright et al. 2003, Ugan et al. 2002).
Studies of technological organization have addressed a wider range of phenomena. In addition to
artifact design and investment in technology, TO has been particularly concerned with raw
material economy and artifact life histories. HBE models have been infrequently applied to the
latter issues (but see Metcalfe and Barlow 1993).
In fact, one limitation of HBE-based studies of technology to date has been the tendency
to focus on artifact design and technological investment. Although this is an area ripe for
theorization, its applications to the archaeological record are limited. First, it is not a simple task
to determine the true costs of prehistoric artifacts. Yet the costs of even very effective tools, such
as nets (Ugan et al. 2002; Lupo and Schmidt 2002) may be high enough to make them
disadvantageous in many conditions. It is even more difficult to assess artifacts’ contextual
advantages. Too often, researchers rely on the dangerous rule of thumb that later-developing
forms of technology are necessarily more effective. Thus, for example, it has long been assumed
that prismatic blade technologies are more efficient than other methods of blank production, and
that this explained why blades became the dominant tool blanks in the Eurasian Upper
Paleolithic. However, comparative experiments suggest the differences in at least some measures
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of efficiency are small or negligible (Eren et al. 2008; see also Prasciunas 2007 concerning
bifaces and informal flake cores.)
More importantly, the appearance of a novel technology or a new artifact form requiring
radically different levels of investment is a rare event in prehistory. The farther one goes back
into the past, the rarer these events become (and, the more difficult it is to assess the costs and
benefits of technological alternatives). Thus, while models of investment and artifact design may
be very useful for explaining major technological transitions and the spread of artifact complexes
such as the bow and arrow or whaling boats, there are long periods of time and large areas where
they simply are not relevant. In other words, they are best applied at a particular, macro-scale of
analysis.
Whereas the lithic archaeological record is not necessarily rich in new artifact designs, it
is very rich in debris generated from the production, maintenance, and discard of artifacts. At
many temporal scales, and in many contexts, the empirical strength of the record is in what it
tells us about the ways people managed the utility of raw material and artifacts as they foraged,
moved about the landscape, and conducted different activities. Researchers working on
technological organization have been pursuing these questions for two decades or more. The
challenge is to adapt the rich and productive corpus of models from HBE to these most robust
dimensions of the available archaeological data. Admittedly, we cannot demand of all theory
that it account for the most abundant elements of the record. On the other hand, having an
abundant and varied material record makes it all the better for testing and refining theories.
This paper is a preliminary attempt to close some of the gaps between HBE and TO. It
applies a model widely used in HBE (the Marginal Value Theorem) to stone tools, using it to
develop qualitative predictions about the life histories of artifacts under different conditions. The
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MVT replicates some common notions from research on Technological Organization, but also
makes some novel predictions. These expectations are then applied to Paleoindian projectile
points from Tennessee.

The MVT
The Marginal Value Theorem (or MVT), originally introduced into behavioral ecology
by Charnov (1976), has been employed widely in studies of animal and, to a lesser extent, human
behavior. The MVT seeks to understand how long foragers should continue to feed from the
same “patch” of food, and when they should abandon the patch to search out another feeding
opportunity. A patch can be as small as a single food item, or as large as a habitat zone. The
MVT has been much elaborated, particularly with respects to the information criteria that
animals actually use to make decision (e.g., see Brown 1988; Brown and Mitchell 1989; McNair
1979, 1982; Nonacs 1981; Pyke 1984; Stephens 2008; Stephens and Krebs 1986; Thiel and
Hoffmeister 2004; Wajnberg et al. 2000; Wilke 2006: 56-102). Nonetheless, it remains “…the
dominant paradigm in predicting patch use...” (Nonacs 2001: 71).
The most widely-used form of the MVT makes several assumptions:


The forager can operate in single patch at any one time (although this assumption is
modifiable).



Travel and foraging are mutually exclusive activities, so there is a direct opportunity cost
to moving off in search of a new patch.



Instantaneous returns from feeding diminish with increasing time spent in a patch.



The forager can accurately assess instantaneous return rates.



The forager knows the average return rates for all patches in the environment.
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The forager knows the average cost of getting to the next patch.

