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This study explores pathologies affecting the patella among skeletal collections
from six North American archaeological groups. Given the location of the patella in the
knee joint and attachment sites of the quadriceps femoralis tendon (QFT) and the patellar
ligament (PL), changes in this bone may reflect muscle development and joint
degeneration from activities involving the lower extremities.

The archaeological groups examined were Archaic through Historic hunter-
gatherers, Middle and Late Mississippian agriculturalists, and Historic horticulturalists.
The groups spanned the Eastern Woodlands, Great Plains, and Texas regions. For each
patella examined, the frequency of moderate to severe expressions of QFT and PL
entheses on the anterior surface of the patella and of lipping on the margins of the
articular surface was recorded, as was the presence of coalesced porosity, surface

osteophytes, and eburnation on the articular surface.

XViil



The following five research questions were explored:

1) Do individuals within an archaeological group exhibit variation in patellar

pathologies?

2) Do patellar pathologies exhibit variation within a group by factors such as sex,

age, or temporal component?

3) Do patellar pathologies vary between groups?

4) If individual, within-group, or between-group variation exists, what causes it?

5) Can examination of this variation be used to identify subsistence practices or

division of labor in prehistoric groups?

Significant variation in patellar pathologies was found within all six
archaeological groups. Furthermore, patterning of these pathologies was found to vary by
sex, age, and temporal component. Division of labor was implicated as an underlying
factor of significant sex differences. While geographical region could not account for the
differences between groups, subsistence regime did correspond to the patterning in
coalesced porosity between groups. Coalesced porosity was extremely high in
agricultural groups. This degenerative condition, is caused by a prolonged, habitual
kneeling posture, which is commonly adopted by agriculturalists while processing maize.
While not accounted for in this study, variation among horticulturalists and hunter-
gatherers may be more reflective of mobility than of subsistence regime.

The ability to identify activity patterns via a single skeletal element may prove
useful in archaeological cases of commingled, unprovenienced, or poorly
preserved/highly fragmented remains. The results of this analysis indicate that unique

signatures of entheses and articular surface and margin changes are found both within
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and between groups. Differences in activity can account for some of this variation, and

analysis of this type can provide valuable information on prehistoric lifeways.
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CHAPTER1

INTRODUCTION

This research began with a puzzle. In 1998, while cleaning out a storage closet in
the Anthropology Department at Trinity University in San Antonio, I uncovered boxes of
human remains. The remains were unlabeled, and there were no associated artifact tags or
paperwork. The only clue to their provenience was a site trinomial on the boxes:
41BX26. The department had been unaware of the existence of these bones, and was
unable to provide any further information.

It was determined that the remains were most likely from Hitzfelder Cave, an
Archaic site in Central Texas that had been excavated by a Trinity University
archaeologist in the 1960s. Examination of the remains indicated that the collection was
incomplete; it seemed that one-half of each individual was missing. The longbones in the
collection represented a minimum number of individuals (MNI) of only eight, far fewer
than the 3040 estimated in the preliminary site report (Givens 1968a). After nearly a
decade of archival research, I discovered that the collection had been split up in the 1970s
among several institutions, and that the skeletal collection housed at Trinity University

was only a portion of the remains recovered from the site.



The remains from the site were intriguing, and showed evidence of healed
fractures, arthritis, osteoporosis, and other unidentified pathologies. I was determined to
try to figure out something about the people buried at Hitzfelder Cave, especially since
little could be located about the site excavations, or the archaeological context from
which the remains came. With an MNI of only eight, such a small sample was unlikely to
yield enough data for a Master’s thesis. However, there were 49 patellae in the collection,
which would yield an MNI of at least 25, much closer to the 30—40 individuals previously
reported.

While at first I was unsure of the potential of deriving useful information only
from patellae, a preliminary review of the literature suggested the research might have
promise after all. Studies had been conducted on estimating sex from the patella (Bidmos
et al. 2005; Dayal and Bidmos 2005; Introna et al. 1998; Kemkes-Grottenhaler 2005).
Furthermore, I uncovered a large amount of research on using musculoskeletal markers
and osteoarthritis to reconstruct prehistoric activity patterns. While none of these focused
on the patella, a few of them included that element in their analysis (al-Oumaoui et al.
2004; Milella et al. 2012). Many of the patellae in the Hitzfelder Cave collection had
signs of arthritis, such as extreme lipping, surface osteophytes, and eburnation, and the
anterior surfaces of many of them had ossified ligament attachments. The patellae were
the only well-represented element in the collection; was it possible that the pathologies
on this single element could provide useful information about the people interred at the
site?

While designing this research, it was determined that an appropriate way to

investigate patellar pathologies would be to examine them through a framework of



variation. The frequency of pathologies on the patella would be recorded and compared
for several archaeological skeletal collections from different periods and geographic
areas, and that employed different subsistence practices. The archaeological groups
compared included Archaic through Historic hunter-gatherers, Middle and Late
Mississippian agriculturalists, and Historic horticulturalists. The groups spanned the
Eastern Woodlands, Great Plains, and Texas regions. While not accounted for in this
study, it should be noted that the horticulturalists and hunter-gatherers ranged in mobility

from sedentary to highly mobile.

Research Questions

While designing this research, it was determined that an appropriate way to
investigate patellar pathologies would be to examine them through a framework of
variation. By comparing the nature and occurrence of pathologies in the Hitzfelder Cave
collection to patterns among well-documented, analyzed collections, I addressed the
following questions:

1. Do individuals within an archaeological group exhibit variation in patellar

pathologies?

2. Do patellar pathologies exhibit variation within an archaeological group, by

factors such as sex, age, or temporal component?

3. Do patellar pathologies vary between archaeological groups?

4. 1If individual, within-group, or between-group variation exists, what causes it?

5. Can examination of this variation be used to identify subsistence practices or

division of labor in prehistoric groups?



If such variation exists, and patterns in patellar pathologies can be compared both
within and between groups, it will elevate the analytical usefulness of the overlooked and
underanalyzed patella. For example, archaeological skeletal collections are frequently
commingled, fragmentary, and incomplete, but may nevertheless contain patellae.
Patterns in patellar pathology could be used to corroborate other skeletal and artifactual

analyses.

Morphology of the Patella

The patella, commonly referred to as the kneecap, is the largest sesamoid bone in
the body. Sesamoid bones are variable, accessory bones that develop within tendons near
joints (Steele and Bramblett 1988; White and Folkens 2005). Individuals display great
variation in the number, size, and placement of these bones. The patella is dense and
compact, which usually allows for its survival and preservation in archaeological contexts
(Kemkes-Grottenhaler 2005). It has been shown to be sexually dimorphic in most
populations (Mahfouz et al. 2007), and limited recent efforts in forensic anthropology
have successfully used patellar measurements to estimate sex (Mahfouz et al. 2007).

The patella (Figure 1) is a roughly triangular-shaped bone that develops in the
quadriceps femoris muscle tendon in the knee joint; ossification begins from a single
center sometime between the ages of 2 and 6, and completes by the end of late childhood
(Steele and Bramblett 1988). Anatomically, it articulates with the patellar notch of the
distal femur (Figure 2); the posterior surface of the patella is covered by hyaline cartilage
(White and Folkens 2005; Woods 1995). A thick pad of adipose tissue separates the

patella from the tibia. The base, or proximal border of the anterior surface, serves as an



attachment site for the quadriceps femoralis tendon, consisting of the vastus intermedius
and rectus femoris. Furthermore, the vastus medialis attaches at the medial margin
(Toumi et al. 2006). The distal end tapers at the apex and is the attachment site for the
patellar ligament, which attaches to the tibial tuberosity. The purpose of the patella is to

stabilize and provide leverage for the quadriceps femoralis tendon during knee flexion.

articular facets

apex crest

anterior posterior

Figure 1. Diagram of a left patella (figure by Shawn McClain).
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Pathologies of the Patella

The Hitzfelder Cave patellae exhibited five pathological symptoms: entheses (at
both the quadriceps femoralis tendon and patellar ligament insertion sites), lipping,
surface osteophytes, eburnation, and porosity. This by no means an exhaustive list of
possible pathological changes to the patella. Nevertheless, I limited my focus to the five
discussed below, which I observed in the Hitzfelder Cave collection at the beginning of

my investigations.

A Question of Terms

Among the difficulties in studying pathologies to joints are ambiguity, misuse,

and lack of definition of terms. For example, while some authors have referred to
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The Hitzfelder Cave patellae exhibited five pathological symptoms: entheses (at
both the quadriceps femoralis tendon and patellar ligament insertion sites), lipping,
surface osteophytes, eburnation, and porosity. This by no means an exhaustive list of
possible pathological changes to the patella. Nevertheless, I limited my focus to the five
discussed below, which I observed in the Hitzfelder Cave collection at the beginning of

my investigations.

A Question of Terms

Among the difficulties in studying pathologies to joints are ambiguity, misuse,

and lack of definition of terms. For example, while some authors have referred to



entheses as enthesophytes (Buikstra and Ubelaker 1994; Roberts and Manchester 2005),
others use exostoses (Ortner 2003; White and Folkens 2005). To avoid confusion, I will
use the term entheses to refer to bone deposition at muscle insertion sites.

Osteophytes are defined by some authors as small, abnormal bone protuberances
on bone surfaces (Buikstra and Ubelaker 1994), while others define them as bony
growths from joints (Roberts and Manchester 2005); still others limit use of the term
osteophyte to bone growth at joint margins and do not mention bone growth on the
articular surface (Jurmain and Kilgore 1995; Weiss and Jurmain 2007; White and Folkens
2005). This thesis will use the term lipping to refer to overgrowth of bone at joint
margins and the term surface osteophytes to refer to (usually round) abnormal bone
projections from articular surfaces following the practice of Buikstra and Ubelaker

(1994).

Entheses

Entheses are new bone formations at the site of muscle attachment (see Chapter
[II: Methods for examples). The muscles attach via tendons and ligaments into the
periosteum and cortex underneath. According to Wolff’s law (Wolff 1892), stress at these
insertion sites results in increased blood flow, increased number of capillaries, and
osteoblast stimulation. This in turn results in deposition of new bone, or ossification of
the ligament and tendon insertions (Chapman 1997; Weiss 2004).

Because this remodeling is known to occur in response to mechanical stress, these
rugose, bony muscle attachments are often referred to as musculoskeletal stress markers
(MSMs). However, studies have shown that entheseal remodeling is also affected by age,

sex, genetics, and body size (Churchill and Morris 1998; Molnar et al. 2009; Weiss 2004;



Weiss et al. 2010). Entheses increase with age, although whether this is due to age-
specific changes or simply a longer time for exposure to mechanic stress is unclear
(Milella et al. 2012; Weiss 2004). And although males have been shown to have greater
entheseal development, it is equally unclear whether this is due to body size, joint
morphology differences, or hormonal factors (al-Oumaoui et al. 2004; Molnar 2006;
Stevens and Vidarsdoéttir 2008). Furthermore, some studies have shown a reverse trend of
females exhibiting higher entheseal scores, which many have attributed to differences in
activity rather than biology (Chapman 1997; Eshed et al. 2004; Weiss et al. 2010; Weiss
2004).

MSMs have been studied to compare activity levels, mobility patterns, and
subsistence strategies among archaeological groups (al-Oumaoui et al. 2004; Chapman
1997; Churchill and Morris 1998; Eshed et al. 2004; Molnar 2006; Molnar et al. 2009;
Schrader 2012; Steen and Lane 1998; Stefanovi¢ and Porc¢i¢ 2011; Weiss 2004).
Confounding variables such as sex, age, osteoarthritis, and body size must be taken into
account when using MSMs for comparison (Stefanovi¢ and Porc¢i¢ 2011; Weiss and
Jurmain 2007). Nevertheless they have been successfully used to corroborate
archaeological data on economy and subsistence (al-Oumaoui et al. 2004; Chapman
1997; Eshed et al. 2004).

While some studies have employed MSMs on the patella in combination with
other MSMs (e.g., al-Oumaoui et al. 2004; Milella et al. 2012), most ignored scoring the
patella in favor of focusing on the femur and tibia (e.g, Churchill and Morris 1998), and
none have focused solely on the patella. This study is the first to focus on MSMs on this

single element. There are two areas of muscle attachment on the patella: the insertion of



the quadriceps femoralis tendon at the base, and the origin of the patellar ligament at the
apex (see Figures 1 and 2). Examination of these two attachment sites may shed light on
the relative mechanical stress from upper leg versus lower leg use, which may in turn

reflect different types of activity and levels of mobility.

Lipping, Surface Osteophytes, and Eburnation

Osteophytes are bony nodules that grow to diffuse the mechanical stress load on a
joint (Aufderheide and Rodriguez-Martin 1998; Roberts and Manchester 2005). As
mentioned above, lipping (osteophyte development around the joint margins) is here
differentiated from surface osteophytes (small projections from the articular surface of
the joint; see examples in Chapter I1I: Methods). Eburnation is polishing and/or grooving
of a joint surface as a result of bone-on-bone contact, which happens with loss of
cartilage in the joint (Aufderheide and Rodriguez-Martin 1998; Buikstra and Ubelaker
1994; Roberts and Manchester 2005; Steele and Bramblett 1988; White and Folkens
2005).

Osteoarthritis is the most common joint pathology observed in archaeological
skeletal collections (Jurmain and Kilgore 1995). As with MSMs, numerous studies have
attempted to use osteoarthritis prevalence and patterning to ascertain activity patterns and
subsistence practices (e.g., Eshed et al. 2010; Klaus et al. 2009; Molnar et al. 2009).
These studies have focused on the effect of mechanical stress loading on the development
of osteoarthritis, particularly when the stress is initiated early in life. While agricultural
groups have shown a clear increase in osteoarthritis, studies of other groups have met
with mixed results (i.e., Coggon et al. 1998; Rossignol 2004). Similar to MSM studies,

reconstruction of activity patterns via osteoarthritis have been scrutinized due to
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confounding biological variables such as age, sex, genetics, and body size (Weiss and
Jurmain 2007).

Osteoarthritis increases with age (Jurmain and Kilgore 1995; Weiss and Jurmain
2007; Woods 1995). It is particularly common in the knee joint, especially among
females (Aufderheide and Rodriguez-Martin 1998; Weiss and Jurmain 2007; Woods
1995), possibly as a result of sex-based hormonal differences and anatomical differences
(Stevens and Vidarsdottir 2008; Weiss and Jurmain 2007; Woods 1995). Body mass
index has also been shown in some studies to be negatively correlated with osteoarthritis,
with smaller individuals displaying higher rates of osteoarthritis (Weiss and Jurmain
2007). In addition, nine genetic loci have been linked with osteoarthritis; each locus
seems to influence different aspects of osteoarthritis progression (e.g., osteophyte
development or cartilage loss) (Weiss and Jurmain 2007). Studies of twins have reported
heritability estimates of 0.40 for the knee joint, and as high as 0.60—0.70 in other joints;
however, it must be noted that twin studies may overestimate heritability, and extreme
mechanical loading was not common in the urban populations upon which these studies
were based (Weiss and Jurmain 2007). Furthermore, these heritability estimates reflect
the heritability of osteoarthritis severity, rather than its absence or presence (Weiss and
Jurmain 2007).

Lipping, surface osteophytes, and eburnation have been used as diagnostic criteria
for osteoarthritis in both archaeological and modern populations (Weiss and Jurmain
2007). Many studies count the occurrence of any of these features (as well as porosity,
discussed separately below) as an instance of osteoarthritis. However, there is wide

disagreement about which criteria are appropriate for diagnosing osteoarthritis. As
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osteophyte development is correlated with age, Weiss and Jurmain (2007) caution against
using osteophytes in identification of osteoarthritis, and advocate using eburnation as a
diagnostic feature. Furthermore, they note that defects in the margins of joints (i.e.,
lipping) may not correlate with defects on the articular surfaces (i.e., surface osteophyte
development and eburnation). Conversely, Rothschild (1997) argues that eburnation is
the result of severe arthritis (and not specific to osteoarthritis), and argues for the use of
osteophytes in osteoarthritis diagnosis. Nevertheless, researchers continue to use both
eburnation (Molnar et al. 2009) and osteophytes (Klaus et al. 2009) as indicators of
osteoarthritis. To avoid the confusion surrounding osteoarthritis diagnosis, this research
employed the methods of Buikstra and Ubelaker (1994) to score lipping, surface
osteophytes, and eburnation separately (see Chapter I1I: Methods), as suggested by Weiss

and Jurmain (2007).

Porosity

Although porosity, or surface pitting (see Chapter III: Methods for example), has
been previously used as a diagnostic characteristic of osteoarthritis (Weiss and Jurmain
2007), it has been demonstrated to in fact be unassociated with the disease. Rothschild
(1997) showed that in a sample of 400 individuals from the Hamman-Todd Collection,
29.5 percent of individuals exhibited osteoarthritis, and 17.5 percent exhibited porosity,
but only 5 percent of individuals exhibited both. Thus, 70 percent of individuals with
porosity lacked signs of osteoarthritis, and 82 percent of individuals with osteoarthritis
did not exhibit porosity. Therefore, Rothschild (1997) has suggested that porosity be

removed as a diagnostic indicator of osteoarthritis.
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Woods (1995) demonstrated that porosity occurred in areas of the knee that did
not come into contact during normal flexion, such as occurs while walking. However,
these areas are in direct contact with one another during extreme flexion, as occurs during
activities such as squatting or rising from a kneel. He also demonstrated that the
biomechanical processes leading to porosity are distinct from those resulting in
eburnation, and that different groups showed varying susceptibilities to porosity. In his
study, black females showed the highest susceptibility to porosity, followed by black
males, then white males, and then white females (Woods 1995).

Porosity is difficult to detect clinically, as it does not show up on radiographs
(Woods 1995). Furthermore, during this study, it was noticed that much of the pinpoint
porosity defined by Buikstra and Ubelaker (1994) could be easily confused with
taphonomic damage. Therefore, this study focused on cases of coalesced porosity, which
is much more clearly differentiated from taphonomic damage, and occurs as a result of

more extreme joint loading (Woods 1995).

Qutline of the Thesis

This introductory chapter will be followed by Chapter II: Materials, which has
several objectives: to outline the rationale for the selection of the six comparative groups
examined; to discuss the types of data available for the six comparative groups; to
provide background information on each of the sites including site location and
excavation, previous skeletal analyses, and information on the subsistence practices of
the site inhabitants; and to enumerate the sample sizes drawn from the comparative

groups. The Methods chapter (Chapter I1I) will define the observations made from each
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patella and present the statistical methods used to analyze the data. Next are the Results
(Chapter 1V), arranged by site, followed by between-group comparisons of patellar
pathology. The Discussion chapter (Chapter V) considers how the data relate to the
research questions asked and what contribution this research may make to the fields of
biological anthropology and archaeology. The Conclusions (Chapter VI) are followed by
Appendix A, which contains the data collected from each site, and Appendix B, which

presents the results of chi-square analyses.



CHAPTER 11

MATERIALS

Comparative Groups

Samples were drawn from the following archaeological skeletal collections:
Archaic hunter-gatherers from the Eva site, Middle Mississippian agriculturalists from
Thompson Village, and Late Mississippian agriculturalists from the Averbuch site, all in
Tennessee; Historic Arikara horticulturalists from the Larson site in South Dakota;
Archaic—Late Prehistoric hunter-gatherers from Hitzfelder Cave in Central Texas, and
Late Prehistoric—Historic hunter-gatherers from Mitchell Ridge on the Upper Texas
Coast. These six groups were chosen because they occur in three regional areas (Eastern
Woodlands, Great Plains, and Texas (Figure 3), span 8,000 years of prehistory and
history, and because the groups practiced three major subsistence regimes (hunting-
gathering, horticulture, and agriculture). These skeletal collections are accessible, large,
and fairly well preserved, and contain enough patellae to comprise a sufficiently large
sample for statistical analysis. Moreover, some sites have been analyzed to various
degrees, which allows the data collected for this project to be further analyzed in regards
to age, sex, and temporal component. Table 1 presents a summary of the sites, including

their dates, subsistence types, and collection sizes.
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Figure 3. Site locations in the United States (map by Daniel Rose).

The Eva and Thompson Village materials are housed at the Frank McClung
Museum at The University of Tennessee at Knoxville (UTK), while the Averbuch and
Larson materials are held by the Department of Anthropology at UTK. The portion of the
Hitzfelder Cave collection containing the patellae is currently housed in the Archaeology
and Biological Anthropology Laboratory of the Department of Sociology and
Anthropology at Trinity University (Trinity) in San Antonio, Texas, and the Mitchell
Ridge collection is held at the Texas Archeological Research Laboratory (TARL) at the
University of Texas at Austin. Background information for each of these sites is

presented later in this chapter.



Table 1. Overview of Comparative Groups Used in this Study.

SKELETAL
SITE REGION PERIOD COMPONENTS/ SUBSISTENCE | COLLECTION SOURCES(S) SAMPLE
DATES SIZE
SIZE (MNI)
Eva
Eva Eastern Middle Archaic (60004000 BC)
Woodlands (60004000 BC) to Three Mile sedentary . .
5‘%113;1\1\11122/) (Western Late Archaic (4000-2000 BC) hunter-gatherers 180 Lewis and Lewis (1961) 40
Tennessee) (4000 BC-1000 BC)* Big Sandy
(2000-1000/500 BC)
Thompson Eastern Moore (2002); Sullivan
Village Woodlands MlidlelMlss1Ts1pp13n unknown agriculture 203 (2007); Lynne Slulhvan 41
(40HY5) (Western (AD 1000-1300) (pc?rsopa
Tennessee) communication 2012)
Eastern
S 14th century AD
Averbuch | Woodlands Late Mississippian . . .
(40DV60) (Central (AD 1300-1600)" (length of occupation agriculture 887 Klippel and Bass (1984) 41
15-25 years)
Tennessee)
Great Plains Historic Arikara . Blakeslee (1994);
Larson horticulture/ 699 (628 from Owsley and Bass
AIWW2) (South Postcontact Coalescent AD 1750-1785 bison huntin cemetery) (1979): Owsley et al 41
Dakota) (AD 1600-1862)° s Y ’(1977) ! .
Hitzfelder Archaic Benfer (1967); Benfer
Cave Central (8800 BP-1300/1200 BP) | 4000+ 37 RCYBP— mobile 30-409 and Frank (n.d.); Collins 43
(41BX26) Texas to Late Prehistoric (Toyah) | 400 + 33 RCYBP' hunter-gatherers ' (1970); Davis (1966);
(800260 BP) ¢ Givens (1968a, b)
Final Late Prehistoric
Mitchell Upper Texas (AlProlt(Z)lsliOs:cl)rSigO) Late Prehistoric
Ridge Coast (AD 1500-1700) Protohistoric, Historic | nter-gatherers >4 Ricklis (1994) 17
(41GV66) e
Early Historic

(AD 1700-1800)¢

*Fagan (2005); "Schroedl et al. (1990); “Johnson (1998); “Collins (2004); “Ricklis (1994); Munoz et al. 2013

91
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Available Data for Comparative Groups

Published site reports are available for Averbuch (Klippel and Bass 1984), Eva
(Lewis and Lewis 1961), and Mitchell Ridge (Ricklis 1994), but the analyses conducted
and data presented in each report varies. The burials from the Larson site have been
analyzed and some studies have been published (Blakeslee 1994; Owsley and Bass 1979;
Owsley et al. 1977), but no formal site report was produced. Only preliminary reports and
partial analyses have appeared on Hitzfelder Cave (Benfer 1967; Benfer and Frank n.d.;
Collins 1970; Davis 1966; Givens 1968a, b), which is a commingled collection.
Thompson Village has never been analyzed or published. Thus, the amount and types of
information available for each of these six sample sites varies widely, as summarized in
Table 2. Age estimations for individuals were inconsistent between collections, as
previous analysts employed different methods and provided different age categories.
Furthermore, while the Averbuch and Larson sites were occupied for only a short time
(and thus all skeletons are from a single component), Eva, Mitchell Ridge, and Hitzfelder
Cave were occupied over multiple temporal components. Eva, Averbuch, Larson, and
Mitchell Ridge all have various types of demographic information, such as mortality
profiles and life expectancy, which are included here to assist in interpretation of the

effects of age on the patellar pathologies (see Table 2).



Table 2. Available Data for Comparative Groups.

