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FOREWORD

We, The Amah Mutsun Tribal Band of Mission San Juan Bautista, California, 
as the state-appointed Most Likely Descendants (MLDs) for the Asistencia 
de San Pedro y San Pablo, commonly known as the Sánchez Adobe, Pacifica 
California, are excited to have supported and contributed to the various ana-
lytical studies in this volume.

The research within this volume provides information regarding the over-
all health, diet, and lifeways of our ancestors who were forced into the Cali-
fornia Mission System. We are honored to have been involved in this multi-
disciplinary study demonstrating collaboration between Indigenous groups 
and archaeologists. We hope these projects will continue to foster positive 
and beneficial relationships between Native American Communities and ar-
chaeologists.

While we understand that the study of ancestral remains can raise ethi-
cal and emotional issues, we felt that their inadvertent disturbance offered a 
unique opportunity to know more about their lives. We felt it was important 
to share this knowledge with the public to help keep them in our collective 
memories. Now that the studies are complete, we are grateful to the San Ma-
teo County Parks for allowing us to rebury the ancestors and their belongings 
as closely as possible to their original resting place.
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1

Introduction
Situating the Asistencia de San Pedro y San Pablo

Jelmer W. Eerkens, Lee M. Panich,  
Christopher Canzonieri, and Christopher Zimmer

During mechanical excavation in 2016 for utility improvements at the Sán-
chez Adobe Park in Pacifica, California, workers made a surprising discovery: 
human skeletal remains. While it was known that this was the location of 
an eighteenth-century Spanish mission outpost, archaeologists and histori-
ans had never precisely determined the location of the associated cemetery—
despite more than seventy years of research on the site. After the unantici-
pated discovery, archaeologists worked with tribal representatives to carefully 
mitigate the damage of the utility work that threatened the cemetery. Ulti-
mately, a total of fifteen individuals and any associated grave goods had to 
be temporarily exhumed. All were Native Californians from nearby Ohlone 
communities who were buried at the site—what was then known as the Asis-
tencia de San Pedro y San Pablo—sometime between 1786 and 1800. This 
book offers an unprecedented look into their lives during the early years of 
colonization on California’s Pacific Coast.

The following chapters emerge from a long-standing and collaborative re-
lationship with the Amah Mutsun Tribal Band of Mission San Juan Bautista, 
who were appointed as the Most Likely Descendants (MLD) for the site by 
California’s Native American Heritage Commission. In conjunction with the 
tribe, a research plan was developed to learn more about Ohlone life at the 
Asistencia de San Pedro y San Pablo. This work involved careful collaboration 
with the tribe, logistic support from the San Mateo County Department of 
Parks and San Mateo County Historical Association, as well as coordination 
by archaeologists from Basin Research, the cultural resource management 
consultants who oversaw the project. Researchers from several universities 
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with expertise in a range of fields were then recruited to conduct specialized 
studies that would reveal more about the lives of the fifteen individuals whose 
graves were disturbed by the construction activities and, by extension, their 
friends and family who also lived and died at the site. These studies, described 
in the chapters that follow, present new information about the health, diet, 
and social relationships of Native people living at a satellite mission during a 
critical phase of the expansion of the Franciscan mission system in the greater 
San Francisco Bay Area.

This work is part of a wave of research across California, and the Americas 
more broadly, that moves beyond a narrow focus on the impacts of colonial-
ism suffered by Native populations toward a more nuanced examination of 
how Native individuals and families drew on long-standing cultural knowl-
edge and social relationships to navigate the challenges of the times (e.g., Pan-
ich and Gonzalez 2021). When applied to the study of Spanish colonialism, 
in particular, many researchers employ a landscape perspective to understand 
how Native communities dealt with the imposition of Spanish colonial mis-
sions established in their varied homelands. Recent archaeological work at 
California mission sites, for example, has demonstrated that Native people 
maintained important continuities in ceremonial practices, diet, technologi-
cal traditions, community structure, and regional exchange networks (Brown 
et al. 2023; Hull and Douglass 2018; Lightfoot 2005; Noe 2023; Panich and 
Schneider 2014; Panich et al. 2014; Panich et al. 2018; Peelo et al. 2018; Popper 
2016; Potter et al. 2021). Outside of the missions, archaeological research has 
similarly revealed how Native people remained connected to ancestral home-
lands in various ways, often through manipulation of colonial policies that 
allowed them to visit sites of refuge in hinterlands (Byrd et al. 2018; Bernard 
et al. 2014; Reddy 2015; Schneider 2015a, 2015b, 2021).

These twenty-first-century studies and views contrast markedly with ear-
lier twentieth-century perspectives that were based largely on analysis of his-
torical documents written by the Spanish (see discussion in Lightfoot 2005; 
Panich 2013; Schneider et al. 2020). That earlier research emphasized the dra-
matic changes to Native lifestyles brought about by the establishment of the 
mission system, with Spanish as actors of change and Native people as passive 
receivers of Euroamerican technologies, behaviors, and identities. Studies in 
this volume attempt to use scientific data to evaluate the extent to which life-
ways persisted or changed for the individuals uncovered at the asistencia, and 
take a more nuanced approach to understanding experiences of individuals 
who were buried at this location. To meet these goals, the chapters here em-
ploy a range of cutting-edge archaeometric techniques to highlight especially 
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the health, diet, social connections, and medicinal practices of the fifteen bap-
tized individuals buried at the asistencia.

The chapters of this book are organized in sections. The first two chap-
ters, including this one, provide an introduction and a historical background. 
The next set of chapters, 3–10, use different analytical approaches to build up 
profiles for the fifteen individuals. These chapters include osteological and 
paleopathological studies (Caine et al., chapter 3), proteomic sex estimation 
and evaluation of childhood stress from proteins preserved in dental enamel 
(Buonasera et al., chapter 4), mortuary analysis, especially of obsidian and 
beads, as insight into social status and regional connections (Panich et al., 
chapter 5), stable isotope analysis to evaluate diet of both humans and ani-
mals (Eerkens et al., chapter 6), proteomic studies of dental calculus to recon-
struct diet (Burk et al., chapter 7), liquid chromatography of dental calculus 
to identify plant residues and biomarkers as insight into medicinal practices 
(Zimmermann et al., chapter 8), measurement of heavy metals in teeth as 
insight into tool use and activity patterns (Malarchik et al., chapter 9), and 
biodistance analysis of dental traits to examine potential genetic relatedness 
between individuals (Broehl-Droke, chapter 10). We had originally planned 
to conduct ancient DNA analyses and include results in this volume. Unfor-
tunately, due to COVID and other delays, that work has not been completed 
at the time of this writing.

The final two chapters of the volume bring together results of the vari-
ous studies. Chapter 11 (Panich et al.) matches bioarchaeological results pre-
sented in previous chapters to the historical mission records from the asisten-
cia in an attempt to identify individuals by name. Combining the historical 
and archaeological records in this way, the authors build a life history for each 
person. The final chapter (Eerkens et al.) examines patterns within the fifteen 
individuals, by sex, age, and social status, to provide context to what life was 
like for individuals buried at the asistencia, and presumably more broadly 
within the mission system. The study examines how these different social cat-
egories intersected with either the persistence of traditional cultural practices 
or engagement with novel opportunities within the mission.

While bioarchaeological studies of cemeteries dating to the Mission Pe-
riod are comparatively rare in California, such work in other geographic loca-
tions similarly points to the potential to use individual life histories to reveal 
more complex patterns of persistence and struggle in comparable colonial 
settings (Murphy and Klaus 2017; Stojanowski 2013; Tica and Martin 2019; 
and Walker et al. 1988). What is particularly valuable about the studies in this 
book is that mission death records indicate that just 152 individuals in total 
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were buried at the asistencia. Thus, with the fifteen individuals in this study, 
approximately 10 percent of the total burial population is represented. Fur-
ther, by comparing bioarchaeological information, such as age, sex, and pa-
thologies, to demographic information provided in the death records, chapter 
11 makes tentative identifications for eight of the fifteen individuals in the 
study.

In most bioarchaeological studies, the dead are anonymous. However, 
for the Asistencia de San Pedro y San Pablo individuals, we have an unprec-
edented opportunity to give names to the skeletal remains. By linking the 
bioarchaeological and historical records, in an archaeoforensic context, we 
greatly extend what we know about the fifteen individuals. For example, we 
know information about their familial history, such as their natal village and 
names of their parents, and can place them on the landscape at particular 
dates in time, such as when and where they were baptized, and in some cases 
when and where they were born. Such work humanizes the archaeological 
record, portraying each burial as an individual with a unique lived experi-
ence and life history. Together, the contributions in this edited volume offer a 
set of innovative bioarchaeological, archaeometric, and mortuary studies for 
those who were disturbed during construction activity and reveal previously 
unknown details about their lives at the nexus of Native and colonial worlds 
in the late 1700s.

We are aware of the sensitivity surrounding images of Native American 
skeletal remains, particularly within some Tribal Nations and among some 
nontribal advocates. As scientists, we also recognize the importance of pre-
senting evidence to support particular claims, and of creating information 
that future studies could potentially incorporate within larger comparative 
data sets to test new hypotheses. Chapter 3 of this book discusses particu-
lar osteological evidence that suggests the presence of particular pathogens 
and stressors within the asistencia population. Likewise, chapter 9 presents 
information on the distribution of different elements, such as lead and zinc, 
in teeth, and includes images of cross-sectioned teeth. After much discussion 
among ourselves and the tribe, we decided such images were not gratuitous, 
but were a necessary component of the research and presentation. However, 
we put the images of human skeletal remains in an appendix of the book, 
rather than within the chapter, so that readers would not unexpectedly be 
confronted with such images. Instead, interested readers who would like to 
consult the images can flip to the appendix (in hard copy), or download the 
appendix (if viewing digital).

Human societies around the world have a range of behaviors and tradi-
tions to remember and celebrate their ancestors, such as erecting statues, cre-
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ating national holidays, displaying portraits, building cemeteries, and telling 
and retelling stories. Societies have engaged in these behaviors for millennia. 
Archaeology has only been practiced as a discipline for about two hundred 
years, and thus is a more recent addition to this list. The methods are different 
(i.e., we use science, survey, and excavation), but we have the same ultimate 
goal. Archaeology helps us commemorate, and understand, the people who 
came before us.

Through the studies in this volume, we remember and honor the fifteen 
Ohlone ancestors who lived through a dramatic period of change and conti-
nuity in California’s history. We celebrate them here by retelling some of the 
details of their lives.
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A Brief History of Archival and 
Archaeological Research at the Asistencia  

de San Pedro y San Pablo

Lee M. Panich

Given the great potential of the information revealed through the collabora-
tive study of the individuals from the Asistencia de San Pedro y San Pablo, 
this chapter seeks to establish a baseline of historical and archaeological in-
formation regarding the role of the site in both Native and colonial histories. 
We also offer a detailed discussion of regional research questions that will 
contextualize the chapters that follow.

When Franciscan missionaries established the Asistencia de San Pedro y 
San Pablo in 1786, their proselytization efforts in the greater San Francisco 
Bay region were only a decade old. They had come to Alta California slightly 
earlier, beginning in 1769, as part of a plan to hold the territory for Spain 
against encroachment by other colonial powers in the Pacific. Alongside mili-
tary presidios and civilian pueblos, or towns, the missions were a critical part 
of the Spanish colonial plan, intended to convert Native Californians not only 
to Roman Catholic Christianity but also to a more Euro-American lifestyle. 
To do so, the Franciscans relied on a policy of reducción in which individuals 
and families from myriad tribal communities would be resettled at particular 
mission sites where they could be closely monitored as they learned the intri-
cacies of Catholic doctrine, the Spanish language, and agriculture. With these 
guiding principles in mind, Mission San Francisco de Asís—locally known as 
Mission Dolores—became the first Spanish mission of the San Francisco Bay 
region in 1776 (Milliken 1995; Newell 2009; Panich 2020).

The Franciscans and other Spanish authorities, however, had misjudged 
the environmental and political realities of life on the San Francisco Penin-
sula. By the mid-1780s, they realized that the location of Mission San Fran-
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cisco offered only limited agricultural potential and, perhaps more troubling, 
that the Native residents of coastal territories were not particularly inclined 
to join the new mission community. As a remedy, the Franciscans established 
San Pedro y San Pablo in 1786 as an asistencia, or sub-mission, of Mission San 
Francisco in a fertile valley near the peninsula’s Pacific shores, in what is the 
present-day town of Pacifica (figure 2.1). The fledgling outpost was near the 
Ohlone village of Pruristac and had direct access to other Ohlone communi-
ties further south along the coast who were resistant to colonization (Milliken 

Figure 2.1. Map of the greater San Francisco Bay region with missions 
and other places mentioned in text. Approximate tribal territories are in 
shaded circles.
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1979). With the twin goals of recruiting Native people from the coast and 
bolstering the mission’s agricultural production, the site seemingly prospered 
for several years. However, after 1800 or so, the asistencia seems to have tran-
sitioned into a less prominent role.

As the missions were secularized in the 1830s, a colonist, Francisco Sán-
chez, petitioned for and received title to the former asistencia and surround-
ing lands. He constructed an adobe home at the site, which is today known 
as the Sánchez Adobe. The adobe and immediately surrounding property has 
been a San Mateo County Park since 1947 and is California Historical Land-
mark #391. It is on the National Register of Historic Places, as the Sánchez 
Adobe Park Historic District, encompassing the nineteenth-century Sánchez 
Adobe, the eighteenth-century asistencia, and the Ohlone village of Pruristac. 
Its California trinomial is CA-SMA-71/H.

Pruristac

For generations, the Ohlone community of Pruristac occupied the San Pedro 
Valley near the future site of the Asistencia de San Pedro y San Pablo. Precon-
tact archaeological evidence for the community is scant, but obsidian hydra-
tion results confirm its occupation during much of the late precontact period 
(~1000–1769 CE) (Pastron et al. 2005). Indeed, residents of Pruristac encoun-
tered the party of Spanish explorers who, in the autumn of 1769, first recon-
noitered the San Francisco Bay Area by land. The Spanish, however, would 
not establish a permanent presence in the region for several years, and it is 
likely that local Ohlone people continued to live in traditional ways even as 
colonial expeditions increasingly passed through their territories. One such 
party visited the Pruristac homelands in 1774. In a moment of foreshadow-
ing, the missionary Francisco Palóu recorded his impression that the valley 
would make an excellent site for a mission “for it does not lack land, water, or 
pasture for cattle” (Milliken 1979:14–18).

Mission San Francisco de Asís was founded in 1776, altering the political 
geography of the San Francisco Peninsula. While the residents of Pruristac 
and their neighbors remained outside of direct colonial control, they were 
undoubtedly troubled by the growing Spanish presence near their homelands. 
The first Native individuals from Pruristac to be baptized were two sons of 
the community’s captain, Yaguéche. Their baptisms were recorded at Mission 
San Francisco in February of 1779 while their father held out for another four 
years (Early California Population Project 2022: SFD Baptisms 92, 93, and 
319). People from the area, including the nearby Punta de Almejas, trickled in 
to the mission over the coming years, but only a handful of individuals from 
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Pruristac were baptized in any given year through 1785. This pattern was con-
sistent with the broader context of recruitment at Mission San Francisco. By 
the end of the first decade after its founding, most of the unbaptized Native 
people of the San Francisco Peninsula still lived some distance from the mis-
sion itself. While the Franciscans no doubt desired a faster pace of baptism, 
they were hindered by the fact that the main mission site was not conducive to 
agriculture and could not produce enough food for the growing congregation 
(Milliken 1979:23; Newell 2009:170).

The Asistencia de San Pedro y San Pablo

With the founding of the Asistencia de San Pedro y San Pablo, the interrelated 
problems of new baptisms and food supply were quickly remedied. The out-
station extended the reach of the mission closer to autonomous villages along 
the Pacific coast and provided a site with more agricultural potential. The 
Franciscans seem to have identified the area around Pruristac as a possible 
agricultural outpost in the early 1780s, but it was not until 1786 that work 
began on the Asistencia de San Pedro y San Pablo. During that year, the Fran-
ciscans harnessed enough Native labor to have them construct a granary, a 
chapel, and other buildings. Records indicate that some of the structures were 
initially built using the palisada (wattle and daub) technique, but that laborers 
also amassed adobe bricks for future construction projects. Construction was 
more or less completed by 1789, with the site taking on the form of a sub-
mission, complete with its own adobe quadrangle, agricultural activities, and 
cemetery (Jackson and Castillo 1995:152; Newell 2009:170).

The Franciscans were likely pleased with the asistencia’s performance over 
the first few years. In 1787, some ninety acres were under cultivation and 
twenty-five baptisms were recorded at San Pedro y San Pablo. That year also 
marked the first Catholic burials at the site. The question of missionary over-
sight remains open, but it appears that one of the Franciscans assigned to 
Mission San Francisco—roughly twenty kilometers to the north—performed 
mass at San Pedro y San Pablo every Sunday, with the potential of remaining 
for longer stays during the harvest season. Crops reported to have been sown 
at San Pedro include maize, wheat, beans, and barley, along with a vineyard 
and orchard that included fruits such as peach, pear, and quince (Chavez et 
al. 1974; Early California Population Project 2022; Milliken 1979). Despite 
the sizable investment in infrastructure, the population dynamics of the site 
are not well understood. Reports of construction at San Pedro y San Pablo, 
for example, ended in 1789 without any mention of residential structures in-
tended for Native residents, such as the kinds of adobe dormitories common 
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at the main missions. In fact, some scholars have suggested that San Pedro y 
San Pablo was not even a residential site and that Native people associated 
with it continued to live in their home villages (Newell 2009:172). Still, the 
sacramental records indicate that approximately a hundred sixty baptisms, 
a hundred fifty deaths, and thirty-five marriages were performed at the asis-
tencia between its founding and 1800. The Native people associated with the 
outstation were largely from coastal Ohlone communities, stretching as far 
south as Point Año Nuevo (Early California Population Project 2022; Mil-
liken 1995:102; Newell 2009:170–172).

Indeed, the sacramental registers—including baptisms, marriages, and 
deaths—give a broad sense of the tribal origins of Native families and indi-
viduals who lived and died at San Pedro y San Pablo. A sizable number were 
individuals were from the community of Pruristac, which was the closest 
named settlement to the asistencia. These people and their neighbors, includ-
ing those who were said to hail from the Punta de Almejas, formed a larger 
tribal entity that Milliken and colleagues (2009) call Aramai. The Native pop-
ulation associated with the outstation also included a significant proportion 
of people from further south, including the regions around Half Moon Bay 
and San Gregorio. These individuals and families were originally from com-
munities that were part of the Chiguan, Cotegen, Oljon, and Quiroste tribal 
groups. Even though Mission Santa Clara would have been the geographically 
closest mission for most of these communities, at least until the founding of 
Mission Santa Cruz in 1791, the Asistencia de San Pedro y San Pablo likely of-
fered several advantages, including its coastal location and lack of a full-time 
missionary (Milliken et al. 2009; Newell 2009).

More than 90 percent of the sacraments—baptism, marriage, and burial—
performed at San Pedro y San Pablo took place between 1787 and 1792, with a 
significant decrease in baptisms and marriages from the early months of 1792 
onward. The cause of this dramatic shift is not entirely clear. One possibility is 
that an outbreak of disease struck the outpost, as suggested by a sharp increase 
in burials at San Pedro y San Pablo in 1792 (Milliken 1979:31–33). Events fur-
ther down the coast may have also contributed to the near abandonment of 
San Pedro y San Pablo. First was the founding of Mission Santa Cruz in 1791, 
which competed directly with the asistencia for the recruitment of coastal 
people, who were also being baptized at Mission Santa Clara at the southern 
extent of San Francisco Bay. A second series of events involved the leader of 
the powerful Quiroste tribe—a man named Charquin—who was baptized at 
San Pedro y San Pablo in late 1791 before quickly turning against the mission 
system. Instead of residing at the asistencia or at Mission San Francisco, he 
withdrew to his home village of Mitenne where he attracted a sizable contin-
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gent of Native people who had fled the nearby missions. By early 1793, ten-
sions between Charquin’s refuge community and colonial authorities came to 
a head, and it is possible that the Franciscans curtailed their activities at San 
Pedro y San Pablo as a precautionary measure (Milliken 1979:33; Milliken 
1995:115–116; Rizzo-Martinez 2022:58–60).

Despite the unrest, Native people did continue to work at San Pedro y San 
Pablo in the following years. Mission records, for example, indicate that the 
outpost remained a crucial source of agricultural production for Mission San 
Francisco throughout the 1790s even as the Franciscans shifted some cultiva-
tion to San Mateo along the bay shore (Milliken 1979:33–35). The mission’s 
sacramental records reveal fifteen additional burials that took place at the 
asistencia between 1795 and the end of the century. Two baptisms and two 
marriages were also performed at the outstation during those years (Early 
California Population Project 2022). Nearly all of these recorded events took 
place in autumn or early winter, perhaps suggesting that the site was most 
intensively occupied at harvest time.

All told, we identified a total of 152 Native individuals who were laid to rest 
at the Asistencia de San Pedro y San Pablo. For this analysis, we consulted the 
death records for Mission San Francisco de Asís using the Early California 
Population Project (2022) and the mission records database compiled by the 
late Randall Milliken, with selected cross-referencing of the original records 
that are held in San Francisco. Earlier scholars have suggested a comparable, 
but slightly smaller, total of approximately 135 Native individuals who were 
buried at the site between 1786 and 1794 (Milliken 1979; Newell 2009). The 
source of the discrepancy is unclear, but the addition of the later burials dat-
ing to 1795–1800 seems to account for the majority of the difference. All of 
the burials were individuals from Ohlone communities, most of which were 
located along the coast from the asistencia southward toward Santa Cruz. As 
noted, these home communities included Pruristac itself as well as villages 
belonging to the Chiguan, Cotegen, Oljon, and Quiroste tribal groups.

Demographic data offer some additional context for life at the asistencia. 
The majority, some 56 percent, of those who were buried at San Pedro y San 
Pablo were listed as being female. This is in keeping with broader patterns 
at the California missions in which a disproportionate number of women 
died compared to men (Jackson 1992; Jackson and Castillo 1995). Gener-
ally speaking, childbirth was especially dangerous given the suppression of 
traditional healing practices and the prevalence of infections spread through 
sexual assaults committed by colonial men against Native women. Children 
were also particularly at risk for infections of various kinds. Multiple indi-
viduals listed in the death records were noted as being newborns, and a full 
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third of the individuals buried at the site died in the first three years of life. 
Indeed, over 63 percent of the documented burials at San Pedro y San Pablo 
were individuals younger than 18. These numbers contributed to the dismal 
overall statistics for Mission San Francisco, where Native children born into 
the colonial system only had an average life expectancy of 4.8 years. The figure 
for 1793, at the height of San Pedro y San Pablo, was a shocking 0.8 years at 
birth (Jackson 1992).

After the Asistencia

There is a significant gap in the documentary record for San Pedro y San Pablo 
following the last burials recorded there in the year 1800. In fact, some of the 
documents from the late 1790s and early 1800s suggest a shift in agricultural 
production from cultivation—which would require more permanent occupa-
tion—to cattle raising. Yet, sporadic accounts confirm that the site remained 
a part of the colonial landscape, including one report from 1823 claiming that 
the famed Coast Miwok bandit Pomponio was active in the area of San Pedro 
y San Pablo (Brown 1975:9). Still, the question of permanent occupation re-
mains. After the year 1800, almost three decades passed without mention of 
Native people at the site. The next, and last, record of Native people’s presence 
was in 1828, when it was said that some twenty-six Native individuals were 
living there, including men, women, and children. Yet, just six years later, a 
colonist petitioning to be granted the lands of San Pedro y San Pablo reported 
that the site was “vacant and unoccupied.” An inventory of Mission San Fran-
cisco from 1835 made no mention of San Pedro y San Pablo (Chavez et al. 
1974:11; Milliken 1979:33–36; Milliken et al. 2009:128–129).

Table 2.1. Age and gender distribution for individuals buried at San Pedro y San 
Pablo

Description Age Range Female Male Total
Infant 0–3 30 22 52
Child 4–12 15 17 32
Adolescent 13–17 7 4 11
Young Adult 18–25 6 5 11
Young/Middle 
Adult

26–35 14 5 19

Middle Adult 36–45 9 8 17
Mature Adult 46+ 4 6 10
Total 85 67 152

Note: Age ranges reflect those used in the bioarchaeological analysis presented in this volume (fol-
lowing Boylston and Roberts 1996).



A Brief History of Archival and Archaeological Research  ·  15

Over the course of the 1830s and 1840s, the Franciscan missions were 
gradually secularized, a process in which the mission congregations were con-
verted to parish churches, and mission lands and property were distributed 
among colonists and surviving Native people. In 1839, Francisco Sánchez, a 
former solider and colonial official, received a grant from the Mexican gov-
ernor of California for nearly nine thousand acres he was already occupying 
near the former asistencia (figure 2.2; Alvarado 1839). Sánchez and his family 
soon constructed their own two-story adobe home—what is today known as 
the Sánchez Adobe—though the documentary record is silent on the state of 
the earlier structures at that time or whether any Native people still lived in 
the area. Certainly, Sánchez, like other proprietors of California’s vast ranchos, 
would have relied heavily on Native people for labor. After Sánchez’s death 
in 1862, the rancho lands were sold off. The adobe itself eventually served a 

Figure 2.2. A diseño from an unsuccessful land grant petition from Francisco de Haro 
in 1838. Note: The map shows the former asistencia with the caption “Ruina de la casa 
que tenia antiguamente la misn de Sn Franco” (Ruins of the structure formerly held 
by Mission San Francisco). The map was later used as evidence in the adjudication of 
the land grant to Francisco Sánchez. Courtesy of the Bancroft Library, University of 
California, Berkeley.
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number of other roles, including a hotel, artichoke warehouse, and speakeasy 
(Culp 2002; Dietz 1979; Drake 1952).

Archaeological Research at San Pedro y San Pablo

There is a long history of archaeological investigations at the site of what is to-
day known as the Sánchez Adobe (CA-SMA-71/H). Though the site is named 
for the residence of a later historical occupant, Francisco Sánchez, histori-
ans and archaeologists had long wondered about the possibility of an earlier 
historic-era occupation of at the site.

The first archaeological testing of the site occurred in 1950, before the exis-
tence of the asistencia was confirmed. Conducted as field school for San Ma-
teo Junior College, the excavations revealed cobblestone foundation remnants 
as well as some 2,200 artifacts. These are only poorly reported but included 
two Spanish coins from the 1790s and other materials, such as ceramics and 
items of adornment, that could conceivably date to the Mission Period. A 
nearby shell midden was also tested but was said to contain only “chert chips,” 
revealing no firm connection to the asistencia that was reported to be in the 
area (Drake 1952; Drake and Pilling 1950). A few years later, historian Alan 
K. Brown discovered documentary evidence that the Sánchez Adobe site was 
indeed the location of the Asistencia de San Pedro y San Pablo. Further test-
ing by an archaeologist from San Francisco State University in 1970 was in-
conclusive but offered the idea that the existing Sánchez Adobe could have 
been constructed directly atop the earlier asistencia structures (Chavez et al. 
1974:1–12; Dietz 1979:1–10).

Just a few years later, archaeologists were finally able to provide firm evi-
dence of the asistencia at the site of the later Sánchez Adobe. In 1974, back-
hoe trenches were placed across the “area, which was believed, by all parties 
who have sought to reconstruct the outpost quadrangle, to be the site of the 
outpost” (Chavez 1974:13). The results confirmed the presence of subsurface 
deposits, primarily cobblestone foundations, that related to the asistencia. 
Interestingly, few artifacts related to the eighteenth-century use of the site 
were encountered in or around the foundations, though the excavators them-
selves acknowledged that the use of the backhoe likely limited the potential 
for small finds. A human cranium was discovered during the trenching, but 
no effort was made to expose the entire interment. Though it now seems likely 
that the cranium was part of the mission-era cemetery, the archaeologists at 
the time believed the skeletal remains were associated with the site’s precon-
tact deposits (Chavez et al. 1974).
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Archaeologists returned to the site in 1978, conducting areal excavations to 
expose the foundations that had been previously documented. The standing 
Sánchez Adobe, they found, may have been built over a portion of the former 
mission outpost, but significant foundation remnants extended to the south 
and east. Portions of nine rooms of the asistencia’s quadrangle were exposed. 
Researchers believed them to represent the priest’s and foreman’s quarters, the 
kitchen, one of the granaries, as well as additional rooms of unknown func-
tion. Other features included a drainage ditch and possible cistern. As with 
the earlier excavations, few artifacts were noted that conclusively date to the 
late eighteenth or early nineteenth centuries. Of note were an obsidian biface 
fragment found in the overburden and a groundstone pestle fragment that 
had been incorporated into the foundation of the quadrangle. Various sherds 
of colonial-era ceramics were found—including locally produced earthen-
ware and imported wares such as majolica. But the vast majority of the ap-
proximately nine thousand artifacts were related to more recent uses of the 
site (Dietz 1979).

In 1990, additional archaeological excavations were undertaken to ascer-
tain the function of particular rooms, chart the extent of the granary, and to 
evaluate the condition of the previously excavated portions of the quadrangle. 
As in earlier projects, backhoe trenches were used to test different areas of the 
site (Wickstrom et al. 1990). Like nearly all of the previous work at the site, 
this project also focused on architectural features, as was common for the 
historical archaeology of Spanish colonial sites in California throughout the 
second half of the twentieth century (Allen 2010). Intrusive pits containing 
more recent materials were found to be cut into the former asistencia struc-
ture, but excavators did note artifacts dating to the Mission Period. These 
included several groundstone fragments, six Olivella shell beads (including 
Class A spire-lopped and Class B end-ground varieties), two blue glass beads 
of unknown type, and a metal religious medallion in the shape of a cross fea-
turing a crucified Christ on one side and the Virgin Mary on the other. Sherds 
of majolica and lead-glazed earthenwares were among a small assemblage of 
ceramics (Costello 1990; Wickstrom et al. 1990). Of interest for the present 
study, the report’s final summary states, “It is known that a cemetery was cre-
ated for the interment of persons who died at the outpost of San Pedro y San 
Pablo. The location of this cemetery is yet to be identified” (Wickstrom et al. 
1990:6–2).

During the early to mid-2000s, a number of construction projects on and 
near the property required archaeological monitoring and mitigation (Camp-
bell et al. 2017:22–24). While some materials associated with the asistencia 



Figure 2.3. Plan map of excavations at the Sánchez Adobe, ca. 1950–90. Shown are the 
foundations of the Asistencia de San Pedro y San Pablo.
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were uncovered, no major features were discovered. A single excavation unit 
in the nearby shell midden yielded the partial remains of a mule deer that 
had been butchered using metal tools. Excavators also recovered a small sam-
ple (n=24) of lithic debitage—chert, chalcedony, and obsidian—as well as a 
fragment of a chert corner-notched arrow point. The three obsidian flakes 
all originated from the Napa Valley source area, though obsidian hydration 
analysis suggests that they were created in precontact times (Pastron et al. 
2005:24–25). Surprisingly, more than a half-century of archaeology, including 
several large-scale excavations, was conducted at the site of Asistencia de San 
Pedro y San Pablo without confirmation of the cemetery location (figure 2.3).

This changed in 2016 and 2017, when testing and geophysical survey re-
lated to utility improvements at the Sánchez Adobe Park revealed the presence 
of intact deposits, including a Native burial, at the site. Materials recovered 
from midden deposits included several flaked and ground stone tools, marine 
shell from a range of species, and faunal remains from wild and domesti-
cated animals. Excavators also uncovered a thermal feature, which returned 
radiocarbon dates spanning the postcontact period of occupation for the site, 
suggesting that it could have been associated with the asistencia or later cattle 
ranching activities. A small archaeobotanical analysis was conducted on soil 
from the feature, revealing both native and introduced species. Of particular 
interest were seeds of Chenopodium (goosefoot), Arctostaphylos (manzanita), 
and Fabaceae (legumes) (Campbell et al. 2017; Kováčik 2017). Human skel-
etal remains, representing a single burial, were inadvertently discovered dur-
ing this work but were not excavated.

Based on the findings from 2016 to 2017, and in keeping with the needs 
of the park’s utility upgrade project, further archaeological monitoring and 
mitigation took place in 2018. At that time, additional burials were impacted, 
necessitating the recordation and excavation of fifteen individuals (see figure 
2.4), though the single burial recorded in the previous project could not be 
rediscovered. For the purposes of estimating the minimum number of in-
dividual (MNI) and providing a data set for the palaeoepidemical study, a 
comprehensive inventory was conducted of those elements recovered from 
the discrete burials, as well as for isolated bone. Bioarchaeologists employed 
inventory standards developed by Buikstra and Ubelaker (1994:17–20) and 
Marshall (1999). Throughout the testing of 2016–17 and the burial recovery 
that followed, project personnel worked closely with Native American moni-
tors from the Ohlone Indian Tribe, namely Andrew Galvan and Desiree Vigil, 
as well as with Christopher Zimmer of the Amah Mutsun Tribal Band of 
Mission San Juan Bautista, who was designated the Most Likely Descendant 
(MLD) by California’s Native American Heritage Commission.



Figure 2.4. Plan map of 2016–18 utility trench excavation, and location and layout of fifteen 
human burials.
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With full tribal support, bioarchaeological and mortuary analyses were 
conducted that reveal new information about the lives of the fifteen Ohlone 
ancestors recruited into the Spanish missions. Studies include paleopathol-
ogy, nonmetric analyses, proteomic sexing of subadults, paleoproteomic anal-
yses of dental calculus as insight into health and disease, analyses to evaluate 
exposure to heavy metals, chromatographic analyses of plant biochemicals in 
dental calculus, and stable isotope analyses to reconstruct paleodiet. Funerary 
offerings, including beads and other objects, were classified using standard 
typologies and certain samples were submitted for provenance analysis. In the 
summer of 2022, the Amah Mutsun Tribal Band of Mission San Juan Bautista 
reburied the skeletal remains of the fifteen individuals, and their belongings 
that were originally laid to rest with them, at the Sánchez Adobe Park in Pa-
cifica.

Discussion

The primary question of this volume centers on the extent to which Native 
people were able to maintain aspects of their precontact traditions on the 
margins of the Spanish mission system. San Pedro y San Pablo is one of only 
a small number of asistencias to be excavated in California (e.g., Greenwood 
and Browne 1968), and the site thus offers a fascinating look into the lives 
of Native people associated with a satellite mission during the early years of 
colonization in the San Francisco Bay Area. Given that there was no resident 
missionary, Native people associated with the asistencia likely enjoyed greater 
freedoms than their compatriots attached to the main mission at San Fran-
cisco or to the nearby missions of Santa Clara and Santa Cruz. Such circum-
stances were undoubtedly preferable for many Native people who were not 
interested in submitting fully to life under the mission bell. In fact, patterns in 
the sacramental records—examined in more detail in this volume’s penulti-
mate chapter—suggest that whole families became associated with San Pedro 
y San Pablo during the final years of the eighteenth century.

Using the previous historical and archaeological findings from the Asis-
tencia de San Pedro y San Pablo, discussed above, we can formulate a baseline 
of information against which to evaluate the results presented in the follow-
ing chapters. While Mission San Francisco itself has seen only minimal ar-
chaeological research (Ambro 2003), major excavations have been conducted 
within the Native rancheria, or neighborhood, at Mission Santa Clara, with 
more modest excavations in analogous locations at Missions San José and 
Santa Cruz (e.g., Allen 1998; Allen et al. 2010; Dadiego et al. 2021; Panich et 
al. 2014; Panich et al. 2018a; Peelo et al. 2018; Potter et al. 2021b). In addition 
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to the robust datasets from residential areas at these missions, archaeological 
mitigation at Mission Santa Clara has resulted in multiple bioarchaeologi-
cal and mortuary studies (Hylkema 1995; Leventhal et al. 2011; Panich 2015; 
Skowronek and Wizorek 1997). We can use the results of these varied studies 
to contextualize the following chapters on San Pedro y San Pablo.

Disease

Given the fact that this volume focuses on the asistencia cemetery, it is only 
natural to examine the health of Native people associated with San Pedro 
y San Pablo. Milliken (1979:31–33) speculates that an epidemic may have 
struck the asistencia in 1792, accounting for the sharp increase in burials in 
that year—nearly a third of all burials recorded for the site. Overall, the de-
mographic data from San Pedro y San Pablo, including the premature deaths 
of disproportionate numbers of women and children, are in line with the 
tragic patterns recorded for the main missions. Yet few true epidemics struck 
Alta California, and the region’s abhorrently high death rates can instead be 
viewed as the result of chronic ailments combined with forced labor, cultural 
suppression, and poor living conditions at the missions (Jackson 1992; Jones 
et al. 2021). The data from San Pedro y San Pablo may therefore suggest that 
Native people associated with the asistencia spent considerable time at the 
main mission of San Francisco, or perhaps that life at San Pedro y San Pablo 
was not so idyllic after all.

Unfortunately, the documentary record for the site is nearly silent regard-
ing these questions. Despite the prevalence of disease in explanations for 
Native population decline in California, the Franciscans themselves incon-
sistently noted the cause of death for Native people buried in the mission 
cemeteries. Across the province, in fact, Franciscans typically noted only the 
causes of extreme or unusual deaths, while others—including illness—were 
often unremarked upon (Hackel 2012). This pattern may have been exacer-
bated given the remote location of San Pedro y San Pablo. While a small num-
ber of individuals are listed as dying “suddenly,” only one individual is noted 
as being ill, a young man named Josè Manuel who is said to have suffered 
from an “ayre perlatico,” loosely translated as palsy, at the time of his death in 
1789 (Early California Population Project 2022: SFD Death# 298). The only 
other definitive cause of death was for Primo, an Ohlone man mauled by a 
bear in 1798 (Early California Population Project 2022: SFD Death# 1210).

Metals

Communal and household cooking at California mission sites relied on metal 
vessels and utensils, typically iron, copper, or copper alloys. For example, large 
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copper vessels were commonly used in the Bay Area missions and have been 
documented archaeologically at Mission Santa Clara and Mission San José. 
Similarly, cuprous chocolate pots—chocolateras—have been recovered from 
Native contexts at Mission Santa Clara. Iron implements of various forms, 
including knives, are also commonly recovered from Native residential areas 
at Bay Area missions (Graham and Skowronek 2016; Panich et al. 2018; Potter 
et al. 2021b; Skowronek et al. 2006; Thompson and Galvan 2007). Exposure to 
heavy metals may have also come through the use or even local manufacture 
of tin- or lead-glazed ceramics, such as those documented in the 1990 excava-
tions at San Pedro y San Pablo (Costello 1990). Given that Ohlone communi-
ties did not traditionally produce pottery, tin-glazed majolica and lead-glazed 
earthenware ceramics were imported to Alta California from production cen-
ters in Mexico. Further, geochemical analysis demonstrates that some lead-
glazed earthenware vessels were produced at central California missions, 
including San Francisco, Santa Clara, and Santa Cruz—all missions where 
people from the peninsula coast were baptized. Ceramic production in the 
Bay Area missions, however, did not begin in earnest until the 1790s, likely 
limiting the period of exposure through manufacturing for Native people as-
sociated with the asistencia (Skowronek et al. 2014).

Tobacco

Ohlone people, like other Native Californians, used tobacco regularly. While 
detailed ethnographic data is lacking for the San Francisco Peninsula, it seems 
likely that tobacco was used for both recreational and ceremonial purposes. 
In addition to smoking tobacco leaves, Native Californians formed dried to-
bacco into cakes that could be eaten, taken as an emetic, or smoked. Region-
ally, both men and women consumed tobacco, with only minor differences in 
the context of its use (see overview in Cuthrell et al. 2016). Recent archaeo-
logical work has demonstrated the antiquity of tobacco use in the Ohlone 
culture area. For example, archaeobotanical analysis from a site near Point 
Año Nuevo, the homeland of some of the Ohlone people associated with San 
Pedro y San Pablo, revealed the presence of tobacco in samples dating as early 
as 1000–1300 CE (Cuthrell 2013:328). Stone pipes from a site across the San 
Francisco Bay, dating to 1305–1415 CE, contained nicotine residues, confirm-
ing that tobacco was smoked in precontact times, and nicotine has been re-
covered from dental calculus samples in the region (Eerkens et al. 2012, 2016).

Tobacco use continued unabated into the colonial period. Spanish mis-
sionaries regularly carried tobacco, along with items such as glass beads, to 
facilitate interactions with Native communities. And records related to im-
ports to Alta California list a variety of tobacco products, from bundles of leaf 
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tobacco to cigars and cigarettes, some of which were undoubtedly distributed 
to Native people. Documentary evidence from throughout central California 
also suggests that tobacco was cultivated at many of the Franciscan missions, 
a notion confirmed by archaeobotanical studies from an assemblage associ-
ated with a Native dwelling at Mission Santa Clara. There it seems that Na-
tive residents grew and processed domesticated tobacco (Nicotiana tabacum), 
tree tobacco (Nicotiana glauca), and at least one other kind of tobacco (either 
Nicotiana attenuata, Nicotiana quadrivalvis, and/or Nicotiana acuminata) 
(Cuthrell et al. 2016). While the presence of tree tobacco in that sample is 
unusual, these results nonetheless demonstrate that Native people continued 
to use wild and domesticated tobacco while in residence at colonial sites.

Diet

Prior to colonization, Ohlone communities stewarded a variety of habitats 
from the Pacific coast into nearby mountain ranges. Acorns were a staple crop 
by the late precontact period but were used alongside an array of wild plant 
species, including various grasses and berries. Hunters sought out animals in-
cluding birds, deer, rabbits, and other small mammals. For communities near 
the coast, shellfish, various fishes, and sea otters also constituted important 
dietary contributions (Broughton 1994, 2004; Hylkema 2002:252–254; Light-
foot and Parrish 2009:252–277). Native people living at mission sites were 
supplied with large quantities of beef, beans, and Euro-American staple grains 
such as maize, wheat, and barley. These are attested to in the documentary 
record for every mission site in the region, including the Asistencia de San 
Pedro y San Pablo. Fruits were an important, but often overlooked, aspect 
of the mission diet. For example, the orchard at nearby Mission Santa Clara 
included apple, pear, peach, quince, and pomegranate for the year 1787, just 
after the founding of San Pedro y San Pablo (Skowronek et al. 2006:131).

Archaeologically, the picture of Native diet at Bay Area mission sites is 
more varied. Cattle (Bos taurus) dominates faunal assemblages from nearly 
all Mission Period archaeological deposits, with small contributions from 
other domesticated animals such as chicken and sheep/goat. Closer analy-
sis reveals that Native people also incorporated traditional fauna into their 
diet, including small mammals, fish, shellfish, several wild bird species, and 
in some instances, deer and elk (Allen 1998; Allen et al. 2010; Clark et al. 
2021; Noe 2023; Panich et al. 2018:23). A similar pattern holds for botanical 
remains. Archaeobotanical studies from in and around residential structures 
have confirmed the presence of the Euro-American domesticates listed in the 
mission records—maize, wheat, beans, barley, and fruits—alongside smaller, 
yet significant, quantities of culturally meaningful wild plants. Though the 
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quantities differ between particular features, these typically include Chenopo-
dium, Asteraceae, and Quercus (oak) (Allen et al. 2010; Panich et al. 2018:22–
23; Popper 2016; Reddy 2021). The Franciscan missionaries were not astute 
observers of Native Californian life, but their writings do suggest possible dif-
ferences in diet by age, namely that older individuals retained more affinity 
for traditional foods (Geiger and Meighan 1976).

Trade/Connectedness

From their homelands in the San Francisco Bay Area, Ohlone communities 
were involved in multiple, overlapping regional interaction spheres (Rosen-
thal 2011). Among the materials that are easiest to track archaeologically are 
shell beads and obsidian. In precontact times, most shell beads associated 
with Ohlone sites were crafted from the shells of Callianax biplicata, com-
monly known as Olivella. Isotopic evidence shows that many Olivella beads 
found locally were produced from shells obtained along the central California 
coast, but some were traded from as far away as Southern California (Burns et 
al. 2023; Eerkens et al. 2005). Similar beads were used by Native people associ-
ated with the Bay Area missions. At Mission Santa Clara, for example, various 
excavations have documented Olivella Class A beads, which may have been 
locally produced, as well as needle-drilled Class H disk beads that were likely 
produced by Chumash artisans, living along the Santa Barbara Channel, who 
mass-produced such beads well into the colonial period. Similar small beads 
produced from the epidermis of red abalone (Haliotis rufescens) were likely 
also traded north from the Santa Barbara Channel. In a sharp contrast to pre-
contact patterns, Bay Area mission sites have also yielded large quantities of 
clamshell disk beads. These beads were manufactured north of San Francisco 
Bay and were not commonly used by Ohlone communities prior to the colo-
nial period (Panich 2014; and see Peelo et al. 2018).

Ohlone people also used imported obsidian for the creation of stone tools, 
such as arrow points. Most of this obsidian came from the large Napa Valley 
source area, with smaller quantities from the Annadel quarry, both in the 
Coast Ranges north of San Francisco Bay. Ohlone people also used obsidian 
that originated at sources in the eastern Sierra Nevada, though those sources 
seem to have become more restricted after 1000 CE when regional exchange 
networks shifted with the introduction of the bow and arrow (Jackson and Er-
icson 1994; Milliken et al. 2007). These same sources continued to be used into 
the colonial period. While only minimal mission-era obsidian provenance 
analysis has been conducted for Spanish sites on the San Francisco Peninsula 
(e.g., Hull and Voss 2016), archaeologists have recently analyzed two large 
obsidian assemblages—each containing more than a thousand specimens—
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from Missions Santa Clara and San José. Material from Napa Valley domi-
nates both assemblages, which also have artifacts manufactured from Ann-
adel obsidian. While Napa Valley and Annadel were the only sources present 
at Mission San José, approximately 10 percent of the assemblage from Mis-
sion Santa Clara originated at sources in the eastern Sierra Nevada (Panich 
2016; Panich et al. 2018b).

Conclusion

Archaeological and documentary evidence has revealed a great deal about 
the lives of Native people who lived and worked at the missions of the greater 
San Francisco Bay Area. Yet, Native people’s continued engagement with the 
region’s broader landscape—including mission outstations such as San Pedro 
y San Pablo—is a topic that has received comparatively less attention (Byrd 
et al. 2018; Schneider 2015, 2021; Panich and Schneider 2015). Part of the 
challenge is methodological: fewer colonial observers were present in the Na-
tive hinterlands to leave archival documentation, and such sites often remain 
in relatively remote areas where they are less impacted by construction (the 
source of most archaeological information in the region today). Accordingly, 
research at the Asistencia de San Pedro y San Pablo offers an unparalleled op-
portunity to examine some of the most important questions in the archaeol-
ogy of colonial California. The current project also stands as an example of a 
successful collaboration between the tribal community, county officials, and 
archaeologists working in both academia and cultural resource management. 
Such collaborations are without a doubt the future of archaeology in Califor-
nia and elsewhere.
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Life and the Biological Consequences 
therein at the Mission Period Site of 
Asistencia de San Pedro y San Pablo  

(CA-SMA-71/H), 1787–1794

Alyson Caine, Christopher Canzonieri,  
and Christine Marshall

We focus on demographic and pathological profiles of fifteen individuals re-
covered at Asistencia de San Pedro y San Pablo, including eight adults and 
seven nonadults. We compare results to precontact and contact-period ar-
chaeological samples in California to highlight the health implications and 
living conditions during the Mission Period.

Note that, in collaboration with the Most Likely Descendants, we felt it was 
important to present visual evidence in the form of photographs of particular 
skeletal pathologies. This allows the interested reader to independently evalu-
ate our interpretations of the pathologies. However, for readers who are sensi-
tive to or prefer not to see images of human skeletal remains, we opted to in-
clude the images, not within this chapter, but within an appendix to this book.

Methods

The skeleton provides material evidence of biological and cultural indica-
tors of plastic and fixed identities (Sofaer 2006). Therefore, bioarchaeologists 
view the skeleton as the embodiment of cultural practices and social identi-
ties, wherein intentional and unintentional traces of identity accumulate over 
an individual’s lifetime (Geller 2008; Meskell 1999; Sofaer 2006; Torres-Rouff 
et al. 2017). Studying human skeletal remains provides insight to differential 
experiences and the influences of a community and environment on lived 
experiences. Individuals from San Pedro y San Pablo can elucidate differential 
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experiences influenced by contact with Europeans and differences between 
Mission sites and Mission outposts.