A commonly-used and familiar graphic representation of the MVT is shown in Figure A-1
The x-axis represents time, and the y-axis energy. The upward convex curve on the right of the
vertical axis represents instantaneous return rates from foraging in a particular patch. The straight
diagonal line represents average returns from other patches: its slope is equivalent to average
return rates from foraging, while the x-intercept is the time cost of moving between patches. This
instantiation of the model optimizes for time: it results in a solution that produces the greatest
returns per unit foraging and travel time. The optimal patch residence time is indicated by the
point where the diagonal line is tangent to the upward convex curve.
Even in its simplest instantiation, the MVT makes a number of predictions relevant to
understanding the foraging behavior of animals. It predicts that foragers should give up/leave a
patch when the instantaneous returns drop below the average return rates for other patches,
adjusted for the cost of traveling to a new patch. As the average time needed to move to a new
patch increases, foragers should stay longer in patches. The third prediction is somewhat less
obvious: holding inter-patch distances constant, as average returns increase, patch residence time
should decrease. This third prediction has received less attention, perhaps because it is subject to
the limiting assumption that the shape of the time-decay curve for patch residence stays constant
even as average yields increase.
To date, the MVT has been employed successfully to analyze the feeding behavior of
animals exploiting spatially delimited resource patches, ranging from clusters of resources, to
single trees, to individual prey items. Modifications to the model have examined such factors as
the ways foraging animals can evaluate instantaneous returns from a patch and the effects of
being able to exploit multiple patches simultaneously (e.g., McNair 1979, 1982, 1983; Stephens
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Figure A-1. The marginal value theorem in graphic form. The X-axis indicates time- values
increase in both directions from the intercept with the Y-axis, which is a measure of energy
returns. The upward convex curve to the right of the Y-axis represents instantaneous energy
returns from a patch over time. The tangent line that intercepts the X-axis represents the average
instantaneous energy returns for all patches in the environment. The X-intercept is equivalent to
the time cost of moving between patches.

and Krebs 1986). Despite many questionable assumptions, including those about the quality of
forager knowledge of the environment (Pyke 1984), variants of the MVT are nonetheless quite
successful at predicting the behavior of invertebrates, birds and mammals, at least at a semiquantitative level. The MVT and other patch choice models have not been widely applied to
human foraging decisions (Kaplan and Hill 1992:178-184; Wilke 2002; but see O’Connell and
Hawkes 1984; Sosis 2002; Thomas 2007). In part, this may be due to the difficulty of obtaining
long-term observations of human individuals or groups moving among food patches.
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Stone tools as patches
The MVT has been employed to study the extraction of energy from food items or
clusters of such items. An alternative perspective that has more immediate relevance to lithic
studies is to consider artifacts- tool, cores, or packages of raw material--as patches. They are not
patches of energy or other nutrients, but of utility. This utility comes from the fact that artifacts
provide a mechanical advantage that makes certain tasks possible or makes them more time or
energy efficient. In other words, while artifacts do not directly supply energy or nutrients to
users, by making work more efficient a useable implement or weapon has the potential to
produce a net energy gain for a tool user.
Thinking about artifacts as patches of utility conforms with many of the assumptions of
the MVT. The amount of utility contained in a single artifact is finite, and for many artifacts
utility should decline over time as the artifacts are used up, wear out, or approach a point of
failure. The sizes and shapes of artifacts that are modified through use or resharpening change
over time, rendering them less effective. Artifacts that are not modified with use may still
accumulate microscopic damage through use (structural fatigue), increasing the likelihood of
their failing catastrophically. Assumptions about knowledge are actually a better fit to people
using tools than they to animals foraging in patches. People do know how well their tools are
working, and their experience tells them how long the tools are likely to last. People also know
how much better a new artifact would work, and how much time or effort is needed to produce
one.
So, if we accept the notion that artifacts can be viewed as discrete patches of utility, the
MVT can certainly be applied to them. The question here is how long people should use a core
or tool of declining effectiveness or utility before they replace it (equivalent to moving on to
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another patch). In this way, the MVT and modified versions of it can be used to make predictions
about artifacts life histories and the conditions that influence them.

