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ABSTRACT
TAPHONOMY AND BONE MINERAL DENSITY IN A HISTORIC
PAUPER CEMETERY
by
© Mallory Peters 2019
Master of Arts in Anthropology
California State University, Chico
Spring 2019
Understanding how culture shapes skeletal development, maintenance, and
decomposition is critical to bioarchaeological studies that depend on skeletal assemblages
to make conclusions about past populations. Few studies have thus far focused on how
socioeconomic status has impacted bone mineral density and skeletal preservation. To
address this, the current study compares bone mineral density in different skeletal
collections and taphonomic damage within a single historic Californian skeletal
collection.
It was hypothesized that (1) cultural factors would impact bone mineral
density, (2) that the Santa Clara Valley Medical Center (SCVMC) population’s mean
bone mineral density is impacted because of its marginalized status, (3) within the
SCVMC sample the hospital patients will have lower density than non-patients, and (4)
individuals within the SCVMC sample with lower density will have higher rates of
taphonomic damage. These hypotheses were tested using second metacarpal
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radiogrammetry to assess bone mineral density levels in four samples and compare these
values across populations.
The results indicate that the populations examined in this study do not have
significantly different bone mineral density levels but the SCVMC collection’s density is
lower than the modern and contemporaneous historic populations examined.
Additionally, within the SCVMC collection there was no significant difference in density
levels between patients and non-patients. The one hypothesis that was supported was that
individuals in the SCVMC collection with lower density levels incurred greater amounts
of taphonomic damage than those with higher density levels. This line of study would
benefit from using larger and more diverse samples with greater demographic
information. It supports previous literature which identifies bone mineral density as a key
component in susceptibility to taphonomic processes but does not suggest that culture is a
predominantly driving force in determining density levels for populations.
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CHAPTER I
INTRODUCTION
Bioarchaeology is a subdiscipline of physical anthropology that relies on the
preservation of skeletal remains to study human variation and changes in populations
throughout time. It is therefore critical to understand what aspects of life may affect the
preservation of bones. The human skeleton is affected by many intrinsic and extrinsic
factors; both throughout life and after death. One key component, bone mineral density
(BMD), is heavily determined by factors that include genetics, nutrition, health,
environment, and physical activity (Galloway et al. 1997). Models have already been
generated to allow anthropologists to predict the average BMD for a population while
incorporating variables such as age, sex, and ancestry (Galloway et al. 1997; Willey et al.
1997). These have stemmed from an understanding of how human bone is created and
maintained by the body throughout life (Chen et al. 2007; Galloway et al. 1997;
Jørgensen et al. 1995; Kelly 1990; Schultz 1997; Välimäki et al.1994). Such research has
also heavily relied on an understanding of taphonomy to understand the role the
environment plays in the breakdown of soft tissue and skeletal material (Barker et al.
2017; Baxter 2007; Gill-King 1997; Haglund et al. 1989; Jannaway 1996). However,
there has been little emphasis on understanding the interplay between BMD and
taphonomy for marginalized populations. Such information is critical to understand rates
of skeletal survivorship among marginalized groups and whether these vary from the rest
of a population.
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Research Utility
An immense amount of anthropological knowledge has been gained from
studying the skeletal remains of past populations. Such research has revealed patterns of
subsistence and diet, health and pathological conditions, and changing demographics.
Understanding differential preservation patterns have been used in forensic and
archaeological contexts to interpret mass burials but have rarely been applied to large
cemetery collections to examine whether preservation is determined by more than
individual levels of variation in BMD and burial environment (Barker et al. 2017). While
such research can help determine which elements of an individual will likely be the best
preserved, and therefore should be prioritized for testing things like DNA or isotopic
analyses which require collagen to be present, it does little to explain variation in
preservation across multiple individuals (Galloway et al. 1997; Willey et al. 1997).
When conducting population-wide studies, especially those involving skeletal
collections recovered from large cemeteries, it is critical to consider what factors might
influence levels of preservation outside of individual skeletal variation and the burial
environment. For population-based research it is important to consider whether
individuals who suffered from increased stress during life are likely the least skeletally
preserved. If this is the case then the people most likely to suffer from disease,
malnutrition, or injury are potentially unobservable due to taphonomic damage
destroying the bone beyond what can be accurately analyzed.
Many studies have revealed that density-mediated attrition results in elements
of higher density being less affected by taphonomic damage than elements of lower
density (Galloway et al. 1997; Stojanowski 2002; Willey et al. 1997). What such research
2

has failed to do is incorporate a biocultural approach to see if marginalized
subpopulations are more affected by taphonomic damage due to an overall decrease in
BMD caused by life-long elevated stress levels and reduced access to adequate nutrition
and health care than less impoverished classes.
This thesis bridges that gap by examining BMD, levels of taphonomic
damage, burial context, and individual variation within a biocultural framework.
Biocultural theory emphasizes the impact culture has on biology and will be used to
determine if socioeconomic status influences BMD enough to alter levels of skeletal
preservation within a taphonomically homogenous burial context. In doing so it examines
how lifestyles, largely determined by sociocultural structures, shape skeletal preservation
and osteological analyses of past populations.
Research Questions and Hypotheses
The Santa Clara Valley Medical Center (SCVMC) collection, a pauper
cemetery associated with a hospital, possesses a number of individuals who suffered from
inadequate nutrition and compromised health either at the time-of-death or during earlier
times in their lives. This would have led them to be more susceptible to other health
complications. Such complications to health and possible poor nutrition, along with
possible age-related trends, will result in a lower overall bone mineral density for this
population which will contribute to more advanced taphonomic damage and will result in
a pattern of differential preservation that does not match expected values. Furthermore, it
is possible that individuals known to have been patients at the hospital at the time of their
death, especially those who suffered from chronic illness or were bed-ridden, would
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suffer from a greater decrease in bone mineral density and will therefore have even
greater taphonomic damage than others in the SCVMC sample.
The use of identifying how intrinsic factors such as age, nutrition, and health
affect bone density and element survivorship is to identify where potential samples might
be missing data for population or epidemiology studies. If the old, sick, or poor are not
represented skeletally, then the overall understanding of a population will be
misinformed. Additionally, understanding how intrinsic factors can alter differential
preservation within a population may help when analyzing multiple individual burials or
provide information regarding what type of destructive analyses are likely to yield
beneficial results for forensic casework. To help determine whether these intrinsic
factors, such as age, sex, ancestry, and health, significantly impact preservation, this
thesis will examine variations between different sample populations as well as variations
within one sample to determine whether socioeconomic or health status impacts density
to a point of affecting preservation. The hypotheses are split into two sets. The first
focuses on the impact of cultural factors on bone mineral density and the second focuses
on differences in preservation within the SCVMC sample.
The first set of research hypotheses for this thesis are as follows:
H01: Cultural factors, like socioeconomic status, have no impact on bone mineral
density.
Ha1: Cultural factors, like socioeconomic status, impact bone mineral density
Hb1: The SCVMC population’s mean bone mineral density is impacted because of
its marginalized status.
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The purpose of Ha1 is to determine whether stressors typically common among
marginalized populations impact BMD to a degree notable within that population subset.
While previous studies have shown that environmental and cultural stressors have an
impact on development, height, and weight, none have examined whether these stressors
have an impact on BMD. Tentative support for this hypothesis comes from Atwood
(2008) who found reduced bone mass in a medieval English agricultural population when
compared against a prehistoric, semi-sedentary Ohlone population from the San
Francisco Bay Area. A significant difference in BMD between a marginalized population
and a non-marginalized population would support this hypothesis.
Hb1 focuses on whether the SCVMC collection can be differentiated from
other populations based on mean BMD values. As a documented pauper cemetery,
individuals in the SCVMC collection are likely to have been of lower socioeconomic
status and therefore have suffered from a greater degree of stress in their environment. If
the first hypothesis is supported, and there is a relationship between environmental and
cultural stressors on BMD, then individuals in the SCVMC collection will have a lower
mean BMD than a historic or modern population of higher socioeconomic status.
The second set of research hypotheses for this thesis is as follows:
H02: All individuals in the SCVMC sample will have similar levels of BMD and
taphonomic damage.
Ha2: The mean bone mineral density of the individuals known to have been patients
of the hospital will differ from the other individuals in the SCVMC collection.
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Hb2: Individuals in the SCVMC collection with lower bone mineral density will
have higher rates of taphonomic damage than individuals with higher bone mineral
density in the same collection.
Ha2 focuses on a subset of the SCVMC population that were hospital patients
immediately prior to death and whether they have different BMD values than the rest of
the sample. The presence of buttons from the SCVMC hospital gowns has allowed for
patients and non-patients to be separated. Increased physiological stress caused by
disease or injury debilitating enough to warrant hospitalization causes the body to redirect
resources away from maintaining BMD and towards combatting illness or healing
injuries. Support for this hypothesis would come from lower BMD values correlating
with burials in the SCVMC collection where the hospital gown buttons were also found.
Hb2 examines whether the SCVMC sample follows earlier studies which have
found a correlation between density and preservation. Correlations between BMD and
preservation have already been documented but have been focused on individual
elements rather than whole individuals (Galloway et al. 1997; Willey et al. 1997). A
negative correlation between BMD and taphonomic damage would indicate support for
this hypothesis.
Organization of Thesis
This thesis is broken up into seven chapters. Chapter II contains background
information for the collections analyzed and contextualizes the formation of these
collections. Chapter III reviews the development of biocultural theory in the field of
anthropology and provides a theoretical framework for the interpretation of results.
Materials and methods are covered in Chapter IV. Chapter V is a presentation of results
6