Standard osteological analysis, following Buikstra and Ubelaker (1994), 
was conducted by Basin Research Associates, second author Christopher 
Canzonieri, and recommendations from the most likely descendant com-
munity. Alyson Caine and Christine Marshall provided additional expert 
analysis. Preservation of skeletal elements including cortical bone weathering 
(Stages 0–5) is recorded following Buikstra and Ubelaker (1994:7, 99).1 Age-
at-death and sex were estimated from features in the skull and pelvic region 
(Acsádi and Nemeskéri 1970; Brooks and Suchey 1990; Lovejoy 1985; Love-
joy et al. 1985; Lovejoy, Meindl et al. 1985). For age-at-death, standardized 
age ranges following Boylston and Roberts (1996) were used to categorize 
individuals (using the same categories given in table 2.1). Proteomic analy-
ses were completed on nonadults with teeth, for which osteological analyses 
are inconclusive (Cunningham et al. 2016). Those methods and analyses are 
described further in chapter 4 of this volume, but results are provided here to 
complete the osteological descriptions. Stature was calculated using metric 
analyses of long bones following the regression formula presented by Auer-
bach and Ruff (2010). All measurements are based on the bicondylar length of 
the femur, except for Burial 6 for which only the tibia was available for stature 
estimation.

We recorded pathological alterations following protocols outlined by Bui-
kstra and Ubelaker (1994:108). Dental diseases, including periodontal disease 
following Brothwell (1981), carious lesions, enamel hypoplasia, and periapi-
cal lesions were recorded following Buikstra and Ubelaker (1994:54–55). 
Joint disease, specifically osteoarthritis, was recorded following Rogers and 
Waldron (1995:44). To diagnosis osteoarthritis, either the presence of eburna-
tion or two of the following criteria were required: (1) marginal osteophyte 
and/or new bone formation on the joint surface, (2) pitting on the joint sur-
face, and/or (3) alteration in the bony contour of the joint (Rogers and Wal-
dron 1995:44). Trauma was recorded following criteria outlined by Buikstra 
and Ubelaker (1994:119–120). Infectious diseases were recorded according to 
protocols for specific (Roberts and Buikstra 2003) and nonspecific infectious 
diseases (Roberts 2019). In addition to these macroscopic analyses, ancient 
DNA analysis was completed at the Laboratories for Molecular Anthropol-

1	 Weathering stages: Stage 0—No sign of cracking or flaking due to weathering; Stage 
1—Initial cracking parallel to bone fiber structure; Stage 2—Flaking of outer bone 
layers; Stage 3—Fibrous, rough texture and remnants of fiber structure; Stage 4 -Deep 
cracking and coarse, layered fiber structure; and Stage 5—Cancellous bone exposed 
and bone easily broken.
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ogy and Microbiome Research at the University of Oklahoma by Dr. Cara 
Monroe. Although not further reported in this volume, a vertebral body from 
Burial 2 was analyzed using qPCR to assess the presence of pathogen DNA, 
specifically the presence of Mycobacterium tuberculosis, which was not pres-
ent (Monroe, personal communication).

Asistencia Individuals

A total of fifteen individuals were recovered from CA-SMA-71/H (table 3.1), 
including two adult males, six adult females, and seven nonadults (<18 years). 
One individual, Burial 1, although identified during initial monitoring, was 
not relocated during later excavation. In some instances, burials were identi-
fied in association with one another, therefore individuals are described in 
order in the following paragraphs, but associations are prioritized where pres-
ent. For example, Burial 7 follows Burial 2 because these two individuals were 
found in association with one another.

Mortuary Practices

The burials reflect the mortuary practices of the California Mission Period. 
Burials were primarily on their backs (supine) and oriented northeast to 
southwest with the skull to the southwest and the arms placed to the side or 
on the chest. No evidence of coffins, including coffin hardware, wood planks, 
or mission tiles were recovered. Additionally, no evidence of shrouds exists, 
although this was a standard burial practice during the Mission Period in 
California (Panich 2018). An extended interment pattern is more commonly 
associated with modern burial practices and similar to those recorded at 
Santa Clara Mission (Skowronek & Wizorek 1997; Panich 2014). The skulls 
were located to the southwest and faced the east. This differs from the tradi-
tional Christian burials where the head was to the west “facing the rising sun” 
but aligns with Spanish customs where the head faced east (Skowronek & 
Wizorek 1997; 81). Material culture interred included precontact and historic 
artifacts signaling the intersection of indigenous and colonial practices. We 
briefly discuss grave goods recovered from each burial, but for further expla-
nation of artifacts see chapter 5.

Burial 2

Burial 2 was a primary interment recovered in an extended, supine position 
(i.e., lying on the back with the face up), with the body oriented northeast to 
southwest. During monitoring the skull was removed by equipment but the 
cranium was at the southwest end of the burial. Burial 7 intruded on Burial 2 



Table 3.1 Summary of demographic profile of the fifteen individuals

Burial # Sex
Age at 

Death (yrs)
Associated 
with Burial Position

Head 
Facing Associated Artifacts

2 Male 9–13 7 Ext Sup n/a 210 Olivella Class A beads, 
1 clam bead, 1 glass bead

3 Fem. 45–50 n/a Ext Sup NW 2 Olivella Class A beads
4 Fem. 50–60 14, 15, 16 Ext Prone Down 16 Olivella Class A beads 

and a pestle (Type IIb4)
5 Fem. 45–50 8, 12 Ext Sup North 161 Olivella Class A beads 

and 10 Drawn glass beads
6 Male 18–25 9 Ext Sup South 9 clamshell disk beads, 49 

Olivella Class A beads, 1 
Olivella Class H bead, 27 
drawn glass beads, 7 wound 
glass beads and pestle (Type 
IIb1a)

7 Ind. <0.2 2 Sup n/a 895 clamshell beads and 351 
drawn glass beads

8 Male >45 5, 12 Ext Sup North 1 clam bead
9 Male 2–2.5 6 Ext Sup East 1 jet cross, 23 jet beads, 

15 clamshell disk beads, 
21 Olivella Class A beads, 
36 Olivella Class H beads, 
5 Haliotis disk beads, 832 
drawn glass beads, and 56 
wound glass beads

10 Fem. 40–44 n/a n/a n/a None
11 Male 4–8 n/a Ext Sup East 1 jet cross, 12 jet beads, 32 

clamshell disk beads, 3 Oliv-
ella Class A beads, 8 Olivella 
Class H beads, 14 Haliotis 
disk beads, 30 drawn glass 
beads, and 15 wound glass 
beads

12 Fem 20–25 5, 8 Est Sup East 237 clamshell disk beads, 
504 Olivella Class A beads, 
2201 drawn glass beads, and 
a pestle (Type IIb4)

13 Fem 20–24 n/a Ext Sup North 445 Olivella Class A beads
14 Fem. 5–7 4, 15, 16 Ext Sup East None
15 Male 13–17 4, 14, 16 Ext Sup East 10 bifaces, 2 crystals, 14 

whistles (Type FF2), 2 ray 
barbs, and 1 Olivella Class 
A bead

16 Ind. <0.2 4, 15, 16 n/a n/a None
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at the lower limbs suggesting Burial 7 was interred after Burial 2. Burial 2 was 
approximately 80 percent complete with Stage 4 weathering (deep cracking of 
cortical surface) across skeletal elements. A number of artifacts were found in 
association with this individual, including 210 Olivella sp. Class A beads, one 
glass bead, and one clamshell disk.

Age-at-death of Burial 2 was between nine and thirteen years based on 
dental eruption and epiphyseal fusion. Proteomic analyses of amelogenin 
proteins indicate Burial 2 was a male. Dental disease was present in the form 
of linear enamel hypoplasia (LEH) at the right mandibular and maxillary ca-
nine. In total two LEH were present on the maxillary canine and three LEH 
were present on the mandibular canine. Based on age estimates for dental 
hypoplasia (Goodman and Rose 1990), the two LEH on the maxillary canine 
represent periods of stress at 3.36 years and 4.12 years, while the three LEH on 
the mandibular canine represent periods of stress at 2.17 years, 3.78 years, and 
4.11 years. Pathological alterations were observed at the right clavicle, right 
and left radii, right and left femora, upper ribs, left ilium, and lower thoracic 
and lumbar vertebrae. Alterations observed in the femora, ribs, ilium, and 
thoracic and lumbar vertebrae were consistent with tuberculosis.

Changes consistent with tuberculosis included lytic lesions at and destruc-
tion of the lower thoracic and lumbar vertebrae, a circular lytic lesion at the 
left auricular surface of the ilium, morphological changes to ribs bilaterally, 
and a perpendicular angle at the neck of both femora, coxa vara (for an image 
of these elements, see appendix figure A.1). Postmortem damage, including 
heavy erosion of cortical bone, makes it difficult in some places to discern 
taphonomic from pathological alterations.

Burial 7

Burial 7 was a primary interment recovered in a supine position from south-
west to northwest with the skull at the southwest end. Because of postmor-
tem disturbance to the lower limbs, only the upper body was articulated and 
therefore the position the skull was facing was unknown. Burial 7 intruded 
on Burial 2 at the lower limbs suggesting Burial 7 was interred after Burial 2. 
Burial 7 was approximately 75 percent complete with many long bone epiphy-
ses missing along with the hand and foot bones. Weathering of the skeletal 
elements was Stage 1 (initial cracking of cortical surface). A number of arti-
facts were found in association with this individual, including 351 white glass 
beads and 895 clamshell disk beads, which appeared to be strung together 
around the neck in situ.

Age-at-death of Burial 7 was between forty weeks gestational age and one 
to two months postpartum based on nonadult metrics, dental development, 
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and epiphyseal fusion. No proteomic analyses to estimate sex were possible 
for Burial 7 due to a lack of enamel. Because sexually dimorphic features do 
not present themselves osteologically in nonadults (Cunningham et al. 2016), 
sex for this individual was indeterminate. No dental or pathological altera-
tions were present in Burial 7.

Burial 3

Burial 3 was a primary interment recovered in an extended, supine position 
with the body oriented northeast to southwest and the skull facing northwest. 
Burial 3 was almost complete with postmortem damage at the scapula and 
hand and foot bones. Monitoring of excavation discovered the burial and re-
sulted in postmortem fracturing at the femora. Weathering of the skeletal ele-
ments was Stage 1 (initial cracking of cortical surface). Artifacts were found 
in association with this individual, including two Olivella spire-lopped, Class 
A beads.

Burial 3 was a mature adult estimated to have died between the ages of 
forty-five and fifty based on degeneration of the pubic symphysis and auricu-
lar surface in the pelvis. Sex was estimated as female based on morphology 
of the skull and pelvis. Proteomic analyses of amelogenin proteins confirmed 
this sex estimation (see chapter 4). Dental disease was present in the form of 
periapical lesions and periodontal disease. Two periapical lesions were pres-
ent at the left first maxillary molar at the lingual and buccal surfaces. Peri-
odontal disease ranges from slight (3–4 mm alveolar loss) to severe (>50 per-
cent of root exposed) at the left maxilla. The right maxilla exhibits moderate 
periodontal disease.

Pathological alterations were present at the right clavicle, a right nonse-
quenced rib fragment, and right ilium. At the right clavicle there was a healed 
oblique fracture that shortened the bone at the acromial end. A bone spur was 
present at the acromial end that was likely a growth in response to a muscle or 
ligament attachment. The right rib also exhibited a bone spur (possibly a liga-
ment attachment) that was likely a growth in response to trauma at the clav-
icle. Postmortem fragmentation of the ribs limited our ability to understand 
the distribution of these changes; however, this change could be related to a 
fracture of the clavicle during life. The right ilium at the iliac crest exhibited a 
large notch that altered the morphology of the crest from the midline to the 
medial aspect, superior to the auricular surface (for an image of this pelvis, 
see appendix figure A.2). There was a crescent notch in the acetabulum and 
possible pseudoarthrosis at the medial aspect of the iliac crest. These mor-
phological and possible joint changes could reflect a healed avulsion fracture 
earlier in life or a congenital alteration.
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Burial 4

Burial 4 was a primary interment recovered in an extended, prone position 
(the only individual buried on their stomach in the sample), with the body 
oriented north to south and the skull face down. Burial 16 (estimated to be 
forty weeks to one month at the time of death) was recovered in direct asso-
ciation with Burial 4 from the pelvic region. Two other burials, Burials 14 and 
15, were also recovered near Burial 4 but not in direct association. Burial 4 
was complete with postmortem damage and loss at the skull, long bones, and 
ribs. Stage 1 weathering (initial cracking) was present at the cortical bone of 
most elements preserved. Sixteen Olivella spire-lopped beads (Class A) were 
recovered with Burial 4. One ground stone pestle (Type IIB4) was also recov-
ered at the left side of the body. One multifaceted black glass bead was found 
in the burial matrix; however, because of the number of burials in proximity 
this bead was not definitively associated with Burial 4.

Burial 4 was a mature adult between the ages of forty and fifty years at the 
time of death based on degenerative changes at the pubic symphysis and au-
ricular surface. Sex was estimated as female based on morphological features 
of the skull and pelvis. Proteomic analyses of amelogenin proteins confirmed 
this estimation. Stature for Burial 4 was estimated at 154 cm (5.1 ft) based 
on the bicondylar length of the femur and tibia (Auerbach and Ruff 2010). 
Dental disease was present in the form of dental abscesses and severe (>50 
percent of root exposed) periodontal disease. Six dental abscesses are present 
in total. In the maxillary teeth, the buccal surface of the right and left first and 
second maxillary molars have abscesses. Two mandibular teeth have buccal 
abscesses, the left first molar and the right second premolar. Pathological al-
terations were present in the vertebrae and femora. A compression fracture 
was present at the superior body of the first lumbar vertebra and the superior 
articular facets have fused to the inferior articular facets of the twelfth tho-
racic vertebra. There was slight, but bilateral, osteophytic formation at the 
distal lateral epicondyle of the femora.

Burial 16

Burial 16 was a primary interment found in the pelvic region of Burial 4. 
Bioturbation disturbed this burial and likely resulted in its poor preservation. 
The individual was represented by 20 percent of its skeletal elements, includ-
ing skull fragments, ribs, the left scapula, right humerus, tibia, and fibula, and 
vertebral bodies and arches. Cortical bone weathering of skeletal elements 
was Stage 1 (initial cracking of cortical surface). No artifacts were directly 
associated with Burial 16.
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Age-at-death of Burial 16 was between forty weeks to one month based on 
metric analyses of long bones, epiphyseal fusion rates, and dental develop-
ment. No proteomic analyses were possible for Burial 16 and because of a 
lack of sexually dimorphic features observable at this age (Cunningham et al. 
2016), sex was indeterminate. No dental disease or pathological alterations 
were present.

Burial 14

Burial 14 was a primary interment that was recovered in an extended, supine 
position, with the body oriented northeast to southwest and the skull fac-
ing east. The burial was mostly complete with postmortem loss to the ribs, 
vertebrae, long bones, and hand and foot bones. Cortical bone weathering of 
skeletal elements was Stage 1 (initial cracking of cortical surface). No artifacts 
were recovered with Burial 14.

Age-at-death for Burial 14 was between the ages of five and seven years 
based on metric analyses of long bones, epiphyseal fusion rates, and dental 
development and eruption. Proteomic analyses of amelogenin proteins indi-
cate Burial 14 was female. Dental disease was present in the form of enamel 
defects in a variety of teeth. Large smooth pits were present bilaterally on the 
occlusal surfaces of the maxillary and mandibular first and second molars 
along with orange/brown staining. The pits ranged from 3.79 mm to 5.30 mm 
with depths ranging from 0.89 mm to 4.1 mm. Discolored crowns were con-
sistent with these defects reflecting hypomaturation amelogenesis imperfecta 
(see appendix figure A.3 for an image of these teeth; Kinaston et al. 2019). No 
other pathological alterations were present.

Burial 15

Burial 15 was a primary interment recovered in an extended, supine posi-
tion, with the body oriented northeast to southwest and the skull facing east. 
The burial was complete with postmortem loss of foot bones. Cortical bone 
weathering of skeletal elements was Stage 2 (flaking of cortical bone). A cache 
of artifacts were recovered from Burial 15’s pelvic region. Nine obsidian pro-
jectile point preforms, one chert projectile point preforms, two quartz crys-
tals, fourteen bird bone whistles, two bat ray barbs, and a small, honed stone 
were recovered with Burial 15. One Olivella spire-lopped bead (Class A) was 
recovered from the burial matrix of Burial 15 but was not in direct association 
and therefore could alternatively belong to Burial 14, which was in proximity.

Age-at-death of Burial 15 was between thirteen and seventeen years. Pro-
teomic analyses of amelogenin proteins indicate Burial 15 was male. No den-
tal diseases or pathological alterations were present.
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Burial 5

Burial 5 was a primary interment recovered in an extended, supine position, 
with the body oriented northeast to southwest. Burial 5 was in association 
with Burials 8 and 12. The burial was mostly complete (75 percent) with 
postmortem damage at the skull, scapulae, left humerus, radius, ulna, and 
hand bones, and right ilium. Cortical bone weathering of skeletal elements 
was Stage 1 (initial cracking). 161 Class A Olivella beads and ten drawn glass 
beads were recovered with this burial.

Burial 5 was a mature adult between the ages of forty-five and fifty years 
based on degeneration of the pubic symphysis and auricular surface. Sex was 
estimated as female based on morphological features of the skull and pelvis. 
Proteomic analyses of amelogenin proteins confirm female sex estimation. 
Stature for Burial 5 was estimated at 149 cm (4.9 ft) based on the bicondylar 
length of the femur and tibia (Auerbach and Ruff 2010). Dental disease was 
present in the form of slight (3–4 mm alveolar loss) to severe (>50 percent of 
root exposed) periodontal disease and periapical lesions. Periapical lesions 
were present at the buccal surface of three maxillary teeth; the right first mo-
lar and left second premolar and first molar. No other pathological alterations 
were present.

Burial 8

Burial 8 was a primary interment recovered in an extended, supine position, 
with the body oriented northeast to southwest and the skull facing north. The 
burial was nearly complete with postmortem damage at the scapulae, verte-
brae, sacrum, and left pelvis, and postmortem loss of hand and foot bones. 
Weathering of bone was Stage 1 (initial cracking of cortical surface) with 
cortical bone well preserved. One clamshell disk bead was recovered from  
Burial 8.

Age-at-death of Burial 8 was estimated between forty-five and fifty-five 
years, a mature adult. Sex was estimated as male based on features of the 
skull and pelvis, which was consistent with proteomic analyses of amelogenin 
proteins. Stature for Burial 8 was estimated at 162 cm (5.3 ft) based on the 
bicondylar length of the femur and tibia (Auerbach and Ruff 2010). Dental 
disease was present in the form of periapical lesions. Two buccal periapical 
lesions were present at the left and right maxillary first molars. Pathological 
alterations were present at the vertebrae. Osteophytic formation was present 
at the first and fifth lumbar vertebrae. The fifth lumbar vertebra exhibited 
slight compression at the body.
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Burial 6

Burial 6 was a primary interment recovered in an extended, supine position, 
with the body oriented northeast to southwest and the skull facing south. 
Burial 9 (an infant) was recovered at Burial 6’s left side. Burial 6 was complete 
with postmortem loss of hand and foot bones. Cortical bone weathering of 
skeletal elements was Stage 0 (no cracking or flaking). Artifacts recovered in 
association with Burial 6 included one ground stone pestle (Type IIB1a) ly-
ing across Burial 6’s torso and adjacent to Burial 9, nine clamshell disk beads, 
forty-nine Olivella spire-lopped Class A beads, one Olivella disk Class H 
bead, twenty-seven drawn glass beads, and seven wound glass beads.

Burial 6 was a young adult between the ages of eighteen and twenty-five 
years based on degenerative changes in the pubic symphysis and auricular 
surface and dental development. Sex was estimated as male based on mor-
phological characteristics of the skull and pelvis. Proteomic analyses of am-
elogenin proteins indicated Burial 6 was a male. Stature for Burial 6 was es-
timated at 170 cm (5.6 ft) based on the maximum length of the tibia only 
because no femora were measurable (Auerbach and Ruff 2010). Slight (3–4 
mm alveolar loss) periodontal disease was evident. No other pathological al-
terations were present.

Burial 9

Burial 9 was a primary interment recovered in an extended, supine position, 
with the body oriented from the northeast to southwest and the skull facing 
east. Burial 9 was interred along the left side of Burial 6. Burial 9 was repre-
sented by 44 percent of the skeletal elements with almost all bones on the 
left side missing postmortem. A steel pipe ran along the left side of the body 
and likely resulted in the postmortem loss on this side of the body. Cortical 
bone weathering of skeletal elements was Stage 1 (initial cracking). Artifacts 
recovered from Burial 9 include a cross and various beads. The cross was a 
Latin Type, made of jet. Twenty-three large multifaceted black beads were 
present. These black beads and cross may together represent a rosary. There 
were fifteen clamshell disk beads, 21 Olivella Type A1a, 36 disk beads Type 
H, 5 Haliotis disk beads, 832 drawn glass beads, and 56 wound glass beads.

Age-at-death of Burial 9 was between two and two and a half years (an 
infant) based on metric analyses of long bones, epiphyseal fusion rates, and 
dental development. Proteomic analyses of amelogenin proteins indicated 
Burial 9 was a male. No dental diseases or pathological alterations were pres-
ent.
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Burial 10

Burial 10 was a primary interment previously disturbed by the installation of 
a steel pipe. No articulations were observed in situ; however, the burial was 
mostly complete with postmortem loss of cervical and thoracic vertebrae and 
hand and foot bones. Cortical bone weathering of skeletal elements was Stage 
1 (initial cracking). Burial 10 was recovered in proximity to Burials 6, 9, and 
11 but no direct associations were present. Artifacts were not recovered with 
Burial 10.

Burial 10 was a middle adult between the ages of forty and forty-four years 
based on degenerative changes at the auricular surface. Sex was estimated as 
female based on features of the skull and pelvis. No proteomic analyses were 
possible to confirm macroscopic analysis of sex. Stature for Burial 10 was esti-
mated at 156 cm (5.1 ft) based on the bicondylar length of the femur and tibia 
(Auerbach and Ruff 2010). Dental disease was present in the form of slight 
(3–4 mm alveolar loss) periodontal disease. No other pathological alterations 
were present.

Burial 11

Burial 11 was a primary interment recovered in an extended, supine position, 
with the body oriented north to south and the skull facing east. Most skeletal 
elements were present with postmortem loss of scapulae, clavicles, sternum, 
manubrium, and foot bones. Cortical bone weathering of skeletal elements 
was Stage 1 (initial cracking). Artifacts recovered from Burial 11 included 
a Latin Type cross made of jet, twelve multifaceted black jet beads, thirty-
two clamshell disk beads, three Olivella Type A spire-lopped, eight Type H 
disk beads, fourteen Haliotis disk beads, thirty drawn glass beads, and fifteen 
wound glass beads. The combination of the Latin Type cross and multifaceted 
beads could represent a rosary, similar to Burial 9.

Burial 11 was estimated to be between four and eight years of age at the 
time of death based on metric analyses, epiphyseal fusion rates of long bones, 
and dental development and eruption. Proteomic analyses of amelogenin 
proteins indicate Burial 11 was a male. No dental disease or pathological al-
terations were present.

Burial 12

Burial 12 was a primary interment recovered in an extended, supine posi-
tion, with the body oriented northeast to southwest and the skull facing east. 
The burial was complete with postmortem damage at the scapulae, sacrum, 
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and hand and foot bones. Cortical bone weathering of skeletal elements was 
Stage 1 (initial cracking). Artifacts recovered from Burial 12 included a pestle 
and various beads. One large, ornate pestle (Type IIB4) was recovered along 
the lower right arm of Burial 12. A large quantity of beads were recovered, 
including 2,201 drawn glass beads, 504 Olivella spire-lopped beads, and 237 
clamshell disk beads. These beads were recovered around the right arm and in 
the vicinity of the vertebrae and left ilium.

Burial 12 was a young adult between the ages of twenty and twenty-five 
years based on degenerative changes at the pubic symphysis and auricular 
surface. Sex was estimated to be female based on features of the skull and 
pelvis. Proteomic analysis of amelogenin proteins indicated Burial 12 was a 
female. Stature for Burial 12 was estimated to be 150 cm (4.9 ft) based on the 
maximum length of the femur and tibia. Dental disease was present in the 
form of carious lesions at the left first and second mandibular molars, LEH, 
and slight (3–4 mm alveolar loss) periodontal disease. LEH were present bi-
laterally at the mandibular and maxillary canines. One LEH was present at the 
right maxillary canine, and based on Goodman and Rose (1990), this insult 
represents a period of stress experienced at 2.6 years. Two LEH were present 
at the left maxillary canine and represent periods of stress experienced at 1.6 
and 2.9 years. One LEH was present bilaterally on the right and left man-
dibular canines, which represent periods of experienced stress at 3.3 and 3.65 
years respectively. No other pathological alterations were present.

Burial 13

Burial 13 was a primary interment that was recovered in an extended, supine 
position, with the body oriented northeast to southwest and the skull facing 
north. The burial was complete with postmortem damage at the scapulae, sa-
crum, pubic symphyses, and hand and foot bones. Cortical bone weathering 
of skeletal elements was Stage 1 (initial cracking). A total of 445 Olivella Class 
A spire-lopped beads were recovered near the chin, scapulae, and ribs.

Burial 13 was estimated to be a young adult between the ages of twenty and 
twenty-four years based on degenerative changes at the auricular surface. Sex 
was estimated as female based on features of the skull and pelvis. Proteomic 
analysis of amelogenin proteins indicated Burial 13 was a female. Stature for 
Burial 13 was estimated to be 156 cm (5.1 ft) based on the bicondylar length 
of the femur and tibia (Auerbach and Ruff 2010). Dental disease was present 
in the form of slight (3–4 mm alveolar loss) to severe (>50 percent of root ex-
posed) periodontal disease at the maxillary dentition. No other pathological 
alterations were present.
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Osteological Health within the Mission

Life during the Mission Period is documented by historic and ethnographic 
accounts; however, life and health at Mission outposts is less understood. 
Skeletal remains from CA-SMA-71/H can shed light on the demographics 
and disease profile of individuals from San Pedro y San Pablo exposing expe-
riences during this tumultuous time.

The sample of individuals from the asistencia is small and most are not 
representative of a complete life at San Pedro y San Pablo. Adults, for example, 
were living at San Pedro y San Pablo only later in life and likely experienced 
childhood outside of the Mission system. Therefore, human skeletal remains 
recovered from the site represent individuals who died at San Pedro y San 
Pablo and the health profiles of adults may reflect biological consequences 
before living at San Pedro y San Pablo. On the other hand, nonadults, particu-
larly infants and children, who were likely born at San Pedro y San Pablo, or 
spent the majority of their years there, will reflect biological consequences of 
living and dying at San Pedro y San Pablo.

Demographic Profiles

Age-at-death and sex of archaeological samples are useful for understand-
ing differential experiences by age groups and sexes, including morbidity and 
mortality rates. Age and sex were important factors influencing experience of 
individuals living at Missions. Age and sex dictated which residential quar-
ters individuals lived in at the Mission with children and unmarried, young 
women separated from other tribal members (Lightfoot 2005:62). These prac-
tices of separation aimed to indoctrinate and subjugate women and children 
(Lightfoot 2005). Along with differential living practices, age and gender roles 
influenced the type of work assigned. All individuals regardless of age were 
expected to perform tasks for the Mission, with work hours ranging from 
four to nine hours a day (Hackel 2005; Lightfoot 2005:67). Men, generally, 
performed agricultural tasks while women tended to domestic tasks, includ-
ing raising children. Life expectancy of individuals living within the Missions 
is thought to be low, with individuals rarely living past the age of twenty-
five (Geiger 1976; Lightfoot 2005:76). Women suffered greater mortality rates 
during the Mission Period and depopulation has largely been attributed to 
mortality rates of women. The small sample size (n=15) makes it difficult to 
draw broad sex-based or age-based conclusions. However, where possible, sex 
and age-at-death differences were correlated with disease patterns to under-
stand how diseases differentially impacted individuals.
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Age-at-Death

Of the individuals, all age categories are present except for young/middle 
adults. From the archaeological sample, 40 percent of individuals are non-
adults and the average age-at-death was 25.9 years. The low average age-at-
death suggests living conditions at San Pedro y San Pablo were detrimental to 
the health and lifespan of the people recovered.

Sex

Thirteen of the fifteen individuals have an estimate for sex (all except Burials 
7 and 16), based either on osteological and/or proteomic techniques. Overall, 
the thirteen individuals with sex estimations are evenly split between males 
(n=6) and females (n=7). However, when age is accounted for, a notable sex-
bias is evident in the sample. Seven of the nine adults are female (except Burial 
6, a young adult male, and Burial 8, a mature adult male; figure 3.1). By con-
trast, nonadults are all males with the exception of Burial 14, a female child.

The ratio of adult (over the age of eighteen years at time of death) males 
to females is 0.67. A Fisher’s exact test comparing sex estimates by adult and 
nonadult age categories was not statistically significant (p = 0.22). While not 
statistically significant, the observed ratio suggests adult females are dispro-
portionally represented in the population at San Pedro y San Pablo. The bi-
ased representation of males and females could signal differential susceptibil-
ity to disease and/or death. Differences in male and female infant mortality 
is well documented in archaeological and modern samples (Buonasera et 

Figure 3.1. Distribution of 
age-at-death by sex for indi-
viduals from CA-SMA-71/H.
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al. 2022; Drevenstedt et al. 2008; Fuse and Crenshaw 2006; McFadden et al. 
2022). Studies on historic and archaeological samples with known exposure 
to crises that impact life expectancy, including slavery, famine, and epidem-
ics, have found that male infants are generally more frail and therefore more 
susceptible to death (Drevenstedt et al. 2008; Zarulli et al. 2018), including 
in California archaeological samples (Buonasera et al. 2022). In the case of 
California archaeological samples, Buonasera and colleagues suggest that dif-
ferences in male and female infant mortality could be linked to weaning prac-
tices for infants. Isotopic analysis of individuals included in their study found 
male infants recovered from Síi Túupentak (CA-ALA-565/H), which was used 
primarily between 600–150 cal BP, were weaned at approximately 2.3 years 
whereas female infants were weaned at approximately 3.2 years (Eerkens et 
al. 2020). These differences in weaning age are thought to be a by-product of 
differing gender practices with boys learning to hunt at an early age and there-
fore not in proximity to mothers and the breast milk they provided. However, 
girls may have received breastmilk longer because of their involvement in 
gathering and proximity to mother’s breastmilk.

Biologically, men and women respond differentially to disease and face 
different obstacles. For example, pregnancy in women adds new health con-
straints and potentially impacted individuals, including Burial 4, a mature 
adult female, who was recovered with Burial 16 who was estimated to have 
died at birth.

Pathological Alterations

Disease was present in most of the individuals from San Pedro y San Pablo 
(table 3.2). Dental disease was the most common form of pathological altera-
tions followed by trauma and infectious disease. The majority of individuals 
exhibiting pathological alterations were adults. These alterations in adults, 
particularly those reflective of childhood stressors (e.g., LEH), likely reflect 
stressors before life at San Pedro y San Pablo. On the other hand, the non-
adults with pathological alterations, including Burial 2, likely represent stress-
ors experienced while living at San Pedro y San Pablo.

Dental Disease

During the Mission Period, environmental shifts, the introduction of Old-
World plants and animals, and the incorporation of Spanish cultural prac-
tices resulted in widespread changes to Native peoples’ diets (Lightfoot 2005). 
While dietary shifts characterize the Mission Period, the extent of disuse 
of Native practices varied by region and Mission (Panich 2018; Panich and 
Schneider 2015). For individuals from CA-SMA-71/H, a variety of dental 



Table 3.2. Pathological alterations present at CA-SMA-71/H by burial

Dental Disease
Joint 

Disease Trauma
Infectious 

Disease

Individual
Enamel 
Defect

Periapical 
Lesion

Periodontal 
Disease

Carious 
Lesions OA Direct Indir. TB

Burial 2 X — — — — — X X
Burial 3 — X X — — X — —
Burial 4 — X X — X X — —
Burial 5 — X X — — — — —
Burial 6 — — X — — — — —
Burial 8 — X — — — — — —
Burial 10 — — X — — — — —
Burial 12 — X X X — — — —
Burial 13 — — X — — — — —
Burial 14 — X — — — — — —

Note: OA = Osteoarthritis; Indir. = Indirect; TB = Tuberculosis; X = present.
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diseases were present, including enamel hypoplasia, periapical lesions, peri-
odontal disease, and carious lesions, which can provide insight to the possible 
dietary changes.

Enamel hypoplasia is most commonly observed as horizontal lines across 
the enamel, but can manifest as vertical lines, grooves, and pits, and results 
from interruptions in the normal formation of enamel (Hu et al. 2007; Kinas-
ton et al. 2019:753). Burial 14 exhibited changes at the enamel that are con-
sistent with amelogenesis imperfecta, reflecting a developmental issue that is 
distinguished from LEH. Two individuals exhibited LEH on canine dentition, 
Burials 2 and 12, representing 13.3 percent of the archaeological sample. The 
presence of LEH in Burial 2 reflects stress to enamel formation that would 
have happened while living at San Pedro y San Pablo, while the LEH in Burial 
12, a young adult, is likely not reflective of life at the asistencia but of a period 
earlier in life outside the Mission.

Periapical lesions manifest on the mandible or maxilla in the form of a cir-
cular hole or sinus, resulting from the accumulation of pus within the tooth 
socket and its eventual rupturing through the alveolar bone (Kinaston et al. 
2019:767). Depending on the infection, acute or chronic, the lesion can be 
proliferative (bone forming) or destructive (bone removing); however, in 
dry bone most instances are smaller than 2–3 mm in diameter. Periapical 
lesions were observed in 26.7 percent of the individuals, often occurring in 
multiples, with two recorded in Burials 3 and 8, three in Burial 5, and six 
in Burial 4. Periapical lesions are associated with carious lesions and dental 
attrition wherein the enamel is worn away or decayed to expose the root of 
the tooth, leading to infection. Lesions of this sort can manifest quickly or 
progressively over a long period of time (Kinaston et al. 2019). As periapical 
lesions were present in many adults from San Pedro y San Pablo (Burials 3, 4, 
5, and 8), these infections could represent biological consequences to life at 
the asistencia.

Periodontal disease is an inflammatory response in the connective tissues 
that secure teeth in the alveolar sockets. It is triggered by polymicrobial plaque 
or abrasive effects of calculus (Kinaston et al. 2019:771). Chronic inflamma-
tion results in the eventual resorption of the alveolar bone surrounding the 
teeth. Slight to severe periodontal disease was recorded in six individuals sug-
gesting chronic inflammation, which affected all adults recovered where this 
could be measured, except for Burial 8, a mature adult male.

Carious lesions are the result of behavioral and biological differences, 
wherein individuals’ diets, labor, and sex hormones drive the prevalence of 
tooth decay (Lukacs 2008). Two carious lesions were recorded in Burial 12 
at the occlusal surface of the mandibular molars representing a 6.7 percent 
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prevalence rate for carious lesions at CA-SMA-71/H. Similar to periapical le-
sions, carious lesions can manifest quickly or progressively and therefore the 
presence of carious lesions in a young adult may reflect dietary practices at 
San Pedro y San Pablo or dietary practices previous to life at the outpost.

Joint Disease

Joint disease, specifically osteoarthritis (OA), is common in modern and an-
cient populations and results from the breakdown of synovial joint articula-
tions (Lambert and Walker 1991). One individual, Burial 4, a mature adult 
female, exhibited evidence of joint alterations and evidence of OA. Changes 
to the distal articular surface of the femur were recorded but the necessary 
criterion for OA were not present. However, fusion of this individuals’ ver-
tebrae was indicative of OA. Burial 3 also exhibited possible pseudoarthrosis 
at the right acetabulum, which likely was the result of an avulsion fracture to 
the acetabulum. There were no corresponding changes to the femur, suggest-
ing changes to the joint, if present, were minimal and likely did not impact 
mobility. OA has been studied in prehistoric samples finding gendered distri-
butions of labor (Cheverko and Bartelink 2017; Walker and Hollimon 1989). 
Unfortunately, the small sample size of individuals with joint alterations does 
not permit gendered comparisons.

Trauma

Trauma can result from a variety of mechanisms (Redfern and Roberts 
2019:213). Direct trauma includes instances of direct force placed on the 
bone, which was observed in Burial 4, in the form of a compression fracture 
at the first lumbar vertebra, and Burial 3 in the form of a healed oblique frac-
ture at the right clavicle. The former, while recorded as trauma, is frequently 
associated with generalized bone loss, including osteoporosis and osteopenia, 
which increases susceptibility to compression fractures in vertebral bodies 
(Brickley 2002). Because of this individual’s advanced age-at-death, it is dif-
ficult to associate these skeletal alterations directly to life at San Pedro y San 
Pablo. Indirect trauma results from a force that indirectly impacts bone, for 
example pulled or strained muscles, which can result in avulsion fractures 
(Binazzi et al. 1992; Combs 1994; Moeller 2003), like the changes exhibited 
in Burial 3’s right ilium. There were no apparent mobility impacts for Burial 
3, but trauma to the femur may have resulted from laborious conditions at 
San Pedro y San Pablo. Labor practices were generally gendered (Lightfoot 
2005:67), but during specific times, including harvests, men and women 
would complete the same tasks. The presence of trauma, in the form of direct 
and indirect sources, could reflect practices that exposed individuals to more 
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dangerous activities. In addition to performing more dangerous or strenuous 
labor, poor nutrition, which can lead to osteopenia and osteoporosis, likely 
left individuals more susceptible to fracture (Brickley 2002). Trauma from 
CA-SMA-71/H may reflect labor practices at San Pedro y San Pablo.

Infectious Disease

Infectious diseases can manifest from exposure to specific pathogens, includ-
ing Mycobacterium tuberculosis, or nonspecific pathogens, most commonly 
Staphylococcus aureus, Streptococcus, or Pneumococcus. Introduction of these 
pathogens can happen directly by means of a piercing injury (surgical or ac-
cidental), direct contact with infection in associated soft tissues, or as a sec-
ondary blood-born infection with the generating locus of infection located 
elsewhere in the body (Roberts 2019). Specific infectious diseases can mani-
fest as proliferative or destructive changes on bone with distributions of le-
sions that are directly correlated to disease processes, including tuberculosis, 
leprosy, or syphilis (Roberts 2019:287). Without prior exposure to these bac-
teria, individuals are prone to fatality. In many instances of contact between 
European and Indigenous groups, infectious disease is presented as a catalyst 
for widespread transmission of diseases and death (Jackson 1983, 1994; Jones 
et al. 2021; Lightfoot 2005; Hackel 2005; Walker et al. 2005); however, bioar-
chaeological evidence has yet to confirm these hypotheses.

No evidence of nonspecific infection was observed. Specific infectious dis-
ease was observed in a nonadult, but no evidence was present in adults. Burial 
2 exhibited skeletal alterations consistent with tuberculosis, including Pott’s 
disease or kyphosis of the lower thoracic and lumbar vertebrae. The collapse 
at the lower thoracic vertebrae from the eleventh thoracic to first lumbar ver-
tebrae (see appendix figure A.1) would have altered this child’s mobility and 
may have resulted in paralysis. The progressed stage of pathological altera-
tions to this individual’s vertebral column suggests this individual contracted 
tuberculosis while living in the Mission system. Alternatively, tuberculosis 
could have been inactive or latent in this individual and therefore they may 
not have exhibited any symptoms of tuberculosis or disease upon entering 
the Mission system, although they could have already contracted tubercu-
losis. The skeletal alterations in this individual suggest that they eventually 
experienced symptoms of tuberculosis and could have spread the disease to 
other individuals while living in proximity to many individuals at San Pedro 
y San Pablo.

Mycobacterium bacteria come in many different forms but the most com-
mon to infect humans is Mycobacterium tuberculosis followed by Mycobacte-
rium bovis. The transmission of these two diseases differs depending on the 
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bacterium. Mycobacterium tuberculosis is generally spread through inhaling 
infected droplets from other humans. Mycobacterium bovis is transmitted by 
cows to humans either through inhalation of infected droplets or ingesting 
infected cow by-products, leading to gastrointestinal infections (Roberts and 
Buikstra 2003:5). Changes to the skeleton in response to tuberculosis include 
lytic lesions and kyphosis at the thoracic and lumbar vertebrae, lytic lesions in 
the outer table of the skull, lesions on the ribs, and tubercles at joint surfaces 
(Roberts and Buikstra 2003:109). To differentiate between bacterium, changes 
in the ribs have been posited to represent pulmonary infection while changes 
in the pelvis suggest gastrointestinal infection, although these skeletal altera-
tions are not pathognomic of the respective strains (Roberts and Buikstra 
2003:88). Infection by Mycobacterium bovis is much more likely to impact 
the skeleton, particularly nonadults (Roberts and Buikstra 2003:88). Based 
on this information Mycobacterium bovis is posited as the bacterial agent im-
pacting Burial 2. During the use of the Mission outpost, there was potential 
exposure to infected cows because of the agricultural emphasis of San Pedro y 
San Pablo (Dietz 1979). The skeletal alterations in Burial 2’s pelvic region, in-
cluding the tubercles at the ilium and changes at the psoas muscle attachment 
on the femora are consistent with a gastrointestinal infection (see appendix 
figure A.1). As discussed in chapter 7, cow’s milk proteins were found in the 
dental calculus associated with Burials 5, 6, and 15.

While there was no other evidence of tuberculosis at the site, this does not 
mean that other individuals were not exposed to or infected with tuberculo-
sis. Skeletal alterations are rare and therefore individuals could have died be-
fore manifesting any changes in their skeletons. The presence of probable spe-
cific infectious disease (i.e., tuberculosis in Burial 2) suggest individuals were 
exposed to pathogens but those pathogens may not have been novel for all 
individuals. The manifestation of tuberculosis requires chronic exposure and 
rarely impacts bone (Hillson et al. 1998; Roberts and Buikstra 2003). There-
fore, the presence of this infectious agent in Burial 2 suggests this bacterium 
could have been present and circulating in Native groups before and during 
life at San Pedro y San Pablo. Alternatively, the presence of skeletal alterations 
could signal Burial 2’s resilience in the face of this infectious disease, which 
frequently results in fatality.

Summary

Epidemics and violence have largely characterized narratives about contacts 
between Europeans and Native American groups during colonization of 
North America (Garland et al. 2018; Larsen 2018; Larsen and Milner 1994; 
Stojanowski 2005; Stojanowski et al. 2007). During California’s Mission Pe-
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riod, the depopulation of Native villages is known from archaeological studies 
and historical documents, with the number of Native individuals significantly 
reduced by AD 1834 (Arkush 2011; Hackel 2005; Jackson 1994; Jones et al. 
2021). Analyses show that while infectious disease was present, there is no 
clear evidence of an epidemic. From the demographic differences, males and 
females had different lived experiences at San Pedro y San Pablo, but those 
differences may be related more to age than sex or gender.

Health Disparities between Precontact and Baptized Native 
Californians

Paleopathological analysis of ancestral skeletal remains from precontact and 
contact-period sites has yielded insight into differential experiences of these 
periods (Jones et al. 2021; Larsen and Milner 1994; Lambert and Walker 1991; 
Pilloud et al. 2020; Stojanowski 2005). Although the sample from San Pedro 
y San Pablo is small, contextualizing the demographic profile and pathologi-
cal alterations with patterns observed in pre- and contact samples enables 
understanding how health outcomes may have changed within the Mission 
system. Comparative data for pathological alterations comes from archaeo-
logical samples in Central California and coastal Southern California. Pre-
vious research has shown regional differences in prevalence of pathological 
alterations that result from differential responses and buffering to stressors, 
particularly metabolic disorders (Pilloud et al. 2020; Pilloud and Schwitalla 
2020). To maximize comparative datasets, samples from different regions 
were used; however, where possible the San Francisco Bay Area was priori-
tized, with the understanding that these results may change as more regional 
data is obtained.

Demographic Profiles

Temporal studies of average age-at-death of Native Californians show a sig-
nificant difference between individuals living pre- and post-contact with Eu-
ropeans (Jones et al. 2021; Schwitalla et al. 2014). Survival analyses support 
large-scale deaths following occupation by Europeans in 1700, suggesting 
that persistent contact with Europeans and life at Missions contributed to the 
spread of more virulent pathogens and earlier death (Jones et al. 2021).

The average age-at-death from CA-SMA-71/H, was 25.9 years, This low 
average age-at-death is consistent with previously calculated averages for age-
at-death of other Mission Period archaeological samples, and archaeological 
samples experiencing plagues (DeWitte 2014; Jones et al. 2021). As well, this 
figure of 25.9 years is low in comparison to precontact Californian archaeo-
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logical samples. There is variation in the average age-at-death across different 
archaeological sites (Jones et al. 2021), but before 1770, average ages-at-death 
were systematically over thirty-five years. This difference suggests different 
stressors and pathogens were impacting the lives of individuals that were ei-
ther not present or not as severe in precontact time periods. These stressors 
and pathogens increased mortality rates and shortened the life span of indi-
viduals living at San Pedro y San Pablo.

Disproportionate ratios of males to females adversely impact reproduction 
and the ability of populations to recover from catastrophic events, includ-
ing migration patterns, epidemics, or food shortages (Lightfoot 2005:75–76). 
Studies of death records and baptisms within the Mission system have found 
fluctuations in the ratio of males to females; however, for Mission Dolores, 
females outnumbered males at an increasing rate from 1796 to 1832 (Jackson 
1994). The distribution of the sexes at San Pedro y San Pablo similarly favors 
females. The ratio of males to females for those over nine years at time of 
death, .67, is less than the ratio of males to females at Mission Dolores, .94, in 
1796. While the sample size from San Pedro y San Pablo is not fully represen-
tative of the total population, this ratio is characteristic of sex ratios recorded 
at other Mission Period sites (Jackson 1994).

Differences in the ratio of males to females has been attributed to dif-
ferential stressors impacting women and children at Mission Period sites. 
Women, as discussed, were frequently subjugated and controlled by the Mis-
sion system (Lightfoot 2005:61–62). The constriction of women to specific 
spaces and tasks likely contributed to their poor health. In addition, maternal 
health likely complicates health outcomes and average life spans expected for 
women during this time. Childbirth could have been dangerous and poten-
tially life threatening.

Pathological Alterations

Historical and archaeological research on the Mission Period suggests 
chronic diseases were widespread and readily transmitted between individu-
als because of overcrowding and poor sanitation of habitation spaces (Light-
foot 2005:76). Epidemics have been posited to explain mass mortality that is 
documented in death records at Mission sites (Jackson 1983; Jones et al. 2021; 
Lightfoot 2005); however, limited skeletal evidence corroborates these hy-
potheses. Here, we compare precontact and contact pathological alterations 
to understand how rates of disease from the Mission Dolores outpost, San 
Pedro y San Pablo, contribute to narratives about health during the Mission 
Period of California.
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Dental Disease Differences

The rate of LEH recorded from CA-SMA-71/H is low, in contrast to other 
contact sites (Bard et al. 1992; Bartelink 2006; Grady et al. 2007; Pilloud 
2006). LEH prevalence observed in the sample from San Pedro y San Pablo is 
closer to rates found in precontact samples. For example, in precontact sites 
from the San Francisco Bay, CA-ALA-11 and CA-SCL-674, rates of LEH were 
recorded at 9.3% and 12.9% respectively (Canzonieri and Caine 2023; Grady 
et al. 2007).

The rate of periapical lesions and abscesses (26.7%), is consistent with rates 
observed in precontact archaeological samples. For example, CA-ALA-11, 
CA-SCL-674, and CA-ALA-483, which all date to the Early or Early/Mid-
dle Transition period (3050 B.C.E.–A.D. 585) have periapical rates of 39.6%, 
35%, and 26.7%, respectively. Bartelink’s (2006) analysis of San Francisco Bay 
hunter-gathers from the Early, Middle, and Late Periods show an increase in 
rates of periapical lesions from the Early to Late Period (3050 B.C.E.–A.D. 
1720); however, these rates are much lower than that reported here, at 3.6%, 
4.2%, and 7.8% respectively. Unfortunately, comparative data on periapical 
lesions from other Mission Period sites are not available. The variability in 
periapical lesion rates for precontact sites and San Pedro y San Pablo suggests 
these skeletal alterations result from changes specific to sites and are not re-
flective of large-scale temporal differences.

While periodontal disease is present in individuals from CA-SMA-71/H, 
comparative data is not as accessible and therefore is not contextualized 
within pre- or post-contact samples.

