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ABSTRACT
A FAUNAL ANALYSIS AND SEASONALITY STUDY USING
CEMENTUM INCREMENT ANALYSIS AT PAYNE’S CAVE
(CA-TEH-193) IN NORTHERN CALIFORNIA
by
Claire E. McMahon
Master of Arts in Anthropology
California State University, Chico
Spring 2019
In 1956, members of the University of California Survey, Baumhoff,
Bennyhoff, Elasser, and Kranz, excavated Payne’s Cave (CA-TEH-193), a site associated
with Southern Yana territory. The artifact assemblage indicated a clear pre- and
protohistoric occupation. At the time, Baumhoff determined the seasonality of occupation
as the winter season, given the elevation of the site at 1,600 feet. Baumhoff also
developed a culture chronology, and stated the cave was likely occupied during what he
called the “Period of Hiding,” lasting from about 1850-1875 AD.
This study uses models from Human Behavioral Ecology to examine the
faunal data from the Payne’s Cave assemblage to refine our understanding of the impact
of Euro-American contact for the Yana. Aspects of resource depression and mobility are
analyzed to uncover the unique method of resistance-survival used by the Yana during
contact era. Also, cementum increment analysis is conducted on mule deer teeth from the
assemblage to confirm Baumhoff’s original seasonality determination. Results include
x

provisional support data indicating resource depression at the time of culture contact,
while faunal data in tangent with historic data show strong support for high Yana
mobility at this time. Cementum increment results support Baumhoff’s determination,
and provide a higher resolution of site use.

xi

CHAPTER I
INTRODUCTION
Culture Contact in Northern California
The American expansion west in the mid-19th century was a time of great
innovation and opportunity for many Euro-Americans. Lands of untapped potential were
not only explored, but connected more than ever by new networks of roads and
waterways. Fortunes could be made for industrious men and women ambitious enough to
make the travel. In this new wave of colonization, Euro-Americans also brought with
them a foundation of how to “handle” the indigenous tribes they encountered on route
their encroachment of native lands. By this time, the American government had
established a history of breaking treaties with sovereign native tribes, and had formed the
Bureau of Indian Affairs to oversee the removal of tribes for American expansion.
In Northern California, land encroachment began with the Mexican Land
Grants in 1844 (Chartkoff and Chartkoff 1984). The discovery of gold in 1848 led to the
development of more trails throughout the region, and the influx of miners traveling these
trails to seek their fortune a year later. In the 1850s, the incorporation of California into
the United States enabled the establishment of lumber mills and homestead settlements,
which further pushed native tribes out of their traditional lands. The modernization and
development of Northern California drastically altered the face of the landscape;
deforestation made room for farms and ranches, while the burgeoning population ate
what the land had left to give.
The ripple effects of this era of Euro-American culture contact were
devastating to Native Californians (Chartkoff and Chartkoff 1984). Population estimates
1

of Euro-Americans illustrate the magnitude of influx, starting at 15,000 in 1848 and
increasing to 225,000 in 1852, just four years later. In that same span of time, population
estimates for Native Californians were halved from 100,000 in 1848 down to 50,000 in
1852. By the turn of the 20th century, the Native Californian population was estimated to
be no more than 20,000 individuals, after decades of suffering disease, starvation,
military conflict, and murder.
In order to acknowledge the past and make reparations to the societies
disenfranchised in the making of this nation, it is necessary to understand the path of
decisions that formed our history. The historical documents that survive from culture
contact provide significant data on Native Californians, though it is often found after
sifting through the author’s racism, inaccurate or incomplete memory, or apathy. The
archaeological record can provide the means to understand native lifeways and decision
making, and temper Euro-American bias. Using these sources of data together, this thesis
will examine a case of culture contact in northern California, between the Yana tribe
located in the foothills of the Cascade Mountains, and the Euro-Americans who traveled
west to their lands. Specifically, the faunal analysis of Payne’s Cave, occupied by the
Yana, can provide important data in the reconstruction of Yana history before and after
the devastation of Euro-American contact.
Payne’s Cave
Payne’s Cave (CA-TEH-193) was excavated by Baumhoff, Bennyhoff,
Elasser, and Krantz, all members of the University of California Survey (Baumhoff
1957). This excavation was completed in a six day project in June of 1956 in conjunction
with the US National Forest Service and the State of California Department of Fish and
2

Game. It is located on the western slope of the Cascade Mountains, about 300 feet away
from Antelope Creek. The cave was largely hidden from view by the surrounding brush
at the time of excavation. It provides shelter with a 20 foot interior depth and spans an
average of 12 feet across (Figures 1 and 2).

Figure 1. View of Payne’s Cave, facing east. Taken September 2018.
This site is associated with Native Californian Yana occupation. The general
area of Yana territory encompassed various creek drainages and higher mountainous
regions. Baumhoff (1957) stated these different elevation regions were seasonally
occupied according to the availability of the Yana’s three primary resources: acorns,
salmon, and deer. Sites lower than 2,500 feet in elevation were considered winter sites,
and the Yana relied heavily on stored resources while there. Sites above 2,500 feet were
summer sites, in which the Yana followed the deer herds up the mountain passes. When
3

Figure 2. View from dripline of cave, facing west. Taken September 2018.
Baumhoff identified the seasonality of Payne’s Cave, he determined it was likely
occupied as a temporary shelter or hunting camp in the cooler fall/winter/spring months,
termed the “winter season.” This seasonal classification was based solely on the known
ethnography of Native Californian subsistence-settlement patterns local to the area, and
the elevation of Payne’s Cave, which is at about 1600 feet.
Chronology in Yana Archaeology
The culture chronology we have for the general area in which Payne’s Cave is
located is based on Baumhoff’s (1957) projectile point typology within the site report.
4

His chronology defines different complexes, characterized by the increasing presence or
absence of certain projectile points, beads, tool source material, baskets, house floors, and
historic materials like bottle glass. Baumhoff’s chronology of complexes has been since
refined and is still used today. The five complexes, refined by Greenway and later
Johnson and Theodoratus, are Deadman, Kingsley, Dye Creek, Mill Creek, and Yana,
presented in Table 1 (Gutierrez 2012).
Table 1. Southern Cascade Foothills Chronology. Adapted from Gutierrez (2012).
Deadman
3500-2500BP
1500-500BC

Kingsley

Dye Creek

Mill Creek

Yana

2500-1500BP
500BC-AD500

1500-500BP
AD500-1500

500BP-Contact
AD1500-1845

Post Contact
Post 1845

Judging by the substantial historic period artifacts at Payne’s Cave and the
relative uniformity of projectile point types, Baumhoff (1957) inferred that Payne’s Cave
was occupied for no more than about 200 to 300 years, which places this site within the
Mill Creek and Yana Complexes. However, Baumhoff noted that there is a bias in the
artifacts, strongly leaning to the historic and proto-historic context, because there is
limited evidence of prehistoric occupation. He specified that given the violence the Yana
suffered through culture contact, the cave was most likely occupied during the “Period of
Hiding,” from about 1850 to 1875 (Baumhoff 1957).
These dates are also supported by reports of undisturbed Euro-American
activity in the area. The construction and operation of the Sierra Flume and Lumber
Company beginning in 1875 remained safe from native Yana activities or hostilities
(Baumhoff 1957). Jim Payne, the settler of the land on which Payne’s Cave is located,
did not experience any contact with the Yana since his ownership of the land in 1884. It
5

was Baumhoff’s opinion that given the large amount of artifacts associated with historic
materials at Payne’s Cave, the few surviving Yana lived in the cave during the Period of
Hiding, until around 1875 when the flume operation began. This cave may have been an
ideal refuge, since it was described as hidden from view from 100 feet away due to the
buckeye tree brush surrounding the entrance and the poison oak prevalent in the general
area (Baumhoff 1957).
Sometimes though, we are too heavily influenced by our biased understanding
of concepts and liable to miss important data. In this instance, it is the term Period of
Hiding. To illustrate this, imagine the playtime of almost any child. Many of us once
passed the time with our playmates in a game of Hide-and-Seek. At this early age, we
learn that hiding successfully necessitates utter stillness, and movement brings increased
risk of discovery. It’s understandable then, that when we see the term Period of Hiding,
our minds recall the early lessons of our childhood game, and apply them as logical
assumptions in adulthood. The relevance of this point is illustrated in recent research
conducted with the Kingsley Cave faunal remains, which is of a similar cultural and
spatio-temporal context to Payne’s Cave, under the assumed condition of reduced
mobility (Gutierrez 2012). However, despite the logical parameters of the models
employed, several predictions in this study were not met. An examination of new data
from Payne’s Cave will demonstrate how the lingering conception of one word masked
the method of resistance-survival of the Yana tribe during culture contact.
Research Goals and Hypotheses
This thesis has three goals and associated hypotheses. Each goal will be
discussed in turn and concluded with the specific null hypothesis connected to it. At this
6

point, the sources of data and specific analyses associated with each hypothesis will be
stated, however the theoretical background of the analyses will be discussed at length in
the following chapter. The methods for these analyses will be discussed in later chapters.
The first goal is to use the faunal remains of Payne’s Cave to test whether the
Yana were foraging under conditions of resource depression at contact era. Supporting
data from archaeological, ethnographic, and historical document sources will illustrate
the lifeways and environment of the Yana before the Euro-American encroachment in
northern California, as well as the impact of this contact to the Yana and the environment
after their arrival. The extent to which the Euro-Americans altered the landscape forced
an adaptation in the subsistence patterns of the Yana, which can be seen in the faunal
remains at Payne’s Cave.
Thus, stated explicitly, the first null hypothesis: The Yana foraged under
conditions of resource depression in culture contact. The faunal remains from Payne’s
Cave will be analyzed using the Diet Breadth model, incorporating the Artiodactyl
Abundance Index, Simpson’s Index of Diversity, and Shannon’s Index of Evenness, as
well as the Prey As Patch model-accounting for evidence of butchery, spiral fractures,
and a “stop element” through time (Burger et al. 2005). These analyses, in tangent with
data from ethnographic and historic documents, will illustrate the changing environment
and foraging conditions for the Yana at this time.
The second goal of this thesis will examine Yana mobility through their
foraging strategies. It is proposed here that the Yana were highly mobile during contact
era. This is in contrast to the hypothesis of restricted mobility presented in previous
research concerning Kingsley Cave, a site of similar cultural and spatio-temporal context
7

(Gutierrez 2012). Analysis of the faunal remains at Payne’s Cave and supporting data
from historic documents illustrate how mobility remained integral to Yana strategies. It is
inferred that during the Period of Hiding, a time marked by violence and death for the
Yana, this understanding of high mobility may provide the context that has been missing
from Yana history. Their mobility, along with the unique landscape that was their home,
provided the means of Yana survival into the 20th century.
The second null hypothesis is as follows: The Yana increased their mobility
during Euro-American culture contact. This will be tested using the Payne’s Cave faunal
data within the Central Place Foraging model, which will specifically include a Food
Utility Index analysis, and will be supported by data from ethnographic and historical
documents.
The final goal of this thesis is to confirm Baumhoff’s original seasonality
determination of Payne’s Cave with more scientific methods. According to the
ethnographic data, the elevation of Payne’s Cave (at 1600 feet) was situated in the winter
seasonal round (Baumhoff 1957). The “winter season” encompassed the cooler months of
year, including fall, winter, and spring months of the calendar. The faunal remains of
Payne’s Cave are dominated by mule deer (Odocoileus hemionus), which provide an
opportunity to conduct cementum increment analysis (CIA) to collect season-of-death
data. The CIA should indicate a season-of-death for the mule deer only during months
included in the winter season.
The third null hypothesis is as follows: Payne’s Cave was occupied during the
winter season. This is Baumhoff’s original determination, and modern methods of
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determining seasonality will confirm it. The source of data is mule deer teeth from the
site faunal remains, which will be used for cementum increment analysis.
Thesis Organization
This chapter has described the background for this thesis, summarizing the
general context of Euro-American expansion west during the mid-1800s, and culture
contact with Native Americans. The site Payne’s Cave (CA-TEH-193) was introduced as
the focus for this examination of contact era with the Native Californians who lived there,
the Yana. A summary of Baumhoff”s (the principal investigator) inferences of site type
and chronology was provided. Finally, three research goals and hypotheses were listed
for this thesis regarding the faunal data from Payne’s Cave.
Chapter II will discuss Human Behavioral Ecology theory and the models
used in this thesis, which address the first two hypotheses. A brief introduction to the
theory itself will be provided, to understand how the theory developed within
archaeological studies and what the general objectives are in using this theory to frame
research. Several models will be discussed, as well as the specific analyses conducted in
this thesis to operationalize the models.
Chapter III will provide the theory and background information for
understanding the method of cementum increment analysis (CIA), which will address the
third hypothesis of this thesis. First, an overview of the nature of seasonality studies will
be outlined. This will be followed by a discussion on subsistence settlement patterns,
which are often researched within the context of seasonality. Then, the various methods
for determining seasonality will be described. Next, the biology of the tooth and
increment banding process will be explained. This will be followed by an overview of the
9

development of the CIA method and notes for consideration regarding taphonomic and
reliability concerns. An outline of previous research will be discussed, where studies have
used CIA to research the seasonality of settlement patterns. Particular attention will be
dedicated to Leigh’s (1998) study, as this thesis will be relying on her method and
increment deposition schedule for data analysis.
Chapter IV will illustrate Yana culture in pre and post-contact contexts. First,
the environment that the Yana lived within will be described. Next, a history of the
ethnography written on Yana culture will be discussed, followed by a description of Yana
culture, including political structure, settlement systems and construction, technology,
and subsistence strategies. This will be complemented by a more detailed description of
the excavation conducted at Payne’s Cave, as well as a list of nearby archaeological sites
and their associated artifacts. This data will be summarized to illustrate the semisedentary nature of pre-contact Yana life. This basis is provided to understand the
contrast in Yana life during Euro-American contact, as the chapter continues with an
illustration of the impact of Euro-American encroachment onto Yana lands. A timeline of
known events, bringing homesteaders, miners, loggers, and ranchers to the area will be
outlined, followed by a description of the specific consequences these occupations had on
the environment. Compiled historic data from memoirs and newspapers will relate how
the Yana retaliated for their disrupted food resources, and how the white settlers
responded with violence. This chapter will conclude by proposing an idea about the
nature of Yana mobility at contact.
Chapter V will outline the specific methods undertaken in the faunal analysis
and the cementum increment analysis. Descriptions as to why and how certain procedures
10

were conducted will set the basis for the results listed in the following chapter. These
procedures include a description of the identification process, as well as how the various
quantification methods were calculated. Tests and analyses that were performed include
the Artiodactyl Abundance Index, Simpson’s Index of Diversity, Shannon’s Index of
Evenness, stop element, frequencies for spiral fractures and butchery, Spearman’s Rank
Correlation Coefficient against density-mediated attrition, average return rates compared
to a food utility index, CIA, and radiocarbon dating.
Chapter VI will list the results of the above stated tests and analyses in raw
data. No interpretations will be provided within this chapter.
Chapter VII will conclude this thesis with a discussion on the results of the
tests conducted here. A final conclusion will be made regarding each hypothesis.

11

CHAPTER II
HUMAN BEHAVIORAL ECOLOGY
The previous chapter portrayed the general background concerning this thesis,
and outlined its specific intentions through the goals and hypotheses examined here. In
this chapter, the theoretical framework is explained, which connects and justifies the
operationalization of the analyses conducted to the goals of this research. This thesis is
based in the theory of human behavioral ecology (HBE), and what follows is a discussion
of HBE itself, its theoretical lineage, its aims, and a detailed explanation of the models
and associated analyses employed in this work. These analyses address the first and
second research goals of this thesis. The next chapter will provide more information
specific to the theory of seasonality, subsistence mobility patterns, and thoroughly
describe the method of cementum increment analysis, which addresses the third research
goal of this thesis. Thus, the next chapter will conclude the background theoretical
foundation for this research.
The Theoretical Lineage of Human
Behavioral Ecology
The appeal of rigorous theory and methods working in concert stems from
Binford’s clarion call to develop testable hypotheses based on the observations and
inductive propositions that were once the end point of archaeological research (Binford
1968). His 1967 study, “Smudge Pits and Hide Smoking: The Use of Analogy in
Archaeological Reasoning” was Binford’s example of how middle range theory could be
applied to truly productive study. With this, he went on to conduct ground breaking
12

research with the Nunamiut, developing the use of models within the field of archaeology
(Binford 1978). These models were a precursor to those used in Optimal Foraging Theory
(OFT), first mentioned in several biological studies (Emlen 1966; MacArthur and Pianka
1966). OFT and its models were later incorporated into HBE by several archaeologists
interested in the adaptive behaviors of foraging societies (Bayham 1979; Bettinger 1980;
Binford 1978, 1980; Hawkes et al 1982; Smith 1983; Winterhalder 1981).
The origin of HBE is traced back to the desire to provide more scientific rigor
to Steward’s Cultural Ecology by uniting it with a neo-Darwinian methodological
perspective when studying behavior (Cannon and Broughton 2010; Kelly 2013;
Winterhalder and Smith 2000). Cultural Ecology stimulated an interest in the role
environments play in shaping culture, particularly within hunter-gatherer societies.
However, the operational practice did not use defined terms central to their ideas, thus,
the lack of theoretical framework hampered any possible relevance of intra-disciplinary
studies (Kelly 2013). Even more detrimental to Cultural Ecology was the tendency to
continue framing foraging societies as pristine relics, untouched by the world in their own
boundaries, as well as remaining unclear, like previous theories, about the mechanism of
change in cultures. These circumstances led to the fusion of ecological studies with
Darwinian evolutionary theory to form its own distinct field, Evolutionary Ecology
(Winterhalder and Smith 2000).
Evolutionary Ecology (EE) relies on the theory of natural selection in the
analysis of adaptive behavior, life history, and morphology within a given environment
(Cannon and Broughton 2010; Davies et al. 2012; Smith and Winterhalder 2009;
Winterhalder and Smith 2009). It is the examination of how the expressions and
13

adaptations of an animal’s behavior are entwined in a complex interplay with its genes
and environment, with “success” quantified as its survival and reproduction rates. HBE is
derived from EE to focus specifically on the phenotypes of behavior in humans within the
field of anthropology (Cannon and Broughton 2010; Kelly 2013). Thus, the models used
in HBE often test if an observed behavior follows a predicted behavior that optimizes the
return rates of energy, the currency which here quantifies success. These models are a
strong tool in testing hypotheses in archaeological research.
The Diet Breadth Model
Resource intensification is the general idea that a given environ is being
increasingly harvested, while the efficiency of that harvesting correspondingly decreases
(Bayham et al. 2011; Boserup 1965; Broughton 1994; Nagaoka 2002). When there is less
to go around for a bourgeoning population, a result may be an increase in the intensity of
processing resources, to maximize the gains from a single resource, as well as the
inclusion of less desirable prey in foraging forays. In the archaeological record, evidence
of this processing intensification and increased inclusion of less preferred resources into
the diet can be traced through time in the faunal remains. One model which provides the
framework for understanding the evidence is the Diet Breadth model (DBM).
The DBM is an optimization model that predicts individuals will
preferentially target larger resources like big game, because they will gain the most
energetic returns in calories compared to the energy expended in the procurement and
processing of it (Bayham 1979; Broughton 1994; Kelly 2013; Nagaoka 2002; O’Connell
1984). Thus, all the costs associated with hunting one deer is outweighed by the benefits
of its high caloric return rates. This is often compared to hunting a rabbit, in which the
14

search cost may be less, but the caloric return rates are less optimal given the processing
time. Therefore, each available resource in a given environment is assigned a ranking of
preferred foraging based on its caloric return rates.
The DBM assumes that the highest available resource will be targeted every
time. In an environment where there is no over hunting or competition, the expectations
would be met by the consistent deposition of remains of the highest ranked prey.
However, over time, a certain prey could be over hunted, and in this situation, lower
ranked prey are increasingly included into the diet. This increase of lower ranked prey
over time can indicate resource depression.
As the DBM provides the theory to understand this phenomena, various
analyses are used to operationalize the model. One such analysis is the Artiodactyl
Abundance Index. Any shifting in the foraging efficiency can be seen through time by
calculating the ratio of a higher ranked prey to a lower ranked prey in the faunal remains
between various levels of deposition. Essentially, this is calculating and tracking the
proportion of the typically highest ranked prey (artiodactyls) to the proportion of a lower
ranked prey resource. In this formula, artiodactyl proportions are typically calculated
against rabbits, or other small mammals. The logic regarding this is, if a hunter had the
intention (and therefore prepared) to hunt deer, we could not expect that the hunter could
settle for fish, were they unsuccessful since they did not prepare with the suite of
technology to capture fish. Thus, this particular index is strong, but it does not account
for the inclusion of species into the diet breadth as a whole.
To address this, Simpson’s Index of Diversity and Shannon’s Index of
Evenness are included in these analyses. These indices function similarly. They are both
15