Different contexts, different costs
The typical application of the MVT seeks solutions that optimize foraging returns over
time. The cost of moving on to a new patch is quantified in terms of travel or search time. This
makes sense under the assumption that travel and foraging are mutually exclusive, and foraging
is more or less continuous: time spent in searching for and traveling to a new food patch has a
direct opportunity cost in lost foraging opportunities, and vice versa.
This opportunity cost/time optimizing version of the MVT can be applied directly to
contexts where artifacts loose utility continuously, and where use events are prolonged, and may
even extend beyond the lifetime of a single implement. In such cases, there is a direct tradeoff in
time costs between continuing to use an artifact that provides less and less mechanical
advantage, and taking time to search out or make a new one. Typical situations would be
extended bouts of activities such as butchering, hide processing, woodworking, or stone
knapping, that cause artifacts to wear out rapidly. Surovell (2003, 2009) has addressed just this
kind of situation with great insight.
In other contexts there is a less-direct tradeoff between making and using a tool. Some
artifacts are used occasionally but intensively. They may fail or wear out, but their entire life
history will seldom play out in a single episode. Examples would include many hunting
weapons, and other artifacts that are part of sporadically-used, transported personal gear or
similar kinds of toolkits. Because episodes of use are discontinuous and brief, and because
considerable time may elapse between them, replacing these kinds of artifacts does not have the
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same sort of opportunity cost as in the first example. Gear such as projectile points can be
replaced during down time, rather than in the heat of a hunt, avoiding opportunity costs directly
related to the activity in which they are employed. That does not mean that making a new artifact
is without cost, but it does imply that a currency other than time may be more appropriate.
If time is not limiting when it comes to artifact manufacture we have the option of
considering the cost of switching between artifacts/patches in terms of energy. The energetic
costs of stone artifacts are not necessarily high, but they are significant. They derive from the
effort expended in making artifacts and from the effort expended in procuring appropriate raw
materials. Costs of obtaining materials, whether by exchange or direct procurement, would be
especially significant in applications, such as the manufacture of large bifacial points, where
stones with particular functional properties are needed (Beck and Jones 1990; Goodyear 1989;
Kelly and Todd 1988; Surovell 2009:128-133). For artifacts that are parts of composite
implements, such as arrowheads, spearheads, or inset barbs, the costs of reworking or replacing
binding materials should be figured into costs or replacement (Keeley 1982).
In fact, both of these perspectives on optimizing cost are implicit in the original MVT
model. The energetic cost of switching patches contributes to the Y-intercept of the tangent line.
It is just that in most cases, the Y-intercept is estimated as a function of distance between patches
and average returns, rather than some other cost.

A Modified MVT Model (Applied to Paleoindian spear points.)
We argue that an energy based variant of the MVT is the more appropriate one for many
types of artifacts that were used regularly but in brief, intense applications. In the remainder of
this paper, we explore the model and apply it to Paleoindian spear points from the southeastern
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United States, an artifact class which would fit these criteria. The assumptions of the model are
similar to those of the original MVT.


Hunters effectively use a single point at one time, OR the size of the toolkit does not change.
The ability to exploit several patches simultaneously does affect predictions about residence
time (McNair 1979) but if the number of stone tools (patches) is held constant it should not
matter.



The utility of stone tools (their effectiveness, or the probability that they can be employed
successfully) declines over time, with successive uses.



People monitor stone tool effectiveness or condition.



The cost of replacing stone tools is a combination of raw material costs and production effort,
and tool users are aware of those costs.
Each of these assumptions is reasonable, but each could equally be challenged. The

second in particular deserves further discussion. That tools can use utility as they are used over
and over is immediately evident for artifacts which change shape through wear or through
resharpening. It is reasonable to assume that as projectile points are resharpened, as edges and
tips become blunter, they would be less useful as hunting weapons. However, not all artifacts
show progressive damage or are reworked. Even here, however, the probability of failure may
still increase over time as structural defects accumulate. In fact, many artifact forms show
increasing probability of failure with age due to material fatigue (Kurtz 1930; Shott and Sillitoe
2004, 2005).
Unfortunately there are few actualistic data on failure rates in stone projectile points. A
recent study (Cheshier and Kelly 2006) of arrowheads fired into a flesh target shows equal
probability of failure, and very high rates of failure, with successive shots. However, these are
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small tools fired at comparatively high speeds, so they are more likely to fail catastrophically
when their overall tolerances are exceeded. For the sake of the present argument, we assume that
tool such as large Paleoindian spear points, which impacted targets at slower speeds, and which
frequently do show signs of reworking, show a more gradual loss of utility after every use.
Although the utility of many artifacts decays or declines with successive uses, the shapes
of the decay curves may vary. These shapes can be grouped into different “families,” (Shott and
Sillitoe 2004) but for the purpose of this discussion they can also be treated as ends of a
continuum. At one extreme are tools that exhibit gradually accelerating loss of utility or failure
rates, such that utility is highest when the artifact is new, but decreases at an accelerating rate as
the tool ages. This produces an upward convex utility curve (Figure A-2a). At another extreme
would be artifacts that tend to fail frequently early on, or that loose much of their utility in the
first few applications. This kind of “infant mortality” characterizes some living systems and
material objects subject to hidden manufacturing defects. In the middle we can imagine a
straight curve that utility/increasing probability of failure over time (Figure A-2b). Whether this
curve describes actual artifacts is an open question. However, it does mark the marks declining
middle of the range of possible life-history curves. Tools may also exhibit sigmoid utility loss
curves, where a sharp initial drop in utility is followed by a period of decreased, but gradually
accelerating decline in effectiveness or usefulness. However, it is important to emphasize that the
general predictions of the model are not affected so long as artifacts become less effective or
useful over time, so that the relationship between instantaneous yield (or utility) and time is
always negative.
In this reformulation of the MVT, we seek to calculate the optimal point to abandon a
tool, given the number of times it has already been used, or its resulting condition. Figure 3 is a
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Figure A-2. Range of hypothetical artifact utility trajectories, showing different trajectories for
loss in utility of effectiveness with time in use or number of uses.