18

PREVI-
SITE TEMPORAL | DEMOGRA-
SITE OUSLY SEX DATA | AGE DATA
ANALYZED REPORT DATA PHIC DATA
5-year age Limited
. categories for | Available (3 mortality profile
Eva Yes Yes Available based on a
24 of the 40 | components)
. sample of 69
individuals
adults
Imprecise Unavailable
Thompson No No Available overlapping (unknown Unavailable
Village categories occupation
& length)
5-year age Unavailable
Averbuch Yes Yes Available ranges for all (short Available
individuals occupation)
Unavailable
Larson Yes No Available Unavailable (short Available
occupation)
Hitzfelder Limited No Unavgllable Unavailable | Unavailable Unavailable
Cave (commingled)
Mitchell O o | Available (but
. Yes No Available y uncertain in Available
Ridge age
e cases)
estimations
Eastern Woodlands

Three sites were located in Tennessee, in the Eastern Woodlands archaeological

region. In prehistoric times, the Eastern Woodlands region was mostly forested with a

multitude of river systems, had a relatively mild climate, and received ample rainfall

(Hudson 1976). The abundant forest and riverine resources allowed Archaic groups to

exploit a large number of resources within a small territory, allowing for a more

sedentary hunter-gatherer lifestyle compared to that of the highly mobile, megafauna-

hunting Paleoindians (Fagan 2005; Hudson 1976). Sedentism increased through the

Woodland and Mississippian periods, as pottery became more widespread, mortuary
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practices became more elaborate, agriculture was adopted, and large city-states arose
(Fagan 2005; Hudson 1976). Eva, Thompson Village, and Averbuch were located in
western and central Tennessee (Figure 4) (Fagan 2005). Excavations at the Eva site have
revealed a pattern typical of Archaic lifeways. Thompson Village and the Averbuch site
provide evidence of life in small, marginalized hamlets contemporaneous with (but likely

unassociated with) major Mississippian centers such as Cahokia and Moundville.

Figure 4. Locations of the Eva, Thompson Village, and Averbuch sites in Tennessee (map by Daniel Rose).

Eva (40BN12)

Site Location and Excavation

Information about the Eva site was derived from the single available site report
(Lewis and Lewis 1961). The site, now inundated by Kentucky Lake, was located in
Benton County, Tennessee, 150 kilometers west of Nashville (see Figure 4). It was
previously situated along the eastern edge of Cypress Creek Slough, which at the time of
site occupation was the location of the Tennessee River. The University of Tennessee and

the Works Progress Administration (WPA) excavated the Eva site for the Tennessee
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River Valley Authority in 1940 (Lewis and Lewis 1961). In total, 3,200 square feet
(approximately 300 square meters) were excavated. The components of the site date to
the Eva (6000—4000 BC) and the Three Mile (4000-2000 BC) phases of the Middle
Archaic, and to the Big Sandy phase (2000-1000/500 BC) of the Late Archaic. Antler
from Stratum IV Bottom (Eva phase) produced a radiocarbon date of 5200 BC =+ 500.
During excavation, 180 human burials were exposed (Table 3), mostly in flexed position.
Thirteen of the 133 adults were from the Eva phase, 67 were from the Three Mile phase,

and 52 were from the Big Sandy phase (Lewis and Lewis 1961).

Table 3. Age and Sex Distribution of Burials by Component at the Eva Site (adapted from Lewis and
Lewis 1961:Table 20).

AGE/SEX CATEGORY | EVA | THREE MILE | STRATUM III | BIG SANDY | TOTAL
Infants 3 20 0 6 29
Children 1 8 0 2 11
Juveniles 0 7 0 0 7
Adult Females 5 29 0 18 52
Adult Males 7 25 1* 16 49
Adult Indeterminate 1 13 0 18 32
Total 17 102 0 60 180
*The single burial in Stratum III was not assigned to a component; this individual was not included

in the present analysis.
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Previous Skeletal Analyses

Osteological and demographic analyses of the human remains in the site report by
Lewis and Lewis (1961) were limited. Brief burial descriptions were provided for only 92
of the burials, and no paleopathological analysis was conducted. However, analysis of a
sample of 69 of the 132 adults indicated that a high proportion, particularly among the
males, lived to advanced age (60+ years) (Lewis and Lewis 1961). During the Eva phase,
all females in the sample had died before the age of 30, although by the Big Sandy, fewer
women of childbearing age died and more women lived past 50 (Figure 6). The trend was
opposite in males, with the majority of Eva males dying past age 50, while more Big
Sandy males died in their 30s (Figure 7). Life expectancy was not calculated for the

population.

Eva Females Age-at-Death
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Figure 6. Age distribution of mortality in a sample of adult Eva females.
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Eva Males Age-at-Death
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Figure 7. Age distribution of mortality in a sample of adult Eva males.
Subsistence

The occupants of the Eva site are described as sedentary hunter-gatherers (Lewis
and Lewis 1961). It appears that during the earlier Eva component, the inhabitants relied
primarily on deer, supplementing their diet with mussels, fish, birds, and turtles. Possibly
as a result of environmental shifts and overhunting, the deer population seems to have
declined during the Three Mile and Big Sandy components. Fish, shellfish, and birds
appear to have played a more important role in the latter two phases, with individuals in
the Three Mile component relying intensively on mussels (Lewis and Lewis 1961). Once
again, however, environmental conditions seem to have altered the subsistence practices
of the Eva occupants, as mussels disappear completely from the archaeological record
during the Big Sandy component. Given the lack of preserved plant remains recovered at
the site, the role of plants and nuts can only be speculated, although they surely must

have played a crucial role in the diets of the Eva inhabitants (Lewis and Lewis 1961).
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These shifts in resource utilization were likely accompanied by shifts in mobility. Deer
hunting during the Eva component would have required high mobility, while gathering
mussels during the Three Mile component would have resulted in a dramatic decrease in
mobility. Although hunting appeared to once again play a more important role during the
Big Sandy, the quantity of bone and increased reliance on birds, fish, and turtles suggests
relatively low mobility in this component as well. This change in mobility is not directly
addressed by the Eva site report authors, who refer to the site inhabitants as simply
“sedentary” (Lewis and Lewis 1961); perhaps “semi-sedentary”” would be a more

appropriate label for this group.

Thompson Village (40HY5)

Site Location and Excavation

As the Thompson Village site has never been analyzed and no field report has
been published, little information is available. The site was located in Henry County,
Tennessee, approximately 150 kilometers west of Nashville, Tennessee, and 11
kilometers south of the Tennessee-Kentucky border (see Figure 4). Situated on the west
bank of the Tennessee River, 3 kilometers south of the junction of the Big Sandy and
Tennessee rivers, the palisaded village extended 305 meters (1,000 feet) along the bank
and 183 meters (600 feet) inland. In 1939, the WPA excavated 15 structures for the
Kentucky Lake reservoir project, led by George A. Lidberg under the supervision of
Charles H. Nash (Moore 2002; Sullivan 2007). According to Lynne Sullivan (personal
communication 2012), the site dates to the Middle Mississippian period. However, Moore

(2002) reports that a few flexed burials and ceramics date to the Woodland period. No
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radiocarbon dates were obtained from the site (Lynne Sullivan, personal communication

2012). At least 208 burials were uncovered at the site, the majority of them fully

extended burials without stone boxes (Moore 2002), although the inventory provided by

the Frank H. McClung Museum lists 187 individuals (Table 4).

Table 4. Age and Sex Distribution of Burials at Thompson Village (source: Frank H. McClung Museum).

FEMALE | FEMALE? | MALE | MALE? | INDETERMINATE | TOTAL
Fetus 6 6
Infant 19 19
Child 21 21
Adolescent 8 8
Subadult 1 1
Adult? 1 1
Adult 40 19 28 22 22 131
Total 40 19 28 22 78 187

Previous Skeletal Analyses

No analyses have been conducted on the Thompson Village skeletal collection.

However, the inventory from the McClung Museum did contain sex estimations and

broad age categories (i.e., fetus, infant, child, adolescent, adult). Analysis of this

information indicates that adults comprise 71 percent of the skeletal collection.

Subsistence

Lidberg’s notes indicate the site structures were from the Middle Mississippian

period (Sullivan 2007). Site inhabitants likely followed a typical Mississippian

subsistence regime of agriculture and hunting and gathering. The inhabitants of

Thompson Village probably grew Eastern Flint maize, beans, gourds, and squashes. In
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addition, they probably supplemented their diets with gathered wild plants and by fishing

and hunting animals such as deer and turkey (Hudson 1976).

Averbuch (40DV60)

Site Location and Excavation

As the subject of an extensive, two-volume report published by The University of
Tennessee (Klippel and Bass 1984), Averbuch has been extensively studied and has the
most information available of any site in this study. The Averbuch site was located in
northwest Nashville in Davidson County, Tennessee (see Figure 4). The area is in the
Nashville Basin, and the site itself was situated on a hill 450 meters east of Drakes
Branch, 4 kilometers away from the Cumberland River Valley (Klippel and Bass 1984).
The site was discovered in 1975 following water main installation for a subdivision
development. Following the recommendations of a reconnaissance survey, The
University of Tennessee undertook mitigation efforts in 1977 and 1978, under the
direction of William M. Bass and Walter E. Klippel (Reed 1984). Three cemeteries and a
village containing 22 structures and 97 features were exposed in the excavation blocks
(Reed and Klippel 1984).

Occupation of this Late Mississippian village began sometime in fourteenth
century AD (Klippel 1984), and length of occupation is estimated at 15-25 years
(Berryman 1984), although some authors suggest it lasted as long as 100 years (Kelley
and Eisenberg 1987; Konigsberg and Frankenberg 1995; Reed 1984). Little evidence for
social stratification was found at Averbuch, and the site itself appears to have been an

outlier village with low standing in the Mississippian settlement hierarchy (Klippel
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1984). The site’s location away from the fertile soils of the valley, along with the poor
health status of its occupants, has been used as evidence for population pressure in the
region (Klippel 1984).

In total, 887 individuals were recovered from 645 graves in the three cemeteries
and from underneath 12 structures (Table 5). An estimated additional 409 individuals
were present but either destroyed by the housing construction or unexcavated due to time
constraints (Berryman 1984). Most of the individuals were buried in stone box graves,

which aided in the preservation of the remains (Klippel 1984).

Table 5. Sex and Age Distribution of the Averbuch Skeletal Collection by Burial Area (adapted from
Berryman 1984:Table 5.1).

AGE CEMETERY 1 CEMETERY 2 CEMETERY 3 STRUCTURES
GROUP F M I F M I F M I F | M I | Total
0-1.5 40 9 11 21 81
1.5-5.5 119 16 36 5 176
5.5-10.5 35 5 13 1 54
10.5-15.5 18 2 5 25
15.5-20 37 24 4 2 5 6 79
20-25 36 56 8 14 23 13 1 152
25-30 27 35 2 4 15 10 93
30-35 18 18 1 9 8 10 64
35-40 17 16 2 6 3 6 49
4045 10 11 3 1 1 5 30
45-50 10 11 3 1 1 5 30
50-55 1 2 1 4 21
55-60 1 2 1 4 21
Adult 1 1
Subtotal 168 | 183 | 212 24 40 32 59 63 66 0 0 | 29 876
Fetal 1 2 2 6 11
Total 168 | 183 | 213 24 40 34 59 63 68 0 0 | 35 887

Note: the numbers in the site report consist of fractions resulting from the sex estimation methodology;
those numbers are rounded in this table to the nearest whole number, and therefore may differ slightly.
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Previous Skeletal Analyses

Total population during site occupation was estimated at 800 to 1,400 individuals
(Berryman 1984). Berryman (1984) reports that the entire population, females in
particular, was heavily stressed as indicated by dental enamel hypoplasias and Harris
lines. Adults made up 61 percent of the total skeletal group. In all three cemeteries,
females were subject to the highest mortality rates in the 20-25 year age range (Figure 8),
probably as a result of complications from pregnancy and birth. Males were also subject
to high mortality in the 20-25 age group, although males from Cemetery 2 and Cemetery
3 also exhibited small peaks in mortality in the 30-35 age range (Figure 9). Life
expectancy at birth at this site was extremely low, only 14.6 for females and 17.4 for

males (Berryman 1984).

Averbuch Adult Female Age-at-Death
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Figure 8. Age distribution of adult female mortality at the Averbuch site.
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Averbuch Adult Male Age-at-Death
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Figure 9. Age distribution of adult male mortality at the Averbuch site.
Subsistence

Although organic preservation at the site was poor, the faunal and botanical
analyses revealed an assemblage similar to other Late Mississippian sites (Klippel 1984).
The people of Averbuch were agriculturalists who relied on a narrow suite of botanical
species, including Northern Flint maize, two types of beans, and a small amount of wild
species. Notably, no squash was found at the site. The inhabitants exploited a wide
variety of animals, especially deer and elk, with bear, turkey, raccoon, mountain lion,
beaver, waterfowl, fox, rabbit, opossum, skunk, turtle, squirrels, and a small amount of

fish and mussels also present (Klippel 1984).
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Great Plains

The Great Plains cover much of the center of North America and stretch from
Canada south into North Texas (Wood 1998). After the extinction of Ice Age megafauna,
many inhabitants of this relatively flat, often arid grassland relied on bison when they
were available. Even as some groups in the river valleys adopted farming, most continued
to hunt bison as well, particularly during the harsh winters (Fagan 2005; Rogers 1990).
The Larson site is located in the Middle Missouri Valley of Great Plains (Figure 10), and
its inhabitants were a group of Historic Arikara who practiced horticulture, traded with
the Europeans and nomadic bison hunters, and engaged in winter bison hunts and other

supplemental hunting (Johnson 1998; Rogers 1990).
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Figure 10. Location of the Larson site in South Dakota (map by Daniel Rose).
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Larson (39WW2)

Site Location and Excavation

While the Larson site has been extensively studied, no formal site report has been
published, although a number of articles have included analyses of this collection (e.g.,
Owsley and Bass 1979; Owsley et al. 1977; Owsley and Jantz 1994). The Larson site is
located in Walworth County, South Dakota, two miles southeast of Mobridge on the east
bank of the Missouri River. The site was excavated first in 1963—1964 by River Basin
Survey crews working under Alfred W. Bowers, and then again in 1966 by J. J. Hoffman.
The cemetery was also excavated in 1966—1968, by University of Kansas crews under
William M. Bass. The fortified earthlodge village and associated cemetery was part of the
Le Beau phase of the Postcontact Coalescent Tradition, and dates to AD 17501785,
within the Protohistoric (Blakeslee 1994; Owsley et al. 1977). In the Arikara village, 71
individuals were scattered on earthlodge floors, and osteological and demographic
analyses indicate warfare was involved in the violence that caused this massacre, which
marked the termination of site occupation (Owsley et al. 1977). The cemetery
excavations under Bass produced 628 skeletons interred over approximately 30 years
(Table 6) (Owsley and Bass 1979). The Arikara, who were Caddoan speakers, organized
their society into different ranks or classes (Rogers 1990), a practice which was reflected

in the burials at the site (Johnson 1998).



Table 6. Age and Sex Distribution of Burials from the

Larson Cemetery (Owsley and Bass 1979).

AGE FEMALE | MALE IND. | TOTAL

0-1 254 254
1-4 94 94
5-9 48 48
10-14 14 14
15-19 21 10 31

20-24 15 10 25
25-29 10 12 22
30-34 10 25 35
35-39 18 21 39
40-49 14 20 34
50-59 15 10 25
Indeterminate 7 7

Total 103 108 417 628

Previous Skeletal Analyses
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Previous research indicates that infant mortality was extremely high at Larson (41

percent of the cemetery skeletons were under the age of one), as was childhood mortality

(56 percent were under the age of four), but adolescent mortality was relatively low

(Owsley and Bass 1979; Owsley et al. 1977). Nearly two-thirds of the population died by

the age of 19. Mortality peaks in adults occurred during the childbearing years and in the

late 30s for females (Figure 11), and in the early 30s and during the 40s for males

(Owsley and Bass 1979; Owsley et al. 1977). Male life expectancy at birth was only 13.7

years, while it was only 12.8 for females. However, if one survived to the age of five, a

male could expect to live until 29.2 years of age and a female until the age of 27.5.

Childbirth and complications from pregnancy seemed to heavily impact the mortality of

infants and as well as females of childbearing age (Owsley and Bass 1979).
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Larson Adult Age-at-Death
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Figure 11. Age distribution of adult mortality at the Larson site.

Subsistence

Subsistence practices included seasonal bison hunting expeditions, particularly
during the summer months of June and July, when everyone in the village moved out on
to the Plains to hunt bison. Only the sick and feeble stayed behind (Owsley and Bass
1979). The Arikara also hunted antelope and deer, and caught fish in traps along the
Missouri River (Rogers 1990). In addition to hunting and gathering wild food plants, the
Arikara practiced horticulture, with a focus on maize, beans, squash, and sunflowers
(Owsley and Bass 1979). According to historical sources, the females were entirely
responsible for the gardening (Rogers 1990). Despite such a mixed economy, the Arikara
at Larson appeared to have suffered periods of malnutrition and even starvation, in

addition to bouts of epidemic disease and warfare (Owsley and Bass 1979).
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Texas

Texas is unique in that it overlaps several archaeological regions, including the
Eastern Woodlands in East Texas, the Southwest in far West Texas, and the Great Plains
in the Panhandle and North Texas. The patterns of prehistoric lifeways in these areas of
Texas are largely similar to those of the overlapping regions. However, much of the
interior of Texas is divided into quite distinct archaeological regions, each with a unique
pattern of development. Hitzfelder Cave and Mitchell Ridge (Figure 12) are located in the
Central Texas and the Southeast Texas archaeological regions, respectively (Perttula

2004).

Figure 12. Locations of Hitzfelder Cave and Mitchell Ridge in Texas (map
by Daniel Rose).
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Hitzfelder Cave (41BX26)

Site Location and Excavation

No formal report of the excavations of Hitzfelder Cave has yet been published,
although some preliminary findings have been reported (Bartholomew 1973; Benfer
1967; Givens 1968a, b), and site files at the Texas Archeological Research Laboratory in
Austin, Texas, contain some notes and manuscripts (Benfer and Frank n.d.; Davis 1966).
Hitzfelder Cave is a shaft cave overlooking Cibolo Creek northeast of San Antonio in
Bexar County, Texas (see Figure 12). After its discovery by landowner Norman
Hitzfelder in 1962, the site was investigated by various professional and avocational
archaeologists and spelunkers in the 1960s, including Robert Benfer of the Witte
Museum and R. Dale Givens of Trinity University (Givens 1968a). In 1967 and 1968,
Givens and students from Trinity University partially excavated the cave and uncovered
the commingled remains of 30—40 individuals (Givens 1968a).

Dating of the remains has been problematic. Frio, Pedernales, and ‘“Marshall-like”
(Collins 1970) or Ensor (Benfer and Frank n.d.) projectile points recovered from the fill
above the remains (Collins 1970). A Clear Fork Gouge was collected from the “burial
zone” (Benfer 1967). Benfer collected a single charcoal sample from Test Pit 1, 6-18
inches below the surface (Benfer 1967; Benfer and Frank n.d.). The uncalibrated
radiocarbon date obtained from the sample was 1000 =190 (Davis 1966), which would
place it in the Austin phase of the Late Prehistoric (Collins 2004; Hester 2004). However,
Givens postulates that the carbon sample used for the date was “washed in surface
carbon,” which seems plausible given his observation that water flowed into the cave

whenever it rained, and that the cave was filled with mud (1968a).
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Recent radiocarbon dating of 20 individuals was conducted by the Center for
Archaeological Research at The University of Texas at San Antonio. The results indicate
that the 20 burials tested date as early as 4000 + 37 radiocarbon years before present
(RCYBP), during the Terminal Middle Archaic, and as late as 400 + 33 RCYBP, during
the Toyah Phase of the Late Prehistoric (Munoz et al. 2013). Concurrent stable isotope
analysis showed that during the Terminal Middle Archaic, the inhabitants buried at
Hitzfelder Cave relied mostly on C; plants and fauna, such as trees, herbs, and deer.
During the Initial Late Archaic, a subsistence shift was indicated by an increase in Cy4
resources, possibly including bison. This was followed in the Terminal Late Archaic by a
return to the reliance on Cs resources. Finally, during the Toyah Phase, the individuals

examined heavily exploited Cy4 resources, including marine protein sources (Munoz et al.

2013).

Previous Skeletal Analyses

Only limited analyses of the human remains have been conducted (Scruggs et al.
1978). Some of the articles published on the Hitzfelder Cave site deal mainly with
controversial interpretations of the crania. Givens (Givens 1968a, b) suggested that some
of the cranial features were reminiscent of “pre-sapiens” morphology rather than Native
American, an analysis quickly refuted by Collins (1970). The collection is currently
divided between Trinity University, the University of the Incarnate Word in San Antonio,
and the Texas Archeological Research Laboratory in Austin, and a complete inventory of
the remains has not been located. As the collection is commingled, age and sex

information has not been established.
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Subsistence

Presumably, the people buried in Hitzfelder Cave practiced a hunter-gatherer
lifestyle typical of the Central Texas Archaic. Groups during this period are thought to
have hunted bison (except during the Middle Archaic), deer, small mammals, and birds,
and caught fish. In addition, paleobotanical analyses indicate they baked geophytes in
earth ovens and collected acorns and other nuts, berries, and grass seeds (Collins 2004).
While Central Texas hunter-gatherer subsistence practices varied by climatic conditions
and according to seasonal availability, stable isotope studies indicate an increasing
reliance on geophytes such as camas and sotol as the Archaic period progressed (Mauldin
et al. 2013). The hunter-gatherer subsistence strategy persisted into the Late Prehistoric, a
period marked primarily by technological shifts from atlatl use to the bow and arrow and

the introduction of pottery (Collins 2004).

Mitchell Ridge (41GV66)

Site Location and Excavation

Information on Mitchell Ridge came from a single site report (Ricklis 1994).
Mitchell Ridge is located around the midpoint of Galveston Island in Galveston County,
on the Upper Texas Coast (see Figure 12). The eastern portion of the site was the focus of
survey, testing, and excavations in 1974—1978 by Rice University, the Houston
Archaeological Society, and the Texas Archeological Society. In 1994, the site was
further tested and excavated by Coastal Archaeological Research, Inc.. The site dates
mainly to the Late Prehistoric (AD 1250-1500) through the Protohistoric (AD 1500—

1700) and Early Historic (AD 1700-1800) periods, although radiocarbon dates indicate
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groups in the area began to occupy the site around 2000 years ago and continued to
inhabit the site intermittently into the 1700s. Site occupation was mostly seasonal,
concentrated in the fall and winter (Ricklis 1994). The remains of 54 individuals were
recovered from the Burial and Cross areas during the 1970s, and from areas 1, 3, and 4 of

the 1992 excavations (Table 7). Approximately 67 percent of the burials were adults.

Table 7. Age and Sex Distribution of Burials by Component at Mitchell Ridge (adapted from Powell
1994: Tables 9.15-9.17).

CompoNeT T 0T | et g | sUBsDULTS | ToTAL
Late Prehistoric 12 6 2 10 30
Protohistoric 1 3 2 3 9
Historic 3 4 3 5 15
Total 16 13 7 18 54

Previous Skeletal Analyses

Paleodemographic analysis was limited by the small sample size, lack of clear
temporal assignment for some of the burials, absence of infants, and possible
underrepresentation of old adults due to differential burial practices, poor preservation,
and/or aging methodology. Thus, the following estimates should be viewed with these
caveats in mind. Life expectancy for this group was 36.1 years in the Prehistoric,
dropping to 22.7-30.8 years in the Protohistoric, and declining to 25.3 in the Historic.
Due to the overlapping age categories used in age estimations for this collection,
distribution of adult mortality is unavailable. However, examination of mean ages-at-
death given by Powell (1994) shows that figure remaining relatively stable for both sexes

through the Late Prehistoric and Protohistoric, then dropping sharply for both sexes in the
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Historic period (Table 8). This may reflect changes in the Historic period such as
increased fertility, different mortuary patterns, or increased mortality due to conflict,
epidemics, or population stress related to European contact (Roberts and Manchester
2005). The presence of cribra orbitalia, porotic hyperostosis, treponemal disease, and
high rates of degenerative joint disease and entheseal development indicates the
population suffered from nutritional and mechanical stress, particularly during the

Historic Period (Powell 1994).

Table 8. Mean Ages-at-Death for Mitchell Ridge Adults
(Powell 1994).

