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Abstract 

 

This dissertation addresses the ecological changes that occurred in 19th century 
California due to Spanish Colonial and Mexican Period cattle ranching. Grasslands in 
particular are often depicted as having been rapidly invaded by exotic Old World grasses. In 
addition, cattle ranching and ecological change are thought to be a factor in the decision 
making of Native Californians to enter the Spanish missions. Wilder Ranch California State 
Park, formerly known as Rancho Refugio, is used as a case study to explore these issues. 
Originally established as a rancho of Mission Santa Cruz, Wilder Ranch remained an 
operating ranch until the 1970s, and thus provides an excellent venue to explore the long- 
term effects of cattle ranching. To analyze the rate and intensity of grassland change at 
Wilder Ranch, a combination of zooarchaeological analysis, archaeobotanical analysis, 
historical records, and agent based modeling is used. These lines of evidence together 
indicate that grasslands were altered by exotic grasses, but not at the rate and intensity that is 
often suggested. In addition, analysis of baptismal records from nearby Mission Santa Cruz 
indicate that most local Native Californians had joined the mission before cattle herds had 
grown much in size, and before extensive ecological change is expected to have occurred. 
Instead, a combination of drought and social network collapse seem more influential in the 
decision of local Native Californians to join the mission. 
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Chapter 1   Introduction  

 

Beginning with the Spanish colonization of California in the late eighteenth century 

and early nineteenth century, animals, plants, and diseases from the eastern hemisphere were 

intentionally, as well as inadvertently, spread throughout California. Alfred Crosby (1986) 

termed this spread “Ecological Imperialism”, and proposed that in addition to colonial 

projects that this non-human colonization transformed California into a “Neo-Europe”. The 

term Neo-Europe refers to regions that through European colonization and subsequent 

ecological transformation came to resemble the social and ecological landscapes of Europe, 

particularly the Mediterranean region. The term Neo-Europe is not commonly used today, 

but the idea behind it, and the idea of Ecological Imperialism, remains influential in recent 

colonial California archaeological and historical studies (Allen 1998; Hackel 2005; Preston 

1997). This is because today ecological transformation is apparent in many plant 

communities throughout the state (Williams et al. 2005), particularly in California’s 

grasslands (D’Antonio et al. 2002). In addition, many former Spanish Colonial settlements 

are now major urban centers (particularly, Los Angeles, San Diego and the Bay Area which 

extends between San Francisco and San Jose), with a notable absence of federally recognized 

Native Californian groups near them (Lightfoot 2005) (San Diego being the major 

exception).  

This dissertation examines two parts of the Ecological Imperialism and Neo-Europe 

hypothesis. First, it tests whether or not the introduction of cattle (Bos taurus) to California 

had noticeable ecological impacts during California’s Spanish Colonial Period (AD 1769 to 
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AD 1821), Mexican Period (AD 1821 to AD 1848), and early American Period (AD 1848 

into the AD 1860s). This primary research question is tested with archaeological data and 

computer modeling. The potential ecological impacts of cattle are the focus of this research 

because 1) cattle are commonly discussed as agents of ecological change, 2) cattle ranching 

was a major social and economic institution during California’s historical period, and 3) 

because a zooarchaeological analysis of cattle remains forms the heart of this work. These 

reasons for studying cattle ranching are discussed further below, and throughout this 

dissertation, but the extent, duration, and importance of cattle (and other livestock) ranching 

in California needs to be emphasized here.  

Cattle and other livestock were brought to California in the first year of Spanish 

Colonialism (AD 1769), and by end of the Spanish Colonial Period most of the missions 

(twenty total) and presidios (four total) had cattle and sheep herds composed of thousands, 

and sometimes over ten thousand, animals (Jackson and Castillo 1995:114–144). Cattle 

supplied food and resources for the growing hide and tallow trade. During the Mexican 

Period, following the secularization of the Spanish Franciscan missions (starting AD 1833), 

former mission livestock herds and lands were primarily granted to Mexican citizens. This 

led to the formation of about 500 ranchos covering 8,519,997 acres of land (Figure 1-1). Not 

all ranchos were cattle ranches, and there are sparse records on the size of livestock 

populations during this period, but the boundaries of ranchos and availability of large cattle 

herds became the basis of land divisioning and ownership along much of the coast of 

California, and a major industry, during Mexican Period and the early American Period. 

Cattle populations (but not sheep populations) increased drastically after the United States 

annexation of California, often growing to double, or even quadruple, the size of Spanish 

Period cattle herds (Burcham 1961, and see Chapter 4). In short, the cattle ranching industry 
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was a major aspect of California’s early historical period and is potentially a major shaper of 

ecological and social changes in the region.  

 

 
Figure 1-1: Distribution of Mexican Period Land Grant Ranchos 
Map Complied by Ben Curry 2017, Map Sources: 2, & 3 
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Cattle ranching is the main focus of this research because cattle grazing is commonly 

mentioned in the historical and archaeological literature (Crosby 1986; Hackel 2005; Allen et 

al. 2013), as well as in the ecological and rangeland literature (D’Antonio et al. 2002; Sharp 

and Whittaker 2003; Jones 2000), as being a potential cause of ecological change, particularly 

in grasslands, in California. The ecological impacts commonly attributed to cattle ranching 

include promoting the spread of exotic plants, the disruption of plant communities through 

overgrazing, soil erosion or compaction from large numbers of large-bodied hoofed animals 

repeatedly walking in the same places, and by cattle competing with other herbivores such as 

deer or elk, and pushing these species into marginal habitats (Burcham 1961; Asner et al. 

2004; Stewart et al. 2002). Today, California’s grasslands are often heavily invaded by eastern 

hemisphere plants, particularly annual grasses and forbs. This includes areas outside of cities 

and agricultural lands, so it reasonable to look at cattle ranching as a potential historical 

cause of this type of ecological change.  

That said, the modern intensity and spatial extent of introduced plants vary across the 

state, and even within a particular region (Cobin and D’Antonio 2004; Williams et al. 2005). 

It is possible, then, that the transformation of California’s ecosystems was not, and is not, as 

complete as sometimes suggested. The timing and mechanisms of ecosystem change also 

remain a topic of debate. Even changes that are evident today do not necessarily have a clear 

historical record of when they began, or how extensive they were. Also, multiple, possibly 

interacting, causal mechanisms (including cattle grazing, drought, and the simple competitive 

advantage of introduced plants) are suggested by various researchers (D’Antonio et al. 2002). 

Thus the timing and exact mechanisms of ecological change, particularly in grasslands, 

remain open subjects of study. 
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  A secondary set of questions in this dissertation concerns the possible relation 

between growing cattle (and other livestock) populations and the rate, and motivations, of 

Native Californians joining California’s Franciscan missions during the Spanish Period. Steve 

Hackel (2005) examined this possibility at Mission San Carlos Borroméo in Children of Coyote, 

Missionaries of Saint Francis, and found evidence that growing cattle (and other livestock) 

populations likely prompted Native Californians to join that mission as their lands were 

overrun by livestock. This was not necessarily a universal pattern, however, as there is 

evidence for a mix of ecological, including growing livestock populations, and social factors 

motivating Native Californians to join Mission San Antonio de Padua  (Peelo 2009). 

Nonetheless, California mission sheep and cattle ranches covered extensive tracts of land, 

and Hackel’s analysis is tantalizing enough to examine this relation at other missions. 