from data analysis. Those results are discussed in Chapter VI. Chapter VII includes
conclusions and possible directions for future study as well as the significance of the
results included in this thesis for the field of biological anthropology.
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CHAPTER II
BACKGROUND INFORMATION
Introduction
In this thesis four samples are used for data collection. The first is the historic
SCVMC collection recovered from the Santa Clara Valley Medical Center in San Jose,
California. The second is a historic collection recovered from a medical waste pit from
Point San Jose (PSJ) (now Fort Mason), Golden Gate National Recreation Area, San
Francisco, California. The third sample is from disassociated backfill recovered during
archaeological field excavations of a medieval village cemetery in Valeni, Transylvania.
The fourth sample is the donated/curated collection at the California State University,
Chico Human Identification Laboratory (CSU CHICO-HIL).
These samples span a variety of regions and time periods, providing for a
more robust comparison of BMD levels, variation in taphonomic environments, and
levels of social standing. To adequately assess the variation noted in these samples from a
biocultural theoretical perspective it is crucial to understand both the physical burial
environments as well as the sociocultural processes that led to the formation of these
samples. Therefore, this chapter will include information on both the depositional
environment of the samples as well as their historical backgrounds. The historic samples
from California will be further contextualized with a discussion of how pauper cemeteries
and body donations for training and research developed in the US.
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The Santa Clara Valley Medical Center
Collection
Santa Clara County is located to the southeast of San Francisco in Northern
California. Nestled between the Burnt Hills of the Diablo Range on the east and the Santa
Cruz Mountains on the west with the San Francisco Bay to the north, Santa Clara Valley
began expanding in the 1850s as the Gold Rush slowed down (City of Santa Clara 2019;
URS 2015; USGS 2019). The fertile soil of the alluvial fans made the region ideal for
agriculture and seed farms and orchards soon became the backbone for the economy
(City of Santa Clara 2019; Thompson and Sowers 2014).
Santa Clara County first purchased the land on which the current Santa Clara
Valley Medical Center (SCVMC) stands in 1871 (Munro-Fraser 1881). The first
buildings of what would become the SCVMC were constructed in 1876 and served as a
hospital and infirmary for the region (URS 2015). The County Infirmary Cemetery which
was associated with the hospital and used until approximately 1937 was rediscovered in
2012 during construction of a new Receiving and Support Center (RSC) that was being
added to the SCVMC complex. Construction workers uncovered intact burials of what
was once the County Infirmary Cemetery that served the poor of the area as well as the
patients of the hospital (URS 2015). Excavation of the cemetery spanned from 2012 to
2014 with a total of 1,004 individuals being recovered from intact burials and 13 more
being recovered from isolated locations within the project area. From that excavation a
single comprehensive URS (2015) report was published from which most of the
information on the SCVMC collection is taken. Following the excavation of the remains
California State University, Chico was contracted to conduct osteological analyses of the
skeletal remains prior to their cremation (URS 2015).
9

In response to an expanding population, with increasing needs for social
support systems, Santa Clara County established the County Infirmary in the 1850s with
state funding. As a public institution the Infirmary and its cemetery served the indigent of
Santa Clara County and published the amount spent doing so in reports of varying
lengths. Services for burying those who died under the care of the Infirmary were often
put out to bid and the costs of the coffin materials and their construction were recorded in
these reports (URS 2015). While some coffins were decorated, a general lacking of
adornment, painting, and hardware discovered during the excavation of the cemetery
reveal the desire to keep costs low for indigent burials. The subsequent loss of records for
the cemetery and eventual use of the land for buildings and parking lots further
demonstrate a lack of respect for those buried there.
The soil in the Santa Clara Valley is made up of alternating levels of clay, salt,
sand, and gravel alluvial deposits from the extensive water systems flowing through the
region. Part of the area’s prosperity in agriculture was due to the immense subsurface
water storage, in conjunction with the mild temperatures and distinct wet and dry periods
(Thompson and Sowers 2014). These environmental factors, while ideal for agriculture,
create a very poor burial environment for skeletal remains. The combination of water
retaining soil, high bacteria levels, severe wet/dry cycles, and the use of inexpensive,
acidic redwood to make the coffins used in the cemetery led to an immense amount of
taphonomic damage (Andra-Sorina and Kelemen 2014; Baxter 2004; Galloway et al.
1997; Garland 1987; Gill-King 1997; Junkins and Carter 2017; Kendall et al. 2018; URS
2015).
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The Point San Jose Collection
Following the United States’ acquisition of California in 1846, President
Fillmore established the Point San Jose (PSJ) military reservation on San Francisco’s
northern coast in 1850. When the Civil War began in 1861 the military developed PSJ
into a heavily defended coastal port with a headquarters, barracks, mess halls, and
hospital. Renamed Fort Mason in 1882, the area served several functions after its use as a
military base but was eventually turned into a unit of the National Parks Service called
the Golden Gate National Recreation Area in 1972 (National Parks Service U.S.
Department of the Interior 2013). During a 2010 project to remove lead contaminated
soils around the exterior of the building that was once the army hospital, a pit of human
skeletal remains was discovered (Fagan 2010; Willey et al. 2016).
The National Parks Service contracted the California State University, Chico
Human Identification Laboratory to conduct an analysis of the skeletal remains (Willey et
al. 2016). A minimum number of 25 individuals were disposed of in the pit. The building
next to where the pit was discovered served as the fort’s hospital and had several
surgeons posted there between 1864 and 1903. Based on the unusual nature of how the
remains were segmented and the number of post-mortem modifications by way of incised
and saw cut marks, it is likely that the pit was the result of one of the surgeons disposing
of their curio cabinet collection. Evidence of anatomical dissection or of autopsy further
suggests the use of the remains for practicing surgical procedures (Willey et al. 2018).
Analysis of the PSJ assemblage showed both males and females of either
Asian, Caucasian, or Hispanic ancestry were present and spanned from fetuses to middleaged adults, with an absence of juveniles (Willey et al. 2018). This distinct difference
11

from the overwhelming bias of young adult white males that made up much of the
military based at Fort Mason indicates that the individuals were not likely stationed there
for service. Furthermore, isotopic analyses of eight of the individuals revealed five had
childhood residence patterns inconsistent with northern California. Additionally, several
individuals possessed linear enamel hypoplasia’s suggesting significant stress during
childhood. Analysis of the remains also showed significant amounts of post-mortem
sharp force damage and disarticulation common with use as cadavers. Based on these
factors, and the atypical burial pattern, it is likely that the individuals that comprise the
PSJ collection were of lower socioeconomic status (Broehl 2018; Nystrom 2014; Willey
et al. 2016; Willey et al. 2018).
The PSJ collection taphonomically differs significantly from the SCVMC
collection despite their proximity in time of formation, location, and level of social
standing. Mildly discolored by soil staining, the PSJ collection is ubiquitously a medium
brown color with several elements showing small, reddish colored staining. Except for
incised and saw cut marks on many elements and root-etching on all the elements in the
collection there is no noticeable taphonomic damage to the PSJ collection (Willey et al.
2016). This is likely the result of the burial environment. The fort’s proximity to the coast
results in mild temperature fluctuations and the sandy soil allows for excellent water
drainage (Barker 2017; Baxter 2004). This, combined with the remains not being buried
in any type of coffin or discernable shroud, led to very little additional taphonomic
damage.
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Valeni/Patakfalva, Transylvania, Romania
Valeni (Romanian name)/Patakfalva (Hungarian name) is a small village in
northern Transylvania, Romania. Despite numerous political and religious upheavals in
the region, the Hungarian ethnic population known as the Székely, have remained here
since the late Migration Period. Because the area was made up of several independent
villages the villagers in Patakfalva used the same church cemetery for at least 500 years
until an earthquake in 1802 damaged the building and resulted in its relocation (Jonathan
Bethard email to author, January 30, 2019; Molnar et al. 2015). This site is the current
location of a bioarchaeological field school directed by Drs. Jonathan Bethard (University
of South Florida) and Zsolt Nyaradi (Haaz Rezso Museum) through the Archaeological
Techniques and Research Center and the Haaz Rezso Museum which focuses on the
skeletal evidence of the impact that numerous upheavals had on the people living in the
region (Archaeological Institute of America 2017).
The highland area sits between 1000-1500 ft. above sea level and gets
between 20 and 30 inches of rain annually. The continental climate has short, hot
summers and long, cold winters with forests, grazing pastures, and arable land
surrounding the villages (Molnar et al. 2015). This environment has resulted in relatively
good skeletal preservation.
The CSU CHICO-HIL Curated Collection
The California State University, Chico Human Identification Laboratory
(CSU CHICO-HIL) curated collection consists of identified individuals whose families
donated their remains to the lab as well as unidentified individuals held in curation on
behalf of law enforcement agencies. The collection is made up of both modern and
13

historic cases that vary in sex, age, and ancestry. While most are from California there are
also some out-of-state cases.
California consists of a combination of tundra, micro- and mesothermal
humid, and steppe and desert arid environments (Russell 1926). This wide variety of
ecological systems makes for numerous combinations of moisture levels, temperature
fluctuations, flora, and fauna and has resulted in multiple types of taphonomic damage
observed in the CSU CHICO-HIL collection.
Burial of the Poor and Welfare in California
As medical schools expanded in Europe and the US the need for cadavers also
grew to meet the increasing number of medical students. With this, the wealthy
purchased protective measures for their graves leaving those who could not afford them
to be targeted by graverobbers who would then sell their bodies to the highest bidder
(Halperin 2007; Hurren 2005). Following the passage of anatomy laws in the 18th and
19th centuries which allowed unclaimed bodies and criminals to be used as cadavers, and
a shifting attitude towards the poor, resurrectionists and anatomists were allowed to
legally target indigent populations. The contemporaneous emergence of an industrial
economy resulted in the poor no longer being the responsibility of local parishes and
instead being seen as failures who were a burden on society whose only way they could
repay their debts was in death (Laquer 1983).
Despite these trends, early California developed a different view of welfare
(Buzon 2005; tenBroek 1957). The Spanish mission system dissolved in the 1830s and in
1852 state legislation established boards of supervisors in the counties determined by the
1849 California constitution. Part of their responsibilities included caring for the indigent,
14

sick, and insane (tenBroek 1957). The Gold Rush resulted in a rapidly expanding
population with numerous health complications. The long journeys across the country in
wagon trains or across oceans by ships meant that most recent arrivals were unhealthy.
Additionally, California lacked sewage infrastructure to support the growing populations
which further increased the frequency of disease and the population was overwhelmingly
made up of single men who lacked families to care for them while they were ill. This
meant it fell to the state to care for the increasing number of incapacitated individuals
(tenBroek 1957). Various legislative acts designated funds to open hospitals and
almshouses which would provide medical treatment, food, clothes, and labor
opportunities for those who were still able-bodied, and the Santa Clara County Infirmary
was established under these acts (tenBroek 1957; URS 2015).
While the legislative acts placed the responsibility of the indigent populations
on the counties, there were few guidelines that outlined how the counties had to care for
them. This meant that the fear of a pauper’s burial was still a real threat. Services were
auctioned off for indigent burials to the lowest bidder and, most often, to cut costs, the
cheapest wood was cut as thin as possible to make the coffins (Laquer 1983; URS 2015).
Fear of the indignities associated with pauper burials resulted in collection societies being
started. Members of the lower working class would often forego other basic amenities to
put funds towards burial insurance which would guarantee the minimal requirements for
a respectable burial. Meanwhile, those who could afford to pay for their own burials
began adding accessories like linings, hardware, and decorations to their coffins (Laquer
1983). To be given a pauper’s burial signified the individual’s failure in life and served to
reinforce their powerless status (Hurren and King 2005).
15