COMPONENT MALES FEMALES
Late Prehistoric 402+78 304+£153
Protohistoric 40.0 32.1+7.8
Early Historic 28.0+£8.2 26.9 £13.9

Subsistence

Subsistence was based mostly on fishing, although significant contributions to the
diet were made from hunting (mostly deer, and occasionally bison on the mainland) and
trapping hispid cotton rats (Ricklis 1994, 2004). The ethnographic record supports
analyses suggesting the use of roots and tubers (Huebner 1994). During the Late
Prehistoric, site inhabitants relied on marine resources for 60—75 percent of their diet.
However, by the Historic period, marine resources only accounted for a third to half of
the occupants’ diet; this shift may be related to environmental changes as well as

sociocultural factors stemming from European contact (Huebner 1994).
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Sample Sizes

Following the practice of previous studies utilizing the patella for sex estimation
(e.g., Bidmos et al. 2005; Dayal and Bidmos 2005), the research design called for one
patella, preferably the left, to be examined from 20 females and 20 males from each
group, for a total of 240 individuals (120 females, 120 males). This goal was
unobtainable for some groups, and exceeded for others. Ultimately, 228 patellac were
examined from the six groups, including 90 females and 90 males (Table 9). One
individual from Mitchell Ridge was classified in the TARL archives as Indeterminate, but
reanalysis revealed metric and morphological characteristics consistent with an
estimation of male, and thus this individual was classified as male for this analysis. Sex
estimations have not been established for Hitzfelder Cave, and thus all individuals from
the site are classified as Indeterminate. It should also be noted that for Hitzfelder Cave,
the remains were commingled, and it is possible that at least some of the patellae are
actually matching pairs. Thus the 48 patellae represent an MNI of 27, based on the higher
number of rights versus lefts (27 and 21, respectively). For all other groups, only one

patella was examined from each individual.
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Table 9. Sex Distribution of Samples Examined.

SITE FEMALE | MALE | INDETERMINATE | TOTAL
Eva (H-G) 20 20 0 40
Thompson Village (Ag) 22 19 0 41
Averbuch (Ag) 20 21 0 41
Larson (Hort) 21 20 0 41
Hitzfelder Cave (H-G) 0 0 48 48
Mitchell Ridge (H-G) 7 10* 0 17
Total 90 90 48 228
*One individual was originally classified as indeterminate, but grouped with males for this
analysis.

Within each group, individuals were chosen based on the presence of patellae and
availability for study. Left patellac were examined when possible; if missing or too
degraded, the right was substituted. Due to poor preservation, damage, and/or pathology,

some observations were not collected on a few individuals, as noted in the results chapter.



CHAPTER III

METHODS

Observations

Both metric and nonmetric data were collected, but only the nonmetric data were

analyzed for this study. Nonmetric observations recorded were:

1))

2)

3)

4)

5)

6)

the presence of absent to mild or moderate to severe quadriceps femoralis
tendon entheses (QFTE);

the presence of absent to mild or moderate to severe patellar ligament entheses
(PLE);

the presence of absent to mild or moderate to severe lipping (LIP) along the
margins of the articular surface;

the presence or absence of coalesced porosity (CP);

the presence or absence of surface osteophytes (SO); and

the presence or absence of eburnation (EB).

41
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These observations were recorded separately using a simplified version of scoring
methods employed by Buikstra and Ubelaker (1994) and Hawkey and Merbs (1995).
(Tables 10—14). While previous studies of MSMs have generated composite scores or
arithmetic means for large muscle groups, the method used here allows for comparison of
use of the upper leg versus the lower leg within and between groups. By scoring lipping,
eburnation, surface osteophytes, and eburnation separately, this avoids the debate over
which diagnostic criteria to use for recording osteoarthritis. When a pathology was
unobservable on an individual, typically due to taphonomic damage to the area, the
pathology was not scored, and that individual was excluded from the data analysis for the
unobservable pathology.

All data were recorded onto an Excel spreadsheet, and included age, sex, and
temporal component when available. Each patella was photographed on both the anterior
and posterior sides at straight and oblique angles to illustrate modifications. Observations

were later checked for consistency within and between samples using these photographs.
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Table 10. Scoring System Used for Entheses.

EXAMPLE

PATHOLOGY | SCORE CRITERIA
Absent to Entheses are absent or
Mild barely discernible
Quadriceps
femoralis tendon
entheses (QFTE
(QFTE) Entheses project above
the surface or over the
Moderate .
edge of the patellae; in
to Severe .
severe cases multiple
entheses may coalesce
Absent to Entheses are absent or
Mild barely discernible
Patellar ligament
entheses (PLE)
Entheses project above
the surface or over the
Moderate .
edge of the patellae; in
to Severe

severe cases multiple
entheses may coalesce

Note: example photographs by Maggie McClain.




Table 11. Scoring System Used for Lipping.

44

SCORE CRITERIA
Absent to Lipping is absent or barely
Mild discernible

Sharp ridge around articular

margins, sometimes curled
Moderate with spicules; severe forms
to Severe may show

extensive spicule formation

Note: example photographs by Maggie McClain.

EXAMPLE




Table 12. Scoring System Used for Coalesced Porosity.

SCORE CRITERIA EXAMPLE

No porosity or only
pinpoint porosity is

Absent observable on the
articular surface
Porosities have
coalesced and are
Present

apparent on the articular
surface

Note: example photographs by Maggie McClain.




Table 13. Scoring System Used for Surface Osteophytes.

SCORE CRITERIA
No osteophytes are
Absent present on the articular
surface
Osteophytes are clearly
Present present on the articular

surface

Note: example photographs by Maggie McClain.

EXAMPLE
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Table 14. Scoring System Used for Eburnation.

47

SCORE CRITERIA
Eburnation is absent on

Absent the articular surface
Polish and/or grooving is

Present apparent on the articular

surface

Note: example photographs by Maggie McClain.

EXAMPLE
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Data Analysis

To identify general patterns, frequencies and percentages of patellar pathologies
were calculated by group for all six sites and also by sex for Eva, Thompson Village,
Averbuch, Larson, and Mitchell Ridge. In addition, for each site, chi-square tests-of-
independence were used to examine whether there was significant variation in the types
of patellar pathologies within each group, whether there was a variation in patellar
pathology among females and among males, and whether there were significant
differences in patellar pathologies between males and females.

No age data were available for Hitzfelder Cave, and only broad, imprecise age
categories (e.g., adult, young—middle adult, young—old adult, and middle—old adult) were
available for Eva, Larson, Mitchell Ridge, and Thompson Village; thus, analysis of
pathologies by age was not possible for these groups. However, precise, five-year age
ranges were provided for Averbuch. These were collapsed into broader cohorts (<20, 20—
30, 3040, 40+) to obtain sample sizes sufficient for inferential statistical analysis.
Frequencies and percentages were calculated for entheses, lipping, and coalesced
porosity, and chi-square tests-of-independence were used to test for significant variation.

Data on temporal component was available for the Eva site. Frequencies and
percentages were calculated for both types of entheses and lipping, and chi-square tests-
of-independence were used to test for significant variation. Mitchell Ridge also had
associated temporal data, but the sample size was too small to lend itself to inferential

statistical analysis.
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Chi-square tests-of-independence were also used to determine if there was
significant variation between sites, between sites within the same region, and between
sites engaged in similar subsistence regimes, and between sites engaged in different
subsistence regimes. For all chi-square tests, Yate’s correction was used for any 2 x 2
contingency table in which any of the expected values fell below 5. When significant
variation was encountered, adjusted residuals were analyzed to determine the direction

and strength of the variation. All calculations were performed using Microsoft Excel.



CHAPTER IV

RESULTS

The results of analysis are presented below. Sites are presented by region,
followed by the results of between-group analyses. The data gathered from each site are
presented in Appendix A. Appendix B contains the results of all chi-square tests

conducted.

Eastern Woodlands

Eva (40BN12, Archaic Hunter-Gatherers)
Results by Group

Table 15 presents the occurrence of patellar pathologies found in the Eva sample.
Percentages of the group affected are depicted in Figure 13. Surface osteophytes and
eburnation were entirely absent and thus were excluded from further analysis. Chi-square
analysis of quadriceps femoralis tendon (QFT) entheses, patellar ligament (PL) entheses,
lipping, and coalesced porosity shows these variables to be highly independent (x*=24.5,

df=3, p<0.00001). Rates of PL entheses were much higher than expected in the group as
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defined by adjusted residuals, while coalesced porosity occurred at a much lower

frequency (see Table 15).

Table 15. Frequency and Adjusted Residuals of Patellar Pathologies in the Eva
Group, Sexes Combined.

ABSENT/ MODERATE/
PATHOLOGY MILD SEVERE TOTAL

24 16 40

QFT Entheses (-0.67) (0.67)
PL Entheses (_31 22) (32;12) 40
Liobin 26 14 40

'PpIng (-0.10) (-0.10)
Coalesced Porosity ( 43279) (- 4329) 40
Subtotal 103 57 160
Surface Osteophytes 40 0 40
Eburnation 40 0 40
Total 183 57 240

Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalesced porosity are shown in parentheses; bold indicates a significant result.
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Eva (Archaic H-G)
100%
80%
60%
60%
40% .
40% 35%
20%
8%
- 0% 0%
0% T T T T T 1
QFTE PLE* LIp cp* o) EB

Figure 13. Percent of the Eva group exhibiting patellar pathologies (* indicates a
significantly high or low frequency; see Table 15).
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Results by Sex

Tables 16 and 17 present the results by sex, which are illustrated in Figure 14.
Among females, there was significant variation among QFT and PL entheses, lipping,
and coalesced porosity (x*=22.1, df=3, p<0.0001), with PL entheses occurring at a much
higher rate than expected and coalesced porosity a much lower frequency than expected.
Among males, there was also significant variation among the same four variables (*=6.2,
df=3, p=0.05), with coalesced porosity occurring at lower rates than expected. While
males exhibited slightly higher rates of QFT entheses and lipping, and females exhibited
20 percent higher rates of PL entheses (see Figure 14), only the difference in coalesced
porosity rates was statistically significant (x*=3.6, df=1, p=0.03). All cases of coalesced

porosity occurred in males.

Table 16. Frequency and Adjusted Residuals of Patellar Pathologies among Females
in the Eva Group.

ABSENT/ MODERATE/
PATHOLOGY MILD SEVERE TOTAL
13 7 20
QFT Entheses (-0.14) (0.14)
6 14 20
PL Entheses (-3.96) (3.96)
Linbin 14 6 20
pping 0.41) (-0.41)
. 20 0 20
Coalesced Porosity (3.69) (-3.69)
Subtotal 53 27 80
Surface Osteophytes 20 0 20
Eburnation 20 0 20
Total 93 27 120
Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalesced porosity are shown in parentheses; bold indicates a significant result.




Table 17. Counts and Adjusted Residuals of Patellar Pathologies among Males in the

Eva Group.
ABSENT/ MODERATE/
PATHOLOGY MILD SEVERE TOTAL
11 9 20
QFT Entheses (-0.80) (0.80)
10 10 20
PL Entheses (-1.33) (1.33)
Liobin 12 8 20
pping (-0.27) (0.27)
. 17 3 20
Coalesced Porosity (2.40) (-2.40)
Subtotal 50 30 80
Surface Osteophytes 20 0 20
Eburnation 20 0 20
Total 90 30 120
Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalesced porosity are shown in parentheses; bold indicates a significant result.

Eva Females & Males

100%

80%

60%

40%
40%

15%
0%. 0% 0% 0% 0%

QFTE PLET LIP CPT$* SO EB

20%

0%

B Females H Males

Figure 14. Percent of Eva females and males exhibiting patellar pathologies (} indicates a
significantly high or low frequency among females; § indicates a significantly high or
low frequency among males; * indicates a significant difference between sexes; see
Tables 1617 and Appendix B).
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Results by Age

Age estimations were only available for 24 of the 40 individuals in this sample,

which did not yield a large enough sample size for inferential statistical analysis.

Results by Component

The Eva group was divided into three temporal components: the earlier Middle
Archaic Eva component, the later Middle Archaic Three Mile component, and the Late
Archaic Big Sandy component (Table 18). As coalesced porosity occurred only once per
component, and surface osteophytes and eburnation were absent in the Eva group, these
pathologies were excluded from the component analysis. Tables 19-21 present the results
of analysis by component for the Eva group, and the frequencies are depicted in Figure
15. There was no significant variation in QFT entheses, PL entheses, and lipping during
either the Eva component or the Three Mile component. QFT entheses, PL entheses, and
lipping varied significantly only in the Big Sandy component (x*=6.7, df=2, p=0.02),

during which time the PL entheses were much higher than expected (see Table 20).

Table 18. Temporal Distribution by Sex for the Eva Sample.

COMPONENT | SEXES COMBINED | FEMALES | MALES

Eva 5 2 3
Three Mile 25 14 11
Big Sandy 10 4 6

Total 40 20 20




Table 19. Frequency of Patellar Pathologies during the Eva Component, Sexes

Combined.
PATHOLOGY | ABSENT/MILD | MODERATE/SEVERE | TOTAL
QFT Entheses 3 2 5
PL Entheses 1 4 5
Lipping 3 2 5
Total 7 8 15

Table 20. Frequency of Patellar Pathologies during the Three Mile Component,

Sexes Combined.

PATHOLOGY | ABSENT/MILD | MODERATE/SEVERE | TOTAL
QFT Entheses 12 13 25
PL Entheses 11 14 25
Lipping 15 10 25
Total 38 37 75

Table 21. Frequency and Adjusted Residuals of Patellar Pathologies during the Big

Sandy Component, Sexes Combined.

PATHOLOGY | ABSENT/MILD | MODERATE/SEVERE | TOTAL
9 1 10
QFT Entheses (1.69) (-1.69)
4 6 10
PL Entheses (-2.54) (2.54)
. ] 2 10
ipping (0.85) (-0.85)
Total 21 0 30

Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.
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Eva Components

100%

80%
80%

60%

40%

20%

0%

Eva Three Mile Big Sandy

B QFTE mPLE mLIP

Figure 15. Percent of the Eva group exhibiting patellar pathologies by component,
sexes combined.

When change over time was examined for each patellar pathology (Table 22),
only QFT entheses showed a significant variation by component (x*=5.2, df=2, p=0.04).
QFT entheses were much higher in the Three Mile component and much lower in the Big
Sandy component. It should be noted, however, that the small sample size might be

responsible for the lack of significance between components.
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Table 22. Frequency and Adjusted Residuals of Patellar Pathologies by Component,
Sexes Combined.

QFTE PLE LIP
COMPO-
NENT | am | s [Tl AamM | s [Tl AaM | ws | T
B 3 2 5 1 4 5 3 2 5
va (0.00) | (0.00) (-0.98) | (0.98) (-0.25) | (0.25)
Three Mil 12 13 25| 11 14 |25] 15 10 |25
ree Ve 1 2.00) | (2.00) 0.67) | (-0.67) (-0.86) | (0.86)
Bia Sand 9 1 0| 4 6 ] s 2 10
185y 1 224) | (-2.24) (0.00) | (0.00) (1.15) | (-1.15)
Total 24 16 40| 16 24 [40] 26 14 |40

Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

Thompson Village (40HYS5, Middle Mississippian Agriculturalists)

Results by Group

Many of the patellae from this site are poorly preserved, with the anterior cortex
and occasionally the articular margins worn away, which made scoring of entheses and/or
lipping impossible in some cases. Nevertheless, all possible observations were recorded.
Table 23 presents the occurrence of patellar pathologies found in the Thompson Village
sample. Percentages of the group affected are depicted in Figure 16. Surface osteophytes
and eburnation were completely absent in this group and were excluded from further
analysis. Chi-square analysis indicates that QFT entheses, PL entheses, lipping, and
coalesced porosity are highly variable in this group (y2=14.9, df=3, p<0.001). QFT
entheses were higher than expected, while PL entheses were lower than expected (see

Table 23).



Table 23. Frequency and Adjusted Residuals of Patellar Pathologies in the
Thompson Village Group, Sexes Combined.

ABSENT/ MODERATE/
PATHOLOGY MILD SEVERE TOTAL

12 23 35

QFT Entheses (-3.55) (3.55)
PL Entheses (2219 3) (-21 23) Y
Lippin 2 s ”

pping (1.58) (-1.58)
Coalesced Porosity (_(i ;2) (0%272) !
Subtotal 90 60 150
Surface Osteophytes 41 0 4l
Eburnation 41 0 H
Total 172 60 232

Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalesced porosity are shown in parentheses; bold indicates a significant result.

Thompson Village (Mid. Miss. Ag.)

100%
80%
66%
60%
41%
40%
29%
20%
0% 0%
0% T T T T T
QFTE* PLE* LIP cp SO EB

Figure 16. Percent of the Thompson Village group exhibiting patellar pathologies
(*indicates a significantly high or low frequency; see Table 22).
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Results by Sex

Tables 24 and 25 present the results by sex, and percentages of patellar
pathologies by sex are shown in Figure 17. Among females, there was significant
variation in patellar pathologies (}2=14.3, df=3, p<0.01), which was driven by high rates
of QFT entheses and low rates of PL entheses (see Table 24). There was no significant
variation in patellar pathologies among males. While females exhibit a 25 percent higher
rate of QFT entheses and a marginally higher rate of coalesced porosity, and males
exhibit marginally higher rates of PL entheses and lipping, these sex differences were not

statistically significant.

Table 24. Frequency and Adjusted Residuals of Patellar Pathologies among Females
in the Thompson Village Group.

ABSENT/ MODERATE/
PATHOLOGY MILD SEVERE TOTAL
4 14 18
QFT Entheses (-3.44) (3.44)
16 5 21
PL Entheses (2.02) (-2.02)
Linbin 14 5 19
pping (1.63) (-1.63)
. 12 10 22
Coalesced Porosity (-0.33) (0.33)
Subtotal 46 34 80
Surface Osteophytes 22 0 22
Eburnation 22 0 22
Total 90 34 124
Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalesced porosity are shown in parentheses; bold indicates a significant result.




Table 25. Frequency and Adjusted Residuals of Patellar Pathologies among Males in
the Thompson Village Group.

ABSENT/ MODERATE/
PATHOLOGY MILD SEVERE TOTAL
8 9 17
QFT Entheses (-1.55) (1.55)
PL Entheses (01935) (-0595) "
Lippin ' y 3
pping (0.56) (-0.56)
Coalesced Porosity (0133) (_()703) N
Subtotal 44 26 70
Surface Osteophytes 19 0 19
Eburnation 19 0 19
Total 82 26 108

Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalesced porosity are shown in parentheses; bold indicates a significant result.

Thompson Village Females & Males

100%
80% 78%

0
60% - 3%

45%
7%

40% - 319

° T
20% -

. 0% 0% 0% 0%
0% - T T T 1
QFTEt PLEt LIP CpP SO EB

B Females H Males

Figure 17. Percent of Thompson Village females and males exhibiting patellar
pathologies (} indicates a significantly high or low frequency among females; see

Table 24).
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Results by Age

The nature of the age ranges given in the inventory rendered analysis by age

impossible for Thompson Village.

Results by Component

Component data were unavailable, thus analysis by component was not possible

for Thompson Village.
Averbuch (40DV60, Late Mississippian Agriculturalists)
Results by Group

Table 26 presents the occurrence of patellar pathologies found in the Averbuch
sample. Percentages of the group affected are depicted in Figure 18. Surface osteophytes
were rare and eburnation was completely absent in this group, and thus they are excluded
from further analysis. Chi-square analysis indicates that QFT entheses, PL entheses,
lipping, and coalesced porosity are highly variable in this group (3’=10.4, df=3, p<0.01).

Adjusted residuals indicate that PL entheses were lower than expected (see Table 26).



Table 26. Frequency and Adjusted Residuals of Patellar Pathologies in the Averbuch
Group, Sexes Combined.

ABSENT/ MODERATE/
PATHOLOGY MILD SEVERE TOTAL
14 26 40
QFT Entheses (-1.78) (1.78)
25 16 41
PL Entheses (2.04) (-2.04)
Liobin 14 27 41
pping (-1.94) (1.94)
. 24 17 41
Coalesced Porosity (1.67) (-1.67)
Subtotal 77 86 163
Surface Osteophytes 40 | 41
Eburnation 41 0 41
Total 158 87 245
Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalesced porosity are shown in parentheses; bold indicates a significant result.

Averbuch (Late Miss. Ag.)

100%
80%
65% 66%
60%
41%
40%
20%
2% 0%
0% T T T T — 1
QFTE LIp cp S0 EB

Figure 18. Percent of the Averbuch group exhibiting patellar pathologies (* indicates a
significantly low frequency; see Table 25).
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Results by Sex

Tables 27 and 28 present the results by sex, with percentages of frequencies
illustrated in Figure 19. There was no significant variation among females in QFT
entheses, PL entheses, lipping, and coalesced porosity. The only case of surface
osteophytes occurred in a female. There was significant variation among males (y*=11.8,
df=3, p<0.01), who exhibited quite high QFT entheses compared to fairly low PL
entheses and coalesced porosity (see Table 28). Although females had 21 percent higher
rates of PL entheses and 26 percent higher coalesced porosity than males, chi-square
analysis indicated that only the sex difference in coalesced porosity was significant

(°=2.9, df=1, p=0.05).

Table 27. Frequency and Adjusted Residuals of Patellar Pathologies among Females

in the Averbuch Group.
ABSENT/ MODERATE/
PATHOLOGY MILD SEVERE TOTAL
8 12 20
QFT Entheses (-0.13) (0.13)
10 10 20
PL Entheses (0.92) (0.92)
Linbin 6 14 20
pping (-1.18) (1.18)
. 9 11 20
Coalesced Porosity (0.39) (-0.39)
Subtotal 33 47 80
Surface Osteophytes 19 1 20
Eburnation 20 0 20
Total 72 48 120
Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalesced porosity are shown in parentheses; bold indicates a significant result.




Table 28. Frequency and Adjusted Residuals of Patellar Pathologies among Males in

the Averbuch Group.
ABSENT/ MODERATE/
PATHOLOGY MILD SEVERE TOTAL
6 14 20
QFT Entheses (-2.37) 2.37)
PL Entheses (1195 6) (_169 6) 21
Lini 8 13 21
'PPIng (-1.58) (1.58)
Coalesced Porosity (1195 6) (_169 6) 21
Subtotal 44 39 83
Surface Osteophytes 21 0 21
Eburnation 21 0 21
Total 86 39 125

Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalesced porosity are shown in parentheses; bold indicates a significant result.

Averbuch Females & Males

100%

80%

60% 25%

40%

9%

20% »
0,
>% 10 0% 0%

0%
QFTE# PLE% LIP CPt* SO EB

B Females M Males

Figure 19. Percent of Averbuch females and males exhibiting patellar pathologies
(1 indicates a significantly high or low frequency among males; * indicates a
significant difference between sexes; see Table 28 and Appendix B).
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Results by Age

Age data were available for 40 of the 41 individuals at Averbuch (Table 29). The
20-30 age category contained the largest number of individuals overall, among both
females and males. Chi-square analysis indicated the distribution of age groups did not

significantly differ between males and females.

Table 29. Age Distribution by Sex for the Averbuch Group.

AGE SEXES COMBINED | FEMALES | MALES
CATEGORY No. % No. % | No. | %
<20 6 15 3 16 3 14
20-30 14 35 6 32 8 38
3040 10 25 5 26 5 24
40+ 10 25 5 26 5 24
Total 40 0 19 0 21 0

Results of chi-square showed that frequency of QFT entheses, PL entheses,
lipping, and coalesced porosity varied significantly within the 20-30 age group (}’=6.8,
df=3, p=0.04), 3040 age group (X2=5 .8, df=3, p=0.05), and the 40+ age group (X2=7.4,
df=3, p=0.03). Adjusted residuals indicate that coalesced porosity was significantly lower
than the other patellar pathologies in the 30—40 age group, while PL entheses were lower

than the other pathologies in the 40+ age group (Table 30).
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Table 30. Adjusted Residuals for Each Age Group.