The rate of carious lesions in individuals from CA-SMA-71/H, at 6.7%, is 
consistent with the rate observed in individuals from CA-ALA-483 (Bard et 
al. 1992). However, across precontact and contact sites there is a great deal 
of variability. Bartelink (2006) found low rates of carious lesions in Early, 
Middle, and Late Period (3050 B.C.E.–A.D. 1720) hunter-gathers from the 
San Francisco Bay Area, at 1.1%, 2.6%, and 1.4% respectively, while Can-
zonieri and Caine (2023) observed a rate of 27.5% in individuals from the 
CA-ALA-11 archaeological sample. Griffin (2014) found similarly low rates 
of carious lesions, with 2.5% of teeth observed with carious lesions in indi-
viduals from CA-CCO-548. In Pilloud’s (2006) analysis of individuals from 
CA-ALA-613/H, 38.5% of the adult sample had carious lesions that dated to 
the Medieval Climatic Anomaly (A.D. 800–1350), but none were recorded 
in the adult sample previous to A.D. 800 or after A.D. 1350. South of the San 
Francisco Bay Area, Walker and Erlandson (1986) found much higher rates of 
carious lesions in Early to Late Period individuals from CA-SRI-41 and CA-
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SRI-2, 80% and 47% respectively. Differences in carious lesions within and 
between Bay Area and Southern California sites likely results from variable 
reliance on marine and terrestrial sources. Heavy dental wear has also been 
posited to explain low prevalence of carious lesions in precontact California 
archaeological samples (Bartelink 2006; Griffin 2014).

Dental diseases observed in precontact and contact archaeological sam-
ples exhibit a high level of variability that is not defined by temporal change 
(table 3.3). Dietary practices in Native Californians are known to be variable 
because of seasonal and regional availability of resources, including marine 
versus terrestrial sources (Bartelink et al. 2020; Eerkens et al. 2013; Walker 
and Erlandson 1986). This regional variability is reflected in comparisons of 
dental diseases here; therefore, comparisons of dental diseases alone are not 
informative of the influence Mission Period practices had on dental health at 
the asistencia. Contextualization of dental diseases with isotopic analyses (see 
chapter 6) may highlight specific changes to diet in the Mission Period that 
correspond to dental disease rates.

While dental diseases are more reflective of regional variability, the pres-
ence of LEH, has been interpreted by scholars as evidence of resilience in the 
skeleton (Wood et al. 1992). Nonspecific stress indicators, like LEH, develop 
during periods of strain to the body (Kinaston et al. 2019:753). During the 
Mission Period, the ability of people to survive bouts of stress or strain to their 
diets was likely hindered by external factors, including malnutrition, labo-
rious activities, overcrowding, and unsanitary living environments. Historic 
records provide a view into the stressors nonadults may have experienced 
while living inside and outside of the Mission system, including the stressors 
associated with weaning. Both individuals recorded with LEH, incurred those 
skeletal changes around the age of weaning. For Burial 2 (male), for example, 
weaning is thought to happened around 2.3 years (chapter 6) and LEH onset 
began as early as 2.17 years. Analyses presented in chapter 11 suggest this 
individual entered the Mission system as an infant and therefore lived his life 
within the Mission system.

Alternatively, the onset of LEH in dentition of Burial 12 reflects multiple 
instances of stress, with the earliest at 1.6 years old and the latest at 3.3 years 
old. Female infants are thought to be weaned later than males at approxi-
mately 3.2 years (chapter 6; see also Eerkens et al. 2020), suggesting that LEH 
in Burial 12 could reflect weaning but also stress before this, possibly from 
malnutrition or infection.

While life at San Pedro y San Pablo was difficult, this is not differentially 
represented in dental diseases between CA-SMA-71/H and other Californian 
archaeological samples. The distance of the asistencia from Mission Dolores 
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Table 3.3. Crude prevalence of dental diseases from California Indigenous archaeological samples

Archaeological Site Time Period

Dental Disease
Enamel 

Hypoplasia
Periapical 

Lesions
Carious 
Lesions

CA-SMA-71/H 1787–1794 13.3% 26.7% 6.7%
CA-ALA-613/H
(Pilloud 2006)

1890 B.C.–A.D. 800 7.7% — 0%
A.D. 800–1350 30.3% — 38.5%

A.D. 1350–1760 27.3% — 0%
CA-ALA-11
(Canzonieri and Caine 2023)

500–210 B.C. 9.3% 39.6% 27.5%

CA-ALA-483
(Bard et al. 1992)

1465–1265 B.C. — 26.7% 6.7%

CA-SCL-674
(Grady et al. 2007)

500–210 B.C. 12.9% 35% 36%

SF Bay Hunter-Gathers
(Bartelink 2006)

>1500–500 B.C 73.3% 3.6% 1.1%
210 B.C.–A.D. 1010 25.8% 4.2% 2.6%

A.D. 1210–1720 26.3% 7.8% 1.4%
CA-CCO-548
(Griffin 2014)

2350–1450 B.C. — 10.7% 2.5%

CA-SRI-2
(Walker and Erlandson 1986)

1820–900 B.C. — — 47%

CA-SRI-41
(Walker and Erlandson 1986)

3000–4000 B.C. — — 80%

may have buffered individuals, wherein they had greater agency over their 
diets. Therefore, distance and possible variability in dietary practices may bet-
ter explain the low rates of dental disease, which are consistent with patterns 
observed in precontact archaeological samples.

Joint Disease Differences

Oral histories, historic documents, and archaeological evidence of precontact 
and contact contexts support a sex-linked bias in the distribution of labor, 
with men performing agricultural and hunting activities and women per-
forming domestic tasks, including child rearing and cooking (Hackel 1997, 
2005:285; Lightfoot 2005:67; Walker and Hollimon 1989). Gendered practices 
have been supported in bioarchaeological studies of joint disease from pre-
contact Native archaeological samples in California (Walker and Hollimon 
1989). The lack of skeletal alterations associated with joint disease suggests 
two possible scenarios. The first is that individuals were not stressing their 
bodies to the point of alteration. However, the more likely scenario is that the 
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overrepresentation of young adults and nonadults results in a lack of skeletal 
alterations associated with joint stress. In other words, while individuals may 
have been exposed to harmful stressors, including laborious daily activities, 
they are not reflected in their skeletons because individuals died before these 
practices could alter their skeleton or were lost to the archaeological record. 
Additionally, stress that impacts soft tissue is lost in the archaeological record 
and therefore, absence of joint stress in the skeleton may not be indicative of 
limited performed labor but an absence of evidence. The loss of evidence to 
the archaeological record is supported by the presence of an avulsion fracture 
in Burial 3 that suggests adults were experiencing soft tissue trauma, which in 
the case of this individual also impacted the skeleton.

Trauma Differences

The majority of trauma recorded in Native Californian archaeological samples 
is related to interpersonal violence resulting in blunt force trauma (Jurmain 
and Bellifemine 1997; Lambert 1994; 2002; Schwitalla et al. 2014; Walker 
1989). High rates of trauma are associated with resource stress or environ-
mental shifts in precontact archaeological samples (Allen et al. 2016; Eerkens 
et al. 2016; Lambert 2002; Milliken et al. 2007; Schwitalla et al. 2014; Walker 
1989). One individual, Burial 3, exhibited trauma at the clavicle that could 
be attributed to violence; however, it is difficult to differentiate direct (e.g., 
violence) versus indirect (e.g., accidental falls) fractures in clavicles (Wedel 
and Galloway 2013:197). Overall the rate of trauma at CA-SMA-71/H is lower 
than rates observed in precontact sites, where rates of trauma range from 
6.7% to 28.2% (Bard et al. 1992; Canzonieri and Caine 2023; Grady et al. 2007; 
Lambert and Walker 1991; Pilloud 2006). Lower rates of trauma are associ-
ated with Historic Period archaeological samples (Pilloud 2006; Schwitalla 
et al. 2014), which are consistent with the rate of trauma at CA-SMA-71/H. 
While skeletal evidence of trauma is not prevalent during the Mission Period, 
historic documents and oral histories suggest a different lived experience. 
Punishment at Missions has been described as including whipping, use of 
stocks, leg chains, and other corporal punishment (Hackel 2005:281; Light-
foot 2005:60). While repeated corporal punishment has been identified at 
other sites globally (Osterholtz 2020), much of the impact to the body results 
in changes at the soft tissue. Therefore, if corporal punishment was used, the 
evidence has been lost in the archaeological record. While life at Mission out-
posts included semi-captive labor, it may have involved less direct oversight 
and therefore lower levels of punishment because of the distance from the 
Mission itself.
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Infectious Disease Differences

Nonspecific infection, in the form of periostosis and osteomyelitis, are re-
corded at high rates in Mission Period sites. For example, Pilloud and 
Schwitalla (2020) found Native Californians from Historic Period San Fran-
cisco Bay archaeological sites exhibited periosteal reactions in 22.9% of in-
dividuals. A similarly high rate of periosteal reactions, 15%, was observed in 
Southern California archaeological samples from the Late Period (Lambert 
and Walker 1991). The absence of periostosis and osteomyelitis in individu-
als from CA-SMA-71/H suggests individuals were either not experiencing 
chronic exposure to infectious agents or died before skeletal alterations could 
manifest. Importantly, the small sample size likely impacts the resultant prev-
alence of infectious disease, particularly specific infectious diseases that can 
take months or even years to manifest in the skeleton (Roberts 2019).

While direct evidence of epidemics, in the form of infectious diseases, has 
not been exhibited in human skeletal remains, ancient DNA (aDNA) analysis 
has elucidated the history of infectious diseases and provided transmission 
maps in the Americas (Bos et al. 2014; Brynildsrud et al. 2018; Nelson et al. 
2020; Woodman et al. 2019). Studies on aDNA find infectious diseases, in-
cluding tuberculosis and syphilis (Baker et al. 1988; Bos et al. 2014; Powell 
and Cook 2005; Roberts and Buikstra 2003), were likely present and circulat-
ing in New World communities previous to contact. Genetic evidence also 
supports the introduction of more virulent strains of tuberculosis brought by 
European colonizers, which progressively replaced pre-Columbian varieties 
(Brynildsrud et al. 2018; Woodman et al. 2019). This change in virulency of 
infectious diseases and increased transmission from living in proximity fol-
lowing contact and during life within the Missions likely led to large-scale 
deaths in Native communities of California.

Where present, evidence of infectious diseases in Native Californians has 
been limited and emphasizes venereal syphilis (Walker et al. 2005; Roney 
1959). The majority of evidence for syphilis has supported the presence of 
pathogens previous to the Mission Period, with the reintroduction of more 
virulent strains during the Mission Period (Walker et al. 2005). Where tuber-
culosis has been recorded, skeletal alterations include wedging of vertebrae 
attributed to Pott’s disease and thickening of ribs (Roney 1959). The likely 
presence of tuberculosis is some of the only skeletal evidence of this disease 
in ancient California. Analysis of aDNA was performed on a vertebra from 
Burial 2 but was inconclusive for Mycobacterium tuberculosis. However, re-
cent studies of aDNA have found that pathological remains are not always 
repositories for pathogen DNA (Nelson et al. 2020).
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Persistence and Resilience at San Pedro y San Pablo

Persistence of traditional practices were seen in the burial practices for in-
dividuals recovered from the asistencia. Before and throughout the Mission 
Period in California, variation has been noted in burial practices, including 
orientation and grave goods across the state (Panich 2018, 2015). Similar vari-
ation was found with burial practices at CA-SMA-71/H. Limited evidence 
was recovered for coffin or shroud use, but orientation of the burials deviates 
from Christian practices, which has also been documented in other Mission 
Period samples (Panich 2018). All but three individuals were provided funer-
ary offerings, with the quantity of grave goods thought to correlate with social 
status. While not the focus of this chapter, the inclusion of material culture 
from both precontact and historical periods in many of these mortuary con-
texts points to further persistence of mortuary practices within the Mission 
system.

While persistence is evident in the burial practices, resilience was also ob-
served in the individuals themselves. In combination with historical records 
from the asistencia, osteological analyses highlight the challenges individuals 
faced at San Pedro y San Pablo and how those challenges varied by status. A 
common theme for these individuals was the loss of family members within 
the Mission system (see chapter 11). For many, deaths of family members 
happened in rapid succession. However, these losses were not described in 
historical records, leaving gaps in our understanding of how or why people 
died. The skeletal alterations observed here fill in some of these gaps but show 
two different experiences of life at San Pedro y San Pablo.

At first glance, the skeletal evidence for disease suggests that most indi-
viduals were not exposed to pathogens or other stressors impacting their 
skeletons, with the exception of dental diseases. The young age of most indi-
viduals from this archaeological sample likely influenced the rate of disease 
observed, particularly the lack of joint disease and traumatic injuries from the 
site. However, in contrast to other California sites, the absence of disease here 
more likely reflects differential frailty, or susceptibility to disease and death 
(Wood et al. 1992). Frailty likely was higher in individuals without evidence 
of skeletal alterations, leading them to succumb to pathogens more rapidly 
and therefore not develop skeletal indicators of disease. Differential frailty 
is supported by the skeletal alterations observed in Burial 2. The necessity of 
chronic exposure to tuberculosis bacteria for skeletal alterations to manifest 
suggests Burial 2 was exposed and living with tuberculosis for an extended 
period of time. Therefore, the presence of tuberculosis could indicate that he 
had a strong immune system and lower frailty to tuberculosis, which afforded 
his survival long enough to manifest skeletal alterations. Additionally, long-
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term experience of tuberculosis suggests he was likely able to spread tubercu-
losis to others and therefore, individuals without skeletal indicators of disease 
may reflect individuals with weaker immune systems who were not able to 
survive as long at San Pedro y San Pablo.

The presence of LEH in Burial 2 and Burial 12 also speaks to differential 
frailty. LEH reflects response to stress in enamel formation; however, in order 
for LEH to be present either a decline in stress or recommencing of normal 
enamel formation is necessary (Kinaston et al. 2019). The presence of LEH in 
a child and young adult provide different views into experiences for individu-
als from San Pedro y San Pablo. As discussed previously, Burial 2’s skeletal 
alterations in response to possible tuberculosis along with LEH suggest he 
was less frail than other children recovered. However, in the case of Burial 
12 a young adult, LEH reflects experiences in her childhood and not life at 
San Pedro y San Pablo. This distinction in age-at-death signals that although 
Burial 12 was able to survive stressors during childhood, in adulthood she 
was impacted by internal or external factors that she could not survive, which 
is supported by the absence of skeletal alterations reflective of adult stress. The 
necessity for labor and investment in children for religious indoctrination 
may have resulted in protections for children not afforded to adults. How-
ever, changes in Burial 2’s mobility while living at San Pedro y San Pablo in 
response to tuberculosis infection also may have also buffered him from more 
laborious tasks, enabling longer survival.

Notably, metabolic alterations were not observed in the human skeletal 
remains from CA-SMA-71/H. Cribra orbitalia (CO) and porotic hyperostosis 
(PH) have been observed at variable rates in many Indigenous Californian 
archaeological samples (Bartelink 2006; Bright and Bartelink 2013; Canzon-
ieri and Caine 2023; Grady et al. 2007; Lambert and Walker 1991; Pilloud and 
Schwitalla 2020; Pilloud et al. 2020; Walker 1986). While CO and PH are not 
attributable to specific etiologies, they are typically associated with deficien-
cies of dietary iron due to undernutrition and/or infection (Brickley 2018; 
Oxenham and Cavill 2010; Walker et al. 2009). Additional factors influenc-
ing CO and PH include inheritance (sickle cell anemia and thalassaemia), 
deficiency in vitamin B12 resulting in megaloblastic anaemia, and/or normal 
variation across different human groups (Oxenham and Cavill 2010; Stuart-
Macadam 1989; Walker et al. 2009; Wapler et al. 2004). The absence of CO 
and PH in CA-SMA-71/H adults and nonadults could indicate higher levels 
of stress during childhood and a lower likelihood for survival into adulthood. 
Similarly, the lack of periosteal reactions in CA-SMA-71/H aligns with higher 
mortality rates, particularly for children, and has been found for individuals 
that survived the plague (DeWitte and Wood 2008).
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Regional variation in dietary practices, particularly within and between 
Missions and Mission outposts, suggests individuals from CA-SMA-71/H 
could have experienced dietary deficiencies while living at San Pedro y San 
Pablo and prior to entering the Mission system. As discussed in chapter 11, 
social status and connections of particular families may have afforded certain 
individuals greater access to resources and could signal lower frailty in child-
hood, which could be reflected in the absence of LEH. Yet, even some higher 
status individuals, such as Burial 12, show LEH, suggesting that access to re-
sources may have changed at San Pedro y San Pablo along with susceptibility 
to death. Likewise, many of the individuals recovered with large quantities 
of material culture, including Burial 9, and those without material culture, 
such as Burial 14, exhibited no evidence of pathological alterations. These 
findings suggest that while status played a role in the burial practices of in-
dividuals and may have influenced their experiences within and outside the 
Mission system, it did not influence their frailty and therefore susceptibility 
to mortality. Combining the lack of evidence for disease with the incomplete 
information on cause of death for relatives of individuals recovered from CA-
SMA-71/H presented in chapter 11 shows that life in the Mission system was 
challenging for all individuals regardless of age or social standing.

Conclusions

Human skeletal remains from CA-SMA-71/H highlight a difficult lived ex-
perience at San Pedro y San Pablo. The site highlights the regional variability 
of experiences within the San Francisco Bay Area across prehistoric and his-
toric periods. While the number of individuals is small, results contribute to a 
growing narrative of the Mission Period, including differences between expe-
riences at Mission sites and outposts such as San Pedro y San Pablo. The Mis-
sion Period marks a time of forced assimilation; however, as Panich (2005) 
points out, missions were primarily “native” spaces with artifacts intimately 
linked to the Native experience. Therefore, studying these sites, including 
outposts, presents an opportunity to understand the life histories of Native 
Californians.

The evidence of specific infectious disease in Burial 2 suggests individu-
als at San Pedro y San Pablo, and presumably other missions, were in con-
tact with deadly pathogens. However, distinguishing between epidemic and 
endemic diseases is a persistent issue. One means for addressing this larger 
debate necessitates more osteological studies. However, this approach also ne-
cessitates further disturbance of Native communities and causes additional 
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harm to people today. Archaeological and bioarchaeological studies that work 
in collaboration with Native communities, especially when human skeletal 
remains are encountered inadvertently, like this volume exemplifies, present 
a future that can contribute to research that addresses the trauma inflicted on 
Native communities of the past while also attending to the pain, concerns, 
and needs of communities today.
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Biological sex plays an important role in the human experience, correlating 
to lifespan, reproduction, and a wide range of other biological factors. Sex is 
also fundamental in structuring an array of cultural behaviors, including fam-
ily relations, community interactions, and economic roles. Sex and socially 
constructed gender roles would have affected the ways individuals experi-
enced the profound social ruptures and declines in health that accompanied 
missionization in central California. Although the biological aspects would 
have remained the same, individuals had to negotiate the transition from the 
Ohlone worldview about sex, identity, and behavior to the Spanish worldview. 
As discussed further in chapter 12, there are particular ways that sex (and age) 
mapped onto the life experience and opportunities individuals had within the 
Spanish mission system.

To provide more complete and robust sex estimates for skeletal remains 
that were recovered at the Asistencia de San Pedro y San Pablo (hereafter, sim-
ply the asistencia; CA-SMA-71/H) proteomic sex estimation was combined 
with osteological sex estimation. In total, proteomic sex was established for 
twelve individuals at the asistencia. Proteomic sex estimation is a relatively 
new but robust method of sex estimation that relies on differences in the 
amino acid sequences of X and Y forms of amelogenin protein, which are 
coded for on the sex chromosomes and expressed in tooth enamel (Parker et 
al. 2019, 2021). This method uses nano liquid chromatography-tandem mass 
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spectrometry (nano LC-MS/MS) and is a highly sensitive and reliable tech-
nique for providing sex estimates for the skeletonized remains of the youngest 
to the oldest members of a society even when other methods fail due to poor 
preservation (Buonasera et al. 2020).

An additional benefit of this approach is that results typically provide a rich 
source of data on the wider enamel proteome. A number of serum proteins 
are part of the enamel proteome (Gil-Bona and Bidlack 2020; Limeback et al. 
1989; Robinson et al. 2003), including serum albumin and immunoglobulin 
gamma (IgG). These were observed in the enamel of all the individuals in this 
study. Although we aim to explore these results in greater depth in future re-
search, as part of the results below, we also report on the levels of IgG and C-
reactive protein (CRP), two proteins associated with immune function. These 
proteins may provide a record of stress and disease during the period of tooth 
formation. As a means of standardizing the analyses (i.e., to account for post-
depositional preservation effects), we compare the density of these proteins 
relative to serum albumin and amelogenin within the same sample.

Immunoglobulins, also known as antibodies, are part of the adaptive, or 
specific, immune system. They exist as either membrane-bound proteins or 
are secreted into the blood. There are five main types of immunoglobulins: 
IgA, IgD, IgE, IgG, and IgM, which differ in their functional location, struc-
ture, and specificity for different types of antigens (Schroeder and Cavacini 
2010). IgG is the primary immunoglobulin circulating in the blood stream 
and can be divided into four subtypes: IgG1, IgG2, IgG3, and IgG4, present 
from highest to lowest concentration (Calonga-Solís et al. 2019).

CRP is associated with inflammation as part of the nonspecific (or innate) 
immune response and is present in low concentrations. Analyses of blood 
plasma indicates that total ion intensities for CRP are one to two orders of 
magnitude lower than IgG, and four or more orders of magnitude lower than 
serum albumin (Anderson and Anderson 2002). Elevated CRP is associated 
with chronic inflammation as well as psychosocial stress (Meca et al. 2022; 
Shenhar-Tsarfaty et al. 2015). Of note, two recent meta-analyses of studies 
in medical journals find that CRP has a high sensitivity in the screening for 
pulmonary tuberculosis, particularly in immunocompromised individuals 
(Meca et al. 2022; Yoon et al. 2017). Beyond this, other studies tie elevated 
levels of CRP to emotional stress (Johnson et al. 2013) or persistent fear in 
conflict zones (Shenhar-Tsarfaty et al. 2015).

We argue that persistent, chronic psychosocial stress (in the absence of 
chronic disease) leads to decreased IgG and elevated CRP. In the current 
study, we know that Ohlone living through contact and missionization were 
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exposed to both chronic diseases and severe social and emotional stressors. 
We compare these signals to the pathology data presented in chapter 3.

Methods

Methods follow Parker et al. (2019) with modification in Buonasera et al. 
(2020). Powdered enamel samples (19.8 to 20.8 mg) from twelve asistencia in-
dividuals were demineralized by adding 200 μL of 1.2M hydrochloric acid to 2 
mL sample vial with seven 2.8 mM ceramic beads (Omni-International Inc.). 
Samples were milled for 3 minutes at 7000 rpm in a MagnaLyzer (Roche Inc.), 
then centrifuged for 5 minutes at 16000 g. After incubation at 56°C, 1200 rpm 
for 60 minutes, samples were neutralized with 2.0 M ammonium bicarbon-
ate and 0.01% ProteaseMAX (6μL of 0.5% w/v, Promega Inc.) was added to 
the sample vials along with mass spectrometry grade trypsin (1μL of 0.5μg/
μL, Thermo Pierce, Inc). Each sample was incubated at 37°C for 20 hours at 
600 rpm. After incubation, the sample vials were centrifuged for 5 minutes 
and the supernatant was transferred to 0.22μm centrifugal filters and centri-
fuged for 30 minutes. The filtrate was then transferred to clean Eppendorf® 
Protein LoBind tubes for ZipTip (Millipore Inc.) to prepare for mass spectro-
metric analysis. Organic contaminants in aqueous stocks and solutions were 
removed by prior passage over solid phase extraction (SepPak, C18, Waters 
Inc.). A sample blank was analyzed along with each batch of samples.

Digested peptides were desalted and concentrated using ZipTip C18 pi-
pette tips (Millipore Inc.) with the eluted material lyophilized and resus-
pended in 2% (v/v) acetonitrile and 0.1% (v/v) TFA. The peptide concentra-
tion was measured using the Pierce™ Quantitative Fluorometric Peptide Assay 
(Thermo Pierce™) and 1 µg of peptide, or 40 percent of the total sample if the 
sample was too diluted, was applied to mass spectrometry. The sample was 
applied to LC-MS/MS on a Thermo Scientific Q Exactive Plus Orbitrap Mass 
spectrometer in conjunction with a Proxeon Easy-nLC II HPLC (Thermo 
Scientific) and Proxeon nanospray source. The digested peptides were then 
loaded a 100 micron x 25 mm Magic C18 100Å 5U reverse phase trap where 
they were desalted online before being separated using a 75 micron x 150 
mm Magic C18 200Å 3U reverse phase column. Peptides were eluted using 
a 65-minute gradient with a flow rate of 300nl/min. An MS survey scan was 
obtained for the m/z range 300–1600, MS/MS spectra were acquired using 
an inclusion list of 28 ions that were subjected to HCD (High Energy Col-
lisional Dissociation). When inclusion list ions were not found, MS/MS was 
done on other ions in the MS survey scan. An isolation mass window of 1.6 
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m/z was used for precursor ion selection, and normalized collision energy 
of 27 percent for fragmentation. A five-second duration was used for the dy-
namic exclusion. Washes were applied between each sample. After 10 samples 
a blank run of BSA standards was applied to test for sample-to-sample con-
tamination.

Mass spectrometry datasets (.RAW format) were processed using PEAKS 
(version 10 Pro) peptide matching software (Bioinformatics Solutions Inc., 
Waterloo, ON). The FASTA formatted UNIPROT Homo sapiens reference 
protein database (http://​www​.uniprot​.org/​proteomes/​UP000005640) was 
modified to include additional FASTA protein entries of peptide sequences 
from all splice variants associated with AMELX_HUMAN (Q99217–1, -2, -3) 
and AMELY_HUMAN (Q99218–1, -2) proteins gene products (Salido et al. 
1992, Simmer 1995). The reference database was further modified to incor-
porate a decoy database and was validated in PEAKS™ Software (Zhang et 
al. 2012). Peptide matching spectral assignment was conducted using default 
conditions with the following exceptions: error tolerance, precursor mass, 10 
ppm, Fragment ion, 0.04 Da., cleavage with trypsin with up to two missed 
cleavages, and two nonspecific cleavages. The algorithm searched for pep-
tides partially modified by deamidation (NQ), oxidation (MHW), pyroglu-
tamate conversion from glutamate and glutamine, and methionine dioxida-
tion. All peptide assignments were filtered by a 1 percent false discovery rate. 
Each peptide was quantified by summing the intensity of each signal for the 
peptide-specific primary precursor mass over charge ratio (m/z). Signals from 
all peptides specific to either AMELY_HUMAN or AMELX_HUMAN were 
combined into a single metric (combined intensities [CI] per mg enamel) for 
each protein. A single unit (1) was added to each measurement to prevent the 
occurrence of a null signal.

AMELX_HUMAN signals (CI/mg) were log transformed and then solved 
for Pr(F) using the equation Pr(F) = 1.0 + (0.059–1.0)/(1+(x/7.54)13.99 where 
“x” is the logarithm (base 10) of the AMELX_HUMAN (Parker et al. 2019). 
Samples with a Pr(F) < 0.5 were considered indeterminate for proteomic sex 
estimation.

Results

Samples and results are listed in table 4.1, along with quantitative proteomic 
sex estimates. For enamel samples lacking AMELY_HUMAN we assign a 
probability of female sex based on the normalized cumulative AMELX_HU-
MAN signal. In total, seven individuals were male (n=7) and five were female 
(n=5). Five individuals were non-adults (four males and one female) and the 

http://www.uniprot.org/proteomes/UP000005640


Table 4.1. Proteomic sex estimation for individuals at San Pedro y San Pablo

Sample Burial Age Tooth mg AMELX (CI) AMELY (CI) Pr(F) Sex
TYB 129 2 13–17 LLM3 19.8 2.969E+10 2.987E+09 0.000 M
DM 032 3 45–50 URM3 20.7 6.329E+10 0.000E+00 0.984 F
DM 021 4 50–60 LRM3 20.5 1.785E+11 0.000E+00 0.994 F
DM 022 5 45–50 LLM1 20.6 6.139E+10 0.000E+00 0.984 F
DM 023 6 18–25 LRM1 20.1 4.222E+10 5.603E+09 0.000 M
DM 024 8 46+ LLM1 20.2 8.642E+10 8.666E+09 0.000 M
DM 025 9 2–2.5 dLLM2 20.3 1.669E+10 1.531E+09 0.000 M
TYB 178 11 4–8 M1 20.8 1.694E+08 1.785E+07 0.000 M
DM 027 12 20–25 URM1 20.5 1.276E+10 0.000E+00 0.950 F
DM 028 13 20–24 LRM1 20.8 5.634E+10 0.000E+00 0.982 F
DM 029 14 5–7 ULM3 20.7 4.129E+10 0.000E+00 0.978 F
TYB 179 15 12–13 URM3 20.7 5.061E+08 8.279E+07 0.000 M
DM 033 Blank 13–17 Blank 0 0.000E+00 0.000E+00 - -
TYB 187 Blank 45–50 Blank 0 0.000E+00 0.000E+00 - -
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youngest was a male infant approximately 2.5 years of age. Seven of the indi-
viduals were adults, including three young adults (two males and one female) 
and four adults who were middle-aged or older (one male and three females). 
The proteomic sex estimates for the seven adults are 100 percent consistent 
with prior osteological sex estimations based on pelvic and cranial morphol-
ogy.

In addition to amelogenin peptides, we also examine summed intensi-
ties (total ion count) for specific peptides from the conserved portion of IgG 
heavy chain (subunits 1–4), C-reactive protein, and serum albumin. Burial 11 
enamel was not included in this analysis due to the anomalously low amounts 
of total peptides and the absence of IgG peptides. The enamel sample for this 
individual had much lower overall amounts of protein including amelogenin 
values that were over two orders of magnitude lower than other samples. In 
fact, without the presence of AMELY peptides, this sample would have been 
indeterminate for sex estimation based only on the CI of AMELX.

We did not find peptides for IgG or CRP in either of the two sample blanks 
(DM-033 or TYB-187). However, one peptide for serum albumin was de-
tected in sample blank TYB 187. The intensity of the single ion (3.97 × 105) 
was more than two orders of magnitude lower than the summed intensity 
for serum albumin peptides in the lowest intensity sample discussed above 
(Burial 11) and approximately three to four orders of magnitude lower than 
all other samples. Table 4.2 gives these results.

We quantified and analyzed levels of IgG in two ways. First, the summed 
intensities of peptides for the conserved portion of IgG heavy chain (sub-
units 1–4) were compared to the intensity of all peptides for serum albumin 
(IgG/SA) (figure 4.1). Summed intensities for IgG were compared in this way 
because IgG is a serum protein, and albumin is the primary protein present 
in serum. Further, serum albumin is reliably present in all enamel proteome 
samples analyzed in this study as well as hundreds of enamel samples that 
have been analyzed in the laboratories at UC Davis (data not shown). The sec-
ond way that summed IgG intensities for the conserved portion of IgG heavy 
chain (subunits 1–4) were compared, was to normalize by sample weight.

As both a ratio of serum albumin, or as normalized intensity by weight, 
samples from individuals at the asistencia had higher amounts of IgG and 
CRP than enamel from contemporary military cadets (data not shown). The 
difference in IgG was significant according to independent t-tests (two tailed, 
variances not assumed equal) with an alpha of .05. In contrast, amounts of 
AMELX normalized by sample weight were not statistically different between 
the two groups. AMELY was not compared because it was not present in 
many samples. This suggests that individuals at the asistencia were experi-



Table 4.2. Serum albumin, IgG, and C-reactive protein in enamel intensity for individuals at San 
Pedro y San Pablo

Burial
Age 

(years) Sex IgG/mg IgG/SA CRP/SA CRP/mg Pathologies
2 14.5 M 7.56E+07 3.52E-01 5.76E-03 1.24E+06 Dental hypoplasia, vertebral 

TB possible
3 47.5 F 1.32E+07 1.11E-01 0.00E+00 0.00E+00 Dental abscesses, periodon-

tal disease, healed fractures
4 55 F 2.64E+07 9.64E-02 0.00E+00 0.00E+00 Dental abscesses, periodon-

tal disease, healed fractures, 
degenerative knee

5 47.5 F 4.01E+07 1.08E-01 1.60E-03 5.96E+05 Dental abscess and peri-
odontal disease

6 22 M 3.13E+07 1.45E-01 4.17E-04 8.98E+04 Moderate periodontal 
disease

8 47 M 1.32E+07 1.01E-01 1.05E-03 1.37E+05 Dental abscess, degenera-
tive disc disease

9 2.25 M 2.06E+07 2.38E-01 1.26E-02 1.09E+06 None observed
12 23 F 8.48E+06 6.70E-01 3.93E-02 4.97E+05 Dental hypoplasia, slight 

periodontal disease
13 22.5 F 4.81E+07 1.37E-01 2.21E-03 7.74E+05 Slight periodontal disease
14 6 F 2.49E+07 1.21E-01 1.85E-03 3.81E+05 Dental defects, pit in LRM1
15 12.5 M 1.07E+06 4.86E-02 0.00E+00 0.00E+00 None observed

Figure 4.1. Relationship of total IgG peptide signal intensity to SA peptide intensity for 
tooth enamel from Asistencia San Pedro y San Pablo individuals (CA-SMA-71/H, n=11).
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Figure 4.2. Relative IgG levels by age for tooth enamel from Asistencia San 
Pedro y San Pablo individuals.

encing higher levels of disease and/or stress compared to individuals living 
in the last two decades. Relative amounts of IgG in individuals at the asis-
tencia are plotted by median age in figure 4.2. The highest relative amounts 
were observed in enamel from Burials 2, 9, and 12. All of these individuals 
are children, adolescent, or young adults. By comparison, people who died 
as older adults have low relative amounts. This finding is consistent with the 
interpretation that these older Ohlone experienced lower levels of disease and 
stress during the time their teeth were forming, which, of course, was before 
the mission system was established.

Within the asistencia enamel samples, intensities of CRP peptides were 
about two orders of magnitude lower than serum albumin, which is similar 
to relative concentrations reported in blood serum today (Anderson and An-
derson 2002). As shown in table 4.2, CRP was detected in 75 percent (eight 
of twelve) of the asistencia individuals. As shown, Burials 2, 9, and 12 again 
stand out with the highest CRP/SA intensities, and individuals over the age of 
thirty years have lower levels than those who died younger.

As discussed in chapter 3, Burials 2 and 12 each had dental hypoplasias, 
and Burial 2 also had lesions that were consistent with vertebral tuberculosis. 
The formation of hypoplasias suggests these individuals experienced signifi-
cant stress during childhood, enough to affect normal tooth enamel forma-
tion. By contrast, no skeletal pathologies were noted in Burial 9. However, this 
boy, at approximately 2.5 years of age at the time of death, was the youngest 
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individual in the enamel proteomic study. As discussed in chapter 11, we be-
lieve Burial 9’s father died approximately half a year before he died himself. 
Such trauma, combined perhaps with exposure to diseases that left no marks 
on the skeleton, could explain the high levels of IgG and CRP.

Finally, figure 4.3 is a plot of AMELX signal normalized by sample weight 
and plotted by median age. In contrast to IgG and CRP, the highest values are 
not found in enamel from Burials 2, 9, and 12, but tend to occur among the 
oldest individuals in the sample who also tended to have lower amounts of 
IgG and CRP.

Discussion and Conclusions

Proteomic analysis of human tooth enamel was applied to twelve individuals 
from the Asistencia de San Pedro y San Pablo (CA-SMA-71). Samples were 
well-preserved, resulting in identification of a wide range of proteins. Each 
individual produced ample amelogenin peptide fragments and was assigned a 
probability of female sex. Burial 11 produced a very low signal but was confi-
dently assigned a female probability of zero based on the presence of AMELY 
peptides. Results indicate seven males and five females. These identifications 
will contribute to attempts to reconstruct the identities (chapter 11) and gen-
dered life history experiences (chapter 12) of individuals interred at the asis-
tencia.

Figure 4.3. Amelogenin X intensities normalized by sample weight (log transformed) 
for tooth enamel from Asistencia San Pedro y San Pablo individuals.
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Beyond sex estimation, proteomic analysis of enamel samples revealed 
abundant serum proteins, primarily serum albumin and several proteins in-
volved in immune function. Here we analyzed relative intensities of peptides 
for IgG (a major part of the adaptive immune system) and CRP (a non-specific 
biomarker of inflammation). Concentrations of serum albumin and IgG were 
fairly constant across samples prepared by different lab workers, and were not 
present in blank samples prepared by the same individuals. This suggests that 
laboratory contamination does not explain their presence. Likewise, there is 
little correlation between concentrations of amelogenin and these immune-
related proteins.

Instead, we propose that serum proteins are incorporated during enamel 
formation and inform on nutritional or environmental stress, including dis-
ease, encountered by individuals during the period of enamel formation. As a 
result, differences in the relative concentrations of these proteins likely point 
to differences in how individuals buried at the asistencia experienced chronic 
infections and/or chronic stress. In this respect, we believe it is telling that 
individuals who died at a young age, especially those whose teeth were still 
growing within the mission, show higher levels of IgG and CRP. Three indi-
viduals, Burials 2, 9, and 12, stand out in particular. Two of these individuals 
had dental hypoplasias (Burials 2 and 12), one of whom also had osteological 
indications of a chronic tuberculosis infection (Burial 2). By contrast, older 
individuals within the sample (i.e., those dying after age thirty) have lower 
levels of these proteins. As well, though the data are not included here, levels 
of IgG and CRP in the enamel of third molars of twenty-first-century military 
cadets are much lower than levels recorded in the asistencia population.

To our knowledge, this is the first study to compare relative intensities of 
immune proteins (IgG and CRP) and serum albumin in proteomic extracts 
of archaeological tooth enamel. In the future, the ability to use tandem mass 
spectrometry to detect and compare relative amounts of peptides from im-
mune proteins preserved in enamel could provide an important window into 
health and disease in the past.
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San Pedro y San Pablo as a Venue  
for Cultural Persistence

Mortuary Practices and Exchange Networks on  
the Margins of the Mission System

Lee M. Panich, Melody Tannam, and Jelmer W. Eerkens

Throughout the North American Borderlands, missionaries from the Francis-
can, Jesuit, and Dominican orders established missions in service to the Span-
ish Crown. Given that these establishments were venues of both strict en-
culturation programs and high mortality rates, evidence for Native mortuary 
practices at missions and related sites offer an opportunity to assess processes 
of negotiation and accommodation on the part of colonists and Native people 
alike. Expectations about death, burial, and mourning were constantly in ten-
sion as different religious orders and the myriad Native groups they sought 
out each had their own deeply rooted religious beliefs and cultural practices 
(Blair et al. 2009; Graham 1998; McEwan 2001; Panich 2015). In particular, 
the presence of funerary offerings in many instances reflects the persistence of 
Native values within colonial systems, and may also provide evidence for the 
perpetuation of other important practices, such as technological traditions 
and regional exchange networks.

The Asistencia de San Pedro y San Pablo was an outstation of Mission 
San Francisco de Asís, often with a minimal missionary presence. Analyses 
of mortuary customs at the site therefore provide a unique opportunity to 
examine these issues on the very margins of the Spanish colonial system in 
the greater San Francisco Bay region. Such research fits into growing recogni-
tion that a full accounting of Native negotiations of missionary colonialism 
requires looking beyond the mission quadrangles and into the Native land-
scapes into which colonial outposts were implanted (Byrd et al. 2018; Panich 
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and Schneider 2014; Schneider et al. 2020; Schneider 2021). At the missions 
themselves, Franciscan accounts from throughout the province of Alta Cali-
fornia indicate that the deaths of baptized Native people were supposed to 
follow contemporary Catholic doctrine, which included a simple burial in 
church cemeteries without the offering of grave goods (Geiger and Meighan 
1976). Taken together, the materials from individual burials at San Pedro y 
San Pablo, along with other lines of evidence available for the region, dem-
onstrate the different ways that Native people in the greater San Francisco 
Bay Area accepted, negotiated, and subverted Spanish colonial policies re-
garding death and mourning. Given the general paucity of published research 
on mission-period cemetery sites, such a vantage point may also illuminate 
broader patterns within mission-era California.

Analysis of Burial Associated Belongings

The primary focus here is on burial associated belongings. In precontact 
times, Native Californian societies laid their loved ones to rest with an array 
of items that served, at least partially, as markers of the deceased individual’s 
social status. Beads were paramount in this regard, and—depending on the 
region—included a variety of bead types created from the shells of the ol-
ive snail (Callianax sp., commonly Olivella) and several species of clam (e.g., 
Saxidomus and Tivela sp.). Ornaments and beads manufactured from abalone 
shell (Haliotis sp.) were also common, as were bone tools, flaked stone arti-
facts, and ground stone implements (Erlandson and Jones 2002; Jones and 
Klar 2007). That these practices continued in various ways during the colo-
nial period is indisputable. For example, a questionnaire circulated among the 
Alta California missions in 1813–1815 reveals that Native people throughout 
the province continued to place objects in the graves of the deceased, often in 
direct defiance of local Franciscans (Geiger and Meighan 1976). As in precon-
tact times, many of the grave offerings noted by the missionaries focused on 
shell and glass beads—what Father Gerónimo Boscana at Mission San Juan 
Capistrano correctly referred to as “bead money” (Johnson 2006:8). As the 
burials from San Pedro y San Pablo demonstrate, beads were an important 
part of mortuary practices in the San Francisco Bay region but they were not 
the only items placed with deceased individuals.

This section is organized by material type, along with the results of stan-
dard typological classifications as well as more specialized archaeometric 
analyses.
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Shell, Glass, and Jet Beads

Beads—manufactured from shell, glass, and jet—were the most common cat-
egory of grave goods among the individuals in this study. Of the fifteen total 
burials examined, all but three had beads associated with them. Given the 
close proximity of many of the interments, it possible that some of the smaller 
bead lots (one or two beads) represent objects that had shifted since deposi-
tion, but a full nine of the burials had notable numbers of beads, ranging as 
high as 2,942 beads per individual. Taken as a whole assemblage, glass beads 
(n=3,530) outnumber shell beads (n=2,666), though the frequency varied 
considerably by individual interment, as discussed in the following section. 
Additionally, thirty-six faceted beads and two crosses made of jet were also 
placed with the burials.

Shell Beads

The shell beads from the Asistencia de San Pedro y San Pablo resemble those 
found in mortuary and nonmortuary contexts at other nearby sites associ-
ated with the Franciscan mission system, including Missions Santa Clara and 
Santa Cruz (Allen 1992, 1998; Panich 2014; Peelo et al. 2018). They include 
Olivella disk beads, spire-lopped Olivella beads, clamshell disk beads, and 
Haliotis rufescens disk beads (figure 5.1) (table 5.1). All classes of shell beads 
in this study exhibited damage consistent with natural deterioration as well 
as post-excavation drying and handling. Standard measurements (diameter, 
thickness, perforation diameter, and weight) were recorded for all Olivella 
and Haliotis disk beads as well as a sample of the clamshell beads. Due to their 
largely nondiagnostic nature, the spire-lopped Olivella beads were not indi-
vidually measured beyond that necessary to assign beads to type.

Excavations at San Pedro y San Pablo recovered 1,196 clamshell disk beads 
(CSDB), of which 829 were complete enough to measure. Archaeologists 
have classified CSDB in various ways over the years, but researchers in central 
California have yet to coalesce around a single CSDB typology. This analysis 
employed the typology published by Von der Porten and colleagues (2014), 
which is based on an earlier unpublished typology developed by James Ben-
nyhoff and David Frederickson. Their typology separates CSDB into three 
major types: A1 (small), A2 (medium), and A3 (large), which are distin-
guished along a gradient of diameter and thickness measurements.

For this assemblage, all complete beads were assigned to subtypes and full 
CSDB metrics (diameter, thickness, perforation diameter, and weight) were 
recorded. Fragments were not assigned to subtypes, but visual examination 
suggests that the overall typological distribution of CSDB fragments mirrors 
that of the complete beads. As shown in table 5.2, nearly all of the beads in 
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this assemblage fall into the small (A1) category, with the majority classified 
as either A1b or A1c beads. Previous studies suggest that the distinction be-
tween A1b and A1c may not be particularly meaningful (Milliken 2005; Von 
der Porten et al. 2014), and in this assemblage the beads appeared to represent 
a gradient rather than a clear break between the two subtypes.

The distribution of CSDB subtypes at San Pedro y San Pablo is generally 
consistent with patterns from other historic-era Indigenous sites in the region, 
including recent work in the Native Californian ranchería at nearby Mission 

Figure 5.1. Shell beads from San Pedro y San Pablo. From top to bottom: Olivella Class 
A spire lopped beads; Olivella Class H metal drilled disk beads; clamshell disk beads; 
Haliotis rufescens metal drilled disk beads.
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Santa Clara (e.g., Panich 2021). Though not all projects there have used the 
same typology for CSDBs, reported diameter measurements offer a point of 
comparison. For example, CSDBs from likely early burials in the cemetery 
associated with the third mission complex at Santa Clara (ca. 1784–1818) 
had an average diameter of 6.55 mm, whereas CSDB lots from ranchería con-
texts dating to the entire Mission Period exhibited average diameters between 
roughly 6.0 and 7.5 mm (Hylkema 1995; Panich 2014). At San Pedro y San 
Pablo, the average diameter of all measured CSDBs was 6.23 mm. However, 
diameter (and therefore subtype) differ dramatically between individual buri-
als. Of the two burials with the largest numbers of CSDBs, Burial 7 (n=895) 
had an average diameter of 6.66 mm whereas Burial 12 (n=237) had an aver-
age diameter of only 5.39 mm. This clustering of diameters demonstrates that 
Native people intentionally grouped beads by size as they formed particular 
strands of beads.

The CSDBs at San Pedro y San Pablo are also interesting given the chro-
nology and tribal makeup of the site. Previous research on shell bead manu-
facture and exchange suggests that most CSDBs were produced north of San 
Francisco Bay, in a broad area stretching from Point Reyes to the eastern 
slopes of the Coast Ranges. Importantly, CSDBs are not present in apprecia-
ble quantities in precontact Ohlone sites on the San Francisco Bay Peninsula 
or adjacent inland areas along the bay shore (Milliken et al. 2007; Rosenthal 

Table 5.1. Overview of shell beads from San Pedro y San Pablo

Shell material Generalized bead type Count Percent
Clamshell Disk 1196 44.9
Olivella Class A Spire-lopped 1406 52.7
Olivella Class H Metal-drilled disk 45 1.7
Haliotis rufescens Metal-drilled disk 19 0.7
Total 2666 100

Table 5.2. Distribution of measured clamshell disk dead (CSDB) subtypes

CSDB Type
Diameter Range 

(mm)
Thickness Range 

(mm) Count Percent
A1a 3–5 1–2 103 12.4
A1b 5–7 1–4 504 60.8
A1c 7–8.5 2–6 214 25.8
A1d 3–6 3–5 3 0.4
A2a 8.5–12.5 2–6 5 0.6
Total 829 100
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2011). As noted above, quantities of CSBDs have been reported from what 
were likely early burials in the third mission cemetery at Mission Santa Clara, 
and their presence at the Asistencia de San Pedro y San Pablo is further evi-
dence of changing patterns of shell bead conveyance and acquisition in the 
colonial period (Hylkema and Allen 2010; Panich 2014).

The Olivella shell beads recovered from San Pedro y San Pablo constitute 
two broad categories, Class A spire-lopped beads and Class H wall disks. Most 
Olivella shell beads in central California were manufactured with Callianax 
biplicata (formerly Olivella biplicata) shells. Beads were analyzed according 
to the typology developed by Bennyhoff and Hughes (1987) and updated by 
Milliken and Schwitalla (2012).

A total of 1,133 complete Class A spire-lopped Olivella beads were present 
in the assemblage, along with approximately 273 fragments. Class A Olivella 
beads consist of nearly whole shells, the spires of which have been removed. 
The beads in this assemblage fall predominantly in the A1a (small-sized) cat-
egory with maximum shell body diameters between 3 and 6.5 mm (n=847). 
A notable quantity (n=255) of medium-sized A1b beads (6.5–9.5 mm diam-
eter) were also present, as well as 11 A1c (large, 9.5–15 mm diameter) beads. 
Twenty A4 wall punched beads were identified, but given their poor preserva-
tion it is possible that the holes in the shell walls are naturally occurring or the 
result of post-depositional damage. Class A bead fragments were not typed. 
At nearby Mission Santa Clara, similar beads have been reported for nearly all 
archaeological projects (Allen et al. 2010; Hylkema 1995; Panich 2014, 2021; 
Peelo et al. 2018; Skowronek and Wizorek 1997). Despite their presence at 
colonial-era archaeological sites, Class A Olivella beads are not considered to 
be chronologically diagnostic in central California (Bennyhoff and Hughes 
1987; Milliken and Schwitalla 2012).