Summary
The SCVMC collection is from a pauper cemetery that operated in the Bay
Area of California in the late 19th and early 20th century. Formed out of early state
legislature to care for the rapidly expanding indigent population, the Santa Clara County
Infirmary and Cemetery used state funding to provide medical care, housing, food, and
burial services for those who were unable to afford them. To keep costs low, and in
response to the industrialization of burial services, indigent burials predominantly used
cheap materials and lacked adornment. The SCVMC did this by using plain redwood
coffins. The acidic environment created by the redwood, the dramatic wet/dry cycles, and
the significant ground water retention resulted in significant taphonomic damage to the
skeletal remains recovered from the cemetery.
The Point San Jose collection was recovered from a pit next to historic Fort
Mason in San Francisco, California. Likely the result of a late 19th or early 20th century
army surgeon conducting illicit dissections on poor from the region, the disarticulated
and partial segments of human remains were disposed of without any traditional burial
practices. Despite the extensive taphonomic damage caused from post-mortem sharp
force trauma the only environmental damage observable on the skeletal elements is soil
staining and root etching. This is due to the mild temperatures and excellent water
drainage offered by the sandy soil the bodies were buried in.
These two historic Californian samples are contrasted against a medieval
Romanian sample and one modern US collection. The Valeni sample represents a small
population from the late Migration Period in Romania that used the same church
cemetery for more than 500 years. The Mediterranean environment in the highlands
16

region resulted in little taphonomic damage to the skeletal remains. The CSU CHICOHIL curated collection is composed of historic and modern cases recovered from various
environments in the US. This collection represents both males and females of multiple
ancestry groups and ages with a wide range of taphonomic damage from a variety of
ecological contexts. These samples allow for a comparison of socioeconomic levels, time
periods, and burial environments which might impact levels of taphonomic damage.
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CHAPTER III
THEORY
Introduction
The hypotheses generated in this thesis are shaped by a biocultural theoretical
perspective. Understanding how biologically determined intrinsic factors are impacted by
culturally shaped extrinsic factors throughout an individual’s lifetime is a key component
to explaining trends in skeletal formation and preservation. This chapter begins by
providing a foundation for the biocultural framework used to interpret the data. The next
section discusses how bone mineral density is impacted by various intrinsic and extrinsic
factors and the impact taphonomic processes have on the decomposition of hard tissues.
Theoretical Framework
Carroll et al. (2015) define the modern biocultural perspective as “human
biological processes…constrained, organized, and developed by culture. Biocultural and
ecological anthropology first developed in the US in the 1960s and 1970’s. An emerging
focus on human adaptability blended research from multiple disciplines to study how
humans both socially and physically responded to changes in their environments that
were being driven by the rapidly expanding global economy (Goodman and Leatherman
1998). However, this trend would not last. By the 1980s the chasm between biological
and cultural anthropology had re-opened. Cultural anthropologists felt that physical
anthropologists saw adaptation as too biologically deterministic while ignoring the larger
political-economic impact. Meanwhile, physical anthropologists felt that cultural
anthropologists failed to acknowledge the role of biological adaptation and saw cultural
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anthropology as too humanistic and lacking scientific rigor (Goodman and Leatherman
1998). This resulted in physical anthropology coming to be more in line with biomedical
sciences while theoretical development halted. As the 1990s progressed, and political
economic, ecological, and processual ecological approaches expanded, biocultural theory
began to re-emerge (Goodman and Leatherman 1998; Zuckerman and Martin 2016).
Today, biocultural perspectives emphasize an understanding of how humans respond to
environmental constraints through intrinsic resistance factors and extrinsic, culturally
developed buffering systems (Carroll et al. 2015; DiGangi and Moore 2013; Zuckerman
and Martin 2016).
A biocultural model is necessary to assess the SCVMC collection and the
pattern of taphonomic damage observed throughout the cemetery, as the population
represented is that of an impoverished class which was the product of rapid population
increase in search of employment and independent wealth following the acquisition of
California and the Gold Rush. Thomas (1998) outlines the biological and social impact of
political-economic processes on marginalized groups. The spread of capitalism and a
commodity driven economy increases social disparities that target the ‘other’ (Hurren
2005; Thomas 1998; Laquer 1983). Immigrants and those incapable of fully participating
in social norms, such as the poor or sick, are relegated to the outskirts of society where
support systems that are normally in place to mitigate environmental stressors, like illness
or limited food, are weakened or non-existent (Laquer 1983; Nystrom 2014; Thomas
1998).
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Skeletal Biology
For this research, skeletal biology incorporates the processes of
morphogenesis, histology, biomechanics, and diagenesis. Skeletal remains are one of the
predominant materials analyzed in bioarchaeological studies aimed at understanding past
populations (DiGangi and Moore 2013). Therefore, it is critical to understand how they
are formed, altered throughout life, and modified following death. Research based on
skeletal remains is implicitly based on what elements survive to be studied (Haglund and
Sorg 2002). Potential preservation biases must be acknowledged and the impact they
have on studies of past populations. While skeletal collections inherently only represent
select members of the societies from which they were formed, the possibility that
individual and subpopulation level variation further skews data must be examined (Wood
et al. 1992). Despite similar levels of preservation for other osseous tissues like calcified
cartilage, enamel, dentine, and cementum, only bone will be considered further due to its
constant reconstruction throughout life in response to stresses.
Morphogenesis
Bone is a dense matrix made of collagen fibers and crystals with living
osteocytes trapped in layers of the matrix. Formation of the skeletal system in humans
begins with a cartilaginous framework that is eventually replaced with bone (Glowacki
1982; Hall 1982; Schultz 1997; Schwartz 2007; Stutzmann and Petrovic 1982).
Following vascularization of the cartilage, osteoblasts lay down a layer of disorganized
woven bone; some of these osteoblasts get trapped and become osteocytes (Schwartz
2007; White et al. 1991). This initial bone deposit is made up of both fine and course
collagen fibers with osteocytes spaced randomly throughout. Unlike more mature bone,
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woven bone has fewer mineral components and an increased number of osteocytes which
gives it less stability but makes it more resistant to traction and flexion (Schultz 1997;
Schwartz 2007).
Histology
Bone is made of an intercellular matrix that is approximately half inorganic
material, one quarter hydration water, and one quarter organic material. The inorganic
minerals that make up bone include phosphate, calcium, carbonate, and traces of citrate,
nitrate, sodium, magnesium, fluoride, and strontium which make up hydroxyapatite
crystals. The organic materials consist of 90-95% collagen with the remainder being
proteins like osteonectin, osteocalcin, and osteopontin, and chondroitin-sulfuric acids like
proteoglycans and glycosaminoglycans (Haglund and Sorg 1997; Schultz 1997).
Lamellar bone is made up of concentric layers with a ‘fibrous lattice’ of
collagen fibers that alternate the angle of ascent between layers and within layers. A
series of special lamellae that make up Harversian systems run parallel to the diaphyses
of long bones. Osteons contain an osteocyte, blood vessels, and canaliculi that are
encased in concentric layers of collagen fibers with cement lines made of ground
substance with reduced collagen content. The spaces between osteons are filled with the
lamellae of old osteons that have been destroyed by remodeling. The periosteum contains
an external layer that is full of collagen fibers making a dense network. The internal layer
contains blood vessels, nerves, and cells (Schultz 1997).
Biomechanics
The combination of flexible collagen fibers and rigid mineral components
allows bone to survive significant levels of both stress and strain. Bone is also unique in
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its ability to remodel throughout life in response to changing mechanical use. An increase
in use signals the body to increase the transport of metabolites to the bone which work to
build up the volume and create a stronger framework (Fyhrie and Kimura 1999). Cortical
bone is maintained throughout life by constant remodeling of osteoblasts and osteoclasts
cutting through old osteons and creating new ones (Schultz 1997). Trabecular bone is
also remodeled as individual trabeculae continuously are constructed and deconstructed.
However, in older individuals these processes of remodeling slow down and result in
reduced BMD and stability. Within individual trabeculae and the lattice structure that
makes up the lamellae in cortical bone, the sizes of the mineral crystals begin to shrink
and some of the original rigidity offered by the variable crystal sizes found in youth is
lost (Bosky 2003; Busse et al. 2009).
Skeletal adaptability is strongly determined by various intrinsic and extrinsic
factors. An individual’s sex, age, ancestry, diet, activity levels, endocrine system
functionality, behaviors, health, and genetic makeup determine not just the rate at which
bone remodels, but the peak BMD reached in young adulthood and overall structural
integrity of the bone (Bosky 2003; Chen et al 2007; Jørgensen et al. 1996; Kelly et al.
1990; Mays 1996; National Center for Health Statistics 2013; Stojanowski et al 2002;
Välimäki et al. 1994). Children show an increase in density with age as bone remodeling
replaces the immature woven bone, creates new osteons, and generates a more intricate
matrix of lamellar bone (Galloway et al. 1997). Increases in physical activity will also
cause BMD to increase, according Wolff’s Law, which states that BMD will adapt to
meet the changing loads placed on the body (Välimäki et al. 1994). Changes in hormones
also affect BMD through changes in osteoblastic and osteoclastic activity and the levels
22