Figure A-3. Reformulated MVT. The two solid lines are different hypothetical curves for artifact
instantaneous yields from Figure 2. E = criterion for artifact abandonment= expected yields for
replacement artifacts minus amortized replacement costs, divided by number of use events.
Optimal points of artifact abandonment (t1, t2) occurs when immediate returns drop below
expected yields for replacement artifacts.
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graphic representation of the model. The three curves represent instantaneous energy returns
from use of the tool, following different artifact life history trajectories. The criterion value E is
equivalent to the average expected instantaneous returns for other similar artifacts, minus the
cost of producing or procuring a new artifact, pro-rated to the number of uses. The value of E
increases as the applications in which the tools are used become more profitable, or as
production costs decline. Conversely, the value of E declines as profitability decreases or costs
increase. Cost is calculated in energy rather than time, and time is calibrated in terms of the
number of uses. This last modification makes sense for stone tools at least, which do not decay
unless used, and has the added benefit that it may be archaeologically measurable. For
simplicity, the maximum life histories of artifacts have been made equivalent-- nothing lasts
more than 20 uses, so that the only difference is the rate at which utility is lost. The model has
also been instantiated in numerical form in Microsoft Excel®.
The optimal point at which to abandon an artifact would be when its instantaneous yield
or potential utility drops below the criterion value E, the average yield/utility of other available
artifacts, adjusted for the cost of producing or obtaining a replacement, or the point on the X-axis
where the horizontal dashed lines intersect the various curves. In the original application of the
MVT decisions to abandon patches were based on average yields for all patches in the
environment, but here we make it an independent variable. The reason is that humans do not
choose new tools at random, but presumably select artifacts in good condition. We might choose
to use the average yield for artifacts across their entire lifetimes, or we could use another value.
We could also set this criterion at the instantaneous yield of a new artifact, minus cost of
production, although this seems unrealistically high and carries the added disadvantage of
confining analysis to situations where production costs are recouped in a single use.
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Alternatively, we can set the criterion at an arbitrary number of uses. Finally, we can calculate an
intrinsic optimal point of abandonment for any specific utility curve. Fortunately, all four
alternatives have similar consequences the general behavior of the model- they differ only in the
specific predictions for the optimal numbers of uses. As these predictions are purely
hypothetical, and concern relative effects of different variables on optimal artifact use lives, the
differences are not important for the present discussion.
Sample results from the Excel model are presented in Figures A 4-A5, utilizing two
discard criteria, one based on whole-life average returns, and the second on the average for the
first ten uses. Some of the results are obvious. As costs increase (from top to bottom in the three
plots), the optimal number of uses increases, meaning that more expensive artifacts should be
kept in use longer. Faster loss of utility (linear vs. upward convex curves) also favors earlier
abandonment of artifacts. Both conclusions conform to common sense views of how people
should treat their tools.
The third result is less intuitively obvious. For both utility curves, the optimal point to
abandon an artifact declines as average returns increase. In other words, as optimizing tool users
stand to gain more from the use of particular artifacts, they should replace them with new ones
more often. Conversely, if average yield from application of the tools goes down, people should
hold on to tools longer. The effects of return rates on optimal tool lifetimes are more apparent
with higher tool costs.
Although this third implication may initially be counter-intuitive, it makes sense. The
cost of an artifact’s failure is proportionate to the benefits gained by its use. For activities with
very high returns, the potential cost of failure is high compared to the cost of replacing artifacts
as they wear out and become less effective or reliable. Conversely, as potential gains decline, the
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Figure A-4. Optimal number of uses after which an artifact should be abandoned, as a function of
maximum potential yield and artifact cost. A- artifact cost=10; b-artifact cost =25; c- artifact
cost=50. Criterion value for abandonment = average potential yield over entire potential lifetime
of artifact (20 uses)-cost.
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Figure A-5. Optimal number of uses after which an artifact should be abandoned, as a function of
maximum potential yield and artifact cost. A- artifact cost=10; b-artifact cost =25; c- artifact
cost=50. Criterion value for abandonment = average potential yield over first ten uses of artifactcost.
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cost of replacing tools eventually begins to outweigh the cost of their potential failure. In fact,
the original MVT has similar implications, in that it predicts that patches should be abandoned
earlier as overall yields increase.
In sum, this reformulation of the MVT to consider artifacts as patches of utility has three
principal implications. First, increasing cost increases optimal time to abandonment. Second, the
faster artifacts loose utility with successive uses, the earlier they should be abandoned. Finally,
all other things being equal, increasing average yields favors earlier abandonment of tools that
wear out gradually. In sum, we can expect artifact abandonment to be conditioned by cost of
replacement, but also by potential gains. As returns decline, optimizing tool users ought to retain
artifacts longer, abandon them at a more advanced stage of reduction.
We emphasize that these conclusions refer only to artifacts used in the same or similar
activities, with same kinds of returns and the similar patterns in loss of effectiveness. In other
words, the model can be used to analyze the life histories of projectile weapon tips or
woodworking tools under different conditions, but it would not be useful for comparing spear
points with stone axes, or flake scrapers with cores.