Beads created from the wall of the Olivella shell, however, have more in-
terpretive potential. Of the historic-era varieties, Class H Olivella wall disks—
small, circular beads with cylindrical apertures drilled with metal needles—
are the most common (Bennyhoff and Hughes 1987; Milliken and Schwitalla 
2012). Analysts sort Class H beads into subtypes based on size and the degree 
of edge grinding, which is thought to have decreased over the course of the 
Mission Period. This chronology is based on seriated bead lots from Southern 
California, where fully ground H1a beads date to the early Mission Period 
(1770–1800) and partially ground H1b beads date to the late Mission Pe-
riod (1800–1816). Later beads include H2 (1816–1834) and H3 (1834–1900) 
beads, which exhibit little to no edge grinding, respectfully. In the assem-
blage from the Asistencia de San Pedro y San Pablo, a total of 45 H1a beads 
were present. Though some analysts question whether the Class H chrono-
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logical sequence applies in the greater San Francisco Bay region (e.g., Peelo 
et al. 2018), the fact that all the beads from San Pedro y San Pablo are classed 
as H1a, combined with the timing of the cemetery’s use between 1787 and 
1800, fits squarely within the accepted Olivella bead chronology developed in 
Southern California.

To trace provenance, six Olivella beads from San Pedro y San Pablo were 
analyzed for carbon and oxygen stable isotopes following methods presented 
in Eerkens et al. (2005) and Burns et al. (2023) (figure 5.2). The sample in-
cluded four Class A spired lopped beads (two each from Burial 2 and Burial 
9) as well as two H1a needle-drilled disk beads from Burial 9. Results show 
that five beads from San Pedro y San Pablo clustered with beads characteristic 
of a Northern California signature (i.e., with water conditions found north of 
Point Conception). Only one bead, an H1a bead from Burial 9, clearly clusters 
with beads exhibiting a Southern California signature. These results generally 
fit with the emerging picture of Olivella bead production and exchange in 
central California. In previous studies, Class A spire-lopped beads from sites 
in the greater San Francisco Bay Area tend to cluster with other Northern 
California bead types, regardless of temporal placement. This is not surprising 
given that spire-lopped beads have been in use for thousands of years, require 

Figure 5.2. Comparison of isotopic analysis of selected Olivella beads from San Pedro y 
San Pablo to values of Olivella beads from Northern (N) and Southern (S) California.
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little to no specialized production, and Olivella shells are naturally abundant 
throughout the California Coast. The small number of analyses of colonial-
era, Class H Olivella disk beads present a more complex picture. Most of those 
analyzed thus far—primarily drawn from Mission Santa Clara—can be linked 
to Southern California (Burns 2019; Eerkens et al. 2005). How such exotic 
items traveled up the coast during the colonial period is unknown, but most 
contextual evidence suggest that they moved from person-to-person through 
traditional Native Californian trading networks. In any case, the presence of 
a single locally produced Class H bead from San Pedro y San Pablo may cor-
respond to the apparent production of such beads at Mission Santa Cruz, on 
the Pacific coast, and possibly at Mission Santa Clara further inland (Allen 
1992; Peelo et al. 2018).

The San Pedro y San Pablo bead assemblage also contained nineteen red 
abalone (Haliotis rufescens) epidermis disk beads, with small cylindrical per-
forations exhibiting diameters consistent with drilling by metal needles. Hali-
otis rufescens epidermis disk beads originated in the late precontact period in 
the Santa Barbara Channel region, with Santa Rosa Island as a likely produc-
tion center. They are common in many historic-period contexts in Southern 
California and into the Central Valley (King 2011). While not found in abun-
dant quantities at colonial-era sites in central California, Haliotis epidermis 
beads are present in shell bead assemblages from previous archaeological in-
vestigations at nearby Mission Santa Clara, including the cemetery associated 
with the third mission complex (Hylkema 1995; Leventhal et al. 2011) and 
other areas of the Native American ranchería (Allen et al. 2010; Panich 2014, 
2021; Peelo et al. 2018). It is possible that these beads were conveyed north-
ward along the same networks as Class H Olivella disk beads.

Glass Beads

The individuals at San Pedro y San Pablo were interred with a wide variety of 
glass beads. The most common types have been identified at nearby mission 
sites (e.g., Allen 1998; Dadiego et al. 2021; Panich 2014; Panich et al. 2018a), 
but some are unusual for the region. Here, we relied on the basic classificatory 
system developed by Kidd and Kidd (2012) and expanded by Karklins (2012), 
which assigns beads to types through a primary consideration of manufactur-
ing method, but also shape, size, color, and diaphaneity. Drawn beads—which 
are made by drawing molten glass into a rod and then chopping it into small 
segments—are categorized two ways: by the number of glass layers and by the 
presence or absence of rounding by reheating. Nearly all of the drawn beads 
in this assemblage have heat-rounded ends and are either simple (i.e., mono-
chrome) or compound beads: Types IIa and IVa, respectively. Wound beads 



Figure 5.3. Jet and glass beads from San Pedro y San Pablo. Top row, left to right: Jet 
crosses and jet faceted beads (Burials 9 and 11). Middle row, left to right: Blue wound 
bead, Kidd and Kidd Type WIb13 (Burial 11); Colorless drawn bead, Kidd and Kidd Type 
IIa (no exact color match) / Meighan Type 442 (Burial 9); Brown triangular bead, Kidd 
and Kidd Type WIc (no exact match) / Meighan Type 120 (Burial 9); Aqua drawn bead, 
Kidd and Kidd Type IIa37 (Burial 5). Bottom section, clockwise from top left: Compound 
“eye bead,” Kidd and Kidd Type IIg1 (Burial 11); Blue wound bead, Kidd and Kidd Type 
WIb15 (Burial 6); Compound white drawn beads, Kidd and Kidd Type IVa11 (Burial 7); 
Light blue drawn beads, Kidd and Kidd Type IIa47 (Burial 11).
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(Class W), in contrast, are made by winding molten glass around a mandrel 
and are typically less common in California colonial-era sites (Karklins 2012; 
Kidd and Kidd 2012). In most cases, beads were identifiable to specific variet-
ies. For certain bead varieties not included in the Kidd and Kidd typology, the 
California glass bead typology originally created by Clement Meighan (2024) 
was consulted instead.

Table 5.3 provides an overview of the glass beads from San Pedro y San 
Pablo (figure 5.3). By far, the largest category was Type IIa drawn beads, which 
were dominated by very small yellowish beads (IIa17, n=1440) as well as larger 
black (IIa7, n=764) and aqua blue (IIa43, n=793) varieties. In contrast, there 
were only 363 Type IVa compound beads, all of which are what are known 
colloquially as white-on-white beads. This is surprising given that such beads 
are among the most prevalent glass beads at other colonial-period sites oc-
cupied by Native people in central California (e.g., Panich 2014; Panich et al. 
2018a; Silliman 2004). Also missing are the common red-on-green beads—
Kidd and Kidd types IVa5, IVa6, or IVa7, also known as “greenhearts”—which 
have been documented at nearly all colonial-era Native sites throughout the 
region. While the sample from San Pedro y San Pablo is too small to make 
definitive conclusions, it may be that there was a chronological element to the 
distribution of the common white-on-white and red-on-green glass beads. 
At nearby Mission Santa Clara, for example, the documentary evidence sug-
gests it was not until 1795 that the Franciscans there began explicitly ordering 
white beads from suppliers in New Spain (Panich 2014:737). As noted in table 
5.3, the glass bead assemblage from San Pedro y San Pablo also included some 
relatively rare examples, such as an “eye bead” as well as several wound beads 
that had no exact matches in the Kidd and Kidd (2012) typology. For these 
less common beads, concordance information in Meighan’s California glass 
bead typology places most in the early colonial period (Meighan 2024).

A sample of twenty-five white-on-white glass beads (variety IVa11) were 
part of a study that compared the chemical composition of similar beads 
from three sites where Native people lived in central California. Analysis was 
conducted via laser ablation-inductively coupled plasma-mass spectrometry 
(LA-ICP-MS) at the Field Museum, and the full results are provided else-
where (Panich et al. 2022). Two findings are of particular interest here. One is 
that the beads from San Pedro y San Pablo are all consistent with the general 
chronological trends in the chemical composition white glass beads—related 
to the use of different elements as opacifiers—documented at other nearby 
sites, such as Mission Santa Cruz, as well as other regions of North America 
(Dadiego et al. 2021). The beads, in other words, securely correspond to the 
use of the site as an outstation for Mission San Francisco. More surprising is 



Table 5.3. Glass beads from San Pedro y San Pablo

Type Description Color* Count Comments
Ia13 Drawn, simple Light blue 7 Not exact Kidd & Kidd match
Ia18 Drawn, simple Blue 2 —
IIa Drawn, simple Colorless 1 No Kidd & Kidd match; 

Meighan Type 442
IIa7 Drawn, simple Black 764 —
IIa14 Drawn, simple White 1 —
IIa17 Drawn, simple Yellow 1440 —
IIa21 Drawn, simple Citron 1 —
IIa24 Drawn, simple Green 5 —
IIa37 Drawn, simple Aqua 10 —
IIa43 Drawn, simple Aqua 793 —
IIa45 Drawn, simple Blue 1 —
IIa47 Drawn, simple Light blue 60 —
IIa53 Drawn, simple Dark blue 1 —
IIa54 Drawn, simple Dark blue 1 —
IIg1 Drawn, complex Black/white 1 Eye bead. Meighan Type 15
IIIa4 Drawn, compound Red/blue 2 —
IVa11 Drawn, compound White/white 363 —
WIb11 Wound, simple Aqua 34 —
WIb12 Wound, simple Blue 1 —
WIb13 Wound, simple Blue 13 —
WIb15 Wound, simple Blue 1 —
WIb16 Wound, simple Blue 4 —
WIc Wound, simple Red 5 No Kidd & Kidd match
WIc Wound, simple Brown 5 No Kidd & Kidd match; 

Meighan Type 120
WIc11 Wound, simple Blue 4 Small version of Meighan 

Type 125
WII Wound, shaped Red 6 No Kidd & Kidd match; 

Meighan Type 128
WII Wound, shaped Green 2 No Kidd & Kidd match; Simi-

lar to Meighan Type 128
WII Wound, shaped Brown 1 No Kidd & Kidd match; Simi-

lar to Meighan Type 128
WIIIb Wound, complex Red 1 Meighan Type 17
Total 3530
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the finding that the group of beads from San Pedro y San Pablo—all of which 
were associated with Burial 7—exhibited a distinct chemical composition 
when compared to the same variety of beads from the other study sites, likely 
reflecting subtle differences in the recipe for the base glass used to manufac-
ture the beads. This suggests that the white-on-white beads from San Pedro 
y San Pablo remained together all the way from their manufacture in Venice 
through to their final deposition with an Ohlone child in coastal California 
(Panich et al. 2022:127–128).

Jet Beads and Crosses

A number of jet artifacts were associated with burials at San Pedro y San 
Pablo (see figure 5.3). Jet is a type of fossilized wood, similar in appearance 
to coal, that has been used for jewelry and other purposes for thousands of 
years. Though jet was used by Ancestral Puebloans in the American South-
west, the objects from San Pedro y San Pablo were likely European in origin. 
Throughout medieval Europe, jet was particularly popular for religious jew-
elry, including crosses and rosary beads (Muller 1980). Whitby jet from Eng-
land is of particularly high quality and is perhaps the most well-known source 
today. Yet Spain also has a major deposit in the Asturias region, and jet—or 
azabache—has long been used for the production of beads and other objects 
of adornment in Spain (Menéndez 2019). The peak of the Spanish jet industry 
was in the sixteenth century, with a particular association with religion and 
mourning (Ward 2008:307–308). A number of different types of jet objects 
were imported from Spain to the Americas beginning in the mid-sixteenth 
century (Francis 2009:114).

The jet objects from San Pedro y San Pablo include two jet crosses and 
thirty-six faceted jet beads. Though each object was individually carved, they 
display general consistency of form. Most of the beads are approximately 
spherical, measuring 11–12 mm in diameter and between 14 and 16 mm in 
length. Perforations are small, about 2mm. The number of facets ranges be-
tween 25 and 30. The crosses measure between 22 and 24 mm along the long 
axis and 18 and 19 mm on the shorter axis. They are about 7.5 mm thick. 
The perforations run through the long axis of the cross and measure roughly 
2.5 mm in diameter. All of the artifacts display pronounced cracking, which 
worsened in the time between excavation and reburial. This may suggest that 
the material is “soft jet,” which would correspond to the presumed Spanish 
source of the objects (Francis 2009:113). The association of the beads with 
crosses of the same material points toward their use in rosaries. Though the 
number of jet beads found associated with each jet cross (twenty-three with 
Burial 9 and twelve with Burial 11) does not directly correspond to that use, 
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it is worth noting that many rosaries employ beads of different sizes and that 
those burials also included a range of other shell and glass beads.

No other examples of jet beads or crosses could be found in the litera-
ture on Spanish colonial California. In the American Southeast—the Spanish 
colony of La Florida—archaeological and documentary evidence suggest that 
faceted jet beads were popular from the mid-seventeenth century through the 
end of the eighteenth century at a range of Spanish missions and other sites 
(Deagan 1987:182–183; Francis 2009:114). For example, faceted jet beads 
similar in shape to those from San Pedro y San Pablo—but smaller in size—
have been recovered from Native burials at Mission Santa Catalina de Guale 
in present-day Georgia (Blair et al. 2009). Given the generally early dates for 
the importation and use of jet objects elsewhere in New Spain, the jet beads 
and crosses from San Pedro y San Pablo correspond to the known use of the 
outstation’s cemetery in the late eighteenth century. And as the only jet arti-
facts yet recorded at a colonial-era Native Californian site they add intriguing 
detail to the importance of the asistencia and the Ohlone families who lived 
there.

Flaked Stone

Flaked stone objects were rare among the burials from San Pedro y San Pablo. 
However, one individual (Burial 15, discussed in more detail below) was laid 
to rest with a bundle of materials that included ten flaked stone tools of various 
forms and sizes, as noted in table 5.4. These range from large bifaces between 
6.75 and 10 cm in length to somewhat smaller point blanks or roughouts. 
Among the finished points are two with triangular blades and contracting 
stems, measuring between 5.9 and 8.1 cm in length. Two other finished points 
are lanceolate in form, one of which exhibits fine serrations and measures 
nearly 10 cm in length, what would likely be called an Excelsior point in 
more ancient assemblages. Indeed, the finished points—both stemmed and 
lanceolate—fit most closely with the Coastal Contracting Stem Cluster as de-
fined by Justice (2002). Interestingly, these large points are anachronistic for 
the Mission Period, generally dating to hundreds, if not thousands, of years 
earlier. In contrast, nearly all projectile points from nearby mission sites are 
small, arrow-sized points (Panich et al. 2021).

In terms of material, one projectile point was black Monterey Chert, and 
the other nine stone tools were obsidian. Based on XRF analysis, the majority 
of the obsidian artifacts (n=7) originated at the Napa Valley source, near St. 
Helena, California. One each was from Bodie Hills and Mono Glass Moun-
tain, both in the eastern Sierra Nevada (see table 5.4). Obsidian hydration 
analysis revealed that the group of flaked stone objects was of a mixed age, 
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with some likely created during the colonial period while others exhibited 
significant antiquity more closely matching their typology. At San Pedro y 
San Pablo, both of the obsidian artifacts that originated in the eastern Sierra 
Nevada exhibit hydration readings that point toward their manufacture in 
precontact times. Thus, it is likely that they were heirlooms or recycled from 
earlier sites. The Napa Valley specimens suggest a combination of extant ex-
change networks, recycling, and possibly heirlooming.

Generally speaking, these patterns correspond to recent research on flaked 
stone tools at other colonial-era sites in the San Francisco Bay Area. There, 
Native people continued to use a mix of locally available cherts as well as 
obsidians from more distant sources. At Mission Santa Cruz, for example, an 
early study revealed that Native residents relied on a combination of Mon-
terey Chert as well as obsidian from Napa Valley and eastern Sierra Nevada 
sources such as Bodie Hills (Allen 1998:82). Likewise, recent XRF analysis of 
more than a thousand obsidian artifacts from Mission Santa Clara confirmed 
Napa Valley as the most common source but also revealed the presence of 
smaller quantities of obsidian from Bodie Hills and other sources in the east-
ern Sierra Nevada (Panich 2016). A similar XRF study at Mission San José 
found that Napa Valley was also the most prevalent source in use at that site, 
but noted a total absence of obsidian from the eastern Sierra Nevada (Panich 

Table 5.4. Results of specialized obsidian studies of flaked stone tools from Burial 15

Cat. Number Description Obsidian Sourcea
Hydration Bandb 

(μm)
EHTc Adjusted 

Age (ybp)
B15-1 Lanceolate point, 

serrated
Napa Valley 1.05 240

B15-2 Lanceolate point Bodie Hills 2, 3.4 884, 2454
B15-3 Biface Napa Valley 2.8 1670
B15-4 Point blank or rough out Napa Valley 1.8 676
B15-5 Point fragment, serrated Napa Valley Diffuse n/a
B15-6 Contracting stem point Napa Valley 1.05 240
B15-7 Triangular point Mono Glass 

Mountain
3.3 Unknownd

B15-8 Biface Napa Valley 1.07 244
B15-9 Contracting stem point Monterey Chert n/a n/a
B15-10 Point blank or rough out Napa Valley 3.0 1381
Notes: aObsidian provenance analysis was conducted via XRF by Richard Hughes. 
bObsidian hydration analysis was conducted by Origer’s Obsidian Lab in 2020. 
cThe effective hydration temperature (EHT) was estimated by the lab based on the location of San Pedro y 
San Pablo. 
dNo source specific hydration rate has been developed for Mono Glass Mountain.
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et al. 2018b). Obsidian hydration studies from colonial-era sites in the San 
Francisco Bay Area are rarer. At Mission San José and Rancho Petaluma—
where the largest studies have been conducted—hydration analysis returned 
a range of readings that suggested both the continuation of Native trade net-
works during the colonial period as well as the recycling of some obsidian 
materials from older archaeological sites (Panich et al. 2018b; Silliman 2005; 
and see Hull and Voss 2016).

Ground Stone

Three burials contained complete ground stone pestles, which were typed us-
ing Beardsley’s (1954) classification system (figure 5.4). These included two 
large pestles with double-flanged handles (Type IIB4) and a single tapering 
pestle (Type IIB1a). All three are presumed to have been manufactured in 
the greater San Francisco Bay region. In contrast to shell and glass beads, 
pestles have not been noted among the mortuary assemblages from contem-
porary cemeteries at the main mission sites in Alta California. One imported 
ground stone artifact—a fragment of a basalt tripod metate—was noted dur-
ing monitoring and was not directly associated with burials (figure 5.5). Simi-

Figure 5.4. Pestles from 
San Pedro y San Pablo. 
Left to right: single 
flanged, tapering, 
double flanged.
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lar metates have been found at nearby missions and are assumed to have been 
imported from what is today Mexico (e.g., Peelo et al. 2018:216–217). As an 
exploratory exercise, we used an Olympus Vanta portable x-ray fluorescence 
spectrometer to conduct a preliminary geochemical analysis of the metate 
from San Pedro y San Pablo and two fragments from similar metates from 
Mission Santa Clara. All three appear to be similar in origin, though we do 
not have source material for comparison (cf. Burg et al. 2021).

Specific Mortuary Assemblages

As the previous section attests, specific classes of artifacts found in mortu-
ary contexts can offer wide-ranging insights into the persistence of specific 

Figure 5.5. Basalt metate, 
likely of Mexican origin, 
found during construction 
monitoring at San Pedro y 
San Pablo.
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technologies and exchange networks, as well as the integration of new materi-
als into familiar practices. But by separating funerary offerings, analysts may 
inadvertently miss connections that tie different materials together and the 
meaning that may have adhered to them. In this section, we briefly discuss 
some of the individual burial assemblages from San Pedro y San Pablo (table 
5.5).

Perhaps the most striking burial assemblage from San Pedro y San Pablo 
was Burial 15 (figure 5.6). As discussed in more detail elsewhere in this vol-
ume, osteological analysis and proteomic sex estimation indicate that this 
individual was a young man who died between the ages of thirteen and sev-
enteen. Based on examination of mission death records, this burial matches 
a young Ohlone man named Tarsi, who was baptized in the summer of 1791 
and given the Spanish name Aparicio (SFD Baptism 963). He was around 
thirteen years old when he died in early 1792 (SFD Death 398a). Though his 
tribal origin is unclear from the documents—his parents were listed simply as 
gentiles, meaning that they remained unbaptized—the belongings with which 
he was buried suggest that he had important connections in the Native world. 

Table 5.5. Funerary offerings by burial number

Burial # 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Beadsa

Clamshell disk 
beads

1 0 0 0 9 895 1 15 0 32 237 0 0 0 0

Olivella 
Class A beads

210 2 16 161 49 0 0 21 0 3 504 445 0 1 0

Olivella 
Class H disks

0 0 0 0 1 0 0 36 0 8 0 0 0 0 0

Haliotis disks 0 0 0 0 0 0 0 5 0 14 0 0 0 0 0
Drawn 
glass beads

1 0 0 10 27 351 0 832 0 30 2201 0 0 0 0

Wound glass 
beads

0 0 0 0 7 0 0 56 0 15 0 0 0 0 0

Jet beads 0 0 1 0 0 0 0 23 0 12 0 0 0 0 0
Bead Total 212 2 17 171 93 1246 1 988 0 114 2942 445 0 1 0
Other Materials
Jet crosses 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0
Pestles 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0
Flaked Stone 
Tools

0 0 0 0 0 0 0 0 0 0 0 0 0 10 0

Bird Bone 
Tubes

0 0 0 0 0 0 0 0 0 0 0 0 0 14 0

Note: aIncludes fragments.
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Excavators encountered a range of objects that appear to have been placed in 
a bundle or bag on the young man’s abdomen. The contents included: four-
teen bird bone whistles or tubes (all Gifford Type FF2); nine obsidian tools (a 
mix of large projectile points and bifaces) and one chert projectile point; two 
quartz crystals; two bat ray barbs; one polished stone; and a single Olivella 
A1a spire-lopped bead. As noted above, the specific types of stone tools asso-
ciated with Burial 15 are largely anachronistic for the Mission Period even as 
obsidian hydration analysis demonstrates that they represent a mix of ancient 
and contemporaneous production.

Two burials stood out due to the inclusion of jet artifacts, which are unique 
in archaeological contexts from colonial California. The individuals—Burials 

Figure 5.6. Drawing of bundle of belongings found with Burial 15. Materials pictured 
include bird bone whistles (left), a polished stone (center), quartz crystals (lower 
center), obsidian projectile points and bifaces (center and right), and a chert projectile 
point (far right).
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9 and 11—seem to have been interred around the same time. Burial 9 was a 
boy who died between his second and third birthday, whereas Burial 11 was a 
slightly older boy, between the ages of four and eight. Both were interred with 
jet crosses and quantities of faceted jet beads, shell beads, and glass beads. 
Though Burial 9 had a much larger overall quantity of beads, they each had 
very diverse bead lots—and both appear to be from elite lineages based on our 
analysis of the death records for San Pedro y San Pablo (chapter 11). If our 
identifications are correct, a Ssatumnumo Captain named Cancégmne was 
the maternal grandfather of the younger boy, Burial 9, while the older boy—
Burial 11—was Burial 9’s paternal uncle. Burial 7, another child, also was also 
accompanied by a large quantity of beads, though they were more typologi-
cally restricted. These included 895 clamshell disk beads and 351 white-on-
white glass beads. This burial assemblage represented approximately three-
quarters of the CSDBs and over 95 percent of the white-on-white glass beads 
from the project, with the latter beads exhibiting the unique chemical signa-
ture discussed above (and see Panich et al. 2022).

The burials with pestles are all interesting in their own right. Burial 12, 
for example, was laid to rest with a large pestle exhibiting a double-flanged 
handle (Type IIB4) as well as an array of shell and glass beads, some 2,942 in 
all or almost half of the total bead assemblage. Based on our analysis of the 
sacramental records, Burial 12 appears to be Jagessém, who was the daughter 
of Cancégmne, the Ssatumnumo Captain and the aunt of Burial 9. Burial 4, 
a mature female, also contained a double-flanged pestle (Type IIB4) but only 
had one jet bead, which may have been intrusive. Two aspects of this burial 
stand out: she was buried in an extended prone (face down) position and ap-
proximately 45 degrees off the typical northeast-southwest orientation of the 
others in the cemetery. It is possible that Burial 4 is associated with Burial 16, 
who was estimated to be post-40 weeks of gestational age or a newborn. The 
third burial to include a pestle (Type IIB1a) was a young adult male—Burial 
6—which is another seemingly uncommon pattern. This individual was also 
buried with a modest number of shell and glass beads. Based on the sacra-
mental records, this individual appears to be the brother of Burial 11 and the 
father of Burial 9, the two boys buried with jet beads.

Other Lines of Evidence for San Pedro y San Pablo

As noted in chapter 1, the Native people buried at San Pedro y San Pablo were 
all associated with Mission San Francisco de Asís. They hailed from a range 
of tribal communities within what is today considered Ohlone territory, with 
most having ties to the Pacific coast south of the asistencia. The relatively 
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circumscribed homelands for those buried at the site allows us to contextu-
alize their mortuary practices within regional archaeological, historical, and 
ethnographic information.

Generally speaking, archaeological data indicate that most Ohlone com-
munities buried their dead, though cremations did occur (Panich 2015:113–
115). Grave goods were commonly included in late period burials throughout 
the region. Though the coast of the San Francisco Peninsula is underrep-
resented in regional archaeology, broader research syntheses suggest that 
patterns of burial assemblages—including both the type and quantity of 
materials—seem to have shifted dramatically beginning about two hundred 
years before the arrival of the Spanish (Hylkema 2002; Milliken et al. 2007). 
As noted in the previous section, Ohlone individuals and others from neigh-
boring tribal communities continued to bury their loved ones with grave 
goods throughout the entirety of the Mission Period, as demonstrated by the 
presence of beads and other materials associated with burials in cemeteries at 
Mission Santa Clara spanning the period of ca. 1781–1851 (Hylkema 1995; 
Leventhal et al. 2011; Skowronek and Wizorek 1997).

The ethnographic and historical records provide further detail. In Novem-
ber 1814, the Franciscans at Mission San Francisco de Asís, Fathers Ramón 
Abella and Juan Sainz de Lucio, remarked that among the mission’s Native 
population, “the effects belonging to the deceased are, as a rule, burned or are 
placed with him in such a way that no one will make use of anything which 
had come into contact with the dead person” (Geiger and Meighan 1976:120). 
Though this account postdates the use of the cemetery at San Pedro y San 
Pablo, the description likely applied to most of the Ohlone communities who 
were associated with both sites. A century later, Alfred Kroeber (1925:469) 
came to a similar conclusion regarding the importance of funerary offerings 
among the Ohlone: “The property of the dead was thoroughly destroyed, the 
reason alleged being that the deceased would then be no longer remembered.”

The question remains, however, about whether the perpetuation of tra-
ditional mortuary practices by Ohlone people in the missions was carried 
on clandestinely or if it was perhaps tolerated by certain Franciscans, despite 
the fact that it contravened the Catholic doctrine of the time. One potential 
clue comes from an episode at Mission San Francisco de Asís in which two 
Ohlone individuals were whipped for loudly mourning the death of their rela-
tives, a common component of Native Californian funerary practices (Newell 
2009:155). That this punishment took place in 1797—during the period of 
use of the cemetery at San Pedro y San Pablo—suggests that the Ohlone com-
munity would have been keenly aware of the Franciscans’ attitudes toward 
traditional mourning practices. Yet, the Franciscans often acknowledged the 
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difficulty of controlling the beliefs of Native people. The accounts from 1814 
from Mission San Francisco also admit that “there are many, however, even 
the majority who return from the countryside where they have been with the 
pagans such as their parents who hold on to the old practices” (Geiger and 
Meighan 1976:51).

Given what we know about Native life at San Pedro y San Pablo, there is 
little doubt that the site’s occupants had ample opportunity to interact with 
their kin who continued to live outside of the mission system. At Mission San 
Francisco, Native people regularly used the policy of paseo, which offered ap-
proved leaves from the mission at certain times of year, to remain connected 
to a range of people and places out of earshot of the mission bells (Newell 
2009). In particular, it appears that Native people from Mission San Francisco 
regularly fled the mission—often by manipulating the policy of paseo—to re-
turn to their ancestral homelands where they could die and be mourned in 
traditional ways. The Asistencia de San Pedro y San Pablo may have been 
something of a middle ground. It did not have a full-time missionary pres-
ence, even during the peak years of its operation, and there is no indication 
that Native people associated with the outstation lived directly on-site as they 
would have at Mission San Francisco proper (Newell 2009:169–173). There-
fore, it would not be surprising if Native people viewed San Pedro y San Pablo 
as a locale where they could practice at least some mortuary practices without 
interference from the Franciscans.

Discussion and Conclusions

The study of Ohlone burials from the Asistencia de San Pedro y San Pablo 
illuminates many aspects of the lives of Native people caught up in the Fran-
ciscan mission system of Alta California. In addition to the demographic 
and health information explored in other chapters, the analysis of belong-
ings buried with individuals at the site offers important insights into Native 
mortuary practices during the colonial period and provides the basis for fur-
ther inferences about the persistence of exchange networks and technological 
traditions. While the asistencia was an outpost of Mission San Francisco de 
Asís—and church death records suggest that all those buried at San Pedro y 
San Pablo had been baptized—the site did not have a permanent missionary 
presence. The information presented in this chapter expands our understand-
ing of how Ohlone people, like other Native Californians, continued many 
aspects of their traditional mortuary practices and exchange networks at the 
margins of the Spanish colonial system.

In aggregate, the types and quantities of grave goods at San Pedro y San 
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Pablo do not differ dramatically from those noted from colonial-era Native 
burials elsewhere in the province. Archaeological documentation from mis-
sion cemeteries in Alta California indicates that baptized Native people regu-
larly interred their dead with quantities of shell and glass beads, in addition 
to other materials. From north to south, such evidence has been documented 
at Missions San Francisco Solano, San José, Santa Clara, Soledad, San Gabriel, 
and San Diego (Carrico 2014; Dietler et al. 2019; Howard 1972; Hylkema 
1995; Panich 2018; Skowronek 1998; Skowronek and Wizorek 1997; Treganza 
1956). One possible exception is Mission La Purísima. There, only one burial 
out of more than fifty excavated at the second site of Mission La Purísima 
(ca. 1812–1834) had associated beads; the others completely lacked funerary 
offerings (Humphrey 1965; Walker et al. 1988). Still, given the widespread 
geographic distribution of these practices, one wonders whether certain Fran-
ciscans tolerated the continued practice of burying deceased individuals with 
various types of belongings—a pattern of accommodation that is also hinted 
at in the documentary record (Panich 2018).

Outside of the mission compounds, unbaptized Native people and those 
fleeing or on leave from the missions continued to practice traditional mortu-
ary practices—and integrated Euro-American goods into them—throughout 
the colonial period and beyond. Burial records from Mission Santa Clara, for 
example, list dozens of baptized individuals who were cremated in their an-
cestral villages in contradiction of mission policies (Panich 2015). Archaeo-
logical examples of such activities are relatively rare in the Bay Area proper, 
but Native burials in greater central California have yielded mission-era glass 
beads in several geographic contexts (e.g., Hildebrand et al. 1991; Schnei-
der et al. 2014; Wiberg 2005). Further afield, projects in Southern Califor-
nia have documented historic-era Native cemeteries outside of missions or 
other colonial centers that included an array of grave goods including both 
Native-made and introduced goods (e.g., Gamble 2008; Reddy and Douglass 
2016). Though many were not excavated to today’s standards, Native cem-
eteries throughout the San Joaquin Valley and adjacent areas likewise pro-
vide evidence that funerary offerings remained a critical component of Native 
Californian mortuary practices throughout the early and middle nineteenth 
century even as flows of shell and glass beads, among other objects, shifted 
throughout the colonial period (see overview in Panich and Schneider 2015).

San Pedro y San Pablo also fits within emerging understandings of persis-
tent exchange networks in the greater San Francisco Bay region. Archaeologi-
cal work at Mission San Francisco de Asís—the most closely related mission 
site—has not (yet) focused on Native cemeteries or residential areas, which is 
perhaps not surprising given its urban setting (but see Ambro 2003). How-
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ever, decades of research at nearby Mission Santa Clara and smaller projects 
at Mission San José have revealed comparable assemblages of shell and glass 
beads, flaked stone tools, ground stone tools, and other objects such as bone 
tubes and bat ray barbs from residential contexts, as well as significant quanti-
ties of shell and glass beads from mortuary contexts at two separate mission 
cemeteries at Santa Clara (Hylkema 1995; Panich 2014, 2016; Panich et al. 
2018a, 2018b; Peelo et al. 2018; Potter et al. 2021; Skowronek and Wizorek 
1997). In some ways, then, the findings from San Pedro y San Pablo help to fill 
in the evidentiary gaps left by the lack of archaeological evidence for Native 
lifeways at Mission San Francisco. Given that baptized Native people from 
that mission comprised the resident population at San Pedro y San Pablo, it 
is clear that they too had access to obsidian and other stone tool materials, 
obtained shell beads from diverse sources, and incorporated glass—and, in 
this case, jet—beads into the same types of cultural traditions.

As a mission outstation, the Asistencia de San Pedro y San Pablo offers a 
relatively rare look into the cultural persistence of Native people living on 
the margins of the mission system. Based on the evidence from the site and 
comparisons to nearby missions, it seems clear that Native people through-
out the region maintained their mortuary practices and exchange networks 
despite the pressures of colonialism. But the evidence from San Pedro y San 
Pablo also offers insight about individual Ohlone people, some of whom—as 
evidenced by the exceedingly rare jet beads and crosses—may have had com-
plex relationships with the Franciscans. Others were buried with items, like 
large ground stone pestles or the unique assemblage from Burial 15, that have 
not been documented in cemetery contexts at other mission sites. It may be, 
then, that the asistencia offered an intermediate space where Native people 
could die and be mourned without the full intrusion of colonial policies im-
plemented by the Franciscans. Instead, the evidence from the Asistencia de 
San Pedro y San Pablo adds to a growing corpus of information regarding 
persistence of Native cultural traditions across the broader colonial-period 
landscape in Alta California.
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Dietary Persistence and Change  
in California’s Mission Period

Stable Isotope Evidence from Tooth and Bone from 
Asistencia de San Pedro y San Pablo (CA-SMA-71/H)

Jelmer W. Eerkens, Christopher Canzonieri,  
and Jason Miszaniec

Food is an important way that people express identity in contemporary cul-
tures around the world (Fischler 1988; Montanari 2006). Therefore, food was 
surely an important component of identity expression for Native people within 
the California Mission system (Dietler 2007; Popper 2016; Reddy 2015). Pre-
paring and consuming traditional foods would not only have served as an 
expression of a non-European Native identity vis-à-vis the Spanish diet, but 
likely as a means to express tribal identity within the multi-ethnic community 
within a particular mission.

Historical records are one means to examine diet within the Califor-
nia missions. Of course, such records were written from the perspective of 
eighteenth-century Spanish colonists, and as such, are subject to particular 
biases. Nonetheless, these records indicate that diet consisted of a range of 
livestock (e.g., sheep, cows, pigs, chickens) and agricultural products (e.g., 
wheat, barley, maize, beans, grapes, peaches, squash, melons), with little men-
tion of traditional foods (Geiger and Meighan 1976; Webb 1983).

Archaeological investigations represent an alternative way to examine food 
practices. Under the assumption that they represent the by-products of food 
preparation and consumption, identification of animal bones and/or charred 
paleobotanical remains in archaeological sites has been an important ap-
proach. For example, recent analyses of macrobotanical remains from flota-
tion samples suggests many traditional food preparation activities continued 
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within the missions. While European foods were consumed mainly within 
the more public spaces of mission buildings, traditional hunted and gathered 
foods are especially prominent within spaces associated with Indigenous do-
miciles (Noe 2023; Popper 2016; Reddy 2015). Similarly, archaeologists also 
examine of dental microwear (e.g., El‐Zaatari et al. 2010; Grine et al. 2012; 
Scott et al. 2005; Schmidt et al. 2015) and analyze starch grains, phytoliths, 
and other dietary remains preserved in dental calculus (Dudgeon et al. 2014; 
Mickleburgh et al. 2012; Poulson et al. 2013; Scott et al. 2012) to reconstruct 
ancient diets. However, to our knowledge, the latter approaches have not been 
applied to California Mission contexts.

Stable isotope analysis of bones and teeth provides another archaeo-
logical approach to trace paleodiet (Ambrose et al. 2003; Price et al. 2002; 
Schoeninger et al. 1983; Schwarcz et al. 1985; Van der Merwe et al. 1982; Vo-
gel and Van der Merwe, 1977; Wright 2005). Because foods vary in their un-
derlying stable isotopic composition, and are used to grow skeletal tissues, 
stable isotope signatures of foods become embedded in bones and teeth. By 
measuring stable isotope signatures in bones and teeth, we can work back-
ward to estimate the types of foods an individual ate. Tracing out the diets of 
individuals, we can then examine dietary variation within communities, for 
example, among males vs. females, wealthy vs. non-wealthy, old vs. young, 
or local vs. foreigner (as determined by osteological and/or archaeometric 
techniques).

Bone is a constantly remodeling tissue even into late adult years, which is 
how a bone heals following a fracture (unlike a tooth). The turnover rate of 
bone depends on age (bone in younger individuals turns over faster) and the 
particular bone (dense bones such as femurs turn over more slowly). The rate 
of complete turnover is estimated at between five and twenty years for bone 
(Hedges et al. 2007; Manolagas 2000). In this respect, bone can represent di-
etary behaviors averaged over the last half to two decades of life.

By contrast, some tissues, such as teeth, do not remodel and form in layers, 
much like tree rings. Such tissues allow us to examine dietary patterns earlier 
in life, and to examine dietary change for a particular person across windows 
of time those tissues grew. For example, a permanent first molar (M1) be-
gins forming around the time of birth and continues growing until between 
nine and ten years of age (Hillson 1996). Currently, archaeologists are able to 
extract tissues from growth layers within M1s that represent approximately 
0.5 to 1-year intervals. Similarly, a permanent M3 starts forming around age 
seven to ten and continues growing until age eighteen to twenty-five, and 
current sampling strategies allow us to estimate diet at about 0.8 to 1.5 year 
intervals. By examining growth layers in paired M1 and M3 teeth from the 
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same person, we can reconstruct a dietary life history for the first two decades 
of life, with bone providing an estimate on the final five to twenty years before 
death.

This is the approach followed in this chapter. Many individuals buried at 
the asistencia were born before and outside of the Mission system. Tissues 
that grew within that context (e.g., early growing teeth) should record the iso-
topic signature of their traditional diet. Later, after these individuals entered 
the mission, they may have shifted their diets to include domesticated animals 
and crops. Bone, a constantly remodeling tissue, ought to record some com-
ponent of this transition, though depending on how many years they were in 
the mission before dying, this could be time-averaged with some of the bone 
that formed before missionization. More informative are dental tissues that 
were still forming at the time of death, since they represent a shorter amount 
of time (e.g., 0.5–1 years for an M1 layer), and should reflect a greater compo-
nent of the Mission diet. In this respect, the studies below reflect the degree 
to which an individual, on average, shifted the isotopic composition of their 
diet within the Mission system compared to pre-mission times. The study 
provides an independent evaluation on the persistence, or not, of a traditional 
diet within the California Mission systems in the San Francisco Bay Area.

Isotopic Model

Carbon, nitrogen, and sulfur are major components of the organic compo-
nent of bone and teeth, including collagen. In humans, the C, N, and S neces-
sary for tissue synthesis are derived entirely from consumed foods. Following 
digestion, the body routes these elements via the blood system to sites of bone 
and tooth construction (or repair in the case of bone). Because underlying 
food sources can vary in their C, N, and S composition, measuring these ele-
ments in human skeletal tissues can provide information on the diet of an 
individual at the time those skeletal tissues were forming.

The ratio of carbon isotopes (13C/12C, expressed as δ13C, see below) is of-
ten used to provide an estimate of the consumption of C3 vs. C4 plants. The 
majority of plants around the world are C3 plants, producing a three-carbon 
molecule during the fixation of atmospheric carbon. This method of photo-
synthesis discriminates against the heavier 13C, resulting in δ13C values be-
tween −30‰ and −22‰ (Cerling et al. 1998; Ehleringer et al. 1993; Farquhar 
et al. 1989). Major domesticates used by the Spanish, including wheat, barley, 
beans, and most fruits, fall into the C3 category. By contrast, a small number 
of plants produce a four-carbon molecule (C4) and produce tissues with δ13C 
values typically between −16‰ and −10‰. In central California, there are 
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few native C4 plants (Cloern et al. 2002), and none were important dietary 
staples prior to contact (Bartelink 2006, 2009). However, maize is an impor-
tant C4 plant that was imported from Mexico and grown within the mission 
system. As well, millet and sugar cane are C4 plants that were occasionally 
grown in historic contexts. In this regard, because nearly all traditional Cali-
fornia dietary plants are C3, marked increases in δ13C after missionization 
could be indicative of a transition from native plants to maize.

In contrast to terrestrial systems, carbon enters marine environments 
mainly through exchange with atmospheric CO2 and through photosynthe-
sizing phytoplankton (Boutton 1991). δ13C values of biologically available 
carbon in marine environments can overlap with those of C4 plants. However, 
when C isotopes are combined with N and S, it is possible to distinguish the 
two. Marine organisms are heavier (less negative) in δ13C (Bartelink 2009; 
Schoeninger et al. 1983; Schwarcz and Schoeninger 1991).

Nitrogen isotopes (15N/14N, expressed as δ15N) provide an indicator of the 
trophic level of dietary proteins. Nitrogen enters biological systems either 
through atmospheric fixation by soil bacteria or through physical processes 
(e.g., lightning strikes). Nitrates and nitrites are then taken up by plants and 
converted into various biomolecular compounds, especially proteins. Animals 
access nitrogen through the consumption of protein-containing tissues, such 
as plants or animal meat. Following digestion, animals differentially excrete 
the lighter 14N in the formation of urea and retain the heavier 15N for tissue 
synthesis. As a result, δ15N increases by about 3–4‰ with each trophic level 
(Ambrose 1986, 1991; DeNiro and Epstein 1981; Minagawa and Wada 1984; 
Schoeninger 1984). Carbon has a similar trophic effect, but much smaller in 
magnitude, typically 0.5 to 1‰ for each trophic level. In aquatic environ-
ments, baseline δ15N at the bottom of the food pyramid is typically higher 
than the bottom in terrestrial systems, and there are usually more trophic 
levels. As a result, aquatic environments generally have greater enrichment 
of 15N toward the top of the food chain, especially for benthic consumers 
(e.g., large fish, predatory birds, and aquatic mammals; Croteau et al. 2005; 
Schoeninger 1995; Vander Zanden et al. 2011).

A difference also exists in wild versus fertilized plants. Because nitrogen (as 
well as other essential nutrients such as phosphorus) are often limiting factors 
in plant growth, providing artificial sources of these nutrients increases plant 
productivity. The source of nitrogen in fertilizers is typically animal dung and 
food refuse, which will be elevated in δ15N relative to atmospheric sources 
(Szpak et al. 2012). Therefore, plants grown in fertilized fields will be higher 
in δ15N, and often slightly higher in δ13C as well. Furthermore, animals fed 
plant products from fertilized fields will also be elevated in these isotopic sig-
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natures relative to wild animals or domesticated animals eating wild browse 
such as bunchgrasses. In short, fertilizing fields raises the baseline δ15N in 
trophic systems.

Sulfur is present in various forms (e.g., sulfates, sulfides) in soils. It is taken 
up by plants from the soil and passed up the food chain to animals and hu-
mans (Richards et al. 2003). As a result, the ratio of sulfur isotopes (34S/32S, 
expressed as δ34S) can vary between soils derived from different geological 
formation across a region, and may also contrast with sulfur in marine en-
vironments. While marine sulfur has a relatively constant δ34S value of 21.0 
± 0.2‰, terrestrial environments are usually much lower and have a much 
greater range of variation, occasionally extending below 0‰. Sulfur is essen-
tial in the formation of the amino acid methionine, which is present in small 
amounts in collagen. Because of the greater sample size required for mass 
spectrometry analysis (10mg collagen vs. 1mg for δ13C and δ15N combined), 
and the small size of dentinal serial samples, in this study, δ34S was only mea-
sured in bone collagen.

In terrestrial systems in central California, there are essentially three tro-
phic levels: plants (producers), herbivores (primary consumers), and carni-
vores (secondary and tertiary consumers).

Together, δ13C, δ15N, and δ34S can discriminate the importance of foods 
from different environments and trophic levels (Froehle et al. 2009, 2010). 
In this paper we are particularly interested in examining the role of marine 
resources (higher δ13C, δ15N, and δ34S), terrestrial game (lower δ13C and 
δ34S, and higher δ15N), C3 terrestrial plants (lower δ13C, δ15N, and δ34S), and 
C4 terrestrial plants (higher δ13C, and lower δ15N and δ34S) in the diets of 
people and animals within the Mission system. Further, we aim to examine 
the importance of such resources by age and sex, how the Mission Period 
samples compare to pre-contact individuals and Euro-Americans from the 
mid-1800s, and how dental tissues that formed prior to establishment of the 
mission system within in a person contrast with tissues that likely formed af-
ter they started living within the mission. Together, these comparisons should 
inform on the degree of dietary change within the mission at the scale of the 
individual.

A long history of research in western North America shows that the iso-
topic composition of pre-contact diets varied mainly by region and environ-
ment (e.g., Eerkens et al. 2022). Figure 6.1 shows a general model for δ13C 
and δ15N, based on empirical data from California generated in the UC Davis 
Archaeometry lab. Ellipses represent the approximate isotopic range of diets 
dominated by foods from different ecological contexts. Of course, humans 
are omnivores and incorporate foods from a range of environmental sources. 



Figure 6.1. Isotopic 
model and previous 
human C and N iso-
topes from Mission 
Santa Clara and late 
nineteenth-century 
Euro-Americans 
from the San Fran-
cisco Bay area.
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Thus, there are often multiple ways to achieve the final empirical values in 
δ13C and δ15N recorded for an individual. Intermediary values between the 
ellipses likely represent people who consumed foods from more than one 
source, creating an average between ellipses. Over these ellipses, we have plot-
ted empirical data from historic-period Euro-Americans buried in the city 
of San Francisco (unpublished data collected by Eerkens and colleagues), as 
well as a sample of native people buried at Mission Santa Clara (data from 
Bartelink 2011).

As shown in figure 6.1, the majority of Euro-Americans buried in San 
Francisco were consuming C3 plant products (e.g., bread made from wheat or 
barley), likely from fertilized fields, as well as animals raised on C3 plants (e.g., 
cows, pigs, chickens) and/or their by-products (e.g., milk, eggs). Three indi-
viduals, however, plot far to the right, within the range expected of C4 plants. 
Likely these three individuals were consuming high amounts of maize, maize-
based products, or animals raised on maize. As well, some Euro-Americans 
fall more in the center of the plot, suggesting they mixed varying amounts of 
C4 plant products, or perhaps marine foods.

By contrast, all but one of the individuals buried at the Santa Clara Mission 
are lower in δ15N and somewhat higher in δ13C than Euro-Americans. This 
would be consistent with greater amounts of wild animals or plants, as well as 
higher amounts of maize. However, one Santa Clara Mission individual shows 
a diet dominated by C3 wild plants, similar to data from precontact individu-
als from interior areas of central California. Perhaps this person had recently 
entered the mission before dying, or refused foods that other Native people 
living at the mission ate, retaining an isotopic signature that represented a 
traditional diet.

Isotope Methods

We analyzed one bone sample from each of the fifteen individuals in this 
study. All samples produced enough collagen to measure δ13C and δ15N, and 
fourteen bone samples yielded sufficient collagen to measure δ34S. In addi-
tion, 209 age-controlled isotopic measurements were made on 23 teeth from 
13 individuals (Burials 7 and 16, both infants, did not have teeth). The isoto-
pic data from teeth allow us to estimate diet earlier in people’s lives.

To provide baseline data for the human bone isotope analyses, we also 
present stable isotope data from twenty-two unmodified faunal remains from 
the site, representing both domestic livestock and poultry and native spe-
cies. These bones were recovered during excavations by Stephen Dietz in the 
1970s and early 1990s (Dietz 1979; Wickstrom et al. 1990), not in the cem-
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etery where the burials discussed below were found, but further to the east in 
areas thought to represent granaries. We also analyzed a small fragment from 
a bird-bone whistle that was included in the grave of Burial 15 (depicted in 
figure 5.6 in the previous chapter), though the species is unknown.