of minerals stored in bones. Females tend to be more affected than males as pregnancy,
lactation, and menopause all cause the body to alter hormone production (Jørgensen et al.
1995; Kelly 1990). Advanced age will further result in decreased BMD due to decreased
physical activity, a decrease in osteoblastic activity without a corresponding decrease in
osteoclastic activity, and a production of smaller bioapatite crystals (Bosky 2003; Chen et
al. 2007). Ancestry also plays a role in density levels, with Black and Hispanic
populations having higher density levels and White and Asian populations having lower
levels (Galloway et al. 1997). Prolonged exposure to stress or disease will further
contribute to decreases in BMD (Erez et al 2012; Hain et al. 2011).
Diagenesis
Diagenesis, or the process of fossilization, is the final stage of the
decomposition of hard tissues and is relevant to this thesis because whether bone
undergoes diagenetic processes or not largely determines how well it preserves. During
life the apatite lattice that makes up bone is flexible enough to allow mineral substitutions
(such as calcium) which allows it to be used as a mineral/element reservoir (Keenan and
Engel 2017). Following death and decomposition of the soft tissues and organic
component in bone by bacterial and fungal activity, the bioapatite in the lattice structure
destabilizes and if the mineral component is not replaced with more stable phosphates
from the burial environment then the bone degrades (Andra-Sorina et al. 2014; Garland
1987; Keenan and Engel 2017; Keenan et al. 2015).
Factors that hinder diagenesis include low pH levels, fluctuating moisture,
bacterial and fungal activity, and the overall chemical composition of the burial
environment (Andra-Sorina et al. 2014; Fernández-Jalvo et al. 2010; Kendall et al. 2018;
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Lopez-Costas et al. 2016). Part of the natural structure of bone includes a series of canals
and tunnels resulting from Haversian canals, lacunae, blood vessels, and canaliculi.
Following the destruction of osteons, blood vessels, and other soft tissues, the porosity
increases and leaves a network for ground water to penetrate the bone, depositing ions
and microorganisms as it does, which work to degrade the remaining mineral structure
(Hedges and Millard 1995; Kendall et al. 2018).
Taphonomy
Pulling from the fields of paleontology, archaeology, zoology, and geology,
Marden et al. (2013, pp. 214) define taphonomy as “the study of the postmortem
processes, encompassing all phases beginning at the moment of death, potentially
extending even to fossilization.” This includes both human and nonhuman modifications
to the remains following death. Things to consider when analyzing remains include: the
physical state of the body at the time of death; whether there was a postmortem
examination; if any materials were used to aid preservation of soft tissues such as
embalming; whether the remains were buried and, if so, how long after death did the
burial occur; what was the body buried in; where it was buried; how deep the burial is; if
the body was accessible to insects, scavengers, or plants at any point; what unique factors
about the burial environment might impact decomposition; and how the remains have
been handled since their discovery (Barker et al. 2017; Baxter 2004; Bell et al. 1996;
Gill-King 1997; Henderson 1987; Mant 1987; Marden et al. 2013; Schotsmans et al.
2017). Adequately understanding how taphonomic processes impact decomposition and
preservation is critical to osteological analyses as preservation biases can significantly
skew results or obscure data (Marden et al. 2013; Pokines and Symes 2014; Schotsmans
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et al. 2017). It is also necessary for an anthropologist to be able to distinguish between
taphonomic modifications, trauma, and disease; familiarity with how each of these
impacts bone prevents misidentification of observable modifications to bone.
Environmental Factors
The burial environment has the single greatest impact on the type of
taphonomic processes that may affect a body (Henderson 1987). The location of the
deposit site, what a body is buried in, the soil composition, the depth of the grave, the
time of year when the body is buried, and even the body itself will all play a role in how
the body is broken down (Boddington et al. 1987; Junkins and Carter 2017).
Environmental variations, which are largely determined by elevation and topography,
impact levels of rainfall, temperature, flora, and fauna. Population size also can affect
taphonomy in various ways. In some instances, a small population will use the same
burial site for long spans of time resulting in older burials being disturbed during the
digging of new graves (Jonathan Bethard (email to author, January 30, 2019)). In other
cases, rapid population expansion requires cemeteries to be moved or the space to be
repurposed (URS 2015).
The initial component of decomposition that should be considered is the type
of burial environment. This refers to whether a body is disposed of on the surface, in the
ground, in water, in a coffin or other similar container, by itself, or with other bodies.
These factors determine how much microbial activity, insect activity, scavengers,
weather, plant activity, and physical pressure impact decomposition (Baxter 2004;
Henderson 1987; Janaway 1996; Junkins and Carter 2017). Burial potentially reduces
both insect activity and larger scavenging but increases compaction.
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Temperature plays a key role in determining the rate of decomposition as the
rate of the chemical reactions causing tissues to break down is highly dependent on
temperature (Barker et al. 2017; Baxter 2004). Megyesi et al.’s (2005) work with
accumulated degree-days revealed that most variation in decomposition is due to elapsed
time and temperature. Temperatures at or below freezing drastically slow bacterial
growth and cease insect activity (Megyesi et al. 2005). A difference of only ten degrees
can speed or slow the chemical reactions breaking down enzymes in the body by up to
three times (Gill-King 1997). Thus, it is important to consider the average temperature of
the burial’s region at different times of the year and how the depth of the burial might
impact temperature fluctuations and how this influences microbial, insect, and animal
activity (Henderson 1987; Junkins and Carter 2017).
Soil type has its own impact on taphonomic processes. Soil is typically
classified by the ratios of its primary components which include sand, silt, gravel, chalk,
and clay (Baxter 2004; Janaway 1996). These materials each vary in the size of the
particles, their inherent acidity or alkalinity, and their ability to allow moisture and gas to
penetrate them (Henderson 1987; Junkins and Carter 2017). Sandy soils allow for
excellent water drainage and lots of gas diffusion which aid in rapid decomposition of
soft tissues (Baxter 2004; Janaway 1996; Junkins and Carter 2017). However, sandy soils
often have high saline content and the widely available weak ions for bioapatite
substitutions can significantly compromise bone stability (Henderson 1987; Schultz
1997). Clayey soils, on the other hand, retain water easily and can create anaerobic
environments which slows decomposition processes (Gill-King 1997; Henderson 1987;
Junkins and Carter 2017).
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Water plays a vital role in taphonomic processes as its presence or absence
shapes the decomposer community and chemical composition of the burial environment.
The impact varies based on the degree of water present, whether it is moving or stagnant,
if the remains are partially or completely submerged, and whether it is salt or fresh. Too
much stagnant water will create an anaerobic environment and slow down decomposition
processes if it cannot exchange hydrogen and oxygen with gases released by the
decomposition of organic material (Gill-King 1997). Conversely, moving water provides
a regular source of new decomposers to speed up the breakdown of tissue, effectively
leaches mineral components from bone, and can break them down through abrasion
(Evans 2014; Henderson 1987). Wet/dry cycles also result in bones cracking or warping
which complicates analysis (Evans 2014).
Oxygen has its own crucial role in decomposition. The amount of available
oxygen in an environment determines the rate of bacterial activity and cell decomposition
(Gill-King 1997; Junkins and Carter 2017). Oxygen availability is determined by what
the body is buried in, if it is buried at all. Different soil and water types allow for various
amounts of oxygen to be available for chemical reactions and for bacterial activity to
break down tissues (Gill-King 1997; Henderson 1987; Janaway 1996; Junkins and Carter
2017).
The relative acidity and alkalinity of the burial environment largely impacts
whether a body is preserved or is decomposed. During the initial stages of
decomposition, the breakdown of the body will create an increasingly acidic environment
by a reduction of free H+ ions (Junkins and Carter 2017; Pokines and Baker 2014). This
shift away from neutral soil decreases bacterial activity but can be beneficial for fungi
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and for plant growth (Gill-King 1997). Over time the soil will return to its natural pH
level as the decomposition process comes to an end, but this can take a long time. If only
the hard tissues remain, and the environment is still acidic, the bone will rapidly
breakdown, as bioapatite is highly susceptible to dissolution in acidic environments
(Henderson 1987; Garland 1987; Janaway 1996; Pokines and Baker 2014).
If the remains are buried in coffins the impact that the coffin may have on the
burial environment must also be considered. Aside from sealed lead coffins or fully
encasing cement coffins, most will increase the destructive nature of a burial environment
(Janaway 1996). Woods used for coffins historically were left untreated and were often
poorly constructed. This resulted in the containers not being airtight and left them highly
susceptible to collapse after a short period of time (Pokines and Baker 2014; Mant 1987).
The wood itself will also eventually decompose, staining the bones a dark brown,
creating an increasingly acidic environment, allowing the remains to be compressed by
the soil above, and leaving them vulnerable to burrowing insects and animals (Mant
1987). There is often localized destruction on the posterior sides of elements which were
in immediate contact with the coffin floor as well (Pokines and Baker 2014).
Scavenging
The kind of scavengers that may potentially affect remains is determined by
the environment that they are buried in (Young 2017). Remains left on the surface are
susceptible to insects, carnivores, birds, and rodents while those that are buried are less
vulnerable to these scavengers unless they become exposed by burrowing or erosion
(Hamilton and Green 2017; Janaway 1996; Young 2017). Carnivores typically leave
pitting, scoring, punctures, occasionally crushing, and furrowing while also fracturing or
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fragmenting bones while rodents leave behind tell-tale parallel striations at margins or on
ridges of bone (Denys 2002; Haglund 1997a; Haglund 1997b; Ubelaker 1997; Young
2017). As soft tissues are torn open by larger scavengers more insects can access the
orifices to lay their eggs and feed (Henderson 1987). Burial in water environments result
in a different array of scavengers. Carnivorous fish, crabs, eels, snails, and algae all feed
on soft tissues. Some snails have been known to burrow into bone as well which result in
unique taphonomic signatures (Henderson 1987; Janaway 1996).
Human Modifications
People have their own way of modifying remains postmortem. Whether these
modifications are part of a postmortem examination, illicit disposal of a body, or part of a
cultural ritual, they must be considered as part of the taphonomic history (Henderson
1987). Following the Renaissance Period, it has become increasingly common to use
human cadavers for anatomical study. This can result in any number of modifications to
the body which can include the use of tools to dissect, dismember, and display the hard
and soft tissues as well as the use of chemicals to prepare remains for display (Paolello
and Klales 2014; Willey et al. 2016; Willey et al. 2018). In some cultures, the use of
preservatives and staging materials are common for preparing bodies for display prior to
burial (Hamilton and Green 2017; The Embalming of the Dead 1952). In others, the
skeletonized remains of individuals are placed in altars with additional materials and used
in rituals (Hamilton and Green 2017).
Density-Mediated Attrition
Regardless of the burial environment there seems to be a constant factor that
contributes to the decomposition or preservation of skeletal remains. Density-mediated
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attrition refers to preservation trends based on bone mineral density. Galloway et al.
(1997) and Willey et al. (1997) observed patterns of skeletal preservation based on
demographics, element, and region of a bone which revealed that populations with denser
bones, such as young-adult black males, are more likely to survive various taphonomic
processes. Furthermore, diaphyses, which are composed of compact cortical bone, are
much more likely to survive than the spongy trabecular bone of the epiphyses (Galloway
et al. 1997; Lyman 2014; Willey et al. 1997). The thin and fragile trabecular bone that
comprise epiphyses is easily compromised by exposure, transportation, and chemical
interactions which weaken the structures. Even if these portions of the bone are intact
when the remains are in situ they are often left very brittle and can be destroyed during
recovery and analytical processes. These causes of differential preservation must be kept
in mind during analyses in case of preservation bias skewing results.
Variations in density of elements impact skeletal survivorship beyond just
burial environments. Elements with greater density are less vulnerable to carnivore
scavenging and rodent gnawing as they are more difficult to break through with teeth
(Waldron 1987). Findings by Karr and Outram (2012), however, did find that skeletal
regions with higher amounts of trabecular bone were less vulnerable to mechanical
crushing than the denser diaphyses as the system of trabeculae diffuses the impact. These
variables indicate the importance of considering all taphonomic processes which may
have impacted remains in the time since death.
Summary
This thesis was constructed from a biocultural theoretical perspective which
emphasizes the interactions that cultural structures have on biological components. This
30