Background to SE Paleondian Point Database
Eastern North America has a long tradition of collaboration between avocational and
professional archaeologists in the identification and recording of Paleoindian bifaces, beginning
in the 1940s with Ben McCary’s (1947) inventory of Paleoindian bifaces in Virginia.
Subsequently, Anderson (1990a, 1990b) began integrating several regional fluted point surveys
into a centralized database, which he used as the foundation for his “staging area” model of
colonization (Anderson 1995, 1996). The Paleoindian Database of the Americas, or PIDBA, is a
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continuation of this dataset and can be easily downloaded via the internet (http://pidba.utk.edu)
(Anderson et al. 2005, 2009).
While the PIDBA database is best known as the basis for a series of artifact distribution
maps (Anderson and Faught 1998, 2000; Anderson et al. 2005), one of the more under-utilized
aspects of this online resource is the metric attribute data for over 15,000 artifacts. This database
incorporates several statewide surveys that, as a rule, contain information such as maximum
length, width, and thickness, raw material, county-level provenience, and whether or not the
artifact is complete or broken. In many cases, researchers also include photographs or
illustrations of the artifact, many of which are now available online as well. One of the more
successful examples, the Tennessee Fluted Point Survey began with Morse et al.’s (1964) survey
of Paleoindian points in Smith County and Guthe’s (1966a, 1966b, 1966c, 1983) subsequent
efforts. Since 1988, John Broster and Mark Norton of the Tennessee Division of Archaeology
have continued to enlarge the survey, which now consists of information on over 4,300 bifaces
from the Early Paleoindian through Early Archaic periods (Broster and Norton 1996).
In the southeastern United States, the Early Paleoindian period is marked
archaeologically by the presence of Clovis-type bifaces. These are large, parallel-sided
lanceolate bifaces with slightly concave bases and single or multiple flutes that rarely extend
more than a third of the body (Howard 1990; Justice 1995:17-21; Sellards 1952).
The Middle Paleoindian period (12,900 – 12,600 cal BP) is documented by much more regional
variability in projectile point styles (Anderson 2001:155; Anderson and Faught 1998). In the
western United States, Clovis bifaces are replaced by Folsom points, while in the eastern United
States point types such as Redstone, Cumberland, Suwannee, and Gainey occur. In the Midsouth,
Redstone and Cumberland bifaces are believed to immediately post-date Clovis. However, there
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is no single site that clearly underwrites this proposed sequence (Goodyear 1999:435, Anderson
et al. 1996:9-11). The Redstone type is defined by an overall triangular form that is widest at the
base. These bifaces often have indented bases and more extensive fluting than Clovis bifaces
(Justice 1995:22; Goodyear 2006). Cumberland bifaces are identified by their narrow, deeply
fluted and slightly waisted appearance. Additionally, the bases are slightly concave and often
have faint ears (Lewis 1954; Justice 1995:25-27). The Quad and Beaver Lake point types follow
Cumberland in the chronological sequence. Beaver Lake points are slightly waisted lanceolates
with faint ears, slightly concave bases, and moderate basal thinning (Cambron and Hulse 1975;
Justice 1995: 35-36). Quad points have distinct ears, a concave base, and pronounced basal
thinning (Cambron and Hulse 1975; Justice 1995:35-36).
The Late Paleoindian period is signaled by the appearance of the Dalton point type
(Goodyear 1982:390). This sequence is supported by excavations at Dust Cave in northwestern
Alabama where Quad and Beaver Lake components were found stratigraphically below the
Dalton components. (Sherwood et al. 2004). Dalton bifaces typically begin life as lanceolates
with concave bases and serated edges. Often the basal margins are parallel to slightly incurvate,
while the blade portion is initially excurvate (Justice 1985: 40-42). Several studies have shown
that the blade margins transition from excurvate to incurvate through repeated resharpening
(Goodyear 1982; Shott and Ballenger 2007). Another late Paleoindian point type, Greenbriar, is
described as a “lanceolate-bladed expanding stem form that shares characteristics with Daltons
and later notched point types” (Justice 1995: 42). This includes re-sharpening patterns
characteristic of Dalton bifaces, although Greenbriar points also feature shallow side-notches.
The working hypothesis for this exploratory study of Paleoindian spear points from
Tennessee is that external conditions, either the cost of replacing points, or the yields from using
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them, changed over the Paleoindian period, and that this will be reflected in the conditions of
points at discard, in conformation with the model presented above. The null hypothesis is that
there is no change over time, that all types show similar patterns of discard. Because radiocarbon
dates are so scarce in the region, we use the rough temporal sequencing described above, with
Clovis earliest, followed by Cumberland and Redstone, and with Beaver Lake, Dalton and
Greenbriar as the most recent varieties.