There also are possible ecological repercussions from Native Californians having 

joined the missions. There is a growing body of archaeological and ethnographic evidence 

that Native Californians actively managed their landscapes (Cuthrell 2013; Lightfoot, 

Cuthrell, et al. 2013; Lewis 1993) through various ecologically focused practices, collectively 

referred to as Traditional Resource and Ecological Management (TREM) practices (Fowler 

and Lepofsky 2011) in this work. During the colonial era TREM practices likely became 

constrained, or possibly ceased altogether. TREM practices include management strategies 

such as controlled burning, transplanting and tending plants, and maintaining the size and 

distribution of wild animal populations. If TREM practices were extensively employed 

across the landscape and significantly influenced ecosystems, then it is possible that Native 

Californians joining mission communities would have affected the ecosystems they had 

previously managed. This assumes that Native Californians ceased or limited their TREM 

practices as they joined the missions, a possibility for which there is mixed evidence (Cuthrell 
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2013; Peelo 2009). In addition, if the cessation or limiting of TREM practices occurred 

during the same period that mission livestock populations were growing this could have 

intensified the ecological changes caused by either factor. The relationship between Native 

Californians joining mission communities and growing livestock populations is important 

than not only for social reasons but also because it may have created a socio-ecological 

feedback loop that leads to relatively rapid ecological changes.  

A final sociocultural consideration is the long-term influence cattle ranching has had 

on land divisioning and ownership, and how this reinforced both the social and ecological 

processes within and around ranches. As noted above, Mexican Period ranch boundaries 

continue to define the major land divisions of coastal California. These historical boundaries, 

in turn, have defined the split between rural and urban areas along the Californian coast, and 

have led to different land uses. The ranch and archaeological site used as case study in this 

dissertation, Wilder Ranch State Park (Wilder Ranch or [the] Park), presents a prime example 

of this historical process. Wilder Ranch forms the northwestern border of modern-day Santa 

Cruz city and is closely associated with a nearby mission, Mission Santa Cruz (Figure 1-2). 

The local Native Californians of the Wilder Ranch area, the Ohlone speaking Uypi or Cotoni 

tribelets joined Mission Santa Cruz early on (Rizzo 2016; Milliken 1995), and the Wilder 

Ranch became a working cattle ranch from roughly that time until very recently. Wilder 

Ranch therefore represents the historical processes outlined above and thus should contain 

archaeological and ecological traces that reflect the formation of a Neo-Europe. 
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The Case Study Site: Wilder Ranch 

Wilder Ranch was an operational cattle ranch from shortly after the founding of 

Mission Santa Cruz (AD 1791) until AD 1974 and is located just northwest of Santa Cruz 

city on the northern shore of the Monterey Bay (figure 1-2). The archaeological and 

ecological data presented in this dissertation come primarily from Wilder Ranch, and the 

historical data come from this ranch and nearby Mission Santa Cruz. The modern-day 

Wilder Ranch State Park preserves the ranch of the Wilder family and the central portion of 

a larger Mexican Period ranch named Rancho Refugio. The Park also preserves the southern 

portion of a much larger Mission Santa Cruz ranch named Rancho Arroyo del Matadero. In 

addition to being a well document historical ranch, Wilder Ranch contains eleven prehistoric 

Native Californian archaeological sites dating back to 9,000 BP (Before Present), though 

most sites date to the last 1,000 years (Jones et al. 2007; Hylkema 1991). These sites, 

particularly the more recent ones, were likely habitation or task sites used by the ancestors of 

the Ohlone, the local Native California group.   

A number of ecological studies and surveys also have focused on the past and present 

environment of Wilder Ranch State Park (Evett and Bartolome 2013; IMAP 2002; Carvey 

1993; White, Vivit, et al. 2012). These ecological studies provide localized data for 

comparison to the faunal and botanical data produced for this study and lengthen the 

timeframe for which ecological conditions are known at Wilder Ranch – from prehistoric 

periods to the present. All of these factors make Wilder Ranch a suitable location to study 

cattle-driven social and ecological changes.  
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Figure 1-2: Location of Wilder Ranch - Rancho Refugio, Mission Santa Cruz, and Santa Cruz, CA 

Map Complied by Ben Curry 2017, Map Sources: 2, 3, & 4 

 

The archaeological, faunal, and botanical evidence analyzed in this study come from a 

historical and archaeological site within Wilder Ranch termed the “ranchstead” (site 

designation: CA-SCR-38/123H). The ranchstead is a complex of buildings and corrals used 

by the various families and laborers of Wilder Ranch - Rancho Refugio throughout much of 

the ranch’s history. The ranchstead is located in a small coastal valley just south of California 

Highway 1. Figure 1-3 shows the location of the ranchstead in relation to modern day Wilder 

Ranch State Park (solid black line), Rancho Refugio (black dashed line), along with the 

general landforms and main water sources of the ranch.  
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Figure 1-3: Ranchstead Location in Wilder Ranch State Park 
Map Complied by Ben Curry 2017, Map Sources: 1 2, & 5 

 

Within the ranchstead, a feature designated as Feature 1, which contains a sub-feature 

called the “Bone Pit”, produced most of the faunal, botanical, and other archaeological data 

used in this research. Feature 1 was excavated in 1987 by California State Parks 

archaeologists (Allen et al. 2013; Doane 1987) and is a mid-nineteenth century trash pit filled 

with construction rubble, household artifacts, prehistoric or colonial period Native 

Californian artifacts, and a large deposit of faunal remains. The faunal assemblage from the 

Bone Pit, which is the lower portion of Feature 1, consists of mostly cattle and shellfish 

remains, but includes other domestic mammals, a few wild mammals, and some wild birds. 

The botanical assemblages come from a column sample at the edge of Feature 1 (Cuthrell 

2010), and from cattle tooth calculus inclusions (Yost 2015). Both of these botanical 
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assemblages are used to assess the composition of plant communities at Wilder during the 

mid-nineteenth century.   

Feature 1 is dated to the mid-nineteenth century by the ceramics assemblage 

associated with the faunal remains in the feature. The analysis of ceramic wares indicates that 

the feature was most likely produced in the 1840s (but possibly as early as AD 1838 or as late 

as the early 1850s). This places the feature’s creation sometime during the Mexican Period or 

early American Period. The timeframe of Feature 1’s creation places it late in California’s 

colonial history, which means that the feature’s faunal and botanical contents are likely good 

indicators of previous ecological changes and of Wilder Ranch’s ecosystem during a crucial 

period of changing land-use and ownership patterns.  

 

Wilder Ranch in the Broader Socio-Ecological Context 

Wilder Ranch and, to a much lesser degree, Mission Santa Cruz are the focus of this 

study, but neither should be considered in isolation. Cattle and sheep ranching were 

extensive industries in Spanish Colonial and Mexican Period Alta California (the Spanish 

Colonial and Mexican Period name for California), and these industries are commonly 

suggested as the source of extensive ecological change in California, particularly to 

grasslands. The missions themselves have been the subject of many historical and 

archaeological studies, and there are broad similarities seen at all missions. There are also 

local differences that depend on the individual missions and the local Native Californian 

groups involved with them. Ranchos are the focus of far fewer research projects, though 

with some notable exceptions (see below).  
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TREM, the native landscape, ranching, and ecological change  

Until the last couple of decades, Native Californians were often depicted by 

anthropologists and historians as hunter-gatherers who subsisted on the natural bounty of 

California’s environment. Researchers knew that Native Californians sometimes created 

fairly complex and hierarchical societies in some parts of California, including the Ohlone of 

the San Francisco Bay Area (Bean 1994; Levy 1978). Even these more complex societies, 

though, were thought to be supported by hunting and gathering economies. In fact most 

Native Californian societies were still considered small self-sufficient hunter-gather 

communities (more on this below). In this picture, Native Californians, like other hunter-

gatherers, relied completely on wild plants and animals for food, with little to no alteration 

of these resources populations. Growing archaeological, historical, and ethnographic 

evidence from California and other parts of the world is changing this view of “hunter-

gatherers” in general, including of the Ohlone of the central coast of California. The 

emerging view today is that Native Californians, like many other hunter-gathers, engaged in a 

wide range of TREM practices that modified the ecosystems around them.  