mathematical formulas that provide a measure of species diversity within a community.
Their strength lies in their ability to address the richness (or number) of species to the
evenness (or number of individuals) within the species in that community (Nagaoka
2002; Reitz and Wing 1999). In short, they provide information on the entire community
structure, and indicate if the diet breadth is shifting.
Abundance indices like the Artiodactyl Abundance Index stated above can be
used with indices that measure for richness of taxa to gain a clearer resolution on the
nature of subsistence change. For example, Nagaoka (2002) refined the understanding of
subsistence change in New Zealand by analyzing changes in foraging efficiency through
abundance indices, in tangent with analyzing changes in the diet breadth through
measuring the relationship between taxon richness (the number of taxa in the sample) to
the sample size (the NISP). The first tests for the shift in the abundance of the highest
ranked prey, while the second tests for the shift of including higher numbers of prey into
the overall diet. In her study, she confirmed that the decline in large prey (moa and seals)
was largely due to human activity over time, and as these resources declined, the diet
breadth expanded to increase lower ranked prey and patches (Nagaoka 2002). This
research contested the hypothesis that moa went extinct as part of the “overkill model,”
where hunters who specialize in megafauna will hunt them until they are extinct. The
shifting in subsistence patterns was more gradual, and met the predictions of behaviors
which prioritize optimal energetic returns. Thus, together, the analyses presented a
refined illustration of subsistence change in circumstances of resource depression.
The above stated analyses, based in the DBM, address the first research goal,
to demonstrate that the Yana foraged under conditions of resource depression. As the
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model predicts, evidence of resource depression can be shown by a decrease in foraging
efficiency and an increased inclusion of lower ranked prey. Evidence of this behavior will
be measured using the Artiodactyl Abundance Index, Simpson’s Index of Diversity, and
Shannon’s Index of Evenness. To indicate resource depression, I expect the faunal
remains at Payne’s Cave to show a widening of the diet breadth, represented by an
inclusion of lower ranked species.
Patch Choice Model, Marginal Value
Theory, and Prey-As-Patch
The DBM provided the means to address one aspect of resource depression:
the inclusion of lower ranked prey into the diet. The Prey-As-Patch (PAP) model can be
used to address the second aspect of resource depression, the intensification of processing
resources. The PAP was developed as a variation of the Marginal Value Theorem
(MVT), so it is beneficial to discuss the Patch Choice model (PCM) and MVT before
translating it in its new application.
The PCM addresses the question of when to move to another location for
foraging (Kelly 2013; O’Connell and Hawkes 1984; Smith 1991). The first assumption
with this model is that resources are not spaced homogeneously throughout the
landscape, but rather concentrated in various degrees within random patches. Like the
DBM, these patches are ranked according to the highest return rates possible from
foraging within each patch, and the model assumes the foragers will know of and choose
the highest ranked patches. It is the MVT that provides the mathematical basis for
determining when foragers should move (Charnov 1976). Kelly (2013) illustrates this
particularly well with his example of berry picking:
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As the forager begins to collect berries, the harvest rate is high. But as he gathers
berries, the encounter rate declines; it becomes harder and harder to find berries,
and the return rate declines. Soon, the forager finds himself pulling up branches,
reaching deeper into the brambles, and scratching himself badly to pull off a single
berry. If the forager insists on staying in the patch to search for that last elusive
berry, he will have to eat the berries he has picked to keep going. The return rate is
now negative, and the forager is operating at a net loss. [Kelly 2013:65]
According to the MVT, a forager will move to another patch when the harvest return
rates and travel costs average down to the same rates as other patches. In other words, if
there is another berry field only a little farther away from home than the field that forager
is currently picking, there is no chance he will waste his time wrestling the brambles.
Foragers will move on to another patch before completely depleting the original patch’s
resources.
In research utilizing zooarchaeological data, a variation of the MVT is used
which replaces patches with individual carcasses (Burger et al. 2005). The PAP model
predicts the relationship between the intensity of processing a carcass and the overall
return rates garnered from the processing. To translate this from the PCM, patches are
prey resources, how long a forager spends in a patch is now the degree of processing
intensity on a single carcass, and the change in overall return rates is linked to the change
in time between the successful acquisition of other carcasses. So the question is no
longer, “How long do I stay in this patch collecting berries?” Rather, it is, “Given how
long it has been since my last successful kill, how long do I spend on processing this
carcass I have just acquired?” The processing effort or intensity can indicate whether the
hunter has experienced and expects more successful kills soon, or not (i.e., resource
stability).
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The PAP model hinges on a “fundamental optimizing prediction,” that the
highest quality parts of the carcass are consumed before the lower quality (Burger et al.
2005:1150). In other words, parts of a carcass are ranked just like how prey and patches
are ranked preferentially. Several examples of ethnoarchaeological data support this
trend, including Binford’s data on the Nunamiut (Burger et al. 2005). From his
observations, Binford saw that marrow extraction has a “negatively accelerating gain
function,” which means that with increasing processing effort to gain the marrow, the
return rates decline (Burger et al. 2005). The order of ranked elements that are processed
for marrow begin with the highest ranked elements, largely consisting of axial elements,
the femur, and the humerus. In times of resource depression, lower quality (utility)
elements are processed, including the tibia, radio-ulna, metapodials and finally phalanges.
The state of resource processing is thus inferred by the “stop element,” which is the
lowest utility element with evidence of spiral fracturing for marrow extraction (Burger et
al. 2005:1150). This stop element is the representation of the optimal time to “leave” the
prey patch, and discerning it in a faunal assemblage it is one way to operationalize the
PAP model.
Patch residence time may also be seen in an overall increase in processing
intensity quantified by the general increase of spiral fractures in the faunal remains.
Spiral fractures indicate marrow extraction, and an increase in fragmentation overall
would likewise indicate the decisions made regarding the optimal time spent on a patch,
in this case, that more effort was spent to extract marrow in times of resource instability.
Therefore, the PAP model will also be used to address the first hypothesis
regarding resource depression. As the DBM examines the evidence of decisions
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regarding the species of prey involved in foraging, the PAP examines the evidence of
decisions regarding how those prey are processed. Both the stop element and the
quantification of spiral fracturing will be tracked through time to provide an
understanding of the degree of processing conducted by the Yana both pre and post
contact era. To demonstrate evidence of resource depression, I expect to see increasingly
lower ranked stop elements for marrow processing through time, particularly at contact,
as well as an overall increase in the presence of spiral fractures.
Central Place Foraging Model
In the Central Place Foraging model (CPF), the question addressed here is
when and how much to field process a resource (Kelly 2013; Metcalf and Barlow 1992;
O’Connell et al. 1988, 1990; Zeanah 2002). This decision factors the cost of travel time,
transport energy costs, and various processing costs to the benefits of the targeted
resource of a foraging event. We can see this in the field processing of deer, both
archaeologically and ethnographically. Knowing that deer is a high ranked prey, hunters
will travel greater distances with the hope of returning successfully with their kill. If they
do find a deer, the return rates are worth the travel costs, but they still have to transport it
home. In instances where the distance is so great between the kill site and home base,
hunters will field process the deer, leaving behind parts of the carcass which do not yield
the most or best nutritional returns. The parts of the carcass that are carried home are
called “high utility elements,” because of the greater mass of nutritional tissue or marrow
on their associated bones. By cutting out the low utility elements, the weight is reduced
and thus, overall transport costs are reduced. In turn, this increases the return rates of the
resource. Generally speaking then, foragers include harvesting and processing time into
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their transport costs, and the model predicts that as the distances traveled for food
increases, the higher the return rates need to be to justify the various travel costs.
To operationalize this model, experimental butchery studies are used to
construct a Food Utility Index (FUI) for a given species that calculates the average return
rates for meat and marrow (Lyman 1994; Madrigal and Holt 2002). This is, of course,
after a Spearman’s Rank Correlation Coefficient is calculated to ensure the element
representation is not biased by taphonomic processes such as density-mediated attrition.
In this thesis, the average meat and marrow return rates were calculated through time,
which is a means of tracking if the Yana were prioritizing high utility elements in field
processing during contact era. For my second research goal, I state that the Yana became
highly mobile at culture contact. Therefore, in using the FUI, I expect to see artiodactyl
element representation increasingly (at contact era) reflect decisions to prioritize high
utility elements, which would indicate high mobility in Yana hunting, by reducing the
weight of lower utility elements on a carcass for transport home.
A Previous Study on Archaeological
Signatures of Euro-American Contact
It is important to discuss the theory and models used in a particular study
previously conducted on the faunal remains of Kingsley Cave (CA-TEH-1). This site is
located near to Payne’s Cave, in traditional Yana territory, and it was occupied during a
similar time in history to Payne’s Cave. Given the similar spatio-temporal context,
Gutierrez’s (2012) study was highly significant to this thesis. His finding were influential
to the theoretical decisions made in this thesis and aided in the expectations regarding the
faunal remains at Payne’s Cave.
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In his study, Gutierrez (2012) used the Ideal Despotic Distribution (IDD)
model to examine the effects of reduced territory on the Yana from culture contact. This
model, developed by Fretwell and Lucas (1970), is an adaptation to their primary model,
the Ideal Free Distribution (IFD). Originally developed for analysis of avian territoriality,
the models have since been applied to human behavioral studies (Bell and Winterhalder
2014; Codding and Jones 2013; Gutierrez 2012; Jazwa 2015; Kennett and Winterhalder
2008). The IFD addresses the relationship of population density to resource availability
(Fretwell and Lucas 1970). It states that individuals will know of the best resource
patches and have equal access to them. However, as population density rises, the best
patch becomes less optimal until it finally matches in suitability with a previously lesser
optimal patch. From here, individuals will continue to occupy increasingly marginal
regions when population densities increase and equalize the suitability of differentially
ranked patches. While this model provides valuable insight to questions of territoriality,
the problem is that it assumes all individuals have equal access to the best resources.
Acknowledging this assumption, Fretwell intended the IFD to be a null
hypothesis, and meant for the addition of other factors, “like despotic behavior,” to make
the model more applicable to reality (Sutherland 1996). Fretwell and Lucas then
developed the Ideal Dominance Distribution, or more recently known as the Ideal
Despotic Distribution (1970). This essentially examines the same relationship between
population density and resource availability, but it also accounts for when access to these
resources is unequal. Therefore, as individuals attempting to access the best patches or
resources are steadily pushed into lesser patches, the result is an imbalance in the
productivity of patches. Those individuals in control of the optimal resources are a
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smaller ratio of individuals compared to those forced into marginal areas, thus creating
the imbalance of productivity in patches. This model is clearly more appropriate than the
IFD when dealing with contexts of differential power.
Gutierrez (2012) likewise saw a parallel context with the Yana and EuroAmericans. He predicted that the faunal remains of Kingsley Cave would show evidence
of change to less optimal behaviors as the Yana were restricted in their native territorial
ranges. Specifically, this evidence would be shown by three different means: a greater
inclusion of lower ranked resources into the diet, an increase in the processing of
individual resources, and a greater focus on high utility elements transported from kill
sites. These three lines of evidence were Gutierrez’s hypotheses, which related to his
research goals for demonstrating resource depression and restricted mobility at contact
era. Gutierrez (2012) used the DBM, the PCM/MVT, and the CPF models to frame his
research goals, and the analyses he used to operationalize the models were largely similar
to those described above. His study was conducted logically and thoroughly, however,
the expectations for two out of his three hypotheses were not met. After conducting the
Artiodactyl Abundance Index, Gutierrez did not see evidence for a significant expansion
of the diet breadth to include lower ranked prey. The results from the averages of return
rates calculated from the FUI also did not show an increased bias to higher utility
elements. He did, however, demonstrate relative increases in processing intensity through
the quantification of weight:frequency ratios in fragmented artiodactyl remains through
time. Gutierrez’s (2012) study was theoretically sound, so it was a point of interest that
two of his logical hypotheses were not met in the analyses.
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This thesis was designed largely around the similar research goals, theoretical
framework, and analyses first conducted by Gutierrez (2012), but with one difference.
Rather than attempting to find evidence of restricted mobility, this study will attempt to
analyze data for evidence indicating a high level of Yana mobility at contact era. Thus,
the above described models and analyses are chosen with respect to research goals and
hypotheses stated in the previous chapter.
Chapter Summary
This chapter has outlined the theoretical background and framework for this
research. First, a general introduction to HBE was provided, including an explanation of
how the theory developed and how it is used in archaeological studies. Next, several
models were discussed, each followed with a description of the particular analyses
conducted to operationalize each model that will be used in this thesis. Each model and
analysis was connected back to a specific research goal and hypothesis to illustrate the
justification for its inclusion in this study. Finally, Gutierrez’s (2012) work was
highlighted for its particular importance to this thesis. The next chapter will discuss the
theory of seasonality, and how this frames studies conducted on subsistence settlement
patterns. Following that, a detailed examination into cementum increment analysis will
provide the concluding theoretical and background foundations for the final research goal
and hypothesis.
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CHAPTER III
OVERVIEW OF SEASONALITY,
SUBSISTENCE SETTLEMENT
PATTERNS, AND CEMENTUM
INCREMENT ANALYSIS
This chapter will provide a general introduction to the topic of seasonality in
archaeological research, and present some models of mobility patterns situated within
seasonality studies. Next, an overview of the various methods used to determine
seasonality using various types of archaeological remains is discussed. The remainder of
the chapter will expand on the particular method to determine seasonality used in this
study, cementum increment analysis (CIA). First, the anatomy of the tooth is illustrated,
which aids in the following explanation of the process of increment banding. Next a
timeline, composed only of the highlights of the development of the CIA method, is
provided, as well as some notes of considerations regarding taphonomy and the reliability
of CIA. Finally, this chapter concludes with a review of the previous research conducted
with CIA for site seasonality studies. The information in this chapter provides the theory
and background information needed to operationalize the third hypothesis of this thesis,
that Payne’s Cave was seasonally occupied during the Yana “winter round.”
An Introduction to Seasonality
A goal of archaeological research is to reconstruct past lifeways. How a
society utilized the resources of their environment plays a large role in that
reconstruction. A particular swath of land can be patchy in its variety of flora and fauna.
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Of a necessity then, the people inhabiting this land tailor their behavior to acquire
desirable resources throughout its possible spatio-temporal variety. This is the arena of
seasonality studies; examining the data of archaeological sites to make interpretations
about the season of occupation using the fundamental connection between a people, their
basic necessities, the environment from which they are procured, and the systems that
develop from patterns of procurement (Monks 1981). The analysis of data such as faunal
remains or flora data from floatation samples can help determine during which season(s)
sites were occupied. This thesis will focus on zooarchaeological data.
First, though, it is important to understand what is meant by the term
“season.” A season is a time of year marked by the relatively regular occurrence of an
event, which can be described in absolute dates or general sequential terms (Monks
1981). In the context of archaeology, absolutes dates are preferred but often difficult to
come by, while the latter (the terms spring, summer, fall, and winter), can be vague and
biased by our conception of what they define. Since the seasonal occupation of a site is
largely determined by the extent of choices a society made regarding their surrounding
environment, Jochim (1976) proposed the use of “economic seasons” which describe the
sequence of calendrical months that correspond with regular annual subsistence related
activities. These seasons are understood independently from our traditional four seasons,
and as such, can better reflect the natural spatio-temporal variation of specific
environments.
There are three basic components in determining the seasonality of a site:
human activity, which happened during an identified season, and at that very location
(Monks 1976). If the activity and location are confirmed, then the seasonality may be
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determined by, for example, the presence or absence of seasonal indicators. In this
method, if the location is a known winter habitat of certain migratory waterfowl species,
the presence of their remains would indicate a winter season occupation. The absence of
deer skulls with attached antlers, compared to the plethora of deer skulls without antlers,
indicate the site was not occupied in summer, since the shedding schedule of antlers is
known and regular.
Seasonality determinations are not as simple as ticking off a “present/absent”
checklist though. One seasonal indicator does not necessarily make a whole season of
occupation. An indicator provides data of an event, namely, its death (O’Brien 1994).
Once it is confirmed that human activity was responsible for its death, there must be more
evidence of these events, the repetition of which would then more likely indicate
occupancy. Even so, of the three basic components, location might be the most difficult
to confirm. The indicator is known by the season of its death, not the season of its
deposition into the archaeological record. The movement and curation of resources can
distort our interpretation of the record (Monks 1981). Not to mention, natural taphonomic
processes need to be considered: the absence of an indicator may be the result of
differential bone preservation, while the presence of one may be the result of an
industrious burrowing rodent. For these reasons, site seasonality determinations often use
multiple forms of data to corroborate seasonal readings and are increasingly associated
with rigorous theory and methods using models based on archaeological, ethnographic,
and environmental analogues.
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Subsistence-Settlement Patterns
Seasonality studies are largely based in an understanding of subsistence
settlement patterns. Of particular note is Binford’s (1980) forager/collector model, which
attempts to identify the archaeological signatures of mobility patterns and resource
scheduling. He states that there are two major kinds of settlement systems that develop
through the organization of subsistence strategies: foragers, who have high residential
mobility, and collectors, who have high logistic mobility. Foragers settle near their
resources, procure food on a daily basis, and move their residential sites to the next
fruitful patch of resources when the first is no longer productive (Binford 1980). The rate
of their mobility is relatively high, so the archaeological signature of their residential and
kill sites can be rather ephemeral. Collectors employ a different kind of mobility to
resolve the problem of spatially disparate resources. They reside near one critical
resource long term, and send organized task groups long distances away to bring back
other critical resources to the home base. These specialized logistical forays result in
more specialized site types left in the archaeological record, and the increased sedentism
results in a more visible trace.
These two types of mobility, systematically formed through subsistence
strategies, are patterned by the length of an environment’s growing season (Binford
1980). A society with high residential mobility is free to move unencumbered, because
the growing season of their environment must be relatively long and stable. However, a
society that needs to capitalize on a short growing season will stockpile resources when
they are abundant. The stored reserves of collectors only compound their original
inability to frequently move residentially. Thus, the conditions of the environment can
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support predictions for which kind of settlement pattern, on the continuum of mobility,
we could expect to see in the archaeological record (Binford 1980). In connection to
Payne’s Cave, the occupation of this site would have fit into patterns of settlement which
reflect Yana resource scheduling, given the environmental conditions of their traditional
territories, and would be visible in the archaeological record.
Another settlement pattern described by Bettinger and Baumhoff (1982) and
Bettinger (2015) is the traveler and processor strategy. Originally used to illustrate the
Numic spread, it distinguishes societies (processors) who maximize energy from the
resources of residential areas with low mobility compared to those (travelers) who
minimize the demands on their time by targeting and traveling to hunt large prey that is
easy to process. These two strategies are understood as part of different adaptive peaks on
evolutionary topography (Bettinger 2015). Each society, comprised of a variety of
systems, including subsistence, socio-political, ideological, and others, converge to form
a “locally optimal solution” (Bettinger and Baumhoff 1982:489). Because these systems
entwine together, innovation in one system can occur slowly and drag as the
accommodating shifting from the rest of the systems adjust. Notably, it is this drag in the
combined systems changing response that makes the shift from one subsistence strategy
to another less efficient than the traditional pattern, even if the new strategy has a
competitive advantage in the environment. This idea is the basis of Bettinger’s (2015)
explanation of the Numic spread, and how traveler tribes of the Great Basin could not
compete with the Numic processors, nor could they shift to that strategy with sufficient
immediate efficiency.
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It is true that Bettinger and Baumhoff (1982) did not intend for the
traveler/processor settlement pattern to be applied to a context of contact between EuroAmericans and Native Californians. However, the context of Payne’s Cave is at least
illustrative of competition for resources in the same territory using different subsistence
strategies. The social ramifications of this period extended to all aspects of native life; the
impact of Euro-American settlement shook systems of Yana lifeways. It could be
reasonably expected that traditional practices would need to change, if only to better
survive the ripples of Euro-American encroachment. This rationality is countered by
Bettinger and Baumhoff: “[D]uring periods of resource stress it is best to follow
traditional practices, despite their diminishing returns, because the same returns of nearly
all innovative behaviors are initially worse under these conditions (1982:489).” While
these subsistence-settlement patterns provide a framework for understanding Yana
lifeways, the application of optimal foraging theory models can help determine if and in
what ways traditional Yana subsistence systems changed in culture contact.
Indirect and Direct Methods for
Determining Seasonality
There is a variety of methods to determine seasonality in assemblages; Monks
(1981) categorized them as applications of direct and indirect lines of evidence. Indirect
methods include the analysis of soils, human mortality profiles, and the orientation of
interments. Different soils nurture the growth of different kinds of plants, and a soil
analysis can provide data on migration patterns of animal species reliant on specific
plants for subsistence. When a large portion of the young and elderly die after
experiencing dietary stress brought on by a seasonal fluctuation or a harsh winter illness,
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then the season of their death might be inferred by the mortality profile. Sometimes the
orientation of the burials can also be correlated to the season in which they died (Monks
1981). These methods could be used when archaeological materials are compromised by
decomposition, or when indicator items are absent from the record as the result of a
cultural behavior before deposition was possible. However, these indirect methods are
difficult to apply accurately since they require the combination of ecological and cultural
knowledge. Pike-Tay (1991) cautions that they provide, at best, the basis for a hypothesis
upon which more preferred direct methods can be tested.
Direct methods incorporate data from floral or faunal remains (Monks 1981;
Pike-Tay and Cosgrove 2002). As previously discussed as an example to explain
seasonality, one of the more common methods is the presence/absence record of indicator
species with known migration, hibernation, or other seasonal patterns. The development
and shedding of antlers occurs on a known regular schedule, as well as the formation and
reabsorption of the medullary bone in female birds. It can be difficult though, to interpret
the context of these bones without supporting lines of evidence.
The measurement of the eruption and wear of teeth against known rates of
growth and wear is beneficial as an accurate non-destructive method of determining
seasonality (Monks 1981). Unfortunately, the traditional application requires complete
maxillary (upper) or mandibular (lower) rows of teeth, which many faunal collections
may not provide (Pike-Tay 1991). Wright et al. (2014) have lately made strides in this
technique, modifying the wear charts to examine mandibular and maxillary teeth
individually, and each tooth divided into cusp quadrants. This enabled them to develop a
method for aging using tooth eruption and wear that can be applied to a single loose
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tooth. Unfortunately this technique has not been modified yet for successful
determination of seasonality; entire rows of teeth are still necessary for an analysis on
seasonality. Also, this method was developed on domestic pigs. Since teeth eruption and
wear patterns are species specific and largely dependent on diet, it would be necessary to
develop additional species specific versions of this technique.
Rivals et al. (2015:1) have developed a formula calculating the “variability of
scratch density” for microwear in ungulates depending on the season of death. As the
seasonal diet of deer change, the nature of the microwear on their teeth change as well,
and Rivals et al. have developed a tool which can potentially provide more information
about the seasonality of faunal remains. However, they caution that the use and results of
this tool will need to be complemented and confirmed by additional archaeological
sources of evidence and rigorous statistical tests.
Seasonality studies using stable isotope ratio analysis have seen a wider range
of application lately. Research originally focused on the oxygen isotopes in marine shell
that fluctuate from seasonal temperatures (Monks 1981). This limited the use of the
technique to areas where marine resources substantially contributed to subsistence
strategies (Higham and Horn 2000; Jones et al. 2008). A greater understanding of
isotopes has provided a richer application of isotope analysis in seasonality. For example,
Towers et al. (2014) examined cattle teeth (Bos taurus) from the British Isles using
oxygen and carbon isotopes to learn about prehistoric husbandry practices. Since cattle
are able to breed the whole year, the choice of seasonality in birthing cattle reflect the
surrounding economic and logistical decisions. Chritz (2009) combined isotope analysis
with cementum increment analysis to reconstruct the life-history of giant deer
32