Results
For this study we used only points classified as whole, meaning that they retained both tip
and an intact base. This does not mean that the specimens are unmodified. In fact the great
majority had been used, resharpened and/or reworked, sometimes extensively. It is clear both
from measurements and illustrations, as well as past studies, that many Paleoindian points were
in fact reworked or resharpened many times. This is famously the case with Dalton points (e.g.,
Goodyear 1982; Shott and Ballenger 2007), but many other point forms show signs that they
were modified over the course of their times in use (e.g., Breitburg and Broster 1995). What is
important for the purposes of this study is that the specimens retain “all their parts,” such that
they are at least potentially serviceable. What prehistoric hunters considered serviceable is
another issue. We confined analysis to six types in the Tennessee database that afforded
sufficiently large samples of “whole” points: these are Clovis, Cumberland, Redstone, Beaver
Lake, Dalton, and Greenbriar. These six types span the Early, Middle and Late Paleoindian
periods.
There are many ways to measure the effects of reworking and resharpening on bifacial
points (e.g., Andrefsky 2009; Buchanan 2006). However, while a large number of measurements
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are available for some artifacts in the PIDBA database, only a few are provided for most
specimens. In order to maximize sample size we use a very simple approach here. The
assumption is that spear points of a particular type will begin life with fairly standardized shapes,
so that there should be a high correlation between lengths and widths of new points. However, as
they are used, reworked or resharpened, these ratios should change. Since most wear and damage
occurs at the tip, length should decrease while width remains fairly constant: this effect will be
particularly strong if points are reworked in the haft. Thus, categories of points that are more
regularly and extensively reworked before discard should show lower correlations between
length and width.
Table A-1 shows Pearson’s correlations between length and width for all six point
varieties: corresponding scatter plots appear in Figure A-6. Table A-2 shows summary statistics
for three of the most commonly-recorded measurements of shape in the database: total length,
body width, and basal width. As expected, coefficients of variation for width measurements are
always lower than those for length. This is consistent with the notion that length changes more
over the use lives of artifacts than does width, and that widths were more standardized, probably
a consequence of basic hafting requirements (e.g., Hoffman 1985; Shott 1997; Shott and
Ballenger 2007)
The strengths of the correlation vary markedly among point types. Clovis and
Cumberland show the strongest correlations between length and width (Table 1, Figure 6a,b).
Among three of the later types, correlations are non-existent (Beaver Lake, Dalton, Greenbriar)
(Table A-1, Figure A-6 c-e). There is a statistically significant correlation between length and
width for Redstone points, but the r-squared value is substantially lower than for Clovis and
Cumberland. Moreover, the correlation appears to be largely the result of a few very large
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Clovis
r2
p
slope
Cumberland
r2
p
slope
Beaver Lake
r2
p
slope
Dalton
r2
p
slope
Greenbriar
r2
p
slope
Redstone
r2
p
slope

115
0.508
<0.001
2.61
46
0.502
<0.001
4.94
46
0.057
0.07
1.23
55
0.027
0.160
-0.66
160
<0.001
0.833
-0.057
44
0.237
<0.001
2.335