For additional details on methods, the reader is referred to Eerkens and 
colleagues (2013) for bone, and Eerkens and colleagues (2011) for teeth. In 
short, this approach involves cleaning samples of visible surface contamina-
tion such as soil, and removing the outer layer of bone or tooth by drilling ex-
posed surfaces with a diamond bit. Cementum and enamel are also removed 
for teeth, leaving only dentin. Samples are then sonicated in deionized H2O, 
demineralized in a solution of 0.5M hydrochloric acid (HCl), and soaked in 
0.125M NaOH (sodium hydroxide) to remove humic acids. Collagen is then 
solubilized in slightly acidic pH3 water within an oven set at 70°–90°C, sepa-
rated from any material that does not solubilize, and freeze-dried. δ13C, δ15N, 
and δ34S are measured by continuous-flow mass spectrometry alongside a se-
ries of standards. Instrument precisions are 0.1‰ for δ13C, 0.2‰ for δ15N, 
and 0.4‰ for δ34S.

Results

Mission records indicate that the majority of individuals buried at the asisten-
cia were from communities on the west side of the San Francisco Peninsula 
near the Pacific Ocean (chapter 2). Traditional foods in these communities 
emphasize resources from marine environments, including plants (kelp, sea-
weed), shellfish (e.g., mussel, clam), fish (e.g., herring, surfperch), birds (e.g., 
cormorant, coot), and marine mammals (e.g., otter, sea lion). As well, access 
to the coastal plain and interior hills provided a range of terrestrial foods 
from C3 food webs, including acorns, manzanita, grass seeds, hares, rabbits, 
deer, and elk. Research at other Bay Area sites shows that individuals within 
a community often varied in the importance of one or the other environment 
to their overall dietary composition (Beasley et al. 2013; Eerkens et al. 2013; 
Goring et al. 2020). Thus, we expect some variation along a marine-C3 ter-
restrial continuum for individuals from Asistencia de San Pedro y San Pablo.

What Did Fauna Eat?

Table 6.1 shows isotopic results from asistencia faunal samples, including 
introduced domesticated animals (cow, horse, goat, sheep, chicken), native 
species (bear, goose, cottontail, hare, sea mammals), and species that could 
be native or introduced (canids). As shown, these samples cover a wide range 
of isotopic values, with δ13C varying between -23.6‰ and -9.9‰ and δ15N  
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between 5.1‰ and 19.2‰. This range is about five times greater than the 
range of bone collagen values in humans buried at the site (see below). Colla-
gen quality control measures are presented at the right as percent carbon, per-
cent nitrogen, C/N ratios, and percent sulfur. The reported values are within 
the ranges expected of well-preserved collagen (Ambrose 1986; DeNiro 1985; 
Guiry and Szpak 2021).

Figure 6.2 plots the faunal values over the ellipses shown in figure 6.1. We 
plot introduced species as solid symbols, native species as open symbols, and 
birds as hatched symbols. Native species generally fall where we expect them. 
Thus, the sea mammals fall within the marine ellipse, the bear is within the 
C3 wild plant ellipse, and two of the three leporids have low δ13C and δ15N 

Table 6.1. Results of stable isotope analyses from faunal remains

Scientific Name
Common 

Name δ13C δ15N δ34S %C %N C/N %S
Bos taurus Cow -21.2 5.8 16.4 49% 17% 3.3 .18%
Bos taurus Cow -20.8 6.5 8.5 34% 11% 3.4 .18%
Bos taurus Cow -21.3 6.4 4.9 35% 12% 3.4 .19%
Bos taurus Cow -18 8.7 15.8 35% 12% 3.3 .18%
Bos taurus Cow -21.1 7.7 14.5 34% 12% 3.2 .19%
Equus sp. Horse -20.8 5.9 — 30% 9% 3.8 —
Capra sp. Goat -20.5 7.7 — 38% 13% 3.4 —
Ovis sp. Sheep -21.6 10.7 — 38% 12% 3.7 —
Gallus gallus 
domesticus

Chicken -17.8 9.9 — 46% 16% 3.4 —

Gallus gallus 
domesticus

Chicken -11.8 8.9 — 43% 15% 3.4 —

Canis sp. Canid -20.2 10 — 32% 11% 3.4 —
Canis sp. Canid -20.2 10.2 — 45% 14% 3.7 —
Ursus sp. Bear -20.1 6.1 — 56% 20% 3.3 —
Sylvilagus sp. Cottontail -21.3 6.4 — 34% 12% 3.3 —
Sylvilagus sp. Cottontail -22.4 5.1 — 46% 16% 3.4 —
Lepus sp. Hare -22.2 10.6 — 56% 19% 3.4 —
Enhydra lutris Sea Otter -11.1 15.5 — 34% 12% 3.4 —
Zalophus sp. Sea Lion -9.9 19.2 — 38% 12% 3.6 —
Branta sp. Goose -15.4 5.3 — 34% 12% 3.3 —
Branta sp. Goose -15.5 5.9 — 48% 17% 3.4 —
Branta sp. Goose -23.6 6.6 — 40% 14% 3.3 —
Aves Bird-bone 

whistle
-21.3 7.7 — 43% 14% 3.6 —
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indicating a C3 plant-based diet. As well, the three geese are all low in δ15N, 
but quite variable in δ13C, a pattern we have documented among precontact 
geese at a site further inland (Su et al. 2023). On the other hand, the only hare 
included in the study is higher in δ15N than expected, suggesting it may have 
been eating plants from a fertilized field. Perhaps it foraged in gardens main-
tained at the asistencia.

Figure 6.2 also reveals information about domesticated animals presum-
ably kept at the asistencia. The two chickens show contrasting diets, with one 
falling within the fertilized C4 plant ellipse, suggesting it was raised predomi-
nantly on maize, and the other falling between the C3 and C4 ellipses, sug-
gesting a mix of grains or plants from these two groups (though it is closer 
to the C3 ellipse). The single horse, the single goat, and five of the six cows 
fall within the C3 wild plant ellipse, suggesting these animals grazed mainly 
on wild native vegetation. One cow, however, is slightly elevated in δ13C and 
δ15N, suggesting it ate significant amounts of fertilized crops, such as oats or 
alfalfa, likely mixed with some maize judging by the slightly elevated δ13C 
value. Likewise, the sheep displays an isotopic signature in line with fertilized 
C3 crops rather than wild vegetation.

The two canids fall within the wild animal ellipse and are lower in δ15N 
than expected for carnivores eating domesticated animals. This suggests 
they are either wild coyotes, domesticated dogs eating large amounts of wild 
animals (such as leporids), or dogs eating mostly C3 crop products (such as 
bread). Finally, the single bird-bone whistle also falls within the range of an 
animal eating mostly terrestrial C3 plants. Although no diagnostic features 
are present on the bone to estimate species, the isotopic data rule out marine 
birds as a source for the whistle.

What Did Humans Eat?

Table 6.2 presents bone collagen data from the Asistencia de San Pedro y San 
Pablo humans. If plotted in figure 6.1, these values would fall in the center of 
the graph, between the wild-animal-dominated and marine-dominated el-
lipses, suggesting a mixed terrestrial-marine diet. There are many different 
dietary combinations that could lead to a similar outcome, such as a mixture 
of C3 and C4 plants from fertilized fields. In this respect, the sulfur isotope 
data are particularly valuable. The higher δ34S values, and positive correlation 
between δ34S and δ13C are most consistent with significant input of marine-
derived protein.

When comparing the six adult females (Burials 3, 4, 5, 10, 12, and 13) 
against the two adult males (Burials 6 and 8), the males are slightly elevated in 
both δ13C (-15.8‰ vs. -16.6‰) vs. and δ15N (12.7‰ vs. 11.1‰), but slightly 



Figure 6.2. Animal 
bone C and N iso-
topes from Asistencia 
San Pedro y San 
Pablo.
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Table 6.2. Bone collagen isotopes from San Pedro y San Pablo humans

Burial #
Age at 
Death Sex δ13C δ15N δ34S %C %N C/N %S

2 Adol Male -16.8 11.7 13.8 26% 9% 3.4 0.15%
3 Mat A Female -17.4 10 9.9 28% 10% 3.3 0.15%
4 Mat A Female -16.4 11.3 14.1 36% 13% 3.3 0.20%
5 Mat A Female -16.6 11 11.8 42% 15% 3.3 0.23%
6 Yng A Male -16.4 12.5 12.7 41% 15% 3.3 0.23%
7 Infant Indet. -15.7 12.9 13.6 43% 15% 3.3 0.23%
8 Mat A Male -15.2 12.9 10 31% 11% 3.3 0.17%
9 Infant Male -17.6 11.5 13.5 33% 12% 3.2 0.19%
10 Mid A Female -17.2 11.2 20% 7% 3.3
11 Child Male -17 12.2 12.8 43% 15% 3.3 0.22%
12 Yng A Female -16.7 11 13.5 44% 15% 3.4 0.22%
13 Yng A Female -15.6 11.9 13.7 41% 15% 3.3 0.22%
14 Child Female -16.2 10.6 12.9 44% 16% 3.3 0.22%
15 Adol Male -16.1 10.8 12.4 41% 15% 3.3 0.22%
16 Infant Indet. -15.7 10.9 13.9 42% 15% 3.3 0.22%
Note: Infant = 0–3 year; Child = 4–12 years; Adol. = Adolescent (13–17 years); Mat A = Mature Adult (ca. 46+ 
years); Mid A = Middle-Aged Adult (ca. 36–45 years); Yng A = Young Adult (ca. 18–25 years).

lower in δ34S (11.3‰ vs. 12.6‰). The sample size is small, making interpreta-
tions of such comparisons subject to sampling biases. However, as much of 
the bone collagen signal for these adults will represent pre-contact period di-
ets, it suggests males were consuming more high trophic–level marine foods 
(e.g., large fish vs. shellfish) and less terrestrial plant foods, relative to females. 
Higher levels of meat and/or fish consumption for males is a pattern docu-
mented at other pre-contact period sites in California (Eerkens et al. 2020, 
2023).

In addition to the bone collagen, we also analyzed δ13C and δ15N in serial 
samples of teeth. For older individuals, these teeth would have formed before 
they entered the mission system, thereby representing their traditional diet. 
For some younger individuals, whose teeth were still growing at or shortly 
before the time of death, this will represent diet within the mission. Table 6.3 
presents dentinal collage values for different age ranges for each individual. 
Burials 7 and 16 are not included in table 6.3 because they died as infants and 
did not have teeth.

From the tooth serial samples, we can construct something akin to a di-
etary life history for each individual. Figure 6.3 plots four such isotopic biog-
raphies for Burials 2 (upper left quadrat), 6 (upper right), 8 (lower left), and 
13 (lower right). Within each quadrat, approximate age is plotted along the 



Table 6.3. Age of weaning estimates, and δ13C and δ15N values across different life history windows

Burial 
# Wean Age Weaning Food Age 4–6.9 years Age 7–9.5 years

Age 9.5–12.9 
years

Age 13–16.9 
years

Age 17–21.5 
years Mission Diet

δ13C δ15N δ13C δ15N δ13C δ15N δ13C δ15N δ13C δ15N δ13C δ15N δ13C δ15N

2 2 -14.8 12.5 -15.4 12.5 -15.6 12.5 -15.9 12.7 — — — — -15.6 12.8
3 N/A — — -16.5 12 -16.4 11.7 -15.9 11.5 -15.4 12.8 -16.5 11.9 — —
4 <2.9 -15.1 13.7 -15.1 14.1 -15.4 13.5 -15.8 13.2 -15.3 13.7 -15.4 13.4 — —
5 2.2 -16.3 11.3 -16.7 11.4 -16.3 12.4 -16.1 12 -16.2 11.8 -16.9 11.3 — —
6 3.4 -16.4 11.4 -15.9 12 -15.8 13.1 -15.9 13.3 -15.8 13.4 -16.5 12.3 -16.8 11.9
8 2.1 -15 14.2 -14.3 14.5 -14.3 14.9 -14.4 14.2 -13.9 15.1 -14.3 15.2 — —
9 Not — — — — — — — — — — — — -17.3 13.3
10 2.6 -16.6 11.7 -15.4 13.6 -16 13.2 -16.8 10.8 -17 10.7 -16.5 12.9 — —
11 N/A — — -18 12.7 — — — — — — v — -18.2 12.6
12 1.5 -16 13.7 -15.8 13 -15.7 12.8 -15.3 13.4 -16.3 12.6 — — -16.7 13
13 2.1 -15.9 13.5 -15.7 13.5 -16.1 12.8 -15.5 12.9 -15.3 14 -15.7 13.7 -16 12
14 N/A — — -15.5 13.6 -15.4 13.8 -15.5 13.7 -15.9 13.5 — — -15.9 13.5
15 3.2 -16.5 10.9 -16.5 11 -17.3 11.1 -16.2 13.2 -16.1 12.4 — — -17.3 11.1

Note: Not = Not yet weaned at death.
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x-axis, with δ15N plotted as circles in the upper half of the quadrat and δ13C as 
triangles in the lower half. Bone collagen values are plotted as X marks on the 
right of each age series. Marked changes in isotopic values are likely to corre-
spond to behavioral changes for an individual. For example, weaning is typi-
cally represented by a marked decrease in δ15N, that is, a drop in trophic level, 
in the early growing sections of the permanent M1 (see Eerkens et al. 2011). 
All four individuals in figure 6.3 show this drop in δ15N across the early grow-
ing tooth sections. Assuming the terminal point of the drop marks the cessa-
tion of breastmilk, we can then estimate an age of weaning. Table 6.3 presents 
age of weaning estimates for all individuals with relatively complete M1 teeth. 
For a few individuals, such as Burials 3, 11, and 14, we did not have enough 
in-tact serial sections to generate an age at weaning estimate, due either to 
occlusal wear that removed the earliest-forming sections or because of poor 
preservation. As well, Burial 9 appears to have died before being weaned.

Other shifts in isotopic values may correspond to changes in residence lo-
cation. For example, marked changes in δ13C may correspond to residential 
moves to areas with greater (higher δ13C) or less (lower δ13C) access to marine 
foods. For example, male Burial 8 (lower left quadrant in figure 6.3), shows 
a marked increase and then decrease in δ13C (and δ15N) between the ages of 
fourteen and twenty-one, suggesting he ate significantly more marine foods 
during this window in his life. Because he died as a mature adult in his fifties, 
this dietary shift would have occurred in the 1740s or 1750s, before missions 
were established in Northern California. Thus, rather than a dietary shift as-
sociated with a move into the missions, this may reflect instead a residen-
tial move associated with his marriage. For example, he may have married a 
woman living in a different village that was closer to the Pacific Ocean with 
greater access to marine foods around age fourteen, spent a number of years 
there, perhaps performing bride service or until after his first child was born, 
and then moved back to his natal village.

By contrast, Burial 2, who was likely born and lived his entire life within 
the mission, shows little change in δ13C after he was weaned. The lack of ma-
jor shifts in δ13C is consistent with a single place of residence, and indicates a 
consistent and stable amount of marine and/or maize in his diet.

Burials 6 and 13 were both young adults at death, with the former display-
ing still-growing M3 roots, and the latter just-completed M3 roots at the time 
of death. As shown in figure 6.3, both individuals show significant shifts in 
diet in late teenage years, marked by decreases in both δ13C and δ15N. Burial 
6 is tentatively identified as an individual baptized at age fifteen and dying 
at age seventeen (see chapter 11). The decrease in δ13C and δ15N beginning 
around age fourteen for Burial 6 accords well with the timing of his baptism, 



Figure 6.3. Isotopic life histories for Burials 2, 6, 8, and 13.
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both two to three years before his death, and could be associated with a di-
etary shift when he entered the mission. Likewise, the decrease in δ13C, and 
especially δ15N, for Burial 13 around age nineteen, approximately two to four 
years before her death, would also accord with a residential move to the mis-
sion and a transition to a more mission-based diet with less marine and more 
plant-derived foods.

Using this approach, we were able to derive an isotopic estimate for the 
“Mission Diet” for seven individuals who had still-growing or just-completed 
teeth at the time of death. Collagen extracted from the terminal sections of 
these teeth should represent δ13C and δ15N dietary composition close to the 
time of death, in other words, that while within the mission system. These 
estimates are given in the final column of table 6.3.

Establishing the Mission Period diet for individuals allows us to compare 
pre- and post-mission dietary composition for a subset of the individuals in 
the study. Figure 6.4 plots the mission diets of six adults as large triangles 
(with the burial number inside the triangle). Small triangles, connected by a 
line, represent what we estimate their isotopic composition was before enter-
ing the mission. The pre-mission diet reflects diet at approximately nine to 
thirteen years of age, again based on dentinal collage values. The trajectory of 
the connecting line thus indicates directional change in the diet of these six 
individuals from their traditional to mission diet.

As shown in figure 6.4, for all six adult individuals, the Mission Period diet 
is lower in δ13C (an average of 0.7‰ lower), and for five of six lower in δ15N 
(an average of 0.8‰ lower). This shift is consistent with a decrease in marine 
food, and an increase in plant-derived foods and/or domesticated animals 
raised on C3 plants.

The two infants, Burials 7 and 16, are plotted as square symbols in figure 
6.4. Assuming the infants were stillborn, or had not been breastfeeding for 
very long before their deaths, the bone collagen isotopic values should corre-
late with the diet of their mothers, most likely while in the mission. As shown, 
the isotopic values fall close to other adults, suggesting mothers of the infants 
were eating a mixed diet, most likely a combination of marine and terrestrial-
based foods.

Figure 6.4 plots also the two children, Burials 9 and 11, as diamonds. Pro-
teomic analyses in chapter 4 indicate both are male. These boys stand some-
what apart isotopically from the adults. The low δ13C values, paired with still 
relatively high δ15N, place both boys within the “livestock C3 dominated” el-
lipse. Marine foods seem to have played only a small role in their diets.

Interestingly, comparison of the pre- to post-contact isotopic data show 
that the pre-contact pattern of adult males having higher δ13C and δ15N than 
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females, is reversed in the Mission Period. We are limited to just three males 
(Burials 2, 6, and 15) and three females (Burials 12, 13, and 14) for such a 
comparison, but Mission Period female δ13C is 0.4‰ higher (-16.2‰ vs. 
-16.6‰) and δ15N is 0.9‰ higher (12.8‰ vs. 11.9‰) than males. This pat-
tern is reinforced by the two infants, whose bone collagen values likely reflect 
the mother’s mission diet, who are both higher in δ13C relative to the male 
adults. Overall, this suggests that within the mission, females were eating 
more higher-trophic level foods, perhaps in the form of greater proportion of 
marine food. As well, this suggests that male diets were more dynamic across 
the pre-contact vs. Mission Period transition, while female diets were more 
stable.

Conclusions

Stable isotope data from teeth and bone provide insight into pre–Mission 
Period diets, and for some individuals, how that changed after entering the 

Figure 6.4. Comparison of isotopic composition of precontact (circles) and Mission 
Period diets for older individual (triangles) who were born outside the mission but 
had forming or recently formed dental tissues at the time of death (trailing lines show 
directional change in diet across the temporal transition), two children (diamonds), 
and two infants (squares).
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mission. Results indicate that marine foods were important in the diets of 
most individuals who were buried at the asistencia, both before and during 
the Mission Period. The highest δ13C and δ34S values among the individuals 
indicate marine foods may have contributed over 50 percent of the protein 
in a year in the pre-mission time period, while the lowest pre-contact values 
indicate about 25 percent in a year, with an average near 35 percent. Here, 
marine foods could come from both the Pacific coast as well as the San Fran-
cisco Bay, though given the proximity of the coast, the former seems more  
likely.

This finding contrasts with individuals buried at Mission Santa Clara. As 
shown in figure 6.1, bone collagen at this more inland location is generally 
lower for δ13C (on average by 1.5‰) and δ15N (on average by 2.5‰) com-
pared to those from Asistencia de San Pedro y San Pablo. Not surprisingly, 
this indicates that individuals in the interior in Santa Clara Valley had much 
less access to marine foods, even from San Francisco Bay, and were probably 
eating higher amounts of plant-derived foods, much from fertilized fields, 
and likely included some C4 foods (i.e., maize).

Within the Asistencia de San Pedro y San Pablo sample, we examined in 
detail six younger adults who were born before the mission system started, 
and thus had recorded a traditional dietary signal in their earlier growing 
dental tissues. These individuals died at the mission while some teeth were 
still growing, therein also recording their diet from the Mission Period, and 
allowing a comparison of diet across this transition. For these individuals, the 
pre-mission diets fall along the axis between the “marine-dominated” and 
“C3 wild plant dominated” ellipses, suggesting a mix of plants and marine 
animals (including shellfish) in the traditional diet. Notably, isotopic values 
do not overlap data at pre-contact sites in modern-day San Francisco (e.g., 
CA-SFR-191; unpublished data in possession of the author which show much 
higher δ13C and δ15N values), nor with data from pre-contact sites in San Jose 
and the Santa Clara Valley (e.g., CA-SCL-128 and -287 which show much 
lower δ13C and δ15N values; Bartelink 2014; Greenwald et al. 2016). Instead, 
they closely match isotopic data from other pre-contact individuals from the 
central part of the San Francisco Peninsula (e.g., CA-SMA-78 and -160; see 
Goring et al. 2020). From these findings, we suggest the people buried at the 
asistencia were likely native to the central peninsular area, and not from more 
distant or inland localities.

Change across the pre-contact to Mission Period indicates a reduction in 
both marine foods (as indicated by lower δ13C) and trophic position (as indi-
cated by lower δ15N). Using the simple linear mixing model proposed by Bar-
telink (2006), the 0.7‰ decrease in δ13C corresponds to an average absolute 
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reduction by about 5 percent in marine-derived protein within the Mission 
Period, or from about 35 percent to 30 percent. Similarly, assuming a 4‰ 
difference between trophic levels, the 0.8‰ decrease in δ15N corresponds to 
a relative increase in plant protein by about 15–25 percent compared to ani-
mal sources of protein, depending somewhat on the precise original mixture 
of foods. The direction of this dietary shift is toward isotopic data observed 
among many nineteenth-century Euro-Americans from San Francisco (figure 
6.1). However, asistenica diets are still distinct isotopically from the latter. 
In particular, the lower δ15N values among Native people, relative to Euro-
Americans, suggests the former were eating more plant-derived foods and 
less meat than the latter.

Male diets seem to have been more dynamic across the pre-contact to 
Mission Period transition, while female diets were more stable. The sample 
sizes are small, but this may indicate more of a persistence of traditional diet 
among females, versus a greater change for males. Indeed, the two younger 
children (Burials 9 and 11), both males, stand apart from all the other indi-
viduals. These two children seem to have adopted a more Euro-American-like 
diet, with apparently little seafood, little to no maize, and more terrestrial 
animal foods than other Native people within the asistencia.

Finally, the data from faunal remains provide insight into foddering of do-
mesticated animals within the asistencia. Most animals seem to have been 
eating wild C3 foods, likely grasses and other shrubs that grew naturally in 
the region. However, one chicken was fed primarily maize, while a second 
chicken and one cow seem to have been eating at least some maize as well.

In short, isotopic data indicate that diets for Native people within the asis-
tencia incorporated a greater proportion of plant products, likely plants from 
fertilized fields, and greater amounts of terrestrial (versus marine) animals, 
compared to their traditional diets. Yet, people still ate a significant number of 
traditional foods, especially those from marine environments, that set them 
apart from nineteenth-century Euro-Americans and from Native people at 
Mission Santa Clara. In this respect, both persistence of some traditional 
foods, especially among women, as well as incorporation of new mission food 
products, especially among male children, seems to have characterized di-
etary patterns for individuals who were buried at Asistencia de San Pedro y 
San Pablo.
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One of the key questions in the archaeology of colonialism in California is the 
extent to which Native people accepted introduced cultural practices, such 
as religion, technology, and diet, or continued traditional practices. This is 
especially pertinent for studies of Spanish missions and related sites, where 
colonial authorities sought to control the daily lives of Native people. Histori-
cal sources, such as mission records and diaries of Spanish fathers, provide 
one perspective on life in the mission. Research in the mid-1900s tended to 
emphasize such sources in dietary reconstruction (e.g., Geiger and Meighan 
1976; Webb 1952).

More recent research recognizes that the Spanish may not have observed 
all traditional behaviors and that historical sources likely include particular 
biases, especially those of omission. As a result, much recent work emphasizes 
archaeological sources of data to provide an alternative perspective (e.g., Al-
len 1998; Kiel 2016; Noe 2023 Popper 2016; Reddy 2015). Although archaeol-
ogy is subject to many of its own biases, they are different in nature than those 
provided in written historical sources. Together with still other perspectives 
(i.e., ethnographic, oral history), we can provide a more complete picture of 
dietary and other behaviors within the missions.

This chapter attempts to provide a modern archaeometric perspective on 
diet for individuals buried at the Asistencia de San Pedro y San Pablo. We 
focus on biomolecular signatures, fragments of proteins (peptides), preserved 



Proteomic Analysis of Dental Calculus as Insight into Mission Period Diets  ·  139

in dental calculus. These signatures are used to estimate the original food (or 
non-food) source. Because such studies have never been conducted in Cali-
fornia before, we contextualize the results by comparing the asistencia indi-
viduals to a set of samples from precontact San Francisco Bay area. Doing so, 
we can estimate how diet may have changed from pre-mission to the Mission 
Period.

If peptides matching a known introduced species, such as cattle, were to be 
found in the asistencia Mission Period set but not the precontact set, it would 
provide support for the consumption of an introduced species, and hence a 
change in dietary practices. Likewise, if peptides matching a native species 
were found in both sample sets, it would suggest continuation of traditional 
dietary practices within the Mission system. However, as we note below, pro-
teomic baseline data are not available for all species, especially many native 
Californian ones, and many species share ranges of protein sequence, making 
discrimination challenging. Thus, tracing the sources of peptide fragments 
requires caution in interpretation.

Dental Calculus

Dental plaque biofilm often accumulates within regions in the oral cavity that 
are relatively sheltered from the disruptive forces attendant to chewing, and is 
classified according to its position above or below the gingival margin (Marsh 
2004). Plaque formation begins with salivary proteins adhering to the sur-
face of teeth, forming a substrate that is colonized by a multitude of bacterial 
species; the complex interactions of which result in the development of an 
extracellular matrix (Marsh 2004; Warinner et al. 2015). This porous matrix 
is a scaffold for a wide range of macromolecules including bacterial proteins, 
polysaccharides, and extracellular DNA, and is both generated and main-
tained by the complementary biochemical processes of the disparate bacterial 
species living within the biofilm (Marsh 2004; Warinner et al. 2015).

Over time, calcium phosphate ions will periodically precipitate within 
both the plaque matrix as well as within some of the bacteria, resulting in a 
mineralized structure that itself serves as a surface upon which more plaque 
may develop, and the mineralization cycle repeats (Aghanashini et al. 2016, 
42–50; Marsh 2004). A given specimen of calculus therefore represents a tem-
porally ordered sequence of successive calcification events, each of which may 
trap and preserve host cellular material, as well as that from bacterial, viral, 
fungal, dietary, and environmental sources (Fagernäs et al. 2020; Warinner et 
al. 2014, 2015).
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Preservation and Identification of Biomolecules

Calcified plaque is resistant to interference from microbes, enzymes, and non-
acidic conditions, and can therefore preserve the structure of macromolecules 
trapped within it. These biomolecules can then be identified if subjected to 
modern analytical methods. Microscopic examination of dental calculus is ef-
fective in dietary reconstruction by identification of certain microfossils, such 
as starch or phytolith granules (Warinner et al. 2015) if they retain enough 
morphological differences between species or genera of interest.

However, many dietary constituents do not leave such traces, and as such 
their identification lies primarily in the realm of ancient DNA or protein 
analysis. Demineralization followed by specialized genomic or proteomic 
workflows can allow bioinformatic searches of DNA sequencing or mass 
spectrometry data against databases of reference sequences, thereby enabling 
identification of preserved biomolecules, providing information about an in-
dividual’s life history, including host disease state or diet (Fagernäs et al. 2020; 
Sawafuji et al. 2020; Warinner et al. 2014).

Optimized genomic and proteomic workflows involve steps that render 
them incompatible with one another, and while experimentation has shown 
that is possible to collect both genomic and proteomic data from the same 
sample, the concessions made in experimental design to facilitate combined 
DNA and protein extraction seem to come at the cost of DNA yield and pro-
tein diversity (Fagernäs et al. 2020). This potential bias to data yield is not 
inherently prohibitive because dietary biomolecules are present at far lower 
abundance in dental calculus samples than are residua from host or oral mi-
crobiome sources (Warinner et al. 2014). An experiment aimed specifically at 
elucidating dietary composition from dental calculus may be better served by 
focusing solely on one class of biomolecule for optimized extraction. Given 
that proteins are more robust than DNA, and present at much higher copy 
number, a proteomic workflow was selected for the sample set described be-
low.

Proteomic Context

Every species on Earth uses some subset of the same twenty amino acids to 
synthesize the proteins coded for in its genetic sequence. Akin to DNA, the 
“sense” of a protein is given not by an individual molecule—be it nucleotide or 
peptide—but by the sequence in which several such molecules are arranged. 
Sets of three nucleotides “code” for single amino acids, strings of which, co-
valently bonded to one another, form the primary structure of a protein. The 
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sequence of amino acids in a protein therefore carries a degree of specificity 
to the organism whose genes coded for it. Many proteins are essential to basic 
biological necessities (such as carrying oxygen to muscles, or gene transcrip-
tion), and may vary little if at all between species. However, because genetic 
variation between organisms tends to correspond to evolutionary distance 
(i.e., the number of generations elapsed since they last had a common ances-
tor), to the degree that distinguishing protein sequences are preserved in a 
sample, proteomic analysis is capable of phylogenetic discrimination.

Because dietary constituents were unknown, and because the proteins pre-
served in the dental calculus were expected to be degraded, the workflow was 
designed as a “shotgun proteomics” project. In brief, proteins encapsulated in 
calculus were solubilized by mechanical milling in acid, then digested with 
trypsin, and injected onto a liquid chromatography instrument coupled to a 
tandem mass spectrometer (LC-MS/MS). In this setup, peptides are separated 
by relative hydrophobicity, ionized, then fragmented, yielding predictable 
peptide fragments of around ten to twenty amino acids long. The resultant 
fragmentation spectra are compared to expected peptide sequences from a 
reference protein database for specific foodstuffs using bioinformatic software 
(Steen and Mann 2004). Sequences/spectra reported by the software were 
considered for comparison and validation (discussed more in the “analysis” 
section below) if they passed the standard quality threshold of 1 percent false 
discovery rate (FDR) (Eng et al. 2011).

Samples

This study focuses on dental calculus removed from the teeth of nine indi-
viduals from the Asistencia de San Pedro y San Pablo (see table 7.1). Because 
plaque accumulates over time, the sample is biased toward older individuals 
from the site, those who lived long enough to form substantial calculus de-
posits. Several of the infants and younger children did not contain calculus 
and could not be included in the study. Together, the sample represents six 
adult females (four older adults and two younger adults) and three males (one 
older adult, one younger adult, and one adolescent).

For context and comparison, dental calculus was also analyzed using 
the same methodology from eleven precontact individuals, six from CA-
ALA-329 (dating 2,500 to 200 years ago) and five from CA-SFR-191 (dating 
1,400 to 700 years ago). These precontact samples were analyzed with permis-
sion from Most Likely Descendant groups, the Muwekma Ohlone and Ra-
mona Garibay (Him’Ren Ohlone), respectively. This enabled comparison of 
proteomic species searches between precontact and Mission Period sample 
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sets to investigate change in dietary composition between time periods, as 
well as, in the case of species thought to have been introduced by the Spanish 
settlers, to provide a rough validation of such species.

Methods

Samples were processed using a method previously optimized for use on tooth 
enamel (Parker et al. 2018). Each sample was weighed into a milling tube con-
taining seven ceramic beads and 200 uL of 1.2 M HCl. Tubes were milled in 
an Omni-International bead beater, centrifuged, and subject to reduction via 
addition of 6 uL of 0.5 M Dithiothreitol (DTT) at 56 C for 60 minutes. Alkyla-
tion was performed with addition of 12 uL of 0.5 M Iodoacetamide (IAA) and 
incubation for 60 minutes in the dark at room temperature, and the reaction 
was quenched with addition of 12 uL of 0.5 M DTT. Proteins were digested 
via sequencing grade trypsin and protease max for 20 hours at 600 RPM, then 
desalted and concentrated using Pierce C18 tips before separation by liquid 
chromatography and data acquisition using an Orbitrap Fusion Lumos Trib-
rid instrument.

LC-MS/MS data was processed first using the global proteome machine 
(GPM) to identify bacterial species from peptide sequences present in the 
calculus samples. Any bacterial species found in the samples that could be 
attributed to environmental contamination were eliminated from consider-
ation as contributors to the oral milieu during the life of the individual. Two 
such environmental contaminant bacterial species, as well as several other 
non-eukaryotic species including normal human oral flora and potential 
pathogens were selected based on their presence in the GPM data for use as a 

Table 7.1. Individuals and samples included in calculus proteomic study

Bur. # Sex
Age at 

Death (yrs)
Calculus 
Weight

Tooth 
Associated

3 Fem. 45–50 17.3 mg ULM3
4 Fem. 40–50 0.9 mg Upper M3
5 Fem. 45–50 1.0 mg LLM1
6 Male 18–25 8.1 mg LLC + ULM1 + LLI2 

(mixed)
8 Male >45 5.0 mg LRM2
10 Fem. 40–44 0.6 mg LRM1
12 Fem. 20–25 0.8 mg URM1
13 Fem. 20–24 6.5 mg URC
15 Male 13–17 2.7 mg Lower Incisor
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comparator to potential dietary species in the data analysis stage using PEAKs 
xPRO bioinformatic software.

The bulk of the data analysis was conducted using search function results 
for all proteomes searched in PEAKs. These results were from a module de-
signed to associate unassigned but high de novo scoring spectra to the data-
base search results (Chen et al. 2020), with mass tolerances for combinations 
of over three hundred naturally occurring post-translational modifications. 
For this project, 3 PTMs per peptide were considered, with carbamidomethyl-
ation of Cysteine residues accounted as a fixed modification. Proteins match-
ing sheep keratin and porcine trypsin were discounted, as porcine trypsin 
was used as the protease in this experiment, and both are represented in the 
common Repository of Adventitious Proteins (The Global Proteome Machine 
2014).

Species Search Strategy

Identifying species based on peptide sequences was challenging for four main 
reasons, points we elaborate on below. First, proteins derived from plants and 
animals comprise only a minor component of calculus, with the majority rep-
resenting bacterial species and humans (presumably from the host). Isolating 
the former from the latter was computationally and analytically challenging. 
Second, only certain types of animal proteins were recovered, principally col-
lagen. Because collagen proteins are common across animal species, and are 
functionally important in animal survival, there are relatively few amino acid 
substitutions that distinguish collagen of one species from another (Richter et 
al. 2022). Third, due to computational and time limitations, it was necessary 
to limit the search to peptides associated with key species of interest, rather 
than all species present in global databases. Fourth, complete proteomes for 
many taxa that would have been of interest anthropologically are not avail-
able. This is especially true for species that are not economically important 
today. As a result, we had to either use closely related “stand-in” species for 
the species of interest. For example, we used quinoa (Chenopodium quinoa) 
and introduced wine grape (Vitis vinifera), for which proteomes do exist, as 
stand-ins for the native goosefoot (Chenopodium californicum) and native 
grape (Vitis californica), for which they do not.

For this study, we limited the search to two broad categories. First, we gen-
erated a list of species endemic to California and known to be important in 
precontact diets based on ethnographic and archaeological data. Second, we 
created a list of species that were introduced post-contact and are known to 
be important in Mission Period diets based on historical documents. The de-
cision to restrict the species searched to a small subset of potential candidates 
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(foregoing, for example, barley, spinach, rabbit, and many bird species) was 
made to provide reasonable analysis time. We chose goosefoot and grape, as 
discussed above. As well, we chose Quercus lobata (valley oak) as a stand-in 
for all acorns, recognizing that coastal oak groves will be dominated by other 
species (for which no proteomes exist), and Oncorhynchus gorbuscha (pink 
salmon) as a stand-in for all salmon, though chinook are dominant in most 
California environments. In the final analysis, Enhydra lutris kenyoni (sea ot-
ter), Apis cerana (honeybee), and Brassica oleracea (wild cabbage) were cho-
sen due to their presence in an initial undirected GPM search result. Fasciola 
hepatica (liver fluke) was also chosen due to the initial GPM result, though 
as a substitute for the GPM reported species Fasciola gigantica (giant liver 
fluke), for which there was no proteome available. Cervus canadensis (elk), 
Odocoileus virginianis (deer), and Mytilus californianus (marine mussel) were 
included in the search as they are known components of Native diets.

Bos taurus (cow), Sus scrofa (pig), Ovis aries (sheep), Capra hircus (goat), 
Vitis vinifera (grape), Zea mays (maize), and Gallus gallus (chicken) were also 
chosen to represent common introduced species. In the course of data com-
parison and sequence refinement of the PEAKs search results, we also added 
Castor canadensis (beaver) and Punica granatum (pomegranate). While not 
considered as a distinct dietary contributor, the proteome of Lupinus albus 
(white lupin) was also searched—this was used to filter out ambiguous se-
quences from pomegranate that could not be distinguished from native lu-
pine. PEAKs Xpro software was used to identify peptides within calculus 
samples, and all reference proteomes were obtained in FASTA format from 
NCBI​.gov.

Phylogeny Refinement

As mentioned, a number of challenges complicated assignment of recovered 
peptide sequences to distinct dietary sources. There was no proteome avail-
able for several species of interest. Consequently, no sequences were available 
for to search within the bioinformatic software for direct peptide evidence of 
native Californian bighorn sheep, nor for pronghorn antelope, either of which 
could have served as a “competitor” proteomes for domesticated sheep and 
goat. By Occam’s razor, it is easier to assign species in the precontact data set. 
Thus, a match to artiodactyl likely represents a small number of possibilities 
(pronghorn, elk, or deer), but a much larger set including both native and 
introduced species in the Mission data set.

Because the proteomes searched in PEAKs represent only a fraction of all 
available proteomes—which itself represents only a fraction of the species di-
versity on the planet—there remained a need to determine what other species 
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ought to be considered before assigning a given result as a dietary contributor. 
Because species contain many overlapping protein sequences, the determi-
nation of species candidacy was made on the basis of parsimony. This was 
achieved by taking validated spectra/sequence candidates from the PEAKs 
comparative database search which appeared unique to a single species (or 
to a set of two closely related species in the case of Capra hircus and Ovis 
aries, or Cervus canadensis and Odocoileus virginianis) and applying those 
sequences to the Basic Local Alignment Search Tool (BLAST) in both NCBI 
and Uniprot databases. We only accepted species that were common between 
the two analyses as candidates for a given peptide sequence. Accepted pep-
tide sequences were then assigned so as to be accounted for by the minimum 
number of geographically feasible species, and reported at the highest level 
of resolution supported (i.e., family, genus, or species). For example, while 
a peptide sequence matching more generally bird, but also Burmese python 
and Chinese alligator, given the geographic context, the avian designation is 
the most likely.

Although we argue that species selection by sequence parsimony is the 
most reasonable means of discriminating a dietary component’s presence or 
absence, it is difficult to assign a metric that establishes the quantity or in-
tensity of such a signal. A summative ion current “signal” metric risks over-
estimating those dietary constituents whose sequences were most convinc-
ing by parsimony. We report a more conservative measure when comparing 
differential dietary “contributions” to each sample, the simple raw count of 
the number of distinct ions (ionized peptides) that made up the sequences 
parsimoniously classified.

Results

The twenty candidate floral/faunal proteomes yielded only a small number 
of sufficiently distinctive spectral matches to be carried forward for sequence 
validation. Of those that did, almost all were faunal in origin. Most floral 
species—including Quercus lobata, consumption of which (in the form of 
acorns) is attested to in anthropological sources (Popper 2016)—could not be 
resolved to peptide sequences with better matching to fragmentation spectra 
than the bacterial or human proteomes. Those peptides that were confidently 
distinguished nonetheless tended to correspond to the same class of protein 
or to overlap in sequence with one another. For validation, therefore, in accor-
dance with the principle of parsimony, any overlapping sequences assigned 
to the same protein were combined, and the “total” peptide sequence was 
validated by cross-reference in NCBI and Uniprot Blast tools.
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The majority of peptides supporting the presence of deer and elk in the diet 
could not be resolved from one another in the fragmentation comparison in 
PEAKs software, though in the validation step, deer was slightly more sup-
ported in the precontact calculus samples. Neither was outperformed by the 
pronghorn antelope sequence.

Peptides matching pig, goat, sheep, and grape were identified in the pre-
contact sample set. While the sequences for pig clustered at the validation 
stage with beaver by parsimony, the two peptides matching grape and several 
matching sheep or goat remained distinguished. Proteomes from native Cali-
fornian grape (Vitis californica) and sheep (Ovis canadensis or close relative) 
were not available to attempt to refine the level of specificity, so any occur-
rence of peptides from these species in the Mission Period dataset contains 
an inherent ambiguity (i.e., could be native, could be introduced). In the pre-
contact dataset, these must match related species not present in the selected 
proteome search.

Three peptides matching the pomegranate proteome were identified in the 
precontact set, but as this was geographically impossible, the assignment was 
discounted in favor of parsimonious assignment of two of those peptides to 
grape. The remaining peptide—given that the range of possible species candi-
dates could not be narrowed beyond geographic context—was identified sim-
ply as an ambiguous plant sequence. For pomegranate in the Mission Period 
dataset, one peptide sequence overlapped with that identified in the precon-
tact set, but there were sufficient additional peptides to indicate parsimonious 
association of the sequences with pomegranate.

Mission Period Samples

Forty-two peptides representing ten of the twenty candidate floral and fau-
nal proteomes were compiled into twenty-three sequences prior to cross-
referencing NCBI and Uniprot BLAST results. Comparison of all species 
candidates that could account for those sequences, when grouped parsimo-
niously, indicated support for the presence of several sources in the plaque 
matrix.

Table 7.2 summarizes results. Deer (Cervus canadensis / Odocoileus vir-
ginianis), or a closely related species, was found in two of nine individuals. 
Otter (Enhydra lutris kenyoni), mink (Neovison vison), or a closely related 
species was found in eight of nine individuals. Huchen / Salmon (Salmo / 
Huchen / Oncorhynchus), or a closely related species, was found in one of 
nine individuals. Cow (Bos taurus), or a closely related species, was found in 
three of nine individuals. Fowl of indeterminate species was found in three 
of nine individuals. Beaver (Castor canadensis), or a closely related species,  



Table 7.2. Proteomic results from Mission Period human dental calculus at the asistencia

Bur. Sex / Age Deer Otter Fish Cow
Parasite/
Bacteria Fowl Beaver Pome-granate

3 F / 45–50 — — — — — — 2 1
4 F / 40–50 7 3 — — — 1 8 —
5 F / 45–50 — 1 v 1 — — 2 3
6 M / 18–25 — 1 — 6 1 1 3 3
8 M / >45 8 3 1 — — 1 7 1
10 F / 40–44 — 1 — — — — — —
12 F / 20–25 — 2 — — — — 1 —
13 F / 20–24 — 1 — — — — 2 1
15 M / 13–17 — 1 — 1 — — — —
Note: Cells indicate the number of peptides supporting a given species determination. The symbol “—” indicates no peptides found.
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was found in seven of nine individuals. Pomegranate (Punica granatum), or 
a closely related species, was found in five of nine individuals. A parasite that 
inhabits large ruminant animals (Fasciola hepatica), or an unrelated bacteria, 
was found in two of nine individuals.

For every faunal species excepting Bos taurus, it was distinctive peptides 
of collagen that identified the species, and for four of seven faunal species 
collagen was the only identified protein. In the case of Bos taurus, no colla-
gen proteins were identified—the identified proteins instead consisted of an 
albumin precursor (in Burial 6 only) and beta-lactoglobulin isoform (a whey 
protein of milk).

Precontact Period Samples

Thirty-one peptides representing eight of the twenty candidate floral and fau-
nal proteomes were compiled into sixteen sequences prior to cross-referencing 
NCBI and Uniprot BLAST results. Comparison of all species candidates that 
could account for those sequences, when grouped parsimoniously, indicated 
support for the presence of several sources in the plaque matrix.

Table 7.3 summarizes results. Elk or deer (Cervus canadensis / Odocoileus 
virginianis), or a closely related species, was found in five of eleven individu-
als. Otter (Enhydra lutris kenyoni), mink (Neovison vison), or another closely 
related species, was found in ten of eleven individuals. Beaver (Castor ca-
nadensis), or a closely related species, was found in eight of eleven individuals. 
Native sheep/goat (Capra hircus / Ovis aries), or closely related species, was 
found in three of eleven individuals. Native grape (Vitis vinifera), or a closely 
related species, was found in two of eleven individuals. An unresolved native 
plant was found in four of eleven individuals.

As with the asistencia samples, collagen was again the most common pro-
tein identified in every faunal candidate. In two of four faunal species, col-
lagen was the only identified protein.

Discussion

Consistent with previous studies on biomolecule yield from dental calculus, 
the vast majority of residual proteins in this study were associated with bacte-
rial or human sources (Palmer et al. 2021; Warinner et al. 2014). A total of 
3,522 human peptides were identified in the Mission dataset, and 2,398 in 
the precontact dataset. Only a very small number identified as deriving from 
animal or vegetal sources, and of those the majority were animal collagen 
protein—23/42 in the Mission dataset and 25/31 in the precontact dataset. 
Given the range of overlap between the collagen sequences of the larger mam-
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mals searched in this dataset, the determination of direct peptide evidence for 
consumption of a single, parsimonious species, should not be construed as 
unambiguous evidence of absence of other species also included in the study. 
For example, no unique peptides were found that correlate to bovine meat, 
while peptide evidence was found for deer and goat/sheep meat. However, 
there is much sequence overlap between bovine, deer, and sheep collagen, 
and anthropological records indicate widespread consumption both of cattle 
and other imported livestock within the missions (Allen 2010; Schneider et 
al. 2020).

A surprising result is the number of precontact individuals with apparent 
evidence for sheep/goat specific peptide signals. While California does have 
native bighorn sheep (Ovis canadensis), today they are restricted to desert 
locations in the eastern part of the state, including in the Sierra Nevada, and 

Table 7.3. Proteomic results from precontact-period human dental calculus

Site/
Individual Sex / Age

Arch 
Period Deer

Otter/
Mink

Sheep/
Goat Beaver Grape Plant

ALA-329 
Bur 102

M / 21–30 MP 1 6 — 1 1 —

ALA-329 
Bur 64

M / 30–39 LP2 — 1 — 3 — —

ALA-329 
Bur 74

F / 35–44 LP1 4 7 — 8 — —

ALA-329 
Bur 110

M / 30–35 LP1 — 1 — 2 — —

ALA-329 
Bur 263

F / 25+ MP — 1 — — — 1

ALA-329 
Bur 251

F / 25–35 MP — 1 — 3 — —

SFR-191 
Bur 18.1

M / 35–45 MP — 1 1 3 — 1

SFR-191 
Bur 17.3

M / 30–40 MP 1 4 1 3 1 1

SFR-191 
Bur 17.5A

Ind / 25–45 MP — — — — — —

SFR-191 
Bur 17.9

F / 35–40 MP 2 1 — 2 — 1

SFR-191 
Bur 17.10

Ind / 15–18 MP 1 3 1 — — —

Notes: Cells indicate the number of peptides supporting a given species determination which were derived from 
the individuals calculus dataset. The symbol “—” indicates no peptides found. Ind = Indeterminate sex; MP = 
Middle Period (ca. 2500–965 cal BP); LP1 = Late Phase 1 (ca. 685–430 cal BP); LP2 = Late Phase 2 (ca. 430–180 
cal BP).
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are not known from the western part of the state. Some historic records sug-
gest native sheep may have existed in the coast range, including around San 
Francisco Bay (Wagner et al. 1938), yet zooarchaeological studies do not sup-
port this finding. It is unlikely that bighorn meat was commonly carried from 
the Sierra Nevada, across the valley to the San Francisco Bay area. Most likely, 
then, the presence of “sheep/goat” peptides in precontact calculus samples 
represents the consumption of a different native animal, one that is not pres-
ent in proteomic databases, but that overlaps in its peptide sequence with 
sheep/goat collagen.