model addresses how social buffering systems do not always keep populations safe from
inequal access to resources and how these inequities impact normal biological processes.
The SCVMC collection must be analyzed using a biocultural model to account for the
possible biological impacts a socially marginalized subpopulation could be susceptible to
and how this could shape skeletal preservation.
Since skeletal material is the focus of this research it is critical to understand
how these hard tissues are formed and maintained throughout life. Individual and
population level variation determine skeletal formation which in turn partially determines
preservation. The other component necessary to understanding preservation is burial
environment.
The intercellular matrix that makes up bone is built up during childhood and
maintained for most of adulthood. It serves as a mineral reservoir and is flexible enough
that it responds to changes in activity and stressors throughout life. Factors like age, sex,
ancestry, hormones, diet, and disease determine peak bone mineral density and
remodeling proficiency throughout life.
Variations in burial environments contribute to the breakdown of soft and
hard tissues. Geographic location shapes weather, flora, and fauna. Remains deposited on
the surface are highly susceptible to weathering and scavenging while those buried below
the surface or in water are exposed to erosion, compaction, and changes in pH. Soil
composition largely determines water retention, acidity or alkalinity, plant growth,
oxygen levels, and temperature fluctuations. The use of a coffin will also impact
decomposition processes as they shape the moisture and oxygen levels and scavenger
access. Scavengers that can access remains speed up decomposition and often destroy
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bone quickly. Humans can alter these processes as well through cultural modifications
like embalming, postmortem examinations, and disposal practices.
Element density also determines preservation patterns. Elements with greater
density are less susceptible to destructive taphonomic conditions. This results in
individuals with higher density preserving better. Even within an individual, denser
elements and segments of elements survive better and are more likely to be available for
analyses. Density mediated attrition must be kept in mind as it causes a significant
preservation bias.
These components of life, death, and disposal shape the micro structure of
bone. Various intrinsic and extrinsic factors determine BMD during life and interact with
the burial environment to determine preservation. Postmortem modifications further
determine how much taphonomic processes can destroy bone.
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CHAPTER IV
MATERIALS AND METHODS
Introduction
The following chapter discusses the materials and methods used for data
collection and analysis. The first section reviews the samples used for this thesis. The
next section elaborates on the methods used to analyze skeletal materials. Following that,
the third section, is a discussion of levels of taphonomic damage. The fourth section
presents the radiography techniques used to collect data and the final section outlines the
statistical methods used to analyze data.
Samples
As stated in Chapter II, data for this thesis was collected from four samples.
Collection spanned over a six-month period from October of 2018 to March of 2019. One
modern sample, two historic Californian samples, and one medieval sample were used,
and their context is summarized in Table 1.
Table 1. Summary of Sample Context and Condition
Collection
SCVMC

Location
Central California

Time Period
1700-1950 AD

PSJ

Central California

1700-1950 AD

CSU CHICO-HIL

California

1950+ AD

Romania

Northern Romania

1300-1500 AD
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Environment
Acidic, clayey,
loamy soil, high
water retention,
compaction
damage
Sandy soil, excellent
drainage
Various taphonomic
environments
Continental climate
with fair drainage

Condition
Poor preservation,
majority of
remains brittle
Excellent
preservation
Variety of
preservation
levels
Excellent
preservation

The primary sample is from the SCVMC Collection that was recovered from a
pauper cemetery which served Santa Clara County in California from the late 1800s to
the early 1900s. The land that was used for the cemetery was composed of rich, loamy,
clayey soils and therefore retained a great deal of water. The destructive properties of
bacteria rich soil and moisture fluctuations combined with highly acidic redwood used to
construct the coffins resulted in significant levels of taphonomic damage for many of the
individuals recovered. The project report supports this through records of approximately
75 percent of the 1,004 sets of remains recovered being in fair or poor condition. Thirtyseven individuals were sampled from this collection which is currently housed at the
California State University, Chico Human Identification Lab (CSU CHICO-HIL).
The second historic Californian sample came from the Point San Jose
Collection which is also currently housed at the CSU CHICO-HIL. This collection
represents a minimum of 25 individuals whose commingled remains were recovered from
a pit that was discovered in 2010 during a National Parks Service soil removal project
next to the historic hospital at Fort Mason, San Francisco. The sandy soil and mild
temperature fluctuations offered an excellent preservation environment. Because the
remains from the pit were commingled only nine individuals were sampled from this
collection.
The next sample was the curated teaching collection at the CSU CHICO-HIL.
This collection is composed of remains that have been donated by law enforcement
agencies or family members of individuals from forensic cases. Both modern and historic
cases are represented and remains have been recovered from a wide variety of
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environments throughout the United States. Eleven individuals were sampled from this
collection.
The final sample was from the backfill of an archaeological site in
Valeni/Patakfalva Transylvania, Romania. The same church cemetery was used by a
village for over 500 years. The consistent reuse resulted in some burials being disturbed
and becoming disarticulated resulting in isolated skeletal elements being recovered
during excavations. Despite the age of the site and the prolonged use there is good
preservation due to the continental climate. Four individuals were used from this
collection.
Osteological Analysis
A regular part of analyzing skeletal materials is constructing a biological
profile. When possible, morphological and metric techniques are used to assess sex, age,
stature, ancestry, pathological conditions or trauma, and taphonomic damage (Best et al.
2018; Buikstra and Ubelaker 1994; Hefner 2009; Jantz et al. 1995; Langley et al. 2016;
Raxter et al. 2006). For the SCVMC, PSJ, and CSU CHICO-HIL collections, analyses
were conducted following standards outlined by Buikstra and Ubelaker (1994).
FORDISC 3.0 (Jantz and Ousley 2005), Hartnett (2010a), Lovejoy et al. (1985), Hartnett
(2010b), Trotter (1970), and Hefner (2009) have also all been used for additional
assessment of sex, age, and ancestry. These components must be considered as each of
them impacts BMD levels. As outlined in the previous chapter, in general, males have
higher BMD than females, BMD decreases with age, density levels vary between
ancestry populations, and prolonged illness can decrease BMD.
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Assessments of sex are conducted on the pelvis and crania. Following
standard procedures, the morphology of these two skeletal regions are examined and
various traits that are typical of either males or females are ranked as degree of presence
or absence (Buikstra and Ubelaker 1994; Phenice 1969). The estimates generated from
the pelvis should always be given greater weight than those of the crania, however, in
instances when the innominates are either absent or too damaged to assess, the crania and
additional elements can be used to generate an estimate (Best et al. 2018; Garvin 2012;
Spradley and Jantz 2011).
Age-at-death estimates were generated using skeletal or dental development
for juveniles (Buikstra and Ubelaker 1994). Adults were examined using a combination
of methods that focus on degeneration. Cranial suture closures, pubic symphyseal
surfaces, auricular surfaces, and sternal rib ends were analyzed when these features were
observable (Hartnett 2010a&b; Işcan and Loth 1986; Lovejoy et al. 1985; Meindl and
Lovejoy 1985). These methods generate estimated age ranges and are often sex specific.
The most accurate age estimations are generated from the use of multiple methods,
although precision often decreases when more methods are used.
Despite the controversy that surrounds ancestry estimations, they are a regular
part of generating biological profiles. Ancestry is estimated mostly by assessing
craniomorphometrics and looking at dental morphology which focus on rates of
prevalence of traits within populations (Hefner 2009; Jantz and Ousley 2005; Ousley et
al. 2009; Pilloud 2014). Regardless of the limitations of ancestry estimations, they are a
critical component in matching unidentified remains to missing persons reports or burial
documentation.
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Taphonomic analysis consisted of documentation of all postmortem
modifications. Following Buikstra and Ubelaker (1994), the various types of alterations
are documented, described, and their location is recorded. Due to the highly fragmented
nature of the SCVMC collection a preservation documentation system was used which
recorded preservation on a scale of degree present and broke long bones and vertebrae up
by region. An additional ranking system of taphonomic damage, which grouped bones by
type, ranked preservation of each bone type and generated an overall score of taphonomic
damage for each individual. In this secondary system the preservation level of each
grouped bone type was recorded as excellent, good, or poor. Bones types with 75 percent
or more present were ranked as excellent, 25-50 percent present were ranked as good, and
25 percent or below present were ranked as poor. Bone types include long, short, flat,
irregular, and sesamoid bones. Long bones included humeri, radii, ulnae, femora, tibiae,
and fibulae. Short bones included carpals, metacarpals, tarsals, metatarsals, and
phalanges. While metacarpals and metatarsals are usually classified as long bones, in this
method they were classified as short bones due to their proximity to the other short bones
(carpals, tarsals, and phalanges) and the fact that their preservation patterns follow those
of other short bones rather than long bones. Flat bones included the crania, sternum, ribs,
and scapulae. Irregular bones included vertebrae, sacrum, and innominates. The
sesamoids only included the patellae. These levels of preservation classifications were
then given a point value where “excellent” is worth one point, “good” is worth two
points, and “poor” is worth three points. Each individual was then given a total point
value to assess overall levels of taphonomic damage where a higher number represents
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greater taphonomic damage. These values were unable to be assessed for one individual
in the SCVMC collection as the burial file with preservation data was missing.
To determine whether there is support for hypothesis number three, those
within the SCVMC collection who were known to have been hospital patients due to the
presence of hospital gown buttons being recovered with their remains were compared
against individuals who did not have buttons recovered (Bright 2015). It is important to
note that only four individuals had buttons present within the sample of 37 individuals.
Radiographic Techniques
Data for this thesis was collected using second metacarpal radiogrammetry.
The benefits of this technique are four-fold. First, metacarpals are not subjected to
fluctuations in density based on activity levels in the same way that long bones are but
still serve as a fairly accurate indicator of density throughout the axial skeleton (Ives and
Brickley 2005). Second, within the SCVMC collection they have a relatively high
preservation level which is necessary for calculating BMD using radiographs. Third,
there is no statistically significant difference between left and right second metacarpals
using this technique which expands potential sample sizes which would otherwise be
limited by preservation (Ives and Brickley 2004). Lastly, they can be easily positioned to
mimic how they sit in living individuals, which provides few chances for the rounded
cross-section to become distorted and affect results (Mays 1996).
Radiographs were taken using a Hewlett Packard Faxitron X-Ray System,
model 43855A. Between two and seventeen metacarpals were radiographed at a time for
3 seconds at 31 kVp. Radiographs were taken on a Fujifilm FCR IP Cassette type CC and
processed digitally using a Fujifilm Computed Radiography Machine model CR-IR
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391RU. They were analyzed using PACS PRO 3.0 software. Measurements were taken
according to landmarks outlined by Dequeker (1976) and depicted in Figure 1. A
maximum length (L) was found by placing digital markers on the most superior point of
the head and on the apex of the articular surface of the proximal end and measuring the
distance between the markers. The maximum length was then halved to find a midpoint
along the diaphysis. At the midpoint, a total bone width (D) was found by placing digital
markers on the most lateral external points along the shaft and measuring the distance
between the markers. Medullary width (d) was calculated at the same midpoint by
placing digital markers on the most internal projections of the endosteal surface and
measuring the distance between the markers.