<20 20-30 3040 40+
PATHO-
LOGY
AM | MS |T| AM | M/S |T| AM | M/S |T| AM | M/S | T

QFT 5 1 6 4 9 13 3 7 10 2 8 10
Entheses | (-0.85) | (0.85) (-1.66) | (1.66) (-0.75) | (0.75) (-0.61) | (0.61)
PL 6 0 6 9 5 14 4 6 10 6 4 10
Entheses | (0.85) |(-0.85) (1.16) |(-1.16) (0) 0) (2.66) | (-2.66)
Liopin 5 1 6 5 9 14 2 8 10 2 8 10

PPINE | (0.85)| (0.85) (-1.66) | (1.66) (-1.49) | (1.49) (-0.61) | (0.61)
Coalesced 6 0 6 10 4 14 7 3 10 | 9 10
Porosity | (0.85) |(-0.85) (1.78) | (-1.78) (2.24) | (-2.24) (-1.43) | (1.43)
Total 22 2 24| 28 27 |55 16 24 |40 11 29 (40
Note: coalesced porosity was scored on an absence/presence basis; adjusted residuals are in
parentheses; bold indicates a significant result.

The frequencies of each patellar pathology by age category for the sexes
combined as well as for females and males are presented in Tables 31-34. As with the
Eva component analysis, the sample sizes are small, and thus significant results may be
obscured. Chi-square analysis showed that the frequency of each patellar pathology
varied significantly between age groups. The variations by age group in QFT entheses
(x*=7.3, df=3, p=0.03), PL entheses (x*=5.8, df=3, p=0.05), lipping (x°=8.1, df=3,
p=0.02), and coalesced porosity (x*=15.6, df=3, p<0.001) were driven by much lower
rates in the <20 age group than expected, as indicated by adjusted residuals (see Tables
31-34). For QFT entheses and lipping, the direction of the variation are consistent with
rates rising with age, but the strength of the association in the older three groups was not
significant (see Tables 31 and 33). PL entheses exhibited a rise in the first three age
groups, but then declined in the 40+ group, although the strength of the directional shift
was not significant (see Table 32). The pattern for coalesced porosity rates was also

consistent with increase with age. The strength of the association was significant as well,



with rates starting out much lower than expected in the <20 group and rising to much

higher than expected levels in the 40+ age group (see Table 34).

Table 31. Frequency and Adjusted Residuals of QFT Entheses by Age Category in the

Averbuch Group.
AGE SEXES COMBINED FEMALES MALES
CATEGORY
AM M/S | Total | A/M | M/S |Total| A/M | M/S |Total
20 5 1 6 3 0 3 2 1 3
(2.63) | (-2.63) (2.21) |(-2.21) (0.14) |(-0.14)
20-30 4 9 13 0 6 6 4 3 7
(-0.47) | (0.47) (-2.53)| (2.53) (1.94) |(-1.94)
3 7 10 3 2 5 0 5 5
30-40 (-0.45) | (0.45) (0.94) |(-0.94) (-1.69)| (1.69)
40+ 2 8 10 2 3 5 0 5 5
(-1.22) | (1.22) (-0.11){ (0.11) (-1.69)| (1.69)
Total 14 25 39 8 11 19 6 14 20
Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

Table 32. Frequency and Adjusted Residuals of PL Entheses by Age Category in the

Averbuch Group.
AGE SEXES COMBINED FEMALES MALES
CATEGORY
A/M M/S | Total | A/M | M/S |Total| A/M | M/S | Total
0 6 0 6 3 0 3 3 0 3
(2.06) | (-2.06) (1.79) | (-1.79) (1.18) | (-1.18)
20-30 9 5 14 4 2 6 5 3 8
0.17) | (-0.17) (0.83) | (-0.83) (-0.71) | (0.71)
4 6 10 1 4 5 3 2 5
30-40 (-1.70) | (1.70) (-1.70) | (1.70) (-0.65) | (0.65)
40+ 6 4 10 2 3 5 4 1 5
(-0.19) | (0.19) (-0.66) | (0.66) (0.49) | (-0.49)
Total 25 15 40 10 9 19 15 6 21
Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.
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Table 33. Frequency and Adjusted Residuals of Lipping by Age Category in the

Averbuch Group.
AGE SEXES COMBINED FEMALES MALES
CATEGORY
A/M M/S | Total | A/M | M/S |Total| A/M | M/S |Total
0 5 1 6 2 1 3 3 0 11
(2.69) | (-2.69) (1.42) [ (-1.42) (2.38) | (-2.38)
20-30 5 9 14 3 3 6 2 6 13
(0.07) | (-0.07) (1.17) | (-1.17) (-0.97) | (0.97)
2 8 10 1 4 5 1 4 10
30-40 (-1.15) | (1.15) (-0.65) | (0.65) (-0.95) | (0.95)
40+ 2 8 10 0 5 5 2 3 26
(-1.15) | (1.15) 177 | (1.77) (0.10) | (-0.10)
Total 14 26 40 6 13 19 8 13 21
Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

Table 34. Frequency and Adjusted Residuals of Coalesced Porosity by Age Category

in the Averbuch Group.

AGE SEXES COMBINED FEMALES MALES
CATEGORY | Absent | Present | Total | Absent | Present | Total | Absent | Present | Total
0 6 0 6 3 0 3 3 0 3

(2.17) | (-2.17) (1.99) | (-1.99) (1.18) | (-1.18)
20-30 10 4 14 4 2 6 6 2 I
(1.08) | (-1.08) (1.14) | (-1.14) (0.28) | (-0.28)
7 3 10 2 3 5 5 0 5
30-40 0.75) | (:0.75) (0.38) | (0.38) (1.62) | (-1.62)
40+ 1 9 10 0 5 5 1 4 5
(-3.73) | (3.73) (-247) | (2.47) (-2.92) | (2.92)
Total 24 16 40 9 10 19 15 6 21
Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

Among females, significant variation existed between age groups only for QFT
entheses (3°=9.2, df=3, p=0.01) and coalesced porosity (x*=8.8, df=3, p=0.01). An
examination of the adjusted residuals indicates that QFT entheses were quite low in the

<20 age group, unexpectedly high in the 20-30 age group, slightly lower than expected in
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the 30—40 group, and only slightly higher than expected in 40+ group (see Table 31). A
much clearer increase with age is apparent in the direction of variation in coalesced
porosity, with rates starting out significantly low in the <20 group, and rising to much
higher rates than expected in the 40+ group (see Table 34). A similar pattern in direction
occurs with lipping, but the variation between groups was not significant (see Table 33).
Among males, significant variation existed between age groups for QFT entheses
(x*=8.7, df=3, p=0.02), lipping (y°=6.2, df=3, p=0.05) and coalesced porosity (x*=9.7,
df=3, p<0.01). However, the adjusted residuals do not show a directional pattern of
increase with age for any of these pathologies. Furthermore, the strengths in variation are
not significant, save for very low rates of lipping in the <20 category and very high rates

of coalesced porosity in the 40+ group (see Tables 33 and 34).

Results by Component

Component data were unavailable for the Averbuch sample; therefore, analysis of

this type was not possible.
Comparison of Eastern Woodlands Sites

Chi-square tests-of-independence were conducted to determine if the three sites in
the Eastern Woodlands region varied in frequency of QFT entheses, PL entheses, lipping,
and coalesced porosity (Table 35). Given the rarity of surface osteophytes and eburnation
among the Eastern Woodland groups, these pathologies were excluded from the analysis.
The results indicate that the three sites do vary significantly in QFT entheses, PL
entheses, lipping, and coalesced porosity. When adjusted residuals are examined (Table

36), it is evident that the Eva site is far different from Thompson Village or Averbuch.
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Individuals from the Eva site have much lower rates of QFT entheses, much higher rates
of PL entheses, and much lower rates of coalesced porosity than Averbuch or Thompson
Village. The variation in lipping is primarily due to the low rates at Thompson Village

and the very high rates at Averbuch, rather than to variation at Eva.

Table 35. Results of Chi-Square Analysis of the Eastern Woodlands Sites.

SEX QFTE PLE LIP Cp
Sexes ¥2=6.8, df=2, | ¥2=9.8, df=2, | x2=12.6, df=2, | ¥2=14.7, df=2,
Combined p=0.02 p<0.01 p<0.001 p<0.001

¥2=17.2,df=2, | y2=8.8,df=2, | %2=9.5,df=2, | y2=15.5, df=2,
Females p=0.01 p<0.01 p<0.01 p<0.001
Males x2=2.6,df=2, | 2=2.7,df=2, | y2=3.8,df=2, | y2=2.4,df=2,
p=0.13 p=0.13 p=0.07 p=0.15
Note: bold indicates a significant result.

Table 36. Frequency and Adjusted Residuals of Patellar Pathologies from the Eastern Woodlands
Sites, Sexes Combined.

QFTE PLE LIP Cp
SITE

AM | M/SS | T|AM | M/S | T|AM | MS | T A P T
Eva 24 16 | 40 16 24 |40 | 26 14 | 40| 37 3 40

(2.61) |(-2.61) (-2.88) | (2.88) (1.41) | (-1.41) (3.83) | (-3.83)
Thompson | 12 23 35 29 10 39 25 10 35| 24 17 41
Village (-1.32) | (1.32) (1.07) | (-1.07) (2.20) |(-2.20) (1.90) | (1.90)
Averbuch 14 26 | 40| 25 16 | 41 14 27 | 41| 24 17 41

(-1.34) | (1.34) (0.42) | (-0.42) (-3.51)| (3.51) (1.90) | (1.90)
Total 50 65 |115] 70 50 |120| 65 51 |116| 85 37 | 122
Notes: adjusted residuals in parentheses; bold indicates a significant result.

When examined by sex, females varied significantly in patellar pathologies
among the three sites (see Table 35). Among females, the variation in QFT entheses is

due to the low rates at Eva and the high rates at Thompson Village (Table 37). The



variation in PL entheses is accounted for by an opposite pattern, with Eva individuals

showing higher rates and Thompson Village showing lower rates. Averbuch females

exhibit high rates of both lipping and coalesced porosity, while Eva females show a

significantly lower rate of coalesced porosity. Males did not differ significantly in

patellar pathologies among the three sites (see Table 35). When adjusted residuals were

examined (Table 38), no discernible pattern in the direction of the variation among males

was apparent. Furthermore, no cells were significant.

Table 37. Frequency and Adjusted Residuals of Patellar Pathologies among Females from the
Eastern Woodlands Sites.

QFTE PLE LIP CP
SITE
AM | M/S |[T|AM | M/S |[T| AM | M/S | T A P T
Eva 13 7 20 6 14 20| 14 6 20| 20 0 |20
(2.44) | (-2.44) (-2.45) | (2.45) (1.38) [ (-1.38) (3.89) |(-3.89)
Thompson | 4 14 18] 16 5 21| 14 5 19| 12 10 |22
Village (-2.15) | (2.15) (2.69) | (-2.69) (1.72) | (-1.72) (-1.43)| (1.43)
Averbuch 8 12 |20 10 10 |20 6 14 20| 9 11 |20
(-0.35) | (0.35) (-0.27) | (0.27) (-3.08) | (3.08) (-2.43) | (2.43)
Total 25 33 |58] 32 29 |61| 34 25 |59 41 21 |62
Notes: coalesced porosity scored on an absence/presence basis; adjusted residuals in parentheses;
bold indicates a significant result.




Table 38. Frequency and Adjusted Residuals of Patellar Pathologies among Males from the

Eastern Woodlands Sites.

QFTE PLE LIP CP
SITE
AM | M/S |T| AM | M/S |T| A/M | M/S | T A P T
Eva 11 9 20 10 10 20| 12 8 20| 17 3 20
(1.25) [ (-1.25) (-1.66) | (1.66) (0.63) | (-0.63) (1.45) | (-1.45)
Thompson 8 9 171 13 5 18| 11 5 16 12 7 19
Village (0.32) {(-0.32) (0.83) [ (-0.83) (1.36) | (-1.36) (-1.2D) | (1.21)
Averbuch 6 14 (20| 15 6 21 8 13 |21| 15 6 |21
(-1.55) | (1.55) (0.84) | (-0.84) (-1.89) | (1.89) (-0.24) | (0.24)
Total 25 32 |57| 38 21 |59| 31 26 |57| 44 16 |60
Notes: coalesced porosity scored on an absence/presence basis; adjusted residuals in parentheses;
bold indicates a significant result.

Great Plains

Larson (39WW?2, Historic Arikara Horticulturalists)

Results by Group

Table 39 presents the occurrence of patellar pathologies found in the Larson

sample. Percentages of the group affected are illustrated in Figure 20. Surface
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osteophytes were rare and eburnation was completely absent in this group, and thus they

are excluded from further analysis. Chi-square analysis of QFT entheses, PL entheses,

lipping, and coalesced porosity shows these variables to be highly independent (¥2=21.0,

df=3, p<0.0001). Adjusted residuals showed lipping to be much higher than the other

pathologies, while coalesced porosity was found to be significantly lower (see Table 39).



Table 39. Frequency and Adjusted Residuals of Patellar Pathologies in the Larson

Group, Sexes Combined.

ABSENT/ MODERATE/
PATHOLOGY MILD SEVERE TOTAL
24 17 41
QFT Entheses -L11) (1.11)
26 14 40
PL Entheses (-0.10) (0.10)
Liopin 19 22 41
pping (-3.01) (3.01)
. 38 3 41
Coalesced Porosity (4.21) (-4.21)
Subtotal 107 56 163
Surface Osteophytes 40 1 41
Eburnation 41 0 41
Total 188 57 245
Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalesced porosity are shown in parentheses; bold indicates a significant result.

Larson (Historic Arikara Hort.)

100%
80%
60% 54%
41%
40%
20%
7% 2%
6 0%
0% - ; I i
QFTE Lip* cp* so EB

Figure 20. Percent of the Larson group exhibiting patellar pathologies (* indicates a
significantly high or low frequency; see Table 42).
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Results by Sex

Tables 40 and 41 present the results by sex, with percentages of frequencies
illustrated in Figure 21. Among females, there was significant variation in QFT entheses,
PL entheses, lipping, and coalesced porosity (¥2=6.5, df=3, p=0.04), due to extremely
low rates of coalesced porosity relative to the other three pathologies (see Table 40).
Frequency of QFT entheses, PL entheses, lipping, and coalesced porosity also varied
significantly among males (32=18.1, df=3, p< 0.001), due to extremely high lipping and
extremely low coalesced porosity (see Table 41). Rates of QFT and PL entheses were
roughly the same among males and females, coalesced porosity was slightly more
prevalent in females, and surface osteophytes occurred only in a single female. However,
the only significant sex difference was in lipping, which was much higher in males than

females (y2=4.2, df=1, p=0.02).

Table 40. Frequency and Adjusted Residuals of Patellar Pathologies among Females
in the Larson Group.

PATHOLOGY AIK/ISIIEII)T/ M(S)lll)\l;:ll;l?ET E/ TOTAL
QFT Entheses 12 (-1.32) 9(1.32) 21
PL Entheses 13 (-0.41) 7(0.41) 20
Lipping 13 (-0.77) 8(0.77) 21
Coalesced Porosity 19 (2.49) 2 (-2.49) 21
Subtotal 57 26 83
Surface Osteophytes 20 1 21
Eburnation 21 0 21
Total 98 27 125
Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalesced porosity are shown in parentheses; bold indicates a significant result.




Table 41. Frequency and Adjusted Residuals of Patellar Pathologies among Males in
the Larson Group.

ABSENT/ MODERATE/
PATHOLOGY MILD SEVERE TOTAL
12 8 20
QFT Entheses (:0.27) (0.27)
13 7 20
PL Entheses 0.27) (-0.27)
Liopin 6 14 20
pping (-3.47) (3.47)
. 19 1 20
Coalesced Porosity (3.47) (-3.47)
Subtotal 50 30 80
Surface Osteophytes 20 0 20
Eburnation 20 0 20
Total 90 30 120
Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalescent porosity are shown in parentheses; bold indicates a significant result.

Larson Females & Males

100%
80% 70%
60%

43%1090,
40% - 1% 3595y, 38
20% T 1000

(o) 0,
-SA 20% 0% 0%
0% n T T T T 1
QFTE PLE LIP$* CPtf SO EB

B Females M Males

Figure 21. Percent of Larson females and males exhibiting patellar pathologies
(1 indicates a significantly low frequency among females; | indicates a significantly high
or low frequency among males; * indicates a significant difference between sexes; see
Table 44, Table 45, and Appendix B).
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Results by Age

Age data were unavailable for the Larson site.

Results by Component

Component data were not available for the Larson site.

Texas

Hitzfelder Cave (41BX26, Archaic Hunter-Gatherers)

Results by Group

As this collection is commingled, it is possible that at least some of the 27 right
patellae could match with some of the 21 left patellae. This could potentially inflate the
frequencies of patellar pathologies if they occur bilaterally and both patellae of an
individual were examined. Table 42 presents the occurrence of patellar pathologies found
in the Hitzfelder Cave sample. Percentages of the group affected are depicted in Figure
22. Chi-square analysis of QFT entheses, PL entheses, lipping, coalesced porosity,
surface osteophytes, and eburnation indicates significant variation (y2=57.5, df=5, p<
0.0000000001). Adjusted residuals indicate very high QFT entheses and high PL
entheses, low surface osteophytes and eburnation, and very low coalesced porosity (see
Table 42). The variation in patellar pathology remains significant even when surface
osteophytes and eburnation are removed, as done for other sites (¥2=34.8, df=3, p<
0.0000001). In this case, high QFT entheses and extremely low coalesced porosity still

accounts for the variation.



Table 42. Frequency and Adjusted Residuals of Patellar Pathologies in the Hitzfelder
Cave Group, Sexes Combined.

ABSENT/ MODERATE/
PATHOLOGY MILD SEVERE TOTAL
20 28 48
QFT Entheses (-3.87) (3.87)
[-5.26] [5.26]
28 20 48
PL Entheses (-1.07) (1.07)
[-2.42] [2.42]
29 18 47
Lipping (-0.50) (0.50)
[-1.82] [1.82]
46 1 47
Coalesced Porosity (5.48) (-5.48)
[4.26] [-4.26]
Subtotal 123 67 190
41 6 47
Surface Osteophytes [2.47] [-2.47]
. 42 5 47
Eburnation [2.83] [-2.83]
Total 206 78 284
Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalesced porosity are shown in parentheses; adjusted residuals of all six
pathologies are shown in brackets; bold indicates a significant result.

Hitzfelder Cave (Archaic H-G)

100%

80%

58%

60%

40% . 38%
0

20% 1 '\r\o

> 11%
2%
o . . . . -
o* EB*

L
QFTE* PLE* LIP CP* S

Figure 22. Percent of the Hitzfelder Cave group exhibiting patellar pathologies
(* indicates a significantly high or low frequency; see Table 46).
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Results by Sex

Due to the commingled nature of the collection, sex estimations have bit been

established for Hitzfelder Cave.

Results by Age

Age data were not available for Hitzfelder Cave.

Results by Component

Component information was unavailable for this site.

Mitchell Ridge (41GV66, Late Prehistoric—Historic Hunter-Gatherers)

Results by Group

Table 43 presents the occurrence of patellar pathologies found in the Mitchell
Ridge sample. Percentages of the group affected are depicted in Figure 23. Surface
osteophytes were not observed, but eburnation was present in one individual. These
patellar pathologies were excluded from further analysis. Chi-square analysis of QFT
entheses, PL entheses, lipping, and coalesced porosit shows significant variation in these
pathologies (y2=8.2, df=3, p=0.02). Adjusted residuals show much of this variation is due

to very low rates of coalesced porosity relative to the other pathologies (see Table 43).



Table 43. Frequency and Adjusted Residuals of Patellar Pathologies in the Mitchell
Ridge Group, Sexes Combined.

PATHOLOGY A | M ean ™ | TOTAL
QFT Entheses (_0_91 4) (0.81 4) v
PL Entheses (_1_683) (1%513) v
Lipping ; ; v

(-0.70) (0.70)

Coalesced Porosity (2%é7) (-2.367) v
Subtotal 37 31 08
Surface Osteophytes 17 0 17
Eburnation 16 1 17
Total 70 32 102

Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalesced porosity are shown in parentheses; bold indicates a significant result.

Mitchell Ridge (LP—Historic H-G)
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100%
80%
65%

60% 53%

47%
40%

18%
20%
0%
0% T T T T T -_\
QFTE PLE LIP Cp* SO EB

Figure 23. Percent of the Mitchell Ridge group exhibiting patellar pathologies (*indicates
a significantly low frequency; see Table 43).
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Results by Sex

Tables 44 and 45 present the results by sex, with percentages of frequencies
illustrated in Figure 24. There was no significant variation in patellar pathologies among
females. Among males, however, the difference between QFT entheses, PL entheses,
lipping, and coalesced porosity was significant (32=9.2, df=3, p=0.01) due to a very low
frequency of coalesced porosity (see Table 45). In all cases, males exhibited higher
frequencies of all types of patellar pathologies, in some cases more than twice as high;
however, the low overall sample size of Mitchell Ridge and the uneven distribution of
males and females in this sample should be reiterated. Nevertheless, significant sex
differences were detected in QFT entheses (¥2=5.4, df=1, p=0.011556) and lipping

(2=3.1, df=1, p=0.04928).

Table 44. Frequency and Adjusted Residuals of Patellar Pathologies among Females

in the Mitchell Ridge Group.

ABSENT/ MODERATE/
PATHOLOGY MILD SEVERE TOTAL
6 1 7
QFT Entheses (0.76) (-0.76)
4 3 7
PL Entheses (-1.26) (1.26)
Lippin > 2 7
pping (-0.25) (0.25)
. 6 1 7
Coalesced Porosity (0.76) (-0.76)
Subtotal 21 7 28
Surface Osteophytes 7 0 7
Eburnation 7 0 7
Total 35 7 42
Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalesced porosity are shown in parentheses; bold indicates a significant result.




Table 45. Frequency and Adjusted Residuals of Patellar Pathologies among Males in
the Mitchell Ridge Group.

PATHOLOGY A | M ean ™ | TOTAL
QFT Entheses (_0_375) (0,775) B
PL Entheses (_1_249) (1519) B
Lipping ; : 3

(-0.75) (0.75)
Coalesced Porosity (2.2;8) (_2,298) *
Subtotal 16 24 0
Surface Osteophytes 10 0 10
Eburnation 9 ! 10
Total 35 2 -

Notes: coalesced porosity, surface osteophytes, and eburnation were scored on an
absence/presence basis; adjusted residuals of QFT entheses, PL entheses, lipping,
and coalesced porosity are shown in parentheses; bold indicates a significant result.

Mitchell Ridge Females & Males

100%
80%
80% 70%
60%
40% -
,20%
20% - 14‘ 10%
0% 0% 0%
O% I T T ’ : T u._\
QFTE* PLE LIp* CP# SO EB

M Females m Males

Figure 24. Percent of Mitchell Ridge females and males exhibiting patellar
pathologies (i indicates a significantly low frequency among males; * indicates a
significant difference between sexes; see Table 44, Table 45, and Appendix B).
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Results by Age

Due to the overlapping nature of the age estimations provided, analysis by age

was not possible.

Results by Component

Due to the small sample size, analysis by component was not examined.

Comparison of Texas Sites

Chi-square tests-of-independence were conducted to determine if the two sites in
Texas varied in frequency of patellar pathologies. Chi-square analysis indicates that the
two Texas sites were similar, varying significantly only in the frequency of coalesced
porosity (Table 46). Adjusted residuals indicate that individuals buried at Hitzfelder Cave
had a much lower rate of coalesced porosity than Mitchell Ridge inhabitants (Table 47).
The two groups also differed significantly in the frequency of surface osteophytes,
although the magnitude of the difference as determined by adjusted residuals was not

significant (Table 48).

Table 46. Results of Chi-Square Analysis of the Texas Sites.

QFTE PLE LIP Cp SO EB

%2=0.6, ¥2=2.7, v2=1.1, 12=4.4, %2=3.2, %2=0.8,
df=1, df=1, df=1, df=1, df=1, df=1,
p=0.36 p=0.06 p=0.22 p=0.02 p=0.05 p=0.31

Sexes
Combined

Note: bold indicates a significant result.




Table 47. Frequency and Adjusted Residuals of QFT Entheses, PL Entheses, Lipping, and Coalesced
Porosity among the Texas Groups, Sexes Combined.