(Megaloceros giganteus) and use this information to better understand the cause of their
extinction. Howcroft et al. (2014) used nitrogen and carbon isotopes to examine
breastfeeding and weening practices of a prehistoric marine-hunting population on the
Baltic Island, Gotland. The available seasonal resources included different species of seal
through winter to summer, herring through spring and summer, cod through fall and
winter, and pigs only in fall. These resources have different carbon isotope ratios given
their varied trophic levels, and these ratios can be translated into a seasonal subsistence
economy. The signatures of different isotope ratios in the remains of juvenile skeletons
indicate the season at which they were weened.
Drucker et al. (2012) conducted a study on modern caribou to provide herd or
individual provenience data based on the nitrogen and carbon isotopic signatures visible
through seasonal diet changes and climatic events. Within one individual, environmental
and diet reconstruction can be seen through the record of the first winter in M1 and the
second winter in M2 and M3 through the fluctuations of isotopes between years. Between
multiple individuals, distinctions can be made from individuals within a herd who
migrated and ate together from others, as the isotopic signatures are homogenous within a
herd. Drucker et al.’s 2012 study was the basis for the archaeological application of Price
et al.’s (2017) research using strontium, carbon, and oxygen isotopes to study the impact
of reindeer migration on hunters in Northern Germany during a time of great
environmental change in the Late Pleistocene. They were able to see some herd specific
preference of east to west reindeer migrations from summer to winter, keeping to the
plains of the region rather than venturing to higher elevations where other herds range
semi-permanently. Two archaeological village sites indicate that the hunters set up their
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winter camp in the middle of the winter field herd range, rather than along it as on a
migration path.
The last direct method to determine seasonality is measuring hard tissue
increments that are regularly deposited during the lifespan of an animal (Monks 1981;
Pike-Tay and Cosgrove 2002). Such structures grow in molluscs, fish, and mammals.
Like the well-known rings of growth in trees, incremental layers are deposited regularly,
though at different rates of growth depending on season of deposition within its cycle. An
understanding of these growth cycles also requires an intimate knowledge of the various
factors that can impact growth within a species, such as “spawning periods, migration,
nutrition, and temperature” (Monks 1981:193). For example, the dismissal of crucial
biological information on the growth rates of bivalve shells led to the creation and cited
use of an erroneous and overly simplified method to determine season of collection (or
death) for molluscs in archaeological research (Claasson 1990). The problem of highly
variable and vague growth rates in bivalves has since been addressed with alternative
methods (Goodwin et al. 2009), but the original blunder left its mark on a significant
portion of subsequent research (Claassen 1990).
There are several elements in fish that have been used in seasonality studies
since fish continuously grow throughout their lifespan, such as otoliths, vertebrae, scales,
operculae, and pectoral fin spines (Monks 1981). The focus of this research has been
centered around otoliths though, and increasingly in connection to stable isotope analysis
(Disspain et al. 2016; Higham and Horn 2000; Hufthammer et al. 2010; Van Neer et al.
1999; Van Neer et al. 2004)
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In mammals, research has been conducted on antler pedicels and other
mammalian bone as suitable incremental structures for seasonality (Leigh 1998; Pike-Tay
and Cosgrove 2002), however, teeth are largely the favored element in this research. In a
physiological context, living bone tissues are subjected to remodeling and resorption,
which then obfuscate the ability to be “read” from an archaeological context, while teeth
rarely exhibit such effects. This preference of teeth over other hard tissue is also due to
the simple fact that they better survive the taphonomic processes of an archaeological site
(Lyman 1994).
Mammalian Tooth Anatomy and
Increment Banding
There are three tissues that comprise a tooth: the dentine which forms the
body of the tooth, the enamel which covers the dentine above the jaw bone to form the
crown, and the cementum which seals the roots within the alveolar bone (Hillson 2005;
Lieberman 1994). The anatomy of a mammalian tooth is depicted in Figure 3. Cementum
is constantly deposited throughout the lifespan of teeth to keep them in place during
occlusion and to push them up as occlusal wear reduces their height. It is this tissue
which can be seen as incremental layers to be analyzed for data.
The cementing process is a complex weaving between collagen fibers and
mineralizing cells (Hillson 2005; Lieberman 1994). Between the outer edge of the tooth
and the alveolar bone in which it lies, there is a gap of space called the periodontal space.
Within this space are branches of a connective tissue called the periodontal ligament
(PDL). This connective tissue is made up of ground substance, blood vessels, various
types of cells, and various kinds of collagen fibers. It is the last two of these that are the
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Figure 3. Mammalian tooth anatomy.
important building blocks of the cementing process. The three types of cells involved in
this process are all “creating” cells: osteoblasts which make bone, fibroblasts which make
collagen fibers, and cementoblasts which make cementum. One of the many kinds of
collagen fibers in the PDL are Sharpey’s Fibers. These particular fibers are embedded in
either side of the alveolar bone and the cementum, and project into the periodontal space
to form a lattice-work of collagen fibers, shown in Figure 4. The “creating” cells in the
PDL all work together to form a collagen matrix around Sharpey’s fibers, and calcify the
lattice spaces by depositing the mineral hydroxyapatite. This process is repeated as the
collagen fibers are resorbed by “cutting” cells (which cut down the matrix) due to
mechanical stress in occlusion.
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Figure 4. The periodontal space and periodontal ligament.
Not all cementum is created equally though; the differences in growth and
composition between cellular and acellular cementum impact what is visible in
cementum increment analysis (CIA) (Lieberman 1994). Cellular cementum grows
quickly to fill in gaps under the molar pad region and at the apical ends of the roots
during tooth eruption. As a result, the layers of the cementum do not form in regular
widths, nor do they band evenly. This cementum is also characterized by containing
cementocytes, due to the quick nature of its growth. Cementocytes are formerly
cementoblasts that were caught in the cementum matrix and died within it. Eventually the
cementocytes completely decompose, leaving behind nothing but the holes they once
occupied, which are called lacunae. Thus, cellular cementum is less mineralized than
acellular, and its wavy, uneven bands make it less suitable for analysis. Whereas acellular
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cementum does not contain cementocytes, and it deposits along the length of the root in
gradual, regular and distinct layers, making it ideal for age and seasonality analysis
(Lieberman 1994). This thesis was conducted with acellular cementum, and every future
reference to cementum in this thesis should be understood as “acellular cementum,”
unless otherwise stated.
To see the bands of cementum, a tooth is cut and prepared to be seen on a
slide through transmitted polarized light. Through this light, the layers of cementum are
seen as either “translucent” or “opaque” increments. Bands that are seen as translucent
under transmitted polarized light are seen as opaque under reflected light, and bands that
are seen as opaque under transmitted polarized light are seen as translucent under
reflected light. For clarity, I will use the terms translucent and opaque as they are seen
through transmitted polarized light only. Since these bands correspond with a season of
deposition, they alternate regularly, and the thickness of the final band indicates the
season of death for the individual. Typically, opaque bands are associated with periods of
reduced growth, or winter seasons, while translucent bands are associated with periods of
faster and thicker growth, as in summer seasons. This alternating banding is the result of
variation in mineralization and collagen orientation within the cementum microstructure,
seen through transmitted polarized light.
However, this is essentially the extent of all that is generally agreed upon,
regarding the mechanism behind the annual growth cycle of incremental bands (Gordon
1993; Jones 2012; Lam 2008; Lieberman 1994). Researchers have been attempting to
understand the secondary factors that influence the cementum microstructure, but we are
still largely ignorant of their correlations. For example, differential nutrition in seasonally
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available resources has been examined, however, the deficit of nutrition in winter alone
has led to three likely hypotheses providing conflicting results of hypo and
hypermineralization for the same winter band (Lieberman 1994). A calcium deficit
portends the lack of calcium available for mineralization, hence, the hypomineralization
in this scenario. Whereas a general nutritional deficit could slow the cementogensis
process or the production of Sharpey’s fibers, both instances resulting in (relative)
hypermineralization.
Biomechanical stress has also been examined as a secondary factor. Winter
subsistence resources are typically lower in nutritional quality, and physically tougher for
mastication. Thus, the variation in cementum microstructure is here hypothesized as a
response to the additional force required to maintain nutrition from chewing higher
amounts of tough resources. The strain is accommodated by: an increase in the quantity
of collagen fibers produced, an increase in mineralization from slowed growth, or the
mineralization of collagen fibers at a more vertical angle (Lieberman 1994:529).
It was suggested that the hormones testosterone and oestrogen could be a
secondary factor since they indirectly affect bone growth, however this was dismissed for
a lack of definitive evidence connecting hormonal cycles to the causation of cementum
growth (Lieberman 1994). More likely, the nutritional stress caused by reproductive
behaviors in males and females could contribute to the cementum microstructure. The
stress from pregnancy in females and the seasonal competition between males has been
shown to manifest in several ways affecting bone growth and could likely indirectly
impact cementum growth.
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One such indirect manifestation was illustrated by Lam’s (2008) CIA research
on springbok from the South African Cape. Samples were taken from specimens that
lived in regions with a winter rainfall, a summer rainfall, and an all-year rainfall to be
used as a future reference for bovids with similar diets from all three zones. These
samples included specimens from two known mass kill events. The August 1998 event
that occurred in the winter rainfall zone contained seven males and nine females.
Strangely though, only three of the males had the expected opaque outer increment, while
all nine of the females had it. The October 1998 event occurred in a zone with all-year
rainfall, in which seven males and four females died. This time, five of the seven males
had the expected translucent outer increment, and again all the females had it. Lam
hypothesized that this difference between the sexes is reflective of the social organization
of springbok. Male springbok are either breeders or bachelors. The breeders are
territorial, and thus limited in the quality of available forage by the dry season. The
bachelors are free to roam whatever secondary patches they can find; they are exclude
from the higher quality territories, but not limited to a territory either. This difference in
the male behavior (and thus diets) might explain the varied increment deposition.
Females are not restricted in their mobility at all and reflect the formation of increments
congruent with the most optimal forage available. The sub-sample data of these mass kill
events show that while there is high seasonality in the diet of springbok, there is no
consistent pattern that would make a high resolution of seasonality data possible.
Environmental factors like climate, latitude, and available sunlight all also
indirectly affect cementum microstructure, because they all relate to the possible
variation in diet and habitat (Lieberman 1994).
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The fact is simply that we still do not understand the phenomenon of
increment banding. The educated guess is that likely, cementum microstructure is
influenced by some combination of all of the above listed factors (Jones 2012). The end
point, stated with a sigh of relief, is that, despite this hole in our knowledge, it is known
that CIA is an effective method to gather season of death data.
Early CIA Method and Taphonomic
Considerations
The history of the CIA method has been thoroughly discussed elsewhere and
will not be repeated in full detail here (Leigh 1998). The highlights are the origins of
increment analysis on teeth, originally used in biological research, and the adaptations of
the two general processing techniques, histological and petrological, for archaeological
use. Histology is the study of cells and tissue from plants and animals using microscopy,
so in this tradition of sample preparation, a tooth thin section is typically decalcified
using chemicals and stained with metachromatic or haematoxylin dye. Petrography uses
microscopy to examine thin sections of minerals in geological research. Sample
preparation for thin sections typically include an epoxy resin mold before cutting with a
diamond saw, grinding, and mounting to a slide. Past studies have incorporated elements
of both traditions of microscopy, since teeth are a biological tissue, yet necessitate tools
for cutting hard and dense materials. Choosing which elements of which technique to
include largely depend on the nature of the tooth being processed: the species of animal
it comes from, and the condition of the individual tooth’s preservation.
The wildlife biologist, Laws (1953), is credited for his early increment
analysis on elephant seals, while Scheffer simultaneously and independently conducted
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his own similar research with northern fur seals. In Laws’ 1953 article, he reviewed the
techniques and results conducted in his own research as well as Scheffer’s, in an effort to
standardize a method in preparation for application to other vertebrates. It is curious that
Laws expressed his frustration with the various contemporary methods used for age
determination, stating that they only provide estimates, and they often cannot be
generally applied to any animal, yet the analysis of tooth cementum was clearly already
known and regarded as a reliable method. Laws suggested CIA as a means to check the
age determinations garnered by the technique proposed in Scheffer’s and Laws’ articles
(Laws 1953:5). Indeed, these studies examined the incremental structures of the dentine
microscopically, for comparison and translation to the outside ridges of the tooth seen
macroscopically. Arguably, these dentine increments could provide a much higher
refinement of age determination for elephant seals, within two months of accuracy,
unfortunately this technique could not be translated to other species. In northern fur seals,
Scheffer noted (as stated in Laws 1953) the outside ridges are eventually obscured by
layers of cementum anyway, necessitating the preparation of thin sections to get an age
determination for a seal over five years old. Worse, the pulp of the canine closes after ten
years. This means that the tooth is no longer growing and increments cease to form. Thus,
the dentine increment analysis is species specific, and limited in providing that reliable
general method Laws yearned for. What he did provide, though, was an outline of the
preparation of thin sections of teeth for microscopy.
Laws prepared his thin sections using standard petrological techniques with an
addition of various stains. The fact that his sample of canines came from seals that had
been recently culled for his research meant that the teeth were still strong, so there was no
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need to set them in an epoxy resin mold before cutting. The samples were first cut with a
hacksaw blade, and then the cross sections were ground with a file, then sandpapered,
and finally polished on a glass surface with water. Some of the teeth had become
discolored from a natural fatty substance, and needed to be set in a solution for dissolving
the substance. Laws attempted to clarify the incremental structures with three different
kinds of stains, however the increments did not absorb the dyes in any differentially
meaningful way. The only clarifying tool that helped was the application of a “spirit,”
which is an immersion oil still used today for cleaning and sharpening the image of thin
sections when seen through microscopy (Laws 1953:2).
Fisher and MacKenzie (1954) provided detailed instructions on mass
petrological preparation of dentine thin sections for population analyses in wildlife
management. These instructions are largely the mechanics for machinery which will aid
future scientists in processing the sheer quantities of thin sections that are part of
population studies. They describe a jeweler’s saw with a vacuum for drawing off the
tooth dust while cutting. Even more beneficial is their custom-made grinding machine.
These tools significantly cut the manual labor involved in this process and were
employed in future studies.
Sergeant and Pimlott (1959) used the above technique for mass analysis to
examine moose incisors, and this study is notable for three reasons. First, before their
research, increment analysis had been used almost exclusively on marine mammals.
Sergeant and Pimlott were the first to conduct increment analysis on a terrestrial
mammal. Further, their choice of analysis on moose (Alces alces) opened the floodgates
for the rich future of CIA analysis on even toed ungulates in general. Second, although
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their study was intended for dentine increment analysis, Sergeant and Pimlott were the
first to clearly favor the cementum over the dentine. In the samples from older
individuals, the dentine increments were too thin to be clearly distinguished, compared to
the cementum increments. Finally, Sergeant and Pimlott were the first to note the
potential for seasonal data that could be garnered in recognizing the regular deposition of
biannual layers. From here, CIA was increasingly applied to biological studies of various
vertebrate species, but it wasn’t used in archaeological studies until almost ten years later.
Saxon and Higham (1968, 1969) confirmed the existence of dentine and
cementum increments in domesticated sheep (Ovis aries) from a modern sample with
known sexes and age at death. There was doubt that increments would form in the teeth
of a domesticated species, since increment formation is so intimately connected with the
seasonal changes of available foliage and thus diets. Would increments form in animals
whose diets are regulated to ensure consistent and bountiful meals? This study confirmed
that even in this context, the metabolic processes of the sheep maintained a regular heavy
summer intake and a reduced winter intake, despite the plentiful food available, which
corresponded to the cementum increments present in domesticated sheep teeth (Saxon
and Higham 1969).
The success of their age determinations from this modern control sample led
Saxon and Higham (1969) to attempt CIA on a prehistoric sample of sheep’s teeth from a
South British Iron Age settlement. This part of their research was conducted to address
the question of preservation quality of samples from an archaeological context: do
cementum layers survive taphonomic processes? The results proclaimed a resounding
“yes!” The excitement is almost tangible as Saxon and Higham discuss the implications
44

of this analysis on future research of “prehistoric economic patterns” (1969:309-310).
Notably, they describe avenues of research where seasonality data will be most beneficial
in learning more about animal husbandry and prehistoric hunting patterns.
To help determine the best technique for standardization in an archaeological
context, Saxon and Higham (1969) used both a standard histological technique and an
adapted petrological technique when preparing the modern and archaeological samples.
Samples prepared in the histological technique included decalcifying the samples in a
formaldehyde and formic acid solution, which resulted in partially disintegrated teeth in
thin sections. Their limited efficacy was in areas where the enamel and cementum
overlap-a feature particular to the morphology of O. aries teeth. More recent research has
confirmed that the decalcification process will often result in undesired tooth
disintegration (Lieberman 1994).
Saxon and Higham (1969) also stained their thin sections and did not state any
complications with the use of haematoxylin dye, however this is generally not
recommended for archaeological specimens any longer. Beasley et al. (1992) note that
haematoxylin stains adhere to the organic material of the tooth, and the collagen fibers
within the cementum have decomposed in samples from archaeological contexts. The
fickle results of these stains have led to some serious confusion in CIA research
conducted on African fauna. Certain species of ungulates were reported to have dual
patterns of increments and were explained as a response to the dual rainfall patterns
experienced in certain environments on the African continent. O’Brien (1994) noted that
these studies all used histological techniques for thin section preparation, and used
cellular cementum in their analysis. He conducted CIA on four modern species of African
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ungulates and, using systematic petrological techniques on acellular cementum,
demonstrated that these species exhibit one translucent and one opaque increment
annually, regardless of differing rainfall patterns. O’Brien concluded that the dyes were
staining the “interlamellar regions between increments,” and that previous scientists were
fitting these increment patterns into their knowledge of rainfall patterns (1994:66). For
this reason, the practice of staining has largely been abandoned by archaeologists.
For the petrological preparation of thin sections, Saxon and Higham (1969)
found that the prehistoric teeth were too brittle to be polished on a traditional diamond
lapidary grinder. In a later study, Bourque et al. (1978) likewise noted the fragility of the
bare teeth from archaeological samples when cut or ground on traditional lapidary tools.
These early discoveries have led to the practice of setting teeth in an epoxy resin mold, so
as to limit the potential damage to the cementum layer during cutting and grinding.
Although Saxon and Higham’s (1969) study intended to address if the
preservation on prehistoric samples of teeth is sufficient for CIA, more detail was needed
to settle the question of the effects of taphonomic processes on archaeological specimens.
This is no small matter; as Thomas states, “[d]isproportionate removal of cementum due
to taphonomic effects has the ability to bias seasonality estimations, thereby convoluting
interpretations of settlement patterning and site function” (2003:87). The possible
abrasion and removal of outer increments led to a wariness of including isolated teeth in
samples for thin sectioning, since these teeth did not have the benefit of protection within
the alveolar bone. However, O’Brien (1994) and Thomas (2003) temper this reaction by
noting that the exclusion of isolates would disqualify a large portion of what is often
available for CIA in archaeological assemblages, and that it is possible to account for the
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possible abrasion of these specimens with critical examination under high magnification.
Thomas recounts a study where she examined thin sections from 10 individuals, all with
a range of abrasion “from highly affected to inconsequential,” to test their potential for
incorrect determinations (2003:90). Despite their collective subpar condition, none of the
specimens were incorrectly analyzed, since there was always at least a portion of the
complete outer layer present.
A Note on the Reliability of CIA
Cementum increment analysis is a destructive process, but it has been shown
to provide reliable results for determining seasonality compared to other non-destructive
methods. However, this reliability is hard earned on the part of the examiner, who must
devote extreme time and effort to master this technique before obtaining reliability in its
results. Lubinski and O’Brien (2001) demonstrate this fact with their pronghorn study
from the mass mortality site in Green River, Wyoming. On November 3, 1991, 150
pronghorn ran off a cliff and fell to their death. The remains provided a rare opportunity
to test various dental methods of aging and seasonality, particularly CIA. A total of 28
first molars were analyzed, and their results showed that 22 out of the 28 (79%)
confirmed the November “season” mortality event. In discussing the cause of variation in
results for the remaining six teeth, Lubinski and O’Brien stated that it could have come
from three sources. The first possible source was that some of the specimens examined
could have died at a different time, thus revealing a lack of association with the
November 3rd mortality event. The second source could have simply been individual
variation, which is natural in all life. The third possible source was observer error. In the
end, they decided that it was most likely the third explanation, stressing the “difficulties
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inherent in estimating relative increment width” (2001:834). (Lam [2008] later noted that
pronghorn have a social organization similar to springbok, and, without having noted the
sex of each specimen, it is possible the variation in Lubinski and O’Brien’s sample was
also due to the “breeder/bachelor” dichotomy of male pronghorn.)
Misidentification can occur from counting sediment attached to the surface of
the tooth, various optical effects from viewing the specimen through a transmitted
polarized microscope, as well as from human error in processing the specimen through
the method. In fact, Lubinski and O’Brien state that a certain percentage of
misidentification should be expected due to observer error. According to a blind study
conducted by Lieberman (as reported in Lubinski and O’Brien 2001), a mean
misidentification error was calculated for two independent observers at 12.5% (original
percentages were 10% and 15%). Lubinski and O’Brien calculated their misidentification
error at 11%, which they state is within what should be considered an expected rate of
error. However, if this rate of error is accounted for by the investigator, and steps are
made to dedicate time to becoming proficient in this method, then the results of CIA are
worth the effort in earning them.
For example, Thomas (2003) addressed the issue of inter-observer subjectivity
in CIA in her re-examination of the bison specimens from the Wahkpa Chu’gn kill site in
north-central Montana. The original seasonality analysis for this site was included in a
mass compilation of seasonality studies of 38 prehistoric sites in Alberta and Montana
conducted by Brumley and Peck. Sources of data included CIA, tooth eruption, tooth
wear, and the presence and development of fetal or newborn remains. In the report from
Brumley and Peck, the CIA results for seasonality determinations at Wahkpa Chu’gn did
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not agree with the results from the analyses on tooth eruption, wear, and fetal/newborn
development. In fact, a majority of the sites in the report showed a discrepancy between
CIA data to their corresponding site data from tooth eruption, wear, and fetal/newborn
development. They proposed the source of error came from CIA observer subjectivity.
Thomas (2003) demonstrated that when CIA is conducted with rigorous
methods, objective results are produced and replicated by technicians proficient in the
method. To achieve this, she took independent readings of the entire original sample
twice. She also prepared an additional 60 thin sections from the original sample and took
independent readings of these twice. Only after all the data was collected from the thin
sections were they compiled and compared. Comparisons of the first and second readings
for the original sample set showed very similar results, as well as the two readings for the
additional 60 thin sections. These sets of readings were also compared to the data
garnered from Brumley and Peck’s report, and again, showed very similar results. To be
more precise, there was strong correlation between the independent readings of 80% of
the total sample. Thomas concluded with the same seasonality determinations as those
written in the Brumley and Peck report, demonstrating objectively obtained and
replicable results.
Previous Research
The following are examples of previous research which have used CIA to
better understand site occupation patterns and seasonal mobility.
Li et al. (2017) conduct CIA on samples from two species of wild horse
(Equus przewalskii and E. hemionus) recovered from the Late Pleistocene site Xujiayao
in China. Their sample of 30 specimens was prepared for thin sections in the petrological
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technique, 23 of which provided readable results. The analysis revealed that these species
of wild horse were hunted throughout the year, but largely skewed to the cold season
(November through March). Li et al. postulate that the cold season emphasis in equid
hunting might illustrate a level of seasonal food stress akin to that experienced by the
Hadza or San of Africa.
Jones (2012) examined gazelle teeth from two sites, known as “Mega Sites,”
in East Jordan from the Epipaleolithic period. These large sites are atypical of the time
period, since all other sites that have been studied are of a much smaller, ephemeral
nature. Two hypotheses have been postulated to explain their presence: a) they
developed as “aggregations of people exploiting the seasonal migrations of gazelle”
(2012:196), or b) the sites grew over multiple seasons of repeated occupation. The CIA
results should support one of these hypotheses, by either showing consistent limited
season of death for all the samples, or showing varied seasonality. Thin sections were
prepared using petrographic techniques, and a blind test by an independent observer was
used to confirm the results of the analysis. The results from a total sample of 19
specimens included data which indicated the season of death for both the
“spring/summer” and “fall/winter” seasons. Unfortunately, the season of death could not
be more refined to a more specific time period according to the visibility of the
increments in gazelle teeth. While Jones was hesitant to make any firm conclusions due
to their sample size, she stated that the data did at least support site occupation at both
Mega Sites for multiple seasons.
Pike-Tay et al. (2008) expand on the research of Pike-Tay and Cosgrove
(2002) and conduct CIA on samples of Bennett’s Wallaby teeth from four cave sites in
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Southwest Tasmania to track the mobility patterns of hunter-gatherers dating to the late
Pleistocene. The season of death data from the wallaby samples were used to better
understand if caves of different altitudes were inhabited seasonally, as well as how the
data compared to the current conceptions of mobility patterns of Tasmanian Aborigines.
The sample of archaeological teeth came from a total of 130 mandibles, and were
compared to the control sample examined in the Pike-Tay and Cosgrove 2002 study. The
results indicated that the two caves from the lowland valley showed 93% of wallaby
deaths occurring during the coldest seasons (fall to spring) while the upland valley caves
showed season of death data for 100% of the samples during the spring to summer
seasons. The implications of these results led the authors to hypothesize that late glacial
age Tasmanian Aborigines hunted wallaby in a “low frequency patch” system that had
high efficiency when scheduled according to altitude and season (Pike-Tay et al.
2008:2541). They suspect that the mobility patterns previously suggested involving long
distance movement along north to south paths looks more like regional foraging
behavior.
O’Brien (1994) had two goals in his dissertation. The first was to confirm
whether the four East African mammals included in his study (buffalo, zebra, kongoni,
and impala) were in fact suitable for CIA. As previously mentioned, the continued use of
haematoxylin stains in African specimens obfuscated the reality of the increment
deposition pattern. Once O’Brien confirmed the visible annual increments in all four
species, his second goal was to apply the data to better understanding Hadza seasonal
mobility. A portion of the samples came from observed and abandoned Hadza camp sites
and kill sites. The samples from these sites were tested for seasonality against the
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expectations of seasonality concluded from available ethnoarchaeological literature and
newly collected informant information. His results from the CIA generally agree with
informant information; areas that had a restricted range of occupation also show data in
the analysis of a “restricted range of seasonality values” (1994:348). Likewise, the
opposite is also true in sites with longer occupation ranges, showing corresponding data
with longer ranges of seasonality values.
However, data from two of the eight Hadza sites highlighted questions for
further investigation. In these two assemblages, there were remains of kongoni in a
context that contradicted the current ethnography and informant information. The
analysis determined the season of death for all but one of the kongoni from both the
assemblages was during the late wet/early dry season. This was in contradiction to the
ethnography and new interviews which stated that species have season-specific periods
for hunting, and the kongoni is hunted in the late dry season. Also, the ethnography stated
that certain areas are occupied during specific seasons, in a “dichotomy of wet and dry
seasonal occupation and activity” (1994:348). The two sites that contained the off-season
kongoni remains were also traditionally regarded as dry season occupation sites. So not
only was the season of death for the kongoni atypical of Hadza ethnography, but the
location itself, having been occupied at all during the wet season was atypical too. When
first presented with this data, O’Brien questioned looking into this particular resource
acquisition with skeletal transport decisions and comparing the remains to those from dry
season kills. However, he suggested this atypical pattern may more likely be the result of
territorial families on the landscape rather than a reflection of behaviors regarding
seasonal changes in prey distribution.
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In Thomas’ (2003) re-examination of the bison teeth from Wahkpa Chu’gn,
she addressed the seasonality determination discrepancies between the increment data to
the tooth eruption, tooth wear, and fetal/newborn development data from the original
Brumley and Peck site report. As previously stated, after controlling for observer bias in
her research, Thomas arrived at the same seasonality determinations as those documented
in the original site report. According to the CIA database, it appeared that bison had been
killed at Wahkpa Chu’gn throughout the annual seasons, showing a peak season of kills
in fall and a lesser extent of activity in winter and summer. This seemed to be in contrast
to the data provided by the tooth eruption, tooth wear, and fetal/newborn development
analysis, which showed evidence of activity from early fall throughout early spring, and
none at all in late spring or summer. To provide another source of data that could
possibly bridge the discrepancies, Thomas compared her CIA database to the current
theoretical models regarding the mobility patterns of Great Plains Native Americans,
constructed from ethnographic, archaeological, and historic literature.
Bison were an important species to the Native Americans, not only for their
primary resource as food, but for their secondary resources as raw material for
constructing clothing, tools, and shelter. The question then, was how the migrations of
the herds affected settlement patterns of the peoples reliant upon access to them. Bison
kill sites from drives are sometimes so large they seem like the result of a mass kill event.
However, they are typically the conglomeration of several different smaller kill events.
Conducting a bison drive was a costly activity, both in energy and risk, so the
examination of seasonal data helps illuminate some of the management decisions
involved in operating a drive.
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Though the natural migratory patterns of bison are unknown, Thomas (2003)
referred to some historical documents to illustrate the general movement of herds in
northern Montana. In the cold winter months, the bison move up to the foothill regions,
and as the cold recedes from the plains, the bison disperse to the open lands. As spring
turns to summer, however, the water reserves in the plains dry up, and the bison
congregate to areas of known water sources. Near Wahkpa Chu’gn lies the Milk River,
which contains water throughout the dry months, so this location would have been a
predictably productive site to operate drives throughout the year. Thomas concluded that
the CIA data was in general agreement with the expectations of seasonal data from the
historic and ethnographic literature.
O’Brien (2001) illustrated the necessity of challenging our site seasonality
determinations through critical examination of the site as a whole in his discussion about
Black Rock rockshelter in traditional Yahi Yana territory, northern California. This site
was previously suggested to most likely be a village or base camp based on the seasonal
indicators seen there. These indicators included the presence of groundstone, as well as
artifacts made from plant materials. It was assumed that the presence of these perishable
artifacts implied site occupation during seasons in which the plant materials could be
gathered (namely spring through fall). O’Brien noted that perishable artifacts are often
“highly curated,” and that the deposition of them as seen in the archaeological record
does not inherently correspond to their collection (2001:24).
A sample of Mule Deer (Odocoileus hemionus) thin sections from the Black
Rock faunal assemblage had already been analyzed in Leigh’s (1998) thesis. (Leigh’s
1998 thesis will be discussed in greater detail below.) O’Brien prepared additional thin
54

sections from new teeth in the assemblage and confirmed Leigh’s original findings. The
consistent outer increment widths showing season of death data for early spring and late
fall led both Leigh (1998) and O’Brien (2001) to hypothesize that the site was used as a
hunting camp, where the natural rock formations allowed for the Yana to ambush the
deer during their seasonal spring and fall migrations.
O’Brien admitted though, that more data was needed to address the seasonal
“occupation” of Black Rock; thus far he had only confirmed that deer had died there in
several events during the spring and fall. It is here O’Brien highlights the importance of
considering the site collection as a whole. The faunal assemblage was dominated by low
utility and axial elements. This is the classic signature of hunters processing a carcass for
transportation in field, leaving behind the low yielding parts of the skeleton to reduce the
weight for travel. Although O’Brien’s (2001) article was written before the report for
Black Rock was officially concluded, he suggested that the other artifacts (lithic and
perishable) are consistent with what would be expected at a hunting camp, rather than a
base camp. In addressing the presence of groundstone, O’Brien reminded us that it was “a
minor complement to the overall assemblage, and suggests possible overlay of site
activities” occurring later in time (2001:25).
Leigh’s (1998) thesis is discussed and distinguished here with emphasis for
several reasons. Her research was the first to conduct CIA on modern and archaeological
samples of mule deer (Odocoileus hemionus) situated in Northern California. This is
extremely relevant as the location and species in Leigh’s study are the same general
location and species concerned in this thesis. She gathered a control sample of twelve
deer teeth from modern specimens with known dates of death and compiled these results
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to establish a baseline for comparison to studies with specimens from an archaeological
context. It was important to create this regionally specific database since the deposition
schedule for mule deer was still unknown. Considering the abundance and prevalence of
the species in faunal assemblages in the area, this was the apical opportunity to enable
further research in seasonality and thus mobility studies.
The control sample comprised of six teeth taken from the Department of
Anthropology Zooarchaeology laboratory at California State University in Chico, and six
teeth from the California Department of Fish and Game Field Station in Rancho Cordova.
The first molar was chosen for all the samples; the early eruption of the tooth means that
it is in itself a complete record of all the seasons lived by the deer. Table 2 lists the
number of teeth with their outer increments, percentage of the final increment present,
and the known month of death. The results of her increment readings aligned with the
known dates.