Figure 1. Outline of measurements taken from radiographs (Dequeker 1976).
Bone mineral density was calculated using Mays’ (1996) Cortical Index (CI)
equation.
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This equation generates a percentage of bone width taken up by cortex and
allows individuals to be compared. In instances when both second metacarpals were
present they were both radiographed and measured despite Ives and Brickley (2004)
finding no statistically significant difference between lefts and rights. This was done to
ensure that any instances of trauma or pathology could be excluded when possible
(Figures 2 and 3). All trays of elements, as well as individual elements, were
photographed (See Appendix A). While there were 35 possible second metacarpals from
the Point San Jose collection, the commingled nature of the sample resulted in only nine
left second metacarpals being analyzed to prevent possibly double-representing a single
individual in the sample. Thus, in all instances, left second metacarpals were used unless
an individual only had a right available for examination so as not to exclude the entire
PSJ sample from analysis.

Figure 2. Photograph and radiograph of Chico 9.
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Figure 3. Photograph and radiograph of VMC Burial 294, Left.
Statistical Methods
Data derived from the radiographs were analyzed using IBM SPSS.
Descriptive statistics and frequencies were calculated for both right and left cortical
indexes for all samples. Left second metacarpals were preferred but, in their absence,
rights were used to give each individual a single cortical index value to be analyzed. To
make the continuous variable of cortical indexes available for analysis the values were
clustered into discrete categories grouped in ten-percent increments to determine the
distribution. Due to small sample sizes and the immense variability in humans, nonparametric tests were used to avoid Type I error.
To evaluate the first set of hypotheses, which seeks to identify if cultural
factors impact BMD, a Kruskal-Wallis test determined that the CI differs between the
collections. A one-way ANOVA with a Bonferroni post-hoc test was then used to
determine which samples were different from each other. The Kruskal-Wallis tests for the
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presence of differences between sample means but does not determine which groups are
different from one another. The one-way ANOVA with post-hoc test was used to identify
where the difference between samples existed.
To evaluate the second set of hypotheses, which seeks to identify how BMD
and taphonomic damage varies within the SCVMC sample, a Spearman’s rho test was
run with bootstrapping to determine whether there was a correlation between BMD and
levels of taphonomic damage between the patient and non-patient groups within the
SCVMC sample. A second Spearman’s rho test was run with bootstrapping to determine
a correlation between BMD and levels of taphonomic damage throughout the entire
SCVMC sample.
Summary
Data collection for this thesis spanned a six-month period from October 2018
to March of 2019. Five samples were used spanning multiple regions and time periods.
This included the historic SCVMC collection, historic PSJ collection, the modern
teaching collection at California State University, Chico, and a medieval Romanian
sample.
In instances when remains were complete enough, a biological profile was
generated using standards outlined by Buikstra and Ubelaker (1994). This included
estimations of sex, age, ancestry, pathology or trauma, and taphonomic damage. These
components are important to understanding BMD trends visible in these samples because
these intrinsic factors can largely impact BMD levels.
Within the SCVMC collection two different recording techniques were used.
Initial inventories involved ranking percentage of element present and separated long
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bones and vertebrae into segments. A secondary system, which focused on levels of
preservation and taphonomic damage, ranked different bone types as either having
excellent, good, or poor preservation. In this thesis the metacarpals are classified as short
bones as their preservation patterns more closely follow those of the carpals, tarsals, and
phalanges than those of the long bones.
Data was collected through second metacarpal radiogrammetry using a
Hewlett Packard Faxitron X-Ray System for 3 seconds at 31 kVp on a Fujifilm FCR IP
Cassette type CC, processed digitally using a Fujifilm Computed Radiography Machine,
and analyzed using PACS PRO 3.0 software. Metacarpals were radiographed in AP
position following Ives and Brickley (2004). Measurements were taken following
landmarks designated by Dequeker (1976). Cortical indexes were calculated for each
individual as a measurement of BMD using Mays’ (1996) equation.
Data was analyzed using IBM SPSS. Descriptive statistics were run to assess
variation within and between samples. A Kruskal-Wallis and one-way ANOVA with a
Bonferroni post-hoc test were used to assess whether the samples differed, and which
specific samples differed from each other. Spearman’s rho tests were run to determine
whether there was a correlation between BMD and levels of taphonomic damage within
the SCVMC sample.
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CHAPTER V
RESULTS
Introduction
The results of the analyzed data for this study are presented in this chapter.
The first section provides sample information on the number of individuals used from
each collection, how many males and females were present, and limitations on analysis
due to underrepresented age groups. The second section presents sample trends and
distributions. The third section covers the descriptive statistics which include the
minimum and maximum values, mean, standard deviation, variance, and range in each
sample. The fourth section examines correlations between health and BMD within the
SCVMC sample by examining the relationship between levels of taphonomic damage
and the presence of hospital gown buttons recovered from burials. The fifth section will
look at the correlation between BMD and levels of preservation within the SCVMC
sample. The final section summarizes the results of data analysis.
Sample Information
In total, sixty-one individuals were examined. Of those sixty-one, twelve were
from the CSU CHICO-HIL curated teaching collection. The PSJ collection was
represented by nine individuals, the SCVMC sample was made up of thirty-seven
individuals, and only four individuals made up the Romanian sample. There are only
three females distributed between the modern CSU CHICO-HIL and SCVMC
collections, only four young adults, and only six older adults so comparisons based on
demographics are not possible. Within the SCVMC sample there are four possible
44

hospital patients and thirty-three possible non-patients. Because the Romanian and PSJ
samples derive from disassociated remains, there is no demographic information
available to analyze for those two collections. Distributions of age and sex are therefore
only calculated for the CSU CHICO-HIL and SCVMC samples.
Sample Trends
Due to the commingled and decontextualized nature of the PSJ and Romania
samples there is no information available on sex, age, or ancestry for those two samples.
For the samples with demographic information, the SCVMC and CSU CHICO-HIL
collections, there is an overwhelming bias of males over females.
Sex Distribution
The SCVMC collection is 89 percent male or probable male, 3 percent female,
and 8 percent indeterminate. The CSU CHICO-HIL sample is 64 percent male, 18
percent female, and 18 percent unknown. These frequencies are summarized in Table 2.
Table 2. Frequency of Sex by Collection
Collection
CSU CHICO-HIL (N=12)
SCVMC (N=37)

Male
64%
89%

Female
18%
3%

Indeterminate
0%
8%

Unknown
18%
0%

Age Distribution
Both samples span multiple age ranges. The SCVMC sample is 2.8 percent
young adult (20-25 years old), 10.8 percent young-middle adult (20-30 years old), 32.4
percent middle adult (30-45 years old), 40.5 percent middle-older adult (45-60 years old),
and 13.5 percent older adult (60+). The CSU CHICO-HIL sample is 18.2 percent young
adult, 36.4 percent middle adult, 18.2 percent middle-older adult, 9 percent older adult,
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and 18.2 percent unknown. These frequencies are summarized in Table 3. It should be
noted that two case files for the CSU CHICO-HIL collection were unable to be analyzed
and the missing data may affect frequencies for that sample.
Table 3. Frequency of Age by Collection
Collection

Young
Adult

Middle
Adult

18.2%

YoungMiddle
Adult
0%

CSU CHICO-HIL
(N=12)
SCVMC
(N=37)