The use of fire is the most commonly discussed TREM practice, with the reasons for 

controlled burns including the following: removing woody plants to create or maintain 

grasslands, promoting the growth of certain grass, forb, and/or herb species, clearing out the 

understory of forested areas, controlling the succession cycle of fire adapted plants, altering 

the distribution of plant communities to create open patches for prey animals, and even to 

hunt small prey animals (Greenlee and Langenheim 1990; Blackburn and Anderson 1993; 

Boyd 1999; D’Antonio et al. 2002; Lightfoot, Cuthrell, et al. 2013; Fowler and Lepofsky 

2011). Other noted TREM practices include watering or irrigating plants at a small scale, 

transplanting and tending plants, and selective harvesting and planting of some species. The 
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full extent and impact of TREM practices, however, is currently an open subject of study 

and widely debated, and it is possible that these practices were confined to fairly limited 

areas (Lightfoot, Cuthrell, et al. 2013:286–287; Goforth and Minnich 2007). Nonetheless, it 

is clear that TREM practices were common along the central coast of California and 

substantially influenced many localities, if not entire regions. 

 Prehistoric and historic period Monterey Bay Area chaparral and grasslands, in 

particular, appear to be the product of human-controlled fires (Greenlee and Langenheim 

1990; Cuthrell 2013; Lightfoot, Cuthrell, et al. 2013). The use of fire also appears to have 

continued through most of the nineteenth century, with only a short break during the 

Spanish Colonial period, and up to the 1920s when government fire suppression programs 

began across the nation (Jones 2014). Fire scars on redwood trees indicate the continued use 

of fire during much of the nineteenth century, when fire was likely used to maintain wood-

free pasturelands and to clear undergrowth from regularly logged forests.  

Whatever the exact spatial extent of Native Californian modified grasslands in the 

Monterey Bay area, and along much of coastal California, it is clear that by the early Spanish 

Colonial period much of the region was covered in “park-like” pastures dominated by 

grasses and wildflowers (Minnich 2008:49–55; Crespí 2001). Grasslands with wildflowers 

also appear to have dominated the interior central valley region of California well into the 

late nineteenth century (Minnich 2008:67–71). The pre-colonial plant species composition of 

these grasslands remains debated, particularly in regards to how common native perennial 

bunchgrasses were outside of the coastal mountain range and Sierra Nevada foothill regions 

(Minnich 2008:67–146). The earliest written records often provide only general descriptions 

of plants and their spatial distributions, and therefore provide only general pictures of 
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ecosystems. These descriptions provide little means to qualify or quantify the type, number, 

mix, and distribution of plant species. Similarly, botanical remains from archaeological 

contexts and ecological studies each have their own limitations, and both are subject to 

spotty preservation in sediments or other matrixes.  

Archaeological sites are generally dated through multiple methods. These data provide 

a timeframe for any particular assemblage of botanical remains, and thus a timeframe for 

some of the ecological conditions of the surrounding area. Botanical remains are often 

retrieved from adobe bricks, hearths, storage pits, and other archaeological contexts. 

Depending on the date of the context, these materials can be used effectively to reconstruct 

portions of the environment immediately prior to Spanish colonization, and the subsequent 

changes in the same environment. The limitations, besides preservation issues, come from 

human selection processes and from not knowing the spatial extent that a botanical sample 

represents (Minnich 2008:146; Allen et al. 2013). The plant foods selected by people may not 

reflect the full diversity of an ecosystem, and adobe bricks, which commonly yield botanical 

remains, were generally produced near the structures and settlements they were used to 

build. Thus archaeological botanical assemblages, while datable and generally useful, may 

provide only a snapshot of the local area and/or of strong human preferences. Ecological 

reconstruction studies, on the other hand, often use sediment cores to find botanical 

remains. Sediment coring can be done almost anywhere, and therefore can be used for 

spatially extensive ecological reconstructions. The means of dating the botanical remains or 

sediments is often lacking, however, at least at a high enough resolution within the historical 

period. Samples from these cores can provide a general “before” and “after” reconstruction 

that covers either a roughly defined period or broadly covers hundreds or thousands of years 

(Gale 2009; Evett and Bartolome 2013; Carvey 1993). The presence/absence, or quantity, of 
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certain species used by ecologists to estimate what the pre-colonial landscape might have 

looked like also sometimes relies too heavily on “relic” native plant species. In California, the 

native bunchgrass purple needlegrass (Nassella pulchra) is often used as index species in these 

types of studies, though this bunchgrass may not be completely appropriate because it is 

more resilient than many other bunchgrass species and is capable of recolonizing grasslands 

when left undisturbed (Cobin and D’Antonio 2004; Marty, Collinge, and Rice 2005; Minnich 

2008).    

The timing and spatial extent of ecological changes brought on by the endeavors of 

Spanish Colonial and Mexican Period settlers, such as introducing cattle and other livestock 

and general ranching practices, therefore remains an open question. Even the ecological 

changes apparent today are not evenly distributed across the state of California, with native 

plants still commonly found along much of the central and northern coastline, and along the 

Sierra Nevada mountain range. Southern California and the central valley are the main 

regions in which native plant species are rare, and this may reflect long-term arid climatic 

conditions in the first area and agriculture in the second (Williams et al. 2005; Cobin and 

D’Antonio 2004). Despite ecological change being very apparent today, good evidence for 

rapid changes near colonial settlements, and the extent, intensity, and timing of ecological 

changes on the broader California landscape is wanting for the first half of the nineteenth 

century.  

On the other hand, Spanish missionaries and colonists and their domesticated 

livestock certainly changed the animal component of ecosystems in California. Cattle, sheep, 

and horses compete with wild herbivores and each other (Stewart et al. 2002; Rutter 2010) 

for access to plant foods. They also often self-segregate so as to avoid grazing or browsing 
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on the same plant patches, which can alter the scale of heterogeneity of the environment. 

The original number of cattle and other livestock brought to California from Baja California 

(AD 1769, Cattle N = 200) and Presidio Tubac near modern-day Tucson (AD 1774 and AD 

1776, Cattle N = 450) was relatively small, but the populations grew rapidly (Gust 1982; 

Jackson and Castillo 1995). Official counts of livestock may only be estimates, and it is 

commonly stated that there were far more cattle, sheep, and horses than recorded in 

mission, presidio, or pueblo records (Hackel 1997; Allen 2010). These large, uncounted, 

livestock populations may have continued into the American Period (starting AD 1848). 

With the U.S. annexation of California, more precise records of livestock were kept, and 

cattle were rapidly “upgraded” to (or breed with) heavier northern European breeds (Rouse 

1977). The number of cattle apparently increased dramatically during the Gold Rush years 

(AD 1848 to AD 1855), while the number of sheep decreased (Burcham 1961; USDA n.d.). 

In fact sheep numbers were repeated diminished by drought and other factors (Minnich 

2008:91–97). The number of cattle and other livestock on the landscape are crucial questions 

because the size of livestock populations is directly related to the potential amount of 

damage that domestic herd animals can do (Gillard and Moneypenny 1990; Wilcox et al. 

2012; Asner et al. 2004). The behavioral characteristics of specific livestock species and 

breeds are also important because they may have different grazing and movement patterns 

(Roacho Estrada et al.; Russell et al. 2000; Rutter 2010). The limitations of historical 

livestock records present some problems for estimating the amount of ecological damage 

potentially done by cattle, sheep, and horses based on herd size alone during the Spanish 

Colonial Period and Mexican Period. With that in mind, the best approach may be to model 

the level of potential environmental impacts based on a variable range of population sizes, in 
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conjunction with an analysis of where on a landscape livestock would tend to go regularly 

and thus most heavily influence (see Chapter 7).    

It is also important to remember that the start of potential livestock-driven ecological 

damage was occurring at roughly the same time that Native Californians were joining the 

Spanish Franciscan mission chain in California. If Native Californians employed TREM 

practices throughout much of California, altering and maintaining ecosystems in dynamic 

but relatively stable states, and then they were limited in their ability to continue these 

practices once they joined the missions. Then ecosystem disruptions may have occurred 

more rapidly. This, of course, assumes that Native Californians were normally constrained or 

forbidden from continuing TREM practices once they joined the missions, and the 

knowledge of these practices were not passed on to younger generations. This assumption 

may not be completely warranted (see below).  