Table 2. Leigh’s Control Sample of Mule Deer Teeth. Data from Leigh (1998:77).
Specimen
1
2
3
4
5
6
7
8
9
10
11
12

Outer Increment
Translucent
Opaque
Translucent
Translucent
Translucent
Translucent
Opaque
Opaque
Translucent
Translucent
Translucent
Translucent

% Final Increment
1.0
.25
1.0
.75
1.0
.75
1.0
1.0
1.0
.50
.50
1.0
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Date of Death
September
January
October
September
September
September
February
February
November
July
August
October

Leigh (1998) admitted that the dates of death were biased to the fall season in
particular and lamented the absence of specimens with May and December dates.
However, with the addition of data from deer ecology and other studies conducted on
cervid species, Leigh’s deposition schedule is the most refined database available to the
Northern Californian region and has been generally accepted in later research. Table 3
shows the percentage of the outer increment in quarters, followed by the corresponding
deposition period in months and general seasons.
Table 3. Increment Percentages with Deposition and Season Periods. Data from Leigh
(1998:83).
Outer Increment
Opaque:
Translucent:

.25
1.0
.25
.50
.75
1.0

Deposition Period
December-January
February-April
May-June
July-August
September
September-November

Season
Winter
Early Spring
Late Spring
Early Summer
Late Summer
Fall

Following the success of her control sample readings, she conducted CIA on
25 mule deer teeth from two different archaeological collections, for a total of 50 teeth.
The first collection came from site (CA-TEH-199), a rockshelter with a deep midden.
The second collection came from site (CA-TEH-563), a large open prehistoric winter
hunting camp. Both of these sites are along Mill Creek in Tehama County, CA, in
traditional Yahi Yana territory. Leigh (1998) used petrological techniques on the
samples, and made a total of 147 slides from the 50 teeth. Just one slide provided
readable results from site (CA-TEH-536). Leigh hypothesized that this might be the
result of taphonomy and disparate preservation, due to the open nature of the site. The
single sample had an outer translucent layer, which indicated a late spring season of
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death. Site (CA-TEH-199) provided readable results for 19 out of the 25 teeth samples,
perhaps due to the sheltered nature of the rockshelter. Of the readable slides, 79% of
them indicate a late spring or fall season of death.
To Leigh (1998), and later O’Brien (2001), it appeared that site (CA-TEH199) was associated with bimodal seasons of deer hunting, but it required the
examination of additional data to link death events to occupation and eventually
seasonality. Leigh noted that the faunal material was deposited along with many artifacts
of different types, as well as the clear modifications on faunal remains indicative of
human processing and consumption. Thus, the death events were clearly associated with
human activity.
Leigh also researched the migration ranges of the Eastern Tehama Deer Herd,
which her samples were once part of. The division of summer and winter ranges is
between around 2,500-3,500 feet in elevation. The fall migration generally begins in
early September, and the herd arrives to the winter range around mid-October. The spring
migration begins in April, and it moves at a more leisurely pace as the deer follow the
growth of new forage up higher elevations. These migrations move through corridors in
the natural landscape, through the ridge lines that form along the major creeks of the area
(including Battle Creek, Antelope Creek, Mill Creek, and Deer Creek). Along these
corridors are “holding areas” where the herd stops to rest; these areas are typically at
around 3,000 feet in elevation and well known by hunters (Leigh 1998:102). Leigh knew
that there are at least two such holding areas near (CA-TEH-199), and migration
corridors on either side Mill Creek. The last piece of corroborating evidence was the
elevation of the site; at 2,600 feet it was within the intermediate range between the herd
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winter and summer ranges. This led Leigh (1998) to conclude that the site was used as a
deer hunting camp, with the Yahi encountering them along their migration route. The
CIA data supported this with the majority dates of death during seasons corresponding
with the natural migration schedule of when the deer would be in those areas.
Chapter Summary
This chapter has examined the theory of seasonality and various methods to
determine seasonality in archaeological sites, with particular emphasis on cementum
increment analysis. Several terms were defined to better understand what concepts are
used in seasonality studies. Then two models of mobility patterns were discussed, which
situate studies of settlement and seasonal occupation. An overview of the different
indirect and direct methods was provided, and concluded with a focus on CIA. To first
understand the method, the mammalian tooth anatomy and the cementum process which
forms increment bands was described. This was followed by a synopsis of early CIA
research outlining the key developments in CIA methodology. This chapter concluded
with a summary of relevant previous research that has been conducted to better
understand site occupation patterns and seasonal mobility, highlighting Leigh’s (1998)
study as especially relevant to this thesis in terms of context and method.
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CHAPTER IV
THE YANA, PRE- AND POST CONTACT
The previous chapters have settled this research into a theoretical framework
in which to operationalize the stated hypotheses regarding Payne’s Cave. This chapter
will provide contextual data concerning the people and places of this thesis. Broadly, this
chapter will provide an understanding of Yana culture pre-contact, drawing from
ethnographic and archaeological data. This will be followed by a timeline of EuroAmerican incursion into northern California, and a description of how culture contact
impacted Yana lands and people, drawn from historic documents. The intent of this
chapter is to illustrate who the Yana were before and during contact era, mitigating
between very different sources of data to construct this image.
The Environment of Traditional Yana Territory
Payne’s Cave (CA-TEH-193) is a rock shelter located in Tehama County,
California (Baumhoff 1957). This site is located within Yana territory, a group of Native
Californians who spoke a dialect of the Hokan language. Specifically, Payne’s Cave is
located within territory traditionally ascribed to the Southern Yana subgroup. In total,
there are four Yana subgroups; from north to south they are: the Northern Yana, the
Central Yana, the Southern Yana, and the Yahi Yana, depicted in Figure 5. Before
delving into detail about the Yana people, it is beneficial to understand the land they
inhabited first; much of who they were was entwined with how they interacted with their
environs.
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Figure 5. Yana territory. Adapted from Gutierrez, 2012.
The Yana lands are generally situated in the southern Cascade foothills,
bordered by Lassen Peak to the east, the Sacramento River to the west, the Pit River to
the north, and Rock Creek to the South. The territory largely encompasses river drainages
that flow east to west from the old volcanic peak with elevations of over 10,000 feet,
down to 300 feet in the river valleys. The climate of the foothills is generally mild, with
hot summers and wet winters. Paleoenvironmental reconstruction has shown that, though
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the span may have varied, the pattern of dry summers and monsoonal winters have been
consistent throughout the Pleistocene and Holocene (West et al. 2007). Even after the
climate became “cooler, wetter, and more stable,” in the Late Holocene, the summer
droughts were the driving factor for the evolution of this area’s vegetation (Rosenthal et
al. 2007:155).
To the east, the range was once a sagebrush steppe, then shifted quickly to a
pine forest around 12,500 years ago during the Younger Dryas (West et al. 2007). It
remained thus until another quick shift around 3,100 years ago, with the pine forest
transitioning to a fir forest. This fir-dominated forest betokens the cooler climate, “higher
moisture availability, and greater snow pack” noted of the Late Holocene (West et al
2007:30). Going westward, the Mountane Coniferous zones transitioned to foothills of
extensive riparian forest to the Sacramento River, spotted with Valley Grasslands, Oak
Grasslands, and Chaparral zones (West 2007; Wiant 1981).
These lands were home to a diverse range of fauna, from each of the
vertebrate classes Actinopterygii, Amphibia, Reptilia, Mammalia, and Aves. Deer
(Odocoileus hemionus) and elk (Cervus elaphus) foraged on the available leafy
vegetation, and bears (Ursus americanus) roamed near the creeks for anadromous fish
(Salmonidae). Waterfowl (Anatidae) of various ducks (Anatinae) and geese (Anserinae)
came to the creeks as well, sharing the waters with salamanders (Salamandridae) and
garter snakes (Natricidae). Bobcats (Lynx rufus) and coyotes (Canis latrans) were
common carnivores on the prowl for their prey, and jackrabbits (Lepus californicus) hid
in the brush. Notable rodents, the squirrels (Sciuridae), mice and rats (Cricetidae),
flourished throughout the different environs, despite the intimidating large birds of prey.
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As West et al. state: “while all parts of the environment are interrelated to a greater or
lesser extent, those that provide subsistence and material resources for survival form the
critical articulations to human societies” (2007:11). And it was among this environment
that the Yana made their home, forming the “critical articulations” to Yana society (West
et al. 2007:11).
History of Ethnography on the Yana Subgroups
The ethnographic data on the Yana tend to be vague at best when concerning
the Southern Yana subgroup, if not entirely omitting them (Powers 1976; Johnson 1978;
Kroeber 1976; Waterman 1918). In the earliest ethnographies of the Yana, a clear
distinction was made between the cultures of the Northern/Central Yana and the Yahi
Yana. Stephen Powers was among the first to complete an ethnography on Native
Californians (Powers 1976). His fieldwork was conducted during the summer months of
1871 and 1872. In this ethnography, Powers used the names “Nozi” and “Kombo” to
refer to the Northern/Central Yana and the Yahi Yana respectively, however it is unclear
where the Southern Yana fall within this distinction (Powers 1976; Johnson 1978;
Waterman 1918). According to Schulz (1954), the Nozi were the closest relatives of the
Yahi, living just north of them. By this definition, the Nozi would include the Southern
Yana, though it is unclear if Schulz intended this meaning with strict “If A Then B” logic.
Waterman’s (1918) ethnography lumped the Northern, Central and Southern Yana
together in contrast to the Yahi, despite the cultural distinctions noted between the
Northern/Central Yana and the Southern Yana.
The way these subgroups are understood might be partially explained by the
way Waterman drew his territorial map of native tribes. Waterman (1918) was convinced
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that there was no political unity between the 4 subgroups, and that the Hokan language
stock was their only “identifying” factor. Therefore, territorial boundaries of the
subgroups were created based primarily on the linguistic differences between them.
However, a lack of political unity does not necessarily exclude all cultural ties, so those
differences deemed worthy of boundary lines were possibly oversimplified. Waterman
was no stranger to arbitrary borders after all; consider his treatment of the western Yana
border, shared by the Wintun tribe. Powers described the Nozi as the “most dreaded
enemies of the great Wintun nation. …[The Wintun are] a whale pursued by a swordfish” (Powers 1976:275). Despite their power in numbers, the Nozi were a “constant
terror” to the Wintun, who fought for control of the eastern boarder of the Sacramento
River. Waterman (1918) also relates these hostile relationships between the Wintun and
Yana. However, the ethnographic record also demonstrates some diplomatic encounters
between the two tribes. At times, bargains were made for fishing rights for the Yahi along
the Sacramento River (Schulz 1954). Powers even suggested the possibility of Yahi
villages or fishing camps along the eastern bank of the Sacramento River (in Wintun
territory), as well as Wintun camps in Yahi lands (Kroeber 1976; Powers 1976). Trade
for beads and salt also occurred between the two tribes (Johnson 1978). This relationship
then, was more complex than just hostile, and the border between them possibly in flux.
In the end, Waterman decided that the Yana were absolutely “Foothill People,” and all
the large streams that generally bordered their lands were actually in the territories of
neighboring tribes (1918:40). To reflect the “Foothill People,” he drew the boundary of
the Yana along the borders of the geographic foothills. Thus, the territory boundaries
derived from Waterman’s map may reveal a source of understanding the question of who
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the Yana are, in relation to the subgroups with each other, as well as to other native
tribes.
Despite the lack of ethnographic data specifically regarding the Southern
Yana, what is known in general of the Yana collectively is considerable. Much of this
data is from one man in particular, named Ishi, of the Yahi Yana. In 1911, he came out of
the wilderness that now bears his name, and walked into the town of Oroville (Waterman
1918). He was found emaciated, attempting to enter a slaughterhouse. Not knowing what
else to do with him, Ishi was taken to the local jailhouse. He spent three days in his cell,
managing some cobbled together communication with the ethnographer Waterman.
Finally, Ishi was released to the custody of Kroeber and Waterman, of the University of
California Museum of Anthropology, sanctioned by the U.S. Indian Office (Johnson
1978; Waterman 1918). He spent 5 years in their care, officially as a research assistant, as
well as overseeing custodial tasks. Linguist Sapir spent considerable time with Ishi as
well to record the Yana language, the fruits of which produced several works on the
subject (Sapir 1917, 1918, 1929). In this time, Ishi was exposed to western sicknesses and
died in 1916 of tuberculosis (Pope 1920). Through the efforts of these men, among
others, we know a substantial amount of data concerning hunting practices, tool
manufacture, food preferences and preparation, location names, and settlement structures.
Yana Culture
The political organization of Northern California tribes varies depending on
which resource is considered, and this is particularly true regarding the Yana. Johnson
(1978) states that the Yana were organized by tribelets. Within each tribelet, a chief
presided in the main village, surrounded by smaller villages. The position of chief was
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inherited, and encompassed the role of being ritual dance leaders, as well as making
speeches of influence rather than orders. Baumhoff (1957) stated in his report that the
there was no conclusive evidence that the Yana were organized into tribelets, however,
he did interpret the location of Payne’s Cave and other Yana sites along Antelope Creek
as if they had been organized by a tribelet political system. Gutierrez notes that it was
more likely the Southern and Yahi Yana had “smaller band-like” political organization,
given their smaller population sizes from the Northern Yana (2012:17). Bettinger (2015)
describes the existence of Northern Californian societies conducting themselves in
“orderly anarchy,” which is the title of his book. In these societies, behavior is regulated
by the collective value system of private property and money in the form of shell beads.
This means that behavior had a monetary consequence of reparations rather than moral
judgements. Similar to Johnson’s (1978) description, chiefs were needed for
organizational tasks on occasion, but they did not hold any power with which to control
other people. It is likely that the Yana had a smaller version of tribelet organization,
which was part of the shell bead economy like many of the other tribes of Northern
California.
Gutierrez states that the Southern/Yahi Yana led a more mobile lifestyle
compared to the Northern/Central Yana, citing the construction of Southern/Yahi Yana
dwellings as evidence (2012:17). The Northern/Central Yana built larger structures
intended for multiple families, and the framework was covered with earth (Johnson
1978). The Southern/Yahi Yana built dwellings meant only for a single family. Winter
structures had a cleared interior with a shallow depression, and a dirt bank encircled the
outside acting as a barrier to the winter rains. Summer houses were built with a wood
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framework and covered with bark. Also, the Yahi were noted for their use of rockshelters
and caves as campsites (Johnson 1978; Leigh 1998).
Lithic technology is relatively similar between the subgroups, consisting of
various groundstone like hopper mortars, pestles, manos, slab and bedrock metates, and
projectile points made from obsidian and basalt (Johnson 1978). Antler and bone tools,
such as awls and harpoon toggles also have a relatively similar construction. The
Northern/Central Yana used “an overlaid twining technique” in their basketry while the
Yahi Yana used coiling (Johnson 1978:365). Some hunting techniques differed as well.
The Northern Yana were known to hunt rabbits with special slings and snares, as well as
using game pits and deadfalls for other prey, while the other subgroups did not rely on
these particular methods. The raw materials used for building Yana structures and
technology were mostly collected from local Yana lands. Obsidian, clam disc beads, and
dentalim shells were some of things neighboring tribes traded to the Yana in return for
deer hides, baskets, and salt (Johnson 1978).
The Yana had a seasonally diverse diet, incorporating many different locally
available resources within their territory. The cycle for plant foods began in the spring,
when various bulbs and greens were ready for picking in the grasslands (Wiant 1981).
These were gathered with grass seeds, roots, tubers, and berries as they ripened later in
spring and early summer until they withered in the summer heat. Of primary importance
among plant foods was the collection of acorns in the fall, which were stored and could
sustain them an entire year after a good harvest (Johnson 1978; Wiant 1981). At this time
pine nuts and berries were also gathered, the last of the plant foods that would be
available before the winter (Wiant 1981). The animal resources of the Yana diet were just
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as diverse. Bears were killed during their springtime hibernation (Wiant 1981).
Waterfowl were hunted during their winter migrations to the once abundant wetlands.
Salmon were plentiful during their spring and fall runs, and were dried to store in baskets
against the winter (Kroeber 1962). Other foraged fauna included quail, grasshoppers,
rabbits, squirrels, and various other rodents. Rabbits were especially prized for their fur.
The Yana made woven blankets out of strips of the soft rabbit fur (Kroeber 1911). Deer
were another valued resource for the Yana (Baumhoff 1957; Johnson 1978).
Special consideration is given here to the importance of deer, and the unique
technique used to hunt them. Of course, deer were a highly valued prey resource, given
their bountiful source of meat. Along with salmon, deer was dried and stored in baskets
against the scarcity of fresh food in winter. They also provided important secondary
resources, such as their hides for clothing, trade, and strips for binding (Johnson 1978).
Deer antlers and bones were used as flakers and awls for the creation of stone tools and
beads. Other bones like tarsals were used as gaming pieces. Less immediately tangible
resources may have been reaped from the hunting of deer as well. Successful hunting
could bestow a measure of prestige on the hunter, which could be expressed in several
ways. In one manner, the prestige was political, in which the hunter climbed a social
ladder and gained favors to be cached until needed (Marlowe 2007). In the other, the
successful hunt was a true expression of physical fitness, and the gained prestige was the
successful advertisement as such to desirable women (Bliege-Bird et al. 2001). More can
be read on the topic of prestige hunting in studies elsewhere (Bliege-Bird and Bird 2008;
Bliege-Bird and Smith 2005; Smith et al. 2003).
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We know the unique method of hunting used by the Yana from Ishi,
documented and shown to Dr. Saxton Pope (1918) during Ishi’s time at the university
museum. Ishi donned the head and skins of a deer, in the manner of a “decoy,” and
waited in the forest with his bow and arrow. He showed extreme patience, waiting so still
and using calls of the local fauna as enticement. “Dr. Pope was reminded of a Pied Piper
the first time he watched Ishi charm out of hiding squirrels, rabbits, birds, deer.
Frequently his audience would include a fox or two and sometimes a bear” (Kroeber
1962:415). When Ishi was satisfied that he had his prey close and tranquil, then he would
loose his arrow, knowing he would not miss his mark at such short range. This technique
was among one of the few traits noted entirely unique to the Yana in the earliest
ethnography (Powers 1976).
The Yana in the Archaeological Record
To complement the ethnographic data, a more detailed description of the
excavation, artifacts, and remains from Payne’s Cave is provided. This is followed by a
list and brief description of known sites in a two mile radius around Antelope Creek in
traditional Southern Yana territory. Isolates have not been included. (Data from these
sites was collected from reports curated at the Northeastern Information Center, accessed
with permission on November 29, 2017 and November 1, 2018. A map of the location of
these sites is not provided, at the request of the NEIC.) The study range encompasses
several other water sources in close proximity to Antelope Creek, such as Indian Creek
and unnamed drainages. All of the following sites lie along these sources of water except
for the historic site of Peligreen Place. All of the sites sites are around 1400 to 1600 feet
in elevation, except Peligreen Place and one other prehistoric site. More specific age
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estimates were unavailable for a majority of the sites, so they are listed as either
prehistoric, historic, or protohistoric.
Payne’s Cave
(CA-TEH-193) The excavation of Payne’s Cave was conducted by members
of the University of California Survey during a 6 day project in June of 1956. The
method of excavation was a 5 x 5 foot grid in the interior of the cave, and each square
was considered part of a longitudinal and latitudinal trench. The trench parallel to the
dripline of the cave was not excavated due to the saturated soils. The remaining trenches
had dry midden soils only from about 6 to 9 inches below the surface, with several feet of
wet midden below. Baumhoff and the crew began their excavation with 6 inch arbitrary
levels. While the majority of the excavation continued with 6 inch levels, there are
several levels in 2 different units that were excavated and processed in 12 inch levels.
These levels include the 00-12” and the 12-24” levels in unit F4, as well as the 24-36”
level in unit E5. The dry soils were screened through 1/8 inch mesh for artifacts, while
the wet midden was troweled through.
Artifacts recovered from the site include 65 classifiable projectile points made
of obsidian, basalt, chert, and bottle glass, as well as 46 unclassifiable point fragments. A
total of 108 other stone tools were among the artifact assemblage, including 56 scrapers,
32 knives, 13 grinding stones, 5 drills, and 6 hammer stones. Other artifacts include a
stone pendant, 3 shell beads, 1 bone pendant, 15 bone awls, and 38 specimens of basketry
and cordage. A total of 132 artifacts in the assemblage were historic material, largely
glass (77 shards), followed by some cloth, metal, string, gun fragments, and 2 porcelain
buttons. A majority of the artifacts from the entire assemblage (273 out of 381) were
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from the top most stratigraphic level, from 0-6 inches below the surface. Additional
artifacts had been recovered from the site, however they did not have any provenience
data associated with them. These artifacts were left out of Baumhoff’s (1957) tabulation,
therefore, Table 4 outlining the stratigraphic distribution of artifacts only includes total
frequencies of artifacts with known provenience data.
Table 4. Stratigraphic Distribution of Artifacts in (CA-TEH-193). Data from Baumhoff
(1957).
Artifact
Projectile Point
Drill
Knife
Scraper
Grinding Tool
Hammerstone
Stone Pendant
Shell Bead
Bone Awl
Bone Pendant
Scapula Saw
Wooden Object
Basketry
Matting
Cordage
Buckskin
Pine-nut Bead
Historic Material
Total

00-06”
33
4
20
24
2
2
2
8
6
6
1
30
15
3
117
273

06-12”
17
1
8
15
4
1
1
1
2
1

12-18”
4

18-24”
1

2
8
3
1

3
1
1

2

1

24-30”
1

30-36”

1
2
3

1
1

2

1

1
2
14
68

1
21

8

9

2

Total
56
5
32
52
13
6
1
3
15
1
1
7
6
1
32
15
3
132
381

The remains of three people were also recovered from the site, none of whom
were associated with burial goods. An adult male, about 30 years of age was interred
tightly flexed, though his remains were slightly disturbed due to bioturbation. The other
two remains were of young children, both buried in flexed positions. One was a child