By contrast, peptide signals for fowl and possible parasitic infection are 
easily resolvable from the other mammals and plants, but lack close compara-
tors at the level of a proteome search that would render them unique to a spe-
cies. For example, fowl collagen could have come from chickens raised in the 
Mission but could equally have come from native birds hunted for meat such 
as goose or duck. As mentioned above, the peptide sequence itself is common 
across a wide swathe of the animal kingdom and resolvable to avian origin 
in this context only because of geographical constraint. The lack of confident 
assignments to Quercus lobata (well-attested to in the literature as a compo-
nent of traditional diet), or Zea mays and Triticum aestivum (both common 
cultivars among the Missions), are more surprising. It is possible that peptides 
unique to these species do not survive well or are not readily recovered. Ad-
ditional study will be necessary to resolve this question.

The peptide sequence matching the liver fluke (Fasciola hepatica) pro-
teome in one individual in the asistencia dataset (Burial 6) is reported more 
as a point of interest rather than to assert clear parasitic infection, given the 
lack of species resolution. No such peptides were observed in the precontact 
dataset. While just a single observation, this result could be suggestive of the 
coincidence of parasitic infection associated with introduced ruminant spe-
cies.

Overall, there does appear to be a shift in dietary trends between the pre-
contact and Mission Periods. While evidence of fruit consumption is poorly 
represented in both data sets, there is strong evidence for the incorporation 
of imported fruit into Mission dietary practices. Grape proteins found in the 
precontact dataset were supplanted by pomegranate peptides present in just 
over half of samples in the Mission set. Moreover, the Mission samples show 
evidence of limited dairy consumption, with the majority of peptide evidence 
limited to a single young male adult, and only sparsely represented in two 
other individuals, one older female and one younger adolescent male. These 
findings broadly corroborate anthropological reports of Mission residents 
incorporating domesticated animal products and cultivated fruit into their 
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diets, as well as the absence of widespread dairying—as cattle were report-
edly used primarily for meat and leather rather than milk among the Native 
population (Allen 2010; Arkush 2011; Popper 2016). The sample size is small, 
but it may be noteworthy that two of the four younger individuals included 
in the dataset have evidence for milk consumption, while only one of the five 
older adults do. Taking bovine and pomegranate peptides as rough indicators 
of imported nutrition sources, these peptides represented a larger proportion 
of the total peptides identified in the younger individuals than their older 
counterparts. Together, these findings are consistent with greater dietary 
change, or greater experimentation with nontraditional dietary items, among 
the younger individuals within the asistencia population.

If peptides for wild deer serve as a proxy for larger game hunting in gen-
eral, the decrease (though not elimination) in prevalence of unique deer se-
quences among members of the Mission Period dataset compared to their 
precontact cohort suggests greater reliance of domesticated animal sources of 
protein within the Missions. Both Mission Period individuals with evidence 
of deer consumption were older adults. Indeed, both these individuals had 
over twice as many peptides in their datasets relative to others (excepting 
one individual), with the majority of those peptides representing traditional 
sources of nutrition, including the only instance of fish peptide in the dataset 
(likely salmon, given the geographic context). Again, this is consistent with 
older individuals continuing more of a traditional diet, though it is also pos-
sible that peptide signals were preserved in their calculus from a time before 
they entered the Mission.

By the same token, the prevalence of otter/mink and beaver in both the 
precontact and Mission Period samples, even among some of the younger in-
dividuals in the latter group, provides evidence for continuation of some tra-
ditional dietary patterns cross-generationally. Moreover, by dint of the natural 
habitats of otter, mink, and beaver, their prevalence in the calculus data also 
support conclusions made elsewhere in the anthropological literature (Panich 
2016; Schneider et al. 2020) that far from being held to a single geographic 
locale as intended by the principles of the Franciscan program of reduccion, 
Native people within the missions were commonly engaged in traffic outside 
the walls of the compounds.

It is possible that such peregrinations might have been more the province 
of the younger individuals. For example, the list of artifacts associated with 
each grave indicates by far the greatest prevalence of Olivella and clam beads 
among the younger individuals. Given that these artifacts are well represented 
in the ethnographic and archaeological record as important items in trading 
networks (Panich 2016), the gravesite context could suggest that it was the 
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younger adults who were more heavily involved in these trade networks. Such 
trading could dovetail with hunting of smaller game including otter/mink 
and beaver, and fishing.

Beaver and otter pelts were particularly important trade items during the 
Mission Period in California, for example, traded by Spanish crown to China 
in exchange for mercury that was then used in mining activities (Hackell 
1997; Ogden 1975). Within the missions, baptized individuals were encour-
aged to obtain these items by hunting or trapping. It seems likely that while 
the Spanish crown desired the pelts, Native people could retain the meat for 
consumption. The prevalence of beaver and otter collagen within the cal-
culus of baptized individuals at the asistencia may represent such activities. 
Although only some individuals may have hunted or trapped such animals, 
widespread sharing of meat among the baptized may explain why nearly all 
the asistencia individuals display such evidence in their calculus.

Conclusions

Results from this exploratory study add new information about diets for Na-
tive people recruited into the mission system, relative to diets in precontact 
time periods from San Francisco region, assuming the majority of peptides 
recovered from the Asistencia de San Pedro y San Pablo sample were depos-
ited after entrance into the missions. The sample size is clearly small, and 
additional analogous studies at other mission sites would help evaluate how 
widespread the patterns documented here were. Yet even with the limited 
scope of the current studies, it is clear that some aspects of diet changed, while 
others continued.

In terms of change, three individuals seem to have incorporated cow, and 
more specifically cow’s milk, into their diet. This suggests a willingness or en-
couragement to substitute domesticated animal protein for some traditional 
game. It is of particular interest that two of these individuals, Burials 6 and 15, 
were younger males at the time of death (eighteen to twenty-five and thirteen 
to seventeen years, respectively). This matches results from the stable isotope 
studies (see chapter 6), where younger male individuals had divergent diets 
compared to older adults, especially with regard to the protein component 
of the diet. This suggests greater dietary exploration and/or change among 
younger individuals within the mission system. The presence of peptides 
matching liver fluke in Burial 6 also suggests that zoonotic pathogens may 
have been introduced by the Spanish, which then spread to the Native popu-
lation vis-à-vis food sources.
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Along these lines, results also hint at a reduction in the prevalence of deer 
relative to the precontact samples. Only two individuals (of nine), Burials 4 
and 8, both older adults at the time of death, have evidence for deer, while 
five of eleven precontact samples have peptides consistent with deer. In this 
regard, it appears that cow, and perhaps sheep and goat, may have substituted 
as a source of meat for many individuals. At the same time, both of the indi-
viduals who do, have large numbers of deer peptides (and no distinguishing 
cow peptides). If the quantity of peptides is an indication of the importance of 
a food item in the diet, it may suggest that when people ate deer, they ate large 
amounts of it, foregoing domesticated animals.

The presence of peptides consistent with pomegranate also hint at dietary 
change within the population. In contrast to cow, peptides from pomegranate 
occur more widely throughout the population, including younger and older 
individuals. Perhaps pomegranate more easily substituted for other naturally 
occurring fruit plants within the traditional diet.

While some peptides are consistent with dietary change, others indicate a 
continuance of traditional food practices. Peptides associated with otter and 
beaver were widespread in both precontact and the mission individuals, while 
fowl was found in three and fish in one Mission Period individual (Burial 8). 
This indicates that small game hunting continued on a significant scale, and 
perhaps fishing and fowling as well, among the baptized population.

As mentioned, it remains to be seen how widespread these dietary changes 
were among baptized individuals within the mission system. This will require 
similar studies among other mission populations in Northern California. 
Working and living at an asistencia, rather than a mission, it is possible that 
the individuals here may have had particular freedoms that others within the 
mission system may not have had. This may have included time to hunt or 
fish and continue traditional foodways. As well, as discussed in the chapter 
examining grave goods, individuals may have had access to trading networks 
wherein traditional food items could have moved. All of this may have al-
lowed Native residents of the asistencia more freedom in choosing their diets 
than those who lived at the associated Mission San Francisco de Asis.
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Biochemical Ethnobotany of Ohlone Plant 
Use during the Mission Period

Mario Zimmermann, Shannon Tushingham,  
Anna Berim, and David R. Gang

The Mission Period represents an era of unprecedented change in the life-
ways of Native Californians. Accompanying militarized expeditionary forces, 
Franciscan friars founded missions along the coast of Alta and Baja Califor-
nia throughout the late eighteenth and early nineteenth centuries. In their 
attempt to evangelize local communities, Franciscans disrupted settlement 
patterns, forced conversion to Catholicism, and implemented Western edu-
cation. In the past, historical treatments of this period were dominated by 
narratives of assimilation and loss, where neophytes largely abandoned their 
way of life once integrated into the Spanish colonial system (Hackel 2005; 
Milliken 1995). Without dismissing the transformative and devastating im-
pacts of missionization and colonization, more recent approaches highlight 
the agency of Native Californians and provide a more nuanced understand-
ing of colonial entanglements during this period. Archaeological studies of 
residences at Mission and non-Mission sites testify to a variety of responses 
by Native Californians, and processes of persistence, hybridity, and resistance, 
depending on their geographic and social circumstances (e.g., Byrd et al. 
2018; Jones et al. 2022; Panich et al. 2018; Panich and Schneider 2015; Reddy 
2015; Silliman 2015).

In this chapter we contribute to this discourse by considering Native eth-
nobotanical practices and consumption patterns through the Mission Period, 
with a focus on psychoactive plants and “non-dietary” substances. We con-
duct a biochemical analysis of residue extracted from dental calculus samples 
from individual burials from the Asistencia de San Pedro y San Pablo, a satel-
lite or “sub-mission” connected to Mission San Francisco de Asis established 
in 1786 at Pruristac, an Ohlone village near present-day Pacifica, California. 
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Our analysis involves an Ultra Performance Liquid Chromatography-Mass 
Spectrometry (UPLC-MS)–based metabolomics approach that can help dis-
criminate various compounds, mostly associated with plants, and provides 
insights into the consumption practices of men and women of different ages 
and status categories through this critical period. While we paid particular 
attention to tobacco biomarkers such as nicotine and cotinine, the recovery 
of several thousand unidentified chromatographic signals also allows us to 
examine the ingestion of xenobiotics on a broader level. Our data indicate 
that tobacco consumption remained consistent with patterns observed for 
precontact populations from the same area. By comparison, sex biases related 
to other non-dietary products increased. Metabolomic fingerprints also con-
firms the presence of one individual with a set of vastly different compounds, 
also identified by a unique set of grave goods, suggesting a link between 
higher status and consumption of xenobiotic substances. New substances 
were also incorporated into the diet of some individuals; the presence of caf-
feine in some samples likely is associated with imported cacao or chocolate 
consumption.

More Than Food: Plants and Medicines in California

Plants are fundamentally connected to Native Californian lifeways and cul-
ture. While much attention is typically given to their dietary contribution—
nuts, seeds, and greens provided sustenance for generations—plants were also 
important for ceremonial and medicinal purposes, as raw materials for tools, 
houses, watercraft, and baskets, to mention just a few examples. No less than 
265 species of medicinal plants were used by Native Californians prior to the 
Mission Period (McBride et al. 2020; Mead 1972). Medicinal expertise was 
used to treat an array of illnesses by applying leaves or herbal mixtures di-
rectly to wounds, by ingesting as liquid decoctions, chewing or eating, and 
smoking. Whenever written documents or oral histories are unavailable, the 
ability to trace these products and practices over archaeological time spans is 
dependent on whether there is an associated complex of material culture, ar-
chaeobotanical remains, or residues that preserve with artifacts or alongside 
human remains.

For Tobacco (Nicotiana sp.) we can count on all three. Ethnographic and 
ethnohistoric accounts indicate the widespread importance of sacred tobacco 
among hunting, gathering, and fishing communities in western North Amer-
ica. For example, among the Ohlone and their neighbors in the San Francisco 
Bay Area smoked tobacco (Nicotiana sp.) in pipes, but also chewed or ate it 
combined with lime (e.g., Harrington 1932; Kroeber 1941). The importance 
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of tobacco in antiquity is reflected in studies confirming its use via (1) Residue 
analysis of clay and stone pipes—Though relatively rare, these artifacts and 
corresponding residue analyses indicate a smoking tradition of at least 1,100 
years of antiquity in California and 1,600 years in northern Washington state, 
well outside of its native range (Damitio et al. 2021; Tushingham and Eerkens 
2016; Tushingham et al. 2013, 2018). (2) Archaeobotanical identification—
While exceedingly small, charred tobacco seeds have been recovered in Mis-
sion Period sites in California to as early as 12,300 years before present (Cuth-
rell et al. 2016; Duke et al. 2022). (3) The extraction of residues from dental 
calculus samples corresponding to ancestral Ohlone burials offers a window 
into the underlying social factors that are associated with non-dietary sub-
stance consumption on the individual level (Eerkens et al. 2018; Tushingham 
et al., 2020; Zimmermann et al., in press).

Medicinal Practices, Sacred Tobacco, and Colonialism

Examining ethnobotanical compilations and firsthand accounts from Native 
and Euro-American observers, McBride et al. (2020) show that processes of 
persistence were not unique to dietary resources. Frequent shortages in medi-
cal supplies led mission staff to consult with knowledgeable baptized indi-
viduals about the availability of local medicines. About one-third of the plants 
used to treat illnesses during the Mission Period had already been part of 
California’s ethnopharmacopoeia before contact. McBride et al. (2020) also 
point out that this proportion increased significantly after secularization in 
the 1830s. One of the traditional medicines that persisted over time is tobacco 
with both wild and domesticated species being listed (McBride et al. 2020: 
Table 3).

The case of tobacco and its role in the colonial Americas and Enlightenment-
era Europe is intriguing in its complexity. Although Columbus and his sailors 
were baffled when being offered cigars during their first encounters (Díaz del 
Castillo 2007[1568]), tobacco soon established a following among settlers in 
the New World as well as countries across Europe, Asia, and Africa (Goodman 
1993). While usage initially followed Native American tradition in its focus 
on ceremony and medicine, historians credit the rise of recreational smoking 
to falling prices in the eighteenth century (Matthee 1995:45–46). Nonetheless, 
use of tobacco had become a contested matter as even high-ranking church 
officials could not agree on a unified stance. Roughly a century after its intro-
duction to Europeans, Urban VII issued the first anti-smoking edict in 1590. 
Anyone who “took tobacco in the porchway of or inside a church, whether by 
chewing it, smoking it with a pipe, or sniffing it in powdered form through the 
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nose” would risk excommunication. The law remained on the books in vari-
ous forms until 1724, when Pope Benedict XIII, a smoker himself, repealed 
it (Corti 1932).

In California, missionaries did not always agree with their spiritual leaders. 
The friars exercised a certain degree of autonomy and enforced either stricter 
or more lax rules. Winter (2000:34) relates that tobacco formed part of clan-
destine activities conducted by Native peoples. However, he also mentions 
that local communities convinced Father Junípero Serra to include tobacco 
among the species grown at the Mission Carmel garden. The same Franciscan 
friar had already reported previously that local Native communities started 
requesting tobacco rather than glass beads as trade gifts soon after Spanish 
arrival. The account books of several mission settlements provide testimony 
to the massive scale achieved by tobacco imports from New Spain over the 
late eighteenth and early nineteenth centuries (Cuthrell et al. 2016). Ethno-
historic reports also indicate that tobacco was part of gender-specific taboos 
connected to the birth of children. To guarantee their well-being, incumbent 
fathers desisted temporarily from both hunting and tobacco consumption 
(Newell 2008). On the opposite end of normativity, mortuary ceremonies 
very much relied on tobacco in honoring the dead (Fages and Priestley 1919).

The ambivalence toward tobacco was somewhat similar among physicians. 
While tobacco was celebrated as a panacea shortly after its arrival in Europe, 
by the seventeenth century mistrust had grown notably. With opinions split, 
tobacco remained featured in reference works such as Wesley’s “Primitive 
Physick” through the eighteenth and into the nineteenth century (Charlton 
2004). For New Spain, Hernández de Toledo describes its use as an expecto-
rant and anti-asthmatic, stimulant, analgesic, and soporific. The same royal 
physician, however, also warns against abuse as overdoses might lead to liver 
tremors, cachexia, and dropsy (de Micheli and Izaguirre-Ávila 2005).

Despite the recognition of its potential deleterious effects, the Spanish 
Crown ratified the creation of the Royal New Hispanic Tobacconist in 1765. 
This state monopoly controlled the entire agro-industrial enterprise sur-
rounding tobacco all the way from cultivation in designated fields, to fac-
tory processing in Mexico City and six other towns, to sales in estanquillos all 
around New Spain. The products switching hands included cigars and ciga-
rettes as well as cut and ground tobacco for pipe smoking and snuffing. Dur-
ing the decades leading up to Mexican Independence, the Estanco or Royal 
Tobacconist accounted for about 20 percent of all the revenues New Spain 
ceded to the Crown, including the silver trade (Suárez Argüello 2011). Rec-
reational consumption had reached this massive scale among others due to 
tobacco’s acceptance across large sectors of society. With both slaves and mas-



Biochemical Ethnobotany of Ohlone Plant Use during the Mission Period  ·  161

ters, as well as women and men partaking, Ortiz (1963) argues that tobacco 
had become “the most democratic of all vices.”

Approach

The opportunity to study dental calculus associated with some of the inhab-
itants of the asistencia allows us to approach the subject of non-dietary use 
of plants, and, more specifically, medicinal and mind-altering substance use 
on an individual level. Dental calculus or mineralized plaque accumulates 
throughout the mouth naturally and incorporates microscopic and chemi-
cal residues of a broad array of products ingested by humans. Regarding the 
former, it has been proven that these archives extend even to hominid ances-
tors (Hardy et al. 2012). Diagnostic chemical markers, on the other hand, 
have so far only been detected in samples of individuals up to 4,500 years 
old (Moonkham 2023). Even though biomarkers such as nicotine might not 
preserve as long as starch granules or phytoliths, lists of unidentified chemi-
cal features summing thousands of elements hold considerable potential for 
the reconstruction of human ingestion. Similar metabolomic datasets from 
European and Native American populations have shown associations be-
tween residue signatures and pathological profiles, thus opening a door for 
the deep-time study of ethnopharmacological practices (Velsko et al. 2017; 
Zimmermann et al., in press).

It stands to mention that biomarker-focused studies have until recently 
dominated organic residue analysis. The reliance on gas chromatography-
mass spectrometry (GC-MS) platforms also brought about a focus on pri-
mary metabolites such as proteins and lipids, which are imperative for an 
organism’s growth and reproduction. More recently, UPLC-MS systems have 
been employed by cross-disciplinary teams with anthropological research 
foci. These platforms were developed as an innovation in the field of chemi-
cal profiling and allow comprehensive characterization of a broader suite of 
molecules including secondary metabolites. These molecules fulfill ecologi-
cal functions such as defense and signaling for fully developed organisms. 
Given their specificity, secondary metabolites are often exclusive to relatively 
small taxonomic groups compared to the virtual omnipresence and thus low 
diagnostic potential of primary metabolites. A particular class of secondary 
metabolites with great cultural significance are alkaloids, which feature sub-
stances like nicotine, caffeine, morphine, cocaine, and psilocybin.

As the individuals at the asistencia lived only around 235 years ago, we 
were optimistic about the potential to recover biomarkers that had not under-
gone major processes of degradation. We scanned our UPLC-MS profiles for 



162  ·  Mario Zimmermann, Shannon Tushingham, Anna Berim, and David R. Gang

nicotine (a biomarker of tobacco), scopolamine and atropine (datura), caf-
feine (cacao, coffee), and morphine (laudanum) (table 8.1). We considered 
adding tartaric acid to this list to serve as a biomarker for grapes, as wine 
production was an important economic activity in colonial California. How-
ever, the data produced by the corresponding chemical standard behaves very 
differently from the above-mentioned alkaloids under our current protocols, 
which made it impossible to reliably detect its signal. Moreover, a recent re-
view of wine residue research identified significant shortfalls related to the use 
of tartaric acid as a biomarker (Drieu et al., 2020). The compound is present 
in a rather large array of fruits and thus can be easily introduced into the ma-
trix of porous archaeological materials through environmental contamina-
tion. Its water solubility also poses problems in terms of conservation over 
archaeological time spans.

In addition to scanning for secondary metabolites of cultural significance, 
we also pursued an untargeted approach exploring possible associations be-
tween the comprehensive signal lists and the demographic and pathologi-
cal data available for the burial collection. The corresponding Partial Least 
Square–Discriminant Analyses (PLSDA) allowed us to examine the role of 
biocultural factors such as sex, age, and health with regard to the consump-
tion of non-dietary substances at the asistencia.

Materials

This study is based on the analysis of sixteen dental calculus samples corre-
sponding to ten individuals. In other words, for half of the individuals more 
than one sample was available for residue extraction. Generally, calculus ma-
terial was gathered in complementary fashion from anterior (incisors and 
canines) and posterior (premolars and molars), as well as maxillary (upper 
jaw) and mandibular (lower jaw) teeth. Dental calculus sample weight ranged 
from 1 to 37.3 mg (table 8.1).

UPLC-MS Analysis

The UPLC-MS protocol was identical to the protocol published by Eerkens 
et al. (2018). Chemical residues were extracted by immersing the dental cal-
culus samples in 0.5 mL of a solution of acetonitrile, 2-propanol, and water 
[3:2:2] followed by 10 minutes of sonication. The supernatants were trans-
ferred to a second microvial, lyophilized, and eventually resuspended in 0.05 
mL of a 1:1 solution of acetonitrile and water spiked with 0.1% formic acid. 
Chemical standards for nicotine, arbutin, caffeine, theobromine, theophyl-
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line, morphine, and ephedrine were included in the analysis batch to allow 
for biomarker identification. Analysis was conducted on a Waters Acquity 
UPLC system with photodiode array (PDA) detection ranging between 210 
and 400 nm and a total analysis time of 16 minutes. Progenesis QI as well as 
TargetLynx software were used for raw data processing.

Data Processing

Multivariate approaches such as untargeted metabolomics benefit notably 
from the filtering of noise-inducing variables. For this analysis, we first re-
duced the list of all detected chemical features by those signals accounted for 
in solvent blanks. To remain under consideration, a given signal had to fea-
ture at least one calculus sample with an abundance value ten times stronger 
than the maximum observed among the blanks. Afterward, we standardized 
the area values for all peaks by sample weight and eliminated all signals with a 
coefficient of variation (CV) below 100. This filter removes a significant num-
ber of shared chemical features associated with the human oral metabolome 

Table 8.1. Biomarker data from dental calculus samples

Burial Sex Age Tooth Wt. (mg) Nicotine Caffeine
2 M 13–17 M2 6.4 - -
3 F 40–45 I 4.6 + +

RM3 37.3 ~ +
4 F 50–60 LC0 1.6 ~ ~

RM3 9.3 ~ ~
6 M 18–25 LI1 8.7 ~ -

RM1 1.6 - +
8 M 46+ RC0 2.7 + -

LPM1 2.9 - +
RM3 7.8 - +

10 F 40–44 LM3 19.1 - -
11 M 4–8 RI1 7.1 + -

LM1 6.3 ~ -
12 F 20–25 I0 1.3 + -
13 F 20–24 RI1 2.5 ~ -
15 M 13–17 LI2 1 + +

Notes: Within cells “+” = confirmed presence, “~” = unconfirmed presence, “-” = absence. “Tooth” 
column: “L” left; “R” right; “M” molar; “I” incisor; “C” canine; superscript numbers refer to tooth 
position (e.g., “RI1” right first incisor). Nico. = Nicotine, Caff. = Caffeine, Scop. = Scopolamine, Atro. 
= Atropine, Mor. = Morphine.
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and thus increases the spread between cases. A third step involved cutting 
records indicative of instrument noise at the start and end of the retention 
time sequence, which led to a short list of 109 chemical features comprised in 
an interval ranging from 1.62 to 7.97 min.

The availability of multiple samples for most of the individuals (table 8.1) 
allowed for two sets of comparisons between chemical residue and bioarchae-
ological data. Provenience variables such as anterior vs. posterior position, 
and mandibular vs. maxillary row were examined on a per-specimen basis. In 
turn, demographic (sex; age) and pathological (abscesses; periodontitis) data 
were contrasted by individual. For the latter assays, the highest abundance 
value among samples belonging to the same individual was retained for each 
chemical feature on the short list. We conducted principal component analy-
sis (PCA) for specimen-based tests, and partial least squares–discriminant 
analysis (PLSDA) for visualizing patterns among individual burials.

Results

We initiated our analysis examining presence/absence data for the above-
mentioned biomarkers. Similar to precontact populations from the same area 
(Eerkens et al. 2018; Tushingham et al. 2020), a significant proportion (n=5) 
of the 16 samples yielded confirmed nicotine signals. Positive cases corre-
spond to Burials 3, 8, 11, 12, and 15, and thus feature both sexes as well as all 

Figure 8.1. Mass spectrum of calculus from Burial 11’s right lower first incisor, featuring 
nicotine signal (163.12 m/z).
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available age groups except for middle-aged adults. In addition, we detected 
peaks that match nicotine standards in both retention time and molecular 
mass (± 5 ppm) in six additional samples yet did not attain abundance values 
significantly above background noise levels (figure 8.1).

We detected caffeine in a similar number of cases (n=6) but without a com-
plete overlap in the corresponding individuals. For this biomarker, samples 
from Burials 3, 6, 8, and 15 tested positive (see table 8.1). A higher number of 
confirmed cases associated with a lower number of burials indicates that caf-
feine samples yielded repetitive positives twice (i.e., multiple teeth from the 
same individual). Caffeine detection remains unconfirmed for both samples 
associated with Burial 4. Again, both women and men are represented, and 
while neither children nor middle-aged adults do, juveniles as well as young 
and old adults figure among the caffeine-positive individuals. The biomarkers 
for datura (scopolamine and atropine), opium-based products (morphine) 
were absent from the asistencia samples, and are therefore not listed in table 
8.1. This confirms the negative results of previous studies as none of these 
substances has been detected in extracts derived from dental calculus samples 
recovered from historic populations.

After biomarker analysis, we proceeded with multivariate statistics on other 
compounds, many unidentified. This lack of identification is not uncommon 
in UPLC-MS-based analyses. Despite relatively low mass error ranges for m/z 
peaks, the sheer number of detected signals as well as the continuing difficul-
ties in standardizing output data across instrument systems and laboratories 
often cause results to acquire an aggregate rather than a diagnostic character. 
Nonetheless, specimen-based PCA had the objective of examining possible 
differences in residue deposits between anterior and posterior teeth. Simi-
lar to previous studies conducted in Native Californian populations, we did 
not observe consistent patterning characterizing either group. The evaluation 
of associations between chemical residues and demographic variables relied 
on PLSDA performed on the condensed per-individual dataset. Figure 8.2 
does not present evidence for a clear clustering of burials among age groups. 
However, accounting for a dominant percentage of all variation (86 percent), 
Component 1 separates Burial 15 from all other individuals. Similarly, repre-
senting only 11 percent of overall variation, Component 2 leads to a split of 
two young adults and two older adults from the remaining individuals (Buri-
als 4, 8, 12, and 13). The cluster with negative Component 2 scores features all 
age groups that are part of this study.

The panorama appears to be more significant with respect to sex. Despite a 
slight decrease in impact, Component 1 again accounts for most of the varia-
tion (77 percent). Component 2 essentially doubled its associated percentage 
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(20 percent). Like the previous category, Component 1 only sets Burial 15 
apart from all other individuals, while Component 2 exhibits a strong sorting 
for males. All individuals in this group produced either zero or positive values 
for this dimension. Female burials are split; some score positively and others 
negatively on Component 2.

A look at the loading plot for the PLSDA associating metabolomic data 
and sex estimates shows that both components are disproportionately im-
pacted by single chemical features (figure 8.3). The outlier status of Burial 
15 is intimately related to a molecule with a retention time of 7.36 min and a 
mass-charge ratio of 244. Component 2, on the other hand, grants significant 
weight to a substance eluting at 6.40 min with 233 m/z. Its association with 
negative Component 2 values indicates that the other male individuals, with 

Figure 8.2. Partial least squares–discriminant analysis (PLSDA) for visualizing patterns 
among individual burials, by age (top), and sex (bottom).
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exclusively positive Component 2 values, did not partake in the consumption 
of this substance.

Unfortunately, PLSDA relating chemical residues data with oral pathologi-
cal conditions such as abscesses and periodontitis did not provide clear asso-
ciations. Even though the asistencia burials again split into clusters, these con-
glomerates were composed of individuals with different degrees of severity 
in diseases of the mouth. Nonetheless, it is important to stress that Burial 15 
forms an outlier in every single multivariate analysis for the asistencia popu-
lation, independent of the association with either demographic or pathologi-
cal information.

Discussion

Winter (2000) provides a detailed panorama of (proto)historic tobacco con-
sumption in central California, both among Native groups on the coast as well 
as the interior. While the plant does not appear to have been cultivated in the 
area but only gathered from wild stands, he reports on several distinct modes 
of consumption including smoking, chewing, snuffing, eating, and drinking. 
Even though the author underscores tobacco’s role in several ceremonies, he 
also mentions its use as a medicine. This information is particularly relevant 
in finding an explanation for the nicotine positives detected in samples origi-
nating from children and juvenile individuals. It is possible these community 

Figure 8.3. Loading plot for Residues-Sex PLSDA.
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members were not ingesting tobacco for its stimulant, but maybe its emetic, 
anti-parasitic, or other health-benefiting properties. Interestingly, Burk et al. 
(this volume) identify proteomic signatures associated with liver fluke (Fas-
ciola sp.), a common helminth among pastoralist societies, in at least one in-
dividual.

Recent ethnopharmacological research in areas with a deep-time history 
of medicinal tobacco usage provides additional insights. In the Peruvian Am-
azon, for example, liquid preparations for either nasal, oral, or topical applica-
tions is the most common mode of preparation for tobacco remedies. While a 
local healer stresses that a certain level of physical strength among patients is 
required to prevent harm, he also acknowledges that children above the age of 
five years old are generally eligible for infusion-based treatments (Berlowitz 
et al. 2020). Similarly, Roulette et al. (2014) observes that tobacco and canna-
bis consumers among Central African hunter-gatherers are significantly less 
affected by parasitic infections than other community members who do not 
smoke. Here, worm burden was specifically low among young adult males 
and those men of senior age (Roulette et al. 2014).

According to ethnographic records, however, children were not regular to-
bacco users (e.g., Harrington 1932:13). If indeed outside of the norm, could 
it be that these children and adolescents were given tobacco as treatment for 
illnesses or European-introduced diseases that were so common at this time? 
The sacred nature of tobacco to Native Californians seems especially relevant 
to this discussion. While today commercial tobacco use is widely understood 
as a harmful, recreational habit, tobacco was widely viewed as a powerful 
substance that connected people with ceremony and a spiritual world (Har-
rington 1932; Panich et al. 2018). In other words, tobacco was more than 
“medicine” in the western sense of the word. Given the chaos of the times, 
these aspects of tobacco likely held deep meaning for the Native people who 
lived and died at the asistencia.

A topic that remains actively under research is the association of Nicotiana 
residues with either domesticated or wild tobacco plants. In other words, at 
the moment we cannot say whether people were growing Aztec (N. rustica) or 
trade tobacco (N. tabacum) in gardens, or if they collected it in the wild while 
on paseo. Archaeological research at contemporary settlements such as Mis-
sion San Jose demonstrates that baptized individuals enjoyed a certain degree 
of autonomy with regard to practices considered vices by friars even within 
their supervised quarters. Panich et al. (2018) argue that small, unperforated 
teja disks found in significant numbers in an adobe structure were dice used 
in gambling. The same site produced incised bird bone tubes (Panich et al. 
2018: Figure 6) whose stylistic and formal attributes suggest they were pieces 
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of compound pipes. More importantly, macrobotanical research conducted 
at Mission Santa Clara yielded direct evidence for tobacco cultivation in co-
lonial California. Applying linear discriminant analysis to the morphometric 
features recorded in an assemblage of over 1,400 tobacco seeds, Cuthrell et al. 
(2016) demonstrate that nearly 70 percent belong to two introduced species: 
tree tobacco (N. glauca) and trade tobacco (N. tabacum). It is thus not unrea-
sonable to assume that tobacco was predominantly grown at the asistencia 
too. In this case, children would have been intimately familiar with the plant 
given it was their responsibility to clear mission gardens and safeguard crops 
from birds (Cook 1943).

Similar to the question marks behind the specific identification of domesti-
cated vs. wild tobacco species, the caffeine positives detected in several of the 
individuals prompts inquiry into their source. During the late eighteenth and 
early nineteenth centuries, four major caffeine-producing plants were present 
in North America: cacao (Theobroma cacao), yaupon holly (Ilex vomitoria), 
coffee (Coffea arabica), and tea (Camellia sinensis). The first two are native to 
the Americas yet neither species grew naturally in California. Yaupon holly 
along the coasts of the southeastern United States was used by local commu-
nities to brew an infusion later coined “Black Drink,” and seemingly traded 
in precontact times as far as the area occupied by the Mississippian culture 
(King et al. 2017). Cacao was intensively grown throughout Mesoamerica and 
had acquired currency status during the Mexica’s (formerly Aztec) reign of 
central Mexico. Chemical residue studies have demonstrated that its trade 
extended at least into the current southwestern United States (Crown et al. 
2015). Coffee and tea, on the other hand, were brought to the Americas as 
part of the Columbian exchange. Due to political turmoil, the late eighteenth 
century saw a notable increase in the consumption of the former at expense 
of the latter, especially in the English-speaking realm.

Compiling evidence for the northern borderlands of New Spain, Graham 
and Skowronek (2016) emphasize the purposeful imports of cacao by settlers, 
the military, and the clergy alike to serve as gift for local Native people. In 
the San Francisco Bay Area, more specifically, Mission Santa Clara alone im-
ported around 3.3 metric tons over the span of thirty-five years. At the same 
time, at the Santa Barbara Presidio coffee was acquired via shipments that sum 
slightly less than 1 kg, while its soldiers ordered over 600 kg of cacao (Graham 
and Skowronek 2016). It is especially interesting that a Mesoamerican-style 
metate was recovered at Asistencia de San Pedro y San Pablo and “chocolate 
pot” vessels have been identified in archaeological studies at Mission Santa 
Clara. In sum, while molecular distinction remains unresolved, the artifac-
tual evidence and historical records suggests that cacao is the likeliest source 
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of caffeine residues. Future residue studies may consider directly targeting 
secondary metabolites associated with cinnamon, since it was an ingredient 
often used in traditional chocolate consumption (and often mass imported 
with chocolate and sugar during this period) (Graham and Skowronek 2016).

In addition to the biomarker data, the untargeted metabolomic analysis 
yielded results that merit further consideration. First, figure 8.3 indicates that 
sex-related differences in residue profiles can be driven by a rather small set 
of molecules. For the asistencia, it appears that a single substance accounts 
for an important split within the community. None of the male individuals 
seems to have partaken in its consumption. Among women, some did, and 
others did not. While we acknowledge the reduced size of our study popu-
lation, this sort of panorama is typical of gendered foods or activities (see 
chapter 12). For colonial-era California, basketry production is a likely can-
didate. The crafting of baskets was a female domain in which many but not 
all women participated. And while it is not per se classified as an activity 
of consumption, Native cultures throughout North America used not only 
hands but also teeth in manipulating raw materials to prepare and process 
plant fibers. O’Neale (1932) recorded basketry traditions specifically for the 
San Francisco Bay Area and Grant (2010) observed associated oral patholo-
gies such as patterns of slanted tooth wear. Thus, there is a strong likelihood 
that the constant presence of plant fibers in the mouths of women led to the 
deposition of distinct yet traceable non-dietary residues.

Last, the untargeted metabolomics approach also produced further evi-
dence as to the anomalous character of Burial 15. This teenage boy or young 
man is distinguished by a set of mortuary offerings that differed significantly 
from all other burials (chapter 5). The residues extracted from his dental cal-
culus deposits further place him as an outlier. In fact, our results suggest dif-
ferences in substance consumption substantial enough to achieve the degree 
of impact observed in every single one of the multivariate statistical analyses 
we conducted. Given the lack of pathological markers for a chronic or long-
term condition, this could have resulted from a specialized diet, unique from 
all other individuals in the study. This coincides with data from baptismal 
records for an individual who may have been a recent arrival to Asistencia 
de San Pedro y San Pablo before passing away after only four months at the 
asistencia (see details in chapter 11).

Conclusion

The metabolomic analysis of dental calculus belonging to the baptized in-
habitants of the asistencia provide additional archaeological evidence for the 
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persistence of Native Californian traditions in the face of colonization and 
missionization. We detected nicotine residues in samples belonging to men 
and women, as well as children and adults. This suggests that tobacco con-
sumption was widespread and at least tolerated by the community’s religious 
leaders. We agree with Panich et al. (2018) by stating that the continued use 
of tobacco as medicine and/or ceremonial paraphernalia helped Native mem-
bers of mission communities maintain elements of precontact social identity. 
The significant proportion of caffeine-positive individuals is a testimony to 
the early adoption of an imported substance, most likely cacao originating 
from Mesoamerica, given the widespread and enthusiastic use if this bever-
age by Spanish colonists (Graham and Skowronek 2016). Native Californians 
were probably exposed to chocolate traditions by sharing close quarters with 
Franciscan friars and other members of settler communities. Ultimately, this 
study provided further proof that residue profiles contain culturally relevant 
information beyond the presence or absence of known biomarkers. As a 
whole, the metabolomic data from the site opens a window onto sex-biased 
behavior and in-group/out-group and status dynamics among Native Califor-
nian during the colonial period.
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The Spanish introduced agriculture, a range of new foodstuffs and material 
technologies to the Native people of California, including inhabitants of Asis-
tencia de San Pedro y San Pablo (CA-SMA-71/H; hereafter referred to sim-
ply as the asistencia). Records specifically mention corn, beans, peas, wheat, 
asparagus, rosemary, barley, peach and quince trees, and grape vineyards. 
While historic records provide information about the types of foods grown, 
they often fail to account for the manners in which many foods were pre-
pared, cooked, and served.

Changes in heavy metal exposure from precontact to the Mission Period 
can point to cultural changes in food preparation. For example, it is known 
that copper pots and iron grills were often used to prepare Spanish food and 
drink across the mission system (Popper, 2016; Simmons and Turley, 1980). 
Whether these were used at specific Northern Californian missions is less 
well known.

We hypothesize that use of metal tools, especially as part of cooking, and 
new food types, exposed Native communities to higher levels of copper and 
zinc compared to precontact individuals. Furthermore, we hypothesize that 
the introduction of agriculture and domesticated cattle exposed individuals 
to elevated levels of iron and zinc through red meat consumption. As foods 
consumed are incorporated into hard tissues of the body, these dietary prac-
tices can be reflected in the chemical signatures preserved in bones and teeth. 
Dental enamel is of particular interest because it mineralizes in layers dur-
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ing childhood and does not remodel during life, and thus records exposure 
during childhood years within the growth layers. Furthermore, because some 
metals can be absorbed into subsurface enamel after formation, enamel may 
also record adult exposures if metals are consistently present in the mouth. 
Together, this allows a unique opportunity to use dentition to study heavy 
metal exposure across a population. We test these hypotheses with data from 
the asistencia population.

Essential Metals in Dental Enamel

Copper, zinc, and iron are present throughout the human body as well as 
within the oral cavity. Copper and zinc have been studied in modern popula-
tions to determine changes in the acidity of the oral cavity and their effect on 
dental caries (Khan et al., 2020). The majority of zinc accumulates in dental 
enamel just after eruption (Cuellar-Rivas and Pustovrh-Ramos, 2015; Khan 
et al., 2020; Klimuszko et al., 2018). Metalloproteinases, specifically enamely-
sin, are created in enamel during the maturation process of each tooth. After 
eruption, these proteinases bind to calcium and zinc within the oral cavity. 
Through this protein-binding mechanism zinc is retained in dental enamel, 
with an average concentration between 115 and 215 µg/g in modern popula-
tions (Cuellar-Rivas and Pustovrh-Ramos, 2015; Kamenov et al., 2018; Khan 
et al., 2020; Klimuszko et al., 2018).

The introduction of copper into dental enamel is less understood. There 
is no strong consensus on in vitro changes that raise levels of copper in den-
tal enamel. Copper creates a protective phosphate phase on the surface of 
the tooth, which inhibits demineralization of enamel, and can prevent dental 
caries (Khan et al., 2020; Klimuszko et al., 2018). Some studies suggest that 
increasing dietary copper by 2–6 µg/g during pregnancy and early childhood 
will increase copper in dental enamel and decrease rates of caries (Klimuszko 
et al., 2018).

Iron exposure has been the subject of both clinical and archaeological stud-
ies due to its widespread use in antiquity. Iron uptake in dental enamel occurs 
both during in vitro and in vivo conditions. During in vitro development, 
iron is not incorporated into the hydroxyapatite crystals of dental enamel, but 
rather is absorbed on the surface of the enamel. During life, iron in enamel 
is taken in as a trivalent iron compound, meaning that iron is not a part of 
the mineral component of teeth (Bauminger et al., 1985). Modern teeth show 
iron concentrations that range from 10 to 50µg/g in enamel (Williams and 
Siegele, 2014). Archaeological teeth show that there often is post-depositional 
uptake of iron, but typically constrained to the first 100µm of exposed enamel. 
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Interestingly, both iron-rich and low-iron soil show similar uptakes in archae-
ological dentition (Williams and Siegele, 2014), such that different soil condi-
tions do not affect iron concentrations in archaeological teeth.

While the diagenetic processes of heavy metals are not fully understood, 
potential change can be accounted for in concordance for how each metal 
should be taken in by enamel. Recent studies show that the highest levels 
of zinc are contained in the outmost enamel (Dean et al., 2019; Smith et al., 
2022). Most zinc is retained in enamel after eruption, which suggests low ef-
fects of diagenesis after burial as there would be few, if any metalloproteases 
left to bind zinc from the soil environment (Cuellar-Rivas and Pustovrh-
Ramos, 2015; Khan et al., 2020; Klimuszko et al., 2018). Potential for cop-
per absorption after burial also seems relatively low, as copper absorption in 
enamel notably increases when copper is introduced during mineralization 
but is not significantly absorbed after this stage, suggesting a time restriction 
to increasing copper levels (Klimuszko et al., 2018). While iron shows uptake 
after deposition, normally constrained to 100um in depth, such iron is re-
moved during sample preparation as the outer layer of enamel is drilled away 
before powder is collected.

Heavy Metals

Wide-scale industrialization in the eighteenth and nineteenth centuries (lead 
piping, lead glazed pottery, and lead based paints) along with new medicinal 
practices (mercurial cures) increased human exposure to lead and mercury in 
many places around the world. Clinically, exposure to lead during childhood 
impairs the ability to control emotions and create complex interpersonal rela-
tionships, regulate aggression, and has recently shown connection to behav-
iors associated with autism and attention deficit disorder (Gump et al., 2017). 
High exposure to mercury during pregnancy has been linked to cerebral 
palsy, blindness, deafness, cerebral ataxia, and impaired physical growth in 
offspring (Acosta-Saavedra et al., 2011). High heavy metal exposure is known 
to be more prevalent in mid-nineteenth-century to early twentieth-century 
United States Euro-American populations (Budd et al., 1998; Martínez-
García et al., 2005).

Copper, iron, and zinc are among the list of essential nutrients required 
by humans for a range of physiological processes. Copper is required for 
growth and development (Gaetke and Chow, 2003), and is used by enzymes 
during cellular respiration, antioxidant defense, and connective tissue forma-
tion (Ellingsen et al., 2015). Copper is present in both water and food, with 
high amounts found in oysters, animal liver, legumes, grains, and dried fruit 
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(Gaetke and Chow, 2003). Zinc is a protein inhibitor of serine protease, an 
enzyme that cleaves peptide bonds in proteins and is necessary throughout 
the body (Klimuszko et al., 2018; Sandstead, 2015). Insufficient zinc leads to 
oxidative stress, lessened resistance to infections, decreased fertility, and de-
creased growth and development (Sandstead, 2015). Zinc also has a role in 
the formation of dental calculus, inhibiting the formation of hydroxyapatite, 
and is incorporated in calcium triphosphate, a major mineral of teeth (Martin 
et al., 2007). While zinc and copper are necessary throughout the body, they 
have an inverse relationship. As the level of zinc within the body rises, the 
level of copper reduces, and vice versa (Klimuszko et al., 2018). This counter 
relationship increases chances of toxicity in the body of either element when 
the other metal is below the normal range necessary for physiological pro-
cesses.

Iron is a biological catalyst and is the dominant metal in the human body. 
Specific biological functions where iron is needed include oxygen transport, 
electron transfers, and DNA synthesis (Ponka et al., 2015). While copper ex-
posure decreases absorption of zinc, it has the opposite effect on iron, where it 
increases absorption (Konikowska and Mandecka, 2018). While copper, zinc, 
and iron are used through the body in a wide range of biological functions, 
health problems can occur when the levels of each of these metals is either too 
low or too high.

Metal Toxicity

Because they are essential, the human body has evolved to regulate copper, 
iron, and zinc, and toxicity is reached only with intense and extended expo-
sure. For example, necessary daily amounts of copper for an adult range from 
1 to 100 mg per day, while copper toxicity starts at 6000 mg and lethal doses at 
9000 to 11,000 mg (Collins and Klevay, 2011). Clinical symptoms can mani-
fest at levels as low as 1,000 mg of copper present in blood levels (Collins and 
Klevay, 2011; Fraga and Oteiza, 2002; Gaetke and Chow, 2003; Nriagu, 2007). 
Common symptoms of copper poisoning include lethargy, nausea, liver prob-
lems, and disruptions to renal functions (Gaetke and Chow, 2003).

Zinc and iron toxicity operate in a similar manner to copper. Both require 
high exposure and affect overall liver and kidney health. Recommended daily 
levels for zinc in adults is 15 mg, with symptoms of toxicity manifesting at 
levels of 1,000–2,000 mg (Agnew and Slesinger, 2022). As zinc accumulates, 
a person typically experiences stomach pains and diarrhea, and with more 
severe exposure, vomiting, nausea, pulmonary edema, and liver damage that 
can be fatal (Nriagu, 2007). The average amount of iron required for adults is 
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approximately 20 mg/kg, with moderate toxicity appearing at levels from 20 
to 60mg/kg, and severe symptoms and mortality occurring at levels exceeding 
60mg/kg (Yuen and Becker, 2022). High amounts of iron affect the liver and 
heart, and lead to hormone abnormalities and immune system dysfunction 
(Fraga and Oteiza, 2002; Ponka et al., 2015).

Though exposure to metals would need to be severe and prolonged to in-
crease morbidity and mortality, increased exposure to copper, iron, and zinc 
can speak to overall health at both the individual and group level. Examining 
exposure to these elements, in comparison to precontact periods, can provide 
important context on the life experience of Native people living within the 
mission system.

Exposure to metals can be expressed in three ways within the tooth enamel. 
First, exposure could be during childhood, perhaps in time-restricted win-
dows relating to particular behaviors (e.g., consumption of metal-containing 
medicines during illnesses). For such exposure, we expect to either see high 
levels throughout the enamel, if exposure was constant, or see bands of 
higher exposure within the enamel along expected growth axes, surrounded 
by lower-density bands, if exposure was periodic. Second, exposure could 
be primarily after enamel formation but within the lifespan of an individual. 
If such metals are within items placed in the mouth, such as food or medi-
cine, metals could be absorbed on the surface and into the subsurface enamel 
through biochemical processes similar to those involved in fluoride incor-
poration. If so, we should see a band of high density on the outer surfaces of 
teeth, with thinner or nonexistent bands on the occlusal surfaces where the 
layer of higher-density metal would be actively ground away (as is the case 
for naturally occurring zinc, e.g., Dean et al., 2019). Third, exposure could be 
post-depositional as metals from soil absorb into the tooth through chemical 
processes after death. Post-depositional changes would affect exposed dentin 
as well as enamel.

Materials and Methods

We analyzed first and third molar enamel from individuals representing three 
different time periods, precontact, Mission Period, and nineteenth-century 
historic, within the San Francisco Bay. Three individuals from CA-SFR-191 
represent the precontact period, dating between 700 and 1500 calBP. We use 
these individuals to represent a baseline of heavy metal exposure in ancestral 
Ohlone lifeways prior to missionization. These samples were analyzed with 
permission from the Native American Most Likely Descendant (MLD) at the 
site. Five individuals from the asistencia represent the Mission Period sam-
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ple. The historic sample is comprised of three individuals from Yerba Buena 
Cemetery and one from City Cemetery within San Francisco City. These his-
toric Euro-American burials date to the second half of the nineteenth cen-
tury, with Yerba Buena representing 1850–1870 and City Cemetery dating 
to 1870–1900. The goal is to show how heavy metal exposure changed on the 
San Francisco Peninsula from precontact to Mission Period for Native Ameri-
cans, and then into the Historic Period for Euro-Americans for comparison.