Table A-1. Results of Pearson’s correlations between length and body width for six Paleoindian
point types from Tennessee.
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Clovis
mean
sd
cv

max length
76.9
24.9
0.32

body width
29.0
6.8
0.23

basal width
25.9
5.1
0.20

mean
sd
cv

80.2
23.2
0.29

23.6
3.4
0.14

21.1
2.7
0.13

mean
sd
cv

62.1
13.8
0.22

23.5
3.2
0.13

22.9
3.2
0.14

mean
sd
cv

53.4
11.0
0.20

25.5
3.1
0.12

27.5
3.0
0.11

mean
sd
cv

63.7
11.4
0.18

22.2
3.6
0.16

26.1
3.2
0.12

mean
sd
cv

80.2
18.8
0.23

28.7
4.1
0.14

28.3
3.8
0.14

Cumberland

Beaver Lake

Dalton

Greenbriar

Redstone

Table A-2: Descriptive statistics for basic shape measurements for six Paleoindian point types
from Tennessee.
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Figure A-6. Plots of length vs. body width for complete fluted points from Tennessee. a= Clovis;
b= Cumberland; c = Beaver Lake; d = Dalton; e = Greenbriar; f= Redstone.
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specimens (Figure A-6f).
The statistics for basic dimensions in Table A-2 provide a complementary perspective on
artifact life histories. Interestingly, the coefficient of variation (cv) of all measurements are
slightly higher for Clovis and Cumberland than for other types, even though the correlations
between length and width tend to be stronger. Moreover, all of the later types, except Redstone,
are much shorter on average. In aggregate, the descriptive statistics of shape and correlation
results suggests that all Paleoindian point types in the database were sometimes reworked or
resharpened, but that Beaver Lake, Dalton, and Greenbriar points tended to be more extensively
modified, and abandoned closer to a uniform point of exhaustion, regardless of their original
size. The Clovis and Cumberland points show a greater variety of lengths, but greater uniformity
in overall shape, suggesting that they were made in a range of sizes but tended to retain more of
their original proportions at the time of discard.
We may safely reject the null hypothesis for the six point types examined here. Early and
Middle Paleoindian points (Clovis and Cumberland) as a group seem to have been treated
differently, to have undergone life histories, than later Beaver Lake, Dalton, and Greenbriar
points. The case of Redstone points remains ambiguous—the correlation results at least place
them mid-way between the other two groups. To the extent that these point types represent a
chronological sequence, it would be safe to conclude criteria for discard of points changed over
the Paleoindian period in Tennessee.
Why would there have been changes in the life histories of Paleindian spear points over
time? The modified MVT suggests two alternative (and non-exclusive) working hypotheses.
The tendency for later Paleoindian point types to be discarded farther along in their use
lives could reflect increased cost of replacement. It is unlikely that manufacture costs per se
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differed much between these different varieties of fluted points, and there is certainly no
evidence that manufacture becomes more elaborate over time. However, access to raw material
affects costs too. Greater population packing, with smaller and more rigidly bounded territories,
could have restricted access to raw materials with limited distributions. As human populations
began to fill in the landscape subsequent to initial colonization, at least some later Paleoindian
groups would have been confined to territories farther from sources of high quality stone suitable
for making large bifacial points. This hypothesis has one clear test implication: if access to raw
materials is behind the differences in conditions of points at discard, we would expect the general
temporal trends described here to differ across the region according to availability of raw
materials. More specifically, the outcomes of differential levels of resharpening should be more
evident in areas with little or no access to high-quality stone than in areas where suitable stone
was abundant and easy to come by.
A second explanation for changing artifact use lives stemming from the modified MVT
would be a decline in average return from use of points. Two linked factors could have
contributed to diminished gains from hunting with spears in the late Pleistocene and early
Holocene. One is the extinction of many species of large herbivore are the end of the Pleistocene,
which should have produced a decrease in average returns from successful hunts. The second is a
simultaneous shift to smaller game species with higher relative search and handling costs,
whether due to loss of large game or to increased accessibility of smaller animals. Sites such as
Dust Cave in Alabama, as well as several other cave and rockshelter sites with Late Paleoindian
components, are noted for their relatively high diversity of faunal species, including migratory
birds and even squirrels (Walker 2007). The model predicts that if expected returns from use of
spear points declined significantly, there would be longer intervals between replacements, and
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people would allow artifacts on average, to progress farther along the gradient of declining utility
before replacing them. Given the paucity of stratigraphically sealed Paleoindian sites with wellpreserved fauna in the Southeast, it is difficult to derive useful test implications for the region.
However, looking more broadly, if hunting returns did have the expected effects on human
decisions about retaining or discarding spear points, we would expect different trajectories of
change over time in areas such as the High Plains, where at least one large herbivore (bison)
persisted through the Holocene, and the Great Basin, where diets began to broaden quite early on
(see Cannon and Meltzer 2008; Elston and Zeanah 2002:105, and references therein).