71

estimated to be about 3 years old, and the other was of undetermined age as the remains
were highly disturbed and missing most elements.
Prehistoric Sites
(52-194) is a cave shelter along Antelope Creek, recorded by Bennyhoff,
Brokenshire, and Baumhoff in 1955. At this site, one obsidian projectile point was
recovered, along with some debitage, a mano, and some faunal remains. One glass shard
was also found.
(52-192) on Antelope Creek was recorded in 2009 by Vaughan, contains a
midden, some lithics including a hopper mortar, and some shell.
(52-191) is a housepit village on Antelope Creek, last recorded by Dugas in
1989. It is rich with hopper mortars, ground metates, several manos, a pestle, 15
projectile points of basalt, obsidian, and chert, and thousands of flakes. This site has been
heavily vandalized, so it is unclear if the 14 housepits are truly that or the product of
vandals.
(52-2366) is a lithic scatter site on Antelope Creek, last recorded by Vaughan
in 2009. In Vaughan’s reconnaissance, only two basalt flakes were relocated. Previous
documentation from 2000 noted a midden with one groundstone fragment, two basalt
cores, some obsidian flakes, and a lot of fire-cracked rock.
(52-2401) is a housepit site on the confluence of the north and south forks of
Antelope Creek, recorded by Morgan and Gutierrez in 2012. This site is comprised of
midden and lithic scatter. One obsidian projectile point, with numerous obsidian and
basalt flakes, as well as 8 hopper mortars, several manos and metates, and one pestle.
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Unfortunately, this site has also suffered from looting, as well as damages from cattle
grazing.
(52-2404) is a site on North Fork Antelope Creek, recorded by Morgan and
Prince in 2012. It is comprised of heavy lithic scatter, including more than 50 flakes of
obsidian and basalt. This site has also been impacted by modern hikers and cattle.
(52-1995) is two middens with a possible housepit on North Fork Antelope
Creek. It was recorded by Lawrence, Burge, Kerrigan, Dunton, and Gudino in 2001. The
groundstone artifacts are 6 hopper mortars, 6 metates, 2 manos, and 2 pestles. There are
also basalt and obsidian flakes, as well as one obsidian projectile point.
(52-1994) is a rockshelter on an unnamed drainage of Antelope Creek,
recorded by Burge, Lawrence, Kerrigan, and Arnold in 2001. Several grinding slabs were
noted, as well as two metates, three possible hammerstones, and debitage of basalt and
obsidian.
(52-2400) is a housepit site on Antelope Creek, recorded by Morgan and
Prince in 2012. Nine possible housepits were noted, as well as a midden containing burnt
rocks and bone. Lithic scatter was seen throughout the site of obsidian, basalt, and chert
flakes. Several projectile points were noted, including an obsidian Gunther barbed point,
one serrated obsidian contracting stem barbed point, and one basalt corner notched point.
Multiple groundstone fragments were also seen, and one round shell bead. Previous
documentation of this site noted damage from mining and hunters, and re-recording
included noted damage from a hiking trail bisecting the site, as well as damage from
cattle and tree falls.
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(52-2402) is a midden site on North Fork Antelope Creek, last recorded by
Morgan and Prince in 2012. In previous documentation, three possible housepits were
noted, however just one was found in the latest reconnaissance. Likewise, lithic scatter of
over 50 obsidian, basalt, and chert flakes were originally documented, as well as a basalt
corner notched point. In the 2012 record, fewer flakes were seen and the basalt point was
not found. An obsidian projectile point, possible desert side notch, was seen, as well as
only one mano, out of the seven groundstone artifacts noted in the 1989 record. This site
lies south of a hiking trail, it is possible it has suffered from vandalism.
(52-2403) is a housepit site on North Fork Antelope Creek, last recorded by
Morgan and Prince in 2012. Three housepits were located on two midden mounds. Noted
artifacts include lithic scatter of about 100 obsidian, basalt, and chert flakes, several
hopper mortars, one bedrock hopper mortar, and burnt bone. Unfortunately, a hiking trail
intersects this site, and has been vandalized.
(52-2406) is a rockshelter on Indian Creek, last recorded by Gutierrez, Martin,
and Buitenhuys in 2012. Midden is in the interior of the shelter, and the noted artifacts
are downslope of the feature. The artifacts noted include three hammerstones, several
obsidian and basalt flakes, a hopper mortar, metate, and mano.
(52-2405) along Indian Creek was last recorded by Gutierrez, Martin, and
Buitenhuys in 2012. This site was unfortunately vandalized with pits and fence post
holes. Original documentation noted heavy lithic scatter of obsidian, basalt, and
greenstone flakes, as well as possible groundstone, however no artifacts were located at
the re-recording of this site.
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(52-2412) is a rockshelter in an unnamed drainage of Indian Creek, recorded
by Gutierrez, Martin, and Buitenhuys in 2012. Noted artifacts include modified faunal
remains, a hopper mortar, and mano.
(52-2411) lies on Indian Creek, recorded by Buitenhuys and Martin in 2012.
This site is a lithic scatter of several basalt cores, a Gunther projectile point, over 10
basalt and obsidian projectile points, and the fragment of a mano.
(52-2409) is a rockshelter on Indian Creek, recorded by Gutierrez,
Buitenhuys, and Martin in 2012. Noted artifacts include several basalt flakes, metate
fragments, and a hopper mortar, as well as several bone fragments.
(52-747) is the outlier of prehistoric sites in regards to elevation; a rockshelter
and midden just south of Round Mountain Creek at about 2160 feet in elevation. It was
recorded by Hill in 1968. Artifacts include several mortar and metate fragments. There
was also the possible remains from a human burial found on the surface. This site has
been recorded as badly disturbed though.
(52-2548) is a prehistoric housepit and midden site, as well as a historic site
estimated to date from 1914 to Post 1945. This site is located on North Fork Antelope
Creek, and recorded by Dugas in 1989. This site has been heavily vandalized. Two
housepits have been confirmed, however five other pits that were previously documented
as housepits were determined to be vandal pits in the 1989 record. Over 20 hopper
mortars were located, as well as 10 manos, 2 metates, and 6 pestles. Thousands of
obsidian, basalt, and chert flakes were noted, as well as 4 projectile points. Also,
hundreds of specimens of burned and unburned bone were documented, including human
remains. The historic component to this site includes a holding pond and ditch, possible
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foundation, seven rock piles, nails, milled lumber, porcelain sherds, bottle glass, tin cans
with folded seams, hole-in-cap, and soldered bottoms, and window glass.
Protohistoric Sites
(52-2410) is a rockshelter and midden along Indian Creek, recorded by
Gutierrez, Martin, and Buitenhuys in 2012. Several projectile points and over 30 flakes of
basalt, obsidian, and chert were found, along with 4 metates, a hopper mortar, several
specimens of human modified bone, and some glass shards. Finally, one fragment of
bottle glass showing bifacial work.
Historic Sites
(52-1993) is a rock wall located along Antelope Creek, recorded by Lawrence
and Arnold in 2001. The height of the wall varies from one to three feet high, and extends
to about 50 feet long. Considerations of damage to the wall include its visibility from a
hiking trail, as well as from cattle.
(52-1541) is the historic homestead, Peligreen Place, located apart from any
natural source of water or other archaeological sites, situated at 3,040 feet of elevation. It
was last recorded by Nilsson, Dugas, and Owens in 1988. This site is considered both
prehistoric and historic; however, the prehistoric component only consists of two
obsidian biface fragments. Five historic features were noted on this homestead, and
documented with associated artifacts. These features include a campfire ring, a milled
wood scatter, a concentrated area of historic artifact scatter, a dump site, and a recent
hunter’s camp. The historic artifacts located with these features are vast in number,
consisting of tin cans and bottles which note occupation at the site to Post 1920.
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A synthesis of this chapter’s environmental, ethnographic and archaeological
data provides a general illustration of prehistoric Southern Yana.
A Synthesis of Prehistoric Southern Yana Life
This synthesis does not attempt to categorize the Yana culture with the above
stated archaeological sites into the formal chronology of complexes. Rather, this is to
provide a general image of the lifeways of prehistoric Yana before culture contact in the
mid-19th century.
The collective data describe prehistoric winter sites of a semi-sedentary
lifestyle. Most of the prehistoric and the protohistoric sites have at least some
groundstone, which was used in the processing of foraged seeds. A recent study has
shown that there is considerable time which may go into the manufacture of groundstone
(Buonasera 2015). The preferred rock material must be collected, a task in itself. Then
the grinding surface may be increased by shaping, or improved by pecking, or grind
down a shallow depression so that the seed could be abraded correctly between the
surface and handstone. Thus, groundstone technology is indicative not only of the time
required to use it, but to make it as well.
Quite a few hopper mortars were also found in these prehistoric sites,
which were used in the preparation of acorn meal. Indirectly, this implies the
manufacture of baskets, made watertight with pitch. These baskets were placed on the
hopper mortars, and kept warm with the addition of hot rocks placed inside the meal. And
with the collection of acorns, more baskets needed to be made for foraging in the fall and
storage purposes throughout the winter. The implication of storage technology again
indicates a semi-sedentary winter lifestyle.
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Also present are the many flakes and debitage left over from chipped stone
technology. The raw materials needed to make them were procured through trade, which
necessitated some investment in travel and manufacture costs.
Most convincing of all is the visibility of housepits and middens in elevations
where we would expect to see them in accordance with the ethnographic data. The
construction of these houses with dug out floors and shored up barriers against the rains
would have required considerable energy, indicating an intention to remain long enough
to recoup the cost. This amount of time would have been long enough for middens to
accumulate. Finally, most of these housepit sites lack any historic artifacts. Not only did
these dwelling areas take time to build, they also required a time of relative peace and
low risk from intruders not afforded to the Yana at culture contact.
While this sample of sites is heavily skewed to areas of winter occupation, we
do know that the Yana spent the summer months in the higher elevations of their eastern
lands. This was where the remaining green vegetation could survive the summer heat and
drought, foraged by people and animals alike. Indeed, a previous study confirmed the
correlation between the placement and elevation of Yana occupied sites along the
migration routes of the Eastern Tehama Deer Herd (ETDH) through the corridors of the
Cascade Mountain passes (Leigh 1998). This thesis will leave the purview of summer
sites to other research and continue to focus on the winter seasonal round.
This synthesis provides an illustration of the semi-sedentary nature of Yana
life before contact. The nature of the winter seasonal round is inclusive of several
different site types. Baumhoff (1957) stated that Payne’s Cave was likely used as a
temporary shelter or hunting camp, and his site type designation is not contested in this
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thesis. As stated earlier, ethnographic evidence states that the Yana frequently used
rockshelters and caves as hunting camps (Johnson 1978). The location of the site along
the winter migration route of the ETDH, as well as the dominance of projectile point
technology in the artifact assemblage all lend support to this designation. The above
synthesis was not provided to contest the site type of Payne’s Cave, but rather to serve as
a basis of pre-contact Yana life. This understanding is necessary as the remainder of this
chapter will illustrate how Euro-American contact altered Yana lifeways.
A Timeline of Events at Euro-American
Contact
The influx of Euro-Americans permanently settling in California began in the
southern region of the state with the establishment of the Spanish missions in 1769. It
was nearly a century later that culture contact occurred in Yana territory, Northern
California. From the incursion on, the growing Euro-American enthusiasm for
opportunity led to a concurrent growth in industry and requirement for the resources of
the land. Within a few decades, the white population of Northern California had indelibly
changed the landscape and staked it as their own, by pushing, starving, and murdering the
Yana out.
The beginning of white settlement into Yana lands was initiated by the
Mexican Land Grants around 1844. Three grants had been issued to men for land east of
the Sacramento River, each along the inlet of major creeks heavily settled by the Yana:
Deer Creek, Mill Creek, and Antelope Creek. The holders of the land grants were Peter
Lassen, Albert Toomes, and Job Dye. In the early 1850s a flour mill was established
along the banks of Antelope Creek on Dye Ranch (Hoover et al. 1966).
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To facilitate immigrant settlement of the area, the Lassen Trail was developed
in 1849 and was used for about three years. This trail cut through Yana lands and
increased confrontation between the Euro-American settlers and the Yana. Eventually
transportation methods increased and improved, and little settlements in Tehama became
center hubs for stage lines where the Colusa-to-Shasta and Marysville lines converged.
This promoted development of the town until the railroads opened a station in Red Bluff
(Hoover et al. 1966).
Opportunity for riches or simple employment presented itself to EuroAmericans through the Gold Rush of the mid-19th century and the untapped lush forests
for lumber. The area’s first sawmills were constructed in the 1850s, and the lumber
industry boomed with the construction of the California’s first “v-flume” under the
purview of the Sierra Flume and Lumber Company. This v-flume was called the Empire
Flume. Its creator, C.F. Ellsworth, designed it to be over 40 miles in length, stretching
from Lyman Springs to the nearest railroad depot at Sesma (just north of present-day Los
Molinos). The massive scale of the flume and the cost of its operation led to its second
name, “Ellsworth’s Folly” (Hoover et al. 1966). By 1876, the success of the Sierra Flume
and Lumber Company led to further and further expansion. It was the largest company in
the world at its peak for a few years, selling their finished goods worldwide via barges
down to San Francisco. This growing empire consumed more land and more resources to
fulfill its purchase orders and make a profit (Brown n.d.). During the operation of the
flume and the lumber company, a growing settlement of loggers formed near the spring,
and eventually formed the town Lyonsville. A portion of this flume was constructed
along Antelope Creek, and carried mass amounts of lumber as well as people until its
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closure. A storm in the winter of 1913-1914 destroyed a large section of the flume and
was never rebuilt (Hoover et al. 1966).
In general, settlements throughout the county increased as opportunity
increased. General Land Office (GLO) survey maps drawn in the late 1800s show several
cabins, barns, and ranches throughout Yana lands, especially along the waterways
likewise favored by the Yana for settlement. Not to mention, additional roads and trails
connected the foothills to growing cities like Red Bluff. Closer to the Sacramento River,
the gentler slopes of the valleys became ranches for livestock, and the surrounding lands
were used for grazing. According to Vankat (as stated by Gutierrez 2012) ranching cattle
was a growing profession until a severe drought in 1861 killed off a significant portion of
the cattle. This mass death event led ranchers to switch from keeping cattle to sheep deemed a heartier beast- and to extend their summer grazing ranges up into the higher
elevations of the foothills.
The Euro-American Impact on the
Environment
Undeniably, the technology, the life-style, and professions of Euro-American
culture altered the face of the landscape. To make room for all of their innovation, it was
necessary to claim their plots, take what was needed from them, and clear the rest. In
attempting to understanding the impact of this culture contact in Northern California, it is
tempting to say that the Euro-Americans had two different strategies for “handling” the
Yana and to discuss them separately. These would be considered the more direct strategy
of murder through massacres, and could be related as another timeline of events, while
the second would be the less direct method of starvation, described in a manner of cause
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and effect. However, the events that occurred between the white settlers and the Yana are
better understood as combined retaliation for the entwined effects of murder and
starvation that indeed cannot be separated. Therefore, what follows is better outlined by
describing the effects of Euro-American encroachment onto the environment, and then
discussing the impact of these changes for the Yana.
What must first be reiterated, is that Yana lifeways were intimately bonded
with their environment. Where they lived during certain seasons of the year was
connected to their knowledge of what resources were available for processing and
storing. When the Euro-Americans settled in Yana lands they drastically changed the
landscape, which not only physically barred the Yana from their resources, but invalided
much of their garnered knowledge regarding the land.
Overhunting
Recall that deer were an important resource for the Yana. Deer was processed
for meat, marrow, and grease, and cuts were both cooked and dried to store against leaner
days in winter (Kroeber 1962). However, with the influx of Euro-Americans in the Gold
Rush and later settling in the area, deer were over-hunted to feed these growing
populations. While there are no population estimates of the Eastern Tehama Deer Herd
(ETDH) during the time of culture contact, there are reports of miners over-hunting deer,
with camps bringing back one, two, and at times three deer carcasses a day (Gutierrez
2012). Miners were known to turn to commercial hunting for a living. The ETDH
population alone was enough to support three well known, profitable commercial hunting
camps in California, from 1850 to 1903 (Longhurst et al. 1952). Personal hunting was
just as detrimental to the herd population. Individual hunters reported kills of 93 to 120
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deer in a single year to the California Fish and Game Department. Overhunting was
stated as one of the most significant causes to the rapid decrease of the ETDH population
at the turn of the 20th century.
Deer were becoming scarce for Yana hunters. As it was easy for white hunters
to kill deer with their guns, it was increasingly impossible for the Yana to hunt in their
traditional ways. Ishi told Dr. Pope about wearing his deer decoy head and standing
among the fauna until they came to him. This way of hunting quickly became ineffective
as the deer, among other animals, became gun-shy and learned to be afraid of humans
(Kroeber 1962).
Forest Burning
Deer populations were also affected by the decreasing available browse to eat.
The Yana would cultivate the land with annual burning in years when there were no
natural forest fires (Potter 2003; Ramsey 1981). This burning would burn out the dense
overgrowth in the forests and promote the young growth of browse preferred by deer.
The winter diet of deer consists of 70% of various browse species. These plants contain
the necessary protein for deer to survive the winter. Without sufficient protein, many deer
starve, and this is the leading cause of death for herds like the ETDH (Potter 2003;
Longhurst et al. 1952).
Mining
Various claims of water sources altered whole ecosystems, beginning with
changes in flora that led to the changes in fauna. Cook (1976) reports that the mining
operations closed off the path for salmon to spawn, and this drastically reduced the local
salmon populations. Also, the mining had a side effect of “muddying the water,” which
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added such a degree of silt and dirt into the waters that it made the visibility too poor to
spear fish, as well as silting up the lower lands (Cook 1976:287).
Farming
Natural wetlands, once bountiful in California, were drained for farming land
(Cook 1976). Waterfowl require an ecosystem that provides, of course, water that
promotes the growth of grasses and seeds to eat, as well as insects and other biota, to
recover after their flight. With the swamps and wetlands drained, much of Northern
California could not provide a suitable habitat, and this altered their migration patterns.
Also, mountain water was diverted to irrigate farms, which again, changed the
ecosystems of mountain creeks. Irrigation has the effect of lowering the water table,
which in turn effects the growth of plants not receiving the water. This greatly reduced
the bearing power of the oak trees in the area.
Farmers also prioritized clearing their land of various rodents and pests by
using poisons (Cook 1976). Unfortunately, these poisons were very effective against
ground squirrels and rabbits. This reduced the prized resource of rabbit for the Yana, not
only for their meat but for their fur.
Ranching
As stated above, more and more of the foothill lands were deforested to make
room for livestock grazing after the drought of 1861. The destruction of trees not only
took away the Yana’s source of acorns, but the edible larvae of grasshoppers that live on
pine trees as well, another subsistence resource (Cook 1976). What acorns were still
available, the Yana had to compete for them with the settlers’ hogs, while the cattle and
horses ate the available grasses, seeds, and greens.
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Retaliation
Clearly, the alteration of the landscape had dire consequences for every
resource the Yana had traditionally relied upon for subsistence, and thus, these
consequences were dire for the Yana as well. It was not long before they found it
necessary to search for new resources. Reports in newspapers such as the San Francisco
Bulletin, Marysville Appeal, Sacramento Union, and even the Nevada Journal
increasingly documented the theft of cattle, horses, mules, pigs, and barley, among other
foods, from the local settlers (Cook 1976; Kroeber 1911; Waterman 1918). Waterman
stated that as the Yana were barred from the acorn grounds and fishing creeks, they stole
livestock “as the revenge they considered themselves entitled to” (1918:43). A
homesteader named Elijah Graham living on Deer Creek reported his cabin was
habitually robbed every spring (Cook 1976). As Graham’s anger grew, he resolved to
solve the issue by leaving out a bag of poisoned flour, which was indeed taken.
Elijah Graham was not the only new settler incensed by the cattle raiding. A
mob of local men agreed to track down the Yana and punish them by killing the men.
This massacre led to a series of raids and further massacres for about a decade, and is
described in Robert Anderson’s 1909 memoir, Fighting the Mill Creeks. A complete
record of the events will not be recounted here. It is enough to say, the Yana continued to
survive by stealing cattle and grains from the settlers, and resist them by fighting. There
were also reports of children being abducted by the Yana, as Euro-American violence and
vengeance gradually included the killing of Yana women and children (Cook 1976;
Waterman 1918). Waterman (1918) stated it was likely the homesteading children were
taken by the Yana as recompense for their own murdered children.
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From this violence, it was reported that officials were making it policy to
starve to death any and all Northern California native tribes, including the Yana (Cook
1976). A clipping from the Sacramento Union newspaper in 1854 recounts how it was
“admitted policy of General Kibbe to drive these tribes into the mountains during the
food-gathering season in order that they might starve” (Cook 1976:281). Clippings from
the Sacramento Union in 1856 and 1858 likewise tell of white settlers driving the Native
Californians to the mountains. The 1858 report includes an anecdote of Yana being
hunted on the Humboldt Trail by a mob led by the settler Massey, and the Yana begging
of the ranchers for permission to fish. In 1859, the Sacramento Union had a report of
Yana “unable to hunt on the mountains and afraid to go down on the streams, were
actually starved into submission within four weeks” (Cook 1976:283). Despite this
starvation policy, the Yana were skilled at taking what resources they needed to survive,
and the thefts continued. These thefts and cattle raids were conducted with speed and
facilitated by the rough and wild landscape of the foothills. Their intimate knowledge of
the hills, crags and dense scrub terrain provided the Yana their means of successful hitand-run forays (Schulz 1954; Waterman 1918). As a result of the continued Yana raids,
Euro-American violence escalated from punishment to eradication.
As the violence grew from retaliation to further massacres over the years, the
local white settlers were convinced the only thing left to do was to remove all of the
Native Californians to a reservation (Cook 1976). The first enforced migration of
captured Yana was in 1858 to Nome Lackee Reservation, and the second was in 1863 to
Nome Cult in Mendocino County. Nome Lackee had closed by 1863, and the Native
Californians, among them the captured Yana, were marched from Chico to Round
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Valley. This is now known as California’s Trail of Tears. A total of 461 Native
Californians left Chico, and only 277 arrived at the Nome Cult Reservation, leaving
about 200 bodies along the trail.
Mobility
The few Yana who had not been captured and forced to a reservation
continued their food raids on homesteads. In 1864, a new policy was enforced (Cook
1976; Waterman 1918). In tangent with starvation, the Euro-Americans would wear
down the Yana by keeping them moving. This relentless hunting down of the Yana
prevented their ability to procure resources as well as to rest. This made it incredibly
difficult to process resources that had a lot of back-end processing, like acorns. Caches
were used to store jerky; Waterman notes the reports of Yana taking cattle, horses, and
mules to make jerky and then caching the meat in several different locations, “in case
they were chased out of a place,” they had other accessible reserves (1918:42). However,
this sealed the necessity for the surviving Yana to hide by means of frequent movement.
Anderson and his hunting party were determined to kill the last of the Yana
(Anderson 1909; Cook 1976; Kroeber 1911; Waterman 1918). A final massacre in 1865
killed 40 Yana, and only a few men and women escaped this. Every so often a newspaper
would report that a settler or hunter had seen them, or that more cattle had been stolen,
though after 1865 the Yana were largely forgotten (Cook 1976; Kroeber 1911; Waterman
1918).
In 1909, a party of surveyors in Deer Creek Canyon saw three Native
Californians, later presumed to be the last of the Yana (Kroeber 1911; Schulz 1954;
Waterman 1918). Two of the Yana, a man and woman, fled after being seen by the
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surveyors, however the third was an elderly woman who could not move. She reportedly
asked for some water and was handed a canteen by one of the surveyors (Waterman
1918). After this, the surveyors took some of their possessions (bows, arrows, and skins)
and left the area. The surveyors returned to the camp the next day, but all trace of the
Yana was gone. The encounter became rumor, which was eventually heard by Kroeber at
the Museum of Anthropology, University of California in San Francisco, and he resolved
to conduct a month long expedition to find them (Kroeber 1911; Waterman 1918).
During the entire month, Kroeber (1911) did not see anyone besides his
compatriots. They did, however, find three dwellings, covered with skins and rags. Inside
one was a hopper mortar and basket with acorn mush still inside. He noted that the terrain
was rocky, craggy with boulders, and covered in dense oak growth and scrub. “Only
occasionally the party could see ten yards ahead” (Kroeber 1911:6). It is not hard to
imagine that the Yana were continuing their strategy for survival by continually moving
around Kroeber’s party, and using their environment to aid them in hiding. It was this
mobility that was the key for the Yana over the past decades, used as a strength with their
knowledge of the rocky landscape of the foothills, which provided the means of
resistance in survival. Their connection with the environment enabled them to adapt to
new ways of procuring food and finding hidden shelter. Hiding in frequent movement
became a necessity, but the Yana used their mobility as a tool with an advantage of home
ground.
Not long after this expedition did Ishi come out of the wilderness into Oroville
and stay with Kroeber at the museum. His hair was cropped short, which was a sign of
mourning (Kroeber 1911; Waterman 1918). He told Kroeber that he had been alone for
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some time and had nothing to live for. He was hungry, so Ishi “came in” (Kroeber
1911:12). As stated previously in this chapter, Ishi was the last Yahi Yana, and died in
1916 from tuberculosis. Thus, the accounting of the Yana has come full circle, and Ishi’s
state of hunger and loneliness when he came to Oroville is the legacy of Euro-American
culture contact for the Yana.
Chapter Summary
This chapter illustrated Yana life pre and post Euro-American contact,
drawing from ethnological, archaeological, and historic data. First, a review of some of
the ethnography conducted on the Yana was presented, and demonstrated how the setting
of their environment was inextricably entwined in Yana life. A brief list of the
archaeological sites near CA-TEH-193 provided some context of seasonal rounds within
that environmental setting. And a short synthesis of the ethnographic and archaeological
data provided support for the tradition of a semi-sedentary lifestyle of the prehistoric
Southern Yana. This pre-contact depiction of Yana life was presented to better
understand and see the impact of Euro-American contact on Yana land and life. A
timeline described the series of settlers, miners, and other waves of white influx into
Yana lands, with accompanying industrial and technological innovations that changed the
landscape. Next, a discussion of how the environment was altered by Euro-American
professions and technology illustrated the dire effects it had on Yana subsistence
resources. Finally, an explanation for the development of hiding by means of high
mobility, facilitated by the landscape, was presented through the historic documentation
of Yana and white violence and retaliation. The next chapter will discuss the specific
methods undertaken in this thesis.
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CHAPTER V
METHODOLOGY FOR FAUNAL
ANALYSIS AND CEMENTUM
INCREMENT ANALYSIS
This chapter details the methods employed in this thesis to address the
research goals previously stated. The specific tasks involved with identifying specimens
and processing an assemblage are described. After this primary data is gathered, details
of the operationalization of analyses are described to garner secondary data. As discussed
in the theoretical chapters, the various analyses included in this methodology are the
Artiodactyl Abundance Index, Simpson’s Index of Diversity, Shannon’s Index of
Evenness, the stop element for marrow extraction, the intensity of spiral fracturing over
time, the Food Utility Index, and CIA. Although radiocarbon dating does not directly
apply to the research questions in this thesis, an opportunity was presented and taken to
send some samples for this analysis. This method is included here, and the results, along
with all of the results of these analyses, are listed in the following chapter.
The Identification Process
A large faunal assemblage was recovered from Payne’s Cave, however it had
never been analyzed since it was collected in 1957. The Payne’s Cave faunal assemblage
was loaned to the care of the Department of Anthropology Zooarchaeology Laboratory of
California State University at Chico (CSUC) by the Lassen National Forest Office of the
US Forest Service. A portion of the faunal assemblage was analyzed for identification in
CSUC’s 2015 Spring Semester Zooarchaeology course. Under the direction of Dr. Frank
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Bayham, students learned how to identify the element and species of archaeological bone,
using the comparative collection housed in the CSUC Zooarchaeology Laboratory. All
student-made identifications were then confirmed by the course instructor or trained
teaching assistants.
Following this, the entire faunal assemblage was (re)analyzed by myself for
identification. Using the CSUC comparative collection, specimens were considered
identifiable if the element and taxon of at least to Order were discernable. All specimens
not able to be classified as such were deemed unidentifiable. Information on the faunal
remains was documented on paper forms before being transferred to a Microsoft Excel
Spreadsheet (Appendix A). Each datasheet contained the provenience information of the
specimens, as well as taxonomic names, and common names. Next the element of the
specimen was recorded, noting what portion was present using anatomical terminology
(proximal, distal, medial, shaft, etc). The percent present of the specimen was estimated,
and whole elements were documented as complete. The size of the element was
documented according to what is typically “average” to the particular taxon in question.
If possible, the side of the element was recorded after comparisons to anatomically
complete individuals from the comparative collection, using diagnostic features. Age was
noted by the presence and state of fusion of epiphyseal lines.
A set of natural and cultural modifications are routinely recorded for all
specimens. Surface modifications of note included the absence or degree of weathering,
as well as the presence of root etching. Degrees of rodent gnawing and carnivore chewing
were also recorded. Cultural modifications such as worked bone, cut marks/butchery,
spiral (green) fracturing, horizontal (dry) fracturing, polish, or indeterminate
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modifications were documented. Lastly, any evidence of burning was categorized as
charred, calcined, or discolored specimens. While this data was recorded for each
specimen in the assemblage, a complete recording of these modification results will be
provided in Appendix B. Only the presence of butchery and spiral fracturing are pertinent
to the research goals presented in this thesis, therefore, the results chapter will only
discuss these two modifications.
Throughout this identification process, the utmost care was taken by myself to
maintain the faunal remains with their corresponding provenience data. The assemblage
was originally bagged according to catalog number, and this system was continued and
protected by the practice of only processing one bag at a time. The remains were bagged
by like taxon and element within their catalog numbers, and tagged with complete data
tags printed on acid free paper. The bags used were of standard archive quality.
Quantification Methods
Several quantification methods were used to estimate the relative frequencies
of the taxa within the assemblage. First, the number of identified specimens (NISP) was
measured, which counts the frequency of all identified bones. This is not to be mistaken
for the total number (n) of specimens which includes both identified and unidentified
specimens. The NISP is a product of observable (primary) data, and though totaling the
values for it is uncomplicated, a margin of bias can inherently factor into this
quantification. Often, heavy fracturing of elements can obfuscate an issue of
interdependence, when multiple fragments are actually part of the same original element.
Also, the fact that different species have different types and numbers of elements can lead
to an issue of differential identifiability, and this in turn can alter the relative importance
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of the species. Finally, certain elements from certain species have a better chance of
surviving pre and post-depositional processes (cooking, boiling, weathering, chemical
erosion, etc) (Lyman 1994; Reitz and Wing 1999). Though problematic, these issues can
be tempered with the use of additional quantification methods.
The minimum number of elements (MNE) is an analytic product, derived by
measuring the frequency of element portions for a specific taxon (Binford 1978). An
MNE is found for each element part (i.e. distal femur, proximal tibia), distinguishing by
side and size. There are two methods in which to conduct this, the first being the “manual
overlap approach” (Hall 2007:41). Once all the specimens for a specific anatomical
element have been separated by side and size, each specimen is manually examined to
check for overlap of common areas. For example, in an assemblage with five identified
right side distal femur specimens of the same size class, each of those five are manually
checked for overlapping areas. In this visual exam, it is found that three of the specimens
contain parts of an overlapping area of the element. Therefore, the MNE is three, because
the remaining two specimens could be fragments from the same three elements already
identified. The second approach is the “landmark approach,” where anatomical element
specimens that have been separated by side and size are then distinguished by the
presence of landmark features. This method is not considered “comprehensive” as is the
manual overlap approach, because “fragment overlap may occur in places where
landmarks are in close proximity to each other” (Hall 2007: 41). However, it is somewhat
more practical when analyzing larger faunal assemblages. The landmark approach was
used to calculate the MNE for the Payne’s Cave faunal remains. All size distinctions
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were confirmed with adult and juvenile, and sometimes fetal specimens from the CSUC
comparative collection.
The minimum number of individuals (MNI) is another analytic product of
measurement. This quantification moves the analysis from a perspective of specific
elements to the collective skeletal elements as a whole individual. It is reported as the
highest occurring MNE of all of the elements within a given taxon. It has been suggested
that these quantification methods measure different aspects of the same assemblage and
should be used in tangent to collect the information otherwise lost by exclusivity (Reitz
and Wing 1999).
Artiodactyl Abundance Index
As discussed in the HBE theory chapter of this thesis, recall that the diet
breadth model (DBM) predicts which resource will be foraged based on its caloric return
rates and the goal to optimize these rates. Large prey are typically preferentially hunted
due to their high caloric returns, and an assemblage that is dominated by the remains of
large prey are deemed as created by people who were highly efficient in their
optimization. Calculating the proportion of large to small prey in an assemblage is a
means to measure this efficiency, in an abundance index. To track efficiency through
time, all of the units were combined and analyzed by level. Since three levels in two
different units were excavated on a separate arbitrary scale (in 12” rather than 6” levels),
the analysis by level was therefore necessarily conducted with all 12 inch levels.
Tracking the efficiency through time is thus only seen through three periods of time,
demonstrated by the 00-12 inch, the 12-24 inch, and the 24-36 inch levels.
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The index is determined by dividing the artiodactyl NISP by the sum of the
small mammal and artiodactyl NISP. The formula is as follows:
Artiodactlya NISP / (Small Mammal NISP + Artiodactyla NISP)