&3

QFTE PLE LIP CP
SITE

AaM | ms [T am | s |T|am | ws |T| A | P [T
iofolder Cave| 20 | 28 |48 28 | 20 [48] 20 | 18 [47] 46 | 1 |47

-0.80)| (0.80) | | (1.63) | -1.63)| | (1.05) [¢1.05)| | @27 |(2.27)
. . 9 8§ [17] 6 | 11 [17] 8 o |17] 14 | 3 |17

Mitchell Ridge | 50y [ C0.80)| | (-1.63)| (1.63) | | (-1.05)| (1.05) | | (227)| @.27)
Total 29 | 36 les| 34 | 31 les| 37 | 27 |ea| 60 | 4 |64

Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

Table 48. Frequency and Adjusted Residuals of Surface Osteophytes and Eburnation among
the Texas Groups, Sexes Combined.

SO EB
SITE
ABSENT | PRESENT | TOTAL | ABSENT | PRESENT | TOTAL

. 41 6 47 42 5 47
Hitzfelder Cave |} 55, (1.55) (-0.58) (0.58)

. . 17 0 17 16 1 17
Mitchell Ridge | | 55 (-1.55) (0.58) (-0.58)
Total 58 6 64 58 6 64
Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

Chi-square tests-of-independence were conducted to determine if the six sites

Between-Group Comparisons

Comparisons by Patellar Pathologies

49). Surface osteophytes and eburnation were rare in all groups, and thus were excluded

varied in frequency of QFT entheses, PL entheses, lipping, and coalesced porosity (Table
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from chi-square analysis. Among all six sites, QFT entheses, PL entheses, lipping, and
coalesced porosity varied significantly. When the five sites with sex estimations (Eva,
Thompson Village, Averbuch, Larson, and Mitchell Ridge) were compared, these

differences remain significant, except for QFT entheses among males.

Table 49. Results of Chi-Square Analysis of Comparative Groups.

QFTE PLE LIP Cp
Sexes ¥2=10.3, df=5, 12=14.1, df=5, ¥2=15.1, df=5, ¥2=42.0, df=5,
Combined p=0.03 p<0.01 p<0.01 p<0.0000001
Females ¥2=12.2, df=4, %2=9.9, df=4, 12=10.2, df=4, ¥2=23.2, df=4,

p<0.01 p=0.02 p<0.02 p<0.0001
Males ¥2=5.3, df=4, %2=9.9, df=4, ¥2=8.5, df=4, x2=17.1, df=4,

p=0.09 p=0.02 p=0.03 p=0.05
Notes: bold indicates a significant result; the Females and Males groups do not include data from
Hitzfelder Cave.

QFT Entheses

The rates of QFT entheses varied significantly between the six groups, although
the strength of the association as measured by adjusted residuals was not significant
(Table 50). The frequency of QFT entheses also differed significantly between females
from the five sites with available sex data (see Table 49). The high rate of QFT entheses
in Thompson Village females and the low rate among Mitchell Ridge females contribute
most significantly to this variation (see Figure 25; Table 51). The difference in QFT
entheses among males in the five groups was not significant (see Table 49). The adjusted
residuals also did not indicate any significant trends in direction or strength of variation
(Table 52). While there is a modest disparity in QFT entheses between females and males

at Thompson Village, with females showing a 25 percent higher rate, it was not
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statistically significant (Figure 25). At Mitchell Ridge, there is a quite significant
disparity between the sexes, with males exhibiting more than three times the rate of

moderate to severe QFT entheseal development (x2=5.4, df=1, p=0.01).

Table 50. Frequency and Adjusted Residuals for QFT Entheses among Comparative
Groups, Sexes Combined.

ABSENT/ MODERATE/
SITE MILD SEVERE TOTAL
Eva o ' *
(1.88) (-1.88)
‘ 12 23 35
Thompson Village (-1.59) (1.59)
14 26 40
Averbuch (-1.63) (1.63)
Larson . 1 !
(1.70) (-1.70)
. ] 9 8 17
Mitchell Ridge (0.54) (-0.54)
. 20 28 48
Hitzfelder Cave (-0.78) (0.78)
Total 103 118 221
Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

Table 51. Frequency and Adjusted Residuals for QFT Entheses among Females in
Comparative Groups.

ABSENT/ MODERATE/
SITE MILD SEVERE TOTAL
Eva 1 i v
(1.53) (-1.53)
. 4 14 18
Thompson Village (-2.65) (2.65)
3 12 20
Averbuch (-1.02) (1.02)
Larson . y B
(0.75) (-0.75)
Mitchell Ridge (1.97) (-1.97)
Total 43 43 56
Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.




Table 52. Frequency and Adjusted Residuals for QFT Entheses among Males in
Comparative Groups.

ABSENT/ MODERATE/
SITE MILD SEVERE TOTAL
- 1 9 20
va (0.92) (-0.92)
Thompson Village 0 810) (_()91 0) v
6 14 20
Averbuch (-1.63) (1.63)
5§ 12 8 20
arson (1.43) (-1.43)
. . 3 7 10
Mitchell Ridge (-1.08) (1.08)
Total 40 47 il

Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

QFT Entheses Females & Males

100%
80% 78%

0
60%
40%
20%
0%

Averbuch (Ag) Thompson Larson (Hort) Eva (H-G) Mitchell

(Ag)t (H-G)**

B Females ™ Males

Figure 25. Percent of QFT entheses exhibited by sex (1 indicates a significantly high or
low frequency among females; * indicates a significant difference between sexes; see
Table 55 and Appendix B).
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PL Entheses

There was significant variability in the rates of PL entheses between the six
groups and for both sexes at the five sites with available sex data (see Table 49). PL
entheses were significantly higher at Eva and lower at Thompson Village (Table 53). Eva
females had significantly higher PL entheses than expected, while Thompson Village
females had significantly lower PL entheses (Table 54). Males at Mitchell Ridge had
much higher PL entheses than males in the other groups (Table 55). There is no disparity
between the sexes in PL entheses at Thompson Village and Larson (Figure 26). Females
at Averbuch and Eva have higher rates of PL entheses than males, although the
differences are not statistically significant. At Mitchell Ridge, the frequency of moderate
to severe PL entheses in males is nearly twice that of females, although it also is not quite

significant at the p=0.05 level.

Table 53. Frequency and Adjusted Residuals for PL Entheses among Comparative
Groups, Sexes Combined.

ABSENT/ MODERATE/
SITE MILD SEVERE TOTAL
. 16 14 40
\t (-2.51) (2.51)
‘ 29 10 39
Thompson Village (2.31) (-2.31)
25 16 41
Averbuch (0.46) (-0.46)
Larson > o v
(1.02) (-1.02)
. . 6 ] ] 1 7
Mitchell Ridge (-1.95) (1.95)
' 28 20 48
Hitzfelder Cave (0.09) (-0.09)
Total 130 93 22
Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.




Table 54. Frequency and Adjusted Residuals for PL Entheses among Females in
Comparative Groups.

ABSENT/ MODERATE/
SITE MILD SEVERE TOTAL
Eva ¢ p v
(-2.63) (2.63)
Thompson Village (2116 7 (-2517) B
10 10 20
Averbuch (0.58) (0.58)
Larson " f "
(0.95) (-0.95)
Mitchell Ridge © ‘:)8) (—0308) '
Total 49 39 58

Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

Table 55. Frequency and Adjusted Residuals for PL Entheses among Males in
Comparative Groups.

ABSENT/ MODERATE/
SITE MILD SEVERE TOTAL
- 10 10 20
va (-0.99) (0.99)
‘ 13 5 18
Thompson Village (1.23) (-1.23)
15 6 21
Averbuch (1.27) (-1.27)
Larson 2 ! Y
(0.56) (-0.56)
. . 2 8 10
Mitchell Ridge (-2.70) (2.70)
Total 53 36 i

Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.
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PL Entheses Females & Males

100%

80%

80% 709,

60%
35%35%

40% -

20% -

0% -

Averbuch (Ag) Thompson Larson (Hort) Eva (H-G)t Mitchell (H-G)*
(Ag)t

B Females M Males

Figure 26. Percent of PL entheses exhibited by sex (f indicates a significantly high or
low frequency among females; I indicates a significantly high result among males;
see Tables 55 and 56).

QFT versus PL Entheses

In the Averbuch and Thompson Village groups, QFT entheses are significantly
higher than PL entheses (Averbuch ¥2=5.5, df=1, p=0.01; Thompson Village ¥2=12.0,
df=1, p<0.001), while in the Larson and Hitzfelder Cave samples the QFT entheses are
only marginally higher (Figure 27). The Hitzfelder Cave sample also exhibits higher QFT
entheses, although the difference is not significant. At Eva and Mitchell Ridge, PL
entheses were higher than QFT entheses, although only the difference in the Eva sample

was significant (¥2=3.2, df=1, p=0.05).
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QFT vs PL Entheses
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Figure 27. Percent of QFT entheses vs PL entheses exhibited (* indicates a significant
difference between frequency of QFT and PL entheses; see Appendix B).

Averbuch and Larson females exhibit slightly higher rates QFT entheses than PL
entheses (Figure 28), while females at Thompson Village have much higher rates of QFT
entheses (y2=11.3, df=1, p<0.001). Females at Eva and Mitchell Ridge show the reverse
trend, with PL entheses occurring at much higher rates than QFT entheses, although the
difference is only statistically significant at Eva (y2=4.9, df=1, p=0.02). Averbuch,
Thompson Village, and Larson males exhibit higher rates QFT entheses than PL entheses
(Figure 29), although only significantly so at Averbuch (y2=7.0, df=1, p<0.01). Males at
Eva and Mitchell Ridge show the reverse trend, with PL entheses occurring at slightly

higher rates than QFT entheses, although the difference is not statistically significant.
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Figure 28. Percent of entheses exhibited among females (* indicates a significant
difference between QFT and PL entheses; see Appendix B).

QFT vs PL Entheses
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Figure 29. Percent of entheses exhibited among males (* indicates a significant
difference between QFT and PL entheses; see Appendix B).
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Lipping

The rates of lipping varied significantly among the six groups, as well as among

females and males at the five sites with available sex data (see Table 54). Rates of

moderate to severe lipping were highest at Averbuch and lowest at Thompson Village

(Table 56, Figure 30).

Table 56. Frequency and Adjusted Residuals for Lipping among Comparative
Groups, Sexes Combined.

ABSENT/ MODERATE/
SITE MILD SEVERE TOTAL
- 26 14 40
va (1.44) (-1.44)
‘ 25 10 35
Thompson Village (2.16) (-2.16)
14 27 4l
Averbuch (-2.94) (2.94)
Larson o 2 B
(-1.20) (1.20)
' ' 8 9 17
Mitchell Ridge (-0.66) (0.66)
' 29 18 47
Hitzfelder Cave (1.08) (-1.08)
Total 121 100 221
Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.
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Lipping
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Figure 30. Percent of lippingexhibited (* indicates a significantly high or low frequency;
see Table 56, Appendix B).

Females at Averbuch exhibited quite high frequencies of lipping, while males at
Thompson Village exhibited much lower frequencies than expected (Tables 57 and 58).
Lipping was slightly higher in females than males at Averbuch, and slightly higher in
males at Thompson Village and Eva (Figure 31). However, lipping was significantly
higher in males at Larson (¥2=4.2, df=1, p=0.02) and at Mitchell Ridge (y2=3.1, df=1,

p=0.05).



Table 57. Frequency and Adjusted Residuals for Lipping among Females in
Comparative Groups.

ABSENT/

MODERATE/

SITE MILD SEVERE TOTAL
14 6
Eva (1.06) (-1.06) 20
Thompson Villa H > 19
ompso ge (1.40) (-1.40)
6 14
Averbuch (-3.09) (3.09) 20
13 8
Larson (0.23) (-0.23) 2!
Mitchell Ridge (0.66) (-0.66) ’
Total 52 35 87

Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

Table 58. Frequency and Adjusted Residuals for Lipping among Males in
Comparative Groups.

ABSENT/ MODERATE/
SITE MILD SEVERE TOTAL
- 12 8 20
va (1.43) (-1.43)
Thompson Village (21(}2) (_2502) ‘
3 13 21
Averbuch (-0.83) (0.83)
Larson ¢ P i
arso (-1.63) (1.63)
. . 3 7 10
Mitchell Ridge (-1.08) (1.08)
Total 40 47 il

Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.
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Lipping Females & Males
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Figure 31. Percent of lipping by sex (T indicates a significantly high frequency among
females; I indicates a significantly low frequency among males; * indicates a significant
difference between sexes; see Table 56, Table 57, and Appendix B).

Coalesced Porosity

Coalesced porosity rates were quite variable among the six groups and among
females and females from the five groups with sex data (see Table 54). Coalesced
porosity was highest at Averbuch and Thompson Village (Table 59, Figure 32).

Frequencies were lowest at Eva, Larson, and Hitzfelder Cave.
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Table 59. Frequency and Adjusted Residuals for Coalesced Porosity among
Comparative Groups, Sexes Combined.

SITE ABSENT PRESENT TOTAL
Eva 37 3 40
(2.09) (-2.09)
. 24 17 41
Thompson Village (-3.95) (3.95)
24 17 41
Averbuch (-3.95) (3.95)
Larson 38 3 4l
(2.16) (-2.16)
. . 14 3 17
Mitchell Ridge (0.19) (-0.19)
. 46 1 47
Hitzfelder Cave (3.36) (-3.36)
Total 183 44 227
Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

Coalesced Porosity
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Figure 32. Percent of coalesced porosity exhibited (* indicates a significantly high or
low frequency; see Table 58 and Appendix B).

Among females, frequencies were highest at Averbuch and Thompson, and lowest
at Larson and Eva (Table 60). Larson males exhibited a lower frequency than expected

(Table 61). Coalesced porosity is significantly higher in females than males at Averbuch
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(x2=2.9, df=1, p=0.05), and marginally so at Thompson Village and Larson (Figure 33).
The reverse trend occurs at Eva (¥2=3.6, df=1, p=0.03), with males having higher rates of

coalesced porosity than females.

Table 60. Frequency and Adjusted Residuals for Coalesced Porosity among Females
in Comparative Groups.

SITE ABSENT PRESENT TOTAL
Eva 20 0 20
(3.006) (-3.06)
. 12 10 22
Thompson Village (-2.29) (2.29)
9 11 20
Averbuch (-3.25) (3.25)
Larson 19 2 21
(2.03) (-2.03)
. . 6 1 7
Mitchell Ridge (0.77) (-0.77)
Total 66 24 90
Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

Table 61. Frequency and Adjusted Residuals for Coalesced Porosity among Males in
Comparative Groups.

SITE ABSENT PRESENT TOTAL
Eva 17 3 20
(0.76) (-0.76)
. 12 7 19
Thompson Village (-1.89) (1.89)
15 6 21
Averbuch (-0.96) (0.96)
Larson 19 ! 20
(2.00) (-2.00)
. . 8 2 10
Mitchell Ridge (0.09) (:0.09)
Total 71 19 90
Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.
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Coalesced Porosity Females & Males
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Figure 33. Percent of coalesced porosity by sex (f indicates a significantly high or
low frequency among females; ] indicates a significantly low frequency among
males; * indicates a significant difference between sexes; see Table 60, Table 61, and
Appendix B).

Surface Osteophytes and Eburnation

These pathologies were rare to absent in all groups. Surface osteophytes were
found on individuals at Averbuch (n=1, 2%), Hitzfelder Cave (n=6, 13%), and Larson
(n=1, 2%). Eburnation only occurred at Hitzfelder Cave (n=5, 11%) and Mitchell Ridge

(n=1, 6%).

Comparisons by Subsistence Regimes

Chi-square analysis was conducted to determine if variation in patellar
pathologies existed by subsistence regime. Given their rarity, surface osteophytes and
eburnation were excluded from these analyses. The first step was to determine if groups

that practiced similar subsistence regimes resembled one another in patellar variation.
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The second step was to combine group data into three subsistence groups
(agriculturalists, hunter-gatherers, and horticulturalists) and compare patellar variations
between subsistence regimes. The third step was to compare a group with unknown
subsistence practices to these three groups. Although agriculture is not known to have
been practiced during the Archaic period in Central Texas, much is unknown about

Hitzfelder Cave, and thus it was used as the unknown subsistence strategy in Step 3.

Step 1

A comparison of the Thompson Village and Averbuch groups, both of which
practiced agriculture, indicated similarities in QFT entheses, PL entheses, and coalesced
porosity between the groups and between males at the two sites (Table 62). However, the
Averbuch group did exhibit significantly higher rates of lipping than the Thompson
group, and this pattern held among both females and males (Table 63). Among females,
the two sites were quite similar in QFT entheses and coalesced porosity, although
Averbuch females exhibited significantly higher rates of lipping and PL entheses (Table
64). Among males, the strength of the difference in lipping between the two sites was not
significant (Table 65). With the exception of lipping, the Thompson Village and

Averbuch sites exhibit a similar pattern of patellar pathology.
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Table 62. Results of Chi-Square Analysis of Thompson Village and Averbuch Groups.
SEX QFTE PLE LIP Cp
Sexes %2=0.0, df=1, x2=1.6, df=1, x2=10.5, df=1, samples are
Combined p=6.14 p=0.14 p<0.001 identical
y2=1.4, df=1, 12=3.0, df=1, $2=7.4, df=1, ¥2=0.4, df=1,
Females p=0.17 p=0.05 p<0.01 p=0.53
Males y2=1.1, df=1, x2=0.0, df=1, ¥2=3.4, df=1, %2=0.3, df=1,
p=0.21 p=7.25 p=0.04 p=0.61
Note: bold indicates a significant result.
Table 63. Frequency and Adjusted Residuals for the
Thompson Village and Averbuch Groups, Sexes
Combined.
QFTE PLE LIP Cp
SITE
AM M/S |T| AM | MS |T| AM | MS |T A P T
Thompson Village 12 23 |35 29 10 |39| 25 10 |35| 24 17 |41
p £ 1(20.06) | (0.06) (1.28) | (-1.28) (3.24) | (-3.24) (0.00) | (0.00)
Averbuch 14 26 |40| 25 16 |41| 14 27 |41 24 17 (41
(0.06) | (-0.06) (-1.28) | (1.28) (-3.24)| (3.29) (0.00) | (0.00)
Total 26 49 |75| 54 26 (80| 39 37 |76| 48 34 |82
Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.
Table 64. Frequency and Adjusted Residuals for
Females in the Thompson Village and Averbuch
Groups.
QFTE PLE LIP CP
SITE
AM | M/S |T| AM | M/S |T| AM | M/S |T A P T
Thompson Village 4 14 |18 16 5 21| 14 5 19| 12 10 |22
p & (-1.18) | (1.18) (1.74) | (-1.74) (2.73) | (-2.73) (0.62) | (-0.62)
Averbuch 8 12 |20 10 10 |20| 6 14 |20 9 11 |20
verbu (1.18) [ (-1.18) (-1.74) | (1.74) (-2.73) | (2.73) (-0.62) | (0.62)
Total 12 26 |38 26 15 |41 20 19 |39 21 21 |42

Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.
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Table 65. Frequency and Adjusted Residuals for
Males in the Thompson Village and Averbuch

Groups.
QFTE PLE LIP Cp
SITE
AM | M/S |T| AM | M/S |T| AM | MS | T A P T
Thompson Village 8 9 17| 13 5 18| 11 5 16| 12 7 19
P £ (1.07) | (-1.07) (0.05) |(-0.05) (1.85) [ (-1.85) (-0.56) | (0.56)
Averbuch 6 14 20| 15 6 21 8 13 |21 15 6 21
(-1.07)| (1.07) (-0.05) | (0.05) (-1.85) | (1.85) (-0.56) | (-0.56)
Total 14 23 |37 28 11 39| 19 18 |37 27 13 |40
Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

Archaeological evidence strongly indicates that the Eva and Mitchell Ridge
groups were both hunter-gatherers. No significant difference was found between the two
groups in QFT entheses, PL entheses, lipping, or coalesced porosity (Table 66). No
statistically significant results were obtained from a comparison of females from the two
sites. Similarly, no significant difference was detected in patellar pathologies among

males. The two groups exhibit a similar pattern of patellar pathologies.

Table 66. Results of Chi-Square Analysis of Eva and Mitchell Ridge Groups.

SEX QFTE PLE LIP CP
Sexes ¥2=0.2, df=1, x2=0.1, df=1, x2=1.6, df=1, x2=1.3, df=1,
Combined p=0.72 p=1.13 p=0.14 p=0.18

y2=1.5, df=1, w2=1.7, df=1, 12=0.2, df=1, y2=2.5, df=1,
Females p=0.15 p=0.13 p=0.70 p=0.07
Mal y2=1.8, df=1, 12=2.7, df=1, 12=2.4, df=1, v2=0.3, df=1,
e p=0.12 p=0.06 p=0.08 p=0.61
Notes: bold indicates a significant result.
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Step 2

Data were combined into groups by subsistence regime, with Thompson Village
and Averbuch representing agriculturalists, Eva and Mitchell Ridge comprising hunter-
gatherers, and Larson representing horticulturalists. Significant differences exist between
the three subsistence regimes in QFT entheses, PL entheses, and coalesced porosity
(Table 67). The difference in lipping between the three groups was not quite significant.
The agriculturalist group had a high frequency of QFT entheses (Table 68). They also

had extremely low PL entheses, whereas the hunter-gatherers had very high PL entheses.

For coalesced porosity, agriculturalists had a very high rate, while horticulturalists and

hunter-gatherers had a significantly lower rate.

Table 67. Results of Chi-Square Analysis of Agriculturalists vs Hunter-Gatherers vs Horticulturalists.

SEX QFTE PLE LIP CP
Sexes 12=9.4, df=2, ¥2=23.4, df=2, x2=4.1, df=2, %2=20.0, df=2,
Combined p<0.01 p<0.00001 p=0.06 p<0.0001

x2=10.1, df=2, x2=11.5, df=2, x2=3.2, df=2, ¥2=21.0, df=2,
Females p<0.01 p<0.01 p=0.10 p<0.0001
Males x2=2.6, df=2, 12=12.4, df=2, ¥2=3.8, df=2, ¥2=6.1, df=2,
p=0.14 p=0.001 p=0.07 p=0.02
Notes: bold indicates a significant result.




103

Table 68. Frequency and Adjusted Residuals for Agriculturalists vs Hunter-Gatherers vs.
Horticulturalists, Sexes Combined.

FTE PLE LIP cp
SUBSISTENCE Q
REGIME
aM | ws [T am|ws [T |am|Ms |[T| A | P |T
Agticulturalists Ol fas| s |26 fso| P37 || P | s
son | GO | |@an|2an| | 5o 036 556 | 599
Hunter-Gatherers | 33 | 24 |57 2| 35 [s1] 34 | 3 | 57| 51| 6 |
A8 [183)| |5 (68| |(29)|¢125)] | @86)|286)
Horteulturaliss | 24 | 17|41 26 | 14 Jao 2 ) 2 far| 3 | 3w
ultu ass)|(1ss)| - faon|eton| | 0o 096 | | @83)|c283)
Total 3 | 90 [173) 102 | 75 |177] 92 | s2 |174] 137 | 43 |1s0

Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

When examined by sex, these differences remain. Females exhibited significant
differences in QFT entheses, PL entheses, and coalesced porosity. Female agriculturalists
had high QFT entheses, while female hunter-gatherers had very low QFT entheses (Table
69). PL entheses were high in hunter-gatherer females. Agriculturalist females had an
extremely high incidence of coalesced porosity, while horticulturalists and hunter-
gatherer females were very low. Males differed in frequency of PL entheses and
coalesced porosity. Hunter-gatherer males had a high occurrence of PL entheses, while
agriculturalist males were lo in PL entheses (Table 70). For coalesced porosity,

agriculturalist males were high, and horticulturalist males were low.




