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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 indigenougsplauch 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, | apply
formal models derived from behavib ecology to stone tool assemblages and archaeological site
distributionsto evaluatenodels that have been proposed for the emergence of domesticated
plants.

Based on my results, | 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 Mid
Holocene. More specifically, warming climate caused a significant peak in the availability of
shell fish, oak, hickory, and ddtheMidde Avdndicc h gene
period where huntey at her er groups narrowed their focus
ended, some groups shifted to other plant resotine¢they could intensively exploit in the
same manner as oak and hickory, whiatiuded 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 distributims from thdower Tennessee and Duck River Valleys. Consequently, these
conclusionarea n al t er n a (2011)assdrtion tisanpiant doénastication in eastern
North America came about as a result of gradual niche construction with no evidence for

resource imbalanacar population packing.
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CHAPTER 1

HISTORICAL ECOLOGY AND THE ORIGINS
OF AGRICULTURE IN EASTERN NORTH AMERICA

Introduction

Beginningby at leastLl4,000 years agwith the domestication dhe graywolf, modern
humans have been responsible for artificially selecting traits in other species for their own
benefit CluttonBrock 1999;Germonpre et al. 2012ponard et al. 2002In at least six
different locations worldwide, humansdependently domdstated a varietpf otherplant and
animal specieswhich sparked a radical shift subsistenceconomiesgrom hunting and
gathering tnear complete relianaa domesticatedpeciegBarker 2006 Kennett and
Winterhalder2006:2 Figure 11). From thesdearths of domesticatioagriculture spread
rapidly to encompass almase entire planefThis not onlyirrevocablychangechuman dietary
choices but also generated lotigrmconsequences for the physical environment and human
nutrition that extendo the present dayDjamond 2002Redman 1999Jnganand Teaford 2002
Kennett and Winterhald&006; Zeder 2011 This study examines the possible roles of
populationpressure and resource imbalaimcene of these hearths of domesticati@astern
North Ameica.

In onesense,his research topic falls under the umbrelldistorical ecology, which
Atraces the complex relationships between our
overthelong er mdo and t akes a A h allperspdctiveon enpinoranerttal ¢ a | ,
change and on the practice of intksciplinary researanCrumley 2007:16)The various
incidences of plant and animal domestication provide compealéing studiebecause¢hey

reflectchoices made ovemanygenerationswhich in turncoincidedwith major changes in
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Figure X1. The location®f the earliest independent centers for plant and animal domestication.
(BaseMap: Bing Aerial Imagegy 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, creatignanthropogenic 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 egrecultu
ultimatelyresponsible foa less diverse diet (Milton 2002), increased evidencskieletal
pathologies related tautritional deficienciesnd increased workloag€ohen and Armelagos
1984, higher probabilitie$or exposurdo zoonotic and crowdborne illnessesfiamond2002;
Larsen2002), and fom variety of diseases that impact people today, including hypertension,

diabetes, and heart disease (Eaton di%8. 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)
posethe questiosomewhadtifferently, askingi Why di d food production e
outcompete the huntgratherer lifestyle over almost the whole world, at théiqaar times and

pl aces that it di dhisplaaedtheprodess m histegicalrconiexd,r t i me s ?

demanding attention to conditions at particular places and times.

Why Agriculture?

Starting with Tylords (1&ihtbreeldvass si fi cati o
Abarbarism, savagery, and civilization, 0 seve
in the transition from a huntirgnd-gathering mode of subsistence to one that relies on
agriculture. In the 1930s, V. Gordon Childeaagt t hat a fANeol i thic Revol
endofthelasice Age | n his fAOasis Hypothesis, o Childe
drove animals and people to oases and river valleys, which would have prompteepeicdent
relationship. Havever, climate reconstructions have failed to support this hypothesis (Barker
2006:1617). Moreover, Braidwood (1960), after an extensive survey in the Zagros Mountains in
Iraq, argued that the earliest evidence for agricultural societies did not occoases or major
rivers, but in the Ahilly flanksd of the area
approached the transition to agriculture from a culture historical perspective, and attributed the
transition to a @aors¢Barker 2006e26).tindhe Bnsuing years, thd qaestion
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)arguedncreasing populatiopressure resulting from ameliorating
climatic conditions at the end of the Pleistocemght be responsible for the appearance of

domesticated plants and anim&gpecifically, hecitedan increase isea level and population
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growththat likelyincreased pagation density in the Near East, which brought human groups
closer to the carrying capacity of the regional environment. This in turn promptedgyation

to less populated regions, asubsequentesource intensification. Flannery (1969) applied a
sysems approach tas an attempt to demonstrétat the transition from hunting and gathering

to agriculturewasthe result of a series of positive feedback loops. Most notably, he contends that
Late Pleistocene huntgatherers were already in the procelssxpanding their diet and

utilizing a wide range of plants and animals. Thypothesideen subsequently supported by
regional zooarchaeological analyses (Stiner 2001) and by the discovery of early Epipaleolithic
sites with diverse paleobotanical assemblages such as Ohalo Il on the Sea of Galilee (Nadel and
Werker 1999). With changes inlate at the end of the Pleistocene, hugttherers responded

by increasing their reliance and investment in harvesting, processing and management of wild
cerealsBinford (1968) and Flannery (1969) both argteakthis type of investmenvould have
beenmost necessary in marginal environments where hgatrerers were operating at or near

the carrying capacity of their environme®mn the other hand, Zeder (2011) argues that the
transition to agriculture in the Near East was likely the result of magugl niche construction

that produced an increasingly-dependent relationship between people and the plants and
animals they eventually domesticat&anith (1987, 1992, 2001, 2011as long arguetbr a

similar pathway to domestication in eastern Néxtherica.

In a more contemporary formulation®fi nf or d (1968) and Fl anner
spectrum r e\ Rosenlderg (L908)ypothesizd that as population density
increases, the number of groups occupying patches will continue to incrdasbadreventually
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. Onepogduct of his 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 defendHe argues thateadditional outcome in many cases is that increasing sedentism

fosters innovation to ali@ 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 lateiKKennett and Winterhald¢R006) classified the various models
forplantandanima domesti cation into three types. Bi nif
hypot heses would be categorized as Apusho mod
catalysts for changes in subsistenidee second type adescribedasii p u | | 0 thanelydoa | s
climate change and an increaséhe availability of certain resourcas a causal factor leading
to a cedependent relationship between plants and pe@pie.such exampisChi | dedés (193
AOasi s Hy ptleappeasricesoddorhesticatedmis and animals in the Fertile
Crescent as wel | B ecezt picheonsirsctiof B/@bthesia the same region
Finally, athird group of models focus aocioeconomior socialfactors. Oneexample is
Haydends (1992, dagataidaninmmydpneestitatosay savetodtared as a
result of certain key individual sd6 dsegal re to
status.The following section discusses attempts to apply some of these models to the origins of

plantdomestication 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 26@%1nett and Winterhald&006). Tle
primary domesticates for this region include a variety of $@adingannuals such as goosefoot

(Chenopodium berlandigrand sunflowergHelianthus annuysthat weredomesticated ~5000
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3800calBP  The best document sixsites: éhaPhillip Spsngstsitednat es o

southwestern Missouri, the Hayes site in Central Tenness¢apoleon Hollow and Riverton

sites in southern lllinois, and Newt Kash and Cloudsplitter rockshelters in Kentucky (Smith and

Yarnell 2009:656346562 Figure 12; Table 11). Bruce Smith (1987, 1992, 200digueghat the

transition from gathering to horticulture wagonsequenaaf multiple climatic factors, which

spurred a ceevolutionary relationship between plants and people. He funtfpmthesizedhat

this process began in the rtitblocenen the major river valleys of the micbntinent, which is

consistent with the location of the earliest dated domesticated spechiogves/er, Smith and

Yarnell( 2009: 6565) st at e, fé tchiéanye evidemae shat farmdscapa p p e ar

packing and resource competition played a causal role in either the initial domestication of

easternseedplandsr t heir coal escence into an initial
In addition to riverine habitats, there is also evidencéuse of domesticated plants in

upland settings, most notably on the Cumberland Plateau in central Kentucky (Smith and Cowan

1987; Gremillion 196, 2002 Gremillionet al.2008) and the Ozarks Arkansas (Fritz 990,

1997). Gremillion (2004) argued that the hurgatherers ithe uplandsiuring the Late

Archaic and Early Woodland periods were H®vel food producerse(g.,Smith 2001) and that

the domesticates they were using representethaively lowreturn food item. However, based

on pollen and seed remains fréimmman coprolitesamples, she argued that there was a temporal

lag between the time foatems werecollected(late summer and early fandwhen they were

consumed|late winte and early spring)n her view this provided hard evidence thhe 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 tfrerseeds

domesticates.
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Age Age Range
Sites Species **c BP (cal BP? Lab Number

Phillips Spring, MO  Pepo SquasiC( pepo 4440+75 53424920 Beta47293
ssp. Ovifera

Hayes, TN Sunflower H. annu$ 426560 50814640 Beta45050

Napoleon Hollow, IL Marshelder I annug 3920+40 45624290 Beta216463

Riverton, IL ChenopodCh. 3490+40 39193693 Beta253114
berlandier)("naked")

Cloudsplitter, KY ChenopodCh. 3450+150 41953431 Beta11348
berlandierj(thin-testa)

Riverton, IL ChenopodCh. 3440+40 38823641 Beta253117
berlandierj(thin-testa)

Newt Kash, KY Chenopod (Ch. 3400+150 41343396 Beta11347

berlandier)(thin-testa)

! Adapted from Smith and Yarnell (2009).

? Calibrated with Oxcal 4.1 using the IntCal 09 curve (Bronk Ramsey 2009).

Phillips Sprin
® Ps 2pnng

[ ]
Marble Bluff

-
P Napoleon Hollow

® piverton s Cloudsplitter}' o
. NP o~ Newt Kash ®
™, " Cumberland River
Drainage
(v e
< 0 |
£ Study Area =4 5
: Hayes \
/ Duck River
¢ Lower Tennessee ' _F Drainage

River Drainage

Figurel-2. Location of archaeological sites containing the oldest dated domesticated seeds in

eastern North America with the Cumberlafayer Tennessee, and Duck Rivdmainages
highlighted.The primary location of this study (Benton and Humphiytie$ is also

indicated.



22

Furthermore, Gremillion et al. (2008) found that the limestone benches in the escarpment
of this region may have provided an optimal habitat fotitwture 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 aripated seasonal resource shortfafleore and Dekle (2010) suggest
that the emergence l@w-level food production in thisrea came about as a resulindénsive
seed, nut and shellfish processing that began during thélodtene. However, the upland
populations had little to no accesgiteerine resources and consequently placed more emphasis
on storing nuts and seeds.

Basedon limited evidence, there are several major trends that may illustrate the dynamics
of subsistence change in the periodsiio plant domestication. While evidence for
morphological changes in plants prior to ~5,880BPhas not yet been report€@mith and
Yarnell 2009), despite research programs geared toward capturing and analyzing organic remains
(e.g.,Asch et al. 192Z; Marquart and Watson 2005), researchers t@awvg observe@vidence for
significantandwidespread changes in residential mobility, technological organization, and
resource usduringthe Middle Holocenén the midcontinen(Amick and Carr 1996; Anderson
et al.2007 Brown and Vierra 198 Sassaman 20) This includes an increasing frequency of
deer Odocoileus virginianusin archaeological faunal assemblages (Styles and Klippel 1996)
and the appearance of freshwater shell middens in the major draofigigesnidcontinent,
including the Tennessee and Cumberland Rivenslérson et al. 2007; Clssen 1996Meltzer
and Smith 1986Morse 1967; Smith 198@Gassamaf010; Steponaitus 1986). Moreover, others
conend that there is evidence famincreasinglydiverse diein theLate Paleoindian period

based on the wide array of floral and faunal remains from sites such as Sihéwise® in
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Pennsylvania (Gingerich 2002011 Dent 2007) and Dust Cave in Alabama (Hollenbach 2007,
2009 Walker et al2001). Some have even questioned the assumption thagdige specialist

ever existed in eastern North Amerieaserting thaheeariestpopulations had a much more
generalized diet (Grayson and Meltzer 2003, 2004), although this has generated much debate
(Fiedeland Haynes 2004; Surovell and Waguespack 2008). Conseqtileattyestions of

where, when, and why the trajectory leadiothe domestication of plants and adoption of
agriculturebegann eastern North America remains wide opémthe following secbns, |

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 easterrAieatita.

Human Behavioral Ecologgnd Complex Systems Theory

While many models have bedevelopedo explain why agriculture developed where
and when it didattempts to formally teshemare few and far betwegaspecially in eastern
North America(Gremillion 20@). Kennett and Winterhaldé2006) 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 derieedhuman behavioracology
whi ¢ h b e nitsfhility ® cafryirdorhypéthesis generation a wide variety of postulated
sources of causatidnglobal climate change to the aggraasanent of dominant individuads
(Kennett and Winterhalder 2006:10).

Broadly speakingpractitionersof behavioral ecologgeek to understarftbw human
behavioris shaped byconomic¢andultimately evolutionaryinfluencegSmith et al. 2001:128)
They commonlyassume thatloserto-optimal alternativesdefinedin terms ofcurrengessuch

asenergy or timewill tend to become more common over time at the expense of less efficient
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strategiesBehavioralecologists argue that cognitive and physical structures that allow people to
make optimal decisions are under selection, wisdften referred to as the phetypic gambit
(Grafen 1984; Smith and Winterhalder 1992:38)ther words, Borgerhoff Mulder and Schacht
(201 2: Behaveoura e¢caogisits assume phenotypic plasticity, and a human ability to
assess payoffs and/or learn frothers the best alternative under a given set of ecological and
soci al ci Musappdclagresy e of search on evolutionary biology and animal
behavior in the 1960s and 1970s, and was subsequently adopted by anthropologists and
archaeologig initially as a way to interpret subsistence decisions by hgatberer groups, but

has since been applied to a much wider array of behaviors and contexts (Borderhoff Mulder and
Schacht 2012; Winterhalder and Smith 20B6®wever, most archaeologistterested in

prehistoric subsistence trends or variation in the organization of technology have historically
relied on narrative modelas opposed ttormal modelsfavored bypractitioners ohuman
behavioral ecology (Kennett and Winterhalder &duhn and Miller In Press).

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 reprodediimess. 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 ar e not @Ar acThsons or
senti ment i s e gesanotdiealnl yrpgaritquefo time amt hr opol
resembl ance 1979 R00&267R286) carecaturetoBladno ¢conomicu® critique

economist8attempts to usdeterministic modelt interprethuman behavioand affect public

policy.

! This referencéorms acritical foundation fosubsequent chapters in this dissertation. The unpublished manuscript
can be found in Appendix A.
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To counterthis critique, | would argue that while human behavior is complex, it is not
random. There is a sizable literature arguing that human beings adefsat recognizing
patterns that we are cognitively incapable of consciously creating trdgmadistributions
(e.g.,Bennett 1998, Mlodinow 2008). As a udts while culture surely doesgry outsidehe
realm of strict energetics and reproductive fitness,stafeto say that humans carry out tasks
that are goatiriven to some purpos&he optmality models of behavioral ecology provide a
means to isolate what ssibsistence&conomizingoehaviorin the shorterm, and what is not. In
this sense, optimality models should be viewed as probabilistic, rather than deterministic,
predictors of humandhavior €.g, Kennett and Winterhald®006:1819). When individuals
operate outside of the norm predicted by a particular mtidgldoes not undermine the
usefulnes®f optimality models. Instead, it indicates a situation where people are behaving in
way that is not explainable as directly optimizing for caloric intake, as BBrgeand Smith
(2005) argued in their application of #dAsignal
application of this approach to archaeological data, McGuire dddidfandt (2005) argue that
Middle Archaic hunteigatherers 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 hungj as a means to acquire prestige.

A more problematicssuefor archaeologists ithat while behavioral ecology cdearly
notii a h i s ttherstudeesthat udilize them do have do have a tenderiogus on decisions
overrelativelyshort time framesB e h av i o r a Iprimargpwiht of gleparturs for
interpreting human behaviareformalisms suclas the marginal value theorem (Charnov 1976)
and the diebreadth model (MacArthur and Pianka 1R6Bese modelare designed tmake

predictions regarding the instantaneous decisions of specific individitale/ell-defined
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parametersArchaeological datasets, on the other hand, are more likely to be aggregations of

many decisions made by many people spanning multiple generationgeMidthim

(1991308) argues that this scalar mismatshmost obviousvhen researcheegtempt to map

idealized settlement models derived from optimal foraging theory and ethnographic observations

onto the archaeological recoithis is could also be viexd as one of the potential pitfalls of

extrapolating ethnographic data to the archaeological record that Wob8) ¢a8tioned against

in his classic article on AThe Tyranny of the
Early attempts to bridge deterministic explanatmgdels and the scales of time

represented by the archaeological record occurred in the 1960samhaeologists (and others)

brought a new set of ideas from systems theory into the study of human ecology and behavioral

change. Systems theory has its saatecology and the cybernetics of the 1940s and 195ds

theuse of the systems concept in archaeology gained traction with the work of David Clarke and

Kent FlanneryKohler 2011; Lansing 2003). In particular, Flannery @9&ed this interpretive

framework to model the origins of agriculture as a series of positive feedbackHowp=/er,

these models were critiqued on the grounds that they were overly functionalist, assumed systems

gravitated towards homeostasis, and relied on outside stimulilfare change (Salmon 1978).

lan Hodder, a onime 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 fromthe fdctett i Ho d d e r ;proeessdalists,thfiddecome o s t

dissatisfied with a failure of processualism generally to be sufficiently contextual and historical,

to account for active agency, and to progress

oder to approach cul tural meanings. o0
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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 tk@asion in the availability of personal
computers€.g, Kaufmann and Johnsen 1995ngton 1991 Wolfram 1984. As a speific
example, John Holland (199%ne of the pioneers of genetic algorithms, became interested in
the ability of agents with veryrsiple decision rules to spontaneously interact, organize and adapt
to novel environments in the absence of a centralized, decrsa&ing hierarchy in a variety of
contexts. Perhaps the most widely cited example of this type of process are the invotations o
Adam Smithés (1776) dAinvisible handod metaphor
organize to meet the demands of consumers even in contexts with little to no centralization.
Many agents making small, but similar, decisions have the abilggrme contexts to generate
complex macrescale phenomeranalogouslyike ants creating elaborate coloniesy
Holldobler and Wilson 2009). These typesaiergenp henomena, dubbed ficomp
systems, 0 ar e al s oondiians, whers subtle vatiation i eitheo startingi t i a |
points or external influences can lead to chaotic;lm@ar outcomes (Gunderson and Holling
2001; Lansing 2003; Lorenz 1963).

While the insights gleaned from the study of complex systenestha potatial to
bridge the temporal divide between the modelsuhan behavioral ecologynd the
archaeological record, only recently have archaeologists began to explagtithem Bentley
and Maschner 2008; Kohler 201Examples includ®eanet alQ 6 fiLO0D@0 House Va
simulations that explored community scale settlement dynamics among the Anasazi in
northeastern Arizona and Mizoguchi s (2009) wu

state formation in JapamMore indirectly, historicaécologistge.g, Crumley 1994)as well as
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thoseutilizing panarchy and resilience theory from ecol¢gy, Gunderson and Holling 2001)
have incorporated insights from complex systems theory as a wapltore greatetime-depth
and historical contingncy to understarmaly 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
Mc Governds (1994) an atsgcelonges on Greenland. While climater e o f
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 ardufrst 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 margeea.ar
Second, while there were obvious examples from nearby indigenous groups that illustrated how
to survive during a climatic dowturn, the Norse colonists stubbornly clung to their European,
agrarian lifestyle. Consequentlywasthe very procegsby which the Norsecolonized
Greenland, as well as their refusal to adopt alternative subsistence strétegieisibited their
ability to adapt and made theontinuedprospects for settlement unsustainable.

A historical ecological approach that comdsithe formal models of behavioral ecology
with the insights from complex systems theaquld bevaluable in two regards. First, the
models from behavioral ecologyovide a baseline for interpreting prehistoric behavisr.
illustrated in Figure 43, if you were to frame this asbivariate plot with the axis representing
some predictig parameter, and theaxis as the observed behavior, the studies of ethnographic
huntergatherers have helped to establish expectations for how people shoul@dbe ineh

certain conditiongBi r d and OO6 Co n n @.Cdnseguerilys whenkae dbsegatidn9 9 5
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does not conform to expectatshen that provides analysts a means to either challenge their
assumptions, dt provides a way to diagnose when behawdreing determinely goalsother
thansubsistenceconomizing behavias modeled Second, the general tendencies of petple
preferentially adhere to simple economic decisions, given enough frequency, have the potential
to generate the kind of emerggattterns predicted by the complex systems literature. As an
example, Schelling (1978) found, after generating a rather simple series ebagedtmodels,
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 Nobellestie Paul Krugman (1996), want to know how

they work so as to better understand the feedback loops that lead to structural inequality

Observed Behavior ————»

Interesting Case

Predictive Parameter ——»

Figure 13. Heuristic illustrating how to use the formal modietsn Human Behavioral Ecology
to interpret past davior.
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modern economies. Krugman (1996:16) argues for generating expectations buitticrom

economic rationality models, which are often used as null models, and then scaling these up to a

macraeeconomic level to examine the aggregate result of these decisions. This is how he

proposes that economists can untangle what people should dg Vi¢ine economizing for

dollars, what they actually do, and what the subsequent consequences are at larger scales.
Stiner (2001) applied this same logic to analyagation in subsistence strategies

between Neanderthals and modern humans in the eastglitemanean. She found that

Neanderthals focused on prirage adult ungulates and smaller gameweeslow and easy to

catch and argued that tlednsistent use of such higiturnprey ispredicted by the diet breadth

model.Neanderthalsvere able talo this consistently becaudeyappeared to havelatively

low population densitied.ater Upper Paleolithicimans, on the other hand, quickly depressed

the population oflow-movingsmallgame(which also have slower reproductive ratesyl

larger game species. They theincorporating fasmoving small gamea wider ageprofile of

ungulatesandmorecostly (but nutritioug vegetable foods into the diéthis different

subsistence signature is most likely dugreater rates of sustained populatioovgh, which

led to the depletion of local game populations and greater investment inrbovked specie$n

this exampleStinergenerated a feWwasic expectations from behavioral ecology, operationalized

them over a large period of time with a larg¢éedat, and showdtatt he @A br oad spectr

r ev ol utliketythé cuwimation of a string of subsistence decisixtending baci80,000

years.Just as importantly, she demonstrated thataggregate result ofdividuals preferentially

adhering to aimple decision ruleg(g.,maximizing caloric returnpver many millennia had

major repercussions for the ecology of the eastern Mediterraheéms sense, e could argue
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that Stinero6s r esear macroecenonagor neoseaimipd e of pr ehi

guant it at i weepha psptreg,dtobr aid &eeldidarnick 201).