Resulting values that are closer to 1.0 indicate a high foraging efficiency through a higher
proportion of large prey relative to small prey. Conversely, values that are closer to 0.0
indicate a low foraging efficiency through a lower proportion of large prey relative to
small prey.
Simpson’s Index of Diversity
As the abundance index measures changes in foraging efficiency, this and
Shannon’s Index measure the shifting richness of diet breadth. The formula is as follows:

Where D = the diversity index
n = NISP of each taxon
N = sample size
This formula will be used to track the richness of the diet breadth for the three levels
stated above. The result will be a number between zero and one. Results closer to zero
indicate low diversity, and results closer to one indicate high diversity.
Shannon’s Index of Evenness
The second formula that will be used to measure the shifting of diet breadth is
Shannon’s Index of Evenness. There are several steps to this particular analysis. First:
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Where H = the diversity index
s = total number of taxa
pi = the NISP of a taxon divided by the total sample (the proportion of the taxon)
ln pi = natural log of pi
When H is found, the result will be a negative number, and this negative is simply
ignored when using H in later steps. H indicates the diversity, and to make this number
meaningful, Hmax is calculated. Hmax is the hypothetical potential maximum for
diversity in the sample. The formula for this step is:
Hmax = ln s
Where ln s = the natural log of the total number of taxa
To find evenness, the result of H is divided by the result of Hmax.
Equitability = H/Hmax
The result for evenness will be a value between zero and one. These results measure how
close the actual data is to the potential maximum for diversity. Like above, values closer
to zero indicate low equitability while those closer to one indicate high equitability.
Prey-As-Patch Model (Stop Element, Spiral
Fractures and Butchery)
As discussed in the HBE theory chapter, the PAP is a variation of the
marginal value theorem, which infers resource stability through the choices of processing
intensity. Individual carcasses are understood as patches, and the degree of residence time
in the patch is understood as the intensity of carcass processing (Burger et al. 2005). The
fluctuation in return rates is understood as the time between successful kills. When return
rates are low, this means the time between kills is long, and therefore, the hungry hunter
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will increase the intensity of carcass processing so as to maximize marrow extraction.
When return rates are high, the time between kills is short, and therefore the processing
of the carcass (the residence time in the patch) will not include the extraction of marrow
from elements that expend significant energy. The PAP model is a suitable tool to use in
tangent with the DBM; they complement one another in examining the nature of choices
in a given foray. The DBM predicts the choice selection, and the PAP predicts the time
and effort given to that choice. The PAP “provides a conceptual link between ecological
constraints and their economic consequences” (Burger et al. 2005:1148).
An increase in spiral fractures indicates an increase in marrow extraction. A
table enumerating the frequencies of spiral fractures for specimens identified to
artiodactyla, cervid, and mule deer was composed by level. This is compared to
frequencies of evidence of butchery marks, which is indicative of cutting meat from the
bone. If there is a greater prioritization for cutting meat than for extracting marrow, then
spiral fractures would decrease while butchery would increase. Burger et al. (2005) have
also devised a list which ranks the elements in order of which will be preferentially
processed for marrow. The higher up a forager will stop processing a carcass on this list,
the more food stability they are experiencing. As the processing continues down this
element ranked list, more effort is expended to extract the marrow from these elements,
and therefore indicate the level of instability of food procurement the forager is
experiencing. The “stop element” for the above listed taxa was identified by level and
compared to the cumulative gain curves in Burger et al. (2005). The rankings of elements
in Burger et al. (2005) are based on the meat and marrow processing data derived from
Madrigal and Holt’s (2002) study for white-tailed deer (Odocoileus virginianus).
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Food Utility Index
Recall from the HBE theory chapter of this thesis that the central place
foraging model is used to predict how the factor of distance traveled in pursuit of a
resource will impact a forager’s choice of resource and the amount of processing they
conduct in the field. As the distance increases, the more limited the range of prey
becomes that can recoup the loss of energy spent on traveling, and the greater the
likelihood of field processing. From this pattern of behavior, elements were grouped as
high or low utility elements, describing elements that were highly valued for their
associated meat, marrow, or grease, while others were left in the field before transporting
home. These skeletal utility indices assign these values to elements, and these are used
for predictions in central place foraging models (Binford 1978; Metcalfe and Jones
1988).
Artiodactyls are optimally targeted as a highly ranked prey, it follows they
will also be processed according to optimal efficiency as well. In hunting trips where the
distance traveled is relatively low, the faunal remains are more likely to be rather uniform
in content. The cost of bringing home the whole deer (low utility elements included) did
not outweigh the benefits of having the whole carcass to process and utilize. However, as
travel distances increase, we can expect the faunal remains to increasingly comprise only
of high utility elements. This bias will increase as a product of resource intensification.
The element representation of faunal assemblages cannot be taken at face
value, however. The bone density of each element must be taken into consideration first,
as there is an inverse relationship between a bone’s density and utility (Lyman 1994).
Lower utility elements, such as carpals and tarsals, have a much higher density than
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higher utility limb elements. Thus, the overall element representation could be a product
of density-mediated attrition rather than processing decisions. To address this, a
Spearman’s Rank Correlation test is used to assess the relationship between bone density
of elements and the element representation of the Payne’s Cave faunal assemblage. I am
following the lead of Wolverton et al. (2016) in acknowledging the ordinal scale of
faunal data and using a non-parametric statistical test accordingly. Element densities are
based on Lyman’s (1994) scan sites. All of the scan sites for a given element are
averaged and used for the bone as whole.
Following these calculations, a Food Utility Index (FUI) was averaged for
artiodactyl elements by level (the same twelve inch level increments used in the above
mentioned analyses). The return rates (Kcal/hr) used in these calculations are those
derived from Madrigal and Holt (2002) based on experimental data on white-tailed deer
(Odocoileus virginianus). In their study, Madrigal and Holt develop return rates for meat
and for marrow separately, so average return rates per level were found for the Payne’s
Cave assemblage for both meat and marrow to compare efficiency through time. A
Spearman’s Rank Correlation test was also performed for each set of return rates per
level, to discern correlation between element frequency and its return rates. For all of
these calculations, the NISP was used as the frequency, because the MNE did not have a
large enough sample size to perform these analyses. It is necessary to stress again, the
complications of interdependence when using NISP as the frequency source in analyses.
While the MNE could not provide a large enough sample size, the NISP will likely
conflate to some degree the reality of element representation. Therefore, interpretations
regarding these results will be cautious.
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Cementum Increment Analysis
When the identification of the faunal assemblage was complete, suitable teeth
were selected for CIA. The petrological method outlined by Leigh (1998) for preparing
and analyzing thin sections was followed here. Suitability was judged on tooth type and
completeness. Only molars and premolars were included in the sample as they are
typically more frequently recovered from archaeological sites in quantity and quality
compared to incisors and canines. A total of 21 specimens were deemed suitable,
including 18 molars, two premolars, and one deciduous premolar. Each tooth was
identified by tooth type (molar, premolar), type number (M2, P4, etc), element
(mandibular or maxillary), and side (right or left). Given the identification data, the
assemblage has an MNI of seven individuals. All of the specimens were complete teeth,
and only two of the specimens were isolated teeth. The remaining 19 teeth were
processed still encased in the alveolar bone, as this provides further protection to the
cementum.
The teeth were first cleaned very gently from dirt with a tooth brush. The
cleaning keeps dirt from being included in slides and obfuscating the readings, but it must
be gentle to protect the cementum from abrasion. Photos were taken of each specimen of
an overhead and profile view. Unfortunately, these photos were lost, therefore there is no
precut documentation of the teeth. The teeth were then prepared to be sized, to fit into
silicon ice cube trays to become epoxy resin blocks. Some specimens were already small
enough to fit into the ice cube tray, the remaining specimens needed to be cut to size.
These were cut using a Buehler IsoMet low speed rotary saw with a diamond edged
copper blade set in a water tray. Once all the samples were small enough to fit inside the
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ice cube tray, they were individually cleaned from grit using an Isonic ultrasonic
cleanser. They were set on a “normal” cleaning cycle that lasts for three minutes. The
sample was allowed to dry overnight before continuing with the resin setting since the
moisture could affect the chemical setting.
The rows and columns on the ice cube trays were given letters and numbers
respectively, and each specimen was identified by its grid ID. An epoxy resin was
prepared in two batches for the total sample, which comprised of 50% resin and 50%
hardener. Once the mixture was prepared, it was poured into each square of the ice cube
tray containing a specimen. The sample was left in the CSUC Zooarchaeology
Laboratory for 24 hours to allow for the epoxy to harden. After this period, each
specimen block was labeled with their grid ID using a fine-point Sharpie marker and
covered with clear nail polish. Now safely encased in epoxy, each block was cut using
the above mentioned lapidary saw to remove excess resin and to expose a longitudinal cut
of the tooth. Due to the mechanics of the saw, the block would need to be rotated several
times before the full cut could be made. This often produced a lip on the newly exposed
surface. Since this was the side that would be mounted onto a slide, the lip needed to be
ground down first. All grinding throughout this process was conducted with silicon
carbide 600 grain grit on a glass surface and lubricated with water. Once the surface was
even, the grit was washed off the specimen.
Another small batch of epoxy resin was prepared and used to adhere the
blocks to slides, with the plane of the tooth facing the slide. These were left to harden for
24 hours. To cut the remaining block off of the slide to produce a thin section, the slides
were taped with blue painters tape to an attachment on the saw that holds the block in
101

place with counter weights as the blade cuts through. The saw could not be set for cuts
with specified thickness, so the cuts were made subjectively based on how close the blade
appeared to be to the edge of the specimen block. The closer the blade, the thinner the
resulting section would be. However, if the blade was placed too close, it could cut off
the entire block from the slide and require the specimen to be reground and mounted.
This happened once.
Slides with thin sections are then ground in the manner previously stated.
Grinding was paused by the frequent examination of slides under polarized, transmitted
light from an Olympus BH2 microscope. Slides were deemed finished when enough
grinding had been conducted to enable clear readings of the increments. Specimens that
provided readable slides were not processed again, while those that did not provide
readable slides were processed up to an additional two times. Of the 21 specimens, three
did not provide readable results despite the additional attempts to produce slides for each
tooth.
While I was still completing identifications for my faunal analysis, I was
taught how to identify increments by Denise Jaffke, Associate State Archaeologist of
California State Parks, Sierra District. Denise provided samples of slides with known
outer increments already identified from previous research and mentored me in their
identification. She also demonstrated the entire petrological method of thin section
preparation. For the first attempt of the first ten specimens, I was still learning and
relying heavily on Denise’s expertize to identify the outer increments. For all of the
remaining attempts of the entire sample, I identified the outer increments alone. These
slides were then independently read by Josh Peabody, Senior Archaeologist-Technical
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Group Leader at Stantec Consulting Services. During readings with Josh, a drop of
Azzota immersion oil was used on each slide to better brighten the images and make the
features more distinct. Only after we both read the slides did we confer about our
identifications. If we disagreed on an identification, we viewed the slide again and
discussed the evidence that supported our position until a consensus was made. These
identifications included the outer increment (translucent or opaque), the quarter
percentage of the outer layer that is present, and the (subjectively determined) quality of
the slide based on a scale from one (very clear) to four (unreadable). The three specimens
that did not provide readable results all received a quality score of four and were thus
excluded from the final results. All slides were viewed under microscopy as well as
digitally with AmScope 3.7 software. Figure 6 is a picture of clear results using AmScope

Figure 6. Example of visible increments on a thin section.
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software. Appendix C contains images of each specimen. A final table was compiled of
the following data: specimen number, tooth type and side, provenience data, whether the
tooth was an isolate or processed in the bone, the outer increment, percent of outer
increment, quality rating, and season of death. This table will be presented in the results
chapter.
Radiocarbon Dating
As previously stated in the introduction of this thesis, radiocarbon dating was
not a technique regularly employed at the time Payne’s Cave was excavated. Baumhoff
created a culture chronology based on the typology of projectile points within the general
region, and used this to date the site. To refine the chronology of the site, two samples of
Mule Deer teeth were submitted to PaleoResearch Institute, Inc. of Golden, Colorado for
decalcification and AMS radiocarbon dating. The teeth were selected to encompass the
full range of dates from a single unit. The first specimen was a fragment from a left sided
mandible, containing the premolars P2 and P3 within the bone. The second specimen was
a fragment from a left sided maxilla, containing P4 and dp4 in the bone. The teeth came
from unit E5, in levels 0-6” and 24-36” respectively.
Chapter Summary
A detailed description of the various methods employed in this thesis was
presented in this chapter. First, the nature of the identification process for the Payne’s
Cave faunal remains was defined. Next, the various models and tests which will be used
with the faunal data, including the Artiodactyl Abundance Index, Simpson’s Index of
Diversity, Shannon’s Index of Evenness, the stop element and frequency of specific
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cultural modifications, Spearman’s Rank Correlation Coefficient to find density-mediated
attrition, and the Food Utility Index. The process of preparing teeth for thin sections and
“reading” the results with an independent observer was also described. Finally, the
samples sent for radiocarbon dating were listed. The next chapter will contain the results
of these tests, however, it is intended as a “raw” results chapter. Further discussion and
interpretation of those results will follow in the final chapter of this thesis.
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CHAPTER VI
RESULTS FOR FAUNAL ANALYSIS AND
CEMENTUM INCREMENT ANALYSIS
This chapter will present the results of the analyses conducted in this study. It
is meant as a raw data chapter, and all of the interpretations of these results will be
discussed in the final chapter.
The Faunal Assemblage
This collection had 2755 specimens, however 19 of these were not originally
processed with provenience information. As a result, since it is difficult to analyze the
significance of remains without this crucial data, these 19 specimens were excluded from
the analysis. Therefore it is understood that the total number (n) of specimens in this
assemblage is 2736, and a total of 1200 (43.86%) specimens were identifiable. Table 5
lists unit names with their associated levels of maximum depths and the total number of
specimens recovered. The collection was largely unmodified from weathering, which
aided in the overall process and count for identifying specimens.
The remains were largely taxa native to the area, dominated by one particular
species. There are also remains from two domesticated species. Table 6 lists the full
taxonomic names of all the identified species within the assemblage. Table 7 lists all of
the frequencies of identified taxa and unidentified specimens by level. Finally, Table 8
lists the quantifications of identified taxa and unidentified specimens by NISP, MNI,
NISP % of total, and (n) % of the total. The MNI values of this table were derived from
MNE values. Tables 9 and 10 specifying element representation for Sus scrofa and for
106

Table 5. Excavation Units with Associated Maximum Depth in Inches and Total Number
(n) of Specimens
UNIT
C4
C5
C6

Max Depth (in.)
36
30
06

Total (n) Spec.
97
342
31

D4
D5
D6
D7

6
36
24
12

176
407
265
34

E4
E5
E6
E7

36
36
18
18

300
530
235
24

F4
F5
F6
F7

24
18
06
12

99
91
47
58

the combined artiodactyl specimens (including specimens identified to the order
artiodactyla, the family cervidae, and the species Odocoileus hemionus) show where their
MNE calculations are derived from. Only these two taxa are provided with element
representation tables because their higher NISP warrants the clarification. The remaining
taxa of identified specimens have such low NISP, that it is unnecessary to depict the
derivation of their MNE’s with tables. All of the information depicted in these tables will
be discussed in turn in this chapter.
Fifteen distinct taxa have been identified within three different classes:
Actinopterygii, Mammalia, and Aves. Both fish remains and bird remains comprise less
than 1% of the total identified assemblage, while mammal remains are 99.75% of the
total identified collection.
107

Table 6. Taxonomic List for All Identified Specimens
Taxonomy
Class
Order
Family

Scientific Name
Actinopterygii
Salmoniformes
Salmonidae
Oncorhynchus mykiss

Class
Order
Suborder
Family

Mammalia
Rodentia
Sciuromorpha
Sciuridae
Marmota flaviventris
Suborder
Myomorpha
Family
Cicetidae
Subfamily
Neotominae
Neotoma fuscipes

Order
Family

Lagomorpha
Leporidae
Lepus californicus

Order
Suborder
Family

Carnivora
Feliformia
Felidae
Lynx rufus
Caniformia
Canidae
Urocyon cinereoargenteus

Suborder
Family
Order
Family
Family
Family

Artiodactyla
Suidae
Sus scrofa
Bovidae
Bos taurus
Cervidae
Odocoileus hemionus

Class
Aves
Order
Anseriformes
Family
Anatidae
Subfamily
Anserinae
Tribe
Cygnini
Cygnus columbianus
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Common Name