 

Native Californians and the Missions 

A related issue is the main secondary question of this dissertation, whether or not 

growing livestock herds prompted Native Californians to join the missions as the herds took 

up more and more space, and potentially destabilized the environments of Native 

Californian territories. As noted above there is evidence that this did occur at Mission San 

Carlos Borroméo de Carmelo (Carmel Mission) and perhaps around other missions, 

particularly when livestock increase was coupled with drought years (Hackel 2005). At 

nearby Mission San Antonio de Padua, however, the evidence that cattle or drought 

motivated Native Californians to join that mission is more mixed (Peelo 2009). At Mission 

San Antonio, a combination of some ecological factors and social factors seem to have been 
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pull and push factors. It is therefore possible that at other missions multiple social and 

ecological factors (including growing livestock populations) combined to motivate Native 

Californians to join particular missions. The timing and significance of these different factors 

varied among Native Californian communities (Milliken 1995; Peelo 2009). 

Native Californians were, and are, a linguistically and culturally diverse people, though 

there are some broad cultural similarities throughout the region. Most Native Californians 

used acorns and other nuts as food staples, in addition to a wide variety of other native 

plants and animals. Many of these plant types were likely tended or promoted in some way 

using TREM practices. Basketry was sophisticated while pottery was absent in most parts of 

California outside of the southern region and east of the Sierra Nevada mountain range 

(Blackburn and Anderson 1993; Bean and Lawton 1993). Shell bead money was commonly 

used throughout the region, with much but by no means all of this currency originating from 

the Channel Islands (Hughs and Milliken 2007). A wide trade network in obsidian covered 

much of the region at various times (Hughs and Milliken 2007; McGuire 2007; Panich 2016). 

Another broad similarity among Native Californians was that most lived in relatively small 

communities, usually consisting of no more than a few hundred people and usually far fewer, 

called tribelets by early ethnographers.  

The original conception of tribelets was that these communities were politically, 

socially, and economically autonomous for the most part, and often hostile to neighboring 

groups. This conceptualization of tribelets has changed with increasing evidence of extensive 

trade networks, multi-tribelet participation in regional religious organizations, and marriage 

based kin alliances that united many neighboring tribelets (Milliken 1995; King 1994; 

Milliken et al. 2007; Hylkema 2011). Nonetheless, most Native Californians primarily lived in 
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small village communities that were largely independent from neighboring groups, and self-

sufficient except for when the need or desire arose for larger scale economic or social 

gatherings (Lightfoot, Panich, et al. 2013). Much of the connection between communities 

was likely based on personal and familial ties between individuals, and individuals and single 

families often moved between villages (King 1994). This fission-fusion pattern of tribelet 

formation is another common feature of Native Californian social organization and may be 

part of why many Native Californians were originally willing to join the missions; they 

expected to be able to leave when they wanted to (Milliken 1995). That, of course, is not 

what the Franciscan missionaries of the Californian missions had in mind. 

Researchers have found various motivating factors for Native Californians to move to 

missions. The motivating factor examined in this dissertation is, of course, is the same one 

that Steve Hackel found at Mission Carmel, the possibility that growing livestock 

populations over-ran Native Californian territories, destroying plants foods, chasing out 

native big game, and generally damaging ecosystem resources (Hackel 2005). Another 

environmental explanation that has persisted in the literature for years is that Native 

Californians may have attempted to supplement their own food sources with mission surplus 

during drought years (Coombs and Plog 1977; Larson, Johnson, and Michaelsen 1994). It is 

of course of possible that various ecological push factors could have worked together, that 

the need to supplement the diet became tied livestock-driven ecological damage during 

drought years. Other researchers have found evidence of more social, cultural, militaristic, 

and political motivating factors.    

Early mission researchers adopted an apologist tone by arguing that the missions 

provided obvious benefits to Native Californians, in the form of stable food sources, 
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civilization, and the salvation promised by Christianity (Engelhardt 1909; Torchiana 1933). 

Some researchers maintained this line of thinking, but staring in the mid-twentieth century a 

more common explanation became the use of physical violence by the Spanish to force 

Native Californians into the missions (Cook 1978; Castillo 1978; Nunis and Castillo 1991). 

In these latter arguments, Spanish soldiers from the missions and presidios regularly rounded 

up Native Californians and forced them into the missions. There is textual evidence of 

Spanish soldiers attacking and capturing whole villages of Native Californians, particularly in 

response to raids conducted by Native Californians, Native Californians running away from 

the missions, or killing livestock and other perceived crimes. Nonetheless, there is little 

evidence of widespread attacks and captures by Spanish soldiers of large numbers of Native 

Californians (Milliken 1995). Smaller scale Spanish violence may still have been a motivating 

push factor, but the use of violence by itself is unlikely to the main reason many Native 

Californians joined the missions.  

Starting in the 1990s, as an increasing number of researchers turned their attention to 

the missions in the wake of the quincentennial of Columbus’s “discovery” of the Americas, a 

number of more socially oriented arguments emerged for why Native Californians joined the 

missions. Hass argued for there being multiple social and cultural reasons, including that 

some Native Californian religious leaders sought the spiritual knowledge or power that the 

Franciscan friars apparently had (Haas 1995). Some Native Californian political leaders also 

appear to have sought military and economic allegiance with the Spanish military and 

missions because of their military power and apparent material wealth (Milliken 1995; Haas 

1995). The Native Californian leaders made these allegiances by joining the missions and 

convincing the members of their own tribelets to join too. This may have happened at 

Mission Santa Cruz when a local headman of the Uypi (San Danial) tribelet, by the name of 
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Sugert (Suquex, of perhaps Soquel), and his wife Rassuen joined in AD 1791. Many 

members of the Uypi joined in the following years (Torchiana 1933; Allen 1998; The 

Huntington Library 2006). Another possible motiving factor was that the Franciscan 

missionaries often attempted to recruit children first, because they thought the children 

would be easier to enculturate and would eventually convince their parents to join too 

(Milliken 1995; Mora-Torres and Savage 2005). In addition to these possible pull factors 

motivating Native Californians to join the missions, a number of personal reasons have been 

suggested for individuals. Individual motivations likely included, but were not limited to, the 

the desire for better status within the missions than one could achieve in their own 

community, the potential for wealth in trade goods from the missions, and plain curiosity 

(Haas 1995; Milliken et al. 2007; Lightfoot 2005). 

As mentioned above, it is possible that a combination of social and ecological factors 

worked together to motivate Native Californians to join the missions, though the influence 

of any particular factor may have varied over time and was differentially felt by tribelets and 

individual Native Californians. The sequence of Native Californian tribelets joining a mission 

is also important, because it is possible that earlier and later joining groups were motivated 

by different social or ecological factor(s), or that the late-joining groups were motivated by 

the loss of social, military, or economic allies because neighboring groups had already joined 

a mission (Milliken 1995). Native Californian tribelets were relatively independent politically 

and in terms of daily life, including subsistence, but they were also relatively small and 

remained interconnected with neighboring tribelets by kinship, trade, and ally networks. In 

social network terms, the network of tribelets may have been both supple (or resilient) and 

brittle. Tribelets were likely resilient because of the relative economic and political 

independence of each tribelet, but brittle because of how interconnected tribelet members 
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were. The loss of even a few individuals in a community, or the loss of a crucial group in a 

network, made other tribelets vulnerable to social or ecological forces that they could have 

withstood otherwise (Watts and Koput 2013; Milliken 1995). In other words, some tribelets, 

or members of a tribelet, may have joined a mission for social, cultural, personal, or political 

reasons early on. In doing so these individuals left gaps in interdependent trade, kinship, or 

ally networks that left other tribelets and/or individuals vulnerable to various ecological or 

social pressures, such as growing livestock populations, severe drought, food shortages, lack 

of marriage partners, attacks from enemies, or limited means to acquire trade goods. The 

reverse is also possible, that ecological factors affected certain tribelets first, and after they 

joined a mission to supplement their own needs, other groups followed. Either way, it may 

be important to look at both social and ecological factors, and the interconnectedness of 

Native Californian tribelets to understand what motivated Native Californians to join the 

missions.  