Applying aHistorical Ecologcal Approach in Eastern North America

Conductingdetailedanalyses of prehistorgubsistence decisioase notoriously difficult
because @ral 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 testhe various competing moddts the trandion to agricultureyve
must lookto other datasets-or better or worse, stone tools are the pesterved and best
represented artifact class with which to observe changes in human culture over long periods of
time. Fortunately, thédower Midsouth andthelower Tennessee and Duck River valleys
particdar, is known for its abundant and diverse lithic assemblages from the Pale@ndian
Archaic periodgAmick 1987 Anderson et al. 201@roster and Norton 199&roster et al.
2013 Lewis and Knebrg1959. The Tennessee abdick Riverdrainages in central Tennessee
contain multiple cherbearing limestone formations that provide ready sources of raw material
for stone toolgAmick 1987) Many have noted that proximity to raw material sources
cortributed to high rates of artifact discard (Andrefsky 1994; Beck et al. 20@®ar 1994;
Kuhn 2004; Surovell 2009). In central Tennessee this tendency is reflected in the abundance and
ubiquity of early archaeological sitaad artifacts recorded in pate collections (Broster dn
Norton 1996 Broster et al. 20)3Moreover,the abundant sources of lithic raw matenmly
have contributetb the extraordinarily high numbers of Paleoindian and Early Archaic bifaces
recovered in Tennessee. Benton and Hueygtountieshave some of the highest densities of

Paleoindian period afticts, as well asne of the most abundant and continuous records of stone
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tool technology for the Paleoindian and Archaic periods in eastern North Ar(feniderson et

al. 2010;Prasciunas 210).

More importantly, these two counties aearthe geographic center of the distribution of
sites with the earliest documented domesticated plant remains in eastern North Abheryca
arelocatedlocated at the mouth of the Duck Rivelhish has been extensively surveyed and
contains the Hayes site, which hasldedthe earliest documented domesticated sunflower seeds
(Crites 1987; Smith and Yarnell 2009he Duck River also traverses multiple physiographic
provinces irthe Midsouth aregion 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 (Smatind Yarnell 2002 Moreover, the state of
Tennessee has artige Paleoindian projectile point survey (Broster and Norton ;1B86ster et
al. 2013 and site file recordihatare good sources of spatial information about patterns of land
use at different period®\(derson 1996Prasciunag011). Analysis of the disibutions 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 marganaas. 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 agriculure.

Research Questions
This study examinethe possible rolesf population packing, integroup competition,

and differential mobilityin regards tahe origins of domestication and agriculture in eastern

North America More specificallyl asses§ mi t h and Yarnell s (2009: 6

[=

~
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At here does not appear t o bmackimpaadresourcdé any, ev
competition played a causal role in either the initial domestication of eastern seed plants or their
coalescenceintoanni t i al ¢ The first pad of thé stugy.involves a detailed
evaluation of Paleoindian and Archaic perinthceassemblages to make inferences regarding
changes in technological organization useldhesr Tennessee River Valley using economic
approaches derived from (or related to) behavioral ecolgy Kuhn 1995, 2004; Surovell
2009). Then,imr der t o examine demographic trends, |
(Kennettet al. 2006McClure etal. 2006;Sutherland 1996 aformal economiamodel
sometimes used by behavioral ecologdistpredict when a species should exploit a new habitat.
This model is used to interprelhanges in the spatial distribution of temporally diagnostic
artifacts andarchaeological sites in thewer Tennessee arfduck River drainages

In Chapter2, | discuss thenvironmental settingndculture historyin the southeastern
United States, which includes a compilation of radiocarbon dates associated with temporally
diagnostic bifacesin Chapter3, | provideoverview of recent approaches to the study of biface
technological organizatioandoutline an analytical approach derived from econonaas. (
Marshall 1890) antiehavioral ecologye(g, Kuhn and Millerin presg as a meant® make
inferences about prehistoric residential mobility and subsistétizen use twalistinctcase
studies Puntutjarpa Shelter in Australia (Goul@77) and GatecliffShelter in Nevada (Thomas
1983), to demonstrate how patterns in bifaeehnological organizatiorelate to prey size and
hunting returnsln Chapter, | apply thesensightsto a sample of sites selected from Benton and
Humphreys counties that span the Early Paleoindian through Late Archaic periods (>13,000
3000cal 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 plantdn Chapter5, | discuss previous attempts to model prehistoric deapbgy in

eastern North America, with particular emphasis on studies using the distribution of radiocarbon
dates and archaeological sitégshen use the Ideal Free Distributiand, Kennettet al. 2006

McClure et al. 2006; Sutherland 1996 interprethe distribution of archaeologicsites through

time in thelower Tennessee and Duck River Valleyorderto assess demographic trends in the
Midsouth In the final chapterl argue that the origins of plant domestication came about within

the contexbf amillennialscaleboom/bust cycle that has its roots in the Late Pleistocene and
culminated in the MieHolocene. More specifically, warming climate caused a significant peak

in the availability of shellfisppi ogkpohnté&od:
Middle Archaic period where huntgatherer groups narrowed their focus on these resources.
After this fAboomd ended, some groups continue
could intensively exploit in the same manngoak 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 organizeon and site distributions from thewer Tennessee and Duck River
Valleys.Consequentlythis study provides a nuanced understanding of demography and

environmental effects in the time peridtiatpreceded 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 Amrica, this debate revolved around two ifrfated 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-2PM2idle their
construction was attributed to a variety of gr
mysterious race of AMoundbuilders, o Cyrus Tho
demonstrating that the ancestors of contemporary Native Americans constructedateds
(Anderson and Sassaman 201218j. 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 Eunopelaewhere (Meltzer
2009:6869). This debate was amplified with the announcement by AbI®I{7( 1889 that
APal eol ithico artifacts had been discovered i
showed that the simple fact that these artifact®wardely 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 2009:88). It was not until the discovery at Folsom,
where stone projectile poinfse. Folsom points) were found in association with extinct species
of bison, that a Pleistocefaged human presence in the Americas was establistedtz ér
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 extincipgcies of bison and mammoth (Barian and Cotter 1999). However, it
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was not until the later work by of E.H. Sellards and Glen Evans that #tigistphic distinction

between Clovis and Folsom was identified, which at that time made Clovis the oldest
documented archaeol ogi cal Acultured in North
sites purportedly older than Clovis in North America (Mett2009:95135), there has been a
continuous human presence in North America dating to at least 1%PB€* (Waters and

Stafford 2007:1123).

Although there is an extensive record of a Paleoindian presence, very few stratified sites
containingPleistoceneaged 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 fromw sitato
and usually from plowed fields. Furthermore, professional archaeologists do not discover most of
these artifactswhichinstead reside in private collections (Goodyear 1999:433). Meltzer (1988)
interpreted this pattern of scattered isolated fimdsfaw 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 sitegs 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 sedimentationeince th
arrival of people. Additionally, the warm, mesic climate of this region promotes the decay of
materials that can be radiocarbon dafidtht thesdactors inhibit the preservation of organic
materialss reflected in recent continental scale databasesdibcarbon datesyhich contains

comparatively few dates in the southeastern United States compared to otherlpartis of

2 Unless noted otherwise, all dates are calibrated usingOx®alg.i ng t he flnt Cal 09
(Bronk Ramsay 208) and presented dsalendaryearb e f or e present o (cal B P
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America (Buchanaet al. 2008; Miller and Gingerich 2013a; Waters and Stafford 2007). As a
result, the Pleistocene archaeologiealard 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 cuhig®rical framework (Miller and

Gingerich 201B).

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 systeraathaeological 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 advaonéeeservoir 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 Valleiuthority (TVA), the Army Corps of Engineers, and other government
agencies continued this tradition of funding archaeological research (Anderson and Sassaman
2012:19, 2230).

As a result of sustained archaeological research over several decadesalecgéne
historical sequence for eastern North America began to takeiridtra middle of the 2D
century In particular, Joffre Coeb6s stratigraphi
sites along the Pee Dee River in North Carolina (C&4;1Paniel 2001), along with research in
Tennessee (Lewis and Kneberg 1959) mordhern Alabama (Cambron and Hulse 99@/ebb
1939; Webb and Dejarnette 1942), provided much of the critical foundation upon which the

contemporary culturbistorical framework i9ased upon. Moreover, with the addition of the
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excavation of sites such as Koster and Napoleon Hollow in lllinois (Brown and Vierra 1983), St.
Albans in West Virginia (Broyles 1966), Ice House Bottom, Bacon Farm, and Rose Island in
Tennessee (Chapman 19R&émball 1996), the culture historical sequence for eastern North
America was reinforced by further stratigraphic excavations as welj@svéng numbeof

radiocarbon dates.

Culture History and Climate Change

In the early days of radiocarbon datirgg, 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 Giriffin, the director of the Museum of
Anthropology. These include the datexir&t. 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 Griffinbs access to o
America, providednuch of the underpinning for his broad culture historical sequence for eastern
North America €.g.,Griffin 1952, 1967). Griffin (1952) initially divided the prehistory of North
America into Paledndian, Early Archaic, Late Archaic, Early Woodland, Midw#eodland,
and Mississippian periods based on variability in material culture, inferred social organization,
and subsistencéle focused oputting the attributes of these divisions in relative order. In a later
update of this chronology, Griffin (1967)adlorated on his cultwieistorical 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).

Smith (1986) contends that subsequent attempts to update this framework have often
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Table 21 . J a me scult@ehistory foreagtesn North America
Griffin (1952) Griffin (1967)
Paleolndian (12,0068,000 Years ago) Paleolndian (9,5008,000 B.C.)
Small groups hunting bison and mammoths, but like Small huntergatherer groups, probably responsible
utilized local flora and fauna ieasternNorth America for hunting large mammals to extinction.
Early Archaic (No Date Range) Early Archaic (~8,0085,000 B.C.)
Patrilocal bands, mortars and pestles, "hot rock" Some continuity with earliggroups, but thinly
cooking, shell "heaps" scattered with more diverse subsistence.
Late Archaic (No Date Range) Middle Archaic (6,004,000 B.C.)
Soapstone, bmerstones, steatite containers, coppel More groundstone and polished stone tools, elabol
shell mounds, more elaborate bone tool bone technology, shell utilization.

technology and burials
Late Archaic (4,004,000 B.C.)

Early Woodland (No Date Range) "Time of considerable population grtw clear
Economy the same as Late Archaic, but now includ regional adaptation, and exchange of raw materia
burial mounds and more projectile point diversity (178)
Introduction of pttery the appearance of small village Large shell middens, copper production,

early pottery (fibetempered)
Middle Woodland (No Date Range)

Hopewell, Large Ceremonial centers Early Woodland (1,00€200 B.C.)
Adena complex, burial mounds,
Mississippian (No Date Range) small villages, early agriculture
Pyramidal mounts, fortified villages, corn agriculture
matrilneal and matrilocal groups Middle Woodland(200 B.C.- 400 A.D.)
Continuity with groups observed by Hopewell Ceremonial Centers and Exchange
the first European explorers. Networks

Late Woodland (400 A.D.1,000 A.D.)
Introduction of Maize agriculture and temple moun

Mississippian (1000 A.D- European Contact)
Inception and spread of the "Southeastern Cergai
Complex"

by ~

settled on either a ficultural o or fAnatural o
chronological framework along the same lines as Griffin (1967). Aside from a brief discussion of
the environmental changes during the Latddbcene 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 mel@nges irvegetation €.9.,Delcourtet al.

1983), which was subdided based on broad scale variation in climate. Anderson (2001)

provided a more updated and explicit integration of climate and culture, which was in part

a
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spurred by more detailed pateavironmental information. In the following sections, | discuss
broadscale 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
projecti Thelower Tennessee and Duck River drainages.

Thepublication 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 (Gi8eR)contains a
record of past temperature and atmospheric conditions for the last 110,000 years (Alley 2000).
From the GISR data, Alley (2000) argues for abrupt changes in climate, most notably the
Younger Dryas cooling event (12,90Q1,700cal 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 maweahad on people, especially beyond eastern North
America and western Europe (Meltzer and Holliday 2010; Strauss and Goebel 2011).

Anderson (2001) designates the APaleoindia
the initial appearance of peopleNlorth America and spanning the Younger Dryas (>13;450
11,450 Cal. BP/ 11,50010,000*C yr BP, Figure 21g Table 22). Like Smith (1986),

Anderson (2001) also sets the beginning of the Archaic period, which is furthéivgldd into

the Early (11,450 8,900 Cal. BP/ 10,0008,000%C yr BP), Middle (8,900 5,700 Cal. BP/
8,0001 5,000%C yr BP), and Late (5,7003,200 Cal. BP/ 5,000 3,000'“C 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 temperaturacsedevel rise beginning at the end of the Younger Dryas. The
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Figure 21. (A) Greenland Ice Sheet ProjetGISP2) temperature reconstruction (Alley 2000)

and the culture history periods for eastern North America (Anderson 2001). (B) Mean July
tempeature reconstruction for the southeastern United States (Viau et al. 2006) and the Archaic
period culturehistorical divisions for eastern North America (Anderson 2001).
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Table 22. Thecurrentculture-historical sequence foeastern North America (adtgal from
Anderson and Sassaman 2012: 5).
Calendar Dates

(approximate) Period Culture Complex
>11,050 B.C. Early Paleoindian PreClovis
11,050- 10,950 B.C. Middle Paleoindian Clovis and other fluted point types
10,950- 9,950 B.C Late Paleoindian Daltonand other unfluted lanceolates
9,950 B.C- 6,900 B.C. Early Archaic Early SideNotched, CorneNotched, 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 theHuoldcene

that has been | abel ed as t heHoldcaretlimatither mal , 0 A
opti mumo (Anderson et al. 2007) . afmeredridtat e Ar c
Mid-Holoceneconditions (Anderson 2001:1663). The enaf the Archaic period is more of a

boundary directly related to changes in material culture, more generallydbspread

appearance of pottery, but also the collapse of the regioclahege 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 full

fledged gardening complex, a collapse ardnganizaion of longdistance 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 skelipered pottery and wattenched houses, and the spread of

the ASoutheastern Ceremoni allée6Compl exo (Ander s

While theGISP2climatic reconstructions are informative about changes in climate across

the North Atlantic, and to a certain ert 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 suisamples being the southeastern United States (Figure 2

1b). While their temperature reconstruction bears striking resemblance to the temperature

reconstruction foGGISP2 many of the other regions in their sample do not. However, on

noticeable difference betwe&iSP2and Vi au et al . 6 s (2006) temp

southeastern United States is a more pronounced peak in temperature that lasted several centuries

around 7,00@alBP, coinciding witHypdiet ieédd malt .h@er mal 6 o
These broadcale 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 Maximw&M) to present (Figure-2). Their

reconstructions are based on a large sample of pollen records, which they then used to

extrapol ate floral composition and generated

(1938) physiographic provinces. They argfuat during the. GM (23,00016,500 BP*C year

BP/ 27,852 19,638cal BP, much of eastern North America was coveredareal forests

composed of paominantly spruceRicea sp), but also fir Abies sp.and jack pineFinus

bansiand. In some instanceablese 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 aliverse mix of temperate species including be€&ely(s sp, maple Picea sp),

walnut Juglanssp), hickory Carya sp) and oak Quercus sp.)They occurred in diversity of

settings, including loessapped uplands, ravines within sandy interfluves, tae irregular

topography of karstic terrain.
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Figure22 . Del court and Delcourtdés (1985:16) veget
America.

During the Late Pleistocene (16,500 to 12,500'%&Pyear BP/ 19,638 14,761cal 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 thest®leene, 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 (12,80000%‘C year BP/
14,761 8,879cal 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
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their modern counterparts, with mixed conifer and deciduous forests with no modern Bnalog.
the Mid-Holocene (8,500 4,000 BP*‘C year BP/ 8,879 4,478cal 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 conditiopatral 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 comlyle¢placed by southern pine.

In the Late Holocene (4,000C year BP to present/ 4,4¢8l BP spruce and fir are
restricted to the high altitudes, and there was an expansion eZktnut forests across the
southern Appalachian Mountains. Shieaf 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. Importantiypelcourt 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 agric
reconstuction 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-3 illustrates the northward expansion of @iminated forestsdm the Late
Pleistocene to present day. In the following sections, | discuss changing environmental
conditions as reflected in more local proxy records found within the HighlancidnNashville

Basin.
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Late Pleistocene/Holocene Environment in the HigdlRim and Nashville Basin

There are three classic palenovironmental studies for thewer Tennessee and
Cumberland River drainages in central Tennessee (Figrg 2 The first i s Delc
analysis of pollen cores from Anderson Pond from W@enty, which contains a 25,08@ar
pollen record for the Eastern Highland Remdwas one of the sample localities for Delcourt
and Delcourtodos (1985) subsequent study of the
above. At Anderson Pond, Delcot979) inferred evidence for boreal forests during full glacial
conditions from the presence of jack pine, spruce, and fir pollen. Durifgeth@nal
Pleistocene and Early Holocene, these species were replaced by more deciduous, mixed
mesophytic forestomposed of ash, ironwood, hickory, birch, butternut, willow, and elm, which
were then followed by beech and sugar maple. DuriniytideHolocene, 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 aochfiwesition 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 regidviingo Pond (Delcourt 1979) and Jackson Pond
(Wilkins et al. 1991). Similar to Delcourhad Del court 6s (1983, 1985) o
change irforest composition, the pollen cores from both Jackson Pond and Anderson Pond show
large increases in oak pollen during Mal-Holocene. After generating a correlation matrix for
the pollen cants from Anderson Pound, | 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 (F2gbye
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Figure 23. Distribution of Oak pollenQuercus sp.in eastern North America based on
interpolating count density from Williams et



48

A PO
S S ¢
‘.J/\ .
\0’7 be, A2 ﬂj ( QL“ K
\\,\/aﬂ"’kiver \\ i M \3\\\5
Western i S < Anderson Pond
’ i ; \ Nashville Basin o () -
Highland Rim - ¥
M"'j? Nashw/le R‘\fg
~ ™ ) Cumberland
& 23 N, Eastern =2
GulfCoastal & 7. Rivey Columbia N Highland ‘S,' Plateau %
Plain /G Z i\ RBeservoir Project Rim & Jad
—~— h? rty S
x . 5
é"\""”‘ Cheek Bend C b WIS @ Py o
‘C/\ eek Bend Cave Mingo Pond . A\
3 3 <
i \2’ ¥ 5 : 2
; 0 15 30 60
{k y 2 ; ‘vam,»iwufrf }(;‘H . :_— %
N — A :}déﬁ AL /o Kilometers —
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Consequently, forests became increasingly diverse over during the Holocemeparisorto
full glacial conditions.

Klippel and Parmalee (1982) later compared their analysisedatmal remains from
Cheek Bend Cave in Maury County, Tennessee to the pollen records from Anderson Pond. This
cave, excavated as part of the T ¢ponsored Columbia Reservoir Project, consisted of eight
strata that were Pleistocene to Midlocene in agelhey argued that the faunal record in this
cave, especially the small vertebrateg(moles, shrews, mice, and rats), represent the natural
death assemblage since archaeological remains were present only at the uppermost strata, and
that there was novaence 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 Appalach
that found that the ability for raptors, one of the primary vectors by which these small mammals
end up in cave assemblages, to travecsdogical zonegreatly impairs the ability to use small
mammals as a source of information. In the case of CBeer#t 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 representthe 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 Hafirowa! (
ulula) and Boreal OwlAegolius funeregsn the same strata (Parmalee and Klippel 19B2ey
noted asubsequerghift in the assemblage that may represent ameliorating climate congruent
with Delcourtdés (1979) interpretation of the
Anderson Pond. In Strat IV, they found species adapted to rperef@bitats, 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 conditionslid-the
Holocene. Finally, in the uppermost stathey argue that the species reflect deciduous forest
expansion at the expense of the cedar glade habitat.