Rainbow Trout

Yellow-bellied Marmot

Dusky-footed Woodrat

Black-tailed Jackrabbit

Bobcat
Gray Fox

Domestic Pig
Domestic Cattle
Mule Deer

Tundra Swan
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Table 8. Taxonomic Frequencies for the Payne’s Cave Faunal Assemblage
Taxa
Salmonidae
Oncorhyncus mykiss
Marmota flaviventris
Neotoma fuscipes
Lepus californicus
Carnivora
Lynx rufus
Canidae
Urocyon
cinereoargenteus
Artiodactyla
Sus scrofa
Bos taurus
Cervidae
Odocoileus
hemionus
Cygnus columbianus
ID SUBTOTAL
UNID SUBTOTAL

NISP
1
1
1
1
3
4
5
1
3

MNI*
1
1
1
1
1
2
2
1
1

NISP% total
0.08
0.08
0.08
0.08
0.25
0.33
0.42
0.08
0.25

(n)% total
0.04
0.04
0.04
0.04
0.11
0.15
0.18
0.04
0.11

743
14
2
30
390

4
3
1
1
7

61.92
1.17
0.17
2.50
32.50

27.16
0.51
0.07
1.10
14.25

1

1

0.08

0.04

28
0

99.99
0.00

43.86
56.14

(n)1200
(n)1536

GRAND TOTAL
(n)2736
28
99.99
100.00
*MNI values derived from MNE values, see tables for Sus scrofa and Combined Artiodactyl Element
Representation

Table 9. Sus scrofa Skeletal Element Representation Frequencies
Element
Cranium
Mandible
Rib
Innominate
Scapula
Radius
Femur
Metapodial

NISP
1
2
2
1
2
2
3
1

MNE
1
1
2
1
1
1
1
1

110

Most Frequent Landmark
2 size classes present

Table 10. Combined Mule Deer Skeletal Element Representation Frequencies
Element
Cranium (1)*
Maxilla
Mandible (2)
Thoracic Vertebra (13)
Lumbar Vertebra (6)
Rib (26)
Scapula (2)
Innominate (1)
Humerus (2)
Radius (2)
Ulna (2)
Metacarpal (2)
Femur (2)
Tibia (2)
Metatarsal (2)
First Phalanx (8)
Second Phalanx (8)
Third Phalanx (8)

NISP
27
15
93
29
23
245
30
10
40
58
23
85
6
105
138
2
2
1

MNE
5
7
5
2
1
1
3
2
2
2
2
4
2
2
3
1
1
1

Most Frequent Landmark
Right anterior premaxilla
Right Maxilla frag with M2
Left ascending ramus
19 spinous processes
12 transverse processes
13 more than 50% present
3 size classes present
Right auricular scar
Right distal fused epiphyses
Left proximal epiphyses
2 size classes present
Right proximal epiphyses
2 size classes present
Tibial crest, right or left
Left proximal epiphyses

(*) indicates how many times the element occurs naturally in one individual

Actinopterygii
One ceratohyal was recovered, identified to the family Salmonidae. This
element is an hourglass looking bone and articulates with the lower jaw bones in salmon,
trout, and char. It was 70% present and had heavy carnivore chewing. The only other fish
specimen was a complete left side mandible identified to Oncorhyncus mykiss (Rainbow
Trout). Both specimens were recovered from the 00-06” level in their units (E5 and D7
respectively), and have a noticeable size difference between them. Thus, it is strongly
considered here that these two remains come from two different individuals. This family
of taxa is native to the area and were once plentiful to the Native Californians living
around the Sacramento River and the surrounding creeks.
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Mammalia
Twelve mammalian taxa were identified on various levels of the taxonomic
hierarchy. Of these twelve taxa, two species are of domesticated animals introduced to
the land by Euro-American settlers, while the remaining ten are native wild species to
Northern California.
Two species of rodent were identified. The almost complete left side mandible
of Neotoma fuscipes (Dusky Woodrat) was recovered from the 12-18” level of unit C5.
These rats have very distinct teeth, with “puddles” of dentine that appear on the occlusal
surface of the teeth. Second, the unfused ilium of Marmota flaviventris (Yellow-bellied
Marmot) was found in the 06-12” level of unit E5. The morphology of this specimen
matched that of specimens in the comparative collection exactly. The ilium was
discolored from burning and was lightly weathered, with possible carnivore chewing and
indeterminate cultural modifications.
Three specimens of Lepus californicus (Black-tailed Jackrabbit) found in the
00-06” level of unit C5 are likely all from the same individual. The two rib specimens
actually refit together. They match the morphology of adult specimens in the comparative
collection, and they are of the same size class (compared to what is “average” for an adult
jackrabbit) as the third specimen. The distal portion of a left side humerus was found with
possible carnivore gnawing. The light weight of these bones, and their thin length
distinguishes them as Lepus. Additionally, the epiphyses of long bones are typically
distinct in species, which aids in the identification of these elements.
Four specimens were identified to the ordinal level of Carnivora. From unit
D5, the fragment of an ischium was recovered from the 00-06” level, which was charred
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and had butchery marks. In the same unit, from the 24-30” level, the fragment of a largesized, right sided radius was recovered with light rodent gnawing and heavy carnivore
chewing. An almost complete medium sized rib with light carnivore chewing was also
found in this level. Finally, from the 12-24” level in unit E5, the proximal half of a
medium sized rib was found. These particular specimens were from elements that do not
have many identifying features, and this is especially true for axial elements. The ischium
and ribs matched the general size profile and morphology of several different species in
the order of Carnivora. Likewise, a shaft fragment of a radius can be difficult to identify
more specifically without the identifying features of the epiphyses. This specimen was
therefore also identified by the similar general size profile and morphology to other
species within the taxon. The MNI for Carnivora was determined by the two clear size
differences in these specimens.
Five specimens were identified to Lynx rufus (Bobcat) using identifying
features, including two ulna specimens, a complete, fused radius, the distal portion of a
mandible, and the shaft fragment of a humerus. All of the five specimens are left sided. In
this circumstance, it should have been simple to state the MNI as 2, given there are 2 left
sided ulna specimens. However, one of them is about half of the distal end while the
other is about 30% of the proximal end of an ulna. Thus, interdependence still lingered
between these specimens indicating the MNE for the left sided ulna was still one. The
ulna fragments were medium sized, and the remaining three bobcat specimens were large
sized; these size differences were the basis for the MNI of two.
One medium sized rib was identified to the family Canidae, from the 12-18”
level of unit D5. This specimen matched the general size profile and morphology of
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several taxa within the family Canidae. Also, three specimens were identified as Urocyon
cinereoargenteus (Gray Fox): the distal portion of a left sided tibia, as well as a left side
and a right side radius. These specimens were identified by the matching morphology and
size of gray fox specimens in the comparative collection. Therefore, both the Canidae and
the U. cinereoargenteus taxa have an MNI of one.
Domesticated Species
Fourteen specimens were identified to Sus scrofa (Domestic Pig), which were
all compared to specimens in the comparative collection. The fragment of a right sided
premaxilla and a rib fragment displaying calcining and charring on different parts of the
bone are adult sized. The premaxilla specimen is particularly robust, the extent to which
was unique among mammals, and the alveolar socket, large and oval in shape, could only
fit the canine of a pig. Another discolored rib fragment, as well as a fused metapodial and
right sided, unfused ilium were compared to and matched the size profile of a juvenile
pig. The morphology of the epiphysis on the metapodial and the auricular scar on the
ilium matched those in the comparative collection. Both of the ribs generally match the
morphology and size profile of specimens from the comparative collection. Finally, the
remaining elements were compared to and matched the size profile of a fetal pig. These
fetal specimens are likely from the same individual. They include the right and left side
of femurs, scapulae, mandibles, and radiuses. Both of the mandibles, and the left side
radius and scapula were all discolored from burning. These elements are unique in their
small size, yet still relatively thick and robust in nature. Also, the distinct thickness of the
mandibles and the morphology of the budding teeth clearly identified these specimens as
fetal pig. Despite the fact that the highest MNE counts for this taxon is two across all
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elements, the MNI was based on the presence of three different size classes in the
specimens.
The presence of specimens identified as domestic pig in lower levels of the
site must be addressed. Two of the specimens were recovered from the 6-12” level, a
juvenile rib fragment and a fetal mandible. As stated above, the fetal mandible
identifications are unquestionable, given the unique thickness of the mandible itself and
the morphology of the erupting teeth. The rib fragment was 50% present, which provides
enough confidence that enough of the specimen was present to significantly match the
morphology and size to the juvenile specimens in the comparative collection. Though
few, there were other specimens and artifacts associated with the historic time period
excavated from this depth that I feel confident in these identifications. The other pig
identification recovered from the 18-24” level is a rib specimen identified as 20%
present. There are two possibilities that can explain why this pig specimen was this far
down in the matrix. The first is that burrowing rodents impacted the site, and the
provenience of this specimen is the result of bioturbation. Baumhoff (1957) did note in
his report that the three burials in Payne’s Cave were primary internments, though two of
the three had been disturbed, likely due to rodents. The second possibility is that the
specimen was misidentified. It is a common mistake to confuse pig and human elements,
and human error is always possible. It must be acknowledged that both of these
possibilities are just as logical to provide the explanation to the depth of a pig bone so far
down in the matrix. However, I feel confident enough in the similarity of morphology
between the specimen in question to those in the comparative collection, that I will state
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it is likely that its presence in the lower level can be attributed to the burrowing activity
of rodents noted by Baumhoff.
A rib fragment and an adult (fused) lumbar vertebra were identified as Bos
taurus (Domestic Cow). These were both compared to and match the morphology and
size of cow specimens in the comparative collection. Both specimens showed heavy
carnivore chewing, and the vertebra had butchery marks as well.
Mule Deer
The analysis of the remaining mammalian identified taxa (Artiodactyla,
Cervidae, and Odocoileus hemionus) are combined and collectively considered as Mule
Deer. As Gutierrez states, “they are the most highly represented artiodactyl in the
assemblage and the most historically represented artiodactyl in the region” (2012:56).
The quantification data for the combined mule deer taxon can be seen in Table 11 and
Table 11. Frequencies for the Combined Mule Deer Taxon
Taxa
Odocoileus hemionus

NISP
1163

MNI
7

NISP% total
96.92

(n)% total
42.51

clearly illustrates how the Payne’s Cave faunal assemblage is dominated by Mule Deer.
This taxon has an NISP of 1163 specimens, which comprises of almost 97% of all
identified specimens, and almost 43% of all specimens in the entire faunal assemblage.
As previously stated, the MNI frequencies are derived from the highest occurring MNE
(right side maxillary M2) within the combined taxon.
Table 12 depicts the skeletal element representation of this combined taxon by
level. The highest frequencies are seen in ribs, metapodials, mandibles, and tibias, while
the lowest frequencies are seen in the sternum, carpals and tarsals, and phalanges.
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Aves
Only one avian specimen, a rib, was identified from the assemblage, found in
the 00-06” level of unit E5. The size and morphology of the head and unicate process of
the rib matched that of Cygnus columbianus (Tundra Swan). This species prefers open
still waters for its habitat, and has lately resumed its winter migrations to the Sacramento
River and restored open wetlands in Northern California.
To address the three hypotheses of this thesis, the following analyses were
conducted and listed with their results. Recall that testing for resource depression during
contact era incorporates the Diet Breadth model and the Prey-As-Patch model, which
included the application of the Artiodactyl Abundance Index, Simpson’s Index for
Diversity, Shannon’s Index for Evenness, as well as defining the stop element and
examining the frequency of spiral fractures through time. After this, the results for the
Spearman’s Correlation Coefficient to test for density-mediated attrition and the results
for average meat and marrow return rates using the Food Utility Index under the Central
Place Foraging model are provided to address the hypothesis concerning Yana mobility at
contact. Next, the CIA results are presented, which address the hypothesis regarding the
seasonal occupation of Payne’s Cave. Finally, the results of the radiocarbon dating are
listed.
Artiodactyl Abundance Index
Using the formula Artiodactyla NISP / (Small Mammal NISP + Artiodactyla
NISP) I have calculated the proportion of large to small prey in the Payne’s Cave faunal
assemblage. The term “artiodactyl abundance” is again understood as the combined mule
deer abundance, compared to small mammals. This measurement through time is seen by
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the combining of all units and analyzing by twelve inch levels. This resulted in three
distinct levels of time. Table 13 shows the calculations and results for the artiodactyl
abundance index.
Table 13. Artiodactyl Abundance Index Results
Level (in.)
00-12
12-24
24-36

Calculation
790 / (4 + 790)
278 / (1 + 278)
101 / (0 + 101)

Results
0.995
0.996
1.0

Resulting values that are closer to one indicate a high foraging efficiency
through a higher proportion of large prey relative to small prey. Conversely, values that
are closer to zero indicate a low foraging efficiency through a lower proportion of large
prey relative to small prey. A gradual decrease in foraging efficiency is seen through
time, as the results decrease from 1.0 to 0.996, and finally to 0.995.
Simpson’s Index of Diversity
This index was calculated for each twelve-inch level. In both this index and in
Shannon’s Index for Evenness, the single pig specimen found in the 18-24 inch level was
not included, since its presence in that depth is most likely due to bioturbation. Table 14
shows the diversity measures for each level. Results closer to zero indicate low diversity,
while results closer to one indicate high diversity. The 0-12 inch level has a diversity
Table 14. Results for Simpson’s Index of Diversity
Level (in.)
00-12
12-24
24-36

Results
0.077
0.021
0.060
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measure of 0.077, which then decreases to 0.021 in the middle level. The earliest level
has a measure of 0.060.
Shannon’s Index of Evenness
Again, this index was measured for each twelve inch level. Table 15 indicates
the diversity (H), the potential maximum for diversity (Hmax), and the equitability (E)
for each level. Results for E that are closer to zero indicate low equitability while those
closer to one indicate high equitability. From the earliest level to the most recent, the
measures of evenness fluctuate from 0.142 down to 0.051, and up to 0.093.
Table 15. Results for Shannon’s Index of Evenness
Level (in.)
00-12
12-24
24-36

H
-0.224
-0.071
-0.156

Hmax
2.398
1.386
1.099

Evenness
0.093
0.051
0.142

Cultural Modifications
Spiral fracturing (also known as green fracturing) occurs while the bone still
has organic content within it. It is a common modification resulting from marrow
extraction. This form of modification was the most prevalent (see Appendix B for
comparisons), with a total of 611 specimens and coming to 52.54% of the artiodactyl
remains. Distribution was spread across 19 types of elements, with the highest
frequencies in metacarpals, metatarsals, metapodials (n=272), tibias (n=94), femurs
(n=65) and radii (n=54). To better discern patterns of spiral fracturing through time, the
NISP of specimens with this modification was found per 12” level, as well as the
percentage of modified specimens from the total combined artiodactyl taxon. As shown
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in Table 16, the frequency of specimens with spiral fractures rises through time, however
this is tempered by the percentages. The earliest level has 64%, and this decreases to 49%
in the 12-24” level. The percentage rises again in the 0-12” level to 53%.
Table 16. Cultural Modifications in the Combined Mule Deer Taxon
Spiral Fractures
NISP
Percent
Butchery
NISP
Percent
Total Taxon NISP

00-12”

12-24”

24-36”

Total

415
52.53%

136
48.92%

61
64.21%

611
52.54%

85
10.76%
790

39
14.03%
278

2
2.11%
95

126
10.83
1163

Evidence of butchery marks were also quantified for the combined artiodactyl taxon.
These appear as cut marks or scratches on the bone, which indicate the removal of meat
from it. These modifications may indicate a prioritizing of meat processing over marrow
processing. Therefore, the NISP of specimens with evidence of butchery were found per
level, as well as the percentage from the total combined mule deer taxon. Like spiral
fractures, Table 16 shows a steady increase in the NISP for specimens with evidence of
butchery. However, the percentages show an inverse relationship to that of the
percentages of spiral fractures. The earliest level has a percentage of two, which then
increases to 14%, and falls again to eleven.
Stop Element
Table 17 lists the stop element per level for the combined mule deer elements
showing evidence of marrow processing (spiral fractures). The stop element is used as a
proxy to discern “good times” of resource capture and use over “bad times” when
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Table 17. Stop Elements by Level, Ranking, and Frequency
Level
(in.)
00-12

Stop Element

Element Rank

Frequency

Second Phalanx

Lowest ranked element for marrow
extraction

2

12-24

First Phalanx

Second lowest ranked element for
marrow extraction

1

24-36

Metacarpal

Third lowest ranked element for
marrow extraction

4

compared to Burger et al.’s (2005) cumulative gain curves for stop element ranks, an
adaptation of which is shown in Figure 7. From the earliest level to the most recent, the
stop elements are as follows: the metacarpal, the first phalanx, and the second phalanx.
These results over time show an increase in processing lower ranked elements for
marrow, however, they are all indicative of a relatively consistent “bad time.”

Thoracic Vertebra
Innominate/Sacrum
Cervical Vertebra
Scapula
Femur
Lumbar Vertebra
Rib
Humerus
Tibia
Radio-Ulna
Metatarsal
Metacarpal
First Phalanx
Second Phalanx

“Good Times”

“Bad Times”

Figure 7. Stop element rankings for good vs. bad times. Adapted from Burger et al.
(2005:1151).
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Food Utility Index
In order to understand the nature of the artiodactyl element representation, it is
first necessary to check for density-mediated attrition. This was done with a Spearman’s
Rank Correlation test, calculating for correlation between element frequency and element
density. As Table 18 shows, the test results for the correlation coefficient are (r = .291)
out of a total number of 20 pairs of elements and their densities, with a 95% confidence
interval of (p = .472) for a two-tailed test.

Table 18. Spearman’s Rank Correlation for Combined Mule Deer
Element Frequency and Density
Correlation Coefficient (n=20)
r = .291

Significance (two-tailed)
p = .472

Following these calculations, a Food Utility Index (FUI) was averaged for
artiodactyl elements by twelve-inch levels. Table 19 shows the average return rates of
marrow per level and corresponding correlation test results from Spearman’s Rank.
Critical values for significance were all taken for a 95% confidence interval for two-

Table 19. Average Marrow Return Rates Per Level
Level (in.)
00-12

Average Marrow RR (Kcal/hr)
2,649.029

Spearman’s Rank
r = .45
p = .786

12-24

2,631.544

r = .12

p = .886

24-36

3,113.181

r = .50

p = 1.0

tailed tests. From earliest to most recent, the averages for marrow return rates are as
follows: 3,113.181 kcal/hr., 2,631.544 kcal/hr., and 2,649.029 kcal/hr. Table 20 outlines
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Table 20. Average Meat Return Rates Per Level
Level (in.)
00-12

Average Meat RR (Kcal/hr)
128,529.402

Spearman’s Rank
r = -0.50
p = .786

12-24

121,070.683

r = -0.53

p = .886

24-36

120,709.257

r = -0.57

p = 1.0

the average return rates of meat per level and results from the Spearman’s Rank tests.
Again, from earliest to most recent, the averages for meat return rates are as follows:
120,709.257 kcal/hr., 121,070.683 kcal/hr., and 128,529.402 kcal/hr. These tests were
performed with NISP, rather than MNE due to insufficient sample sizes. As previously
stated in the methods chapter of this thesis, the use of this quantification method has
some inherent issues, namely interdependence, which will affect the results of these tests.
The impact of this will be discussed further in the next chapter.
Cementum Increment Analysis
Table 21 presents the CIA results, including specimen identification number,
provenience data, specimen element identification, outer increment, percent present of
outer increment, overall quality of the thin section slide, and the death of death
determination. Thin sections with a quality rating of four (poor quality) were not
analyzed. Traditionally, the percent present of the outer increments are recorded in
quarters (25, 50, etc), however, most of the sections with an opaque outer increment were
recorded as 10% present. This was a decision agreed upon by Josh Peabody and myself,
given the nature of the band showing. The 10% is understood as a band that had just
begun to form; it is visible and present, but only just. Several other thin sections have
percentages that are a range (i.e., 75-100%). This reading was a decision agreed upon by
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Table 21. Cementum Increment Analysis Results
ID #
A1
A2
A3
A4
A5

Provenience
Unit C5, 00-06”
Unit C5, 12-18”
Unit C6, 00-06”
Unit D4, 12-18”
Unit D4, 12-18”

Element ID
Rt. Man. M2
Lf. Man. M2
Rt. Max. M1
Rt. Man. M2
Rt. Max. M2

Outer Inc.
Translucent
Translucent

% Present
75-100%
25-50%

Translucent
Translucent

75%
75-100%

Quality
2
2
4
2
1

D.O.D.
Late Summer-Fall

B1
B2
B3
B4
B5

Unit D4, 18-24”
Unit D4, 24-30”
Unit D5, 12-18”
Unit D5, 18-24”
Unit D5, 18-24”

Lf. Man. M2
Lf. Max dp2
Rt. Max. M2
Rt. Max. M2
Rt. Man. P4

Translucent
Opaque
Opaque
Translucent
Opaque

100%
10%
10%
100%
10%

1
3
2
3
2

Fall
Fall-Winter
Fall-Winter
Fall
Fall-Winter

C1
C2
C3
C4
C5

Unit D6, 00-06”
Unit E4, 00-06”
Unit E5, 00-06”
Unit E5, 00-06”
Unit E5, 06-12”

Lf. Man. M2
Rt. Man. M3
Lf. Man. P4
Lf. Man. M1
Rt. Max. M2

Opaque

10%

Fall-Winter

Translucent
Opaque
Opaque

100%
10%
10%

1
4
3
2
1

D1
D2
D3
D4
D5

Unit E5, 06-12”
Unit E5, 06-12”
Unit E5, 06-12”
Unit E5, 12-24”
Unit E5, 12-24”

Rt. Max. M2
Lf. Man. M2
Rt. Man. M2
Rt. Max. M2
Lf. Man. M2

Opaque
Opaque
Opaque

10%
50%
10%

Fall-Winter
Winter
Fall-Winter

Opaque

10%

2
2
1
4
1

E1

Unit E5, 24-36”

Lf. Max. M2

Opaque

10%

3

Fall-Winter

Late Spring-Early Summer

Late Summer
Late Summer-Fall

Fall
Fall-Winter
Fall-Winter

Fall-Winter

Denise Jaffke and myself. The range is understood as the band containing somewhere
more than 75% and less than 100% present, but a more specific degree of percentage is
unmeasurable.
In general, the majority of the thin sections produced readable slides (86%).
The original sample of 21 slides produced three that received a quality rating of four.
These three slides were not included in the analysis of these results. Therefore, of the
readable sample, a majority show conclusive dates of death for the fall/winter months
(78%) while another two slides show dates of death with a possible inclusion of fall
months (adding these, the percentage increases to 89%). The remaining two specimens
show dates of death in the late summer, and the late spring to early summer months.
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Radiocarbon Dating
To refine the chronology of the site, two samples of Mule Deer teeth were
submitted to PaleoResearch Institute, Inc. of Golden, Colorado for decalcification and
AMS radiocarbon dating. The following results, seen in Table 22, were submitted and are
available for review on tDAR. The range of dates for the 00-06” level is 460-300
calibrated years BP at the two-sigma level. The range of dates for the 24-36” level are
670-640 calibrated years BP and 590-560 calibrated years BP at the two-sigma level.