2.8%

10.8%

Older
Adult

36.4%

MiddleOlder
Adult
18.2%

9%

18.2%

32.4%

40.5%

13.5%

0%

Unknown

Cortical Index Distribution
When analyzing the distribution of cortical indexes by collection they were
grouped into six groups by ten percent increases. Within the CSU CHICO-HIL sample 9
percent of the sample fell between 20-29 group, none of the sample fell into the 30-39 or
40-49 group, 36 percent of the sample fell into the 50-59 group, 46 percent fell into the
60-69 group, and 9 percent fell into the 70+ group. For the SCVMC sample none fell into
the 20-29 group, 3 percent fell into the 30-39 group, 14 percent fell into the 40-49 group,
43 percent fell into the 50-59 group, 35 percent fell into 60-69 group, and 5 percent fell
into the 70+ group. Within the PSJ sample none of the individuals fell into the 20-29 or
30-39 groups, 11 percent fell into the 40-49 groups, 22 percent fell into the 50-59 group,
67 percent fell into the 60-69 group, and none fell into the 70+ group. For the Romanian
sample none of the individuals fell into the 20-29 group or the 30-39 group, 75 percent
fell into the 40-49 group, 25 percent fell into the 50-59 group, and none of the sample fell
into the 60-69 or 70+ groups. These frequencies are summarized in Table 4 and Figure 4.
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Table 4. Frequency of Cortical Indexes by Collection
Collection
CSU CHICO-HIL (N=12)
SCVMC (N=37)
PSJ (N=9)
Romania (N=4)

20-29
9%
0%
0%
0%

30-39
0%
3%
0%
0%

40-49
0%
14%
11%
75%

50-59
36%
43%
22%
25%

60-69
46%
35%
67%
0%

70+
9%
5%
0%
0%

Figure 4. Histogram of cortical indexes grouped by 10 percent values.
Descriptive Statistics
Range, minimum, maximum, mean, standard deviation, and variance were
calculated to understand how the cortical indexes were distributed throughout the
different populations. Doing so showed that the CSU CHICO-HIL sample had the
greatest range in CI values. These statistics are summarized in Table 5. The descriptives
are also visually represented as a boxplot in Figure 5.
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Table 5. Descriptive Statistics of Cortical Index by Collection
Collection
CSU CHICO-HIL
SCVMC
PSJ
Romania

Variable
CI
CI
CI
CI

N
11
37
9
4

Range
44.63
40.72
26.89
11.71

Min.
28.99
32.97
41.46
43.42

Max.
73.61
73.68
68.35
55.13

Mean
59.3653
56.4886
59.2926
48.5483

Std. Dev
11.72856
8.39327
8.43658
4.93144

Figure 5. Boxplot depicting average cortical indexes for each sample.
A comparison of the samples showed that the modern CSU CHICO-HIL
sample had the highest mean BMD (CI = 59.3653), followed by the PSJ sample (CI =
56.4886), the SCVMC sample (CI = 59.2926), and the Romanian sample had the lowest
average value (CI = 48.5483). The CSU CHICO-HIL sample had the greatest range at
44.63, followed by the SCVMC sample at 40.72, the PSJ sample at 26.89, and the
Romania sample at 11.71. The CI values of each sample are represented in bar graphs
(Figures 6-9).
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Figure 7. Bar graph depicting cortical indexes for SCVMC sample.
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Chico 11

Chico 10

Chico 9

Chico 8

Chico 7

Chico 6

Chico 5

Chico 4

Chico 3

Chico 2

Chico 1

Figure 6. Bar graph depicting cortical indexes for CSU CHICO-HIL sample.

Figure 8. Bar graph depicting cortical indexes for PSJ sample.

Figure 9. Bar graph depicting cortical indexes for Romania sample.
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Hypothesis Testing
In order to test the first set of hypotheses an independent sample KruskalWallis test of cortical index by collection was run to test whether the mean rank of
cortical indexes varies between the samples and determined that the average cortical
index does differ between the collections (Table 6). Because a Kruskal-Wallis test does
not have a post-hoc test to determine which samples are different from each other, a oneway ANOVA with a Bonferroni post-hoc test was run despite the non-normally
distributed and heteroscedastic data and showed that there is no statistically significant
difference (p = .181) between cortical indexes and samples (Table 7 and 8). While none
of the samples differ significantly, the Romanian sample is clearly an outlier amongst the
samples.

Table 6. Kruskal-Wallis Test Results for CI by Collection
Null Hypothesis
The distribution of
CI is the same
across categories
of Collection.

Test
Independent-Samples
Kruskal-Wallis Test

Significance
.043

Decision
Reject the null
hypothesis.

Table 7. One-Way ANOVA Results for CI by Collection
Sum of
Squares
Between Groups
Within Groups
Total

403.640
4554.049
4957.690

Degrees
of
Freedom
3
57
60
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Mean Square

F

Sig

134.547
79.896

1.684

.181

Table 8. Bonferroni Post-Hoc test for CI by Collection
Collection (I)

CSU CHICO-HIL
VMC

PSJ

Romania

Collection
(J)

Mean
Difference
(I-J)

Std. Error

VMC
PSJ
Romania
CSU
CHICO-HIL
PSJ
Romania
CSU
CHICO-HIL
VMC
Romania
CSU
CHICO-HIL
VMC
PSJ

2.87668
.07268
10.81698
-2.87668

3.06962
4.01753
5.21892
3.06962

-2.80400
7.94029
-.07268

Sig.

95% Confidence Interval
Lower
Bound

Upper
Bound

1.000
1.000
.256
1.000

-5.5140
-10.9091
-3.4487
-11.2674

11.2674
11.0544
25.0827
5.5140

3.32214
4.70460
4.01753

1.000
.582
1.000

-11.8850
-4.9195
-11.0544

6.2770
20.8001
10.9091

2.80400
10.74430
-10.81698

3.32214
5.37133
5.21892

1.000
.301
.256

-6.2770
-3.9380
-25.0827

11.8850
25.4266
3.4487

-7.94029
-10.74430

4.70460
5.37133

.582
.301

-20.8001
-25.4266

4.9195
3.9380

Health, Bone Mineral Density,
and Preservation
Within the SCVMC collection four out of the thirty-seven individuals were
definitively associated with the hospital when they died which was determined by the
presence of hospital gown buttons recovered from the burials (Bright 2015). While many
more from this sample could have been patients at the hospital at their time of death, only
these four can be classified with certainty. As such, only these four were compared
against the rest of the SCVMC sample to determine whether there is a difference in BMD
values. The hospital group had a slightly higher mean BMD than the non-hospital group
(see Figure 10). However, such a low number of one subsample meant that a one-way
ANOVA test could not be used to determine whether the mean BMD values differed in a
statistically significant way. To see if the patient subpopulation had different preservation
levels than the non-patient subpopulation, a Spearman’s rho test was performed with
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Figure 10. Boxplot depicting average cortical indexes for individuals with and
without hospital buttons recovered from the burial.
bootstrapping and  =.05 and determined no significant relationship (r = ̶ .150, p = .383)
between the presence of hospital buttons and levels of taphonomic damage (Table 9).
Table 9. Spearman’s Rho Test for Taphonomy and Hospital Buttons

Taphonomy Levels
CI

Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sign. (2-tailed)
N

Taphonomy
Levels
1.000
.
36
-.150
.383
36

Hospital
Buttons
-.150
.383
36
1.000
.
36

BMD and Preservation
A Spearman’s rho with bootstrapping and  =.05 determined a moderately
strong negative correlation (r = ̶ .441, p = .007) between BMD and levels of
preservation within the SCVMC sample. Those results are below in Table 10.
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Table 10. Spearman’s Rho Test for Taphonomy and CI
Taphonomy
Levels
Taphonomy Levels
Correlation Coefficient
1.000
Sig. (2-tailed)
.
N
36
CI
Correlation Coefficient
-.441**
Sign. (2-tailed)
.007
N
36
**. Correlation is significant at the 0.01 level (2-tailed).

CI
-.441**
.007
36
1.000
.
36

The negative correlation between cortical index and levels of taphonomic
damage is depicted in the scatterplot below (see Figure 11). What this negative
correlation shows is that the bones of individuals with lower density scores typically
incur greater amounts of damage from taphonomic processes. Based on the methods used
to score levels of taphonomic damage in this thesis, which only focuses on the type of