Brackenridge (1984) conducted one of the few lacme geomorphological studies of
the region that, like the excavations at Cheek Bend Cave, pegt of the TVAsponsored
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 39¢@®0ecord of
floodplain sedimentation, erosion, andoslity that was dated using a combination of
radiocarbon dating and temporally diagnostic archaeological remains (Figluréi@ found that
Late Pleistocene deposits are five meters above the modern floodplain, and there is also evidence
for severe bedrdcand floodplain erosion likely dating to the end of the Pleistocene. This was
followed by vertical and horizontal aggradation during the Early Holocene. By ¥Q@@ar
BP (8,000cal BP), the floodplain stabilized and soil formation occurred, whichrjaes
probably is related to warmer, drier climate during the-Malocene. Around 6,20C year BP
(7,084cal BB, sedimentation again overtook soil development, which he argues indicates more
humid conditions that were punctuated by two additional dpsof soil development that
ended at 2,608C year BP (2,746al BP and 150"C year BP (14%al BP.

These three records appear to reflect broader paleoclimatic trends in eastern North
America (Figure 7). First, both the pollen record at Andersoméand the faunal record at
Cheek Bend Cave provide evidence for boreal forests present at full glacial conditi@hs, wh
then gave way to warmer, wetter conditions duringTteminal Pleistocene and Early
Holocene. This transition is also evident in g@@morphological record, where a major

erosional discontinuity may be related to the changeover in forest compoEitencrease in
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precipitationincreased the amount of water entering river systems, while the increase in
vegetation decreased the sediment load entering the rivers. This would have provided the
conditionsfor lateral erosion and doweutting 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 toduscale changes in precipitation and land
cover.

During theMid-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 faalee 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
theMid-Holocene soil observed by Brackenridge (1984). Warmer temperatures coupled with
less precipitation would reduce sedimentation and foster soil development. Finally, at the end of
theMid-Holocene, modern odhkickory forests became established, whichflecéed both in the
pollen records at Anderson Pond and an increase in more -tlabédt 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 spancBearidge noted that the Duck River began
aggrading again with the exception of two periods of soil development that ended &f@,600
year BP (2,74%al BP and 150“C year BP (142al BP. In the following section, | discuss the
culturehistory of theMidsouth and how it relates to the pateavironmental 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 Lateri®ecene 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 artitds such as projectile points and pottery to coze sites elsewhere.
However, the oldest dated pottery in eastern North America is Stallings Islantehiyeered
pottery, which dates to 3,5@@l BP(e.g.,.Sassaman et al. 2006). As a result, archgesibbhave
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 diagnostitifacts to date archaeological assemblages is not
without its pitfalls. For example, it is still unclear as to why projegiilmt shapeshange 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 techn@agyBuchanan et al.
2011), it could also reflect evolving communities of practeg.(Bettinger and Eerkens 1999;
Thulman 2006) or neutral transmission operating on thefhportons 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 wealuced prior to the development of abake
acid 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 wilfocus on using a collection of dates associated with temporally

diagnostic artifacts from published, welited sites found in the project study area (Tai3 2
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Table 23. Selected radiocarbalates forsites ineastern North America.

Site Component LabNumber C Date + Reference

Johnson Fluted (Clovis?) Tx-6999 12660 970 Barker and Broster 1996:98

Johnson Fluted (Clovis?) Tx-7454 11980 110 Barker and Broster 1996:98

Johnson Fluted (Clovis?) Tx-7000 11700 980 Barker and Broster 1996:98

PaleoCrossing Clovis AA-8250C 11060 120 Brose 1994; Gingerich
2007:155

Shawnee Clovis W-3391 11050 1000  McNettet al. 1985; Gingerich

Minisink 2007:91

Sloth Hole Clovis SL-2850 11050 50 Hemmings 2004; Waters and
Stafford 2007

Shawnee Clovis UCIAMS- 11020 30 Gingerich 2007:91;Gingerich

Minisink 24866 and Waters 2007:91

Paleo Crossin Clovis AA-8250E 10980 110 Brose 1994; Gingerich
2007:155

Shawnee Clovis Ox-A1731 10970 50 Gingerich 2007:91

Minisink

Sheriden Cave Clovis Beta127910 10960 60 Redmondand Tankersley
2005:503; Waters and Stafforc
2007: 13

Shawnee Clovis Beta101935 10940 90 Dent 2002:57; Gingerich

Minisink 2007:91

Cactus Hill Clovis Beta81589 10920 250 McAvoy and McAvoy 1997

Shawnee Clovis UCIAMS- 10915 25 Gingerich2007:91

Minisink 24865

Sheriden Cave Clovis UCIAMS- 10915 30 Waterset al. 2009:109

38249

Shawnee Clovis Beta127162 10900 40 Dent 2002:57; Gingerich

Minisink 2007:91; Gingerich and Water:
2007:91

Sheriden Cave Clovis Beta127909 10840 80 Redmond and Tankersley
2005:503; Waters and Stafforc
2007: 13

Shawnee Clovis Beta203865 10820 50 Gingerich 2007:91;Gingerich

Minisink and Waters 2007:91

Paleo Crossin Clovis AA-8250D 10800 185 Brose 1994, Gingerich
2007:155

Shawnee Clovis W-3134 10750 600 McNettet al. 1985; Gingerich

Minisink 2007:91; Gingerich and Water:
2007:91

Sheriden Cave Clovis AA-21710 10680 80 Redmond and Tankersley
2005:503; Waters and Stafforc
2007: 13

Sheriden Cave Clovis Betal1l17606 10620 70 Redmond and Tankersley
2005:503; Waters angtafford
2007: 13

Sheriden Cave Clovis Betal1l17603 10600 60 Redmond and Tankersley
2005:503; Waters and Stafforc
2007: 13

Shawnee Clovis W-2994 10590 300 McNettet al.1985; Gingerich

Minisink 2007:91

Sheriden Cave Clovis Beta117605 10570 70 Redmondand Tankersley

2005:503; Waters and Stafforc
2007: 13
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Table 23. Selected radiocarbafates forsites ineastern North Americécontinued.

Site Component Lab Number *“C Date + Reference
Sheriden Clovis Betall7604 10550 70 Redmond and Tankersley
Cave 2005:503; Waters and

Stafford 2007: 13

Rodgers Dalton ISGS48 10530 650 Coleman 1972:154

Shelter

Dust Cave Quad/Beaver Beta81599 10500 60 Sherwoocet al.2004:539
Lake/Dalton

Dust Cave Quad/Beaver Beta40681 10490 360 Sherwoocet al.2004:539
Lake/Dalton

Dust Cave Quad/Beaver Beta81613 10490 60 Sherwoocet al.2004:539
Lake/Dalton

Dust Cave Quad/Beaver Beta65179 10390 80 Sherwoodet al.2004:539
Lake/Dalton

Dust Cave Quad/Beaver Beta100506 10370 180 Sherwoocet al.2004:539
Lake/Dalton

Dust Cave Quad/Beaver Beta40680 10345 80 Sherwoodet al.2004:539
Lake/Dalton

Dust Cave Quad/Beaver Beta81609 10340 130 Sherwoodet al.2004:539
Lake/Dalton

Dust Cave Quad/Beaver Beta41063 10330 120 Sherwoocet al.2004:539
Lake/Dalton

Dust Cave Quad/Beaver Betal133790 10310 60 Sherwoodet al.2004:539
Lake/Dalton

Dust Cave Quad/Beaver Beta65181 10310 230 Sherwoocet al.2004:539
Lake/Dalton

Rodgers Dalton M-2333 10200 330 Crane and Griffin 1972:159

Shelter

Dust Cave Quad/Beaver Betal147135 10140 40 Sherwoocet al.2004:539
Lake/Dalton

Dust Cave Quad/Beaver Betal133791 10100 50 Sherwoocet al.2004:539
Lake/Dalton

Dust Cave SideNotched Beta81602 10070 60 Sherwoocet al.2004:539

Dust Cave Quad/Beaver Beta81610 10070 70 Sherwoodet al.2004:539
Lake/Dalton

Dust Cave Quad/Beaver Beta147132 10010 40 Sherwoodet al.2004:539
Lake/Dalton

Dust Cave Quad/Beaver Beta65177 9990 140 Sherwoocet al.2004:539
Lake/Dalton

Dust Cave Quad/Beaver Beta133788 9950 50 Sherwoocet al.2004:539
Lake/Dalton

Thunderbird CornerNotched W-2816 9900 340 Gardner 1974:5

St. Albans SideNotched M-1827 9900 500 Broyles 1966:18, 4@1

Dust Cave Quad/Beaver Beta81611 9890 70 Sherwoocet al.2004:539
Lake/Dalton

Puckett Dalton Beta48045 9790 160 Nortonand Broster 1992:34,

1993

Dust Cave SideNotched Beta81606 9720 70 Sherwoodet al.2004:539

Graham Dalton/SideNotched M-130 9700 500 Crane and Griffin 1956:667

Cave

Stanfield Dalton/SideNotched M-1152 9640 450 DeJarnette et al. 1962:&

Worley

Johnson CornerNotched AA-9165 9555 90 Barker and Broster 1996:98
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Table 23. Selected radiocarbafates forsites ineastern North Americécontinued.

Site Component Lab Number *“C Date + Reference
Graham Dalton/SideNotched M-1928 9470 400 Craneand Griffin 1968:8485
Cave
Stanfield Dalton/SideNotched M-1346 9440 400 DeJarnette et al. 1962
Worley
Ice House CornerNotched GX-4126 9435 270 Chapman 1976:3
Bottom
Patrick CornerNotched GX-4122 9410 290 Chapman 1976:3
Ice House CornerNotched GX-4125 9350 215 Chapman 1976:3
Bottom
Stanfield Dalton/SideNotched M-1347 9340 400 DeJarnette et al. 1962
Worley
Rose Island CornerNotched GX-3564 9330 250 Chapman 1976:3
Shawnee Clovis W-3388 9310 1000  McNettet al.1985; Gingerich
Minisink 2007:91; Gingerich and

Waters 2007:91

Graham Dalton/SideNotched M-1889 9290 300 Crane and Griffin 1968:885
Cave
Fifty CornerNotched w-3006 9250 300 Carr 1986
Ice House CornerNotched GX-4127 9175 240 Chapman 1976:3
Bottom
Central CornerNotched A-10053 9165 210 Carr 1986
Builders
Site
Arnold Dalton M-1497 9130 300 Crane and Giriffin 1968:69;
Research Tankersley 1990a:92
Cave
Olive Dalton not given 9115 100 Gramly and Funk 1991
Branch
Rose Island CornerNotched GX-3565 9110 145 Chapman 1976:3
Johnson CornerNotched AA-9168 9090 85 Barker and Broster 1996:98
Rae's Creek CornerNotched Beta35235 9060 110 Crook 19®:124, 126
Johnson CornerNotched AA-9164 9050 85 Barker and Broster 1996:98
Stanfield Dalton/SideNotched M-1348 9040 400 DeJarnette et al. 1962
Worley
Johnson CornerNotched Tx-7695 8980 90 Barker and Broster 1996:98
Johnson Bifurcate Tx-7543 8940 110 Barker and Broster 1996:98
St. Albans CornerNotched Y-1538 8930 160 Broyles 1966:19, 4@1
Johnson CornerNotched AA-8860 8925 75 Barker and Broster 1996:98
Rose Island Bifurcate GX-3597 8920 325 Chapman 1976:3
Stanfield Dalton/SideNotched M-1153 8920 400 DelJarnette et al. 196287
Worley
Fifty Kirk Stemmed/Bifurcate UGa544 8895 160 Carr 1986
St. Albans Bifurcate M-1821 8830 700 Broyles 1966:25, 4@1
Johnson CornerNotched Tx-7693 8830 170 Barker and Broster 1996:98
Dust Cave Kirk Stemmed/ Beta147136 8830 50 Sherwoodet al.2004:538

Serrated/Stanly
St. Albans Bifurcate M-1820 8820 500 Broyles 1966:25, 4@1
Puckett CornerNotched Tx-7412 8820 180 Norton and Broster 1992:35




58

Table 23. Selected radiocarbafates forsites ineastern North Americécontinued.

Site Component Lab Number *“C Date + Reference
Johnson CornerNotched Tx-7694 8810 80 Barker and Broster 1996:98
Rose Island Bifurcate GX-3167 8800 270 Chapman 1976:3
Enoch Fork CornerNotched Beta27767 8740 130 Maslowskiet al.1995:9
Shelter
Ice House CornerNotched 1-9138 8715 140 Chapmarl976:34
Bottom
Rose Island Bifurcate GX-3168 8700 300 Chapman 1976:3
Rose Island Bifurcate GX-3598 8660 180 Chapman 1976:3
Hart Bifurcate Betal191424 8640 90 Bradbury and Creasman

2008:31

Double P Bifurcate GX-7508 8555 415 Hoffman 1988:25

Russell Bifurcate 1-2239 8550 320 Griffin 1974; Futato 1977:39

Cave

Ice House CornerNotched 1-9137 8525 355 Chapman 1976:3

Bottom

Main site Bifurcate Beta5634 8500 70 Maslowskiet al.1995:9

Puckett CornerNotched Tx-7413 8490 180 Norton and Broster 1992:35,

1993

Russell Bifurcate 1-822 8485 275 Griffin 1974; Futato 1977:39

Cave

Dust Cave Kirk Stemmed/ Beta81608 8470 50 Sherwoodet al.2004:538
Serrated/Stanly

Main site Bifurcate Beta59067 8450 120 Maslowskiet al.1995:9

Rae's Creek CornerNotched Beta35233 8370 280 Crook 19®:126

Hester CornerNotched UGa863 8335 305 Brookes 1979:12128

Dust Cave Kirk Stemmed/ Beta65184 8330 170 Sherwoocet al.2004:538
Serrated/Stanly

St. Albans Bifurcate Y-1539 8250 100 Broyles 1966:27, 4@1

Main site Bifurcate Beta5638 8190 90 Maslowskiet al.1995:9

Arnold Dalton M-1496 8190 400 Crane and Giriffin 1968:69;

Research Tankersley 1990a:92

Cave

St. Albans Bifurcate Y1540 8160 100 Broyles 1966:27, 4@1

Russell Bifurcate 1-828 8145 275 Griffin 1974; Futato 1977:39

Cave

Rose Island CornerNotched GX-3169 8060 350 Chapman 1976:3

Main site Bifurcate Beta56433 8030 100 Maslowskiet al.1995:10

Rose Island Kirk Stemmed/ GX-3563 8020 190 Chapman 1976:3
Serrated/Stanly

Modoc Kirk Stemmed/ 1ISGS830 8010 140 Ahler 1993
Serrated/Stanly

Morrisroe Kirk Stemmed/ Beta10477 7840 100 Nance 1986:42
Serrated/Stanly

Patrick Kirk Stemmed/ GX-4121 7810 175 Schroed| 1978:190
Serrated/Stanly

Icehouse Kirk Stemmed/ GX-4123 7790 215 Chapman 1976:3

Bottom Serrated/Stanly

Hansford Kirk Stemmed/ UGa1093 7695 155 Maslowskiet al.1995:10

Serrated/Stanly
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Table 23. Selected radiocarbafates forsites ineastern North Americécontinued.

Site Component Lab Number *“C Date + Reference

Dust Cave Kirk Stemmed/ Beta48756 7680 170 Sherwoocet al.2004:538
Serrated/Stanly

Rae's Creek CornerNotched Beta35187 7570 130 Crook 19®:126

Russel Cave Kirk Stemmed/ 1-827 7565 250 Griffin 1974
Serrated/Stanly

Glasgow Kirk Stemmed/ Beta44416 7560 70 Maslowskiet al.1995:10
Serrated/Stanly

Morrisroe Kirk Stemmed/ SFU 130 7530 150 Nance 1986:42
Serrated/Stanly

Dust Cave Eva Il/M. Mountain Beta65170 7480 120 Sherwoocet al.2004:538

Slade site Kirk Stemmed/ Beta24427 7420 160 Egloff and McAvoy 1990
Serrated/Stanly

Habron site Kirk Stemmed/ none given 7390 110 Rodgers 1968
Serrated/Stanly

Howard Eva II/M. Mountain GX-4704 7305 165 Eastman 1994:59

Howard Eva II/M. Mountain GX-4704 7255 165 Chapman 1979:780

Cave Spring  Eva lI/M. Mountain A-2362 7250 350 Hofman1982

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 Il/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 Beta35186 7070 100 Crook 1990

Dust Cave Eva II/M. Mountain Beta65173 7040 80 Sherwoodet al.2004:538

DustCave Kirk Stemmed/ Beta65178 7040 110 Sherwoocet al.2004:538
Serrated/Stanly

Dust Cave Kirk Stemmed/ Beta65180 7010 90 Sherwoocet al.2004:538
Serrated/Stanly

Ice House Eva II/M. Mountain GX-4124 6995 245 Chapman 1976:3

Bottom

Anderson Eva [I/M. Mountain AA-1182 6990 120 Dowd 1989:191; Chapman

and Watson 1993; Crites
1991

Cave Spring  Eva II/M. Mountain UGa3752 6885 90 Hofman 1982:2

Dust Cave Eva Il/M. Mountain Beta65182 6840 90 Sherwoocet al.2004:538

Dust Cave Eva II/M. Mountain Beta58897 6790 120 Sherwoocdet al.2004:538

Anderson Eva II/M. Mountain GX-8215 6720 220 Dowd 1989:179

Dust Cave Eva II/M. Mountain Beta48752 6700 100 Sherwoodet al.2004:538

Dust Cave Eva Il/M. Mountain Beta48752 6700 100 Sherwoocet al.2004:538

Dust Cave Eva II/M. Mountain Beta58899 6660 100 Sherwoodet al.2004:538

Rae's Creek  Eva lI/M. Mountain Beta35184 6660 90 Crook 1990

Ervin Eva II/M. Mountain GX-9082 6645 180 Hofman 1984:2,3

Dust Cave Eva Il/M. Mountain Beta65175 6570 190 Sherwoocet al.2004:538

Cave Spring  Eva II/M. Mountain UGa3753 6540 110 Hofman 1982:2

Cave Spring  Eva II/M. Mountain UGa3753 6540 110 Hofman 1982:2
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Table 23. Selected radiocarbafates forsites ineastern North Americécontinued.

Site Component Lab Number “C Date + Reference
Eoff Il Eva II/M. Mountain UGa777 6525 165 Faulkner and McCollough
1977:281

Stucks Bluff Eva Il/M. Mountain GX-907 6500 120 Futato 1977:39

Anderson Eva Il/M. Mountain GX-8365 6495 205 Dowd 1989:179

Dust Cave Eva Il/M. Mountain Beta100510 6480 90 Sherwoocet al.2004:538

Slade site Eva II/M. Mountain Beta22838 6470 90 Egloff and McAvoy 1990

Stucks Bluff Eva Il/M. Mountain GX-0907 6450 120 DelJarnettet al.1975

Morrisroe Eva II/M. Mountain Beta10475 6440 110 Nance 1986:42

Sheeps Eva II/M. Mountain TX-5659 6400 170 Hollingsworth 1991:30

Bluff

Cedar Creek  Eva II/M. Mountain GX-8822 6375 215 Amick 1985:30, 1987; Halbt

al. 1985:63

Russell Eva Il/M. Mountain 1-2238 6360 140 Griffin 1974; Futato 1977:39

Cave

Dust Cave Evall/M. Mountain Beta65174 6350 90 Sherwoocet al.2004:538

Russell Eva II/M. Mountain 1-2238 6310 140 Griffin 1974

Cave

Russell Eva II/M. Mountain 1-702 6300 190 Griffin 1974; Futato 1977:39

Cave

Dust Cave Eva IlI/M. Mountain Beta65171 6280 90 Sherwoocet al.2004:538

Russell Eva II/M. Mountain 1-702 6250 190 Griffin 1974

Cave

Clay Mine Sykes/White Springs A-23671 6240 500 Hall et al.1985:63

Austin Cave SideNotched TX-7691 6200 60 Barker 1997:216

Stardust | SideNotched Beta158345 6200 40 Wampleret al.2004

Ervin Sykes/White GX-9954 6160 175 Hall et al.1985:63; Hofman
Springs/Benton 1984

Ervin Sykes/White GX-8918 6115 205 Hall et al.1985:63; Hofman
Springs/Benton 1984

Dust Cave Eva II/M. Mountain Beta48755 6050 100 Sherwoodet al.2004:538

Russell Eva Il/M. Mountain 1-823 6030 300 Griffin 1974; Futato 1977:39

Cave

Austin Cave SideNotched TX-7692 5990 90 Barker 1997:216

Walnut Syke/White Springs DIC-1950 5970 95 Bense 1987

Mann Benton GX-6464 5925 160 Peterson 1985

Dust Cave Eva [I/M. Mountain Beta65169 5910 70 Sherwoodet al.2004:538

Hayes Sykes/White Springs GX-9081 5870 165 Hall et al.1985:64;

Poplar SykesWhite DIC-1949 5820 155 Bense 1987:48
Springs/Benton

Ervin Benton GX-8917 5765 200 Hall et al.1985:64

Walnut SykesWhite DIC-1953 5730 115 Bense 1987
Springs/Benton

Hansford SideNotched UGa528 5680 75 Wilkins 198

Site

Dust Cave Eva II/M. Mountain Beta58898 5670 120 Sherwoodet al.2004:538
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Table 23. Selected radiocarbafates forsites ineastern North Americécontinued.