Part of the reason that the motivations of Native Californians joining the missions 

remains an important question for many researchers is that by many accounts mission life 

was hard, oppressive, and often short. The conditions within the missions were most likely 

known outside of them, and so it remains a large question as to why Native Californians 

would choose to join the missions at all. The Franciscan friars instituted a strict 

enculturation program in an attempt to convert Native Californians to Catholic Christianity 

and to make them become “proper” Spanish citizens, or at least European-like peasants 

(Lightfoot 2005). The Franciscan program included the strict separation of the sexes unless a 

couple was married, and age-based segregation so that the friars could train children in 

Spanish culture (Milliken 1995). Punishments for failing in assigned duties or for not 

conforming to mission rules were harsh, often being physically violent, and meant to 
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humiliate the offender (Castillo and Asisara 1989; Mora-Torres and Savage 2005). The daily 

life of Native Californians, or Neophytes, within a mission was also heavily scheduled, with a 

regular cycle of labor tasks, meals, and church attendance (Silliman 2001a; Lightfoot 2005). 

Native Californian death rates were high at all of the missions at which Neophytes lived year 

round (Cook 1978; Jackson and Castillo 1995; Milliken 1995), mostly due to Old World 

diseases but also occasionally because of physical punishment, exhaustion, or malnutrition. 

There is, of course, some debate about how accurate this picture of mission life is. Not all of 

the missions were as strictly regulated, at least in the same ways, but there is sufficient 

evidence for significant problems experienced by Native Californians who chose to move to 

missions.      

 Many Native Californians nonetheless were able to maintain many of their cultural 

practices at many of the missions. In some cases, they continued to hunt and gather wild 

foods near the missions and perhaps more widely, and there is plenty of evidence that 

Neophytes continued to produce and use stone tools, beads, baskets, and other distinctively 

indigenous forms of material culture (Allen 1998; Allen et al. 2009; Peelo 2009). Native 

Californian games were still played (Mora-Torres and Savage 2005), and regional pre-colonial 

trade networks in shell beads and obsidian may have continued to operate to some extent, 

while new trade goods were adapted to indigenous uses (Panich 2014; Panich 2016). Native 

Californian marriage patterns, that is exogamous marriages between neighboring aligned 

tribelets, also appear to have followed pre-colonial patterns within the missions overall, at 

least during the early years of colonialism (Milliken 1995; King 1994). In many cases, Native 

Californian culture and identity continued in a hybridized form as tribelets from the same 

and different language groups came together in the missions. Connections and cultural 

hybridization occurred through intermarriage, the sharing and blending of cultural practices, 
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the homogenization of already similar language dialects, and Native Californians coming to 

identify themselves with the Neophyte community of a particular mission (Peelo 2010; 

Panich 2013). The continuation of Native Californian cultural elements and identities was 

not static as practices, ideas, and senses of individual and group identities were adapted to 

the new social and ecological environment of the missions. This process likely continued as 

new generations of Native Californians were born in the mission communities, or baptized 

shortly after birth. The continuation of Native Californian practices and knowledge bodies 

makes it possible that TREM practices also continued in some contexts, though likely in 

modified forms. The continuance of some subsistence and resource collecting practices at 

some missions (Allen 1998; Allen et al. 2009), makes it likely that other ecological knowledge 

and economic practices also continued to some degree. To what use these practices and 

knowledge were put while the missions operated, and afterward, will likely be a subject of 

continuing debate.  

   

The Ranchos, Native Californians, and the Mexican Period  

During the Spanish Colonial Period, there were less than twenty privately held 

ranchos. Most of the non-missionary Spanish citizenry lived in the four presidios or the 

three pueblos, all of which had relatively small populations in comparison the large Native 

Californian populations at the missions (Jackson and Castillo 1995; Minnich 2008). The 

presidios did maintain large horse herds, and the pueblo citizens both farmed and 

maintained livestock herds. The lands used by presidios and pueblos were also small in 

comparison to the lands, agricultural operations, and herds owned and maintained by the 

missions. Native Californians were sometimes attracted to the presidios and pueblos because 
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they could gain access to trade goods and other resources through labor at these settlements 

without having to join a mission community (Milliken 1995; Jackson and Castillo 1995). 

Starting in the Mexican Period (AD 1821 – AD 1848), and increasingly after the 

secularization of the missions in AD 1833, former mission lands were granted to Mexican 

citizens, who largely took over the hide and tallow trade, farming, and other agricultural 

industries that the missions had created and maintained (Jackson and Castillo 1995). Within 

the short-lived Mexican Period close to 500 ranchos were granted along the coast, with these 

ranchos becoming the primary land-use in the coastal region and the basis of historical and 

modern land divisioning (see Figure 1-1).  

Many Native Californians were shut out of the rancho land granting process as 

unscrupulous civil authorities took over the control of mission lands (Haas 1995; Jackson 

and Castillo 1995), but there are examples of some former-Neophyte Native Californians 

gaining grants to former mission lands, sometimes collectively (Shoup and Milliken 1999; 

Mora-Torres and Savage 2005; Rowland 2010). Other former Neophytes simply left the 

coastline and the region in which the missions had operated, or joined refugee communities 

in former Spanish territories or in the central valley and the Sierra Nevada mountain range – 

including in the Yosemite Valley (Bunnell 1892; Lightfoot, Gonzalez, and Schneider 2009). 

Many of those who remained, however, became laborers on the ranchos, perhaps ones that 

overlapped their original home territories. 

Despite Mexican Period being a critical period of change, there are comparatively few 

studies of ranchos. The fairly comprehensive study of Rancho San Juan Cajon de Santa Ana, 

where the Ontiveros Adobe was located in the 1980s, was an early exception, as is Steve 

Silliman’s (2004; 2000) later examination of Rancho Petaluma. There are clear textual records 
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and archaeological evidence of Native Californians living and working at both Rancho Santa 

Ana and Rancho Petaluma during the Mexican Period. There were also Native Californian 

villages located on both ranchos, and there is clear archaeological evidence that Native 

Californians were involved in the day-to-day operations of the ranchos, including the mass 

slaughters of cattle (Frierman et al. 1982; Gust 1982; Silliman 2004). At both ranchos, there 

are signs of Native Californians continuing to use stone tools, and participating in their own 

cultural and religious traditions. Continuity in any of these habits may be a sign of Native 

Californian resistance to the new order or a sign that rancho owners were not particularly 

concerned with enculturating Native Californians, and more focused on extracting labor. 

Rancho grantees were supposed to reinforce the conversion of Native Californians into 

Christian Mexican citizens, but it is clear that many Mexican Period Alta Californian citizens, 

or Californios, were not particularly concerned with their roles as “civilizing wards” of the 

Native Californians. It is possible that this arrangement worked out well for both Native 

Californians and Californios. 

There are also a number of historical, geographic, and cultural differences between 

Rancho Santa Ana and Rancho Petaluma that need to be considered. The nearby missions 

and Spanish Colonial settlements were established at very different times, Mission San 

Gabriel Arcángel and El Pueblo de Nuestra Señora la Reina de Los Ángeles de Porciúncula 

(Los Angeles) were founded in the late 1700s (AD 1771 and AD 1781, respectively), while 

Mission San Francisco Solano was founded in the Mexican Period, in AD 1823, though 

other San Francisco Bay Area missions and Spanish Colonial settlements had operated in the 

region since the 1770s. This may mean that the previous experience that Native Californians 

had with colonial citizens and authorities before living at working at these two ranchos may 

have been very different. The Native Californian groups at these two ranchos were also 
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culturally different, and from parts of California with different environmental conditions. 