Table 69. Frequency and Adjusted Residuals for Female Agriculturalists vs Hunter-
Gatherers vs. Horticulturalists.
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FTE PLE LIP Cp
SUBSISTENCE Q
REGIME

AM | M/S |T| AM | M/S |T| AM | M/S | T A P T

Acriculturalists 12 26 |38| 26 15 41| 20 19 39| 21 21 |42
& (-3.04) | (3.04) (1.36) | (-1.36) (-1.46) | (1.46) (-4.68) | (4.68)

Hunter-Gatherers 19 8 27| 10 17 |27| 19 8 27| 26 1 27

(2.56) | (-2.56) (2.34)| (2.34) (1.35) | (-1.35) (3.22) ((-3.22)
Horticulturalists 12 9 21| 13 7 20| 13 8 211 19 2 21

(0.75) | (-0.75) (0.95) | (-0.95) (0.23) [(-0.23) (2.03) |(-2.03)
Total 43 43 86| 49 39 |88| 52 35 | 87| 66 24 190
Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

Table 70. Frequency and Adjusted Residuals for Male Agriculturalists vs Hunter-
Gatherers vs. Horticulturalists.
FTE PLE LIP CP
SUBSISTENCE Q
REGIME

AM | M/S |T| AM | M/S |T| AM | M/S | T A P T

Acriculturalists 14 23 |37 28 11 39| 19 18 37| 27 13 |40
£ (-1.3D)| (1.31) (2.08) |(-2.08) (0.87) | (-0.87) (2.37)| (2.37)

Hunter-Gatherers 14 16 |30| 12 18 |30| 15 15 30| 25 5 30

(0.09) | (-0.09) (-2.68) | (2.68) (0.55) | (-0.55) (0.73) | (-0.73)
Horticulturalists 12 8 20| 13 7 20 6 14 |20] 19 1 20

(1.43) [ (-1.43) (0.56) |(-0.56) (-1.63) | (1.63) (2.00) |(-2.00)
Total 40 47 87| 53 36 |89| 40 47 |87 71 19 |90

Notes: adjusted residuals are shown in parentheses; bold indicates a significant result.

To determine whether any of the patterns of one subsistence regime more closely

resembled that of any of the other, each subsistence regime was compared separately

against the other two regimes. As a whole, agriculturalists differed quite significantly

from hunter-gatherers in QFT entheses, PL entheses, and coalesced porosity (Table 71).

When examined by sex, females still differed in QFT entheses, PL entheses, and

coalesced porosity, but males differed only in PL entheses.
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Table 71. Results of Chi-Square Analysis of Agriculturalists vs. Hunter-Gatherers.

SEX QFTE PLE LIP Cp
Sexes 12=7.1, df=1, y2=11.3, df=1, ¥2=0.9, df=1, y2=15.7, df=1,
Combined p<0.01 p<0.001 p=0.26 p<0.0001

%2=9.5, df=1, _ 1 e ¥2=2.4, df=1, ¥2=16.2, df=1,
Females p<0.01 x2=4.5, df=1, p=0.02 p=0.08 p<0.0001

x2=0.5, df=1, _ _ %2=0.0, df=1, ¥2=2.2, df=1,
Males p=0.42 %2=7.0, df=1, p<0.01 p=3.60 p=0.09

Notes: bold indicates a significant result.

Comparison of agriculturalists versus horticulturalists indicates that the two

groups are very similar in PL entheses and lipping among combined sexes and among

females (Table 72). Males are similar in these two pathologies as well as in QFT

entheses. However, the groups differ in QFT entheses (combined sexes and females) and

coalesced porosity.

Table 72. Results of Chi-Square Analysis of Agriculturalists vs. Horticulturalists.

SEX QFTE PLE LIP Cp
Sexes %2=6.2, df=1, ¥2=0.1, df=1, x2=0.3, df=1, y2=15.2, df=1,
Combined p<0.01 p=1.40 p=0.68 p<0.0001

72=3.7, df=1, ¥2=0.0, df=1, 12=0.6, df=1, 12=9.9, df=1,
Females p=0.03 p=3.27 p=0.37 p<0.001
Males 12=2.6, df=1, 72=0.3, df=1, 12=2.4, df=1, 12=6.0, df=1,
p=0.07 p=0.64 p=0.08 p<0.01

Notes: bold indicates a significant result.

Horticulturalists more closely resemble hunter-gatherers. They share similar

frequencies of QFT entheses, lipping, and coalesced porosity (Table 73). They differed

significantly only in PL entheses. This pattern held for sexes combined, as well as for

females and males.
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Table 73. Results of Chi-Square Analysis of Horticulturalists vs. Hunter-Gatherers.

SEX QFTE PLE LIP Cp
Sexes ¥2=0.0, df=1, %2=6.6, df=1, x2=1.7, df=1, x2=0.5, df=1,
Combined p=06.27 p<0.01 p=0.13 p=0.46

12=0.9, df=1, 72=3.6, df=1, 12=0.4, df=1, ¥2=0.9, df=1,
Females p=0.27 p=0.03 p=0.53 p=0.26
Males 12=0.9, df=1, 72=3.0, df=1, 12=2.0, df=1, ¥2=1.9, df=1,
p=0.28 p=0.05 p=0.11 p=0.11

Notes: bold indicates a significant result.

Step 3

Hitzfelder Cave, tested as a group with unknown subsistence regime, was

compared with the agriculturalist, horticulturalist, and hunter-gatherer groups. When

Hitzfelder was compared to all three groups, there were significant differences in QFT

entheses, PL entheses, and coalesced porosity (Table 74). Hitzfelder Cave differed

significantly from agriculturalists in QFT entheses and coalesced porosity, and from

hunter-gatherers in PL entheses. There were no significant differences in patellar

pathologies between Hitzfelder Cave and the horticulturalist group.

Table 74. Results of Chi-Square Analysis of Hitzfelder Cave vs Subsistence Groups.

HIEi@%L\?SER QFTE PLE LIP cP

2=18.0,df=3, | y2=12.6, df=3, 12=3.0, df=3, 12=41.2, df=3,
All Three Groups p<0.001 p<0.01 p=0.15 p<0.00000001
. . 12=3.7, df=1, =11, df=1, =13, df=1, 12=23.4, df=1,
Agriculturalists p=0.03 p=0.22 p=0.19 p<0.000001
] 2=2.7, df=1, 12=4.1, df=1, 12=0.0, df=1, 12=2.9, df=1,

Hunter-Gatherers p=0.06 p=0.03 p=138 p=0.06
. . 2=2.5, df=1, 12=0.4, df=1, 2=2.1, df=1, 2=1.4, df=1,

Horticulturalists p=0.07 p=0.50 p=0.10 p=0.17

Notes: bold indicates a significant result.




CHAPTER V

DISCUSSION

Research Question 1: Individual/Group Variation

The first research question asked was, do individuals within groups exhibit
variation in patellar pathologies? The data indicate that they do. There was not a single
group studied in which all individuals showed the same patellar pathologies, or even the
same combination of patellar pathologies. In fact, at each site there were between 8 and
13 different combinations exhibited. Furthermore, each archaeological group had a
unique pattern of patellar pathologies. Table 75 presents pathologies that were

significantly high or low relative to other patellar pathologies within that group.

Table 75. Significant Variations in Patellar Pathologies within Each
Archaeological Group.

SITE QFTE | PLE | LIP | CP | SO EB
Eva 1 | | absent | absent
Thompson Village 1 ! absent | absent
Averbuch l rare | absent
Larson i l rare | absent
Hitzfelder Cave 1 1 l rare l l
Mitchell Ridge | | absent | rare
Key: 1=high, |=low, rare=1 individual only, absent=no individuals.
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Research Question 2: Within-Group Variation

The second research question asked was, is there variation in patellar pathologies
within each comparative group? Variation between sexes was testable for five of the
sites. Averbuch had age data and Eva had temporal component data available. Variation
indeed exists between sexes, age groups, and temporal components at the sites for which
such data are available. The patterns of variation will be outlined below, while the causes

will be explored under Research Question 4.

Sex

At four out of the five sites with sex data available, males and females differed
significantly in at least one type of patellar pathology (Table 76). At the Eva site, males
exhibited significantly higher rates of coalesced porosity. At Thompson Village, sex
differences were not statistically significant. Meanwhile, at Averbuch females had
significantly higher coalesced porosity rates. At both Larson and Mitchell Ridge, males
exhibited significantly higher rates of lipping. Males at Mitchell Ridge also showed
significantly higher quadriceps femoralis tendon (QFT) entheses.

While some previous studies on musculoskeletal markers (MSMs) have shown
entheseal rates to be generally higher in males (al-Oumaoui et al. 2004; Molnar 2006;
Stevens and Vidarsdoéttir 2008), others have shown females to have higher rates
(Chapman 1997; Eshed et al. 2004; Weiss et al. 2010; Weiss 2004). The results of this
study are also mixed. The only statistically significant finding was at Mitchell Ridge,

where males exhibited a higher frequency of QFT entheses. However, in two of the other
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groups, females exhibited marginally higher rates of QFT entheses, while males were
marginally higher in the remaining two groups (see Table 76). For patellar ligament (PL)
entheses, the rates were equal between sexes at one site, marginally higher in females at
two sites, and marginally higher in males at the other two; the differences were not

significant at any site.

Table 76. Sex Differences in Patellar Pathologies in Comparative Groups.

EVA (H-G) TEI?XIAPZ(])EN AVERBUCH LARSON MITCHELL
PATHO- (AG) (HORT) RIDGE (H-G)
LOGY (AG)
F M F M F M F M F M
QFTE 10% 25% 10% <10% 56%
higher | higher higher | higher higher
PLE 20% <10% 21% same same 37%
higher higher | higher higher
LIP 10% <10% | <10% 32% 41%
higher higher | higher higher higher
CP absent 15% <}O% 26% <10% <.10%
higher | higher higher higher higher
SO absent | absent | absent | absent 1:.1 0% absent | absent absent | absent
igher

EB absent | absent | absent | absent | absent | absent | absent | absent | absent h%gfl/g .

Note: bold indicates a statistically significant difference.

Previous literature indicates that osteoarthritis is more common in females
(Aufderheide and Rodriguez-Martin 1998; Weiss and Jurmain 2007; Woods 1995).
However, in this study lipping was significantly more frequent in males at two sites,
marginally more frequent in males at two sites, and only marginally higher in females at a
single site (see Table 76). If lipping is considered as an indicator of osteoarthritis, this
pattern seems to contradict previous research. While surface osteophytes and eburnation
are also diagnostic of osteoarthritis, they were too rare in these groups to yield significant

results.
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Woods’ (1995) research indicated that males and females exhibited different
susceptibility to coalesced porosity, which is supported by the findings here. At
Thompson Village, Averbuch, and Larson, females had a higher incidence than males.
However, males had higher coalesced porosity rates at Mitchell Ridge and Eva. No Eva

females exhibited coalesced porosity.

Age

The Averbuch group had associated age data, which allowed me to test for
variation by age. Previous work has indicated that entheses (Milella et al. 2012; Weiss
2004) and lipping (Weiss and Jurmain 2007) increase with age. While a correlation
between age and coalesced porosity was not found in the work of Rothschild (1997), it is
still useful to test for age as a confounding variable of this pathology. In the Averbuch
group (sexes combined), there was significant variation between age groups for QFT
entheses, lipping, and coalesced porosity. While the directional pattern of adjusted
residuals do indicate that QFT entheses, lipping, and coalesced porosity increased with
age, the strength of the pattern was only significant for coalesced porosity. No significant
pattern was apparent for PL entheses. Among females, the significant increase with age
in coalesced porosity held, but no significant patterns emerged for QFT and PL entheses
or lipping. Among males, there was significant variation between age groups for QFT
entheses, lipping, and coalesced porosity, but there was no clear directional pattern in

adjusted residuals to indicate increase with age.
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Temporal Component

The Eva sample contained individuals from three different temporal components,
which allowed for temporal analysis of QFT entheses, PL entheses, and lipping. The only
significant change over time was in QL entheses, which were high in the Three Mile
component and low in the Big Sandy. There was no significant variation by component in
either sex or between sexes. The change in QFT entheses over time corresponds to a
significant shift in subsistence strategy. Faunal analysis indicates that in the Eva
component, the inhabitants of the site depended largely on hunting mammals, particularly
deer. During the Three Mile component, however, they relied heavily on freshwater

mussels, which were entirely absent in the Big Sandy component.

Research Question 3: Between-Group Variation

The third research question asked is if variation in patellar pathologies occurred
between groups. To test this, frequencies in patellar pathologies were compared among
the six groups (see Table 75). Surface osteophytes and eburnation were rare to absent in
all groups. The frequency of QFT entheses, PL entheses, lipping, and coalesced porosity
varied significantly among all six groups. Additionally, QFT entheses, PL entheses,
lipping, and coalesced porosity varied among females between sites, and PL entheses,
lipping, and coalesced porosity varied among males between sites. Groups were then
compared to one another to see if QFT and PL entheses, lipping, and coalesced porosity

varied by region or subsistence regime.
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Regional Variation

The two Texas sites were very similar to one another in QFT entheses, PL
entheses, lipping, and coalesced porosity. However, the three sites in the Eastern
Woodlands showed significant variation from one another in all four patellar pathologies
analyzed. This would indicate that some variable other than geographic region must

account for the variation between sites.

Variation by Subsistence Regime

Next, data were compared by subsistence regime based on archaeological data.
Groups engaged in the same subsistence regime exhibited similar patterns of patellar
pathologies. The two agriculturalist groups (Thompson Village and Averbuch) differed
from one another only in lipping. The two hunter-gatherer groups (Eva and Mitchell
Ridge) showed no variation in QFT and PL entheses, lipping, and coalesced porosity.

The data were then combined within each subsistence grouping, and the Larson
site was used to represent horticulturalists. The three subsistence regimes were compared
to see if groups engaging in different subsistence practices exhibited variation in patellar
pathologies. The three regimes differed significantly in QFT entheses, PL entheses, and
coalesced porosity. Adjusted residuals indicated that agriculturalists were distinguished
from the other two groups by dramatically higher rates of QFT entheses and coalesced

porosity (Table 77).
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Table 77. Significant Variations in Patellar Pathologies among
Subsistence Regimes.

SUBSISTENCE

STRATEGY QFTE | PLE | LIP | CP | SO EB
Agriculturalists 1 ! i rare | absent
Horticulturalists 1 l rare | absent
Hunter-Gatherers | | absent | rare

Key: 1=significantly high, |=significantly low, rare<2 individuals,
absent=no individuals.

Next, subsistence regimes were compared in pairs to see if one more closely
resembled any other. Figure 34 illustrates the relationship between the three subsistence
groups based on patellar pathologies that were similar (i.e., no significant difference was
detected). While horticulturalists share patterns of patellar pathologies with
agriculturalists and hunter-gatherers, there were fewer significant differences between

horticulturalists and hunter-gatherers.

Agriculturalists

Hunter-Gatherers

Figure 34. Patellar pathologies shared between subsistence regimes.



114

Research Question 4: Causes of Variation

This analysis has established that variation in patellar pathologies exists between
individuals, between individuals of different sex, age, or from different temporal
components within archaeological groups, and between groups engaged in different
subsistence regimes. In order to examine causes of variation in patellar pathologies, we
should revisit what causes the pathologies, and how this research has contributed to our

knowledge of these causes.

Entheses

Bone remodeling theory holds that entheses develop as a response to mechanical
stress (Chapman 1997; Weiss 2004; Wolff 1892). Formation of new bone and
ossification of the ligaments result when stress at the site leads to an increase in blood
flow and the stimulation of osteoblasts. Thus, repeated stress at the site due to physical
activity leads to well-developed entheses, or MSMs. A number of studies have been
conducted using MSMs to reconstruct prehistoric activity patterns (al-Oumaoui et al.
2004; Chapman 1997; Churchill and Morris 1998; Eshed et al. 2004; Molnar 2006;
Molnar et al. 2009; Schrader 2012; Steen and Lane 1998; Stefanovi¢ and Por¢i¢ 2011;
Weiss 2004).

One major critique of reconstructing prehistoric activity patterns via MSMs is that
age, sex, and body size are confounding variables for MSMs. As people age, there is a
longer amount of time for mechanical stress to initiate a remodeling response (Milella et
al. 2012). Furthermore, age-related changes in hormones, declining collagen levels, and

osteoblastic response may also affect bone remodeling (Weiss 2004; Woods 1995). Many
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of these studies employ a composite score for large muscle groups, and compare means
of MSM scores between sexes. Proposed explanations for sex differences in MSM scores
include division of labor, joint morphology differences, and hormonal factors (al-
Oumaoui et al. 2004; Chapman 1997; Eshed et al. 2004; Molnar 2006; Stevens and
Vidarsdottir 2008; Weiss et al. 2010; Weiss 2004). Body size also affects the
development of entheses, and sexual dimorphism is yet another possible factor driving
sex differences (Weiss et al. 2010; Weiss 2003, 2004).

In this study, it was only possible to explore the effect of age on entheses for the
Averbuch site. While entheses were in fact much lower in the <20 group, no significant
pattern was discernible in the upper age ranges. This may be an artifact of the small
sample size. In addition, the above-mentioned studies were testing the correlation with
age and severity of entheses, rather than the just the presence or absence of them.
Significant sex differences in entheses were found only at Mitchell Ridge, and indicated a
higher prevalence in males, consistent with results obtained by al-Oumaoui et al. (2004),
Molnar et al. (2009), and Stefanovi¢ and Por¢i¢ (2011). However, females did exhibit
higher entheses at Eva, Thompson Village, Averbuch, and Larson, and although the
differences were not quite significant, they agree with the sex reversals and mixed results
found by Chapman (1997), Eshed et al. (2004), Weiss (2004), and Weiss et al. (2010).
Although body size was not accounted for in this study, metric data were collected for all
groups, and future research could examine this correlation.

A difference between previous studies and the present one is that earlier
researchers examined multiple muscle insertion sites using an ordinal scale, and created a

composite score for each individual or for each large muscle group, and often compared
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arithmetic means of these scores between individuals or groups. This study focused on
frequency of variation at two attachment sites on a single element using a simpler scoring
system. One advantage this provides is to compare relative stress from upper leg use
versus lower leg use, while avoiding concerns over using means of ordinal data. Among
Averbuch and Thompson Village inhabitants, the frequency of QFT entheses was
significantly higher than the frequency of PL entheses, while at Eva PL entheses were
much higher. This difference could be related to mobility, as illustrated with the temporal
change at the Eva site. During the Three Mile component, the group was engaging in less
hunting and more gathering of riverine resources. This change in activity over the three
components at Eva coincided with an increase in QFT entheses in the group. Hunting
typically involves running and roaming over large areas, which would increase stress on
the patellar ligament, and could lead to a higher rate of PL entheses. Fishing, collecting
shellfish, and planting crops involves more squatting, which develops the quadriceps
muscles, and places more strain on the QFT insertion, thus increasing the rate of QFT

entheses.

Lipping

Lipping occurs in response to mechanical stress loading on the joint (Aufderheide
and Rodriguez-Martin 1998; Roberts and Manchester 2005), and research examining
activity patterns via this pathology is subject to the same confounding variables as
MSMs, i.e., age, sex, and body size (Jurmain and Kilgore 1995; Weiss and Jurmain
2007). When examined by age in the Averbuch group, lipping followed the same pattern
as QFT entheses, in that the direction of the variation was consistent with increase with

age, but that the strength of the association was not significant. At the two sites that
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exhibited a significant sex difference (Larson and Mitchell Ridge), lipping was far more
prevalent in males. These findings are contrary to previous assertions that osteoarthritis,
of which lipping is considered by many to be a diagnostic criterion (Klaus et al. 2009;
Rothschild 1997), is generally higher in females (Aufderheide and Rodriguez-Martin
1998; Weiss and Jurmain 2007; Woods 1995). While body size was not accounted for,

metric data are available for these groups to control for this variable in future studies.

Coalesced Porosity

Woods’ (1995) research indicated that groups showed different susceptibility to
coalesced porosity, which is supported by the findings here. Coalesced porosity was
significantly more prevalent in the two agriculturalist groups, Thompson Village and
Averbuch. Investigations of sex differences indicated that coalesced porosity was higher
in Averbuch females than males; however, this pattern was reversed at Mitchell Ridge.
The data indicate that among the groups practicing agriculture, coalesced porosity is
higher in females, while among the hunter-gatherer groups, it is higher in males. Among
Averbuch females, coalesced porosity did increase with age, although results were not
significant among males.

Habitual postures may result in coalesced porosity. Ubelaker (1979) found
evidence for bony changes on the metatarsals and phalanges in individuals buried at the
prehistoric Hacienda Ayalan cemetery in Ecuador. He attributed these changes to
hyperdorsiflexion of the toes, consistent with habitual, prolonged kneeling (see Ubelaker
1979:Figure 2). Molleson (1989) documented similar changes to the tarsals and
metatarsals of Mesolithic farmers from Tell Abu Hureyra, Syria, and connected them

with upper limb changes consistent with grain grinding using a saddle quern. This is
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supported by cultural evidence such as Egyptian statues that depict women grinding grain

(Figure 35).

Figure 35. Figurine from Giza of a woman grinding grain (The Oriental Institute of The
University of Chicago).

During extreme flexion there is direct contact between the posterior surface of the
patella and the intercondylar notch of the femur, with the medial facet of the patella
resting against the medial condyle of the femur (Woods 1995). This contact results in
structural failure of the cartilage and exposure of the subchondral bone. Increased
vascularization of the bone and remodeling follows, which presents as porosity. When the
load on the patellofemoral articulation is increased further, as during prolonged activities
involving extreme knee flexion, focal necrosis of the subchondral bone may occur,

followed by even more vascularization in which the porosities may coalesce (Woods

1995).
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In the grain-grinding position illustrated above, the anterior surface of the patella
is in direct contact with the ground surface, the patella supports the full weight of the
upper body, and the magnitude of the load on patellofemoral articulation is even higher
(Figure 36). The groups at Averbuch and Thompson Village grew maize, which was
often ground for consumption, and the posture of grinding the maize could thus explain
the high rate of coalesced porosity at Averbuch and Thompson Village. Furthermore,
while Woods (1995) does not take into account pressure on the patella itself as a result of
contact with the ground surface while kneeling, this might also explain a curious pattern
noted during the study. The anterior surface of individuals from Averbuch and Thompson
Village were highly vascularized compared to those from the other sites (Figures 37 and
38). While this observation was not quantified or recorded in any systematic way, this is

a possible area for future research.

Figure 36. Position of the patella relative to the ground surface (dark line)
while in the grain-grinding posture (figure by Shawn and Maggie McClain).
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Figure 37. Right (left) and left (right) patellac from Burial 8, a male from Eva, showing
typical vascularization of the anterior surface (note: right patella has been treated with alvar,
a preservative; photograph by Maggie McClain).

Figure 38. Right (left) and left (right) patellae from Burial 146B, a female from Averbuch,
showing increased vascularization of the anterior surface. This individual also exhibited
coalesced porosity on the medial facets and crest of both patellae (photograph by Maggie
McClain).
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If coalesced porosity is indeed caused by habitual, prolonged kneeling, this may
give us insights into division of labor. At Averbuch, females had significantly higher
rates of coalesced porosity than males, and the rates at Thompson Village were
marginally higher in females. Ethnographic accounts of Southeastern tribes indicate that
females were more heavily involved in agriculture and food processing, while men were
primarily responsible for providing meat (Hudson 1976). A similar division of labor was
reported among the Arikara (Rogers 1990). It may be that more females at these sites
were grinding maize than males, leading to higher rates of coalesced porosity. The
occurrence of coalesced porosity could be a result of these males also grinding maize, or
it may be that the males were engaged in a different activity that utilized the same
posture.

It was the males rather than females at Eva and Mitchell Ridge that exhibited
higher rates of coalesced porosity. As Eva predates the introduction of maize agriculture
in the Eastern Woodlands by as much as 5,000 years, and Ricklis (1994) reports no
evidence of agriculture at Mitchell Ridge, it is unlikely that the males at the sites were
processing maize. So what other activity would require a similar posture? Recall that both
Eva and Mitchell Ridge inhabitants relied heavily on fishing (Lewis and Lewis 1961;
Ricklis 1994). Habitual kneeling while fishing, either from boats while paddling or from
the riverbank, could result in coalesced porosity. If this is indeed the case, it indicates that

the males at this site were more frequently involved in this subsistence activity.
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Surface Osteophytes and Eburnation

Surface osteophytes and eburnation were rare to absent in all groups. There was
not enough evidence to shed light on patterns of variation in these pathologies, or on the

underlying causes of them.

Research Question 5: Identifying Subsistence Regimes and Division of Labor

Subsistence Regimes

Agriculturalists were clearly distinguished from other subsistence regimes in this
study by a high prevalence of coalesced porosity. This patellar pathology likely results
from maize grinding, an activity that is directly related to subsistence practices. Thus,
high rates of coalesced porosity may indeed be a useful marker of agriculturalist groups,
while low rates among a population may indicate that the group was engaged in other
subsistence practices.