Conclusions
This study uses a modified version of the Marginal Value Theorem—a mainstay of
Behavioral Ecology-- to make predictions about the life histories of artifacts that exhibit
declining utility with successive uses. Some predictions— for example that artifacts should be
retained longer as costs increase—conform well with previous thinking falling under the rubric
of TO (technological organization). Other predictions, namely that declines in average yields
from use of tools should result in their being retained longer, are novel. The application of the
model’s general predictions to Paleoindian projectile points from Tennessee, using data from the
PIDBA project, is explicitly exploratory in nature. The study uses coarse measures of projectile
point resharpening in order to take advantage of the existing database. Moreover, we have
comparatively little independent data on conditions such as access to raw material, or yields from
spear hunting, that might have affected criteria for artifact discard. What the model does provide
is a set of alternative hypotheses to account for apparent changes over time in “life histories” of
Paleoindian points. Our principal aim is to show how these kinds of models can be used in
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analyses of archaeological lithics, and not to provide a complete explanation for the life histories
of Paleoindian points in Tennessee.
Surovell (2003, 2009) has also developed a application of the MVT to archaeological
lithic assemblages. Surovell’s approach conforms more closely to Charnov’s version of the
MVT, in which both time and energy appear as currencies. The modified version used here
employs only energy to assess both costs and returns from tools. As discussed above, the
application of these alternative models will vary contextually. If taking time to replace tools
means less time to use them, then Surovell’s version would be more appropriate: if not, then this
version might be more relevant. For example, long-lasting tool forms such as Dalton adzes and
ground-stone artifacts probably conform better with the modified version of the MVT proposed
here. Also, although we have applied the predictions of the modified MVT to changes over time
in the treatment of projectile points, it might be equally, if not more useful for examining spatial
variation in artifact life histories within time periods. GIS-based data on least-cost distances to
raw material sources and reconstructed levels of environmental productivity could be used to test
both alternative explanations for artifact discard strategies simultaneously.
A central assumption of any application of the MVT to stone tools is that tools loose
utility or functionality gradually over time. This is likely to be true of spear points or any other
kind of tool that actually wears out or accumulates structural damage, although additional
experimental work is certainly needed. It is manifestly true of cores, which inevitably get smaller
as they are used, and yield fewer and smaller products as a consequence. Typically, the level of
reduction of cores is linked to the cost or difficulty of obtaining raw materials (e.g., Andrefsky
1994; Beck et al. 2002; Kuhn 1995), consistent with this model (and many others). However,
where the degree of core exhaustion is independent of raw material cost—when for example,
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where it varies within a single archaeological sequence with no evidence for changes in raw
material availability—the model presented in this paper provides an alternative explanation.
The returns realized from the blanks produced from cores might vary according to the functions
of flake tools, with resulting implications for the extent of core reduction. It would be interesting
to examine differential reduction of stone cores across sequences where alternative types of
working edges, such as groundstone or metal tools, became more readily available to a
population. If the ranges of activities involving stone tools declined over time, and in particular,
if stone tools we increasingly relegated to marginal activities, we might expect the cores still in
use to be more heavily reduced.
It is important to point out that the model’s predictions are expected to hold true only if a
range of assumptions (outlined above) is met. Like any formal construction of optimal behavior,
it does not predict that people will always behave optimally—it only describes what optimal
behavior ought to be. It is entirely possible people did not effectively optimize tooldiscard rates,
either because they lacked requisite information, because gains were too marginal to be
effectively monitored, or because conflicting interests with larger fitness consequences weighed
more heavily in their decisions. Failure of the model to predict past behavior points towards new
lines of inquiry that re-examine these preconditions and assumptions.
Beyond providing a provisional approach to studying the results of decisions to abandon
or retain artifacts, a second aim of this paper is to show how formal models from Behavioral
Ecology can be applied to questions and datasets that are normally considered the purview of
studies of “technological organization” (see Surrovel 2009 for a more wide ranging study). As
discussed in the introduction, HBE and TO share many assumptions and goals, even if they
employ rather different theoretical sources and styles of argument. Moreover, manufacture
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debris, used, reworked and discarded artifacts, the normal focus of studies of TO, are the most
abundant elements in almost any lithic archaeological record. With proper re-conceptualization
of the models developed by behavioral ecologists, these abundant and ubiquitous artifacts
provide a readily-accessible and robust testing ground for a range of ideas originating in the
biological and behavioral sciences.
Of course, the simple fact that a category of evidence is very common does not mean we
have to depend on it. James O’Connell often cites the metaphor of the drunken man who looks
for his keys under a streetlamp, even though he dropped them somewhere else, simply because
“that’s where the light is.” His aim is to remind archaeologists that we should not confine our
thinking to the evidence that happens to be most abundantly preserved. However, while his
point is well taken, the metaphor can also be reversed. After all, we don’t really know where we
lost our keys. If there are several sets of keys on the ground around the streetlamp it would be a
good idea to pick them up and see what doors they open.
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