The faunal assemblage from Rancho Santa Ana and Rancho Petaluma are also different. 

Both assemblages include domesticated Old World faunal remains and shellfish remains, but 

Rancho Petaluma also includes a substantial number of wild mammals with clear signs of 

being butchered with stone tools (Gust 1982; Silliman 2000). The difference between the 

faunal assemblages likely reflects where on these ranchos the remains were found, that is 

near the main houses versus near the Native Californian village site, but they may also reflect 

differences in the overall access to wild fauna.  Nonetheless, there are clear signs that Native 

Californians continued many of their pre-colonial culture practices, though perhaps in a 

hybrid form. The degree to which larger scale TREM practices were continued is still 

unknown and should be a subject of research for years to come. 

As noted above, there is some evidence that people continued to use fire to shape 

ecosystems into the early twentieth century (Jones 2014), and the number of anthropogenic 

fires actually increased well above normal natural lighting strike rates in the late nineteenth 

century. U.S. American and more recent European immigrant settlers, who started moving 

to California in ever larger numbers during the Mexican Period, particularly Americans from 

the U.S. south, (Jackson and Castillo 1995), also used fire to restructure ecosystems (Fowler 

and Konopik 2007). The use of fire on rancho lands may have been directed at preserving 

pasturelands, and preventing the encroachment of shrublands or chaparral, and clearing 

understory from wooded areas. The role of the Native Californians in maintaining grassland 

pastures during the Mexican Period and early American Period is unknown, but when there 

is evidence of Native Californians living and working at ranchos, such as Rancho Santa Ana 

and Rancho Petaluma, and perhaps Wilder Ranch – Rancho Refugio, there is the distinct 
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possibility that Native Californians employed fire, and perhaps other TREM practices, as 

part of their new duties.   

When the American Period started after the Mexican-American war, and the U.S. 

annexation of California, Native Californians were increasingly pushed to the margins of 

society, even to the point of genocide and enslavement during the Gold Rush years 

(Lightfoot 2005; Leventhal et al. 1994). To some extent, the ranchos and Californio 

dominated towns became refuges for Native Californians, because they could continue to 

live and work on the ranchos and in the homes of Californios (Mora-Torres and Savage 

2005; Castillo 1978). In addition, some former-Neophyte Native Californians were able to 

claim ownership of their own ranchos and sometimes started small Native Californian 

communities at these places (Shoup and Milliken 1999; Lightfoot, Gonzalez, and Schneider 

2009). Californio ownership of the ranchos, however, became increasingly challenged by 

immigrating Americans during the second half of the nineteenth century, despite Californio 

ownership of ranchos being protected by the Treaty of Guadalupe Hidalgo (Rizzo 2016; 

Hammond 1946; Reader 1997). The challenges to Native Californian ownership were often 

even greater, as individual Native Californians often had few documents confirming their 

ownership of former mission lands, and they sometimes did not have a clear line of 

inheritance from an original owner to other members of a community (Mora-Torres and 

Savage 2005; Rizzo 2016; Rowland 2010). Not all ranchos were taken over by incoming 

Americans, but many were, or they began to shrink in size as parcels of land within the 

ranchos were sold off, often to pay for the legal fees accrued by Californios while they 

defended their land grants. The patterns of land divisioning and ownership resulting from 

legal land disputes following the Mexican Period are still reflected in the spatial distribution 

of private and public lands today. This divisioning of land, in turn, created patterns of land 
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ownership and use that affect the structure of ecosystems, such as plant and animal species 

richness, diversity, and distribution, along with the resilience of the ecosystems, the quality of 

biotic communities, and the interconnectedness of spatially varied ecosystems (Cumming 

2011a; DeAngelis 2012; Turner, Gardner, and O’Neill 2001).  

Wilder Ranch, and the anteceding Rancho Refugio, has a history that reflects many 

aspects of the larger processes of social and ecological change that began with the Spanish 

Colonization of California. Wilder Ranch is covered in depth throughout this dissertations. 

Suffice it to say here, Wilder Ranch fits well into the broader context outlined above, but at 

the same time contains its own unique history and landscape characteristics.  

 

Outline of Chapters  

Chapter 2 covers the theoretical framework and methods used in this dissertation. It 

also provides a formal version of the research objectives outlined above. The theoretical 

framework employed to frame and answer these questions is a variety of Social-Ecological 

Systems (SES) theory called Spatial Resilience (Cumming 2011a; Cumming 2011b). The 

Spatial Resilience framework encourages the examination of the environmental changes as 

intertwined environmental and sociocultural processes occurring at multiple spatial and 

temporal scales. Spatial Resilience posits that intertwined processes can often lead to 

enduring patterns in ecological and social landscapes that continue beyond the conditions 

under which they originally formed. The two main research questions, as well as the 

contextual considerations, outlined above all work well within a Spatial Resilience SES 

framework. 
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 The theoretical framework and methods chapters are combined because the Spatial 

Resilience framework employs ideas, theories, and methods from multiple fields. It is, 

therefore, appropriate to discuss this framework and the various methods used in one place. 

The methods used to answer the interrelated questions outlined above include 

zooarchaeology, archaeological analysis, botanical analysis, statistical and Social Network 

Analysis (SNA) of historical records, Geographic Information Systems (GIS) modeling, and 

Agent Based Modeling (ABM). Zooarchaeological methods are used to provide evidence on 

the type of ranching practiced at Wilder Ranch during the nineteenth century. 

Archaeobotanical remains associated with cattle from this period are used to estimate the 

timing and extent of grassland change at Wilder Ranch. Statistical analysis and SNA are both 

applied to Mission Santa Cruz records to examine the movement of local Native 

Californians away from Wilder Ranch, and surrounding areas, in relation to various social 

pressures and environmental conditions. GIS modeling is used to explore the modern 

conditions at Wilder Ranch and the likely extent of historical cattle use. Finally, ABM is used 

to model the multiple forces implicated in ecological change along the coast of California, 

and the potential interactions between these processes. The combination of these methods 

creates a multifaceted means of answering how the Wilder Ranch ecological and social 

landscape had changed during the nineteenth century, and how much of this was due to 

cattle ranching. 

Chapter 3 covers Wilder Ranch’s environment, beginning with a synthesis of existing 

environmental data from public sources. This section also covers the relevant ecological and 

geological literature. Factors that are likely to foster, or affect, grasslands and rangelands are 

focused on in both the review section and the rest of Chapter 3. The main factors 

considered are soil types, water sources, and climate (Brock and Owensby 2000; Harris 2001; 
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Gillard and Moneypenny 1990); though the climate data used are necessarily for the 

California Central Coast region and not just Wilder Ranch (Cook et al. 2004). Chapter 3 also 

provides historical cattle and other livestock population data for the Santa Cruz area 

throughout the study period (Jackson and Castillo 1995; USDA n.d.). Unfortunately, there 

are no livestock data from the Mexican Period, so overall trends are examined from before 

and after this period through Mission Santa Cruz records and American Period Santa Cruz 

County census records. Cattle and other livestock data are presented in this chapter, despite 

being potentially considered historical data, because of the core question of how heavily 

cattle impacted California’s ecosystems is dependent on livestock population sizes and is 

largely an environmental question. Overall, Chapter 3 is where the ecological data for the 

SES approach used in this work are presented.    