Site Component Lab Number *C Date + Reference

Poplar SykesWhite DIC-1948 5670 120 Bense 1987:48
Springs/Benton

Hayes Benton GX-10492 5660 190 Klippel and Morey 1986:803
Emmett Benton DIC-2558 5630 55 Alexander 1983:85
O'Neal
221T606 SykesWhite Springs DIC-2451 5630 60 Bense 1987
Hart Benton UGab18 5610 75 Parker 1974
Dust Cave Benton Beta58895 5590 50 Sherwoodet al.2004:538
llex Benton DIC-2040 5590 75 Bense 1987
Morrisroe SideNotched Betal0474 5580 100 Nance 1986:42
Mann Benton GX-6215 5575 200 Dye and Watrirl985
Emmett SykesWhite Springs DIC-2560 5570 65 Alexander 1983:85
O'Neal
Stardust | SideNotched Beta158344 5560 40 Wampleret al.2004
Moores Benton UGa3872 5550 85 Weinstein 1981
Creek
Hansford SideNotched UGa676 5550 80 Hemmings 1985;Wilkins 1982
Site
Walnut Benton DIC-1954 5540 75 Ensor and Studer 1983:162
East Benton UGa2633 5525 75 Raffertyet al.1980
Aberdeen
Hayes 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
Hayes Benton Betal3395 5430 120 Crites 1985:9
Dust Cave Eva Il/M. Mountain Beta100509 5400 80 Sherwoodet al.2004:538
Poplar Benton DIC-1947 5390 70 Bense 1987:48
Walnut Benton DIC-1951 5390 155 Bense 1987
Eoff | Ledbetter UGa686 5385 205 Faulkner and McCollough 197
Dust Cave Benton Beta48753 5380 90 Sherwoodet al.2004:538
Emmett Benton DIC-2556 5380 55 Alexander 1983:85
O'Neal
Mann Benton GX-6213 5370 195 Dye and Watrirl985
Tombs Benton GX-8734 5370 190 Hall et al.1985:64
Shelter
Walnut 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 Beta65168 5280 130 Sherwoodet 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
Tombs Benton GX-8733 5115 185 Hall et al.1985:64

Shelter
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Table 23. Selected radiocarbafates forsites ineastern North Americécontinued.

Site Component Lab Number 'C Date + Reference
llex Benton DIC-2039 5075 70 Bense 1987
Eoff | Ledbetter UGa686 5055 105 Faulkner and McCollough
1977

Dust Cave Benton Beta100508 5000 80 Sherwoocet al.2004:538
Bailey Benton/Ledbetter Beta20702 4960 100 Bentz 1988: 85
Sheeps Benton TX-5557 4850 100 Hollingsworth 1991:30
Bluff
Kays Ledbetter M-108 4800 500 Lewis andKneberg 1959:163
Bailey Benton/Ledbetter/ Beta21244 4780 80 Bentz 1988: 85

Little Bear Creek
Ryan Benton Beta121611 4680 70 Barker and Hazel 2008
Cheek Bend Ledbetter UGa2775 4655 75 Hall et al. 1985
Cave
Spring Ledbetter GX2746 4595 210 Peterson 1973: 38
Creek
Bailey Benton/Ledbetter/ Beta20990 4450 80 Bentz 1988: 85

Little Bear Creek
Fattybread Ledbetter/Wade/Little  GX-10763 4390 95 Amick 1986:5
Branch Bear Creek
Bacon Bend Ledbetter GX-5043 4390 155 Chapman 1981:40
Hayes Ledbetter GX-10489 4390 170 Klippel and Morey 1986
Hayes Ledbetter GX-9080 4270 155 Klippel and Morey 1986
Fattybread Ledbetter/Wade/ GX-10764 4210 155 Amick 1986:5
Branch Little Bear Creek
Patrick Ledbetter GX5244 4210 160 Schroed| 1978:190
Patrick Ledbetter GX-5244 4210 160 Schroed| 1978: 18991
Leftwich Ledbetter A-2366 4190 260 Hall et al. 1985
Tom's Ledbetter GX-8732 4185 165 Hall et al. 1985
Shelter
Harrison Ledbetter GX-2607 4175 230 Schroed| 1975:98
Branch
Okashua Little Bear Creek none given 4170 90 Wynn and Atkinson 1976
Leftwich Benton/Ledbetter A-2553 4130 130 Hall et al. 1985
Kays Ledbetter M-109 4100 300 Lewis and Kneberg 1959:163
Bacon Bend Ledbetter UGa1879 4070 70 Chapman 1981:40
Fattybread Ledbetter/Wade/ GX-11089 4040 95 Amick 1986:5
Branch Little Bear Creek
Fattybread Ledbetter/Wade/ GX-10877 4030 250 Amick 1986:5
Branch Little Bear Creek
Banks V Ledbetter UGa719 4030 260 Faulkner and McCollough

1974:29

Okashua Little Bear Creek none given 4005 80 Wynn and Atkinson 1976
Fattybread Ledbetter/Wade/ GX-1108 3889 210 Amick 1986:5
Branch Little Bear Creek
Buffalo Site Ledbetter M-1934 3870 250 Broyles 1976
Higgs Ledbetter CWRU-84 3850 500 McCollough 1973:63
Aaron Little Bear Creek UGa2718 3755 77 Wagner 1982: 43316

Shelton
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Table 23. Selected radiocarbafates forsites ineastern North Americécontinued.

Site Component Lab Number *“C Date + Reference
Pitts Riverton/Merom none given 3660 70 Bradbury 1992: 9
Iddins Ledbetter GX-4705 3655 135 Chapman 1981:40
Dam Axis Little Bear Creek GX-3100 3600 180 Oakley and Futato 1975:79
Warren Ledbetter GX2275 3515 140 Keel 1976
Wilson
Lockart Riverton/Merom none given 3480 60 Bradbury 1992: 9
Chapel
Iddins Ledbetter UGa1883 3470 75 Chapman 1981:40
Lockart Riverton/Merom none given 3440 60 Bradbury 1992: 9
Chapel
Pitts 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 20 Bradbury 1992: 9
Spring Little Bear Creek none given 3320 155 Peterson 1973: 38
Creek
40RH6 Ledbetter GX2915 3280 190 Calabrese 1976
Robinson Ledbetter/Wade/Little M-1800 3230 160 Morse 1973:31-818

Bear Creek/
Turkey Tail/Adena
40HR275 Little Bear Creek none given 3225 155 Bentz 1988: 85
Clay Mine Ledbetter UGa3350 3215 125 Hall et al. 1985
Pitts Riverton/Merom none given 3210 60 Bradbury 1992: 9
Iddins Ledbetter GX-4706 3205 145 Chapman 1981:40
Tom's Ledbetter GX-8731 3205 150 Hall et al. 1986
Shelter
Robinson Ledbetter/Wade/Motley)  M-1797 3200 160 Morse 1973:31:818
Little Bear Creek/
Turkey Tail/Adena
Ice House Ledbetter GX2155 3120 140 Chapman 1973
Bottom
Nowlin 11 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 UGa569 3010 135 Faulkner and McCollough 197
Robinson Ledbetter/Wade/Little M-1798 2970 150 Morse 1973:31-818
Bear Creek/
Turkey Tail/Adena
Robinson Ledbetter/Wade/Little M-1799 2970 150 Morse1973:317318
Bear Creek/
Turkey Tail/Adena
Higgs Ledbetter UGab547 2970 155 McCollough 1973
Banks IlI Wade none given 2960 135 Faulkner and McCollough
1974:294,320
Nowlin 11 Wade none given 2920 215 Keel 1978:134
Walker Little Bear Creek none given 2915 80 Bentz 198835
Banks V Ledbetter none given 2850 870 Faulkner and McCollough

1974:297
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Table 23. Selected radiocarbafates forsites ineastern North Americécontinued.

Site Component Lab Number *“C Date + Reference
Higgs Ledbetter UGa517 2850 85 McCollough and Faulknet973
40CF118 Wade UGa939 2840 80 McCollough and Duval 1976
Robinson Ledbetter/Wade/Little M-1802 2830 130 Morse 1973:31-818
Bear Creek/
Turkey Tail/Adena
Ewell 111 Wade none given 2790 80 Duval 1982: 62
Higgs Ledbetter CWRU-27 2730 110 McCollough andraulkner 1973
Westmorel Ledbetter GX-0572 2705 755 Faulkner 1967
andBarber
Robinson Ledbetter/Wade/Little M-1805 2630 130 Morse 1973:31-818
Bear Creek/
Turkey Tail/Adena
Oldroy Wade none given 2575 85 Bentz 1988: 85
Robinson Ledbetter/Wade/Little M-1801 2530 150 Morse 1973:31:818
Bear Creek/
Turkey Tail/Adena
Robinson Ledbetter/Wade/Little M-1803 2450 140 Morse 1973:31-818
Bear Creek/
Turkey Tail/Adena
Robinson Ledbetter/Wade/Little M-1806 2410 200 Morse1973:317318
Bear Creek/
Turkey Tail/Adena
Chapman Wade none given 2400 60 Bentz 1986: 65

While there have been several sites proposed tdaieeClovis, for the purpose of this study, |
begin with the fluted point occupation for the Madth. This is generally thought to begin with

the Clovis type, which is for the most part described as large, pasidkl lanceolate bifaces

with slightly concave bases and single or multiple flutes that rarely extend more than a third of
the body (Howed 1990; Justice 1995:171; Sellards 1952; Morrow 1995; Smallwood 2012)
(Figure 28a). 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 Clows lithi
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 (2007:1123
1124) argue that Aubrey in Texas is likely invalid, and the earlastrdnge for the appearance

of Clovis points should be ~11,05tC yr BP (12,93%al BP). Along the Cumberland River in
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Figure 28. Selected Paleoindian, Early Archaic, and Middle Archaic projectile point types from
the Benton and Humpheys counties,. TN



66

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 devi&tieigure 29). While this could be
used to support evidence of Clovis origins in the-oodtinent é.g.,Mason 1962), | used
Haynes et al.6s (2007) 108G0YC 13/351in1g,&77calBMin Cl ovi s
part because o fenséd the datasqidAsibrefy 210 thak the adeerange for two of
the three dates from Johnson overlap this time range.

After Clovis, there are four other point types that | divide into two groups. First, Gainey
and Redstones are lancelolate points thatamg 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 2QR&tice 1995:22 Goodyear argued that
thisisindirectevide nce f or Ai nstrument assi2i&dodykdrut i ng
2006. Moreover, he contends that these points are likely@lustis in age based on similarities
to sites in northeastern North America, such as Vail, Bullbrook, and Debertveigwénost all
of the points come from surface contexts or private collections, and there is no site that firmly
establies their antiquity in the Midsith. The second group includes the Cumberland and
Barnes types, which are narrower and large basakstties. 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 1995:227) (Figue 28b). This group of points bears some resemblance to the
comparatively weldated 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 Kei@uakyy
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Figure 29. Summed probability distributions generated with OxCal 4.1 uemgntCal 09

curve (Bronk Ramseand Lee 2013) for Paleoindi@yed sites in eastern Nomerica listed

in Table 23.

2009), but the standard deviations are comparatively large, which makes it difficult to accurately
assess this group of pointsdéd tempor al rel ati o
heavily reworked Cumberland point was found at the deepest levelist Oave,

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 10j800,50 */C (12,677 12,483cal BP).

Goodyear (1999) and Anderson (2001) place both Quad and Beaver Lake points as the next

types in the cultural historical sequence for theddidh. Beaver Lake points are slightly
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waisted lanceolates with faint ears, sllgltoncave bases, and moderate basal thinning

(Cambron and Hulse 1975; Justice 199538% (Figure 28c). Quad points have distinct ears, a
concave base, and pronounced basal thinning (Cambron and Hulse 1975; Justice3695:35
(Figure 28d). While datesiave 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 imorthern Alabama. Here, several distinct deposits were identified and aalglativ

large number of AMS dates obtained (Sherwood et al. 2004). Also, at this site, Quad and Beaver
Lake points were found to emccur, which is also reflected in their near identical spatial

distribution across the region (Anderson et al. 2010). As atrésuthis study, | 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 probéi®k between 12,59011,190cal BP(Figure 29).

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 ilissouri and StanfieldVorley 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.
(Sherwoockt al. 2004). Dalton bifaces typically begin life as lanceolates with concave bases and
serrated edges. Often the basal margins eedaoced specimens are parallel to slightly

incurvate, while the blade portion is initially excurvate (Justice 198323 (Figure 28d).

Several studies have shown that the blade margins transition from excurvate to incurvate through
repeated resharpening (Goodyear 1974; Shott and Ballenger 2007). AnbétterPaleoindian

point type, Gr eenbr i ebladediexpandirgsten forh thad sharess a i |

a
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characteristics with Daltons and | ater- notche
sharpening patterns characteristic of Dalton bifaces, although Greenbrier points also feature
shallow sidenotches (Kjure 28e). However, there are currently no published dates associated
with these projectile point types, and based purely on morphology, this type likelygpest
Dalton, but precedes the sidetched and cornarotched 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 rangei(12,529
8,594 cal BP), but two pronounced peaks from 11,4@0BPi 10,170cal BP that correspond to
the two dates reported at Rogers Shelter. Both of these pealdaposite probability peak for
the Quad, Beaver Lake, and Dalton components reported at Dust Cave.
After Dalton, a horizon of sidaotched points occurred acrdbg southeastern United
States (Anderson 2001; Goodyear 1999) and into the southern plains with the notched varieties
of the San Patrice type (Jennings 2008) (Figu®¢. Zcross the southeastern United States, the
names of the sideotched varieties vagepending on who identified them first. In Florida and
the southern Coastal Idsiden ot, chédcy Blicledm®Bsvpm( BB
description of point types in Florida. However, in Melsouth t hey are known as
pointsbda ed on Cambr o n9) @apedtle point gsidelbosk (Kigliregg)).
Subsequent summaries collapse thesersebgi onal t ypes i nANoot cah egdedn er a
horizon. In theMidsouththese were first observed in early contexts at Stariédey, 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 smgching reappears in the Late Archaic, including
at the regionally famous Big Sandy site in West Tenne&iesst 20140sborne 193).

Consequently, the mere presence of-sidiehing 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 Side
Notched points with associated radiocarbon d@te8). A summed probability distribution of
these dates shows that a peak in the probabilities between 11103D0cal BP(Figure 210).
Curiously, a sample of dates from sites where both Dalton and Early Archaibl&icleed
points were recovered hpsobability distribution with peak that are later in time (11,6@)560

cal BP.
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curve Bronk Ramsey and Lee 201for Early Archaicaged sites in eastern NleAmerica
listed in Table 23.
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Across eastern North America, a horizon of commatiched bifaces appears during the
Early Holocene (Anderson 2001). These are gen
blade with a straight or slightly roundeda s e and bi facially serrated
70; Justice 1995: 71) (Figure8h). 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 sudds 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 hatheeen
split into a series of sutypes 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 thebéypes are lumped together into an
AEar |l y Ar eNoaicch eQodr nceart egory. A summed probabil
shows that a peak in the probabilities between 11;,3%800cal BP(Figure 210).

At St. Albans (Broyles 1686) and Ice House &tom (Chapman 1976), projectile points
with bifurcated bases appear in deposits stratigraphically above those withrootctexd
bifaces (Broyles 1966:23; Justice 19953§ Lewis and Kneberg 195 (Figure 28i). They
have been classified into severabgypes including MacCorkle, St. Albans, and LeCroy and
have been dated elsewhere, where they consistentiglatsstomponents with Early Archaic
ComerNot ched bi faces. For this study, | [T ump th
Archaic Bifut at e 0 cat egory. Anmetchedbpse gomtd that are widalye cor ner
distributed across eastern North America, bifurcated base projectile points are more spatially
restricted, and their range roughly corresponds to the Appalachian Mountains aswhtment,

and are absent from the Atlantic and Gulf Coastal Plain (Justice 1992)8®%) other locations,
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stemmed base varieties appear including Kirk Stemmed, Kirk Serrated, Stanly Stemmed, and
Kanawha Stemmed (Justice 1995&2 9599). At Hardaway and Doershock, these types are
found stratigraphically above Kirk CornBiotched points (Coe 1964:69). However, at Ice

House Bottom and St. Albans, they are above the components with bHoasaie points, and
based on a series of sites across eastern North America, they consisterdatgbsth corner
notched and bifurcate based points. A summed probabistribution of these dates shows that

a peak in the probabilities between 10,1809000cal BP(Figure 210).

The next point types in the sequence are the stemmed varieties that appear at the end of
the Early Archaic. TheKtwh 8SBbemmedomandniiKiyhk
which were both identified at the Hardaway site in North Caroline (Coe 1964:70) (FigBires 2
and 28j). Kirk Stemmed bifaces are described as having a long, narrow blade with a hafting
element that is stemmed; likely Byrming 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 typeshat date to the terminal Early Archaic and early Middle Archaic are
AKanawha Stemmedo and AStanly Stemmed. o6 Kanaw
Albans in West Virginia (Broyles 1966:27), and they were found stratigraphically above deposits
contaning bifurcate types at Ice House Bottom in Tennessee (Chapman 197R2@29he
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)poimsdear
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 (Gge 3936). For this

type, they are descr i beeésamparronasyuaradgterfisovitho ad, tr
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shall ow basal n ot c hoé: 8536 dustibei 1996:97% Based onrtheir ( Coe 19
stratigraphic positions at Ice House Bottom, St. Albans, and Hardaway, Stanly Stemmed points
are considered to straddle the Early AichiMiddle 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 | will consider them all as a single group. A summed
probability distibution of these dates shows that a peak in the probabilities occurs at 9,000
7,700cal BP(Figure 210).

The next group of projectile points consists of the Eva |, Eva Il, and Morrow Mountain
types. Lewis andlewis (1961:40) identified both of the Eva | and Eva Il types at the Eva Site in
thelowerTennessee River Valley. Eva | points are
a percussion flakes, triangal oi d pagl8dhdoOm wi t h
(Figure 28I). Eva Il points are smaller and have straight or excurvate blades. However, the basal
notching is the same as Eva | points (Coe 19643dustice 1995: 103) (Figurelda). While
Eva | and Eva Il points are found almost esohely in theMidsouth Morrow Mountain points
have a much broader range, and were first identified at the Hardaway Site in North Carolina
(Coe1964:3A43) . These points are described as a 0fs
ashort, pointedaot r acti ng stemo (Jusb) AttheEvagt® bval 104) ( F
points are mostly found in Strata IV, where three pieces of antler proddt@diate of 715&
500 (M-357; Lewis and Lewis 1961:173). However, these three specimens come frogaan a
roughly 100mMand 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 earliesfehd distribution of dates for Eva

and Morrow Mountain points inastern North America. Also, at the Eva Site, Eva Il points were
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Figure 211. Selected Middle and Late Archaic projectile point types from the Benton and
Humpheys counties, TN.
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found asociated with Morrow Mountain type points, and elsewhere acrogagterriJnited
States, the associated radiocarbon dates for the two points overlap, which has led most analysts
to combine them into a single type (Sassaman 20022330 Similarly, for this study | combine
Eva |, Eva Il, and Morrow Mountain types into a single graupummed probability
distribution of these dates shows that a peak in the probabilities occurs at 8,300cal BP
(Figure 212). While Morrow Mountain type bifaces are found across most oftheheastern
United States (Sassaman 2001:230), ilrMigsouththe four point types that immediate post
date Morrow Mountain are more geographically restricted. These include the Sykes type, which
are Abr-eadmmsedofbrms produced from the corner
1995:108) (Figure-d1c). These points were first identified at the Eva Site irotver
Tennessee River Valley (Lewis and Lewis 19631440, along with the Whit&prings type,
which have fAall of the essential attributes o
1995:108) (Figure-21d).Both types have bedound in Middle Archaic contexts at the Eva
Site (Lewis and Lewis 1961:441) and the StanfieliVorley Rockshelter (Dejarnetet al.
1962:70). Compared to the Eva and Morrow Mountain types, there are comparatively fewer sites
with *C dates for the Sykes and White Springs types, yet the central tendencies for the available
dates clearly posdate theEva/Morrow Mountain temporal distribution. A summed probability
distribution of these dates shows that a peak in the probabilities occurs at 8,200cal BP
(Figure 212).

Two other point types appear to pasite the Eva and Morrow Mountain typesda
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 fAeasily recogni z #aldinglhyt ofterhoecurponeghse ence o
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Figure 212. Summed probability distributions generated with OxCal 4.1 using the IntCal 09
curve Bronk Ramsey and Lee 201fér Early and Middle Archaiaged sites in eastern North
America listed in Table-3.

bl a duwstite 1095:111) (Figuresl2e and 2L1f). These projectile points are stemmed,
sometimes with largside notches, or in some cases comreching, like at the Ensworth site,
which is located along the Harpeth River in the Nashville Basin (et 2004). McNutt

(2008) compiled a database'8E dates to argue that Benton projectile points-pdag 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 catbesial contexts, and may have
been traded as part of an exchange network iMilsouth(Meeks200Q Peacock 1988). While

it is clear that this type pesiates the Eva/Morrow Mountain type, at Eva they appear in the
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same strata (StratillBig Sandy hase) as the White Springs type. Also occurring in this strata a

smaller,sidemot ched variety that Lewis and Kneberg (

points, although this has led to some confusion as similansitded forms also occur in Early

Archaic contexts elsewhere in the southeastern United States (Justice 189pFafure 2

119g). However, at a handful of sites, sit@ched forms have been found to pdate the

Eva/Morrow Mountain type and are coeval with the Sykes, White Springs, amonBgpes. For

this study, these types are combined into a s
Foll owing the AMiddle Archaic Stemmedo gro

points, the most notable of which is the Ledbetter type (Figlrth2 Named after the Ledbetter

site in thelower 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 describedas contracting stem form with

and usually have barbed shoulders (Justice 19

type (Cambron and Hulse 1969:75) and is also

Archaic ontexts in the migtontinent (Justice 1995: 141818). An additional stemmed type,

Little Bear Creek, also overlaps temporally w

to large with slightly to excur hvatelemmenbVaresl e e dg

from straight to contracting stem with ground

1995:96) (Figure A1i). While Justice (1995: 196) places this type in the Early Woodland

period, most of the available dates for this typeaeval with the Ledbetter and Pickwick types

and place it firmly in the Late Archaic. For this study these points will combined into a single

ALate Archaic Stemmedo category. A summed pro
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associated with the Leetter type shows that a peak in the probabilities occurs at 565600

cal BP(Figure 212).