Table 22. Radiocarbon Dating Results
Provenience
Unit E5, Level 00-06”

Specimen
Left mandible P2 and P3

Date Ranges
460-300 cal BP

Unit E5, Level 24-36”

Left maxilla P4 and dp4

670-640 cal BP
and 590-560 cal BP

Chapter Summary
This chapter has presented the raw data for the results of the various analyses
performed in this thesis. These results include a breakdown of the faunal assemblage by
taxonomic classification and by several methods of quantification. Specific tests were
conducted with the faunal assemblage data in accordance with the models discussed in
the theory and methods chapters of this thesis, which are connected to the overall
research questions regarding Payne’s Cave. Also, results from the radiocarbon dating
samples were presented here, as well as the results of the cementum increment analysis.
The interpretations of this data will follow in the next chapter.
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CHAPTER VII
DISCUSSION AND CONCLUSION
This final chapter will discuss the results presented in the previous chapter,
and address each hypothesis in turn. This thesis will conclude with general reflections on
what this research has offered to increase our knowledge in Native Californian studies.
Resource Depression
The first hypothesis in this thesis was that the Yana foraged under conditions
of resource depression during culture contact. Several analyses were conducted which
provide data regarding the taxa that the Yana were procuring for subsistence, as well as
how intensely they were processing carcasses. The Artiodactyl Abundance Index
provides the means to examine any decreased efficiency of Yana foraging through time.
The results of the Payne’s Cave faunal remains show very little change through time in
the abundance index, as well as very high efficiency overall. Specifically, we see the
smallest steady decrease in efficiency through time, though the total decrease from 1.0 to
0.995 seems negligible at best. This overall high efficiency seems counter-intuitive at
first glance, given the historic data reviewed in Chapter III which stressed the severity of
starvation felt by the Yana and enforced through policy by the Euro-Americans. These
results highlight the limitations of this particular test.
As stated in the methods chapter of this thesis, the formula for the abundance
index divides the NISP of artiodactyl specimens by the sum of the NISP of small
mammal specimens and artiodactyl specimens. Within these parameters, the presented
results in the previous chapter are correct. However, specimens identified as fish, avian,
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or other mammals that are not artiodactyls or small are excluded from the formula, and
thus, from this particular analysis. It is appropriate to consider the inclusion of remains of
other species in this assemblage when considering resource depression (i.e., an expansion
of the diet breadth).
Simpson’s Index of Diversity and Shannon’s Index of Evenness are two
measures to determine any increase in the diet breadth. In the first, the results showed
relatively uniform low diversity, when considering the value for high diversity should be
closer to one than zero and all results were less than 0.08. There is a noticeable jump in
values between the middle level and the most recent level, from 0.021 to 0.077, which at
least meets the expectation that the diet breadth did expand in contact era. The result of
the earliest level, 0.060 can be misleading; objectively, there are only three different taxa
in this level, while the middle level contains four, and the most recent contains eleven.
Logically, the earliest level should show the lowest measure of diversity. The reason for
these results stems from how the index is calculated. Frequencies of taxa are measured in
relation to the frequency of each taxon’s NISP, which means that not only are we
measuring the number of species present in the level, but how many of each species is
factored in too. Throughout the three levels, most of the taxa identified had only one,
two, or three specimens present. In these calculations, such low NISP is difficult to
register, and often this level of rarity does not affect the diversity. Thus, the many taxa
that were identified with just a single specimen in the level did not register in the
diversity. Therefore, in the earliest level, of the three taxa that were identified, one taxon
had a single specimen, so the diversity measure accounted for two taxa. In the middle
level, of the four identified taxa, three were identified by single specimens, so only one
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taxon was registered by the index. This is why the measure for the earliest level is so
high, despite the objectively lower number of identified taxa.
Likewise, in the results for Shannon’s Index of Evenness, we see the expected
jump in diversity (H value) and equitability (E value) between the middle level and the
most recent level. However, the H and E values for the earliest level are relatively high.
Notably, the E value for this level is the highest of all three levels. Again, this is due to
the nature of the calculations for this index. Recall that E is measuring the evenness of
the NISP between all the taxa in the level. With the combined mule deer NISP ranging
from 790 in the first level, to 278 in the middle, and down to 95 in the earliest level, it is
no wonder that the evenness is higher in that 24-36 inch level.
Given the issues inherent in the application of these indices, they collectively
provide a minimum of support for the presence of resource depression. The strongest
evidence is provided by the expected jump in values between the middle and most recent
level at contact era in Simpson’s and Shannon’s Indices. In the earliest and middle levels
(24-36” and 12-24” respectively), the Artiodactyl Abundance Index truly encompassed
and calculated the overall efficiency of Yana hunting, meaning there were no other
species identified in those levels other than the artiodactyl specimens and small mammals
accounted for in the formula. However, in the most recent level (00-12”), the index
continues to illustrate high efficiency in regard to deer hunting. To demonstrate resource
depression, it is expected that deer hunting would tend to be lower in efficiency.
Therefore the Artiodactyl Abundance Index does not support the presence of resource
depression in this context.
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For this reason, Simpson’s and Shannon’s Indices were included in this
analysis, to better address the clearly expanding diet breadth. During contact era, the
NISP data shows two fish specimens, one bird specimen, and 16 specimens identified to
domestic species were included in the diet breadth. Simpson’s and Shannon’s indices did
capture a degree of this increase of diversity. It is also telling, in this faunal assemblage,
that absolutely no evidence of foraging for other local species, known to be part of Yana
diet, is present except in the 00-12” level, where we would expect to see an increase in
the diet breadth. Most convincing of all, is the presence of 14 specimens identified to
domestic pig and two specimens identified to domestic cow. These faunal remains are
evidence of those well documented fateful livestock raids, committed by the Yana for
their survival, and serve as a reminder of the retribution they faced in violence and death.
The analysis that provides a complementary form of data to the diet breath is
the Prey-As-Patch model (PAP). As discussed in Chapter II, the PAP provides a measure
of the efficiency of hunting by how thoroughly the carcass was processed for meat and
marrow (Burger et al. 2005). The results of stop elements indicate an overall low
efficiency, specifically with a gradual increase over time of inefficiency. From the
earliest to the most recent level, the stop elements are the metacarpal, the first phalanx,
and the second phalanx respectively. These are, in order, the third lowest ranked element,
the second lowest ranked, and the first lowest ranked element for marrow extraction. This
increase in processing to extract marrow is expected under conditions of resource
depression. Though the overall trend seems to put the state of efficiency for Yana hunting
within the “bad times” category, the data indicate that during contact era, the Yana
efficiency was at its lowest.
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Also, frequencies of spiral fractures in the combined mule deer remains
through time were measured as percentages of specimens with that modification by level.
The results show an increase in the percentages from the middle to the most recent level,
indicating an increase in the extraction of marrow from deer carcasses. This is contrasted
by a decrease in the percentage of specimens with evidence of butchery modifications
between these two levels. This indicates a decrease in the evidence for behaviors which
prioritize cuts of meat for jerking in the diet. Simply put, these trends in modifications
illustrate the increased priority for extracting marrow at contact era, however more about
these modifications will be discussed in the section regarding the second hypothesis.
Altogether, the results of these analyses provisionally support that the Yana
experienced resource depression at culture contact. The Artiodactyl Abundance Index did
not definitively demonstrate a lowering of efficiency in Yana hunting practices during
contact era. Also, while it is clear according to the taxa NISP frequencies that their diet
breadth increased, evidence of this is difficult to see, due to the method of calculations in
Simpson’s and Shannon’s Indices. However, evidence of decreased efficiency was shown
through the increased processing of carcasses for marrow in lower ranked elements (the
stop element) and overall (by the increased frequencies of specimens with spiral
fractures). Thus, the null hypothesis is provisionally accepted; evidence of resource
depression was at its highest during culture contact, shown by the analyses stated above,
while largely supported by historic documents and the presence of two domesticated
species within the faunal remains.
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Mobility
The second hypothesis of this thesis was that the Yana were highly mobile
during contact era. The idea has been suggested here that this mobility was their method
of hiding which became a form of resistance-survival, and was facilitated by the rugged
terrain in which the Yana lived. Ethnographic data illustrates the semi-sedentary nature of
pre-contact Yana life, and historic documents describe the malicious and violent
measures the Euro-Americans partook to ensure the Yana could not thrive. I infer from
this written data that the degree of mobility increased out of necessity. Though it cannot
be measured in an analysis that the degree of mobility increased from pre-contact to postcontact in the way as inferred from the historic documents, tests from the Central Place
Foraging (CPF) model can show that the Yana were in fact mobile, as opposed to the
assumed decreased mobility at contact as examined by Gutierrez (2012). Considering the
degree of Euro-American violence post-contact, the Yana could not survive by remaining
the same in their lifeways. Thus, it is assumed that the Yana initiated changes to their
culture systems in order to live. If the previous research from Gutierrez demonstrated that
the Yana did not adapt through a decrease in mobility, it is assumed that the necessary
change to survive was therefore an increase in mobility.
Before examining the mule deer element representation to discern patterns, it
was necessary to rule out any density-mediated attrition in the assemblage. Results from
the Spearman’s Rank Correlation Coefficient that are closer to 1.0 indicate a strong
positive correlation, while results closer to (-1.0) indicate a strong negative correlation.
The results from the Payne’s Cave assemblage were r = 0.291, which is closest to 0.0,
indicating no correlation between the frequency of elements and their density.
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Assured that taphonomic processes had not distorted the element
representation of mule deer remains, they were compared to a Food Utility Index (FUI) to
assess overall efficiency in return rates (RR) through time. RR values were taken from
Madrigal and Holt (2002), and averaged by level for meat and marrow separately. The
averages of meat RR increase over time, with an especially large increase between the
middle and recent levels. The averages for marrow RR decrease from the early to the
middle level, and show a gentle increase from the middle to the recent level.
According to the CPF model, an increase in the focus of high utility elements,
as indicated by the increasing average in meat RR during contact era, is evidence of field
processing behaviors that prioritize the best elements for transport back to camp across
increased distances, and therefore indicative of increased mobility. However, results from
the first research question show a focus on low utility elements for marrow extraction due
to resource depression at contact era. What then, is being field processed if low utility
elements are included for marrow extraction?
The confusion of these results partially stems from the issues in how these
averages were calculated. As stated in the previous chapter, the NISP frequencies were
used to calculate the average meat and marrow RR for each level. This means that, within
this analysis, there is an expected degree of over-abundance in the RR, especially in the
sample from the 00-12” level, where the overall due to the issue of interdependence. This
is especially exaggerated in the 00-12” level, where the overall NISP is greatly out of
proportion to the smaller sample sizes in the 12-24” and 24-36” levels. MNE would have
been a more accurate quantification of actual RR averages, however, this sample was too
small to run the calculations. Out of necessity, NISP was used, but it must be understood
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that the frequency distributions do not provide a realistic quantification for RR averages,
and is likely much smaller in each level, especially the 00-12” level.
A second consideration comes from the results of the Spearman’s Rank
Correlation Coefficient tests conducted to discern any relationship between the meat and
marrow RR to element frequency for each level. The results for the meat RR show a
general moderate negative correlation for each level. This means that as the frequency of
elements increases, the RR decreases, and vice versa. From this, it is inferred that with a
more proportionate sample size between the levels, the RR would be lower at contact and
higher in the (24-36”) level. Thus, the averages over time would show a less drastic
difference, and would instead show relatively more stable differences.
The results for the Spearman’s Rank Correlation Coefficient test for the
marrow RR and element frequency show a moderate positive correlation. This means that
as the frequency increases, so does the RR. Likewise, if the frequency decreases, so too
does the RR. In a more proportionate sample, the averages through time would only
appear more exaggerated than they are now, producing a more drastic change in the
general decreasing trend seen now. Though we cannot calculate how much of a
difference the correlation considerations make on the RR averages, it can be stated that
the meat RR averages over time would be relatively more stable than they appear in the
above results, while the marrow RR averages would decrease in a relatively more
exaggerated manner.
Despite these considerations, the increase in the average RR for meat at
contact era is such that the data shows a clear prioritization for higher utility elements.
This meets the expectations for increased mobility. In this context, we would expect the
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prioritization of meat for jerking to come at the expense of processing for marrow. This
would be shown in an expectation of decreased evidence of spiral fractures. As already
discussed, the spiral fractures increase at contact era, which are a resulting behavior
reflecting resource depression. Therefore, since the data presents both evidence for
increases in high utility elements (which indicate increased mobility under the CPF
model) and conflicting increases in the processing of lower utility elements (which
indicate resource depression under the DBM) at contact era, these results are interpreted
as clearly distinct support for the change in Yana life. This data is reflective of the
behavior of a people who were on the run for their lives and so hungry that when they
had a moment of safety with provisions, a deer would be processed to its fullest extent.
As such, this data supports the image of Yana life portrayed by historic documents.
To summarize, the faunal remains support the behaviors of increased mobility
at culture contact. The undeniable sharp increase in the average RR for meat leads to the
conclusion that high utility elements were processed preferentially. This data supports the
expectations of the CPF model in spite of the sources of evidence already provided that
support the phenomena of resource depression at contact era. This clear shift to field
processing for high utility elements is understood as an indication of the necessary
increase in Yana mobility, which is complemented by the evidence supporting the depth
of Yana hunger. Therefore, the null hypothesis of the second research question is
accepted: the Yana were highly mobile at contact era.
Season of Occupation
The final research hypothesis was that Payne’s Cave (CA-TEH-193) was
seasonally occupied as a temporary camp or hunting camp during the winter season by
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the Yana. The seasonality of this site had not been examined since Baumhoff (1957) first
designated it as a winter site in 1956 from ethnographic data denoting Yana settlement
patterns through elevation. The goal of this thesis was to provide more modern and
scientifically rigorous data to support and confirm Baumhoff’s original seasonality
determination. The analysis conducted for this purpose was CIA on mule deer teeth from
the faunal assemblage.
The results from the CIA show a majority of conclusive dates-of-death during
fall and winter months (78%). Two of the remaining four specimens in the sample have
results that could possibly be included in this majority by way of fall dates-of-death.
Their actual determined dates-of-death are during late summer to fall months. Including
these two into the majority raises the sample to 89% with dates-of-death during the
fall/winter season. The remaining two specimens have dates-of-death during the late
spring to early summer months and during the months in late summer. Payne’s Cave is
within the winter range of the Eastern Tehama Deer Herd (ETDH), therefore the presence
of these two specimens with dates-of-death so far removed from winter season months is
interesting.
According to Ramsey (1981), the timing of the fall and spring ETDH
migrations are varied depending on climatic conditions like the temperature and the
changing hours of daylight. The fall migration typically starts in early September, and the
majority of the herd reach the winter range by mid-October. The spring migration,
however, is conducted at a more leisurely pace, according to the successive growth of
plants foods up the higher summer range, beginning in April (Leigh 1998; Potter 2003;
Ramsey 1981).
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Aligning the CIA season of death results to the months of ETDH migration
patterns, it can be inferred that the Yana at Payne’s Cave targeted mule deer mainly
during the fall migration down to the winter range, possibly ambushing them at known
holding areas where deer rest midway through the migration. The late summer date-of
death is less of an anomaly now, since late summer is inclusive of September, which is
when the fall migration begins. While it is clear that Payne’s Cave is situated within the
winter range of the ETDH, it is not inconceivable that the Yana were hunting deer in the
late summer, since the site is located close to the border of the winter and summer ranges.
The Yana could have simply gone farther up the foothills along a known migration route
they knew the deer would come through. It is not likely that this is evidence of adaptive
behaviors due to the impact of Euro-American encroachment, since the specimen with
this late summer date-of-death was recovered from the 12-18 inch level. Likewise, the
one remaining specimen with a date-of-death during months in the late spring to early
summer may be indicative of a hunt for deer still slowly progressing up to the summer
range in its spring migration, rather than evidence of contact era adaptive behaviors, since
it too was recovered from the 12-18 inch level.
These CIA results only present the dates of death events for these deer. There
must be a human connection to their deaths in order to discuss a season of occupation
(O’Brien 1994, 2001). The human behavior associated with these deer is uncontested,
given the presence of cultural modifications to these remains, including evidence of
butchery, burning, and the percentage of over half the combined mule deer remains
which show spiral fracturing alone. These remains were excavated from every level of
depth within the units in association with cultural remains, including projectile points and
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lithic debitage that were likely formed for the acquisition of the deer in question. Finally,
these faunal remains were found in association with the burial of three individuals.
Therefore, the bridge from date-of-death events to seasonal occupation is confirmed.
Similar to Leigh’s (1998) conclusion, it is likely that Payne’s Cave was
occupied mostly during the fall to winter season as a hunting camp to capitalize on the
known migration route of the ETDH. Johnson (1994) states that many caves and
rockshelters were used as seasonal camps, burial sites, and shelter for hiding during
contact. It would seem that Payne’s Cave was used for all three of these purposes. The
earliest date of occupation from the level 24-36” radiocarbon dated sample is from 670 to
560 BP, which is AD 1280 to 1390. The sample from the top level (00-06”) was dated to
460-300 BP, which is AD 1490-1650. This illustrates that a majority of the matrix
consists of a timeframe pre-contact, thus the occupation of Payne’s Cave was mainly
used as a hunting camp. The other two uses (burial ground and shelter for hiding) is not
contested, given the presence of three internments as well as the sheer amount of historic
artifacts recovered from the 00-06” level. It also must be stated that, while the sample
from the top level was dated to 460-300 BP, it is uncontested that the top level is
inclusive of contact era dates, given the amount of historic artifacts listed in Chapter IV
compared to native artifacts, as well as diagnostic datable artifacts such as antique gun
parts.
Therefore, the third null hypothesis to this thesis is accepted. The site location
is situated one mile southwest of the area Baumhoff (1957) determined to be the center of
tribelet organization, and these villages were inhabited during the fall, winter, and spring
months of the year. Thus, Payne’s Cave was occupied during the months inclusive of the
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“winter season.” Baumhoff (1957) had also designated the site type as likely a temporary
shelter or a hunting camp. Given the associated frequency of projectile points recovered
from the site (n = 111) and scraper flakes (n = 46) compared to groundstone (n = 7) or
other artifact types, as well as the clear majority of mule deer faunal remains to any other
artifact type and their associated evidence of processing, it is determined that the majority
of occupation in Payne’s cave served as a hunting camp, compared to the brief time it
was occupied as a shelter during contact era. It is uncertain, however, when the
internments of the three individuals took place.
Conclusion
Two of the three research goals in this thesis were able to be conclusively
addressed. While definitive evidence to support the increase of the diet breadth was not
provided by the various analyses, the presence of resource depression at contact era is
clear from the increase in resource processing, as well as the taxa NISP data which
illustrate the introduction of new species into the diet at that time. More importantly, two
of these new species are domesticated species, which bring to life the historic
documentation of Yana raids on local settlers to ease their starvation. Two cow
specimens, a rib and a vertebra, were possibly taken from a settlement where these
sections had already been butchered, facilitating the theft and escape. The pig specimens
though, include a surprisingly high representation of a fetal pig, which may indicate a
whole sow was taken back to Payne’s Cave.
More conclusive data supports the Yana increased their mobility at contact
era. As previously stated, this method of resistance-survival was missed due to our biased
conception of hiding. The Yana knew their homeland and used the craggy, dense terrain
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to their advantage. The faunal data at Payne’s Cave provides the clues to see how high
mobility was turned from a force of violent aggression from the Euro-Americans to one
of their greatest tools for livestock raids and ultimately, survival.
Finally, the cementum increment analysis provided more data to confirm
Baumhoff’s original seasonality determination at Payne’s Cave. The well preserved
faunal remains from the site provided an opportunity to conduct this analysis, and thus, a
more refined understanding of the timeframe it was occupied.
The wave of Euro-American expansion to the west of North America had
devastating consequences for Native Americans throughout the land. Payne’s Cave is
unique in its ability to offer a window into contact era for northern Native Californians.
As Gutierrez states (2012), it is not often that a site in this region provides definitive
evidence of proto-historic occupation. Additionally, the richness of the data from Payne’s
Cave can shed light on the little known Yana sub-group, the Southern Yana. From this
faunal assemblage, it is possible to see the truth of Yana resilience through cattle raids
that were documented in newspapers. The depths of Yana hunger is visible in the extent
to which they would process a carcass for marrow. Payne’s Cave provides an
understanding of the impact of Euro-American contact that magnify the horrifying truth
of violence the Yana suffered, and of the way the Yana survived through “hiding” in
mobility.
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APPENDIX B

COMPLETE DETAILS OF MODIFICATIONS
Combined Mule Deer Assemblage Modifications
This is an appendix which provides the complete data routinely gathered
regarding natural and cultural modifications on faunal remains. Modification frequencies
for the combined mule deer specimens (including specimens identified as artiodactyl,
cervidae, and mule deer) are listed in Table B1. The table lists the type of modification,
the number(n) of deer specimens which display that type of modification, the percentage
of (n) out of the total of combined deer specimens (total = 1163), and finally the number
of elements showing modifications out of a total of 31 identified artiodactyl elements.
Natural modifications include weathering, root etching, rodent gnawing, and carnivore
chewing. Cultural modifications listed are evidence of polishing, butchery, horizontal
fractures, spiral fractures, and burning.
Specimens showing heavy weathering (n=27) were dominated by antler
(n=20). Five of the remaining seven specimens were fragments of metapodials,
metacarpals, and metatarsals (MP/MC/MT). Overall, only 2.32% of the artiodactyl
specimens were heavily weathered. Likewise, the overall percentage showing light
weathering was rather small, at 7.22 percent. A total of 84 specimens were lightly
weathered, distributed across 17 different types of elements. The most frequent elements
comprised of MP/MC/MT (n=42) and ribs (n=18). Only six specimens had root etching,
at 0.51% of the artiodactyl total. There was no significant majority of element type that
had this modification.
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Heavy rodent gnawing was the least frequent modification, natural or cultural,
with four specimens equaling only 0.34% of the artiodactyl specimens. The four elements
with heavy gnawing are fragments of a rib, a scapula, a tibia, and a third phalanx. Light
rodent gnawing was more widespread throughout the artiodactyl specimens, showing on
119 specimens and comes to 10.23 percent. Light gnawing was present on 18 out of 31
identified elements, though a majority of the modified specimens occurred on ribs (n=21)
and MP/MC/MT (n=34).

Table B1. Natural and Cultural Modifications for Combined Mule Deer Remains.
Modification
Natural
Weathering
Heavy
Light
Root Etching
Rodent Gnawing
Heavy
Light
Carnivore Chewing
Heavy
Light
Cultural
Polish
Butchery
Horizontal Fractures
Spiral Fractures
Burning
Calcining
Charring
Discoloration

(n) Specimens

(n)% Specimens Total

(n) Elements

27
84
6

2.32
7.22
0.51

6
17
5

4
119

0.34
10.23

4
18

280
278

24.08
23.9

17
22

6
126
181
612

0.51
10.83
15.56
52.62

5
21
13
19

34
113
135

2.92
9.72
11.61

15
19
18

The last natural modification was carnivore chewing, which was the most
prevalent form of this category. Specimens that were heavily chewed came to 24.08% of
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the artiodactyl total, at 280 specimens. Heavily chewed specimens were found on 17
types of identified elements, though a clear majority of the specimens were on ribs
(n=157), followed by mandibles (n=46), thoracic vertebrae (n=18) and scapulae (n=14).
Specimens that had light carnivore chewing were only slightly less frequent, at 278
specimens and a percentage of 23.9 for the artiodactyl remains. This modification was
spread across 22 identified elements, the majority of which were found on MP/MC/MT
(n=74), ribs (n=51), and tibia (n=29).
Six specimens had polish, coming to 0.51% of the artiodactyl remains. These
six modified bones were found on five types of elements. Half of the specimens were on
MP/MC/MT remains, while the remaining three were on fragments of a humerus, tibia,
and rib.
Evidence of butchery modifications were on 126 specimens, which was
10.83% of the artiodactyl remains. These markings were distributed across 21 out of 31
identified elements, with a majority found on ribs (n=43) and mandibles (n=12).
Horizontal fracturing (also known as dry fracturing) occurs after the organic
material in bone has begun to leached out, often through cooking. A total of 181
specimens had these fractures, comprising 15. 56% of the Artiodactyl remains. These
modifications were shown in 13 element types, with a clear majority in MP/MC/MT
(n=107), followed by the tibia (n=23).
Spiral fracturing (also known as green fracturing) occurs while the bone still
has organic content within it. This form of modification was the most prevalent, with a
total of 612 specimens and coming to 52.62% of the Artiodactyl remains. Distribution
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was spread across 19 types of elements, with high frequencies in MP/MC/MT (n=272),
tibia (n=94), femur (n=65) and radius (n=54).
The color of burned bone can indicate length of time being burned and the
temperature of the fire. Calcined bone has been entirely leached of its organic material,
and has been in fires of hotter temperatures and longer times than that of charred and
discolored bone respectively. Calcined specimens were 2.92% of the artiodactyl remains,
with 34 bones seen in 15 different element types. A majority of eleven calcined
specimens were on MP/MC/MT elements (n=11). A great portion of the specimens were
charred, at 113 bones and 9.72% of the total artiodactyl remains. This modification was
seen on 19 out of 31 identified artiodactyl elements, with most being present in ribs
(n=34), MP/MC/MT (n=33), and mandibles (n=10). Finally, 135 specimens were
discolored from burning, coming to 11.61% of the artiodactyl remains. This discoloration
was seen on 18 different element types, with a majority on MP/MC/MT (n=56), ribs
(n=18), tibias (n=15), and femurs (n=13).
It can be seen through this summary of modifications that most frequently, the
ribs, metapodials, and tibias are the elements which display them, both natural and
cultural.
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APPENDIX C

CIA RESULTS IMAGES

Figure C1. Specimen A1.

Figure C2. Specimen A2.
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Figure C3. Specimen A4.

Figure C4. Specimen B1.
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Figure C5. Specimen B2.

Figure C6. Specimen B3.
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Figure C7. Specimen B4.

Figure C8. Specimen B5.
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Figure C9. Specimen C1.

Figure C10. Specimen C3.
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Figure C11. Specimen C4.

Figure C12. Specimen C5.
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Figure C13. Specimen D1.

Figure C14. Specimen D2.
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Figure C15. Specimen D3.

Figure C16. Specimen D5.
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Figure C17. Specimen E1.
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