Because some individuals in the asistencia population were born before 
establishment of the missions, and likely developed their teeth under precon-
tact lifeways, while others were likely born and lived their entire lives within 
the mission, we expect differences in the expression of heavy metals with on-
togenetic age.

Bulk Heavy Metal Analysis

Each third molar was sectioned into vertical halves using a Isomet low-speed 
saw, with a complete crown to root segment. Enamel from one halved section 
of each third molar was removed using a Foredom drill with a stainless-steel 
bit. The powdered enamel was submitted for Inductively Coupled Plasma-
Mass Spectrometry (ICP-MS) analysis at the UC Davis Interdisciplinary 
Center for Plasma Mass Spectrometry. Approximately 30 mg of powdered 
enamel was placed in 500μL (microliters) 50% nitric acid (HNO3) and heated 
for fifteen minutes at 95C and allowed to cool. Then in five-minute incre-
ments for a total of twenty-five minutes, a total of 500μL of 30% hydrogen 
peroxide (H2O2) was added to each sample, followed by an additional thirty 
minutes of heating (55 minutes total) to digest the sample. Samples were then 
cooled and brought up with MilliQ Water until they were 1.5mL. Blanks were 
made for control. Sample blanks consisting of 30μL MilliQ Water, laboratory 
control standards, a heavy metal standard, and 125μL100ppm gold (Au) were 
prepared with the samples in a similar fashion. After trial runs, samples were 
diluted in MilliQ Water by a factor of 25 to bring element concentrations into 
the measurable range on the Agilent Technologies 7500ce ICP quadrupole 
mass spectrometer. The results of the heavy metal analysis provide elemental 
concentrations for thirty-four elements. Here, we focus on Cu, Fe, Hg, Pb, 
and Zn.

Laser Ablation-Inductively Coupled Plasma-Mass Spectrometry Imaging

While the dissolution analyses above determine “bulk” concentrations in 
enamel, Laser Ablation-Inductively Coupled Plasma-Mass Spectrometry (LA-
ICP-MS) determines elemental distributions within a tooth in situ at a finer 
spatial scale (Hare et al., 2011; Kangas et al., 2004; Smith et al., 2021). Follow-
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ing the histological preparation methods of Smith et al. (2021), LA-ICP-MS 
maps of first molars of Burials 2, 11, and 14 were prepared according to meth-
ods first detailed in Hare et al. (2011). The laser aerosolizes a small amount 
of the tooth, which is transported to the ICP-MS where the particles are vola-
tized, atomized, and ionized in high temperature plasma and measured by 
the mass spectrometer (Smith et al., 2021). A resulting two-dimensional con-
centration map for each tooth section shows relative concentrations of Ca-
normalized elements within the cross section, blues representing low levels 
and reds for higher levels. For this study, only Cu, Zn, and Pb are considered. 
The goal is to examine how copper and zinc are distributed within a tooth, 
that is, in a manner consistent with in vivo absorption, exposure after tooth 
formation but before death, or post-depositional contamination.

Results

Results for the two sets of analyses, bulk enamel vs. LA-ICP-MS on tooth 
cross sections, are presented in the following section. Where possible, we also 
compare to data from modern dental studies (Abdullah et al., 2012; Kamenov 
et al., 2018).

Changes in Metal Concentrations in the California Mission Period

Comparing concentrations of trace elements shows patterns of metal expo-
sure that appear to co-occur with cultural shifts (table 9.1). While most ele-
ments were roughly comparable in concentration (Ag, Al, As, B, Ba, Be, Ca, 
Cd, Co, Cr, Cs, Ga, H, K, Li, Mg, Mn, Na, Ni, P, Sb, Se, Si, Sn, Sr, Ti, U, and V) 
among all the tooth samples, copper, iron, zinc, lead, and mercury separate 
the three San Francisco populations. In particular, precontact Ohlone (CA-
SFR-191) show relatively low concentrations of all heavy metals; Mission Pe-
riod Ohlone show high levels of iron, zinc, and especially copper; and historic 
samples are elevated in zinc and iron, but are especially elevated in lead and 
mercury. The last row in table 9.1 shows average values from professionally 
extracted adult dentition from Europe, the Caribbean, and Africa, and North, 
South, and Central America (see Abdullah et al., 2012; Kamenov et al., 2018).

Focusing on the asistencia samples, there are distinct patterns that suggest 
an increase in heavy metal exposure during the years of M3 crown develop-
ment. Because they were not yet adults at the time of death, Burials 2 and 14 
would have been forming their third molar crowns during Spanish mission-
ization. Likewise, Burial 6, at eighteen to twenty-five years old at the time of 
death, may have been recruited into the mission while his third molars were 
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still growing. By contrast, as older adults at the time of death, Burials 3 and 8 
formed their third molars prior to missionization.

As shown in table 9.1, bulk M3 enamel in the asistencia individuals is gen-
erally higher in Cu, Fe, and Zn than precontact Ohlone individuals from CA-
SFR-191, but equal (and low) in Hg and Pb. Burial 6 has the highest level of 
Cu and Burial 14 the highest concentration of Fe of all the asistencia indi-
viduals in this study, which could represent in vivo exposure. Yet, Burial 2, a 
teenage male, and Burial 14 show relatively low levels of Cu. Interestingly, the 
two older individuals, Burial 3 (female) and Burial 8 (male), also have high 
levels of Cu.

With completely formed third molars at the time of Spanish contact there 
must be another explanation for this high amount of copper, iron, and zinc. 
Burials 3 and 8 were both older adults (45+) both with dental wear and peri-

Table 9.1. Results from bulk heavy metal analysis for each individual in parts per million, as 
well as an average of published averages from modern teeth

Burial Sex Age Tooth Cu Fe Zn Hg Pb
SFR-191 B3 Indeterminate 16–19 LLM3 1.8 117 777 0.5 0.7
SFR-191 
B17.2

Indeterminate 15–20 LLM3 1.5 188 997 5.8 2.4

SFR-191 18.1 Male 35–45 LLM3 218 617 997 0.6 1.1
Sánchez 
Adobe B2

Male 13–17 URM3 8.4 865 1333 0.5 1.4

Sánchez 
Adobe B3

Female 45+ LRM3 133 960 1600 3.4 2

Sánchez 
Adobe B6

Male 18–25 URM3 142 562 1045 2.2 1.9

Sánchez 
Adobe B8

Male 45+ ULM3 64.1 1151 1934 0.5 11.9

Sánchez 
Adobe B14

Female 5–7 ULM3 7.8 1253 1046 0.6 3.4

Yerba Buena 
B1

Male 20–35 LLM3 13.1 1255 1714 198 281

Yerba Buena 
B3

Male 30–39 ULM3 9.2 2127 1597 10.8 488

Yerba Buena 
B4

Indeterminate 35+ LLM3 4.9 1484 1000 142 264

Baker Beach 
B1

Female 30–40 URM3 5.6 485 1098 573 371

Published 
Averages

- - - 3.6 15 215 1.5 6.6
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odontal disease, and periapical lesions in Burial 3. Perhaps dental wear and 
cracks in the enamel allowed copper, iron, and zinc a route into the tooth 
where it was later collected during our analysis. Higher rates of copper in the 
oral environment has been linked to a decrease in caries (Khan et al., 2020), 
suggesting a role played in remineralization of dentition, which could also 
provide an explanation for increased levels in older individuals.

Copper is the metal that sets the Mission Period samples apart, with higher 
amounts of variation and overall exposure. It should be noted that the individ-
ual represented by SFR-191–18.1 has extremely high concentrations of both 
copper and iron (table 9.1). Box and whisker plots (figure 9.1) reflect these 
higher levels through lengthened third and fourth quartiles yet retain a very 
low mean reflective of the other two precontact Ohlone. While it is not known 
how this individual was exposed to these metals during life, it may be due to 
their high status. Burial goods with SFR-191 Burial 18.1 included a number 
of unusual items such as mica pendants, and a large number of shell beads, 
marking this grave as a person of importance. Their high levels of metal might 
be representative of behaviors associated with their high status, such as use of 
body paints. Though SFR-191 Burial 18.1 is an outlier, the changes in copper, 
iron, and zinc in Mission Period Ohlone are still noteworthy.

Overall the increase in metal exposure in all samples demonstrates a spe-
cific change that came with Spanish missions. Historic period samples dem-
onstrate increased exposure to additional heavy metals (figure 9.1). While 
both historic and Mission Period samples contain higher amounts of zinc and 
iron, historic San Franciscans are unique in their lead and mercury exposure. 
While this exposure is explained through the use of lead in industrialization 
and mercury in cosmetics and medicines, we do not see these cultural behav-
iors in the Mission Period. Many other elements, such as calcium, highlight 
the similarities seen across the three time periods with heavy metal exposure. 
To further examine exposure to heavy metals, we undertook LA-ICP-MS 
analysis of a small sample of teeth from the asistencia.

LA-ICP-MS and Elemental Distribution within a Tooth

To better understand the distribution of heavy metals within teeth, LA-
ICP-MS imaging was used to examine lead, copper, and zinc ratios (relative 
to calcium) in first molars of three individuals. Unfortunately, we were unable 
to analyze iron in a similar manner. These images represent varying concen-
trations of elements over a cross section. All three individuals died at young 
ages, with Burial 11 (a male child) and Burial 14 (a female child) dying before 
their first molar roots completed growing. As a result, if heavy metal concen-
trations in the teeth represent in vivo behavior of the individual, it should 
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correspond to periods of time they were participating in the mission system 
(i.e., in the several years before death). Differences in how different metals 
enter into dental tissues can be seen by comparing lead, zinc, and copper con-
centrations along the enamel surface, the occlusal surface, and the pulp cavity.

The accumulation of lead within dental tissues often occurs during dental 
development (Budd et al., 1998; Smith et al. 2018). While post-depositional 
lead accumulation can take place, enamel is often well-regarded for its resis-

Figure 9.1. Box and whisker plots showing metal levels in parts per million for copper 
(top left), iron (top right), zinc (middle left), calcium (middle right), lead (bottom left), and 
mercury (bottom right) by time period.
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tance to diagenetic changes. Dentin, though, due to its higher organic con-
tent, is more susceptible to changes after death (Hillson, 1996). All concen-
tration maps show increases and decreases in lead along growth lines, which 
support the interpretation that these changes in lead occurred in vivo rather 
than being the result of post-depositional effects.

The three burials from the asistencia show mild exposure to lead, with 
higher exposure occurring after the weaning period and toward the end of 
crown completion. Dentin in Burials 2 and 11 show distinct bands of higher 
and lower lead, suggesting increased exposure came as these individuals 
shifted from breastfeeding to eating adult foodstuffs around the ages of two to 
four years (see chapter 6). Burial 14 is more interesting as she has a large hy-
poplasia that appears at approximately six months of age. This individual may 
have been weaned early and underwent further stressors during the short 
time her tooth developed. Though lead levels seem to have increased during 
dentinogenesis for these individuals, their overall levels are minimal when 
compared to historic Euro-American samples.

As mentioned, most zinc enters the crystalline structure of enamel after 
eruption (Cuellar-Rivas and Pustovrh-Ramos, 2015; Khan et al., 2020; Kli-
muszko et al., 2018). This is evident in the first molar for Burial 2, shown in 
figure 9.2. Zinc concentrations in Burial 2 (thirteen- to seventeen-year-old 
male) show the highest concentrations (red colors) along the non-occlusal 
enamel outer surface and pulp cavity. The area of high zinc concentration, 

Figure 9.2. LA-ICP-MS maps showing lead, copper, and zinc concentrations, relative to 
43Ca for Burial 2 first molar.
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however, has been removed along the occlusal surface, likely due to wear. For 
a color heat map of figure 9.2, please refer to the online version of this chapter. 
For an image of the original tooth cross section, see the book appendix, figure 
A.4.

Due to the wear found on Burial 14 (see figure 9.3), the layer of high Zn 
along the exposed enamel, which mirrors much of what is seen on Burial 2, is 
likely due to diagenesis. For an image of the original tooth cross section, see 
the book appendix, figure A.5. For a color heat map of figure 9.3, refer to the 
online version of this chapter.

By contrast, in Burial 11 (see figure 9.4), there is no or very minimal occlu-
sal wear, resulting in a more even layer of high Zn all along the outer surface 
of the enamel. For an image of the original tooth cross section, see the book 
appendix, figure A.6. A color heat map is available in the online version of 
this chapter.

In short, the maps indicate that Zn in the oral cavity (for enamel), or in 
the blood (for the circumpulpal dentin lining the pulp cavity), was absorbed 
through chemical reactions into dental tissues, after enamel formation. Den-
tin is somewhat affected in vivo, as the circumpupal later is accreted slowly 
throughout life, which is what ultimately leads to the narrowing of the pupal 
cavity. Some of this Zn is then lost through occlusal wear. At the same time, 
figures 9.2–9.4 also show distinctive variation in Zn concentration along 
growth lines, especially in the dentin, resulting in a banded appearance. Most 

Figure 9.3. LA-ICP-MS maps showing lead, copper, and zinc concentrations, relative to 
43Ca for Burial 14 first molar.
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of this Zn was not deposited during exposure in the oral cavity since much of 
this tissue formed prior to tooth eruption, particularly in Burial 2 and 11. In-
stead, such Zn must have been deposited during tissue formation as exposure 
to Zn shifted between higher and lower values in vivo. These banded lines 
show that zinc exposure was not continual during childhood, but recorded 
periods of higher and lower exposure. Finally, Zn is not higher in the final 
layer of growth (e.g., Burial 14 and 11) where the dentin was exposed to soil. 
This suggests that Zn was not absorbed after burial from the soil.

Less is known about the pattern of copper absorption into dental enamel, 
though higher levels of dietary copper during pregnancy and early child-
hood, which correlate to times of enamel mineralization, have been shown 
to increase levels in enamel (Klimuszko et al., 2018). Levels of copper in the 
individuals depicted in figures 9.2–9.4 are highest along the exposed walls of 
the pulp cavity, which could indicate transfer from blood or other soft tissue 
in vivo but after tissue formation for enamel or within dentin with the accre-
tion of the circumpupal layer. There are also layers of higher concentrations of 
copper along growth lines in Burial 2, which would be consistent with copper 
being deposited into teeth as enamel is forming, prior to tooth eruption.

At the same time, copper concentrations are much more heterogeneous 
within both enamel and dentin, showing areas of higher density that do not 
correspond to growth layers. The larger area of copper in Burial 2 seems to be 

Figure 9.4. LA-ICP-MS maps showing lead, copper, and zinc concentrations, relative to 
43Ca for Burial 11 first molar.
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following cracks from the enamel surface down into the deeper enamel and 
dentin. This pattern is not seen in Burials 11 and 14, supporting the idea of 
post-depositional changes when enamel is damaged. As well, some areas of 
high copper correspond to areas of the tooth that were most exposed to soil 
(e.g., Burial 11 and 14 apical root dentin). Such copper was most likely depos-
ited post-depositionally and is not reflective of events during life.

In short, these heat maps indicate that the highest concentrations of zinc in 
enamel correspond to in vivo transfer from the oral cavity onto the enamel sur-
face, which is then removed by occlusal wear. Evidence for post-depositional 
absorption of zinc only appears in small patches. Evidence in Burial 11 also 
indicates that copper could have been absorbed in vivo, creating bands of 
higher and lower concentrations. However, evidence is also consistent with 
most copper being absorbed post-depositionally, especially into dentin.

Discussion

As described in several chapters of this volume, Ohlone who lived during the 
Mission Period saw rapid changes in many facets of daily life. As we show 
above, asistencia individuals have higher copper, iron, and zinc relative to 
precontact Ohlone, and higher copper relative to historic burials, which we 
interpret as markers of behavioral change across the precontact to historic 
periods. We hypothesize that changes in diet and cooking methods within the 
mission are responsible for these observations.

In many California Missions, ceramics and metal appliances were used to 
prepare food. The first major ceramic production site at Mission San Fran-
cisco dates to 1794 and at Mission Santa Clara to 1795 (Skowronek et al., 
2009). Local production was necessary to meet mission demand, as trans-
porting ceramics across California was expensive and resulted in high loss of 
product (i.e., through breakage). Indeed, approximately one hundred stone-
ware pottery sherds were recovered during excavations in the Mission Pe-
riod levels at the asistencia (Dietz, 1979). Along with these fragments, two 
“pinch pots” were recovered, suggesting that ceramics were made locally at 
the mission outpost (Dietz, 1979). Only two fragments of majolica, a Spanish 
style of pottery, were recovered. These fragments were associated with the late 
eighteenth-century Mexican Complex. The blue and white intricately glazed 
pottery were rare at the asistencia, and likely were for display or decoration 
only (Dietz, 1979). In short, while present, ceramic sherds were uncommon 
at the asistencia (CA-SMA-71/H), which suggests that ceramic use was not 
widespread.
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The low number of ceramic sherds, along with the lack of glazes, likely ex-
plain the low levels of lead in the bulk enamel samples from individuals stud-
ied here. These Ohlone died before the Northern California forges respon-
sible for much of the Mission Period pottery production were constructed in 
1794 and 1795 (Skowronek et al., 2009).

Though ceramic sherds were uncommon at the asistencia, many metal 
artifacts were recovered from the strata associated with the Mission Period. 
While most were unidentifiable metal fragments (Dietz, 1979), large num-
bers of metal cooking and food storage tools have been recovered from other 
missions throughout California and the American Southwest (Simmons and 
Turley, 1980). These implements were used to prepare a wide range of new 
foodstuffs. For example, posole, a Mexican-style soup made of dried maize 
and a staple in many Spanish missions, required long cook times in metal 
cauldrons, often made of copper (Popper, 2016; Skowronek et al., 2009). The 
dish is traditionally prepared with ancho or guajillo peppers, which have a 
tomato-like acidity. Long cook times in conjuncture with an acidic foodstuff 
creates an environment where copper and other metals leach out of the caul-
dron, into the food, and into the people consuming the food. At the nearby 
Mission Santa Cruz the Ohlone were served posole “from two large cauldrons, 
by means of a copper ladle” and distributed “in a cora (a small kind of basket), 
from which they ate with a shell or the fingers” (Harrison, 1892, p. 47; Popper, 
2016). This account shows use of new metal implements in food preparation 
(mostly by the Spanish), but also continued use of traditional consumption 
utensils (shells), and does not mention ceramics.

Various drinks were also prepared in metal vessels. For example, cop-
per pitchers, called chocolateras, have been found at other mission sites in 
California (Simmons and Turley, 1980). These copper pitchers are known for 
making both hot chocolate beverages, common among the Spanish, and atole, 
a Mexican hot-drink made from corn masa (Popper, 2016). Beverages cooked 
in copper, bronze, or brass pitchers provide another vector for the introduc-
tion of copper and zinc to the Mission Period Ohlone. Negatively charged 
organic acids in these foods and drinks cause metals from vessel surfaces to 
dissolve into the food or beverage, providing a vehicle for entry into the hu-
man body.

Exposure to increased amounts of iron in Mission Period Ohlone may 
have resulted from a number of processes. Blacksmithing was a cornerstone 
of Spanish life during the Mission Period, where everything from tools, horse-
shoes, religious imagery, and cookware were produced within Mission sites in 
California and the American Southwest (Simmons and Turley, 1980). Span-
ish iron cookware such as comales de fierro, a type of iron griddle, have been 
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uncovered at many mission sites in western North America. For example, 
excavations at San Sabá in Texas revealed ninety-three comales used by the 
local Native population to prepare food (Simmons and Turley, 1980). These 
griddles were simple rectangular sheets of iron, sometimes containing a cop-
per plate within. Leaching of iron into foods may have occurred in small but 
consistent amounts relative to precontact exposure, but did not result in toxic 
doses within the missions. Clinical studies show that foods prepared in cast 
iron pans can decrease the incidence of anemia in preschool-aged children 
(Sharma et al., 2021).

Alongside changes in food preparation and serving, new foodstuffs with 
higher concentrations of certain metals may also have contributed to in-
creased zinc, copper, and iron. During the first year of Spanish occupation, 
1769, beans, corn, and wheat were planted on land within the outpost. The 
following five years brought efforts that added peach and quince trees, a grape 
vineyard, additional crops of barely, maize, wheat, and corn and fenced areas 
for livestock, presumably cattle and horses (Dietz, 1979).

Data presented above show that zinc in precontact Ohlone was already 
elevated in comparison to the average in modern populations (table 9.1). Tra-
ditional Ohlone foods on the San Francisco Peninsula included a number of 
high-zinc traditional foods, especially mussel and oyster. For example, oysters 
have up to 120 mg/100 mg when freshly harvested (Scherz and Kirchhoff, 
2006). As shown above, while levels among the precontact individuals started 
high, levels of zinc were even higher in Mission Period individuals, suggest-
ing the introduction of even more zinc-rich foods or the use of brass (an alloy 
of copper and zinc) vessels. Red meat, particularly beef, and dairy products 
are high in zinc and were introduced to the Ohlone in the mission. Clinical 
studies have shown that meat-heavy diets, especially beef, allow for increased 
zinc absorption and retention (Kristensen et al., 2006). Other studies show 
an association between increased zinc and increased iron absorption which 
could also explain patterns seen in the Mission Period Ohlone (Hunt et al., 
1995; Johnson and Walker, 1992).

Conclusion

The Mission Period brought significant change to the daily lives of Ohlone, 
including in food preparation and diet. Copper and iron were commonly 
used to prepare and store food, including cauldrons, pitchers, and griddles, 
and represent a likely pathway for increased exposure to these metals. Trace 
amounts of zinc and other metals in these tools may also have contributed 
to increased exposure to other elements. We argue that changes in cooking 
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implements (brass), as well as diet, including the addition of beef and dairy, is 
a likely mechanism to explain the higher zinc levels in dental enamel. While 
analysis of trace elements highlights changes, particularly to cooking and diet, 
Ohlone still kept many traditional practices as exemplified by their continued 
use of basketry and shell utensils.

By contrast, lead exposure in the asistencia population is similar to precon-
tact individuals and suggests that ceramics, specifically lead glazed ceramics, 
were not used extensively within the asistencia. The lack of extensive ceramic 
sherds, especially glazed, recovered from archaeological work at the outpost 
is consistent with the low levels of lead in enamel, suggesting traditional prac-
tices continued, including traditional eating practices with shells and baskets. 
Similarly, low levels of mercury suggest that Spanish use of mercurial treat-
ments of disease were not prevalent, and that traditional healing continued in 
large part among the Ohlone population.

Heavy metal analysis points to different aspects of the complex changes 
that came with Spanish missionization in Northern California. Behavioral 
changes, specifically those that reflect changes in food and cooking, can be 
seen in heavy metal exposure in Mission Period Ohlone. While copper, iron, 
and zinc point to the adoption of Spanish customs, low concentrations of lead 
and mercury, similar to precontact period levels, provide support that the 
intensive industrialization seen in the historic samples had not yet occurred.
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Dental Biodistance and Kinship at 
Asistencia de San Pedro y San Pablo

Kristen A. Broehl-Droke

This chapter explores dental metric variation at the Asistencia de San Pedro y 
San Pablo (CA-SMA-71/H) and what it reveals about potential biological rela-
tions among the Ohlone ancestors who were buried there. The small sample 
of skeletal individuals (n = 15) from the asistencia were studied following 
the wishes of the Amah Mutsun Tribal Band of Mission San Juan Bautista, 
the state-assigned most likely descendants (MLD). This study analyzes dental 
remains using a biological distance (biodistance) approach.

As is common in archaeological contexts, several of the excavated indi-
viduals were missing teeth due to taphonomic processes or age or had moder-
ate to severe dental wear that precluded measurements of the enamel. These 
factors left just eleven individuals for dental analysis. Still, even with this 
small sample, the data provide an important opportunity to explore degrees 
of biological relatedness among a mission-era group in central California and 
evaluate the role of biological affinity in burial practices.

Biodistance Analysis and Kinship

Biodistance analysis is the use of dental or skeletal traits for estimating genetic 
relationships between populations or individuals (Stojanowski and Schillaci 
2006). Such methods have been used worldwide to explore migration pat-
terns and gene flow by comparing phenotypic variance between archaeologi-
cal populations (e.g., Blom et al. 1998; McIlvaine et al. 2014; O’Donnell and 
Schillaci 2021; Suchey 1975). Studies suggest that the dental and skeletal vari-
ants targeted in biodistance studies are largely selectively neutral (e.g., Rath-
mann et al. 2017), so that gene flow and genetic drift are the primary determi-
nants of trait frequencies rather than similarities in environment. Populations 
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with more similarities in frequencies, therefore, are assumed to have diverged 
more recently while differing phenotypic frequencies indicate the popula-
tions are more distantly related. While the targeted traits are complex, prior 
studies of heritability as well as comparisons between genetic and phenotypic 
datasets show that dental phenotypes are under enough genetic control to 
successfully act as proxies for underlying genetic information (Dempsey and 
Townsend 2001; Hanihara and Ishida 2005; Hubbard et al. 2015; Irish et al. 
2020; Paul and Stojanowski 2017; Paul et al. 2020; Rathmann et al. 2017; Sto-
janowski et al. 2017; Townsend and Brown 1978). In short, dental phenotypic 
similarity indicates a higher likelihood for genetic closeness.

Due to the small sample at CA-SMA-71/H, population-level comparisons 
are not the aim of this study. Instead, analyses were applied within the site 
to assess intragroup patterns of phenotypic variation. Still, the assumptions 
outlined above, particularly that similar phenotypes correspond with closer 
genetic relatedness, remain true (Stojanowski and Schillaci 2006). It is im-
portant to note that dental phenotypes cannot positively tell us whether indi-
viduals are close biological kin but can be useful in estimating relative degree 
of relatedness (Stojanowski and Schillaci 2006). In other words, biodistance 
analysis does not necessarily tell us whether two individuals are siblings or a 
parent-child pair but can tell us whether certain individuals are more or less 
likely to share close genetic relationships to each other as compared to the 
other individuals in the sample.

Studies of biological distance at other sites in North and South America 
have successfully used hard-tissue phenotypes to estimate relatedness at the 
intra-site level, between individuals, usually by comparing patterns of relat-
edness with archaeologically defined patterns. For example, Stojanowski and 
Schillaci (2006) found phenotypic differences between people buried in the 
eastern versus western parts of the Archaic Windover Pond site in Florida, 
while Howell and Kintigh (1996) found that dental variation was unevenly 
distributed between cemetery groups at the Zuni site of Hawikku in New 
Mexico. Potentially relevant to the current research are kinship studies of Na-
tive populations subjected to the Spanish missionization system. Stojanowski 
(2005) showed the deceased from San Pedro y San Pablo de Patale mission in 
Florida tended to phenotypically cluster by row, and within-burial-row tooth 
size variability was lower than between-row variability. This suggests that in-
dividuals buried within the same row tended to share closer genetic relation-
ships than individuals from differing contexts. Similarly, Jacobi (2000) identi-
fied morphological and metric differences based on burial location within 
the Tipu Mayan cemetery affiliated with a Spanish colonial church in Belize, 
also demonstrating the role of kinship in burial practices. Besides bio-spatial 
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cemetery structures, features such as similar grave inclusions, burial orienta-
tion, and multiple burials have marked kinship in archaeological populations 
worldwide (e.g., Gomes et al. 2020; Meyer et al. 2012; Paul et al. 2013).

These studies show the potential for genetic relatedness, and hence kin-
ship, to impose structure on ancient cemeteries. Because kinship is an im-
portant social category that impacts human behavior, burial of individuals 
according to kin relations can be a way to reaffirm and perpetuate family con-
nections beyond life (Johnson and Paul 2016; Paul et al. 2013). It is important 
to note that biological relationships are not the only factor societies use to 
construct kinship (Hill et al. 2011; Johnson and Paul 2016; Pilloud and Larsen 
2011), so a lack of concordance between biological and contextual data does 
not mean the cemetery lacks kin structuring. Still, the presence of identifi-
able phenetic patterning can elucidate cases when biological genealogies are 
imbued with a broader cultural significance in defining family relationships, 
and thus provide insight into identity formation processes and social memory 
in past groups (Johnson and Paul 2016).

At the asistencia, there were several individuals who appeared to share a 
grave, including Individuals 6 and 11, Individuals 8 and 12, and Individuals 
14 and 15. Given the role kinship can play in mortuary practices, site archae-
ologists suggested there may be familial relations between individuals buried 
together or close to one another. This chapter uses biodistance analysis to 
test the hypothesis that multiple burials are an expression of a shared identity 
constructed around biological kinship.

Methods

A series of metric traits were observed on all permanent teeth from CA-SMA--
71/H. Nonmetric data were also collected from the dentition, but because of 
missing data, odontometric variables are the focus for this study. Eleven in-
dividuals had observable measurements. Age and sex estimates for the eleven 
individuals, based on a mixture of osteological and proteomic analyses (chap-
ters 3 and 4), include one female child (Burial 14), two male children (Burials 
2 and 11), one adolescent male (Burial 15), two young adult females (Burials 
12 and 13), one young adult male (Burial 6), one middle adult female (Burial 
10), two old adult females (Burials 3 and 5), and one old adult male (Burial 
8). Due to the young ages of several individuals, some data were recorded on 
teeth that had not fully erupted because their crowns were formed.

Odontometric variables were collected using Hillson-Fitzgerald dental 
calipers (Hillson et al. 2005) and included the maximum mesiodistal and 
buccolingual crown diameters as well as landmark-based mesiodistal and 
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buccolingual diameters at the cementoenamel junction (CEJ; Hillson et al. 
2005; Moorrees and Reed 1964). Although all data were collected on both the 
left and right sides of the dental arcade, the left side was selected for analysis, 
with the right antimere used as a substitute when dimensions on the left were 
impacted by wear, pathology, or taphonomy (Pilloud and Kenyhercz 2016).

Biodistance Cluster Analyses

Biodistance analyses were completed using RStudio (Posit team 2022) for R 
(R Core Team 2021). Prior to distance analyses, datasets must be reduced 
to fewer variables that show the greatest canalization and least missing data. 
Only variables from polar teeth, including first molars, third premolars, ca-
nines, first maxillary incisors, and second mandibular incisors, were included. 
These teeth are the most developmentally stable, showing greater resistance 
to environmental influence on phenotypic expression (Butler 1939; Dahlberg 
1945; Stojanowski et al. 2017). Traits that were missing values for five or more 
individuals were removed from the analysis. One individual (Burial 10) of the 
eleven was also removed because they were missing a significant number of 
the variables. Measurements were then evaluated for normality using qqplots 
(car R package; Fox and Weisberg 2019), and three variables were removed 
due to plots with irregular shapes.

At this point, ten odontometric variables remained in the dataset. These 
included the mesiodistal CEJ diameters of the first maxillary molar, third 
maxillary premolar, maxillary canine, and mandibular lateral incisor; the 
buccolingual CEJ measurements for the first maxillary molar, maxillary ca-
nine, maxillary central incisor, mandibular third premolar, and lateral man-
dibular incisor; and the maximum buccolingual crown diameter of the man-
dibular incisor. Measurements were tested for associations with age-at-death 
of the individuals in the sample using Spearman’s statistic (stats R package; R 
Core Team 2021) to ensure they reflected underlying genetic patterns rather 
than factors such as dental wear (Pilloud and Kenyhercz 2016). No variables 
needed to be removed based on age associations because correlation coeffi-
cients all had strengths below 0.55, suggesting age was not a significant con-
tributor to variation. All ten individuals had observations recorded for at least 
five of the ten traits.

Many biodistance statistics require traits to vary independently of one an-
other, an assumption odontometric datasets often do not meet due to genetic 
integration of many dental phenotypes (Stojanowski et al. 2017). To ensure 
trait independence, Principal Components Analysis (PCA) was used to re-
duce the dataset to a small number of uncorrelated variables (stats R package; 
R Core Team 2021). Since PCA only works with complete data, missing val-



200  ·  Kristen A. Broehl-Droke

ues (26 percent of the dataset) were estimated first using k-Nearest Neighbor 
imputation (k=4, VIM R package; Kowarik and Templ 2016), which has been 
successful in osteological samples (Kenyhercz and Passalacqua 2016). Then, 
the data were transformed using the geometric mean (compositions R pack-
age; van den Boogaart et al. 2021) to reduce the potential influence of sex on 
tooth size. Like age, sex is a demographic variable that can obscure patterns of 
relatedness because metrics of the permanent teeth frequently exhibit sexual 
dimorphism (Pilloud and Kenyhercz 2016).

PCA of these data resulted in four dimensions with eigenvalues above one 
that accounted for 87.7 percent of the original variance. An inter-individual 
distance matrix was produced using Euclidean distance of these four princi-
pal components (cluster R package; Maechler et al. 2021), and distance rela-
tionships were visualized with a dendrogram (stats R package; R Core Team 
2021).

Results and Discussion

Figure 10.1 shows the dendrogram produced from cluster analysis of the 
odontometric data. Individuals 6, 11, 14, and 15 form a cluster within the 
dendrogram differentiated from the rest of the burials. Another cluster is 
formed with Individuals 2, 8, and 12. These patterns provide support for the 
idea that individuals in multiple burials may have been more closely related 
to each other than to other individuals at the site. Burials 8 and 12 were one 
of the proposed related pairs and they share terminal branches on the tree, 
showing greater phenotypic similarity, and by extension genetic closeness, 
between them. Burials 6 and 11, and Burials 14 and 15, were the other in-
dividuals with suggested relationships due to shared archaeological context. 
Although Burials 11 and 14 share terminal branches in the dendrogram of 
biological distances, suggesting greater biological affinity to each other than 
the hypothesized relations to Burials 6 and 15, respectively, the figure still 
supports a closer relationship between the individuals who share a grave than 
to most other individuals in the analysis.

Several possibilities could account for the imperfect clustering of Burials 
6/11 and 14/15 even in the case they represent close kin. One consideration 
is that biodistance analyses are most useful for identifying overall patterns 
of relatedness, rather than specific relationships. Thus, family members will 
not necessarily show the smallest distances. For example, dental nonmetric 
biodistance studies of known relatives have shown that while genetic kin 
show smaller distances than nonrelatives on average, unrelated pairs can also 
show small distances since phenotypic data are not as precise as genetic data 
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(Paul and Stojanowski 2017). It is also notable that the four individuals who 
form the biological cluster in the dendrogram (6/11/14/15) are from the more 
southern of the two spatial clusters at the site, while all the other individuals 
in the sample are from the northern cluster. This could indicate the burial 
clusters more broadly represent closely related individuals rather than just the 
burial pits. In either case, the biological data do appear to show a relationship 
with archaeological context where spatial clusters (at either the burial pit or 
broader plot/row level) include more phenotypically similar individuals.

Analysis of historical records in chapter 11 from the asistencia in compari-
son to the archaeological and osteological data supports some of the results 
here. In particular, there is evidence that Individuals 6 and 11 are brothers 
who died and were buried months apart, thereby lending credence to the idea 
that family members were intentionally interred together. On the other hand, 
tentative identifications for Individuals 8, 12, 14, and 15 based on the records 
analysis do not include known biological kin. Still, relationships between 
them could not be ruled out due to the incomplete and sometimes inaccurate 
nature of the mission records. There may be familial relationships that are not 
visible in the historical documentation, or the biodistance results could rep-
resent more distant rather than close genetic kinship. The identifications also 
have some degree of uncertainty, so future research could examine these po-
tential matches and their relationships further. Ancient DNA research would 

Figure 10.1. Dendrogram showing biological affinity between individuals at Asistencia 
San Pedro y San Pablo based on odontometric data.



202  ·  Kristen A. Broehl-Droke

be particularly useful for this purpose, such as comparing mitochondrial and/
or Y-chromosome data for evidence of genetic relatedness.

Overall, results of the current study support the hypothesis that multiple 
burials represent more closely related individuals, with the caveat that the 
small sample size and missing data could have a significant randomizing ef-
fect on the results. If the asistencia population was intentionally burying fam-
ily close together, which is also supported by the historic research in at least 
one instance, this would suggest that biological kinship represents an impor-
tant facet of mortuary identity. People may have used mortuary associations 
to signal and commemorate kinship connections that were considered signifi-
cant among the living.

Whether this represents a continuation of traditional Ohlone burial prac-
tices, was a new mortuary custom introduced by the Spanish, or is the by-
product of other factors (such as comorbidity within families due to sharing 
infectious disease and burial within the cemetery according to the timing of 
death), is unclear and must await future research. Currently, there are few 
studies in the region that explore intra-site patterns of biological kinship 
available for comparison. One study at a Middle Period shell mound (CA-
ALA-11) did not find evidence for a relationship between spatial proximity 
and dentoskeletal phenotypic similarity (Broehl 2023). Similarly, an analysis 
of mitochondrial DNA diversity at the Late Period Yukisma site (CA-SCL-38) 
found the distribution of maternal lineages lacked spatial patterning (Monroe 
2014). However, the study at the Yukisma site identified a few multiple buri-
als with a shared haplotype, suggesting biological kin were interred together 
at least occasionally and it was not an entirely new custom at the asistencia. 
Due to the paucity of such research, the frequency and circumstances for kin 
co-burial is unknown. Application of biodistance methods to other precolo-
nial and colonial-period cemeteries would help show whether such mortu-
ary structuring was more widely distributed during the Mission Period and 
whether such practices changed over time. The hope is that this study will 
encourage other similar analyses in the future to further our understanding 
of kinship among Ohlone populations and of cemetery layout and structure.
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Peopling the Past
Life Histories of Native Residents of  

the Asistencia de San Pedro y San Pablo

Lee M. Panich, Beth Armstrong,  
and Christopher Canzonieri

The chapters in this volume illustrate how bioarchaeological and mortuary 
studies can provide detailed information about the challenges and opportuni-
ties faced by Ohlone people in the early colonial period. Drawing on the find-
ings regarding the fifteen Ohlone ancestors whose remains were encountered 
at the former site of the Asistencia de San Pedro y San Pablo, this chapter 
combines the rich archaeological and historical records to offer life histories 
for certain individuals buried in the outstation’s cemetery. We believe over 
half the burials (n=8) can be linked to individuals whose lives were recorded 
in the baptismal and death records for Mission San Francisco de Asís, allow-
ing us the unique opportunity to give names to particular burials. In this way, 
we hope to further honor the lives of Native Californians who were directly 
impacted by the Franciscan mission system.

Previous research has suggested that Native people may have been drawn 
to San Pedro y San Pablo due to its coastal location and the relative freedom 
it afforded compared to the main missions at San Francisco, Santa Clara, and 
in the later years of the outstation’s existence, Santa Cruz (Milliken et al. 2009; 
Newell 2009). Yet, life at the Asistencia de San Pedro y San Pablo posed very 
real challenges to Native people’s health, as discussed in the preceding chap-
ters. Mission records suggest that a total of 152 Native people were buried 
there, most between 1787 and 1792, though the cemetery seems to have been 
in use as late as 1800 (Early California Population Project 2022). The fifteen 
individuals described in this volume therefore represent nearly 10 percent of 
the total population present in the asistencia’s cemetery. Given these factors, 
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we turned to the death records from Mission San Francisco to see if we could 
identify specific individuals.

Methods and Results

To evaluate possible matches, we drew on skeletal age-at-death estimations 
as well as bioarchaeological and proteomic sex estimations (chapters 3 and 
4), to develop demographic profiles for the individuals under consideration. 
We also considered archaeological context to further refine the parameters 
of our search—for example, double burials that might match individuals of 
corresponding age and sex who were recorded in the death register as being 
buried simultaneously or in rapid succession. Last, the cemetery appears to 
have grown in a patterned fashion, with individuals added on the margins of 
the existing cemetery, creating a link between time and location within the 
cemetery (i.e., graves near one another likely date close in time). This pattern, 
which is generally consistent with the presumed filling of nearby Mission 
Santa Clara (Hylkema 1995), may also help narrow possible identifications.

To assess mission sacramental records, we used a combination of the two 
extant mission record databases for Alta California: the Early California Pop-
ulation Project, which is freely accessible online, and the Microsoft Access 
database compiled by the late Randall Milliken (see discussion in Peelo et al. 
2018). We also checked key details against the original physical records held 
in San Francisco. Similar methodologies for reconstructing life histories and 
familial relationships were previously published for Mission San Francisco 
(e.g., Cordero 2015; Milliken 1995; Newell 2009). For ease of citation, we use 
the Early California Population Project (2022) abbreviation and numbering 
system throughout this chapter. Taken together, the historical and bioarchae-
ological records offer a rich context for those Ohlone ancestors who lived, 
worked, and died at the site. Results are presented in table 11.1. We give the 
rationale for the identifications as follows:

•	 Among the possible double interments were Burials 8 and 12. Burial 8 
was a mature adult male who died above the age of forty-five, whereas 
Burial 12 was an adult female who died between the ages of twenty 
and twenty-five. Given that they were buried next to each other, we 
examined the death records for individuals matching those profiles who 
were buried within a short time of each other. Although the biodistance 
study (chapter 10) suggests a close relationship between these two 
individuals, we could not identify any corresponding pairs in the mis-
sion records. The best match involves the case of Olcóx (Spanish name 



Table 11.1. Potential matches between archaeological data and historical data for individuals buried at San Pedro y San Pablo

Archaeological Data Historical Data
Burial 
Number

Prot. Sex 
Estimation

Osteo. Age 
Estimation Native Name Spanish Name Origin Baptism # Death # Death Date

Age at 
Death

2 Male 13–17 Unknown Jose Manuel Yelamu/Pruristac 42 298 11/4/1789 ~12
6 Male 18–25 Yunnénis Rosendo Chiguan 544 254 8/30/1788 ~17
8 Male >45 Olcóx Cirino Punta de Almejas 464 214 8/13/1787 ~56
9 Male 2–2.5 Unknown Mauricio San Pedro y San 

Pablo
556 282 4/21/1789 2.5

11 Male 4–8 Julírbe Primo Chiguan 639 283 4/22/1789 7–8
12 Female 20–25 Jagessém Margaritta de 

Escocia
Chiguan 546 212 8/14/1787 ~27

14 Female 5–7 Unknown Maria Athanasia San Mateo / 
Pruristac

420 399a 1/5/1792 ~6.5

15 Male 13–17 Tarsi Aparicio Unknown 963 398a 1/4/1792 12–13

Note: Prot. = Proteomic; Osteo. = Osteological.
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Cirino, SFD Death 214) and Jagessém (Spanish name Margaritta, SFD 
Death 212) who largely conform to the bioarchaeologial information 
for Burials 8 and 12, respectively. They died only one day apart in Au-
gust 1787 (figure 11.1). Based on her baptismal information, Jagessém 
is estimated to have been twenty-seven years old when she died. This is 
generally within the possible age range of Burial 12, and the missionar-
ies, moreover, were wildly inconsistent with the ages they assigned to 
Native individuals in the sacramental registers.

•	 A potential triple burial includes Burials 9 and 11, two boys aged two to 
two and a half years and four to eight years respectively. These buri-
als are particularly interesting in that they both were interred with 
jet beads and crosses, among other funerary offerings. Here again, 
we looked for age and gender matches from a short period of time. 
The details correspond well to Mauricio (SFD Death 282) and Julírbe 
(Spanish name Primo, SFD Death 283). These two boys—a nephew and 
uncle—of matching ages died on successive days in April 1789 (figure 
11.2). The two, moreover, were part of an elite family, a detail that may 
account for the similarities in funerary offerings. The third associated 
interment, a young adult male aged eighteen to twenty-five (Burial 6), 
generally matches the details for Mauricio’s father Yunnénis, who died 

Figure 11.1. Entries in the Mission San Francisco death records for Olcóx (Spanish 
name Cirino, SFD Death 214) and Jagessém (Spanish name Margaritta, SFD Death 
212). Courtesy of the Office of the Curator, Old Mission Dolores, the Archdiocese of 
San Francisco.
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at approximately seventeen years old, a few months prior to his son and 
brother, Julírbe.

•	 Another double burial noted archaeologically seems to be present in the 
mission death records. Burial 14 was a young girl, aged five to seven, 
and was associated with Burial 15, an adolescent male, aged thirteen to 
seventeen. Death records 398a and 399a seem to represent this pattern. 
Those individuals, María Athanasia and Tarsi, died just one day apart 
at San Pedro y San Pablo in January 1792, perhaps as some of the first 
to perish during the wave of deaths that swept the asistencia in the first 
half of 1792. Here, we note that the biodistance study posits that Burial 
14 could have been in the lineage that included Burials 6 and 11 de-
scribed above. Yunnénis and Julírbe did have a third sibling, Tursucsé, 
who died at San Pedro y San Pablo as a six-year-old—the same general 
age as Burial 14. However, Tursucsé is listed in the mission records as a 
boy (Segundo, SFD Baptism 640, Death 249) and there is no ambiguity 
in the proteomic sex estimation as female for Burial 14. Thus, while it is 
possible that the missionaries misgendered Tursucsé, we feel that María 
Athanasia is a stronger match for Burial 14.

•	 The final potential match was for Burial 2, an adolescent male who 
died between the ages of thirteen and seventeen. This individual had a 
pathology consistent with vertebral tuberculosis. The only individual 
buried at San Pedro y San Pablo whose death record describes a similar 

Figure 11.2. Entries in the Mission San Francisco death records for Mauricio (SFD 
Death 282) and Julírbe (Spanish name Primo, SFD Death 283). Courtesy of the Office 
of the Curator, Old Mission Dolores, the Archdiocese of San Francisco.
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ailment is José Manuel, who died at age twelve after suffering from a 
palsy.

Other individuals could not be identified because their demographic pro-
files resulted in multiple possible matches.

•	 Burial 7 was a newborn, between forty weeks gestational age and 
two months postpartum. Based on information in the mission death 
records, nearly two dozen children younger than one year of age were 
buried at the asistencia. Of those cases, four fit the estimated ages of 
Burial 7 (table 11.2). One clue to the infants’ relative status is that Burial 
7 was buried with a sizable quantity of glass beads. Of the possible 
matches, only one could be linked to known high-status individuals 
or lineages in the mission records. Santiago, who died at roughly one 
month of age, was the grandson of Gimás, captain of the Lamchin com-
munity from the eastern portion of the San Francisco Peninsula (see 
SFD Baptism 883). Though other similarly situated individuals in this 
study were buried with large numbers of beads, we have no additional 
contextual evidence to confirm this possible match.

•	 Burials 4 and 16 appear to have been buried together. Burial 4 is 
thought to have been between fifty and sixty years old at the time of 
her death, whereas Burial 16 was a second infant between forty weeks 
gestational age and two months postpartum. Despite Burial 4’s rela-
tively advanced age—which may be due to the use of aging standards 
developed for Western populations—it is worth noting that Burial 
16 was located in the thoracic area of Burial 4, potentially indicating 
a mother and infant who both died in childbirth. Further, these two 
burials were found stratigraphically superior to Burials 14 and 15. If 
our identifications are correct, then Burials 4 and 16 would date to after 
January 2, 1792. Unfortunately, we could not identify any contempo-
raneous mother and infant deaths in the records for that time period. 
Pedro Nolasco and Santiago from table 11.2 are both possible matches 
for Burial 16, but they were clearly not newborns given the evidence 
from the baptismal and death records. As noted below, there were many 
adult women buried at the asistencia, complicating the identification 
of Burial 4. Burial 4, moreover, was buried in a prone position and was 
aligned differently than other adult burials. Given these details, we leave 
open the possibility that these two individuals are simply not in the 
mission death records for San Pedro y San Pablo—either because they 
were not baptized or possibly because their interments post-date the 
use of the site as an asistencia.
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•	 Burial 13 was an adult woman, estimated to have died between the ages 
of twenty and twenty-four. Five women in the death records fall with 
that range, and allowing for a three-year range of variation outside 
of that window (ages seventeen to twenty-seven) expands the total to 
twelve possible matches. The burials of these women date to 1789–93, 
and therefore do not neatly map on to the chronological arrangement 
seen in the other burials.

•	 The remaining burials (Burials 3, 5, and 10) are all adult women. Burial 
10 died between the ages of approximately forty and forty-four years; 
Burials 3 and 5 are estimated to have died between the ages of forty-
five and fifty years. Allowing for some variation in skeletal aging, there 
are roughly a dozen women whose ages in the baptismal records could 
potentially match these burials. Here again, the apparent spatial layout 
of the cemetery does not provide enough information to make positive 
identifications in the absence of more specific clues such as pathologies, 
funerary offerings, or stratigraphic associations that could inform links 
between the archaeological and historical individuals.

Ohlone Life Histories from the Asistencia de San Pedro y San Pablo

While we could not identify all the individuals whose burials were disturbed, 
we found matches for more than half. Several of the individuals who appear 
to be matches between the historical and bioarchaeological records have life 
histories that intersect—their stories will be presented as a single narrative, 
followed by those for single individuals. Note that where the Franciscans re-
corded individuals’ Native names, we prioritize those over the Spanish names 
applied at baptism.