The AWadeoO projectile point type appears n
Abasi calsltye mmerdaifgohrtms wi th wi de DlB0rJbsicée ( Ca mbr ¢
1995:180) (Figure-41j). These points appear to straddle the Late Archaic/Early Woodland
boundary €.g.,Faulkner and McCollough 1973:149) and have been found ingveenic
contexts in shell middens as well as associated with Early Woodtdtsayp(Justice 1995:180).

These points are morphologically similar to t
with barbed shoulderso (Ford and Webb 1956; J
Poverty Point site (Ford and Webb 19%67) and, like the Wade type, is found in Late Archaic

and Early Woodland contexts in the Mississippi River ValleyMiabsouth(Justice 1995:179).
Following Justice (1995:1792 8 0 ) , | combine these types into
Bar bedo Acsamimedjpoobapility distribution of radiocarbon dates associated with the

Wade type shows that a peak in the probabilities occurs at B5300cal BP(Figure 29).

Conclusion: Correlating Climate, Culture, and Bifaces in 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
Midsouthduring the Paleoindian and Archaic perio@fovis bifaces appearatlring the
Boling-Allerod and disappeared along with a wide array of speeigsthe Rancholabrean
extinction) at roughly the onset of the Younger Dryas (Meltzer 200285%. During the
Younger Dryas, a series of more geographically restricted typesaa(Anderson et al. 2010).
In theMidsouth 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 moggular 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). WhpreservedLate Paleoindian faunal and floral assemblages are
surprisingly divers¢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, inicigdsreenbriar, Early SitBlotched, Early Archaic
CornerNotched, 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 increasg focus on hickory nuts (Carmody 201Based 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 intoNhdwest cedar glades in the Nashville Basin, and the
pine forests of the Atlantic and Gulf Coastal Plain (Delcourt and Delcourt 198&5luring this
time that Eva/Morrow Mountain and Middle Archaic stemmed typexe madeDuring this
time the first shell midden sites appear and become more widespread/ilnsoeth(Classen
1996, 2010). The trend afiore focused exploitation of deand 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 Statesn@erson 1996). The first earthen mounds appear ilower

Mississippi River Valley (Saunders 2010) and by the end of the Middle Archaic emerging trade
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networks of bone pins, stone beads, Benton bifaces, and atlatl weights become evident
(Anderson and Saaman 2012:881).
At the end of théMid-Holocene, climate cooled slightly, which is reflected locally by the
retreat of the Prairie grasslands in kielwest, and the shrinking of the cedar glades in the
Nashville Basin. Archaeological sites increasaumber and expand beyond the range of the
Middle Archaic (Anderson 1996). In tiMidsouththe use of shells continued, coalescing in
what some haShadlMouedAmehllaitd.eo AAl so appearing at t
domesticated plants, the firsdggery 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). In theMidsoutht he fALat e Ar chai c St er
ATer minal Archaic Barbedod types overlap with
Based on this analysis, it is now possible to tie major trends in climate and culture to
specific bifae types in théidsouth The following chapters will now explore ways in which
formal models from behavioral ecology can be used to track variation in bifaslearpening
and archaeological site distributions to make inferences regarding hunting estdrns

demographic trends in thewer Tennessee and Duck River Valleys.
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CHAPTER 3

FROM PROJECTILE POINTS TO PREY SIZE
Introduction

Hafted bifaces are AdAlithic tools that have
two sides or faces that meet to form a single
(Andrefsky 2006:744). They are one of the most intensively studied adidases 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 tmekingthem fairly reliable temporal
markers in a region where there is poor greation of organic material f6fC dating (Anderson
and Sassaman 2012:5; Dunnell 1990:13). More@gdemonstrated 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 valuablejpdamarture
for interpreting changes in human behavior.

Bifaces have also played a prominent role in studies of technological organization in
North Ameri ca. Binfordds dichotomy between #df
other publication®ased on his ethrarchaeological fieldwork, provided a theoretical foundation
for interpreting lithic assemblages.§.,Binford 1979; Binford 1980; Kelly 1992). Some more
notable early attempts to apply this framework to archaeological case studiesautieastern
United States include Ander son-Marcd ohaamsdaonds (
settl ement model for the Atlantic Coast al Pl a
Archaic site use in the Lit (198€)raWw enatari@ sus/reyef Ri v e

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 Sta(€arr and Bradbury 2000; Carr et al. 2012).

The application of narrative models derive
proliferate the Paleoindian literature due to a handful of influential studies. These include
Goody ¢@1am]ae89 A Cr ypltloicmeg siypot hesi so in which h
groups targeted high quality raw materials that were often moved great distances from their
source. Because of the quality of the material, artifacts could $iearpened, resed, and
recycled repeatly, which would have provided a high degree of flexibility in the toolkits of
highly mobile huntegatherer groups reliant on curated tools. Similarly, Kelly (1988) argued that
there werdhree roles that bifaces can play in the organization of techyologres, bifacial
tools, and preforms for projectile points. In the same year, Kelly and Todd (1988) incorporated
part of this hypothesis into their Ahigh tech
America. Specifically, they argued thatediance on bifacial technology was part of a versatile
mobility strategy that can be adapted to novel environments.

With the crystallization ofhefitechnological organizatian t heor et i ca.l persp
Nelson 1991), analysts shifted their attentomdentifying the various factors that could
influence decisions regardinige manufacture, maintenance, discard, and design of stone tools
(Andrefsky 2009: 7672, and references theréinThese include access to raw material
(Andrefsky 1994; Bamforth 188 Ingbar 1994; Kuhn 1995, 2004), the role of time and risk
(Torrence 1983), maintainability and reliability (Bleed 1986), and ddwtors(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 incl ude Kthichtool trénspdrf Whjcld sediftsothratm a | m
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highly mobile huntegatherers transport finished or ndéiarshed tools ather 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 deémvedels 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 medasanalyze differences in occupation intensity at a sample of
Folsom sites on the Great Plains and Rocky Mountains. Kuhn and Milleresg derived
expectations for the discard of artifacts based on the Marginal Value Thengej/@ljarnov
1976) by teating 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 behiaval ecology (Krebs and Davies 1983; Smith et al. 2001) and
behavioral economics (Allison 128 All of these theories are ultimately derived from classical
economics€.g.,Smith 1776; Ashraf et al. 2005) and are driven by attempts to understand the
decsions individuals make when addressing supply versus demand. | propose that we skip the
intervening steps and simply frame stone tool economics, and in particular bifaces technological
organization, in terms &upplyanddemandWhile this construct wafmalized as a means to
understand modern, western economies, the underlying question remains theésant
people negotiate access to resources in advance of anticipated need? After all, the basic premise
of Binfordbds (19729, stehce Bdlgls, ehieht havie becoenedo and subs
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
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locations. While some wouldguwe that mapping western economic constructs onto prehistoric
huntergatherers might be inappropriated.,Sahlins 194), | will argue below that using a
Asuppl yo ver sus e.d,basmd b8 as la basgis for model buildfng canraid
understandinghe relationship between hunting implements, and the relative success and failure

in pursuing prey.

Supply:Demand::Raw Material:R8harpening

A fundamental concept that pervades the study of economic systems is the relationship
betweersupplyanddemand 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 co%, 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 gooskanes,
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 commod(#égure 31). 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 euilibrium price.

2) If demand decreases and supply remains unchanged, a surplus occurs, leading to a

lower equilibrium price.
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Figure 31. Bivariate plot illustrating the relationship between supply and demand (after
Marshall 1890).

3) If demand remais 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 presuppatiesotomy between
producersand consumer®(g.,Gravelle and Rees 1992:5), whereas in hugégherer societies,
individuals took on both roles, often with respect to the same araciBinford 1979;
Binford and 06 Co n n e81283; SHot 386). CohsequentlyGtoe wdriablesl 9 7
have to be slightly adjusted and defined differently to reflect this, and to make it more amenable
to archaeological terminology. First, most hurgatherers, especially those in prehistory, did

not participaten 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 currenegdaring

cost is energy expenditure (Kelly 1995:58). Also, since huntegatherers are likely to be both

the producers and consumers, the fAiguantity so
material) that an individual has at a given momentiliwifa particular task. Thus, for a

particular individual the key decision is whether to behave like a producer or a consumer.

For stone tools, the supp$yde 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
demandside constraints would be contingent on the variety oktagkol 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 maiiece). The final demarslde constraint is the actual energy
gained from using the tool for a task versus an alternative tool, or no tool at all.

Framed in thisway, ahuntgrat her er 6 s esti mati on about t he
and the cost of pducing 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 t@iopsraf
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, arviddal must consideznergy lostlue
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 considetheenergy ganedby 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 tcetiergygained from choosing to use, or
consumea tool.

Kuhn and Miller {(n pres9 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 ecoldgigtedict mobility decisions
between resource patchesg.,Charnov 1976). They argued that artifacts can be considered
Apat ches of -2)twhdreithe griteriog i5 thegexpeated elds for the replacement
artifacts minus the replacemertsts, 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 artifact$ 1, T2.

In this model, the criteriok& is essentially the energyained 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 ssmblages, and 2) what are reasonable proxies for measuring
energy expenditure with archaeological data? One strategy for controlling the-sigigply
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 landdcepeerelikely used
in the same way repeatedly over time, like caves or rockshelters. Alternatively, an analyst could
control for supply constraints by examining material from knowncgsuand regressing the

distance from site to source against other variables of intergsEren and Andrews 2013).
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Instantaneous Returns —»

t t2 3

Time in Use/Number of Uses —»

Figure 32. The Marginal Value Theorem applied to stone tool production, use, and discard
(Kuhn and Millerin presg. 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 svisage daily maximum
foraging radius for ethnographic huntgtherers. Materials from sources beyond 20km are
consi defledafl e&xtarnad are therefore more costly t
Aline in the sando for «compar iffargntldacdtiens. Thesequ e nc
various analytical strategies provide archaeologists a means to either muhienefeects ofor
explore the costs associated Wipnoducing new tools.
With stone tools, archaeologists analylze amount of lithic raw materiéhat is
consumegdor 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 methaalbédwv derived for determining the
size of the original flake prior to retouching relative to the mass of the artifact upon discard

(Clarkson 2002Eren and Pendergast 2008; Hiscock and Clarkson 200%) 1990. These

researchers are trying to determihei e x pended wut i | ietgyShottfla96:26H.ac h ar
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Similar attempts have been made to develagsto measure the effects of breakage and re
sharpening on bifaces, and in particular projectile points (Andrefsky 2006; Hoffman 1985;
Goodyear 194, 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 considaretexof catastrophic breakage.
For measuring rsharpening, most studies congigsaminethe relationship between the parts of
the biface that have been hafted relative to the total length. This is béedteskeportions of
bifaces are ledgkely to be reworked €.g.,Keeley 1982)which means thahe length will be
preferentiallyremovedduring resharpening. Kuhn and Millerr(pres9 simply used the
maximum length divided by the maximum width as a proxy fesh@pening. This ratio is
effective because it is an easiheasuregroxy for how much of the length of the biface has
beenreduced by resharpening or repair

Recently, severaxperimentabtudies havéestedhe assumptions that unger these
archaeological proxies for projectile pointsiearpening and breakageheshier and Kelly
(2006) fired obsidiattipped 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 consisteith 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 stone
tipped projecte points only penetrated 10% deeper than wiqmued points. They argued that if
this translated to greater blood loss, using a stipped point could convey some economic
benefit with larger prey, which is consistent with some ethnographic case sthéiesstone

tipped 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 stone
tipped projectiles over their wooddipped counterparts.

Hunzicker (208) examined both the probability of catastrophic failure arshegpening
on projectile pointsin his experiment, hitred25 Folsom point replicas attached to atlatl darts
in five different hafting designs into bovine rib cages usingpadrmounted crossbow. He
found that thredourths of the firing attempts successfully penetrated the target, and after re
sharpening the damaged points, they averaged five attempts before being broken beyond repair.
He also found that after a total of 1fd8ng 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 da
A cr us hallewed thelpaints to bessharpened, 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 saeltickness ratio, which did no
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 assemblalyefiket greater amounts of
use and resharpening 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 paidésof
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. lovitarepads§
used replicas of Levallois points cast in glasd 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.
Consequelty, 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 influbeagecisions of some

groups to invest in storgped 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 wasdgmead . Whi | e Hunzicker s poi nt
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 associatewith woodtipped arrows or spears compared to their stgoped 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 m#iatawiooden

spears. Consequently, the rati@far choosing wood versus stetipped projectiles may

involve a tradeoff between carrying raw material around at the end of an arrow or spear, or
carrying raw material in the form of maintenance toolsrtalpce and rsharpen softer,

woodentipped projectiles.

Based on Hu®8)studyg theassuraptightiaOprojectile point length is
differentially affected by impact and-sharpening, and that these points can survive multiple
rejuvenation attentp, appear entirely reasonable. Moreover, the differences between Chesier
and Kelly (2006) and Hunzicker (280show that there may also be reason to believe that
variation in preysize €.g.,deer vs. bovine targets) may have also differentially impab&d
attrition rate and probability of catastrophic failure, which is consistent with the hypothesis by

Kuhn and Miller {n pres9 that the increase in biface-sbarpening in the southeast observed in
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Paleoindian points from Tennessee is due to a shift franting megafauna to deer and a wider
array of smaller species.@.,Morse 1973; Walker 2007). Furthermore, establishing a
relationship between projectile pointsbarpening and presize would be extremely important
because it would provide an archigpcally 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 select&grpening,
pointsize, point shape, and firing velocity.

An alternative approach to demonstrating the relationship between projectile point re
sharpening and presize (and by extension hunting returns) is to compare faunal remains and
projectile points from archaeologiccontexts 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
199%). Instead | use two case studies, Puntutjarpa Shelter in Australia (Gou¥) aed
Gatecliff Shelter in Nevada (Thomas 198®)demonstrate that supplyis held constant, then
the resulting variation is likely due to demand, or fluctuations in hgméturnsThen, in the
following chapter, | examine long term trends in bifacehiarpening in thiower 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 appearantdamesticated plant in the archaeological record.

Puntutjarpa Shelter

Puntujarpa Shelter in Western Australia was excavated under the direction of Richard
Gould from 19691970 and contains a record of occupation that spans the entirety of the
Holocene epch. 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; Goufd 1996). Sirovell (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 inaedaffective precipitation. This relationship

may be driven by the observation that the largest aniimRid KangarogMegaleia rufg, Hill

Kangaroo Macropus robustys and Emu Dromaius navaehollandigé become more plentiful

after seasons of heavyma(Gould 1977) Moreover, Gould (1977: 289, 169170) 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 Sheltetataset is also valuable because of the extensive ethnographic and
ethnoearchaeological 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
generakense, 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 31. Artifact classes andthnographicallyobservedunctionsfrom Goull (1977)

Type

Type Abbreviation Function page #
Large Cores la, 1c Only the very hardest wood. 92
Horsehoof Core 1b Chopper/scraper planes? 93
Large Flake 2a, 2b Used exclusively for scraping hard woods to make spe 94

Scrapers/Spokeshave shafts. Whether for smoothing them or for shaping and

sharpening.

Adzes and Adze slug: 3a3d Scraping hard woods 96-97
Micro-adzes and 3e3h Scraping hard woods 98
Micro-Adze slugs
Small Endscrapers 3i Scraping hard woods 99

Backed blades 4 Multiple? 99-100
Handaxes 5 Early woodworking production 100
Ground seeder/grinde 6 Grinding seeds 101
Grinding slabs 7 Grinding seeds 101
Hammerstone 8 Hammerstone 101

Retouched fragments 9 Multiple? 101-102

and utilized flakes
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relationship betweehunting returns and the projectile pointstearpening. However, in this
case, the AborigingAustralians used nintot long wooden spears that were hurled with spear
throwers, mostly from behind blinds or other forms of stealth hunting (Gould 1928)28ince
the Aboriginal Australians who inhabited Puntutjarpa Shelter did not utilize stone projectile
points, | instead use stone tool types that Gould argued are used almost exclusively for the
production and maintenance of spshafts (Table d). Thesanclude one type he claims were
used exclusively for sharpening and straightening spears (Types 2a and 2b).

With the faunal data, only presermedabsence information by species was available
(Archer 1977:159). | divided those into two groups: largeisggthe three species of kangaroo)
and small species (everything else) (Tab®.3 then standardized the number of small species
by the bone weight and count for each level as a course proxy for species diversity Jalble 3
then regressed thesewad s agai nst Surovell 6s (2009) AOccup
that they correlate (Figure3. In other words, as occupation intensity increases, faunal diversity
decreases. | then compared t he prddesgribddas f aun
woodworking tools. | 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 assengblBgth proxies for the frequency of
woodworking tools correlate with the proxy for small species diversity (Figudesn8 35). |
interpret this as indicating that there is a greater frequency of tools suggestive of woodworking
activity occurring whertthere 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 36). Based on this analysis, it appears that the Occupation Span Index, pragdize

the frequency of woodworking tools for each component are all correlated.



Table 32. Presence anabsence obbservedaunaltaxa byexcavationlevelfrom Puntujarp&helter (Archer 1977; Gould 1977,
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1996)
X x X x N N
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Taxd Name < O n 0] = X
Dasyurus cf geofforoii Western Native cat X
Perameles cf. P. eremiane Desert bandicoot
Chaeropus ecaudatus Pig-footed bandicoot X
cf. Isoodon auratus Golden bandicoot X
Macrotis lagotic Common Rabbitared bandicoot X X X X
Thichosurus cf. T.
Vulpecula Brushtailed possum X X X X X X X X X X X
Bettongia lesueur Lesueur's Rat Kangao X X X X X X X X X X
Lagorchestes hirsutus Wester Harewallaby X X
Onychogale lunata Crescent naitailed wallaby X X X X
Petrogale sp. Rockwallaby X X X X
Macropus robustus Large kangaroo X X
Mealeia rufa Largekangaroo X X X X X X X X X X X
Large Macropodid Large kangaroo X X X X X X X X X X X X X X X X X
murids Native mice X X X
Orychtolagus cuniculus European Rabbit X X X X X
large carnivore(s) Dingo/Thylacine/ TasmaniaDevil X X X X X X
Varanidae varanus Monitor lizard X X
Ophidia shakes
Aves birds X
Total 7 7 11 6 6 8 8 3 3 3 6 4 2 2 3 5 1
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Table 32. Presence anabsence obbservedaunaltaxa byexcavationlevelfrom Puntujarp&helter (Archer 1977; Gould 1977,
1996) (continued)

To) [Te) [Te) Te) [To) To) 7o) To) [Te)
Taxd Name 252383838k 2 38523 8%

= =z (@] 2} o a4 ) uld 3

Dasyurus cf geofforoii Western Native cat

Perameles cf. Reremiana Desert bandicoot X

Chaeropus ecaudatus Pig-footed bandicoot X X

cf. Isoodon auratus Golden bandicoot

Macrotis lagotic Common Rabbieared bandicoot

Thichosurus cf. T.

Vulpecula Brushtailed possum X X X X

Bettongia lesueur Lesueur's Rat Kangao X X X X X X X

Lagorchestes hirsutus Wester Harewallaby X X

Onychogale lunata Crescent naitailed wallaby X X X

Petrogale sp. Rockwallaby X X

Macropus robustus Large kangaroo X

Mealeia rufa Large kangaroo X X X X X X X

Large Macropodid Large kangaroo XX X X X X X X X X X X X X X X X X

murids Native mice X

Orychtolagus cuniculus European Rabbit

large carnivore(s) Dingo/Thylacine/ Tasmanian Dev X X

Varanidae varanus Monitor lizard X

Ophidia shakes X

Aves birds

Total 4 4 3 3 7 4 3 2 3 6 4 1 2 2 1 1 1 1
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Table 33. Data for Puntutjarpa Shelter from Gould (1977, 1996) and Surovell (2009).

Type 2&3 Type 2 &9

Area . . Occupation Type 1 " Total Waste Small Large Bone Bone
Stratunt (m?) Artifacts  Density Spanplndex (gc?res) v%%ﬁ%%) ggéi? Tools Flakes Species Spegies frag. Wt (Q)
AX 15.88 770 48.5 27.15 2 9 8 17 753 5 2 1211 507.4
BX 15.26 1537 100.7 34.14 1 26 19 47 1590 9 2 776 322.1
CX 14.64 2622 179.1 29.14 4 49 36 92 2530 4 2 901 464.2
DX 14.02 3806 2715 30.14 13 70 59 142 3664 6 2 853 507.2
EX 13.7 4535 331 27.69 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 7915
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
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 251 636 253.5 2 5 10 626
M5 13.82 8146 589.4 79.08 14 19 44 85 8061 2 2 1505 883.5
N5 13.79 9845 714.1 85.46 13 16 34 81 9764 2 1 1954 988.5
05 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 10315
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
us 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 0 18 1 0.2

! Strata J2.7 consist have large pieces of rdafl 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 fonteights compared to the rest of the strata, which is why | excluded them
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Table 34. Proxies for Puntujarpa Sheltrived from Gould (1977, 1996) and Surovell
(2009)

Small

Occupation  Species: Sm_all. A_d;e: Adze:
Stratum Span Index Bone Species:1k  Utilized Total
Weight Fragments Flakes Tools
AX 27.15 9.854158 4.128819 1.125 0.529412
BX 34.14 27.94163 11.59794 1.368421 0.553191
CX 29.14 8.616975 4.439512 1.361111 0.532609
DX 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
LZ 0.4 0.2
M5 79.08 2.263724 1.328904 0.431818 0.223529
N5 85.46 2.023268 1.023541 0.470588 0.197531
05 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
X5 0 0 0 0
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Figure 33. Small species diversity (number of small species taxa/1000 bone fragments)
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Figure 34. Small species diversity (number of small@pe taxa/1000 bone fragments)
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These findings are conmpresy) enAr wi t AcKuhan
Pat ches 0 mo d etesare Mitee(reprasentediby greater diversity of small
species), there should be manaintenance 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 adaskthaft
spearthrowers that were used primarily forsbarpening 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 waauyools
to Surovell 6s (2009) Occupation Span I ndex
relationship (Figure-®; Figure 37). The more time people spent in the shelter, the fewer

woodworking tools they discarded relative to everything else.