Hitzfelder Cave was used as a test population to see if subsistence regime could
be ascertained from patterns of patellar pathologies. Indeed, the pattern of patellar
pathologies at Hitzfelder Cave did resemble that of one of the subsistence regimes, but it
was not hunter-gatherers, as anticipated given what we know of subsistence practices
during the Central Texas Archaic. The suite of patellar pathologies exhibited at Hitzfelder
Cave most closely resembled that of the horticulturalist group. This deviation from
expected results could be due to the confounding variable of mobility, discussed in

further detail below.
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Division of Labor

Significant sex differences in patellar pathologies may reflect sexual division of
labor. At the Averbuch site, significant sex differences in coalesced porosity supported
ethnographic accounts of the division of labor, where females performed the majority of
the planting, tending, and processing of corn and other crops. At Larson, the higher rates
of lipping in males may have resulted from their primary responsibility of obtaining meat
through hunting. Among the hunter-gatherers, Eva males exhibited a higher incidence of

coalesced porosity, while at Mitchell Ridge males had higher rates of QFT entheses and

lipping.

Additional Confounding Variables

In addition to the confounding variables of age, sex, and body size discussed
above, other variables were not accounted for in this research that could potentially
influence the results of this study. These variables include mobility, environmental
factors such as terrain, and cultural differences.

The particular groups representing the horticulturalists and hunter-gatherers in
this study had quite variable mobility patterns, which could affect the variation in
pathologies of the patella. The horticulturalist group consisted solely of individuals from
the Larson site. During the Postcontact Coalescent Tradition of the Middle Missouri
River Valley, groups such as the Larson Arikara were known to have gone on long bison

hunts during the winter. The entire village would go on the hunt, sometimes traveling
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hundreds of miles (Blakeslee 1994). Thus for half of the year, the Larson inhabitants may
have been sedentary or semi-sedentary, but for half of the year they were highly mobile.

The hunter-gatherer group consisted of inhabitants of Mitchell Ridge (30 percent
of the sample) and the Eva site (60 percent). The inhabitants of Mitchell Ridge were
seasonally mobile, and native peoples of the area are known to have traveled by dugout
canoe (Ricklis 1994). At the Eva site, significant changes in subsistence practices over
time may have resulted in shifts in mobility, from highly mobile during the Eva
component, to sedentary during the Three Mile component, to semi-sedentary in the Big
Sandy. Thus mobility varied greatly among these hunter-gatherer groups. As 44 percent
of the hunter-gatherer sample consisted of individuals from the sedentary Three Mile
component, the sample is skewed towards a mobility pattern quite different from the
presumably highly mobile hunter-gatherers of Central Texas. Furthermore, combining the
three components for the between-group comparison may have obscured shifts in
mobility, and resulted in a site profile that is not truly representative of the mobility
patterns across time at the site.

Thus, the Larson group may have been more mobile overall than the semi-
sedentary Eva hunter-gatherers or the seasonally mobile Mitchell Ridge group. It may be
the similarities between Larson and Hitzfelder Cave reflect underlying similarities in
mobility rather than subsistence practices. However, activity must be considered in
conjunction with mobility, particularly with coastal hunter-gatherers such as the Mitchell
Ridge inhabitants. Coastal hunter-gatherers are thought to have been highly mobile, but
they used boats for travel, rather than walking. Thus, the skeletal signature of this

movement may differ dramatically from groups who moved around on foot. Furthermore,
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mobility itself may be a byproduct of sexual division of labor. If males were engaged in
hunting over wide ranges, and females more focused on raising crops or gathering plants
closer to home, then the males may exhibit pathologies more reflective of their higher
mobility.

Environmental differences such as topography and physical terrain could impact
skeletal biology. Studies testing the relationship of physical terrain and lower limb
physiology have yielded mixed results. While Ruff (1999) reported significant
differences in robusticity of the femur between mountainous and flat regions, Wescott
(2001) reported that femoral midshaft robusticity in females grouped by geographic
region, but not by terrain. Future research comparing patellar measurements with the
pathologies reported here could shed further light on the relationship between topography
and pathological processes.

It can easily be envisioned that cultural differences apart from division of labor
could affect the prevalence of patellar pathologies. For example, social status could
dictate the types of activities and levels of physical labor required of an individual,
altering the mechanical stress placed on the joints. In addition, social status may affect
access to resources; nutritional stress can lead to anemia and reduced bone density.
Among the Arikara, the amount of land allotted to a household was partially dependent
upon rank (Rogers 1990), and thus an individual’s social status would have had a direct
bearing on the amount of food available. Incorporation of social status as determined by
grave goods and differential mortuary practices could aid in assessing the role of this

variable.
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Limitations and Future Research

When possible, future research should account for the effects of confounding
variables such as age, sex, body size, mobility, environmental factors such as terrain, and
cultural differences on patellar pathologies. In addition, this research would benefit from
larger sample sizes and inclusion of more comparative groups. Adding more individuals
from the comparative groups in this study would be beneficial. The Averbuch site has
many more individuals available for study, as does the Larson site, and age data from
these two sites might be used to more thoroughly address the role of age in the
development of these pathologies. Study of the change in pathologies over time at the
Eva site was hampered by the small samples from the Eva and Big Sandy components,
although more individuals from these sites could be gathered. Similarly, the Mitchell
Ridge site was too small to analyze by temporal component, although the entire
collection was examined during this project. However, adding more coastal Texas groups
and comparing them with inland groups may elucidate the skeletal changes resulting from
travel by boat vs. travel on foot. In addition, incorporating data from more horticulturalist
groups from the Great Plains and other regions such as the Great Basin, as well as
agriculturalists from the Southwest and sedentary hunter-gatherer groups of the Pacific
Coast, may be useful in teasing out the effects of mobility vs. activity vs. sexual division
of labor on the patella. Furthermore, analysis of accompanying artifact collections or
comparison with previous artifact analyses may provide more information on the groups
themselves and the activities in which they were engaged.

As the puzzle of Hitzfelder Cave remains largely unsolved, much could be done

in the future to shed light on the people buried there. Obviously, reuniting the entire
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collection and the possible future discovery of field notes, lab inventories, and analysis
sheets would be invaluable. Second, matching of the patella and estimating sex via
measurements are possible given the data currently collected, and could provide
additional information on this group even without further original documentation.
Finally, dating and stable isotope analysis of the patellae could corroborate and add to
recent work done by Munoz et al. (2013), and to help to further contextualize this group

within the diverse human ecology of the Central Texas Archaic.



CHAPTER VI

CONCLUSIONS

Despite the limitations inherent in prehistoric activity reconstructions from
skeletal pathologies, this research has yielded important information. First, it has
established a baseline for future osteological studies utilizing the patella. The practice of
scoring quadriceps femoralis tendon (QFT) and patellar ligament (PL) entheses
separately allows for comparison of activity patterns that would not necessarily be
evident when a composite scoring of entheses is used. Similarly, the practice of scoring
pathologies used in diagnosing osteoarthritis separately avoids the confusion and
contradiction in other studies of activity reconstruction from patterns of osteoarthritis.

The data quite strongly establish that pathologies of the patella do vary among
individuals, and that groups of individuals show a distinct pattern, with a significant
difference in at least one pathology at each of the six sites. Furthermore, significant
within-group variation was found by sex, age, and temporal component. Significant sex
differences were present at Eva, Averbuch, Larson, and Mitchell Ridge. The pattern of
the Averbuch and Larson sex differences are consistent with divisions of labor reported
in ethnographic sources. Furthermore, the reported connection between entheses and age,
and lipping and age were tested, as were the negative findings of coalesced porosity with

age. Coalesced porosity was shown to significantly increase with age in the Averbuch
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group. There was a significant temporal shift in QFT entheses at the Eva site that
corresponded with intensification of freshwater mussels.

Between-group comparisons were also quite informative. As the comparison of
Eastern Woodlands sites showed, geographic region is not a major factor driving
variation in patellar pathologies. Instead, the subsistence regime practiced by the group
seems to significantly affect the pattern of variation in patellar pathologies. The case of
coalesced porosity illustrates this point most clearly. The two agriculturalist groups
showed an extremely high prevalence of coalesced porosity compared to other
pathologies in those groups, and also compared to the prevalence of coalesced porosity in
the other groups. Examination of the mechanical and physiological causes of coalesced
porosity suggests this pathology develops in response to habitual, prolonged kneeling
with weight placed directly on the patella. This posture is identical to the one used by
many cultural groups when grinding grain on a metate. Comparisons between the three
subsistence regimes indicate that horticulturalists in this sample more closely resemble
the two hunter-gatherers than the agriculturalist groups. However, mobility may better
explain the variation in patellar pathologies among the particular horticulturalist and
hunter-gatherer groups used in this study than activities directly related to subsistence
regime.

The original objective of this study was elucidate some information on the
individuals buried in Hitzfelder Cave, despite the lack of provenience and excavation
information. This objective was only partially satisfied. While the overall pattern of
pathologies in these patellae was established, its relationship in terms of subsistence,

mobility, and division of labor were not fully reconciled. The Hitzfelder Cave group was



130

found to more closely resemble the horticulturalist group than hunter-gatherer group.
This unexpected finding is likely a result of the specific groups used in the comparison;
the Larson group comprised the horticulturalist category, while the hunter-gatherer group
consisted of individuals from the Eva site and Mitchell Ridge. The similarity between
Hitzfelder Cave and horticulturalists may be more reflective of the high mobility in the
Larson group as opposed to the semi-sedentism of the Eva groups and seasonal mobility
of the Mitchell Ridge inhabitants, rather than the subsistence regime practiced by each
group.

This preliminary study establishes that pathologies of the patella show variation,
and that variation may inform on differences in subsistence activities and division of
labor. The ability to identify such patterns using a single skeletal element may prove
particularly useful in cases of commingled, unprovenienced, and poorly preserved or
highly fragmented remains. Potential future research in this vein includes utilizing metric
data for control of body size and for sex estimation of commingled remains; inclusion of
comparative groups from other regions; collection of additional data from the groups
used here; the addition of more groups employing each subsistence regime, and more
individual skeletons from within those groups; and investigation of the interaction
between mobility, activity, subsistence, and division of labor and its subsequent impact

on pathological changes to the patella.
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Table 78. Data Collected from the Eva Group.

BURIAL SKELETAL AGE
ID COMPONENT AGE CATEGORY SEX |SIDE| QFTE PLE LIP CP SO EB
. young—old . Moderate/ .
6 Big Sandy 30-35 Male | Left | Absent/Mild Absent/Mild | Absent | Absent | Absent
adult Severe
8 Big Sandy 50-55 young-old Male | Left | Absent/Mild Moderate/ Absent/Mild | Present | Absent | Absent
adult Severe
20 Three Mile young-old Male | Left Moderate/ | Moderate/ | Moderate/ Absent | Absent | Absent
adult Severe Severe Severe
37 Three Mile 18-25 young adult Male | Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
41 Three Mile yoiréi;:)ld Male | Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
young—old . . .
44 Eva 35-40 adult Male | Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
45 Three Mile adult Female | Left | Absent/Mild Mgs\?;?;e/ Absent/Mild | Absent | Absent | Absent
51 Three Mile 45-50 young adult Male | Left Moderate/ Absent/Mild Moderate/ Absent | Absent | Absent
Severe Severe
. Moderate/ . .
54 Three Mile 25-30 young adult Male | Left Severe Absent/Mild | Absent/Mild | Present | Absent | Absent
57 Eva 60+ young-old Male | Left | Absent/Mild Moderate/ | Moderate/ Absent | Absent | Absent
adult Severe Severe
. . . . Moderate/
62 Big Sandy 30-35 young adult Male | Right | Absent/Mild | Absent/Mild Severe Absent | Absent | Absent
73 Big Sandy 70+ young-old Male | Right Moderate Moderate/ | - Moderate/ Absent | Absent | Absent
adult /Severe Severe Severe
76 Big Sandy 70+ adult Male | Right | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
80 Big Sandy yo‘:é%i()ld Female | Right | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
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Table 78-Continued. Data Collected from the Eva Group.

BURIAL SKELETAL AGE
ID COMPONENT AGE CATEGORY SEX |SIDE QFTE PLE LIP CP SO EB
. young—old . . . .
81 Three Mile adult Male | Right | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
85 Big Sandy young adult |Female| Left | Absent/Mild Mgs\?;?;e/ Absent/Mild | Absent | Absent | Absent
92 Three Mile 25-30 young adult |Female| Left | Absent/Mild Moderate/ | Moderate/ Absent | Absent | Absent
Severe Severe
93 Three Mile young-old Male | Right Moderate/ | Moderate/ | Moderate/ Absent | Absent | Absent
adult Severe Severe Severe
103 Three Mile 25-30 young adult Male | Left Moderate/ | Moderate/ Absent/Mild | Absent | Absent | Absent
Severe Severe
. Moderate/ . .
104 Three Mile 35-40 adult Female | Left Severe Absent/Mild | Absent/Mild | Absent | Absent | Absent
107 Three Mile young-middle Female | Right | Absent/Mild Moderate/ Absent/Mild | Absent | Absent | Absent
adult Severe
125 Big Sandy young-old Female | Right | Absent/Mild Moderate/ Absent/Mild | Absent | Absent | Absent
adult Severe
127 Three Mile 30-35 young-old Female | Left Moderate/ Moderate/ Moderate/ Absent | Absent | Absent
adult Severe Severe e Severe
141 Three Mile 35-40 young-old Female | Left | Absent/Mild Moderate/ Absent/Mild | Absent | Absent | Absent
adult Severe
142 Three Mile 60+ young—old Female | Left Moderate/ | Moderate/ Absent/Mild | Absent | Absent | Absent
adult Severe Severe
144 Three Mile 50-55 middleold Male | Left Moderate/ | Moderate/ | Moderate/ Absent | Absent | Absent
adult Severe Severe e Severe
145 Big Sandy yo‘:&%i(ﬂd Female | Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
149 Eva young-old Female | Left Moderate/ Moderate/ Absent/Mild | Absent | Absent | Absent
adult Severe Severe
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Table 78-Continued. Data Collected from the Eva Group.

BURIAL SKELETAL AGE
ID COMPONENT AGE CATEGORY SEX |SIDE QFTE PLE LIP CP SO EB
152 Three Mile young-old Female | Left Moderate/ Moderate/ Moderate/ Absent | Absent | Absent
adult Severe Severe Severe
. . . Moderate/
153 Three Mile adult Female | Left | Absent/Mild | Absent/Mild Severe Absent | Absent | Absent
158 Three Mile young—old Female | Left | Absent/Mild | Absent/Mild Moderate/ Absent | Absent | Absent
adult Severe
161A Three Mile 20-25 middle adult | Female | Right Moderate/ | Moderate/ | Moderate/ Absent | Absent | Absent
Severe Severe Severe
164 Three Mile 20-25 young-middle Female | Left Moderate/ Moderate/ Absent/Mild | Absent | Absent | Absent
adult Severe Severe
. . Moderate/ .
166 Big Sandy 30-35 adult Male | Left | Absent/Mild Severe Absent/Mild | Absent | Absent | Absent
167 Three Mile 30-35 adult Female | Right | Absent/Mild NS[ZS:rr:tee/ Absent/Mild | Absent | Absent | Absent
171 Three Mile adult Male Left Msoedjer?;e/ Absent/Mild | Absent/Mild | Absent | Absent | Absent
178 Three Mile 20-25 young adult | Female | Right | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
179 Three Mile yo‘:&%i(ﬂd Male | Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
181 Eva 60+ adult Male | Left Moderate/ | Moderate/ | Moderate/ Present | Absent | Absent
Severe Severe Severe
. Moderate/ .
182 Eva 25-30 young adult | Female| Left | Absent/Mild Severe Absent/Mild | Absent | Absent | Absent
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Table 79. Data Collected from the Thompson Village Group.

BURIAL

ID AGE SEX |SIDE| QFTE PLE LIP Cp SO EB
4 middle adult Male | Right Moderate/ Absent/Mild Moderate/ Present | Absent | Absent
Severe Severe
6 middle adult Male | Left Moderate/ | Moderate/ Absent/Mild | Present | Absent | Absent
Severe Severe
8 middle adult Female | Left Moderate/ | Moderate/ Absent/Mild | Absent | Absent | Absent
Severe Severe
10 young—middle adult | Female | Right | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
12 young—middle adult | Female | Left - Absent/Mild - Absent | Absent | Absent
17 middle adult Male | Left | Absent/Mild | Absent/Mild Mg:f;fete/ Absent | Absent | Absent
21 adult Female | Right Moderate/ Absent/Mild Moderate/ Present | Absent | Absent
Severe Severe
31 young adult Male | Left | Absent/Mild - Absent/Mild | Absent | Absent | Absent
36 young—middle adult | Female | Left Mso(;i\f:éfée/ Absent/Mild | Absent/Mild | Absent | Absent | Absent
39 young—middle adult | Male | Left ngjéj;e/ Absent/Mild | Absent/Mild | Present | Absent | Absent
51 young adult Female | Left - - Absent/Mild | Present | Absent | Absent
59 young adult Female | Left - Mso;ij;:ée/ Absent/Mild | Present | Absent | Absent
68 young adult Female | Left Moderate/ Absent/Mild Moderate/ Present | Absent | Absent
Severe Severe
75 young—middle adult | Male | Left | Absent/Mild Moderate/ | Moderate/ Absent | Absent | Absent
Severe Severe
80A old adult Male | Left - Absent/Mild - Present | Absent | Absent
86 adult Female | Right | Moderate/ | Moderate/ |\ o nfild | Absent | Absent | Absent
Severe Severe
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Table 79-Continued. Data Collected from the Thompson Village Group.

BURIAL

ID AGE SEX | SIDE QFTE PLE LIP CP SO EB
91 young adult Female | Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
94 old adult Male Left - Absent/Mild - Absent | Absent | Absent
95 middle adult Female | Left M;edjerf;e/ Absent/Mild - Present | Absent | Absent
99 adult Male Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
101 young—old adult | Male Left | Absent/Mild | Absent/Mild Msogj;?;e/ Absent | Absent | Absent
105 middle adult Male Left Mé);ijer;l;e/ Absent/Mild | Absent/Mild | Absent | Absent | Absent
108 adult Male Left | Absent/Mild | Absent/Mild | Absent/Mild | Present | Absent | Absent
126A middle adult Female | Left | Absent/Mild | Absent/Mild - Present | Absent | Absent
127 adult Female | Left Moderate/ Absent/Mild Moderate/ Absent | Absent | Absent
Severe Severe
133 middle adult Female | Right Mé)éijer;lete/ Absent/Mild | Absent/Mild | Absent | Absent | Absent
134 middle adult Male Left Moderate/ Moderate/ Absent/Mild | Present | Absent | Absent
Severe Severe
135 young adult Male Left | Absent/Mild Mso:i::ée/ Absent/Mild | Absent | Absent | Absent
136 middle adult Male | Right Moderate/ Moderate/ Moderate/ Absent | Absent | Absent
Severe Severe Severe
146 young adult Female | Right | Absent/Mild | Absent/Mild | Absent/Mild | Present | Absent | Absent
148 adult Female | Left Moderate/ Moderate/ Absent/Mild | Absent | Absent | Absent
Severe Severe
150 old adult Female | Left Msoedveer?ete/ Absent/Mild | Absent/Mild | Present | Absent | Absent
151 adult Female | Left Moderate/ Absent/Mild Moderate/ Present | Absent | Absent
Severe Severe
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Table 79-Continued. Data Collected from the Thompson Village Group.

BUE;AL AGE SEX | SIDE QFTE PLE LIP Cp SO EB

152 middle adult | Male | Right Mé):jé:ete/ Absent/Mild | Absent/Mild | Present | Absent | Absent
154 middle adult | Female | Right - Absent/Mild | Absent/Mild | Absent | Absent | Absent
155 young adult | Female | Left MSO iif:ée/ Absent/Mild MSO i:f;e/ Present | Absent | Absent
159 middle adult | Female | Right MSO iif:ée/ MSO iif:ée/ Absent/Mild | Absent | Absent | Absent
182 middle adult | Female | Left Msoiiff;e/ Absent/Mild | Absent/Mild | Absent | Absent | Absent
187 middle adult | Male Left ngj;f;e/ Absent/Mild | Absent/Mild | Absent | Absent | Absent
193 middle adult | Male Left | Absent/Mild | Absent/Mild - Absent | Absent | Absent
195 young adult | Male Left Msoiif:ée/ Absent/Mild | Absent/Mild | Absent | Absent | Absent
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Table 80. Data Collected from the Averbuch Group.

BURIAL AGE
ID CEMETERY | cATEGORY | SEX [SIDE QFTE PLE LIP EB SO CP
10 A 1 25-29 Female | Left Moderate/ Moderate/ Absent/Mild | Absent | Absent | Absent
Severe Severe
14 A 1 40-49 Male | Left Moderate/ Absent/Mild Moderate/ Absent | Absent | Present
Severe Severe
15 1 30-34 Male | Left Moderate/ Absent/Mild Moderate/ Absent | Absent | Absent
Severe Severe
16 A 1 20-24 Female | Right Moderate/ | Moderate/ | Moderate/ Absent | Absent | Absent
Severe Severe Severe
28 1 25-29 Male | Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
33A 1 40-49 Male Left Moderate/ Absent/Mild Moderate/ Absent | Absent | Present
Severe Severe
101 1 30-34 Male | Left Moderate/ Absent/Mild Moderate/ Absent | Absent | Absent
Severe Severe
102 1 30-34 Female | Right Moderate/ | Moderate/ | Moderate/ Absent | Absent | Absent
Severe Severe Severe
106 1 40-49 Male | Left Mg:j;f;e/ Absent/Mild | Absent/Mild | Absent | Absent | Present
107 A 1 17.5-18.5 Female | Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
121B 1 20-24 Male | Left |AbsentMild| Moderate/ | Moderate/ |\l Apcent | Absent
Severe Severe
122 1 adult Female | Right Moderate/ | Moderate/ | Moderate/ Absent | Absent | Present
Severe Severe Severe
123 A 1 18.5-19.5 Female | Left | Absent/Mild | Absent/Mild Msog\:?;e/ Absent | Absent | Absent
124 1 35-39 Female | Left Moderate/ Moderate/ Moderate/ Absent | Present | Present
Severe Severe Severe
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Table 80-Continued. Data Collected from the Averbuch Group.

BURIAL AGE
ID CEMETERY | cCATEGORY | SEX |SIDE QFTE PLE LIP EB SO CP
130 A 1 30-34 Female | Left | Absent/Mild Moderate/ Moderate/ Absent | Absent | Present
Severe Severe
136 B 1 25-29 Male | Left | Absent/Mild | Absent/Mild Mg:j;?;e/ Absent | Absent | Absent
139 1 35-39 Male | Left Moderate/ | Moderate/ Absent/Mild | Absent | Absent | Absent
Severe Severe
143 1 17.5-18.5 Male | Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
146 B 1 40+ Female | Left Moderate/ Moderate/ Moderate/ Absent | Absent | Present
Severe Severe Severe
148 1 25-29 Male Left Moderate/ Absent/Mild Moderate/ Absent | Absent | Present
Severe Severe
149 1 25-29 Male | Left - Absent/Mild Mg:j;?;e/ Absent | Absent | Absent
152 A 1 40-49 Male | Left Moderate/ | Moderate/ Moderate/ Absent | Absent | Present
Severe Severe Severe
156 A 1 20-24 Female | Right Moderate/ Absent/Mild Moderate/ Absent | Absent | Present
Severe Severe
157 1 30-34 Male | Left Moderate/ Absent/Mild Moderate/ Absent | Absent | Absent
Severe Severe
158 A 1 25-29 Female | Left Moderate/ Absent/Mild Moderate/ Absent | Absent | Present
Severe Severe
159 | 35-39 Male | Left | Moderate/ | Moderate/ | Moderate/ | \p 0ol Apcent | Absent
Severe Severe Severe
166 1 25-29 Male | Right Moderate/ | Moderate/ | Moderate/ Absent | Absent | Present
Severe Severe Severe
171 1 18.5-19.5 Male | Left Mé’gljerfée/ Absent/Mild | Absent/Mild | Absent | Absent | Absent
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Table 80-Continued. Data Collected from the Averbuch Group.