Table 11.2. Potential matches for Burial 7 and Burial 16

Possible 
Match Spanish Name

Parents’ 
Origin Baptism # Death # Death Date Age at Death

Burial 7 Pacifica Pruristac 889 350 12/25/1790 ~2 weeks
Burial 7 Petronilla Cotegen 932a 357 2/26/1791 ~1 month
Burial 7 
or 16

Pedro Nolasco Yelamu 1072 434 6/7/1792 ~2.5 months

Burial 7 
or 16

Santiago Lamchin 2081 1365 10/25/1800 ~1 month

Note: Missionaries did not record Native names for these children.
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An Elite Ohlone Family: Jagessém, Yunnénis, Julírbe, and Mauricio (Buri-
als 12, 6, 11, and 9)

On June 11, 1786, a twenty-six-year old woman named Jagessém (matching 
the information for Burial 12) and her brother-in-law Yunnénis (matching 
the information for Burial 6) were baptized at Mission San Francisco (SFD 
Baptisms 544 and 546). Both were from the Chiguan village of the broader 
Ssatumnumo community, whose homelands were along the Pacific coast just 
north of present-day Half Moon Bay. Their baptism marked an important 
development in the relationship between their people and the Franciscans. 
Jagessém’s father, Cancégmne, was the leader of the Ssatumnumo commu-
nity. Jagessém’s paternal uncle, Cancégmne’s brother, was likewise from the 
Ssatumnumo community but eventually became the captain of Pruristac, 
the closest village to the future Asistencia de San Pedro y San Pablo. He was 
known as Yaguéche and sometimes went by the alias Mossués. Figure 11.3 
provides a simplified kinship diagram for this elite family.

Perhaps in an attempt to form an alliance with the Spanish, Yaguéche re-
ceived baptism at Mission San Francisco in the summer of 1783. Less than a 
year later, in January 1784, two of his brother Cancégmne’s young children—
Turumúcssé and Jamlité—were baptized (SFD Baptisms 319, 337, and 338). 
These were Jagessém’s half siblings, though it is unclear if her mother, who was 
never baptized, had already died or if her father had multiple wives—a dis-
tinct possibility given his elite status. A little over a month later, Cancégmne 
himself and his wife Ssumsin (the mother of Turumúcssé and Jamlité) trav-
eled from the coast to San Francisco to receive baptism (SFD Baptisms 345 
and 351).

These decisions came at a great cost. Young Jamlité died at the age of seven 
in January 1785, just a little over a year after she was baptized. Her mother, 
Ssumsin, died shortly thereafter. By the end of the summer of 1785, Can-
cégmne too was dead (SFD Deaths 122, 132, and 142). Though tragic, their 
deaths reveal something of the porous nature of the colonial frontier in the 
early years of the Mission Period. Cancégmne and Jamlité were buried at Mis-
sion San Francisco, but the death records indicate that Ssumsin became ill 
while outside of the mission and was likely buried in her home village. This 
community was said to be some distance beyond Punta de Almejas (“ran-
cheria mas allá de la Punta de Almejas”), a description that matches her Ssa-
tumnumo origin. Though the Pruristac captain Yaguéche and his nephew 
Turumúcssé were still alive, the elite coastal families had already suffered tre-
mendous losses before the founding of the San Pedro y San Pablo outstation.



Figure 11.3. Simplified kinship diagram showing the relationships between Jagessém, Yunnénis, Julírbe, and Mauricio—
members of an elite lineage who match the details for Burials 12, 6, 11, and 9, respectively.
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These events suggest that there was a strong precedent for the survivors of 
Cancégmne’s lineage to become associated with the Franciscan missions, but 
more than a year passed before they took that step. In June 1786, Cancégmne’s 
daughter Jagessém (Burial 12) was baptized along with her three-year-old 
son Ulchigt; her half sister, Yt-tím, who was the daughter of Cancégmne and 
Ssumsin; and her brother-in-law Yunnénis (Burial 6) (SFD Baptisms 543, 544, 
545, and 546). These baptisms are the only entries recorded at Mission San 
Francisco for June of that year and may be related to the onset of construc-
tion at the Asistencia de San Pedro y San Pablo, where it appears that all four 
individuals lived and worked. This supposition is supported by the records 
related to Mauricio, the newborn son of Jagessém’s half sister Yt-tím and her 
brother-in-law Yunnénis, who was baptized at the asistencia in November 
1786 (SFD Baptism 556). A few months later, the younger brother of Yun-
nénis, a boy named Julírbe, was also baptized. Mauricio and Julírbe match 
Burials 9 and 11, respectively.

All six of these family members died before the decade was over. Jagessém 
died on August 14, 1787, one day after her young son Ulchigt (SFD Deaths 
212 and 213). Both were buried at the Asistencia de San Pedro y San Pablo. 
Jagessém’s status as the daughter and niece of two important captains—one 
of whom, her uncle Yaguéche, was still living—is reflected in the belongings 
laid to rest with her. As detailed in chapter 5, she was buried with nearly three 
thousand shell and glass beads as well as a groundstone pestle. As shown in 
studies of her dental calculus, she was also a regular consumer of tobacco, 
again potentially signaling membership in a high-status lineage (chapter 8). 
Judging by proteins preserved in her calculus (chapter 7), she was not, how-
ever, prone to experimenting with new Spanish-introduced foods. Only pro-
teins consistent with otter and beaver were identified. On the other hand, 
stress-related immunoglobulins in enamel of her first molar (chapter 4), 
which would have been deposited over a decade prior to her baptism, were 
among the highest within the asistencia population. This finding is consistent 
with several linear enamel hypoplasias that formed on her teeth between the 
ages of two and four years, suggesting she suffered from one or more severe 
periods of stress and/or disease as a child.

Yunnénis died a little over a year later, at the age of seventeen or eighteen. 
His profile matches that of Burial 6. Because his parents were never baptized 
and were deceased by the time of his baptism, we know little about his tradi-
tional background. Still, his status is affirmed by his marriage to Yt-tím, who 
was the daughter of the Ssatumnumo captain, Cancégmne. That the Francis-
cans recorded their marriage on the same day that he and Yt-tím were bap-
tized indicates that they were already in a relationship outside of the mission 
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system (SFD Marriage 132). At the Asistencia de San Pedro y San Pablo, his 
status may have enabled Yunnénis to experiment with new foods and sub-
stances brought by the Spanish—metabolomic studies reveal the presence of 
caffeine in his dental calculus (chapter 8). Likewise, proteomic analyses show 
the presence of cow’s milk and pomegranate (chapter 7). The former may have 
exposed him to new zoonotic diseases, as proteins consistent with liver fluke 
were also found in his dental calculus, possibly contributing to his early pass-
ing. At the time of his death, he was buried with ninety-three shell and glass 
beads, as well as a groundstone pestle. He preceded Yt-tím and his son Mauri-
cio in death, as both lived until the Spring of 1789 (SFD Deaths 282 and 284).

Mauricio and Julírbe—nephew and young uncle—died one day apart in 
April 1789. Mauricio was two and a half while Julírbe was probably just short 
of eight years old (SFD Deaths 282 and 283). Both were buried at the Asis-
tencia de San Pedro y San Pablo, and match the profiles for Burials 9 and 11, 
respectively. Mauricio, in particular, shows high levels of proteins expressed 
during periods of stress, suggesting he was suffering from chronic disease 
or psychological sources of trauma in the months before his untimely death 
(chapter 4). Archaeologically, it appears that these two individuals were laid 
to rest together and had very similar belongings buried with them, confirm-
ing the familial connection seen in the documentary record. Of note, the two 
boys were buried with jet ornaments: each had a carved jet cross and a strand 
of faceted jet beads. As discussed in chapter 5, these are the only documented 
jet artifacts recorded to date from a Native Californian context dating to the 
Mission Period. Isotopic data (chapter 6) indicate that these two boys had 
unique diets relative to others studied at the site, with a more terrestrial rather 
than marine focus.

Despite these similarities, the two young boys came from different back-
grounds. As the son of Yt-tím, Mauricio was the grandson of Cancégmne, the 
Ssatumnumo captain—not to mention a relative of Yaguéche, the Pruristac 
captain. In addition to the jet cross and beads, he was buried with nearly a 
thousand shell and glass beads, which may speak directly to his prominent 
lineage. Julírbe, for his part, was the brother of Yt-tím’s husband Yunnénis. 
Both Julírbe and Yunnénis were listed as orphans in the mission baptismal 
records. Therefore, no firm information exists regarding their familial con-
nections, though they were also likely from the Chiguan community. Interest-
ingly, Julírbe tested positive for nicotine but not caffeine in the metabolomic 
studies, while his brother Yunnénis exhibited the opposite pattern (chapter 
8). At the time of his death, Julírbe was buried with a more modest bead as-
semblage than Mauricio, totaling some 114 shell, glass, and jet beads. Still, 
both boys were buried with a broad array of beads, each including most of 
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the major typological categories present in the overall mortuary assemblage 
(see chapter 5, table 5.5). Clearly, they were cherished members of the Ohlone 
community at San Pedro y San Pablo.

Taken together, these matches add detail to the tragically short lives of 
members of an elite Native family at the San Pedro outstation. Assuming the 
matches for Burials 6, 9, and 11 are correct, the difference in time between the 
burial of Yunnénis and that of his brother and son (who died on consecutive 
days over seven months later) point toward the importance of social memory 
when choosing certain burial locations at this Mission Period cemetery.

Clues to Mobility: Olcóx (Burial 8)

Olcóx (a match for Burial 8) was born sometime around 1730, long before the 
Spanish colonization of Alta California. Though he was later associated with 
the Ohlone community living in the Cañada de la Punta de Almejas, he likely 
spent his childhood further inland. As detailed by isotopic studies (chapter 6), 
Olcóx moved in his adolescence from a slightly more interior area to a more 
coastal one. This timing could correspond to performing bride service and/
or living at his spouse’s village for some time after marriage, perhaps until the 
first child was born. At some point in his early twenties, Olcóx appears to have 
moved back to a more inland area. He would have been in the prime of his 
life in 1769 when the first colonial parties passed through the San Francisco 
Peninsula, and he likely kept a wary eye on the expanding Spanish presence 
over the next decade and a half.

His children, in contrast, seem to have been more susceptible to the Fran-
ciscans’ recruitment techniques, which often targeted teenagers and young 
adults. In 1779, for example, Olcóx watched as his fourteen-year-old son Utála 
left home to receive baptism at the fledgling mission of San Francisco de Asís. 
Shortly thereafter, Utála’s younger brother—known only as Lucas in the mis-
sion records—followed in his footsteps (SFD Baptisms 115 and 125). Perhaps 
at the urging of her sons, Olcóx’s wife Chilssan, who was dreadfully sick, trav-
eled to Mission San Francisco to receive baptism just before her death in the 
first week of 1781 (SFD Baptism 204, Death 33). Undeterred by that tragedy, 
Olcóx’s teenage daughter Turute took baptism at Mission San Francisco later 
that year (SFD Baptism 217). Tragically, Utála died at Mission San Francisco 
in 1784 (SFD Death 94).

Without Chilssan or his children, Olcóx formed a new relationship with 
a woman named Turjám. Little is known about her background, but both 
made the journey to Mission San Francisco in the winter of 1786. They were 
among a group of twenty-five Ohlone individuals baptized on February 5 of 
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that year (SFD Baptism 464 and 475). Most of their party hailed from the 
western shores of San Francisco Bay, ranging from modern-day San Francisco 
south to San Mateo; a few were even from the East Bay. Combined with the 
isotopic data for Burial 8, this may indicate that Olcóx had been living away 
from the Pacific coast but still retained some affiliation with the community at 
Punta de Almejas. The marriage of Olcóx and Turjám was recorded the same 
day as their baptism, suggesting that they were already in a relationship prior 
to their baptism (SFD Marriage 106).

Given Olcóx’s connection to the Punta de Almejas region, it is not surpris-
ing that he eventually became associated with the Asistencia de San Pedro y 
San Pablo, which was founded the same year as his baptism. There, he likely 
blended old traditions and new, as revealed by the presence of both nicotine 
and caffeine in his dental calculus (chapter 8). Despite moving throughout 
the region over the course of his life, Olcóx may have wished to avoid living 
at Mission San Francisco where his son and first wife had perished. Sadly, his 
return to the coast was short-lived. Olcóx died in the summer of 1787, just a 
year and a half after his baptism, and was buried at the asistencia (“yglesia de 
el paraj[e] de San Pedro y San Pablo”) (SFD Death 214).

A Young Orphan: María Athanasia (Burial 14)

On January 5, 1792, the Native residents of San Pedro y San Pablo buried 
María Athanasia, a young girl aged six or seven (SFD Death 399a). This profile 
matches the information for Burial 14, which was one of the only burials in 
this study not to have any funerary offerings. Given the seeming association 
between grave goods and high-status individuals noted above, this pattern 
may suggest something about the status of María Athanasia or her lineage.

Unlike many individuals in the early mission records, María Athanasia had 
parents from two different tribal communities. She was baptized at Mission 
San Francisco in the spring of 1785, more than a year before the beginning 
of construction on the San Pedro y San Pablo outstation (SFD Baptism 420). 
Her parents, Guascám and Camgís, were baptized on February 5, 1786 (SFD 
Baptisms 465 and 476; and see SFD Marriage 107). They were part of the same 
mass baptism that included Olcóx (match for Burial 8), and like many from 
that group, María Athanasia’s mother Guascám was from San Mateo, on the 
western shore of San Francisco Bay. Guascám’s twelve-year-old son Chalixsé 
accompanied her to San Francisco to receive baptism on that same day in 
February 1786. He too is listed in various records as being from San Mateo. 
Guascám had another son named Geronimo Emiliano, who had been bap-
tized in 1783 (SFD Baptisms 328 and 473). These boys were María Athanasia’s 
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half brothers, and their father likely died before her birth. Her father, Camgís, 
in contrast to Guascám and her sons, was from the San Pedro Valley, near the 
site of the future asistencia.

It is also worth noting that María Athanasia lost her mother when she was 
only three years old. Guascám died in late autumn of 1788 at the Asistencia 
de San Pedro y San Pablo. María Athanasia’s father, Camgís, died in January 
1791 (SFD Deaths 260 and 252). This means that for the last year of her life, 
María Athanasia was effectively an orphan. She did not have any uncles or 
aunts listed in the records, and her half brother Geronimo Emiliano had died 
shortly after Guascám and Camgís were baptized in early 1786 (SFD Death 
180). It appears that her only living relative at the time of her death would 
have been her older half brother Chalixsé. By that time, however, Chalixsé 
was already married to a woman named Queyem and the two were likely 
living at Mission San Francisco (SFD Marriage 204, Baptism 786). Chalixsé 
himself died in 1801, apparently as a prisoner at the Santa Barbara Presidio 
(SFD Death 1385).

An Enigmatic Young Man: Tarsi (Burial 15)

In late August 1791, a young man by the name of Tarsi was baptized at the 
Asistencia de San Pedro y San Pablo. The Franciscan padre who performed 
the ceremony noted little about Tarsi’s life, save that neither of his parents had 
been baptized. No other relatives were mentioned, nor was any hint given as 
to his status or even tribal background. The next time Tarsi appeared in the 
mission registers—under his Spanish name Aparicio—it was to record his un-
timely death (SFD Baptism 963, Death 398a). He was buried at the asistencia 
on January 4, 1792, and the details match the information for Burial 15 in this 
study. Alongside his body was placed a bundle containing a remarkable ar-
ray of belongings, including fourteen bird bone whistles, nine obsidian tools 
(bifaces and projectile points), one chert projectile point, two quartz crystals, 
two bat ray barbs, and a single Olivella shell bead (see chapter 5). Proteomic 
analysis shows he experimented with new foods at the asistencia, including 
cow’s milk. Likewise, metabolomic analysis reveals that he was a consumer of 
nicotine and caffeine (possibly in the form of chocolate). These studies, more-
over, point toward a unique—though frustratingly unknown—compound 
within Tarsi’s dental calculus, further setting him apart from others buried 
at the asistencia (see chapter 8). Clearly, Tarsi was an important young man.

Another mystery about Tarsi is why the records are so silent about his re-
lations. At the time of his baptism, the missionary recorded his unbaptized 
father’s name as Ujul. The only Ujul to appear in any Alta California mission 
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record was baptized at the age of about fifty at the Asistencia de San Pedro y 
San Pablo on January 10, 1792—less than a week after Tarsi’s death. His as-
signed Spanish name, moreover, was the same one given to Tarsi: Aparicio 
(SFD Baptism 1031). Though not explicitly stated in the records, there is little 
doubt that the two men were father and son. Ujul’s wife, Jaysutí, was also bap-
tized on January 10, 1792, and their marriage was immediately reconfirmed 
in the Catholic faith (SFD Marriage 254, and see SFD Baptism 1031). Ujul and 
Jaysutí were said to be the parents of an eighteen-year-old woman named Ey-
cote, who herself was baptized at the asistencia on the same day as Tarsi in the 
previous autumn (SFD Baptism 964). She was undoubtedly Tarsi’s sister—she 
was baptized immediately after he was—but strangely, the two are not directly 
linked in the records, except through their father’s Native name.

Tarsi’s parents lived only a few years after being baptized. Ujul died in April 
1795, while Jaysutí passed away in January 1797. Both were buried at Mission 
San Francisco (SFD Deaths 821 and 1037). Of the immediate family, Tarsi’s 
sister Eycote lived the longest after baptism, surviving into her early thirties. 
During the time that she and Tarsi both lived at the asistencia, she married 
a man named Lámpes from the Oljon community whose homelands were 
south of San Pedro y San Pablo (SFD Marriage 250, and see SFD Baptism 
596). Given that no information exists on the origins of any of Tarsi’s blood 
relatives, this is the only clue as to his tribal origin (early marriages at the 
Bay Area missions were often endogamous—see Peelo et al. 2018). Eycote 
was among more than two hundred Native people associated with Mission 
San Francisco who died in the measles epidemic of 1806 (SFD Death 2148). 
A possible survivor is José Saturnino, the son of Lámpes and Eycote. He was 
born at the end of 1797 and does not have a death record linked in either of 
the two mission record databases, suggesting that he—Tarsi’s nephew—may 
have outlived the mission system (SFD Baptism 1922).

A Case of Tuberculosis? José Manuel (Burial 2)

In January 1778, an Ohlone woman named Cápete brought her infant son 
to be baptized at Mission San Francisco, where he was given the name José 
Manuel (SFD Baptism 42). Despite not being baptized herself, this was a fa-
miliar practice for Cápete. In the preceding year, her three older children—
ages five, nine, and twelve—had already been baptized, soon after the found-
ing of the mission near her homeland along the shores of San Francisco Bay 
(SFD Baptisms 9, 23, and 28). By the beginning of 1778, the father of those 
children was deceased, and Cápete was no longer in a relationship with José 
Manuel’s father, Hetecsé, an Ohlone man from the community of Pruristac. 
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As a single mother, Cápete seems to have been balancing her independence 
with the welfare of her children. She herself resisted baptism until the sum-
mer of 1779 (SFD Baptism 107).

No information exists about José Manuel’s life as a boy growing up in the 
Franciscan mission system. He was undoubtedly affected by the untimely 
deaths of two of his three half siblings, in 1779 and 1786 (SFD Deaths 20 and 
193). His maternal grandmother, Ruxníc, eventually accepted baptism only to 
perish after a year and a half living at the mission (SFD Baptism 314, Death 
160). All three were buried at the main mission. At some point, however, José 
Manuel, left San Francisco for the newly established outstation of San Pedro 
y San Pablo. It is unknown whether his father, Hetecsé, was still alive, but 
it seems likely that José Manuel moved to be closer to his paternal relatives 
living near the coast. He died at the asistencia in November 1789, just a few 
days shy of his twelfth birthday. The details of his life match Burial 2 from this 
study.

The notion that José Manuel retained family—and possibly even his fa-
ther—at or near San Pedro y San Pablo is born out by the fact that he was 
buried with over two hundred shell beads (chapter 5). Adding to the overall 
picture, José Manuel’s death record indicates that he suffered from an “ayre 
perlatico” (SFD Death 298). While not a medical diagnosis that would be used 
today, this phrase corresponds to contemporary anatomical and folk medi-
cine and likely indicates that José Manuel was suffering from some sort of 
paralysis that would have been accompanied by tremors or even seizures. The 
death record, moreover, suggests that this condition may have affected his 
ability to speak. Bioarchaeologists investigating Burial 2—the apparent match 
for José Manuel—noted a pathology consistent with vertebral tuberculosis. 
By the time of the individual’s death, the disease had progressed to the point 
where several vertebral bodies had collapsed. In combination with pelvic and 
femoral pathologies (discussed in chapter 3), the bioarchaeological record 
corresponds well to the historical suggestion that José Manuel was paralyzed. 
High levels of immunoglobulins recorded in his enamel also indicate high 
stress over an extended period of time, and that his body was working hard to 
combat this chronic infection (chapter 4).

Cemetery Layout and Growth

Estimating dates of death for individuals provides insight into how the cem-
etery at the Asistencia de San Pedro y San Pablo evolved over time. Figure 
11.4 shows the plan map of the utility trench, populated now with our identi-



Figure 11.4. Plan map of burials with traditional Ohlone names in italics (when 
known), Spanish baptismal name, and date of death. Possible matches also given for 
Burials 7 and 16.
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fications of eight individuals, and possible matches for two additional people 
(Burials 7 and 16). Included in the map are both the Ohlone names of in-
dividuals, when given in baptismal or death records, as well as the Spanish 
baptismal name, and date of death.

As shown, there is a general increase in the date of death from the center 
of the trench, near Jagessém and Olcóx (buried in the summer of 1787), to 
both the north and south. This suggests that the cemetery grew in size by 
adding recently deceased individuals along the outside edges of the existing 
set of graves. This pattern implies a cemetery that did not have a preplanned 
and linear layout, for example, where individuals were added accretionally 
based on a grid system. Instead, individuals seem to have been added based 
on available above-ground space, avoiding existing marked graves, and/or kin 
relations with people who were previously buried in the cemetery. As men-
tioned earlier, a similar system seems to have been in place at Mission Santa 
Clara (Hylkema 1995).

Conclusions

The use of the historical and archaeological record together offers a unique 
insight into the lives of the Native Californians who lived, worked, and died at 
the Asistencia de San Pedro y San Pablo. Despite some lingering ambiguities, 
we are confident that we have identified several of the Ohlone ancestors who 
were disturbed by the construction activities at the site. Their life histories 
offer an important perspective on the challenges faced by Ohlones and other 
Native Californians during the early years of the Franciscan mission system. 
All died prematurely, several as young children, a tragic testimony to the re-
alities of colonialism in Alta California. Yet, this research shows how families 
remained together despite this hardship, and in many cases laid their loved 
ones to rest with markers of their status and identity. These continuing bonds 
are perhaps best represented by the example of José Manuel, who must have 
required near constant care due to his condition. These stories also reveal how 
individuals, couples, and whole lineages adapted aspects of their precontact 
community structure and residential mobility to remain connected to one 
another despite the far-reaching social changes wrought by the missions. By 
building these interpretive bridges across diverse lines of evidence, we hope 
to honor the individuals we identified, and by extension all the Native Califor-
nians who were buried at the Asistencia de San Pedro y San Pablo.
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Collaboration between the Most Likely Descendants, San Mateo County 
Parks, CRM professionals, and university researchers provided an unprece-
dented opportunity to apply cutting-edge archaeometric and bioarchaeologi-
cal, as well as more traditional osteological, historical, and contextual studies, 
to the human remains unearthed during construction at the site of the former 
Asistencia de San Pedro y San Pablo. While one of the goals of the volume was 
to identify individuals and reconstruct certain aspects of their life histories, as 
described in chapter 11, another was to examine the degree to which a range 
of traditional practices and behaviors either persisted, or changed, for Ohlone 
within the missions. Each author was asked to explore this topic within the 
purview of their respective analysis.

All human societies segregate and organize themselves around particular 
traits of individuals, often seen as inherent to the person at a moment in time 
and space. Age, gender, race, social class, religion, and language are common 
traits used to accomplish this in cultures around the world. These traits affect 
all manner experiences an individual will have in life. For example, in the 
United States today, age dictates whether one is legally allowed to vote, drive a 
car, or drink alcohol. Details in how traits are categorized differ from culture 
to culture (i.e., some cultures may recognize two and others three or more 
genders). Regardless of how a culture decides which traits are important, 
such categorization often enhances or restricts access to particular resources 
or rituals for individuals. Such essentializing traits certainly existed in Ohlone 
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societies, as well as among Spanish colonizers. The intersection of these con-
trasting Ohlone and Spanish methods of social identity construction is a par-
ticularly interesting line of inquiry, as it would have greatly affected the expe-
riences of baptized Ohlone individuals within the mission system.

In bioarchaeological studies, we are often unable to know which traits an 
ancient society used in social identity construction. Cross-culturally, we know 
that age, gender, and social status are among the most common. Fortunately, 
aspects of these three traits are often measurable through archaeometric, skel-
etal and/or mortuary analyses.

One advantage of the bioarchaeological approach followed here is that 
we are able to examine persistence and change at the scale of the individual, 
rather than the population at large, as would be the case for materials discov-
ered in general midden contexts or communal features like those that have 
been examined at nearby mission sites (e.g., Panich et al. 2014, 2018; Peelo et 
al. 2018). Aggregating individuals by age, sex, and social status, we are able to 
contextualize how particular segments of the population, females vs. males, 
young vs. old, and elite vs. non-elite, engaged in new behaviors or had access 
to new types of resources brought by the Spanish, or not. Together, we believe 
this approach sheds light on how Ohlone society within the mission system 
was structured, and how this may have contrasted with precontact social or-
ganization, and our understandings of Spanish ideas about social organiza-
tion.

The sample of fifteen individuals in this analysis is certainly small for par-
titioning the burial population into these different categories, particularly 
intersections of them (i.e., young female elite vs. old female non-elite). Never-
theless, we attempt to summarize the findings along these lines. We hope that 
future research on other Mission Period populations, if such opportunities 
arise, might follow up on these issues and test our hypotheses using novel 
data sets.

Persistence vs. Change by Sex

A combination of osteological and proteomic analyses allowed us to estimate 
sex for nearly every individual in the population (chapters 3 and 4). Only two 
infants who lacked teeth could not be assigned to a sex category. The ability 
to include children in these analyses allowed for the investigation of how sex 
intersected with age and status, to affect the lived experiences of individuals, 
especially access to novel Spanish-introduced products. As a result, we were 
able to examine the degree to which males and females persisted, or not, in 
certain traditional practices.
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Proteomic analyses of dental calculus (chapter 7) identified a range of food 
items preserved in dental calculus. The majority of these items would have 
been available to people in precontact times, including deer, otter, and beaver. 
Every individual included in the study contained proteins associated with at 
least one of these three foods. Assuming the majority of these proteins be-
came embedded in the calculus following baptism, this indicates a strong de-
gree of persistence of precontact Ohlone dietary practices within the mission.

However, proteomic analyses also identified two classes of food that were 
clearly imported by the Spanish, cow’s milk and pomegranate. Proteins as-
sociated with these foods embedded in dental calculus thus represent access 
to and/or experimentation with new sources of food. Here, there are slight 
differences in how males and females accessed these foods. Of the three males 
included in the calculus proteomic study, two tested positive for cow’s milk, 
while only one of the six females did. This result is consistent with the findings 
by stable isotopes (see below), which suggested baptized males ate greater 
quantities of terrestrial foods. In addition, calculus from two of the three 
males tested positive for pomegranate, while only three of the six females did. 
Overall, all three males have evidence for one of these two novel products, 
while only three of six females do.

The sample sizes are too small for rigorous statistical analysis (i.e., Chi-
square tests would not reveal “significant” p-values). However, the results do 
point to possible sex-linked differences in access to novel foods. Overall, it 
appears that males had greater access to new foods than females. We speculate 
that within the patriarchal Spanish worldview, friars may have differentially 
encouraged men to try, or supplied them with, mission-produced foods. Per-
haps they thought that by getting men to accept these products, that other 
Ohlone would follow suit. This pattern may also relate to the gendered nature 
of life in the missions. Only Native men were able to serve in important roles 
such as interpreters, pages, sacristans, or even cowboys (Lightfoot 2005: 70–
71). It is possible that access to new foods was simply part and parcel of Native 
men’s differential engagement with the colonial system.

There also appear to be slight differences in how these sex-linked biases 
apply to animal versus plant products. The data suggest that males were more 
likely to experiment with, or had access to, introduced animal products, while 
females were more likely to incorporate novel plant foods. These slight differ-
ences could represent a “mapping on” of traditional tasks, which are known 
from ethnographic sources to be sex-linked (i.e., hunting vs. gathering), onto 
subsistence-related tasks within the mission system. Historically, only cer-
tain Native men served as vaqueros, or cowboys, in the California mission 
system—a role that was both gender-based and likely conferred certain social 
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status when combined with horseback riding (Panich 2017). At San Pedro y 
San Pablo, it seems that baptized Ohlone males were tasked more often with 
caring for animals, including milking cows, while females were more fre-
quently tasked with attending to gardens and orchards. These activities may 
have afforded males opportunities to drink extra milk, and females opportu-
nities to consume extra fruit and vegetable products while working in those 
locations (e.g., directly eating fruits that had fallen off trees).

These trends were repeated in the metabolemic studies of dental calculus 
(chapter 8). Caffeine was a common biomolecule recovered in the study, with 
four of ten individuals testing positive. As caffeine is not present in native 
Central Californian plants, this indicates a willingness to experiment with 
novel food items, likely in the form of processed cacao (e.g., mole, chocolate). 
Three of the five males included in the study tested positive for caffeine, while 
only one of five females did. Again, this implies that males had greater ac-
cess to the novel products that contained caffeine. By contrast, access to the 
more traditional product of tobacco is more evenly split, as indicated by the 
presence of nicotine, with three of five males and two of five females testing 
positive.

The metabolemic study also pointed to broader differences in the suite of 
biomolecules present in male vs. female dental calculus. Although the major-
ity of those compounds were not specifically identified (as opposed to caffeine 
and nicotine), and we cannot ascribe particular behavioral differences to this 
pattern, most males and females were separated in a PCA analysis of metabo-
lemic compounds. This implies that males and females within the mission 
system, and perhaps prior to their being baptized as well, were engaging in 
activities that introduced different compounds into the mouth. This could 
represent ingestion of different kinds of foods, but could also be related to 
consumption of medicines or performing tasks that involved use of the teeth 
(e.g., basketweaving, textile production). This latter possibility is consistent 
with ethnographically documented gender roles in Native California and in 
the Franciscan mission system (Lightfoot 2005: 67), again, a mapping on and 
continuance of traditional practices within the mission system.

Likewise, stable isotope analyses of collagen from tooth sections that 
formed before an individual entered the mission system, versus collagen that 
formed after an individual was within the mission, also reveal patterning in 
diet by sex. Results suggest that male diets were more dynamic across the pre– 
to post–Mission Period, while female diets were more stable. In particular, 
while precontact male diets were generally heavy in high trophic-level ma-
rine foods, their diets within the mission seem to have transitioned to greater 
incorporation of terrestrial foods. As shown above, 67 percent of males in-
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cluded in the proteomic studies tested positive for cow’s milk, while only 20 
percent of the females did. By contrast, precontact females seem to have ac-
cessed less marine food than males. But within the mission system, females 
continued to eat similar quantities of these marine-derived foods. These 
isotopic differences again suggest that males within the mission system had 
greater access to novel foods and dietary regimes than females, and witnessed 
a greater degree of dietary change than females. This finding also comports 
with historical records indicating that tending cattle within the missions was 
primarily tasked to male individuals (Hackel 2005). Historical records indi-
cate that some males were involved in trapping and hunting of beaver and ot-
ter to supply the Spanish with pelts. However, judging by the proteins present 
in calculus, the meat from these traditionally caught animals was eaten and 
shared widely among the Native community associated with the asistencia, 
males and females. These findings point to a continuance of certain aspects of 
traditional hunting, trapping, and meat consumption.

Element analyses (chapter 9) did not point to any systematic differences by 
sex in the degree to which baptized individuals were exposed to heavy metals, 
though the sample size was limited to just five of the individuals. The results 
did show that both males and females were exposed to higher amounts of 
copper, zinc, and iron relative to precontact individuals. Such exposure likely 
came through the use of new introduced metal tools, including cooking, serv-
ing, and drinking vessels, and possibly consumption of some of the new foods 
discussed above, especially beef and dairy.

Overall, the various studies in this volume point to important differences 
in how males and females persisted in traditional activities within the mission 
system. Although members of both sexes in this population show some evi-
dence for dietary and behavioral change from precontact lifeways, as well as 
evidence for persistence (i.e., consumption of otter and beaver), our findings 
suggest that females were more likely to maintain traditional practices and 
males were more likely to adopt novel lifeways.

Persistence vs. Change by Age

The burial population from the asistencia naturally segregates into a set of 
individuals who died under age twenty-five (n=10, including two infants), 
and a set that died after age thirty-five (n=5). We use that natural division 
here to examine patterning in persistence vs. change by ontogenetic age. We 
collapsed the sex categories noted above in the summaries below. However, 
we note that there is a slight overrepresentation of males within the younger 
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cohort within the dental calculus studies, and that the two infants were not 
included in any of the information below.

The calculus proteomic data indicate that both young and old were con-
suming traditional foods, including deer, otter, and beaver. On the other 
hand, there was a slight tendency for younger individuals to test positive for 
cow’s milk, where two of four younger people (both males), but only one of 
five older people did (a female). Pomegranate seems to have been more evenly 
distributed by age, where two of four younger and three of five older people 
tested positive for these fruit proteins.

Data from metabolemics suggest a different pattern for access to novel 
caffeine-containing foods. Only one of six younger people tested positive for 
caffeine, while two of four older people did. Yet, access to the more traditional 
tobacco, as evidenced by nicotine, is more evenly distributed, with three of six 
younger people and two of four older people testing positive.

Stable isotope data suggested that all individuals within the population 
continued to eat significant quantities of marine foods, but that there is a shift 
toward a greater terrestrial component within the asistencia. Further, within 
the population, it appears that younger individuals, particularly those under 
age twelve, had the most divergent diets relative to precontact dietary prac-
tices. There, a terrestrial dietary focus seems to have characterized the young-
est children, while collagen that we estimate to have formed after entering 
the mission from younger adults points to continued consumption of at least 
some marine foods.

Finally, the heavy metal analyses do suggest some differences by age in 
exposure to copper, zinc, and iron. Here, the youngest individuals, teenaged 
Tarsi and child María Athanasia, show generally lower levels of copper and 
zinc compared to the adults, including Burial 3, Yunnénis, and Olcóx. This 
suggests that older individuals had greater access to foods prepared or stored 
in metal containers.

Overall, then, there seems to be only a slight distinction for persistence vs. 
change by age. The data suggest that both young and old had access to novel 
dietary items, with a slight bias toward younger individuals being more dy-
namic in their incorporation of novel food items relative to older adults. The 
main exception here is in the form of access to caffeine-containing products, 
presumably cacao, which seem to have been reserved more for older individ-
uals within the mission. It is possible that either friars or Ohlone elders may 
have restricted access to cacao by age. Chocolate—taken as a beverage—was 
a standard part of the colonial diet in Alta California, and there is some evi-
dence that missionaries and soldiers may have restricted its usage among Na-
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tive people to those who were most inclined toward Euro-American lifeways 
(Graham and Skowronek 2016). At the remote outpost of San Pedro y San 
Pablo, that practice may have simply meant that adults, especially adult men 
(per discussion above), rather than children, were able to indulge in the con-
sumption of chocolate. Assuming these cacao-based products were prepared 
or stored in iron, copper, or brass vessels, such as the chocolateras found in 
some California mission contexts (Graham and Skowronek 2016; Simmons 
and Turley 1980), this line of reasoning also explains the higher levels of these 
metals in the enamel of older individuals within the population.

Persistence vs. Change by Social Class

Social class and/or status is often marked in death by investment in the funer-
ary context (Bartel 1982; Binford and Brown 1971; O’Shea 1984). In many 
societies such status is materialized by placing goods within the grave, espe-
cially items that reflect the social connections the person had in life. The latter 
often include exotic goods that reflect links or ties to distant but important 
individuals, cultures, rituals, or landscapes. Research in precontact California 
has a long history of investigating beads, especially Olivella and clam disk 
beads, in mortuary contexts (Brown et al. 2023; Groza et al. 2011; Milliken 
and Bennyhoff 1993), and the quantity of these items are often regarded as 
marking social status.

Within the San Pedro y San Pablo population, there are nine individuals 
who were buried with high numbers of beads (greater than ninety beads) and/
or other unusual items (in the case of Tarsi; see chapter 5). These include José 
Manuel (Burial 2), Burial 5, Yunnénis (Burial 6), Burial 7, Mauricio (Burial 
9), Julírbe (Burial 11), Jagessém (Burial 12), Burial 13, and Tarsi (Burial 15). 
On the other hand, five individuals have very few grave goods: Burial 3, Burial 
4, Olcóx (Burial 8), Burial 10, and María Athanasia (Burial 14). We use these 
distinctions to examine “higher status” and connected individuals, from those 
who were apparently of “lower status” and relatively unconnected.

Proteomic analyses of calculus show that both high- and low-status indi-
viduals accessed traditional foods, including otter, deer, and beaver. However, 
three of five high-status individuals tested positive for cow’s milk, while none 
of the four lower-status individuals did. This may indicate that higher-status 
individuals, including both males and females, may have had differential ac-
cess to novel mission animal products. On the other hand, access to pome-
granates seems to have been more equal between higher-status (three of five 
tested positive) and lower-status (two of four) individuals.
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Metabolemic studies show that access to caffeine-producing products 
was more equal between higher-status (two of six tested positive) and lower-
status (two of four) individuals. As well, assuming exposure to heavy metals 
was primarily through metal chocolateras, we did not see differences in the 
density of heavy metals across the social status categories. Access to tradi-
tional tobacco was also equal across higher-status (three of six tested positive) 
and lower-status (two of four) individuals. Likewise, stable isotope analyses 
do not indicate significant differences in diets within the mission between 
higher- and lower-status individuals. Higher-status individuals do not show 
systematically greater access to marine (or terrestrial) food products. This 
finding tracks well with complementary archaeological data from mission 
sites where Native residents prepared communal meals, such as stews (Noe 
2022). Together, the information on status indicates that, outside of access to 
cow’s milk, which as noted above may have been linked to sex-biased tasks 
within the asistencia, there are no clear differences in access to novel foods 
and resources associated with the quantity of beads or exotic items placed in 
the grave. This finding suggests that many of the status differences Ohlone 
recognized within their community, and marked by including grave goods at 
death (the continuation of a traditional practice), were either not recognized 
by friars within the mission, or at least did not result in differential treatment. 
While historical records show that the eighteenth-century Spanish worldview 
certainly recognized status disparities among individuals, they likely did not 
extend such social identities to baptized Ohlone within the mission. It is pos-
sible that friars considered all Ohlone to be equally inferior. Alternatively, 
perhaps friars did not wish to promote jealousy or other internal divisions 
within the baptized community by providing access to certain resources to 
particular individuals based on a status system they did not understand or 
recognize (as opposed to age and sex, which they did understand).

In terms of funerary offerings, we note two patterns that may relate to sta-
tus. One has to do with beads. Of particular interest is that some but not all 
of the children were buried with sizable quantities of beads, which were a 
marker of wealth in local Native Californian societies during precontact times 
and into the colonial period (Milliken et al. 2007; Panich 2014). This pat-
tern is especially evident for Mauricio and Julírbe (Burials 9 and 11), young 
boys with largely matching burial assemblages of shell, glass, and jet beads, 
and who can be linked to a known lineage headed by two community cap-
tains. Burial 7, an infant, also had a large number of glass beads though their 
identity remains unknown. The other children, María Athanasia (Burial 14) 
and Burial 16, were completely lacking in beads or other funerary offerings. 
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This uneven distribution suggests that status was inherited within the Ohlone 
community rather than ascribed.

Of the adults with large bead assemblages, the association between beads 
and status is reinforced. This is particularly true for Yunnénis and Jagessém 
(Burials 6 and 12), who were part of the same elite extended family as Mauri-
cio and Julírbe. Here, moreover, bead wealth decreased with distance from the 
lineage captain. Jagessém, daughter of a captain, had the most beads of any in-
dividual in this study, whereas Yunnénis, whose brother had married into the 
lineage, had a relatively modest funerary assemblage. Last, the kinds of beads 
buried with particular individuals may also be meaningful. Aside from Burial 
7, whose historical identity could not be discerned, all the individuals with 
notable quantities of glass beads were from the high-status lineage. Mauricio 
and Julírbe had the only jet beads yet recorded from a contemporary mortu-
ary context in the entire region, perhaps also pointing toward the association 
between introduced beads and status (and see Panich 2014).

Age at weaning may also relate to status. The weaning data from the Asis-
tencia de San Pedro y San Pablo generally conform to the patterns seen in 
the funerary offerings. Olcóx (Burial 8) was weaned relatively early and did 
not have any appreciable grave goods deposited with him at the time of his 
death many decades later. This latter finding may underscore the durability of 
inherited social position among Ohlone people. A slightly different pattern is 
present for José Manuel (Burial 2). He also seems to have been weaned rela-
tively early, and he was buried with a modest bead assemblage. These beads, 
however, were nearly all shell beads (as opposed to glass or jet), perhaps rein-
forcing the correlation between novel bead types and status. Mauricio (Burial 
9), in contrast, was the grandson of a captain and was still breastfeeding at 
the time of his death at age two and a half when he was buried with an elabo-
rate assemblage of shell, glass, and jet beads. While we know little about the 
ancestry of Mauricio’s father (Burial 6), Yunnénis was weaned late compared 
to others in this study, suggesting that he may have been destined at birth to 
assume a leadership position. This may account for his marriage to Yt-tím, the 
daughter of a captain.

The adolescent Tarsi (Burial 15) suggests that funerary offerings may relate 
to other vectors of social identity. Tarsi has no known ties to local Native lead-
ership. He was weaned relatively late in his childhood, like other high-status 
individuals in this study. Where his story diverges is in his burial assemblage. 
It included only one shell bead, but nonetheless had an array of objects—
bird bone whistles, projectile points, quartz crystals, and bat ray barbs—that 
were absent from any of the other burials at the asistencia. Given that these 
belongings appear to have been kept in a pouch placed on Tarsi’s abdomen, 
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it is possible that his status derived not from political power—as in the case 
of the lineages of village captains—but rather from proximity to religious or 
spiritual power.

These inferences about status may also intersect questions about how gen-
der operated among Ohlone communities in late precontact and early colo-
nial times. Whereas the distribution of beads suggests that political status was 
heritable, information on weaning ages points toward gendered investments 
in young people, even among important lineages. Jagessém (Burial 12), for 
example, seems to have been weaned early, at only a year and a half of age. 
If captainship was passed down patrilineally, she may not have received as 
much maternal investment in the form of breastfeeding, and was therefore 
weaned earlier. Her elaborate funerary offerings speak to her status relative to 
Ohlone individuals outside of her lineage, but the weaning data may suggest 
that within her own family she was subordinate to her brothers and other 
male family members.

Conclusions

The recovery of fifteen burials from the Asistencia de San Pedro y San Pablo 
offered a novel opportunity to learn more about the lives of Ohlone ancestors 
who were thrust into the Spanish mission system during its early years of op-
eration. There is no doubt that these individuals and families suffered greatly 
from the impacts of the mission system, as evidenced by skeletal patholo-
gies, other health indicators, and the disproportionate number of children 
buried in the asistencia’s cemetery. This finding is not surprising, as previ-
ous bioarchaeological and demographic studies in Alta California have amply 
demonstrated the negative effects of missionization for Native Californians 
(Jackson 1994; Jones et al. 2021). Though regional and site-specific differences 
exist, bioarchaeological analyses from the Spanish colony of La Florida simi-
larly demonstrate that Native health declined in step with their participation 
in the mission system (Stojanowski 2013). Indeed, such patterns are present 
throughout the Spanish Borderlands of North America (Baker and Kealhofer 
1996).

Despite the hardships they faced, Ohlone ancestors at San Pedro y San Pablo 
seem to have deliberately chosen to live there rather than at the main mission 
sites of San Francisco, Santa Clara, and eventually Santa Cruz. The reasons 
behind this choice are complex, but likely involved the ability to remain close 
to family and friends, proximity to ancestral homelands along the coast, and 
perhaps a greater degree of freedom in everyday life. This latter possibility is 
suggested by the prevalence of tobacco use and the persistent consumption 
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of traditional foods by many of the individuals in this study. Similarly, Native 
people at San Pedro y San Pablo laid their loved ones to rest with a wide ar-
ray of belongings, including beads, groundstone pestles, and other items. The 
use of funerary offerings was in keeping with widespread mortuary traditions 
among Ohlone communities but would have been expressly prohibited by 
Catholic doctrine of the time. Interestingly, there is good evidence for all of 
these same practices—tobacco use, consumption of traditional foods, and the 
persistence of grave goods—at nearby missions such as Santa Clara (Cuth-
rell et al. 2016; Hylkema 1995; Panich 2015; Potter et al. 2021). However, the 
short duration of occupation at San Pedro y San Pablo combined with the 
ability to identify specific historical individuals offered the unprecedented op-
portunity to refine the temporal and cultural understanding of how Ohlone 
people, like other Native Californians, resisted the imposition of the mission  
system.

Findings in this volume suggest that Ohlone engaged with Spanish cul-
ture and worldviews in a mixed fashion. In other words, there is evidence for 
both persistence and change. Given the nature of archaeological inquiry, our 
results are necessarily focused on the more material and durable aspects of 
people’s lives. Thus, behaviors surrounding diet, health, and medicinal plant 
usage figure prominently in our research, while language and clothing are 
missing. Nevertheless, based on evidence collected, it is clear that a number of 
traditional dietary, behavioral, and mortuary practices continued among the 
individuals included in the research. For example, outside of the two infants 
who were likely still breastfeeding, consumption of native animals and plants 
was evident in every individual studied.

Results from the studies in this volume suggest that social status does not 
seem to have had much influence in the degree to which people adopted, or 
not, novel Spanish practices. On the other hand, women, and to some degree 
older men, were more likely to persist in these traditional practices, while 
males, especially boys and younger adult men, seem to have either more read-
ily adopted, or at least had greater access to, the many novel foods Spanish 
colonizers brought with them. At the asistencia, our evidence shows these 
products included cow, pomegranate, and cacao. Judging from Yunnénis, 
who seems to have contracted liver fluke from his interactions with cows, 
such behaviors also carried health risks to individuals.

In sum, the positive and collaborative interaction between the people who 
participated in the Asistencia de San Pedro y San Pablo project, provided a 
wealth of new information about the process of missionization in California, 
at least for people buried at the site. We were privileged to work with so many 
professionals, each with amazing sets of knowledge and expertise.
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In conducting the studies, we hope to have honored the ancestors by giving 
names to some of the skeletal remains and reconstructing parts of their life 
histories during what was a tumultuous and difficult time for Native people. 
We hope the results of these studies are of value to other Ohlone and Na-
tive communities, and to those with interests in California’s human history. 
Finally, we note that archaeological science is an iterative process that builds 
upon previous findings and continually refines our knowledge and under-
standing about the past. New analytical methods open up new windows onto 
the experiences of our ancestors. Should future construction or other activity 
result in the unanticipated exposure of Mission Period individuals at other lo-
cations, we hope that the studies set forth in this volume can provide a frame-
work for new studies, to honor and help remember other individuals, to test 
some of the ideas proposed in this volume, and to deepen our connection to 
the past.
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APPENDIX

Images of Human Skeletal Remains 



Figure A.1. Preservation of Burial 2 with pathological alterations shaded in black. 
Pathological alterations at the lower thoracic and lumbar vertebrae, lytic lesion at the 
right ilium, and morphological changes in femora angle are depicted by arrows.



Figure A.2. Burial 3, right innomi-
nate bone with alterations at iliac 
crest depicted by arrows.

Figure A.3. Occlusal view of stain-
ing on dentition from Burial 14 
with black arrow pointing to pits 
in enamel of maxillary first left 
molar.



Figure A.4. Cross section of first mo-
lar of Burial 2, showing area scanned 
by LA-ICP-MS in Figure 9.2.

Figure A.6. Cross section of first 
molar of Burial 11, showing area 
scanned by LA-ICP-MS in figure 
9.4. Note incomplete apical root 
tip, which was still growing at 
time of death.

Figure A.5. Cross section of first molar of Burial 
14, showing area scanned by LA-ICP-MS in figure 
9.3. Note incomplete apical root tip, which was 
still growing at time of death.
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