Chapter 4 covers the historical and social factors relevant to this analysis, starting with 

a review of historical and ethnographic sources related to the Santa Cruz area (See, for 

example, Allen 1998; Jackson and Castillo 1995; Milliken 1995; Rizzo 2016). After this 

material is presented, Chapter 4 focuses an original SNA and demographic analysis of 

Mission Santa Cruz records, primarily the marriage and baptismal records of Native 

Californians living at the mission. These analyses are directed at answering the secondary 

question outlined above; that is whether or not growing cattle and livestock populations 

pushed Native Californian’s towards Mission Santa Cruz. Other possible push factors, such 

as drought and social network collapse, are also explored in the analysis. The statistical 

analysis of Mission Santa Cruz Native Californian demographics is also used to indirectly 

examine the likelihood of TREM practices being constrained during the early years of the 

operation of the mission, and the degree to which such practices could have continued after 

the mission closed. This is done by examining the age of people entering and leaving Mission 
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Santa Cruz, under the assumption that TREM were mostly practiced by adults, and that 

adults might have taught these practices to younger generations in the mission, and perhaps 

even after leaving the mission, at least in some form. The related issue of shifting land-use 

and ownership during the Mexican Period and early American period is also addressed in 

this chapter.   

Chapter 5 covers the general archaeology of Wilder Ranch but focuses primarily on 

the archaeological analysis of the ranchstead and Feature 1. The first section of Chapter 5 

covers the prehistoric, or Native Californian, periods of Wilder Ranch, which is largely done 

to establish the time depth of human use and habitation of the Park. Most of the prehistoric 

archaeology conducted at Wilder Ranch consists of surveys that produced minimal 

chronological, or environmental data, but does indicate the extent of use. The excavations 

conducted to date indicate an extended period of use and habitation centered on coastal 

riparian areas (Hylkema 1991; Jones et al. 2007). The second section of Chapter 5 primarily 

focuses on the archaeological patterns in the ranchstead and includes a thorough analysis of 

Feature 1 and the Bone Pit sub-feature within Feature 1. A significant problem in the 

ranchstead is that prehistoric portions of the site are mixed with the Spanish Colonial, 

Mexican Period, and American Period portions of the site. The analysis, therefore, focuses 

on separating these portions as best as possible so that the faunal remains and artifacts 

found in Feature 1 can be correctly associated with particular periods of ranchstead use. 

Similarly, the analysis of Feature 1 largely focuses on dating the feature. Establishing when 

Feature 1 and the Bone Pit sub-feature were created is crucial to establishing the time and 

rate of ecological change at Wilder Ranch because both sets of botanical remains analyzed 

for this study come from this feature (Cuthrell 2010; Yost 2015). 
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The potential use of the ranchstead by Native Californians during the Santa Cruz 

Mission Period (AD 1791 to approximately AD 1834), Mexican Period, or early American 

Period is another, but secondary, issue addressed in Chapter 5, and somewhat in Chapter 4. 

Analyzing the archaeological evidence of Native American at Wilder Ranch during historical 

periods is a means of addressing the possibility that former mission Native Americans 

returned to the lands they or their parents had come from, as well as a means of identifying 

potential evidence that these individuals continued some of their former lifeways, including 

TREM practices. Evidence from the ranchstead and Feature 1 indicates that this may have 

occurred, but the evidence is complicated by there being prehistoric and historic 

components in the ranchstead. This is the second reason that much of the analysis in 

Chapter 5 is devoted to untangling which portions of the ranchstead archaeological record 

were created during which period.     

 Chapter 6 presents the faunal analysis of animal remains from the Bone Pit, and to 

some extent the surrounding ranchstead. Most of Chapter 6 is devoted to the analysis of 

cattle remains, which are the most common species in the Bone Pit. Cattle remains are 

analyzed both for the use of these animals (through butchery patterns) and for herd 

demography. Herd demography is important because behavioral patterns linked to cattle age, 

sex, and breed all affect the grazing and movement patterns of cattle (Harris 2001), and thus 

indicate the ways in which these cattle could have affected the Wilder Ranch landscape. The 

most likely uses of these cattle were as a source of products for the hide and tallow trade and 

as food, as concluded in the author’s MA thesis (Curry 2012; Allen et al. 2013). Examining 

how these animals entered into economic and subsistence systems provides a means of 

understanding the socio-economic factors driving large-scale ranching in California during 
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the mid-nineteenth century, and thus is relevant to understanding the social side of the SES 

connected to ranching.  

The species diversity for the rest of the assemblage is also examined in Chapter 6. The 

analysis of diversity is limited because there are few non-cattle species in the Bone Pit, but 

the few native taxa in the assemblage can indicate some things about possible ecological 

changes to the Wilder Ranch landscape. Most of the wild species in the assemblage are 

shellfish and seasonal waterfowl. The archaeological avian species, in particular, indicate 

some changes in the migratory visitors to Wilder Ranch, when compared to modern species 

lists (Lee 2001). Finally, Chapter 6 presents the findings of a cattle and sheep tooth calculus 

study by Chad Yost (2015). The analysis of calculus embedded botanical remains directly 

addresses the core question of this dissertation and indicates ambiguities in the degree of 

ecological change at Wilder Ranch. 

 Chapter 7 presents a GIS analysis of cattle grazing preferences at Wilder Ranch, and 

an ABM analysis of the interactions between native and introduced plants, cattle, drought, 

and fire. The GIS analysis is a used to determine which areas of Wilder Ranch cattle most 

likely would have grazed, based on slope, access to water, and soil types. The resulting cattle 

land preference model is then compared to the modern distribution of plant communities, 

particularly the locations of invasive grasses and woody plants. The second section of 

Chapter 7 presents the output of an ABM model titled Cattle in the Garden (CiG). The 

purposes of this model are 1) to understand how native grasses, introduced grasses, cattle 

grazing, and drought (and to a lesser extent fire) interact, and 2) to see which initial states of 

the model generate distributions of grasses similar to those seen at Wilder Ranch today. 

Native grasses, introduced grasses, and cattle are all agents, while drought and fire are global 

settings. Agents are independent entities in the model, that run the same code but changing 
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their behavior based on interactions with other agents and global settings. Global settings 

interact with all agents in the model, though the effects differ depending on agent type and 

the history of each agent. CiG is programmed so that each agent and setting can be run 

independently (in other words turned on or off), and thus is capable of isolating the 

interactions of any given group of agents or global settings. Most of the initial settings for 

agents can also be changed (for example; the starting number of either of the grass types or 

cattle, how quickly agents reproduce, or how an agent type is affected by global settings). 

This allows for the generation of many alternative scenarios including, but not limited to, the 

direct competition between grass types by itself, the effects of drought on either kind of 

grass by itself, or the effects of different cattle herd sizes. The presentation of output from 

CiG is necessarily limited to the most relevant and interesting predictions generated by the 

model, but all of the presented output is based on between 25 and 100 independent 

repetitive runs with the same model settings. The various setups of CiG indicate a number of 

different ways ecological change could have happened at Wilder Ranch and may indicate that 

this change may not have happened as rapidly as sometimes suggested.        

Chapter 8 is the concluding chapter and synthesizes information from the previous 

chapters to answer the main questions about the role of cattle ranching in the social and 

ecological changes of California during the nineteenth century. Many of the results appear 

ambiguous, and because of this, it is necessary to confine the conclusions of this dissertation 

to the Santa Cruz area, and Wilder Ranch. This in itself, however, can be taken as a 

suggestion to not over-generalize from the patterns of ecological and social change seen at 

any one colonial settlement.   
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Chapter 2 Framework and Methods  

This chapter covers the theoretical framework, SES – Spatial Resilience, used in this 

dissertation, formalizes specific research questions, and presents the main methods used to 

answer these questions. The theoretical framework, questions, and methods are all presented 

together because of how closely related the research questions and most of the methods 

used are to the SES framework. In general, SES examines how ecological processes and 

sociocultural processes mutually affect each other to produce a multifaceted but single 

system over extended periods. The Spatial Resilience framework adds a spatial component to 

the SES approach. Developed as an interdisciplinary framework, Spatial Resilience borrows 

from, and can be used by, multiple social science and environmental science fields; so long 

as a particular project or question focuses on a social-ecological system with attention payed 

specifically to the (often multiscalar) spatial dimensions of the system and how space affects 

the reliance and variable expression of the system as a whole, or particular processes within 

it. A similar approach is adopted in this dissertation in the attempt to examine cattle 

ranching, as a possible vector of ecological and social change, in a multifaceted and 

multiscalar way. The Spatial Resilience framework is also reflected in the choice of methods. 