BURIAL AGE
D CEMETERY CATEGORY SEX |SIDE QFTE PLE LIP EB SO CP
175 A 1 18.5-19.5 Male Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
176 C 1 40-49 Female | Left Moderate/ Moderate/ Moderate/ Absent | Absent | Present
Severe Severe Severe
194 A 1 20-24 Female | Left Msoiif:ée/ Absent/Mild | Absent/Mild | Absent | Absent | Absent
203 A I 25-29 Male | Right | Moderate/ | Moderate/ | Moderate/ |\, | Apcent | Absent
Severe Severe Severe
220 A 1 18.5-19.5 Female | Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
356 1 30-34 Female | Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
374 1 2024 Male | Right | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
417 A 1 20-24 Female | Left ngj;f;e/ Absent/Mild | Absent/Mild | Absent | Absent | Absent
418 2 35-39 Female | Left | Absent/Mild Moderate/ | Moderate/ Absent | Absent | Present
Severe Severe
432 A 2 50+ Female | Left | Absent/Mild | Absent/Mild Mscf:er;a;e/ Absent | Absent | Present
432 A 2 50+ Female | Left | Absent/Mild | Absent/Mild Mscf:er;a;e/ Absent | Absent | Present
433 2 40-49 Female | Left Moderate/ Moderate/ Moderate/ Absent | Absent | Present
Severe Severe Severe
442 A 1 40-49 Male | Right Ms()éi‘::ée/ Absent/Mild | Absent/Mild | Absent | Absent | Absent
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Table 81. Data Collected from the Larson Group.

BURIAL

FEATURE - AGE | SEX | SIDE QFTE PLE LIP Cp SO EB

F301 B1I adult | Male Left Absent/Mild Absent/Mild Moderate/Severe | Absent | Absent | Absent
F301 B2B adult | Female | Right Absent/Mild Moderate/Severe Absent/Mild Absent | Absent | Absent
F201 B2D adult | Male Left Absent/Mild Moderate/Severe Absent/Mild Absent | Absent | Absent
F301 B2F adult | Male Left Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
F201 B3A adult | Female | Left | Moderate/Severe | Moderate/Severe Absent/Mild Present | Absent | Absent
F201 B3F adult | Female | Left | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Absent | Absent
F301 B3H adult | Male Left Absent/Mild Moderate/Severe | Moderate/Severe | Absent | Absent | Absent
F301 B7 adult | Male Left | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Absent | Absent
F201 B8C adult | Male | Right Absent/Mild Moderate/Severe | Moderate/Severe | Absent | Absent | Absent
F201 B9A adult | Female | Left Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
F101 B9B adult | Female | Left | Moderate/Severe - Absent/Mild Absent | Absent | Absent
F101 B9C adult | Male Left Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
F301 Bl11 adult | Male | Right | Moderate/Severe Absent/Mild Moderate/Severe | Present | Absent | Absent
F301 B12C adult | Male | Right | Moderate/Severe Absent/Mild Moderate/Severe | Absent | Absent | Absent
F301 B12F adult | Female | Left | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Absent | Absent
F201 B13A adult | Female | Right | Moderate/Severe | Moderate/Severe | Moderate/Severe | Present | Present | Absent
F301 B16 adult | Female | Right Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
F201 B19D adult | Female | Left Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
F201 B22B adult | Male Left | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Absent | Absent
F201 B26B adult | Female | Left Absent/Mild Absent/Mild Moderate/Severe | Absent | Absent | Absent
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Table 81-Continued. Data Collected from the Larson Group.

BURIAL

FEATURE D AGE | SEX | SIDE QFTE PLE LIP Cp SO EB

F101 B27C adult | Male | Right | Moderate/Severe Absent/Mild Moderate/Severe | Absent | Absent | Absent
F101 B29C adult | Male | Right | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Absent | Absent
F101 B32B adult | Female | Left Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
F201 B32B adult | Male Left Absent/Mild Absent/Mild Moderate/Severe | Absent | Absent | Absent
F201 B32C adult | Male Left | Moderate/Severe Absent/Mild Moderate/Severe | Absent | Absent | Absent
F101 B32D adult | Female | Right Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
F201 B33 adult | Female | Left | Moderate/Severe Absent/Mild Moderate/Severe | Absent | Absent | Absent
F101 B33B adult | Female | Left Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
F101 B33E adult | Male Left Absent/Mild Moderate/Severe | Moderate/Severe | Absent | Absent | Absent
F201 B34B adult | Female | Left Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
F201 B36 adult | Female | Left | Moderate/Severe | Moderate/Severe Absent/Mild Absent | Absent | Absent
F201 B38C adult | Female | Left Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
F201 B38D adult | Female | Left | Moderate/Severe Absent/Mild Moderate/Severe | Absent | Absent | Absent
F101 B40B adult | Male Left | Moderate/Severe Absent/Mild Moderate/Severe | Absent | Absent | Absent
F201 B54A adult | Male | Right Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
F201 B54B adult | Male Left Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
F201 B55F adult | Female | Left | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Absent | Absent
F201 BS6E adult | Male | Right Absent/Mild Absent/Mild Moderate/Severe | Absent | Absent | Absent
F201 B124F adult | Female | Left Absent/Mild Absent/Mild Moderate/Severe | Absent | Absent | Absent
F201 B132 adult | Female | Right Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
F201 B146B adult | Male | Right Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
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Table 82. Data Collected from the Hitzfelder Cave Group.

SPE(;II)MEN SEX SIDE QFTE PLE LIP Cp SO EB
TU-PTX1 Indeterminate | Right Absent/Mild Absent/Mild Moderate/Severe | Absent | Absent | Absent
TU-PTX2 Indeterminate | Left | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Absent | Absent
TU-PTX3 Indeterminate | Left Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX4 Indeterminate | Right Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX5 Indeterminate | Left Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX6 Indeterminate | Left Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX7 Indeterminate | Left | Moderate/Severe Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX8 Indeterminate | Right | Moderate/Severe | Moderate/Severe | Moderate/Severe | Present | Present | Present
TU-PTX9 Indeterminate | Right | Moderate/Severe | Moderate/Severe Absent/Mild Absent | Absent | Absent
TU-PTX10 Indeterminate | Left | Moderate/Severe | Moderate/Severe Absent/Mild Absent | Absent | Absent
TU-PTX11 Indeterminate | Right | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Present | Absent
TU-PTX12 Indeterminate | Right | Moderate/Severe Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX13 Indeterminate | Right | Moderate/Severe | Moderate/Severe Absent/Mild Absent | Absent | Absent
TU-PTX14 Indeterminate | Left Absent/Mild Absent/Mild - - - -
TU-PTX15 Indeterminate | Left | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Present | Absent
TU-PTX16 Indeterminate | Left Absent/Mild Absent/Mild Moderate/Severe | Absent | Absent | Absent
TU-PTX17 Indeterminate | Right | Moderate/Severe Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX18 Indeterminate | Left | Moderate/Severe Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX19 Indeterminate | Right Absent/Mild Absent/Mild Moderate/Severe | Absent | Present | Absent

evl



Table 82-Continued. Data Collected from the Hitzfelder Cave Group.

SPE(;II)MEN SEX SIDE QFTE PLE LIP Cp SO EB

TU-PTX20 Indeterminate | Right Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX21 Indeterminate | Right Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX22 Indeterminate | Left | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Absent | Absent
TU-PTX23 Indeterminate | Right | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Present | Absent
TU-PTX24 Indeterminate | Left | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Absent | Absent
TU-PTX25 Indeterminate | Right Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX26 Indeterminate | Right | Moderate/Severe Absent/Mild Moderate/Severe | Absent | Absent | Absent
TU-PTX27 Indeterminate | Left | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Present | Present
TU-PTX28 Indeterminate | Right Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX29 Indeterminate | Right | Moderate/Severe | Moderate/Severe Absent/Mild Absent | Absent | Absent
TU-PTX30 Indeterminate | Left Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX31 Indeterminate | Right Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Present
TU-PTX32 Indeterminate | Right | Moderate/Severe | Moderate/Severe Absent/Mild Absent | Absent | Absent
TU-PTX33 Indeterminate | Right Absent/Mild Moderate/Severe Absent/Mild Absent | Absent | Absent
TU-PTX34 Indeterminate | Right | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Absent | Absent
TU-PTX35 Indeterminate | Left | Moderate/Severe Absent/Mild Moderate/Severe | Absent | Absent | Absent
TU-PTX36 Indeterminate | Left | Moderate/Severe | Moderate/Severe Absent/Mild Absent | Absent | Absent
TU-PTX37 Indeterminate | Right Absent/Mild Absent/Mild Moderate/Severe | Absent | Absent | Absent
TU-PTX38 Indeterminate | Left | Moderate/Severe Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX39 Indeterminate | Left | Moderate/Severe Absent/Mild Absent/Mild Absent | Absent | Absent
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Table 82-Continued. Data Collected from the Hitzfelder Cave Group.

SPE(I:]I)MEN SEX SIDE QFTE PLE LIP Cp SO EB

TU-PTX40 Indeterminate | Left | Moderate/Severe Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX41 Indeterminate | Right Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Present
TU-PTX42 Indeterminate | Right Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX43 Indeterminate | Left | Moderate/Severe | Moderate/Severe Absent/Mild Absent | Absent | Absent
TU-PTX44 Indeterminate | Right Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX45 Indeterminate | Left | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Absent | Absent
TU-PTX46 Indeterminate | Right Absent/Mild Absent/Mild Absent/Mild Absent | Absent | Absent
TU-PTX47 Indeterminate | Right | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Absent | Present
TU-PTX48 Indeterminate | Right | Moderate/Severe | Moderate/Severe | Moderate/Severe | Absent | Absent | Absent
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Table 83. Data Collected from the Mitchell Ridge Group.

BUﬁiAL AREA |COMPONENT | AGE | SEX |SIDE QFTE PLE LIP () 4 SO EB
. L . . Moderate/ .
B-4 Burial Area Prehistoric 25-45 | Male | Right | Absent/Mild Severe Absent/Mild | Absent | Absent | Absent
B.7 Cross Area Prehistoric 35-50+| Male | Right Moderate/ | Moderate/ | Moderate/ Absent | Absent | Present
Severe Severe Severe
B.9 Cross Area Prehistoric? 20-30 |Female | Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
B.12 Cross Area Prehistoric 10-20 | Female | Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
Fea. 30 Area 1 Protohistoric 20-50+ | Female | Left Moderate/ Moderate/ Moderate/ Absent | Absent | Absent
Severe Severe Severe
. . . . Moderate/
Fea. 35 Area 1 Prehistoric? 30-50+ | Female | Left | Absent/Mild | Absent/Mild Severe Present | Absent | Absent
Fea. 52 Area 3 Prehistoric 50+ Male Left Moderate/ Moderate/ Moderate/ Present | Absent | Absent
Severe Severe Severe
. . . Moderate/ .
F.61-A Area 4 Protohistoric 25-35 |Female | Left | Absent/Mild Severe Absent/Mild | Absent | Absent | Absent
L . Moderate/ .
F. 62-1 Area 4 Historic 25-35 |Female | Left | Absent/Mild Severe Absent/Mild | Absent | Absent | Absent
F. 62-2 Area 4 Historic 18-20 | Female | Left | Absent/Mild | Absent/Mild | Absent/Mild | Absent | Absent | Absent
Fea. 63-1 Area 4 Historic 25-35 | Male Left Moderate/ Moderate/ Moderate/ Absent | Absent | Absent
Severe Severe Severe
. . . Moderate/ .
Feat. 64-4 Area 4 Historic 18-20 | Male Left | Absent/Mild Severe Absent/Mild | Absent | Absent | Absent
Feat. 65 Area 4 Historic 30-40 | Male Left Moderate/ Moderate/ Moderate/ Absent | Absent | Absent
Severe Severe Severe
. . . Moderate/
F. 84 Area 4 Pre/Protohist.? 50+ Male Left | Absent/Mild | Absent/Mild Severe Absent | Absent | Absent
Fea. 86 Area 4 Prehistoric 35-45 | Male Left Moderate/ Moderate/ Moderate/ Absent | Absent | Absent
Severe Severe Severe
Fea. 87 Area 4 Prehistoric 35-39 | Male | Right Moderate/ | Moderate/ | Moderate/ Present | Absent | Absent
Severe Severe Severe
. . . Moderate/ . .
Fea. 92-1A| Areal Protohistoric 30-50+| Male | Right Severe Absent/Mild | Absent/Mild | Absent | Absent | Absent
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APPENDIX B

CHI-SQUARE RESULTS

Table 84. Chi-Square Results from the Eva Site.

GROUP Sﬁﬁi"ﬁﬁg X? | df | p VALUE
Sexes Combined | QFTE, PLE, LIP,CP | 24.5 | 3 <0.00001
Sexes Combined QFTE & PLE 32 | 1 0.05
Females QFTE, PLE, LIP,CP | 22.1 | 3 <0.0001
Females QFTE & PLE 49 | 1 0.02
Males QFTE, PLE, LIP,CP | 6.2 | 3 0.05
Males QFTE & PLE 0.1 | 1 1.20
QFTE Females & Males 04 | 1 0.50
PLE Females & Males 1.7 | 1 0.13
LIP Females & Males 04 | 1 0.48
CP Females & Males 36 | 1 0.03

Table 85. Chi-Square Results from Thompson Village.

GROUP S,gyll;%ﬁg X? | df | p VALUE
Sexes Combined | QFTE, PLE, LIP,CP | 149 | 3 <0.001
Sexes Combined QFTE & PLE 120 | 1 <0.001
Females QFTE, PLE, LIP,CP | 143 | 3 <0.01
Females QFTE & PLE 113 1 <0.001
Males QFTE, PLE, LIP,CP | 2.7 | 3 0.17
Males QFTE & PLE 23 |1 0.08
QFTE Females & Males 24 |1 0.08
PLE Females & Males 02 |1 0.79
LIP Females & Males 02 |1 0.73
CP Females & Males 03 | 1 0.61
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Table 86. Chi-Square Results from the Averbuch Site.

GROUP ggy&;ﬁg X? | df | p VALUE
Sexes Combined | QFTE, PLE, LIP,CP | 10.4 | 3 0.01
Sexes Combined QFTE & PLE 55 |1 0.01
Females QFTE, PLE, LIP,CP | 1.8 | 3 0.22
Females QFTE & PLE 04 | 1 0.51
Males QFTE, PLE, LIP,CP | 11.8 | 3 <0.01
Males QFTE & PLE 7.0 | 1 <0.01
QFTE Females & Males 04 | 1 0.48
PLE Females & Males 20 | 1 0.11
LIP Females & Males 03 |1 0.63
CP Females & Males 29 |1 0.05

Table 87. Chi-Square Results from the Larson Site.

GROUP S,(A)yli‘;‘gﬁls’ X? | df | p VALUE
Sexes Combined | QFTE, PLE, LIP,CP | 21.0 | 3 <0.0001
Sexes Combined QFTE & PLE 04 | 1 0.56
Females QFTE, PLE,LIP,CP | 6.5 | 3 0.04
Females QFTE & PLE 03 | 1 0.68
Males QFTE, PLE, LIP,CP | 18.1 | 3 <0.001
Males QFTE & PLE 0.1 | 1 1.16
QFTE Females & Males 0.0 | 1 2.11
PLE Females & Males 0.0 | 1 identical
LIP Females & Males 42 | 1 0.02
Cp Females & Males 07 |1 0.34

Table 88. Chi-Square Results from Hitzfelder Cave.

GROUP 5211\14&?31;%2 X? | df | p VALUE
Sexes Combined | QFTE, PLE, LIP, CP, OS,EB | 57.5 | 5 | <0.0000000001
Sexes Combined QFTE, PLE, LIP, CP 348 | 3 <0.0000001
Sexes Combined QFTE & PLE 27 | 1 0.06
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Table 89. Chi-Square Results from Mitchell Ridge.

GROUP 5%&%%%2 X? | df | p VALUE
Sexes Combined | QFTE, PLE, LIP,CP | 8.2 | 3 0.02
Sexes Combined QFTE & PLE 1.1 ] 1 0.23
Females QFTE, PLE, LIP,CP | 2.1 | 3 0.20
Females QFTE & PLE 1.8 1 0.13
Males QFTE, PLE, LIP,CP | 9.2 | 3 0.01
Males QFTE & PLE 0511 0.42
QFTE Females & Males 5411 0.01
PLE Females & Males 2711 0.06
LIP Females & Males 31| 1 0.05
CpP Females & Males 0.6 | 1 0.41
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Table 90. Chi-Square Analysis of QFT Entheses.

GROUP S/gll\z%;ﬁ:g SEX X? | df | p VALUE

E, TV, A,L, HC, MR | Sexes Combined | 10.3 | 5 0.03
E, TV, A, L, MR Females 1221 4 0.01

E, TV, A, L, MR Males 53 | 4 0.09
EW E, TV, A Sexes Combined | 6.8 | 2 0.02
EW E, TV, A Females 72 | 2 0.01
EW E, TV, A Males 26 | 2 0.13
TX HC, MR Sexes Combined | 0.6 | 1 0.36
Ag TV, A Sexes Combined | 0.0 | 1 6.14
Ag TV, A Females 14 | 1 0.17
Ag TV, A Males .1 |1 0.21
H-G E, MR Sexes Combined | 0.2 1 0.72
H-G E, MR Females 1.5 1 0.15
H-G E, MR Males 1.8 | 1 0.12
Ag, Hort, H-G Sexes Combined | 9.4 | 2 <0.01

Ag, Hort, H-G Females 10.1 | 2 <0.01

Ag, Hort, H-G Males 26 | 2 0.14

Ag, H-G Sexes Combined | 7.1 | 1 <0.01

Ag, H-G Females 95 |1 <0.01
Ag, H-G Males 05 | 1 0.42
Ag, Hort Sexes Combined | 6.2 | 1 0.01
Ag, Hort Females 37 | 1 0.03
Ag, Hort Males 26 | 1 0.07

H-G, Hort Sexes Combined | 0.0 | 1 6.27

H-G, Hort Females 09 | 1 0.27
H-G, Hort Males 09 | 1 0.28

Ag, Hort, H-G, HC | Sexes Combined | 18.0 | 3 <0.001
Ag, HC Sexes Combined | 3.7 | 1 0.03

H-G, HC Sexes Combined | 2.7 1 0.06
Hort, HC Sexes Combined | 2.5 1 0.07
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Table 91. Chi Square Analysis of PL Entheses.

GROUP S/gll\z%;ﬁ:g SEX X? | df | p VALUE
E, TV, A,L, HC, MR | Sexes Combined | 14.1 | 5 0.01
E, TV, A, L, MR Females 99 | 4 0.02
E, TV, A, L, MR Males 99 | 4 0.02
EW E, TV, A Sexes Combined | 9.8 | 2 <0.01
EW E, TV, A Females 88 | 2 0.01
EW E, TV, A Males 2.7 | 2 0.13
TX HC, MR Sexes Combined | 2.7 | 1 0.06
Ag TV, A Sexes Combined | 1.6 | 1 0.14
Ag TV, A Females 30 | 1 0.05
Ag TV, A Males 00 | 1 7.25
H-G E, MR Sexes Combined | 0.1 1 1.13
H-G E, MR Females 1.7 1 0.13
H-G E, MR Males 27 |1 0.06
Ag, Hort, H-G Sexes Combined | 23.4 | 2 <0.00001
Ag, Hort, H-G Females 115 2 <0.01
Ag, Hort, H-G Males 124 2 <0.01
Ag, H-G Sexes Combined | 11.3 | 1 <0.001
Ag, H-G Females 45 | 1 0.02
Ag, H-G Males 7.0 | 1 <0.01
Ag, Hort Sexes Combined | 0.1 | 1 1.40
Ag, Hort Females 0.0 | 1 3.27
Ag, Hort Males 03 |1 0.64
H-G, Hort Sexes Combined | 6.6 | 1 0.01
H-G, Hort Females 36 |1 0.03
H-G, Hort Males 30 |1 0.05
Ag, Hort, H-G, HC | Sexes Combined | 12.6 | 3 <0.01
Ag, HC Sexes Combined | 1.1 | 1 0.22
H-G, HC Sexes Combined | 4.1 1 0.03
Hort, HC Sexes Combined | 0.4 1 0.51
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Table 92. Chi Square Analysis of Lipping.

GROUP S/gll\z%;ﬁ:g SEX X? | df | p VALUE
E, TV, A,L, HC, MR | Sexes Combined | 15.1 | 5 <0.01
E, TV, A, L, MR Females 102 | 4 0.02
E, TV, A, L, MR Males 85 | 4 0.03
EW E, TV, A Sexes Combined | 12.6 | 2 <0.001
EW E, TV, A Females 9.5 | 2 <0.01
EW E, TV, A Males 38 |2 0.07
TX HC, MR Sexes Combined | 1.1 1 0.22
Ag TV, A Sexes Combined | 10.5 | 1 <0.001
Ag TV, A Females 74 | 1 <0.01
Ag TV, A Males 34 |1 0.04
H-G E, MR Sexes Combined | 1.6 1 0.14
H-G E, MR Females 0.2 1 0.70
H-G E, MR Males 24 |1 0.08
Ag, Hort, H-G Sexes Combined | 4.1 2 0.06
Ag, Hort, H-G Females 32 |2 0.10
Ag, Hort, H-G Males 38 | 2 0.07
Ag, H-G Sexes Combined | 0.9 | 1 0.26
Ag, H-G Females 24 |1 0.08
Ag, H-G Males 0.0 | 1 3.60
Ag, Hort Sexes Combined | 0.3 | 1 0.68
Ag, Hort Females 06 | 1 0.37
Ag, Hort Males 24 | 1 0.08
H-G, Hort Sexes Combined | 1.7 | 1 0.13
H-G, Hort Females 04 | 1 0.53
H-G, Hort Males 20 | 1 0.11
Ag, Hort, H-G, HC | Sexes Combined | 3.0 | 3 0.15
Ag, HC Sexes Combined | 1.3 | 1 0.19
H-G, HC Sexes Combined | 0.0 1 1.83
Hort, HC Sexes Combined | 2.1 1 0.10
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Table 93. Chi Square Analysis of Coalesced Porosity.

GROUP ggy&;ﬁg SEX X? | df | p VALUE
E, TV, A, L, HC, MR | Sexes Combined | 42.0 | 5 | <0.0000001
E, TV, A,L, MR Females 232 | 4 <0.0001
E,TV,A, L, MR Males 7.1 | 4 0.05
EW E, TV, A Sexes Combined | 14.7 | 2 <0.001
EW E, TV, A Females 155] 2 <0.001
EW E, TV, A Males 24 | 2 0.15
TX HC, MR Sexes Combined | 4.4 | 1 0.02
Ag TV, A Sexes Combined | 0.0 | 1 identical
Ag TV, A Females 04 |1 0.53
Ag TV, A Males 03 |1 0.61
H-G E, MR Sexes Combined | 1.3 1 0.18
H-G E, MR Females 2.5 1 0.07
H-G E, MR Males 03 |1 0.61
Ag, Hort, H-G Sexes Combined | 20.0 | 2 <0.0001
Ag, Hort, H-G Females 21.0 | 2 <0.0001
Ag, Hort, H-G Males 6.1 | 2 0.02
Ag, H-G Sexes Combined | 15.7 | 1 <0.0001
Ag, H-G Females 162 | 1 <0.0001
Ag, H-G Males 22 |1 0.09
Ag, Hort Sexes Combined | 15.2 | 1 <0.0001
Ag, Hort Females 99 | 1 <0.001
Ag, Hort Males 6.0 | 1 0.01
H-G, Hort Sexes Combined | 0.5 | 1 0.46
H-G, Hort Females 09 | 1 0.26
H-G, Hort Males 19 | 1 0.11
Ag, Hort, H-G, HC | Sexes Combined | 41.2 | 3 | <0.00000001
Ag, HC Sexes Combined | 23.4 | 1 <0.000001
H-G, HC Sexes Combined | 2.9 1 0.06
Hort, HC Sexes Combined | 1.4 | 1 0.17
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Table 77. Significant Variations in Patellar Pathologies among
Subsistence Regimes.

SUBSISTENCE

STRATEGY QFTE | PLE | LIP | CP | SO EB
Agriculturalists 1 ! i rare | absent
Horticulturalists 1 l rare | absent
Hunter-Gatherers | | absent | rare

Key: 1=significantly high, |=significantly low, rare<2 individuals,
absent=no individuals.

Next, subsistence regimes were compared in pairs to see if one more closely
resembled any other. Figure 34 illustrates the relationship between the three subsistence
groups based on patellar pathologies that were similar (i.e., no significant difference was
detected). While horticulturalists share patterns of patellar pathologies with
agriculturalists and hunter-gatherers, there were fewer significant differences between

horticulturalists and hunter-gatherers.

Agriculturalists

Hunter-Gatherers

Figure 34. Patellar pathologies shared between subsistence regimes.