Thispatten conf orms to many of Goulddés (1980)

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 clustan 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) arged that human group size increases (and aggregation events are
more likely to occur) when hunting returns are higher, which als@des with rainfall.
Conversely, when rainfall decreases, this would likely depress the density of kangaroo
and emu, decrsing 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, hattbecatch species. This would have led

a

f
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Figure 35. Small species diversity (number of small@pe taxa/1000 bone fragments)
compared to frequency of woodworking tools (adzes/utilized flakes).
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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 thetwadés at ambuslocations, 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 ancamaydt have a finite shelf

life 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 gizeydecreases, dibteadth widens,

and the returns from hunting decrease. This result is consistent with the expectations of
Kuhn andinptresh rhoeal, bus thig particular example really emphasizes the
frequency of wooden spear maintenance. fbHewing example will instead explore the
relationship between prey size and the condition of discatid@eprojectile points from

an archaeological case study.

Gate CIiff Shelter, Nevada

Gatecliff Sheltethat was initially discovered in 1970 by Ddviurst Thoma#
the Monitor Valley of Nevada, and was subsequently excavated from1B¥BL
(Thomas 1983). A sequence of deposits 12m deep was excavated, with ovér 650 m
removed. The site contained 56 distinct strata including 16 cultural horizongetteat
dated with a total of 4¥'C 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 remainseadcover

ranged in size from small mammals, such as rats and voles, to larger artiodactyl species,
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includingpronghorn Antilocapra americanpand big horn shee®is canadens)s
Also recovered from this site were over 400 projectile points, which help prindde
foundation for the regional chronology (Thomas and Bierwith 1983).

McGuire and Hildebrandt (2005) used Gatecliff Shelter as part of their argument
that during the midto lateHolocene transition, prehistoric hunters in the Great Basin
were acquirindarge 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 cossignaling theory€.g.,Bleige-Bird and Smith
200b), and argue that hunting to the point of being wasteful may have servedessige
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 rdld¥mts(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 artiodatyls is likely due to ameliorating climate during the Late Holocene, where
dramatic increases in artiodactyl remains are foundamolaeological assemblages, such
as Homestead Cave (Byers and Broughton 20042220). Byers and Broughton (2004)
then applid their version of the artiodactyl inde¥ ( Ar t i odact yl NI SP/
NI SP + E Lagomorph NISP) to a sample of
Great Basin and found a dramatic increase in artiodactyl representation between 4,000
and 3,003“C years ago. They also argued that the frequency of burned lagomorph
remainswereconstant over time, and that there was no correlation between human and

raptormodified specimens, which they argued indicated that the relative contribution of

ar ch
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human and on-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 cordag€&hey argued thats larger game became more
abundant, therevas 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 thaturing the Late Holocene, as artiodactyl populations increased, humans
focused their diebreadth and preferentially targeted this species relative to smaller,
harderto-catch species.

Following both McGuire and Hildebrandt (2005) and Byers and Broughton
(2005), Iplannedo 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) dingiine
bones oimany smaller species were likddyought into the cave bgvian predairsor
wood rats Neotoma s)). As a result, the frequency of smaller species in each component
may not reflect the pregize choices of human hunters if instead odgents are
introducing them. As a means to test for the extent to which the small species
representationisduetonbnu man predati on, I compared the |
CottonbpaiiMsoce and Voles, 0 species for which
consumption. This resulted in a clear, positive relationship (f9; p < 0.0001), which
suggests that a significant percentage of the NISP can likely be attribddetbtsother

than humarpredatorgFigure 37; Table 35). To minimize the effectsfaatural
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Table 35. The NISP ofmice, rats andsoles andcottontails andackrabbits by
strata/horizon at Gatecliff Shelter, Nevada.

Mice, Rats, Cottontails and

Strata/Horizon and Voles Jack Rabbits Residuals
Horizon | 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 1416 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 2630 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 36. Hafted biface and faunal representation by horizon at Gatecliff Shelter,
Nevada.

. Residuals .OViSI
. Complete . Cottontails/ . Antilocapra
. Bifaces . Ovid Cottontails/ .
Horizon Component Bifaces ) Jack Adjusted
(n) Antilocapra . Jack :
(%) Rabbits Rabbits Cottontail/
Jack Rabbit
1 Yankee 19 68 18 129 -23.263 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 39 69 45 146 81.933 0.247
Reveille/
8 Devil's 53 360 164.863 0.200
Gate
9 Devil's 38 73 11 210 -41.484 0.188
Gate
10 Devil's 17 88 2 19 100.190  -10.530
Gate?
Devil's
11 Gate? 0 2 7.505 0.000
12 Unknown 5 60 9 54 -121.537 -0.418
13 Clipper 6 57 0 18 9.055 0.000
Gap
14 Clipper 1 0 4 18 -3.444 0.041
Gap
15 Clipper 2 30 -67.139 0.061
Gap
16 Clipper 0 8 -56.067 0.000
Gap

accumulation, | extracted the residual values for each component from the previous
regression, and | then took those residuals and regressed them against the NISP of sheep
andpronghorn. | used the residuals of this second regression analysis as a measure of the
relative abundance of artiodactyls versus rabbits and cottontails (Figureable 36).

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 39). The two Underdown components that drive this pattern are found in
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Horizon 2, which contains a bone bed with the remains of nearkgdozen adult,

bighorn sheep that were likely killed in a single event (ThoamasMayer 1983: 355,

379). Maeover, Thomas and Mayer (1983%.0) argue that the elements represented in

the assembl age are consisttreante.g. BmfardliiO78n i de al
where lowutility elements, such as mandibles, are disednahile 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 wiscarded and not-re

sharpened. These findings are consistent with the application of the MVT to tool discard,
where one of the |l ess intuitively obvious pr
an artifact decl i ne sinahsrwardses @tgnzingt@ltusersns | ncr

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 |l ikekykmobté Oppershoifties, wheresc
hunters most likely had to+sharpen and rase bifaces multiple times to bring back

comparable amounts of meat. Moreover, Kuhn and Milkepesy st at e, fAConvers
average yield from application of the tools goes down, people should hold on to artifacts

l onger . 0 When returns were comparatively | ow
complete form, most likely because they were simplydoséused past the point at

which they were deemed useful, and were subsequently replaced. Or, to frame this in

strictly economic terms, there appeartidawen beetess demand for projectile point

maintenancavhenprehistoric hunterazere moresuccessful

Conclusion
In this chapter, | argukthat 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 peafitdeparture for making inferences aeding human
behavior. As a result, they have played a significant role in the developnibat of
ATechnol ogi c daHeoreBoalperspectvain Raleaindian and Southeastern
Archaeology, as well as recent attempts to apply more formal model$iinoman
Behavioral Ecology to stone stools. | then adgiiat 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 tesuppyand
demandAs an exampl e, | ingpresd mddel, vimch & dedvedMi | | er 6 s
from Charnovods (1976) dAdAMarginal Value Theore

supply and demand constraints can be used to arakaeologicallyractable predictions
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that @an then be applied to the archaeological record. One implication of this study is that
if supply-side constraints are held constdhg strategies for discarding artifaete

likely related to prey size, and by extension hunting returns. To demonbisaterther, |

used two case studies. At Puntutjarpa in Australia, whengizeydecreases and diet

breadth widens, the frequency of tools used to maintain wooden spEFaesesAt.

Gatecliff Shelter, when hunting returns were exceptionally highpieas that little

effort was made to rejuvenate points for later use. In the following chapter, | 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 im twédwaluate 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 ofresearch 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, 2@}, who argued that plant domestication happened so much
laterineast ern North America compared to other
environmental preonditions were not in place until tMid-Holocene. It was during
thistime 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 bg decrease in precipitation caused a deterioration of upland habitats
created a Opush/pull 6 effect that prompted
environments. A c@&volutionary relationship began to emerge between people and a set
of plantsthat are adept at exploiting disturbed ground. More recently, Smith (2011:5482)
has taken his arguments a step further, by stating that

Eastern North America, arguably the bdstumental region castudy available,

does not provide much support for gatenodels including those of human
behavioral ecology that incorporate environmental downturn, external
environmental stress, population growth, landscape packing, constructed resource
zones, and carryingapacity imbalance or resource scarcity in expigithe

initial domestication process.

g
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Smithdés view is in stark contrast with Gr
agricultural origins in eastern North America, which she largely derived from the
expectations of the didtreadth model. Building on previousgaments 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 technologimavations to make
harvesting more efficient, or 2) where more highly ranked resources become scarce.
Gremillion contends that food storage and the inclusion ofrlowed seedy annuals in
the diet was originally a strategy to combat seasonal food sh&rtagais 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 vatiage.

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 Pipern@011) frequently makes use of models frorman
behavioral ecology (particularly including the daftoice and central place foraging
models) as an interpretive framework to understand the racwnomic decisions
available to prehistoric huntgiatherers and early farmers. More broadly, she also
examines regional spatial trends, finding that domesticated plants in archaeological
context appear in the mbntinent, and in particular the lower lllinois 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; Grezfilipn

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 béld@ramillion
2002:497; Figure4). She argues that this further supports the hypothesis there is some
relationship between food production and sea
model hinges on enriched river valleys, the distribution of sites and variatiloeir
landscape contexts lead Gremillion to conclude that agriculture could have developed
independently in other areas away from the major river valleys of theanithent
(Gremillion 2002:492493).

While Gremillion has focused on micexzonomic ad 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 firstvitla | dwel | 6s (1958) #APri ma
Ef f i cimadel,angt Some versions of it are still populary.,Anderson and Sassaman
2012:101107). This view, at least in regards to subsistence, is still held by Smith
(2011:482), who contends thattheLate Archa ¢ peri od fisubsistence e
remained stable over | ong periods of time. o
this Atransformation of inferences into assu
by discouraging the formulation of alternat hy pot heses. dneShe t hen ¢
(1997) hypothesis tha¥id-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 proportiai®ak relative to other species in
the midcontinent during thdlid-Holocene, a view that has been central to more recent
studies of Middle Archaic subsistence (Bissett@®@armody 2009, 2@ Moore and

Deckle 2010). Consequently, Gremillion (1996:1fidgis that there is a need for the
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Figure 41. Distribution of premaize agriculture with istherms indicating the annual
number of days below 32° (adapted from Gremillion 2002:497).

systemati@athering 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 Americatte 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 maeezonomic approach derived from human
behavioral ecology. This study also exags 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 tad as a theoretical construct to generate hypotheses
that can then be used to interpret variation in the archaeological record.

However, one problem with applying prelioice models to test for evidence for
resource stress in eastern North America isttieavailable 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 anore 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, | elaboratedaomodel for the produ@in, use,
mai ntenance, and discard of artifacts that
Value Theorem by demonstrating the link between projectile postiagpening and
preysize. It should be emphasized that the model as applied in this stsdyrogetile
point resharpening as a proxy founting returnsand not necessaripyrey-choice,since
there is no way to asses which species are being selected from the projectile points alone.
Regardless, the relationship between projectile poishapening andhe returns from
their useprovides another means to index hunting returns over time. In this chapter, | use
this model teexaminebiface assemblages and make inferences regarding the aggregate
hunting returns over the course of the Paleoindi@h Archaic periods in thdidsouth
If there is evidence for demographic pressure and resource depression, the exjpectation
that this shouldbe reflected in the production, maintenance, and discard of projectile
points. More specifically, as returdscreasepoints shouldere-sharpened and

discarded with less mass. This relationship was demonstrated in the previous chapter with
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the Puntujarpa and Gatecliff Shelter examplxmversely, if hunting returns actually
increase then there should be lesgidence for resharpening and points should be
discarded with more mass, or unexpended utiifycourse if hunting returns stayed
constant over time, there should be little observable change in size and dimehfsions
projectile points upon discard.

The assemblages that | used for this analysis are drawn from Benton and
Humphreyscountieson thelower Tennessee River, which are ideal for several reasons.
First, there are abundant raw material sourths. Tennessee and Cumberland drainages
in central Tanessee contain multiple chéxaring 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 femations and is found near Dover, TN, although nodules are frequently found
along the Tennessee River in the northern parts of Benton and Humpbueyies
(Parish 2011). Fort Payne formation chert, in particular the variety known locally as
ABu-éYyedo mMBuffalo Rivero chert, is found near
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 BasirSor the
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 iduikedy
hunting returns€.g.,demand) instead of other supjdigle constraints.

Second, many have noted that proximity to raw material sources contribute to

high rates of artifact discard (Andrefsky 198®&ck et al. 2002ingbar 1994; Kuhn 2004;
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Surovell2009). In central Tennessee this tendency is reflected in the abundance and
ubiquity of early archaeological sites.§.,Anderson 1996; Kerr and Bradbury 1998) and
artifacts recorded in private collections in this region (Broster and Norton 1996).
Moreower, abundant raw materiala contributing factor to the extraordinarily high
numbers of Paleoindian and Early Archaic bifaces recovered in Tennessee. Benton and
Humphreyscountieshave some of the highest densities of Paleoindian period artifacts
recordel in North America (Anderson et al. 2010; Prasciunddg@nd 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.§.,Smith and Yarnell 2009).

Third, there are many collections available for study from this area (FieRxe 4
This includes one excavated Earlgl€vindian period Clovis site, Cars@onnShort
(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 1991ewis and Kneberg 1958lorton 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 TerseesDivision of Archaeology and the McClung
Museum at the University of Tennessee. As for{Raeoindian occupations, several
sites from this section of tHewer Tennessee River valley excavated as Works Progress
Administration (WPA) projects providetite basi s for Lewis and Kneb

sequence for the Archaic period for the ra@htinent (Lewis and Kneberg 1959). These
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Figure 42. Study area, site locations, and the distribution of gireducing St.
GenevieveSt. Louis, and Fort Payne listene 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 a8d7)

McDaniel (Lewis and Kneberg 195&dditionally, artifacts collected during the course

of a shoreline survey of Kentucky Lake by Cultural Resource Analysts, Inc. (Kerr 1996;
Kerr and Bradbury 19B) are also included in this study.

One drawback to usinthis sample of assemblages is that, aside from Garson
ConnShort, 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 culturalamponents. 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 wepmllected 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 archaeologgal record. This chapter will provide an overview of the assemblages |
used in this study, and my rationale for vetting the sample. | also discuss how | recorded
the data used in this study, which consisted of caliper measurements, photographs, and a
suiteof software packages including Adobe lIllustrator, Adobe Photoshop, ESRI ArcGIS,
and Microsoft Access. | then describe the measures | usegsharpening indices and
how, after being applied to the sample of bifaces from my study samysleamgening
appears to correlate roughly with climate change. | 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 thdid-Holocene projectile points appear to be discarded with relatively

high amounts of wexpended utility compared to other types

Study Sample and BaCollection

Benton and Humphreysunties are located on either side ofltheer 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 WRAictad 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
culturehistorical sequence for tiMdidsouth(Lewis and Kneberg 1959)

Part of the success that the WPA archaeologists had in locating, and then
excavatinga large number of sites is due to alluvial geomorphology in this section of the
river drainage. Here, the dovauitting 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 archeaddg
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.&kmay from the maichannel and the
artifact bearing layers only extended ~Beiow surface and contained Early Archaic

through Woodland period deposits (Figur8)4
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The subsequent inundation of Kentucky Lake, and the seasonal rising and falling
of the lake, has eroded aaxposed 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 professnal (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 ad Kneberg 1958; Norton and Broster 1992), Twelkemeier (Broster
and Norton 1990), and Cars@onnShort, where Broster and Norton (1993, 1996) have
reported a limited area of intact, buried deposits. In other cases, most of the available
information on site 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 icorporated 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, litas been surveyed multiple times, including a lacge survey by
Cultural Resource Analysts, Inc. (Kerr 1996). As a result of these various projects,
Benton and Humphreysuntiescontain one of the most abundant and temporally
complete inventories ofrgfacts, and in particular bifaces, available for study in all of
eastern North America.

In December 2010 and July and Augu8i 2, | collected the primary information
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Figure 43. (Top) Location of the Eva Site relative to the Tennessee River (ewdidim
Lewis and Lewis 1961:ii)). (Bottom) 4S8 Trench at the Eva Site (Frank H. McClung
Museum WPA/TVA Archive).
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Figure 44. Photography stand with a Canon DSLR at a fixed elevation. A local
avocational archaeologist, Dal Lawrence, is using digitahlipers 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 railp process that first began with taking

digital photos of each aftict from a fixed elevation using@anon Eos Rebel DSLR

(Figure 44). Then | took caliper measurements for thickness, and for a limited number of
artifactsalso maximum length and maximum width. | used Adobe Photoshop CS 5.5 to

crop each artifact imagecae them to actual size, and therset 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 I ncC
artifacts, which was alsoxported as an image file (.tiff) (Figure5). | imported these

image files into ESRI ArcGIS, where | converted each raster into individual polygons for

each biface. | then used the fAenvelopeo func

around each artifécwhich provided a means to calculate the maximum width and length
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(Figure 46). These measurements, as well as image files for each artéaetthen

imported into Microsoft Access, where they were integrated into a relational database
that also includsthe initial caliper measurements. Within Microsoft Access, | also
created a coding sheet to record qualitative attributes, primarily reflecting the condition
of the artifact and its typological classification (Figur@&)4From this point, | was then

ale 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 Humphregsunties This provided me with an overall tbtaf

5,244 bifaces from 87 sites from within my study atea.

Because of the relatively large sample size, | was able to be selective in the
artifacts | chose to analyze. First, | am primarily interested in the points that were
produced for, and presumahlged in, the context of hunting. Consequently, points that
were intentionally placed within burials
6ar chaeol o eig.Sehiffédy 1983) prematurdly, which would mean that they
were discarded befe 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-8idiehed and Corner
Notched points, there are hatarly and late forms that are difficult to separate based on
visual inspection. For the Big Sandy Sidetched, | only use the bifaces found in
Stratum Il at Eva, which is clearly Late Archaic in age. Similarly, for the Cavin&hed

bifaces, | only uséhe 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 Tennesseknoxville and the Tennessee Division of Archaeology in
Nashville, Tennessee.

wer
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characterized by relatively large percentages of bifdwdsare Paleoindian and Early

Archaic in age, and any CornBliotched 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 tonle@asurements | 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, | have a robust sasigés for each type in the study sample

(Table 41; Table 42).

Methods

In the previous chapter, | analyzed bifaces from the Tennessee Fluted Point
survey and found evidence for increasingin@rpening over the course of the
Paleoindian peod. In this study, | have extend#ds analysis forward in time to the end
of the Late Archaic period. Moreover, | also have restricted my sample spatially to
include just two counties, Benton and Humphreys. This allows me to betterl ¢batro
supplyside constraints. In other words, probably at no point in prehistory was a-hunter
gatherer more than a single dayodés foray
As a result, variation in rgharpening likely reflects factors otheathraw 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 relationghipdmeprojectile

point resharpening and presize at Puntutjarpa Shelter in Australia and Gatecliff Shelter

in Nevada. However, unlike both of these archaeological case studies, | can apply a wider

variety of proxies for resharpening to my study sample

away



Table 41. Archaeological components present at each site included in the study sample.

Cumber Quad/ Corner Early Eva ll/ Middle Late Late

Site Number Clovis land Beaver Dalton Notched Archaic Eval Morrow Archaic Archaic  Archaic
Lake Stemmed Mountain Stemmed Stemme&  Barbed

40BN0005 X X X
40BN0006 X X
40BNO007 X X
40BN0012 X X X X X X
40BNO0014 X X X
40BNO0017 X X X X
40BN0018 X
40BN0024 X
40BNO0025 X X X X
40BN0028 X
40BN0029 X
40BN0035 X
40BN0039 X X X X
40BN0047 X
40BN0056 X X
40BN0058 X X
40BN0059 X
40BN0059 X X X X X X X X
40BNO0O074 X X X X X X
40BNO077 X X X X X X X
40BN0081 X X
40BN0086 X
40BN0088 X

12¢
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Table 41. Archaeological components present at each site included in the study santplegdon

'  Cumber Quad/ Corner Early_ Eva ll/ Middlg Late' Late.

Site Number Clovis land Beaver Dalton Notched Archaic Eval Morrovy Archaic Archaic  Archaic
Lake Stemmed Mountain Stemmed Stemmed Barbed

40BN0090 X

40BN0094 X

40BN0100 X X X

40BN0101 X

40BNO0113 X

40BNO0114 X

40BN0120 X

40BN0124 X X X X

40BN0141 X X X

40BN0142 X X X X

40BN0143 X

40BN0144 X X X X

40BN0145 X X

40BN0147 X

40BN0149 X

40BNO0179 X

40BN0190 X X X X

40BN0295 X X

40BNO0317 X X

40HS0009 X

40HS0023 X X X X

40HS0048 X

40HS0059 X




Table 41. Archaeological components present at each site included in the study sampiegdont

Cumber Quad/ Corner Early Eva ll/ Middle Late Late

Site Number Clovis land Beaver Dalton Notched Archaic Eval Morrow Archaic Archaic  Archaic
Lake Stemmed Mountain Stemmed Stemmed Barbed

40HS0060 X X X X X X X X X X X
40HS0063 X X X X X X X X
40HS0075
40HS0098
40HS0173
40HS0174
40HS0175
40HS0176
40HS0181
40HS0182
40HS0183
40HS0185
40HS0186
40HS0200
40HS0205
40HS0284
40HS0333
40HS0334 X

>

X

X X X X X
X X X X X X X X X X X

X X X X X X X X

X X
X X X X
>

X
x
X X X X

13C
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Table 42. Sample size for each measurement by biface group.