Figure 11. Scatterplot depicting correlation between CI and levels of taphonomic
damage.
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taphonomic damages that results in the destruction of bone, the relationship between
density and non-destructive taphonomic processes was not assessed. The relationship
between other types of taphonomic damage, such as staining, which do not result in the
destruction of bone and BMD is beyond the scope of this research.
Summary
To test the first set of hypotheses, an independent sample Kruskal-Wallis test
of cortical index by collection was run and determined that the distribution of cortical
indexes potentially differs between the collections, but a one-way ANOVA with a
Bonferroni post-hoc test showed that there is no statistically significant difference
between cortical indexes and populations. To test the second set of hypotheses a
Spearman’s rho test was run and revealed no significant difference between the levels of
taphonomic damage seen in hospital patients and non-patients. A second Spearman’s rho
test was conducted and revealed a significant negative correlation between cortical index
and levels of taphonomic damage.
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CHAPTER VI
DISCUSSION
Introduction
This chapter interprets the data analysis findings presented in the previous
chapter. It is be split into three sections to discuss general findings and to address the two
sets of hypotheses proposed in the first chapter. The first section addresses the overall
trends seen in the samples. The second section discusses the findings comparing the
samples. The third section addresses the findings comparing the groups within the
SCVMC sample. Broader conclusions from this thesis will be presented in the final
chapter.
Sample Trends
Due to the commingled and decontextualized nature of the PSJ and Romania
samples there is no information available on sex, age, or ancestry for those two samples.
For the samples with demographic information, the SCVMC and CSU CHICO-HIL
collections, there is an overwhelming bias of males over females. Both samples span
multiple age ranges. It should be noted that two case files for the CSU CHICO-HIL
collection were unable to be analyzed and the missing data may affect distributions for
that sample.
SCVMC
The distribution of age and sex in the SCVMC collection is not surprising. As
stated in Chapter II, the individuals who filled the poorhouses of California were
overwhelmingly male; as single men left their families behind in search of wealth on the
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west coast, they lost the support system that could care for them during times of poverty
or illness. The poorhouses filled this role (tenBroek 1957). The age range is further
indicative of this, as some young-to-middle adults would have relied on the County
Infirmary while they were extremely sick or injured, but the majority of people who
needed the services would have been middle-older adults who were more susceptible to
injury and illness and no longer had the support of their families that most younger adults
would have (tenBroek 1957).
CSU CHICO-HIL
The distributions of age and sex in the CSU CHICO-HIL collection are
equally unsurprising as males are more often the victims of homicide in the US and
therefore make up the majority of forensic cases. In 2017, in the US, males made up 78.4
percent of murder victims while females only made up 21.3 percent (FBI:UCR 2017).
The distribution of males and females in the CSU CHICO-HIL collection is likely
reflecting a similar distribution seen at the national level. Middle adults make up the
majority of the collection while older adults make up the smallest group represented and
there is an absence of young-middle adults. The absence of this age group may be due to
precise ages being recorded following victim identification or because there are two cases
with this information missing. While there are likely cultural factors driving this
distribution, the direct cause is not clear.
Inter-Sample Assessment
Descriptive statistics showed that the CSU CHICO-HIL sample had the
highest mean BMD at 59.37, the PSJ sample had the second highest mean BMD at 59.29,
the VMC sample had the third highest mean BMD at 56.49, and the Romania sample had
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the lowest mean BMD at 48.55. While these differences follow a temporal and
socioeconomic pattern, there is no statistically significant difference between these
values. Therefore, the first set of hypotheses presented in Chapter I are not supported as
the samples do not have statistically significant differences, despite following predicted
patterns.
The overall quality of healthcare in the United States has improved since the
late 19th and early 20th century. As more immunizations were developed and inoculation
became common throughout the US, widespread outbreaks of disease decreased (The
College of Physicians of Philadelphia 2019). This reduction in exposure to biological
stressors is potentially responsible for the slight increase in BMD between the historic
and modern skeletal collections used in this study. The improvements to city
infrastructure have also contributed to an overall increase in health throughout the US.
Water and city sanitation practices improved throughout the 1900s which further reduced
exposure for many people (Montague 1914; Technical Subcommittee 1943).
Additionally, a stable and profitable economy of agriculture which emerged following the
mining boom helped rapidly populate and support the state (Hittel 1866).
Environmental and social factors are equally likely the cause of the Romania
sample having the lowest mean BMD value. Limited health care, physically demanding
lives, and prevalent disease and malnutrition puts frequent strain on the development and
maintenance of skeletal systems which results in decreased density (Marcu and Diana
2017; Molnar et al. 2015). The impact of age, sex, and ancestry cannot be ruled out for
this sample either. As previously discussed, females undergo significant hormonal
fluctuations during puberty, pregnancy, lactation, and menopause which result in lower
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density than males (Jørgensen et al. 1995; Kelly 1990). Additionally, decreased bone
remodeling with advanced age could also be contributing to the lower density values
observed in this sample (Bosky 2003; Chen et al. 2007). Without demographic
information gained from contextualized remains it is impossible to fully assess whether
the impact to BMD is due to environmental, biological, or cultural causes. Also, the
overall health of this sample is unknown. While no clear pathological conditions were
evident on the elements examined, it is possible that active infections, non-specific stress
indicators, or trauma were still impacting the individuals represented. Furthermore, with
only 4 individuals in the sample there is very little variation represented. Ultimately, the
cause of lower density in the Romanian sample is unknown and should be explored
further.
Intra-Sample Assessment
The second set of hypotheses presented in Chapter I focuses just on the
SCVMC sample. The SCVMC sample can be broken up into individuals who were
definitively hospital patients at the time of their death and those who were not. While
there are very few remaining records of the individuals buried in the cemetery, the
positive association of the remains with the hospital was done through the identification
of buttons from the hospital gowns that patients would have been wearing. Out of the 37
individuals used for the SCVMC sample, only four had hospital gown buttons recovered
from the burials. It is possible that the 33 others could have also been patients, but
without records or the presence of hospital artifacts there is no way to determine that.
Those who were patients and those who were not were compared to determine if there
were any statistically significant differences in the mean bone mineral densities. The
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group that were patients had a mean BMD of 66.4 while the non-patients had a mean
BMD of 55.3. A Spearman’s rho test did not reveal a statistically significant difference
between these means. There also was no significant relationship between the levels of
taphonomic damage found on the skeletal remains for those who were patients versus
those who were not. This does not support the third hypothesis presented in Chapter I.
To analyze whether BMD played a role in overall preservation for the
SCVMC sample, a Spearman’s rho test was conducted to see whether there was a
correlation between density levels and taphonomy levels. The moderate, negative
relationship that was found was unsurprising. As suggested by the literature on densitymediated attrition discussed in Chapter II, less dense bone is more susceptible to damage
and degradation. This is demonstrated in the SCVMC sample where individuals with
lower density have overall greater damage to their skeletal remains which supports the
fourth hypothesis presented in Chapter I.
The complex causes of reduced density, however, are undiscernible for this
collection. While most individuals in the sample are middle-older adult males the impact
that ancestry plays on density cannot be overlooked. As ancestry estimates were not
available for most of the sample it is difficult to determine whether this is causing some
of the variation in density levels. Additionally, without directly examining trauma and
pathology for each individual, the overall health of the population represented in the
collection cannot be assessed and, therefore, its impact on density levels is unknown. Diet
does not appear to have varied greatly from the general population or from other regions
in the US according to isotopic analysis, so it is unlikely that diet is directly impacting
density levels in this sample (Prince-Buitenhuys 2016).
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Summary
The age and sex distributions in the CSU CHICO-HIL and SCVMC
collections follow expected patterns given the populations that formed them. These
distributions, however, are not necessarily representative of the populations which
formed them due to preservation and collection biases. The information available on the
PSJ and Romanian samples is extremely limited due to their decontextualized nature.
There are no statistically significant differences in BMD between these populations, but
these preliminary findings cannot be considered truly conclusive based on the limited
sample sizes and decontextualized nature of some of the samples. Further investigations
should focus on larger samples with improved context.
Within the SCVMC sample the individuals who were hospital patients show
no significant difference in density levels or levels of taphonomic damage than those who
were not patients. Again, this conclusion is limited in strength due to the small sample
size but suggests that the patients of the hospital were either not hospitalized due to
diseases that would affect bone mineral density or were not affected long enough for
density alterations to take place. The entire SCVMC sample follows known preservation
patterns where individuals with lower density are more affected by taphonomic processes
and therefore have reduced overall preservation.
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CHAPTER VII
CONCLUSIONS
Introduction
The final chapter of this thesis summarizes the results and conclusions. The
limitations of the research are addressed in the second section. Finally, recommendations
for improving future studies are provided in the last section.
Conclusions
The first set of hypotheses presented in this thesis were aimed at analyzing
differences between the samples being examined. No statistically significant difference
exists between the mean bone mineral densities of the four samples. While the SCVMC
sample’s mean bone mineral density was lower than the modern sample and the
contemporaneous California sample the difference was not statistically significant either.
These findings suggest that cultural components of identity, such as socioeconomic
status, do not directly impact an individual’s bone mineral density in a way that can be
separated out from biological components. Therefore, the first null hypothesis failed to be
rejected
The second set of hypotheses were focused on potential differences in groups
within the SCVMC sample. Within the SCVMC sample the individuals that were patients
at the County Infirmary prior to burial did not have a statistically significant different
mean bone mineral density than the non-patients nor was there a significant difference in
the amount of taphonomic damage seen in the patient and non-patient groups. There was
a moderate, negative relationship between bone mineral density and taphonomic damage
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within the SCVMC sample which means that the individuals with lower density levels
were more damaged than those with higher density levels. Therefore, the second null
hypothesis was rejected but Ha2 was not supported.
These findings suggest that there is no difference in density level based on
health status but that an individual’s bone mineral density does influence the preservation
of bone. Overall, this study has shown that, while populations vary in density levels,
individual intrinsic factors ultimately determine how much environmental stressors
impact the body. Furthermore, the burial environment has variable impacts on different
skeletal elements which taphonomically impact individuals differently.
Limitations
One of the greatest limitations of this study is the size of the samples used.
Not only were the samples small, the smallest only including four individuals, but two of
them were from decontextualized collections meaning there was no available information
on age, sex, or ancestry which limits the ability to compare groups within each sample
and across all the samples. Additionally, statistical analysis of the SCVMC sample was
limited because several demographic groups did not have enough members to run tests.
Another limitation to this study is the impact that preservation had on sample
sizes. To use second metacarpal radiogrammetry the bone must have the epiphyses and
diaphysis intact without debris contaminating the medullary cavity. The highly damaged
SCVMC collection due to a hostile burial environment resulted in much of the collection
not being available to study with this method. Similarly, more than half of the available
metacarpals from the Romanian sample were excluded due to damage. The missing data
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that is lost due to taphonomic damage possibly alters the conclusions that could be made
from studies like this one.
Assessments of socioeconomic status and individual variation further
complicate analysis. Without complete information regarding health care, nutrition, and
stress it is difficult to identify which variable might be impacting health the most and
whether individual biological variation mitigates these impacts to varying degrees. While
contextual information regarding lifestyle is available for the SCVMC collection it is
unclear to what extent each individual was impacted by poverty, poor nutrition, illness,
physical stress, and psychological stress. The fact that many of these factors are closely
intertwined further complicates the issue.
Future Studies
This research would be improved by the inclusion of larger, more robust
samples. These samples should include as much demographic information as possible to
allow for more inter- and intra-sample analysis. The socioeconomic status of each sample
could more thoroughly be examined as well to see whether access to resources plays a
significant role in bone mineral density by focusing on one sex, age, and ancestry group.
Additionally, samples recovered from uniform burial environments would allow for
greater analysis of the correlation between bone mineral density and taphonomic damage.
This research would also be improved by including an inter- and intra-observer error
study to determine how reliable the measurements of radiographs are. A final addition
should include analysis of evidence of disease, stress, or injury within the SCVMC
sample and whether these correlate with levels of taphonomic damage.
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