Type Thickness  Area L:w? L:T? w:T?
Clovis 136 94 94 58 91
Cumberland/Barnes 78 62 62 48 63
Quad/Beaver Lake 220 90 90 66 178
Dalton 161 56 56 57 125
CornerNotched 92 104 104 39 77
Early Archaic Stemmed 113 109 109 63 111
Eva | 203 62 62 78 164
Eva Il/Morrow Mountain 89 46 46 52 79
Middle Archaic Stemmec 214 105 105 96 200
Late Archaic Stemmed 956 378 378 319 932
Late Archaic Barbed 153 85 85 76 143

"Maximum Length:Maximum Width
“Maximum Length:Maximum Thickness
3Maximum Width:Maximum Thickness

Hunzicker (2008:306) simply used length as thexig in his attrition curve
(Figure 48). This is essentially a measure of the size or the projectile point, or
alternatively, a measure of the unexpended utiéity.(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 pointrageired. Since | recorded the
maximum length, width, and thickness for each biface, | can calculate area and volume
for each point instead.

Also, unlike Hunzicker (2008), | have no way to identify the number of uses, or
the time in use, directly. Insteddiave to make the assumption that the degree of re
sharpeningnoh i nearly correlates with time in
experimental data, is a reasonable assumption. Following Kuhn and Milpeegs, |

am able to calculate the Length:\WWhdiT his proxy assumes that with eactsharpening

episode, length will be differentially removed relative to the width, which is constrained

S
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,.n
Length

> >
Time/Uses Re-Sharpening Episodes

Figure 48. (Left) The relationship betwednh(the average expected instantaneous returns
minus the cost of pratting or procuring a new artifact) and time and/or the number of
uses (modified from Kuhn and Millén presg. (Right) The relationship betweéngth

and resharpening episodes for Folsom type bifaces fired astiagoerd in an
experimental context (adified from Hunzicker 2008:306).

by the portion that is within the haft. As a result, in situations where there is minimal re
sharpening, the size of the points will be free to vary, but their aggregate lengths and
widths will be correlated. On the otheaind, points that have been subjected to varying
degrees of rsharpening 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 resharpening episode (Figured). Since many of the bifaces in my sample are
incomplete, which makes it impossible to accurately assess maximum width and length
measurement, | utilize two additional proxies fosharpening that can be applied to a
larger number of bifaces in my sal®pwhich 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 mucksbpmeening,

whereas resharpening will impact the Igth and width of the exposed portion of the

point (Figure 410; Figure 411). These proxies were calculated for each biface type that |
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delineated in Chapter 2 (Table34 For this analysis | examined Thickness, Area,
Length:Width, Length:Thickness, anditth: Thickness using first ANOVA (Fisher

1918) to determine if the means across all of the types are statistically different. | then
used TukeyKramer methodKramer 1956; Tukey 19530 determine which pairs of
means for each group of bifaces are staadliy similar or different. Finally, | used
Principal Components Analysis (PCA)darsor1901) 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 (Figuré2). 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 afidlaedst
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 |, Late
Archaic Stemmed, and Late Archaic Barbed groups.

To calculate the twaimensonal area for each point, | 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 diffeences in the mean values (F = 22d/b= 2;p

<.0001) (Figure 41.3). The means and standard deviations decrease over the course of the
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Figure 49. The hypothetical relationship between biface length, width, and re
sharpening.
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Figure 410. Thehypothetical relationship between biface length, thickness, and re
sharpening.
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Figure 411. The hypothetical relationship between biface length, width, and re
sharpening.



Table 43. Means andtandarddeviations for each variabley biface group.
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Thickness Area L:W L:T W:T

Type o o o o o

n e u n € u n € u n € u n € u

Clovis 136 759 278 94 2254 080 94 255 0.06 58 10.33 3.98 91 4.19 0.08
Cumberland/Barnes 78 7.35 222 62 2091 099 62 253 0.07 48 896 2.8 63 3.87 0.09
Quad/Beaver Lake 220 6.75 128 90 17.61 0.82 90 250 0.06 66 9.44 3.16 178 3.92 0.05
Dalton 161 721 1.14 56 1391 1.04 56 2.26 0.07 57 7.82 2.01 125 4.15 0.07
CornerNotched 92 7.70 1.07 104 17.22 0.76 104 189 0.05 39 6.63 1.15 77 3.96 0.08
Early Archaic Stemmed 113 7.84 1.24 109 16.77 0.74 109 2.04 0.05 63 7.37 152 111 3.84 0.07
Eva | 203 875 132 62 25.15 099 62 162 0.07 78 751 1.51 164 4.48 0.06
Eva ll/Morrow Mountain 89 845 175 46 20.37 1.14 46 193 0.08 52 756 1.75 79 4.06 0.08
Middle Archaic Stemmec 214 8.14 1.47 105 16.60 0.76 105 2.04 0.05 96 7.33 1.90 200 3.66 0.05
Late Archaic Stemmed 956 10.48 2.01 378 23.81 0.40 378 2.22 0.03 319 7.13 1.67 932 3.43 0.02
Late Archaic Barbed 153 943 193 85 20.88 0.84 85 1.79 0.06 76 6.73 1.31 143 3.78 0.06
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Figure 412. Means and standard deviationstf Maximum Thickness values for each
biface group. Gray bars indicate whether means of adjacent groups are statistically the
same based on the Tukeyds HSD test
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Figure 413. 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
Tukeybds HSD test.

Paleoindian and Early Archaic periods, and then increase significantly with the Eva |
sample. They then decrease again with the Eva Il/Morrow MouatairMiddle 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 = 26.33df = 10;p <.0001) (Figure 414). 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 CornéMotched and Early Archaic Stemmed groups were

statistically the same, but also significantly lower than the Paleoindian samples. Finally,
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Figure 414. Means and standard deviations for Length:Width values for each biface
group. Gay bars indicate whether means of adjacent groups are statistically the same
based on the Tukeyds HSD test.

the Eva | group had the lowest mean value, which is followed by a significant increase
over the rest of the Middle and Late Archaic, with the Katshaic 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 fromGhavis through CorneNotched samples
(Figure 415). However, the results of the Tukkyamer 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 415. 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 Tukeyds HSD test.
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Figure 416. Means and standardwationsfor Length:Width values for each biface
group. Gray bars indicate whether means of adjacent groups are statistically the same
based on the Tukeyds HSD test.
The mean values for the Width:Thickness were also significantly different (F = 45.74;
=10;p <.0001) and there appeared to be a slight decrease in mean values over the course
of the Paleoindian and Early Archaic periods (Figudél However, the results of the
Tukey-Kramer test indicate that this trend is not significant other thaditteeence
between the means between the Clovis and Early Archaic Stemmed samples. There was a
significant increase with the Eva | sample, followed by decrease through to the Late
Archaic Stemmed sample. This was followed by a significant increase witlatie
Archaic Barbed sample.

Finally, | generated a correlation matrix and conducted a principal components

analysis (PCA)€.g.,Pearson 190 to examine how these various proxies for size and

shape interact (Figure ¥7; Figure 418; Table 44). For the PCA, | sed the correlation
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matrix for the basis of comparison since | 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 measurementsiffezsand
between the variables. The correlation matrissdales 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 reflestation in the

Maximum Length and Area variables, which are highly correlated §5).

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 andrhickness. This principal component is a proxy for the relative
shape of the artifact, or the relative relationship between Length, Width, and Thidkness.
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. | then saved
the principal componemalues for each artifact, and examined theagian for each
biface group through time (Figurel®, Figure 420, and Figure21; Table 45).

For the first principal component, there appears to be a decrease in both the means
and standard deviations from the Clovis through Early Archaic Stemmepsywwhich
indicates decreasing size from the Paleoindian period and into the Early Archaic. Then,
with the Eva | group, the values become significantly larger, and then increase for the
remainder of the Middle Archaic. Finally, the values increase, arddacrease, with the

Late Archaic Stemmed and Late Archaic Barbed types.
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Figure 417. Correlation matrix for all of the variables used in this study.
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Table 44. The eigenegctors from therincipal componentanalysis.

Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7

Max Width (cm) 0.31 -0.45 0.38 -0.07 0.68 -0.24  -0.16
Max Length (cm) 0.57 0.14 -0.07 -0.19 -0.24 0.22 -0.71

Thickness_cm 0.31 -0.47  -0.33 0.74 -0.15 0.06 0.07
Area 0.56 -0.16 0.15 -0.39 -0.33 0.00 0.62
Length:Width 0.31 0.48 -0.32 0.09 0.57 0.39 0.28

Width:Thickness -0.03 0.10 0.75 0.34 -0.10 0.55 0.04
Length:Thickness 0.27 0.54 0.24 0.37 -0.09 -0.66 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 ofstearpening episodes. Thiend
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: Thicknessvariable. 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
cownterparts. However, compared to the preceding point types, the relative width of the
Eva | group is much larger. Then, following Eva I, the values decrease for the
Eva/Morrow Mountain, Middlérchaic 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 419. Means and standard deviations for the firstcipal @mponent values for
each biface group. Gray bars indicate whether means of adgroeps are statistically
the same based on the Tukeybds HSD test.
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Table 45. Means and standard deviations from the PCA values by biface group.

PC1 PC2 PC3

Type o o o

€ u € u € u
Clovis 0.33 0.20 1.61 0.17 0.80 0.16
Cumberland/Barnes -0.15 0.24 1.16 0.20 0.07 0.19
Quad/Beaver Lake -0.18 0.19 1.48 0.16 0.24 0.15
Dalton -1.19 0.25 0.92 0.21 0.07 0.19
CornerNotched -1.51 0.25 0.02 0.22 -0.10 0.20
Early Archaic Stemmed -1.04 0.19 0.24 0.17 0.06 0.15
Eval 0.50 0.20 -1.14 0.17 1.65 0.16

Eva lI/Morrow Mountain -0.21 0.22 -0.13 0.19 0.48 0.17
Middle Archaic Stemmec -1.09 0.16 0.23 0.14 -0.15 0.12

Late Archaic Stemmed 0.84 0.09 -0.57 0.07 -0.60 0.07
Late Archaic Barbed -0.30 0.18 -0.75 0.15 0.29 0.14
Discussion
In Kuhn andMi | | ia prés$refdrmulation of the Marginal Value Theorem as
an artifact Apatch choicedo model, they predi

production, use, maintenance, and discard of artifacts. At one extreme are artifacts that
experience a grally accelerating rate of discard, and at the other extreme are artifacts
that fail frequently early in their udeves, or lose much of their utility early on.
Consequently, as the replacement cost of swi
expensie 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 retufrem using the artifaahcrease.

Snce the Asupplyo of raw material is held
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 losBtgfcould

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 CNiotehed

groups. Afterwards both the means and standard deviations becomeat@gnadastant

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 subseqb#ity,stathe
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, thee appeared to be three major breaks in the size and form of discarded
bifaces in the study (Figure2R). The first break occurs at the Pleistocene/Holocene
boundary. Over the course of the Paleoindian period, both the Area, Thickness, and
Length:Thicknes exhibit decreasing means and standard deviations, while the
Length:Width is stable. Then, with the appearance of Dalton and G&aotelned points
that span the Pleistocene/Holocene boundary, the trends either reverse or destabilize, and
during the Earh\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, poisk®w greateevidence of being discarded at
smaller, nore resharpened 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 componeng(,size), and the second priptz
componentéd.g.,shape) indicates proportionality more consistent with increasing re
sharpening over this time. The next major break occurs durirgithélolocene at the

boundary between the Early and Middle Archaic periods. With the Eva | types point
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Figure 422. Trends in the size and shape of the biface groups with three primary breaks
indicated.

becomethicker with more surface area, and most of that area coming in the form of
increasingwidth relative to the thickness. Surprisingly, the Length:Width upon discard is
indicative of relative high rates of-sharpening. This is further reflected in the results of
the PCA, where the first principle component increases significantly with, Bua the
second principal component shows increasing proportionality indicative of increasing re
sharpening that begins with Clovis and reaches an apex with the Eva | group. The third
principal component shows larger increases in relative width, whiahsstinat 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 samplé Late Archaic Stemmed and Late Archaic Barbed. With the Late Archaic

Stemmed sample, tihgea 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 Ttioess, 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 pripal component, there waslecrease 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 showsét 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)decrease in the relative amount of length lost-&hegpening.
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 decreasesith 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 fibreakso coincided with what are |1
the Paleoindian and Archaic periods in Bielsouth First, with the exception of
Kimmswick (Graham et al. 1981) and Sloth Hole (Hemmings 1998), there is minimal
direct evigence for the exploitation of megafaunaastern North America. More locally,

in the Nashville Basin, the association of stone tools with Mastodon remains at Coats
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Hines (DeteiWolf 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 sitelslidsitnethare
notable for their high percentage of smaller, hatderatch species, including avian and
smaller mammal species (Styles and Klippel 1996; Walker 2007). While thé actua
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 ofliyar izl
Dalton, which are smaller, less variable, and exhibit a Length:Width proportion indicative
of higher rates of rsharpening. Consequently, the general pattern of discard reflects
artifacts that are likely maintained andused for longer periodsf time over the course

of the Paleoindian period, which also coincides with the duration of the Younger Dryas.
Based on the MVT model, | hypothesize that this reflects an aggregate decrease in
hunting returns over the course of the Paleoindian periadriag 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, hatderatchspecies. The shift in diet
breadth 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, assmey
decreased, hunters likely had to procure momaails 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 vegetatiortlacelative 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 Midolocene (Delcourt 1% Wilkins et al. 1991)While Dust
Cave and handful of other Late Paleoindian assemblages are alkoovefi for their
preservation of diverse faunal remains (Styles and Klippel 1996; Walker 2007), one of
the key findings of Wahighpermraentage 0f avtad spgcieasnal ysi s
relative to the components from | ater time p
Paleolithic assemblages in teasterrMediterranean as a loose analytical guide, |
di vided Wal ker 6 s t axaagaiesibasedonh both size &nd sear¢thi ons i
and handling costs (Figure28). 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 seis. Moreover, the frequency of turtle and
tortoise remains also increases over this time period. leasierriMediterranean, Stiner
argued that these species are highly susceptible to population crashes as a result of human
predation, because they aetatively easyto-catch and have slow reproductive rates.
They can thus be consi dernmidnead pirnodveexribniga It hfiec a
of human hunting on local environments. In the case of Dust Cave, species like turtles
and tortoises (whichra relatively easy to catch), and dée 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 higheked species in terms of

overall cdoric return after adjusting for search and handtogts.
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Figure 423. Percent NISP for thaeer,bird, squirrel, andurtletortoisecategories by
component from Dust Cave, AL (from Walker 1998).

This pattern in faunal use is not specific to Duav€ Styles and Klippel (1996)
examined nine faunalssemblages from across Malsouthand 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 whempared to smaller species, like
squirrels (Figure €4). Similarly, Bissett (2010) compiled data on a set of Middle
Archaic sites from Tennessee, Kentucky, lllinois and Indiana and found thattkhile
proportion of deer remains clearly dominated treessemblages, 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, fateatture, and the abundance of
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Figure 424. Percent NISP for thequirrel (Top) andvhite-taileddeer (Bottom) from a

sample of archaeological assemblages in the lllinois and Mississippi River drainages
(Modified from Styles and Klippel 1996).

deer.More specifically, as annual temperature increadeere 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 obsluiits. 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

populatons 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,@@0BP and peaks between 7200 and 6600 BP
that coincides with the appearance of Eva | and Eva llI/Morrow Mountain biface types.

Compared tahe preceding point types, Eva | 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 futher use. Accordingtthefiar t i f acts as patchesod model
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 subsequeptint 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 inhéth 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 sfter, more diverse prey. The producers did not invest in
stocking their spear points with potential utilig/g.,mass), nor did they continue to
maintain their artifacts after using them, because the anticipated returns for doing so had
likely decreasedb the point where this was not deemed a worthwhile investment in time
or energy compared to the preceding Eva | group. These results are consistent with
Bi ssettds (2010) analysis of a sample of Mid

displayed a decreasn the proportion of deer relative to smaller species during the
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timespan encompassing the Eva |, Eva Il/Morrow Mountain, and Middle Archaic
Stemmed groups. Again, followingeii ar t i f act s as patchesd model
would be indicative of 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
exceptonal craftsmanship, and are often found a significant distance from the sources of
raw material from which they were made (McNutt 2008; Me&$). While a number
of Benton bifaces were included in my sample, | excluded all points that were found in
burid contexts, including several of the type specimens first identified by Lewis and
Lewis (1961:34) from the Eva site. Given the general pattermfimeexpedient use of
bifaces during the Middle Archaic, the deviation in size between these largenackd|
ABentonod bifaces, which are occasionally fou
striking. This bifurcation in size may provide some of the economic rationale for why
Benton bifaces ap pegaShottiand Bdllengee2007496)andont ext o (
become central to emerging trade networks irMidgsouth(e.g.,Jefferies 1996; McNultt
2008). In other words, the production of large, expertly crafted bifaces became rarer and
morecostly within the larger context of the trend toward more expedientbifac
production, maintenance, and discard during the Middle Archaic.

The third and final break in this dataset
Archaic Stemmedo and fALate Archaic Barbedo t

componenté.g.,size) ircreases 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 beghsmaller 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 unexpendeudility upon discard. Per the predictionstoh e far t i f act s a
pat c h e sthis 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 perod 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
repated evidence for scalping and the removal of limbs, presumably for waetated

trophies, from burials found in many of the same sites | 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 thishacic@irred

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 thiest 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 marial. By utilizing a model that treats artifacts as potential
patches of utilityl 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 thesatifacts for the tasks in which they were used.

This study first found that aside from the Eva | and Late Archaic Stemmed
groups, there is a broad trend in the size and shape of bifaces that reflects decreasing
returns fom hunting over the course ofafPaleoindian and Archaic periods. However,
this study also shows that these trends do not represent a gradual change over time, and
there are three major fAbreaks. o6 The first oc
where the appearance of notchamjncided with a decrease in the variability in the size
and shape of the discarded bifaces, yet a broader trend of increabedpening of
bifaces continued. The techniques employed by those who producedsiradpened
Dalton points and then the imgtion 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 uséves of these bifaces.

However, with the appearance of the Eva | type, points were discaiithed w

relatively high degree of unexpended wutility
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peak in temperate in tidid-Holocene, which may have increased the frequency of

acorn and hickory masting, resulting in a boom in the availability of deerisThis

reflected in the relatively high proportion of deer in Middle Archaic archaeological
assemblage®(g.,Bissett 2010Styles and Klippel 1996 This trend then reverses over

the remainder of the Middle Archaic, where bifaces are on average smaliewerabut

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 staligtiarger and less e

sharpened than the Middle Archaic Stemmed and Late Archaic Barbed types. This
increase in size is comparable to the Eva | group, and could also be related to the increase
in the availability of deer. Conversely, given the frequearfagcorded evidence for

intergroup violence and warfare at this time, these points could also be related to
aggressive attacks on other humang.(scalping and trophy taking). This hypothesis is
somewhat supported by Stwhictefeundanodahangelinithepel 6s (
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 duringhe Late Archaic period. However the results of this study, combined with
zooarchaeological and palecological information, show that over the course of the
Paleoindian and Archaic periods there are broad trends in the design and discard of
bifaces andite 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 | durinlylitdeHolocene.
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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 indneer Tennessee River Valley haal t

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 R/ER VALLEYS

Introduction

In the previous chapter, | discussed competing models for the emergence of
agriculture in eastern North America and beyond.o& wayto test these models, |
used variation in the design and {Hestories of bifaces to gaugariation in hunting
returns over the Paleoindian and Archaic periods ihotlhver Tennessee River Valley.
An alternative avenue to explore the relationship between demography and agricultural
origins is to analyze the langse patterns across space antiln this chapter, | use a
model from human behavioral ecology, the Ideal Free Distribuéian, Eretwelland
Lucas1970; Sutherland 1996), to interpret changes in the frequency and distribution of
recorded archaeological sites in the Duck Rareatlower Tennessee Rivealrainagsto

make inferences regarding demographic trends over the Paleoindian and Archaic periods.

Archaeological Approaches to Demography in Eastern North America

Population pressure idiachpin in many of the models proposed fioe brigins
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 *C 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

Edinborogh 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) mus¢taken into account before assuming that the
frequency of radiochion 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 ad taphonomic biases likely swamp any demographic sigrsgime regions
(Miller and Gingerich 2013a,b).
Another potential source of information is bioarchaeological data. Smith
(1996134 st ates that the avail abl éenspapttyor ds i n €
and focused on | arge cemetery samples. o0 Whil
located in theMidsouth including Indian Knoll in Kentucky and Eva in Tennessee,
Smith contends that the fAmost angyhatthey coul d s
were robust and had high | evels 8dmedent al at
recent studies, however, focus on demography and population structure using much
larger, and geographically expansive datasets. For example, Powell (1998)aspd
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, Heann (2002) found significant differencesvoeen 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 Btdtbefore

biological data can be used to make more definitive statements about population structure
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and demographic trends, more existing collections need tedieatgzed and a much
more extensiveatasetdistributedboth 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 fiézords from states in the lower southeast and was
able to generate a database of 32,428 Archaic periodaigsgfrom isolated artifacts
to dense middens. When standardized by time period, he found that sites decrease in
frequency fronthe Early to theMiddle Archaic, but increase more than tfadd in the
Late Archaic period. Moreover, thigarly Archaic sample is wideljaut unevenly
distributed over the landscape, and has a tendency to occur along major rivers, with some
concentrations at or near knowajor lithic raw material sources. Middle Archaic sites
in theMidsouth 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, DuckdaGreerRiver drainages. These locations overlap with
major known areas where shelhd eartimidden deposits occur in relatively high
frequencies. Finally, Late Archaic sites occur widely, which led Anderson (1996:165) to
argue that b ytetb éxiersivetusermofealmashrevelyepartaof the region is
indicated, suggesting that considerable | and
While using the frequency and distribution of archaeological sites and artifacts to
assesdemography is useful becauselwoéit 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'8€ dates, archaeological sites are also subject to a

variety of taphonomic bses that make finding and recording older archaeological sites
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more difficult €.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
substantialf 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), tradfact thastate site files usually only rex

temporal data by broad time periods. One way to resolve this issue would be to convert a
site-based approach into a neite survey€.g.,Dunnell and Dancey 1983; Thomas

1975). For example, Cabak et al. (1998) analyzed the site records for the Sdvmena

Site to make inferences about shifts in landscape use over the duration of the Holocene.
Anot her potential analytical avenue would
measuring occupation intensity for a sample of assemblages spanning thendoloc
However, attempting to replicate Cabak et
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 distributionof 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

be

al
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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, | 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 intsifrequencies and distributions to understand
fluctuations in demography. | apply this approach to a database of archaeological sites in
the Duck River drainage to trace variation in landscape use overléuoenidan and

Archaic periods.

The Ideal Fredistribution

The Ideal Free Distribution (IFD) was first used to model habitat selection by
birds (Fretwell and Lucas 1970; Figurdp Its most basic assumption is that individuals
will select habitats to maximize fitness, and that the suitabilityeoh#biatand
popul ation density wil/ influence an individ
move to a location with greater net fithess benefits. Consequently, if the IFD holds true
the distribution of individuals should reflect the relativgability of habitats. Moreover,
as the quality of a habitat or patch declines due to increasing population or a reduction in
theamount of available resourgesdividuals will move to a habitat that was initially
less suitabléut is now superior to thariginal habitat. The IFD model shares certain
characteristics with the Marginal Value Theoreng(,Charnov 1976; Kelly 1995:90
97). it assumes that individuals have all of the available information to make a decision
on whether to move or stay, anatfall individuals are free to leave or enter a new

habitat.
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Figure 51. The Ideal Free Distribution. The upper panel shows suitability curves on a
normalized scale of-Q for three habitats (A, B, and C) as a function of population
density in the hatat. The habitats are ranked in alphabetical order by the suitability
experienced by the initial occupant, and in all saséability declines with population
growth. The lowest ranked habitat (C) also experietitelowest rate of declining
suitability. The lower panel shows how population growth will be allocated among
habitats given these suitabilities (Fretwell and Lucas 1970; Winterretldér2010473)
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However, unlike the marginal valubeorem, the Ideal Free Distribution incorporates
expectations relating to population density, or landscafiing, which makes it useful
as an interpretive framework fassessing demography. The applicability of using the
IFD in conjunction with archeological data has been demonstrated with recent studies of
the transition to agriculture in Spain (McClwetal.2006), the spread of agriculture into
Europe (Shennaand Edinboroug2007), and the colonization of Ocearka(rett al.
2006) and the Chael Islands in California (Kennetihd 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 (Fige2g First, the earliest
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Figure 52. The Duck River drainage study area.
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domesticated sunflower remains currently\wnowvere recovered at the Hayes site in this
drainage Second, the drainagédso intersects the two counties (Benton and Humphreys)
from which | drew the sample of sites that | used in the previous chapter to analyze trends

in biface technology for the Pal@dian 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 10,008 yearin Chapter 2 | discussed the
substantiaénvironmental changes that occurred over this span of time in eastern North
America €.g.,Delcourt and Delcourt 1983, 1985; Viau et al. 2006; Williams et al. 2004).
As a function of increasing temperaturel anoisturethe 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 theHitbcene This trend is also reflected
in thedistribution of species relative 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 (~1e8BIMBR). Moreover, the
reconstructions by Delcourhd 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 p
where remnant boreal fotesand tundra are present in the uplands well after deciduous
forestsspread intdower 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 hve diminishedsdeciduous forests clindalto 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 53). 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 Hdocene.

Multiple studies have also found evidence for fluctuations in environmental
conditions during thdlid-Holocene (Brackenridge 1984; Delcourt 1979; Klippel and
Parmalee 1982). During the peak of M&l-Holocene, the warming trend that began in
the Early Holocene continued, babnditionsalso became much drier. In the Nashville
Basin, this likely caused a retraction of oak/hickdominated forests and an expansion
of cedar glades. At the end of the Miliblocene, climate became cooler and moister
cauwsing an expansion of odkckory forests in the Nashville Basin. The expectation for
IFD would be that during thilid-Holocene, the overall suitability of the Nashville Basin

decreased as a primary food sosi@eorns and hickory nuts) for both humans deer
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Figure 53. Variation in elevatiomcross the Duck Rivédrainage(vertical exaggeration
10x).
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became much less comminthis physiographic province. Then, once climate
ameliorategdpeople should be expected to be present in the Nashville Basin once again as

oak and hickory dominated forestsengpand into these areas.

Study Sample

Works Progress Administration crews first surveyed the areas around the
confluence of the Duck and fieessee Rivelig the 1930s as part of the Kentucky Lake
project(Lewis and Kneberg 1959I 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 Tennesseedhaeological 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 drairethat 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 éx¢ent 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 th#lidsouth The Du& River also crosses multiple physiographic
provinces, including thiower Tennessee River Valley, the Western Highland Rim,
Nashville Basin, Eastern Highland Rim, and Cumberland PlategyRenneman 1938).
Because of the unique geologic setting andatian in elevation in this drainage, each
physiographic section can be used as a proxy

analysis.
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There are two primary sources of data on the distributions of sites and artifacts for
the study area. The firs 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. Mny of these records are in haopy format, so in August 2010 | analyzed
these files and generated a coding sheet in Microsoft Access that | used to record
information on cultural affiliation, presence of temporally diagnostic artifacts, presence
or absace 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 (Andetso.

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 applicabldepr&aleoindian

points were integrated into the Microsoft Access database to make it comparable to
information derived from the state site files (Figuré)5This provided a database of
2,427localitiesfrom the eight counties spanning the extent ofibek Riverdrainage.

Of these, | was able to acquire specific coordinates for 2,211 of these sites (Fagure 5

Table 51).

Methods

| analyzed several variables that allow me to assess potential sources of sampling
bias in the distribution of sites ihe 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 examiniig distribution of dates at which



17¢

@] = = Site_Database : Database (Access 2007 - 2010) = Microsoft Access =R
Home | Create  ExtemalData  DatabaseTools  Acrobat > @
! 7 o SNew X 3% 2, Replace
| V= Advanced ~ ®| eBsave ‘9 Speling - = GoTo~
7 Refresh n
ale X - I select -
< Find

View Paste

Views Clipboard Sort & Filter

All Access Objects ¥ « || =Z] TDOA Site_Record x

Search.. AP | TDOA Site_Record
]

Tables
EH Drainages_Counties_Simplified

<

B McClungData Z 2749 Clovis/Redstone/Gainey

B3 ripBA_4_20_2009 Site Number BNO0295 Date Recorded [1994 Shel { Cumberland/Barnes 1] Other Tempora
B3 sheetis_ImportErrors
i Site Name Recorder RAI, KY
53 TDOA_Polygons 2 CRA
EH TDOA Site_Record Jpdate J. Broster - 1994

B TDOA SiteFile_Extract

Comments

EHJ TDOA_Table
B3 TNFPS Lithics [ Pottery ]

B TNFPS_County_Spatialioin p— . 7
Early Paleoindian /! Clovis (2), Cumberland (2)

Queries 2
3 ™N_FPS_Crosstab2 Middle Palepindian
FZ  TNFPS_County_Spatialloin_Crosstab
B3 Drainage_TNFPS

Late Pal

Fluted Dalton (1), Greenbrie

B SEPIDBA 4.20_2009 Query Early Archaic First Record Middle Archaic Stemmed =
£3 TDOA Site_File_Export

\astRecord | Late Archaic Stemmed/Barbed [

£3 TDOA_Site_RawMat_Metric
£3 TDOA Table_Poly_oin

Late Archaic Save Record | Early Woc

Forms A
E=E McClungData
5 TDOA site_Record

Delete Record

| Bz %
91sPM | |
6/9/2013

A ol ) F W

Figure 54. Screenshatf the Microsoft Access database coding form.

Coastal
Plain

Humphreys Western
Highland Rim

Benton

- Hickman

Nashville Basin

Eastern

.
= Highland Rim

MaEhallik Bedford

~_

— —
0 10 20 40
Kilometers ©  Archaeological Site
Cumberland
Plateau

Figure 55. The distribution of recorded archaeological sites in the Duck Rigerage.



174

Table 51. Summary data for the site file record analysis for the Duck River drainage.

Eastern
Nashville Eastern Highland Rim
Coastal Nashville Basin Highland & Cumberland
Plain/ Western Basin (Marshall Rim Plateau
Western  Highland (Maury and Bedford  (Coffee (Grundy
Temporal Componeht Valley Rim County) Counties) County) County) Total
Clovis/Gainey/Redstone 43 5 0 1 4 0 53
Cumberland/Barnes 26 2 2 0 5 0 35
Quad/Beaver Lake 31 9 7 1 12 0 60
Dalton/Greenbrier 33 7 1 2 13 2 58
Early Archaic CorneNotched 26 22 23 29 61 13 174
Bifurcate 4 4 6 3 18 6 41
Kirk Stemmed & Serrated/Stan8temmed 18 14 7 11 16 3 69
Eva I/Eva ll/Morrow Mountain 29 14 18 15 30 12 118
Middle Archaic Stemmed 24 49 28 21 46 12 180
Late Archaic Stemmed/Barbed 75 107 52 42 84 27 387
Total Paleo and Archaic 309 233 144 125 289 75 1175
Other 213 166 113 118 185 73 868
Unknown 257 170 261 209 101 29 1027
Total Components 1088 802 662 577 864 252 4245
Total Sites 568 411 434 373 316 109 2211

A component is determined by the presence or absence of a temporally diagnostic artifact at a site as defined by te Tennesse
Division of Archaeology.
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sites wergecorded?) the overall distribution of all sites by physiographic sect®)ithe

distribution of all sites by component) the frequency of sites relative to county area &ze,

population density from the U.S. Census by coubityited States Census Burez@0),6) the

frequency of sites by land cover (USGS 2013ayeologic formation ag (USGS 2013b), and

8) the relative amount of alluvium to uplands in each county based &WSbhA-NRCS

SSURGO databas&l6DA-NRCS 2013). Where appreguarea ate, | u
AGoodness of Fito test to ad¥e RlackettP83)and at i st i
Cramer 6s V whi ch c onsquearetestintd dvaluerthatgamdes fromo@tb1 t h e

(Cramer 1946).

As described in the results section below, there appears to be differential reporting of
sites in the Duck Rivedrainage As a meansf counteractinghis problem, | 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 outl affa tota
309 Paleoindian and Archaic components for the entirety of the Duck dRaiaage 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 afistrbution of components over
time for Coasdl Plain physiographic section. Alternatively, | 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 aseaample, | divided the total number of Clovis
componergin 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 spaceatapat ul ar t i me. Finally, I used Pearsonb

with Cramerés V (1946) as another way to stat
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evenly distributed across tkieainageby temporal component. For this analysispinpared 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 drginage
occurring For example, there are several peaks apd ¢n the reporting of sites over time
(Figure 56). A peakthatoccurs in the late 1930s and early 1940s is due to the initial survey of
thelower Tennessee River in advance of the creation of the Kentucky Lake Reservoir. Following
this survey, no sitesere reported in the Duck River drainage until the-a880s. Then,
beginning in the mid 960s through the early 1980s, the majority of the sites in the Rivek
drainage were identified and reported as a result of the Columbia (Klippel and Parma)ee 1982
and Normandy (Faul kner and McCull ough 1973)

survey of thdower Duck River. Two additional peaks occur in the early 1990s and in
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Figure 56. The frequency of sites in the Duck River drainage by date regoostadhe
Tennessee Division of Archaeology site file records.
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2010, which coincide with additional T\(\8ponsored surveys of Kentucky Lake by CRAI, KY
(Kerr 1996) and by the Archaeology Research Lab at the University of Tennessee (A@pst 201

As for thedistribution of reported sites across the drainage, 26% of the sites are located
in the Coastal Plain/Western Valley physiographic section (Figie bhis is likely due to the
three major surveys of the Kentucky Lake Reservoir and active culturafecesoanitoring by
the TVA. The next highest concentration of sites (19%) occtireiNashville Basin
physiographic section within Maury County with most of the sites recorded during the Columbia
Reservoir project, which also included sites in Marshallf@purhe 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
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Figure 57. The frequency of repodesites 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 tdeainage X* = 941.61:df = 5;p < 0.0001V = 0.46; Table B).

This is due mostly to ovaepresentation of sites in the Coastal Plain/Western Valley and the
Nashville Basin in Maury County and an undlepresentation 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 (Figure8). This is more than likely due to a temporal taphonomic bias, whereby
oldersites are generally more difficult to locate because of preservation issgieSyrovell et
al. 2009). In other words, there are more Late Archaic (n=389) than Clovis (n=54) components
because therieas been moreme for erosion and other processedéstroy Clovis sites.

Another source of variation is that thie rangegor each projectile point type are not defined.

For example, Clovis may have spanned only a few centwigsWaters 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 numbeirradiocarbon datein the southeastern United States. This makes
it difficult to generate statistically robust age ranges for the temporal components used in the
study sampled.g.,Prasciunas 2008; Williams 2012).

Buchanan (2003), Prasciunas (2011), and Shott (2004 )dfizargiued that modern
population could potentially influence the recovery of Paleoindian period bifaces, and more
broadly the identification of archaeological sites. To test for bias, | examined the distribution of
modern population by county from thelZDU.S. Census Bureau to the distribution of
archaeol ogical sites in the squaradlGoodseasmipFite. To

test, | created a hypothetical distribution based on the modern population. For example, since
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Table 52. Chisquareanalysis for area size and site frequency in the Duck River Drainage.

Area Sites Sites Differ-
Physiographic Section  (Square km) Area (%) (observed) (Expected) ential X2
Coastal Plain/
Western Valley 1511.78 15.08 568 333.50 234.50 164.90
Western Highland Rim 3950.52 39.42 411 871.48 460.48 243.31
Nashville Basin
(Maury County) 714.88 7.13 434 157.70 276.30 484.09
Nashville Basin
(Marshall & Bedford
Counties) 1589.29 15.86 373 350.59 22.41 1.43
Eastern Highland Rim
(Coffee County) 1321.47 13.18 316 291.51 24.49 2.06
Eastern Highland Rim
and Cumberland Plateat
(Grundy County) 934.82 9.33 109 206.22 -97.22  45.83
Total 10022.77 100.00 2211 2211
X% 941.61
df. 5
p: <0.001
V: 0.46
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Figure 58. 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&h The results indicate that the distribution of
archaeological sites differs significantly from modern populagomlationshigriven for the
most part bythehigh frequency of sites from Benton and Humpkm@ounties and the
comparatively low frequency of sites found in Coffee and Gruwaimties This over
representation of sites in Benton and Humphopeymtiess likely due to the multiple, intensive
surveys related to Kentucky Lake on tbeer Tennesse River.

This overrepresentation of the sites in flogver Tennessee River Valley is also evident
in the distribution of sites by land cover (Tabld)5 Specifically, while theites areslightly
overrepresented in grasslands and urr@presented ideciduoudorests ananixed forests,
sites in water bodiesre highlyvery overrepresented. 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 byCRAI, KY and theArchaeological Research Laboratory at the University of
Tennessee when lake levelered o wn. However, these areas woul d
bodyd now since the area is either completely
most of thesites in the study sample weexordedn advance ofeservoir projectghis is likely
a contributing factor as to why sites are exagresented in alluvium as derived from the USDA
NRCS SSURGO soils database (USDIRCS 2013; Table-5) and in Holocenand
Quaternary deposits as opposed to other geologic formations as classified by the USGS (Table 5
6). However, sites are also ovwepresented in areas classified as Ordovieiged, which is
likely a result of the survey efforts in association with@wumbia Reservoir project in the

Nashville Basin.
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Table 53. Chisquare analysis for modern population size and site frequency by county in the
Duck River Drainage.

2010 Population All Sites
Differ-

County n % Observed Expected ential X2
Benton 16489 5.92 334 130.85 203.15 315.37
Humphreys 17929 6.44 336 142.28 193.72 263.75
Hickman 24690 8.86 180 195.94 -15.94 1.30
Maury 80956 29.06 545 642.46 -97.46 14.78
Marshall 26767 9.61 195 212.42 -17.42 1.43
Bedford 45058 16.17 216 357.57 -141.57 56.05
Coffee 53016 19.03 296 420.73 -124.73 36.98
Grundy 13703 4.92 109 108.75 0.25 0.00
Total 278608 100.00 2211 2211

X*  689.66
df. 7

p: <0.001
V: 0.39

Table 54. Chisquare analysis for land cover and &igguency by physiographic section in the
Duck River Drainage.

Area All Sites
Differ
Land Cover Category Km % Observed Expected| -ential X2

Urban and BuikUp Land 86.36 0.86 27 19.05 7.95 3.31
Dryland Cropland and Pasturc  104.19 1.04 18 22.99 -4.99 1.08
Cropland/Grassland Mosaic 17.57 0.18 18 3.88 14.12 51.47
Cropland/Woodland Mosaic 104.29 1.04 41 23.01 17.99 14.06
Grassland 2.00 0.02 6 0.44 5.56 69.90
Savanna 38.44 0.38 40 8.48 31.52 117.14
Deciduous Broadleaf Forest 8727.83 87.10 1788 1925.69 -137.69 9.84
Evergreen Needleleaf Forest 289.70 2.89 67 63.92 3.08 0.15
Mixed Forest 442.91 4.42 36 97.72 -61.72 38.99
Water Bodies 207.66 2.07 170 45.82 124.18  336.57
Total 10020.96 100.00 2211 2211

X% 64251

df. 9

p: <0.001

V. 0.38
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Based on the analyses above, a temporal taphonomic bias and-agpogsentation of
sites in areas that were surveyed as part of the Kentucky Lake, Columbia, and Normandy
reservoir projects are the two maiources of variation that appear to be biasing the study
sample(Figure 59). Consequently, it is necessary to adjust the study sampl® ways to
winnow out the effects of these biases in the reporting of sites containing Paleoindian and
Archaiccomponents in the Duck River drainage. First, | divided each component in each
physiographic section by the total number of Paleoindian and Archaic components in the same
physiographic section (Figurel®). This accounts for the variation relatecstovey 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 trendsre apparent after adjusting the data to account for tempphalirtamic and
survey coverage biasdairst,the majorityClovis, Cumberland/Barnes, Quad/Beaver Lake, and
Dalton/Harpeth River/Greenbrier components are found in Cdisial\Western Valley
physiographic section associated in litnger Tennessee River Vialy. Howeverthere is a
slightly higher representation tfe 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 CorneXotchedand 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 arermwidely distributed across the drainage, althdegler Eva
I/Eva ll/Morrow Mountain and Middle Archaic Stemmed componangseported in the

Western Highland Rim.
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Table 55. Chisquare analysis for soils (upland soils vs. alluvium) and site fregumnc
physiographic section in the Duck River drainage.

Area All Sites
Soils Category Km % Observed Expected | Differential X2
Alluvium 1637.46 16.34 1455 361.29 1093.71 3310.99
Upland 8383.50 83.66 756 1849.71 -1093.71 646.70
Total 10020.96 100.00 2211 2211.00
X% 3957.69
daf. 1
p: <0.001
V: 0.95

Table 56. Chisquare analysis for geologic formation age and site frequency by physiographic
section in the Duck River Drainage.

Area All Sites

Geologic Formation Age Km % Observed Expected| Differential X2
Holocene 165.87 1.73 252 38.32 213.68 1191.60
Quaternary 441.62 4.61 338 102.02 235.98 545.83
Pennsylvanian 682.93 7.14 35 157.77 -122.77 95.53
Mississippian 4434.65 46.33 404 1024.46 -620.46 375.78
Devonian 132.83 1.39 a7 30.69 16.31 8.67
Silurian 99.74 1.04 28 23.04 4.96 1.07
Ordovician 3613.22 37.75 1107 834.70 272.30 88.83
Total 9570.86 100.00 2211 2211.00

X% 2307.32

df. 6

p: O

V. 0.72
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Figure 510. Distribution of temporal components divided by the total Paleoindian and Archaic
components from within the physiographic section (column).

| thenstandardized 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 5L1). For example, | divided the number of Clovis components reported in
Cosastal 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 atieaelslice to analyze how
each component varies across space. Again, three major trends are observable. First, the majority
of the Paleoindian sites are founde 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 CorneiNotched and Burcate components are more prevalent in the Eastern Highland