The methods section below has three main parts, computer model methods, 

archaeological and historical methods, and faunal analysis methods. The computer models 

subsection details the setup and use of the ABM and GIS models. The archaeological and 

historical subsection covers the archaeological methods used to excavate the materials 

recovered at Wilder Ranch, and the ways in which primary historical data are used and 

processed. The faunal analysis subsection covers how the faunal were recorded, and how 
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secondary data were produced. Each of these subsections discusses how these methods 

connect to the SES – Spatial Resilience framework and the main research questions.  

 

Theoretical Framework  

The SES – Spatial Resilience framework is used in this work because the main 

questions outlined in the introductory chapter and surrounding cattle ranching connect 

social and ecological processes at multiple spatial and temporal scales. This is particularly 

true for the type of ranching imported to California from Spain. Developed in the Andalucía 

marshlands and the hill-covered Extremadura of the Iberian Peninsula, this form of ranching 

consisted of allowing cattle and other livestock, particularly sheep, to roam freely on 

marginal rural lands outside of settlements and agricultural lands. Sheep ranching was more 

common on the Iberian Peninsula and throughout the Spanish colonies, but cattle ranching 

is the focus in this work because that is the type of ranching that occurred at Wilder Ranch, 

and because there is a paucity of archaeological evidence for sheep ranching in California. 

Cattle raised in this manner were only tended by a few people (usually young men), and only 

brought together in large herds to count, brand them, or for slaughter (Jordan 1993:18–25, 

241–250). In California, Spanish missionaries and colonists allowed cattle to roam freely on 

the lands surrounding their settlements of California. This cultural practice effectively 

expanded the territory of any particular settlement, often into the lands of Native 

Californians, and consequently expanded the range of potential ecological impacts any one 

settlement might make. The potential of ranching driven ecological change is heightened by 

the possible cessation or limiting of Native Californian TREM practices as Native 

Californians joined the missions, or otherwise left their lands.  
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The main concern with numerus cattle is overgrazing, which can lead to a number of 

fairly predictable ecological changes in particular climate zones, such as woody 

encroachment or desertification in semi-arid to arid climate zones (Asner et al. 2004). Other 

environmental changes can also occur, such as alterations to soil chemistry and compaction, 

both of which can affect the ability of plants to grow and water flow patterns (Heitschmidt 

and Stuth 1991). The likelihood of such changes, however, is dependent on regional climate, 

soil types, existing ecological conditions, and the size of herds (Jones 2000). With large 

numbers of unsupervised cattle let loose on the California landscape such changes seem 

inevitable, but questions remain as to how spatially extensive and intensive such ecological 

changes were, and at what rate these changes occur. The extent, intensity, and rate of cattle-

driven ecological change connects cattle ranching to a number of the social questions raised 

in the introductory chapter.  

The secondary set of social questions in this dissertation concerns the possibility that 

cattle ranching pushed Native Californians from their lands, as suggested by Hackel (2005), a 

process that could have constrained or ended the Native Californian TREM practices that 

were actively maintaining ecosystems within a particular range of ecological states. Recent 

ecological and archaeological works indicate that California’s coastal ecosystems were 

modified and maintained by the TREM practices implemented by generations of Native 

Californians (Cuthrell 2013; D’Antonio et al. 2002; Lightfoot, Cuthrell, et al. 2013; 

Stromberg, Corbin, and D’Antonio 2007). The most commonly discussed TREM practice is 

the use of fire for various purposes, including, but limited to, creating and maintaining open 

grasslands, promoting the growth of certain plant species, and clearing lands of obstructions 

and potential fire hazards. Along the Santa Cruz County coast fire was likely used to create 

and maintain coastal grasslands, because without a regular fire regime these areas would 
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likely have been covered with forest or chaparral (Greenlee and Langenheim 1990). It is 

possible then that the condition of coastal grasslands today are the product of cattle being 

introduced to these lands at the same time that the TREM practices used to maintain them 

ended.  

The shift from Native Californian TREM practices being used to maintain coastal 

grasslands to coastal grasslands being used for cattle ranching is framed in this dissertation as 

a shift between two, likely conflicting, social-ecological systems (SESs) within a relatively 

short period of time (under 100 years) in one space (Wilder Ranch in this case study). In this 

study and in SES studies in general, the idea of “resilience” is of particular importance. 

Resilience is based on concepts from complexity theory (Folke 2006), particularly the aspects 

that address dynamic systems, networks, and emergence. In SES societies and ecosystems 

are seen as dynamic systems in which there are many interconnected (“networked”) 

components (individuals, communities, plants, animals, geological elements, climate, and so 

on) that experience ongoing processes of change in response to other components of the 

system. The combined effect of the changing characteristics of the components and their 

relationships to other system components is an “emergent” system that appears as a 

relatively stable whole. An emergent system, within the SES and Spatial Resilience 

framework, is a system that is produced by the actions and interactions of a multitude of 

individual entities, or agents, acting independently. These entities, however, must have 

patterned behaviors and/or characteristics, which are in part produced by the structured 

system, but which also in aggregate produce a structured system that operates in ways that 

cannot be easily reduced to, or explained by, the activities, roles, or characteristics of its 

constituent components (Cumming 2011a; Lansing et al. 2012; Rescher 2000). A complex 
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emergent system is resilient if it can continuously maintain and replicate itself, especially 

when it is disturbed by outside factors or changes to some of the components within it. 

  A common analogy for a resilient system is that of a ball rolling back and forth in a 

valley, with the “ball” representing a particular complex emergent system, and the rolling of 

the ball within the “valley” representing the normal range of change that occurs in a given 

system. This analogy is meant to convey the idea that change, even fairly drastic change (the 

ball on one side of the valley or the other), is normal in any system so long as the changes 

occur within a consistent range of relatively stable states (that is, within the same valley). 

Some changes, however, can push the ball out of its valley and into a new one. If key 

components of the system change, or external forces alter the system as a whole, the system 

can be pushed into a new state (Cumming 2011a; Scheffer et al. 2012). Over long periods, 

systems can sometimes move back and forth between several relatively stable states; or in 

terms of the analogy, the ball moves between multiple valleys. In many cases, though, a 

“tipping point” is reached and a system cannot return to a previous state (Scheffer et al. 

2012). Vulnerable systems, in contrast to resilient systems, are those which cannot readily 

repair themselves and which are damaged by even minor disturbances. Nonetheless, even 

resilient systems can be pushed into new states by severe, or prolonged, disturbances – such 

as the addition of numerous domesticated livestock and crops over a relatively short period. 

The processes of SESs discussed above, occur over various periods, with some 

processes moving quickly and others taking decades, or much longer. Therefore, the time 

frame of processes is always a concern. SESs are also influenced by spatial conditions; hence, 

the spatial part of the “Spatial Resilience” framework employed in this dissertation. The 

effects of large-scale social and ecological processes can vary over geographic regions, and 
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affect even similar societies or ecosystems in different ways. Similarity, the spatial 

distribution of entities within an ecosystem can affect the processes within it, as can the 

proximity of other and distinct ecosystems. This can be seen both in the boundary areas 

between ecosystems, and in the movement of animal and plant species between ecosystems 

(Turner, Gardner, and O’Neill 2001; Cumming 2011a; Collinge 2009). The temporal and 

spatial questions raised by using a SES – Spatial Resilience framework are of particular 

importance to the current study because the central question is how the land-intensive 

practice of cattle ranching affects the social and ecological landscapes of California over an 

extended period.    

Wilder Ranch with its relatively known history and numerous ecological studies 

provides a good case study of these processes. The extent to which TREM practices where 

employed at Wilder Ranch is not known, but the ranch has a long history of Native 

Californian habitation and use, and so it is likely that Wilder Ranch’s ecosystems at the eve 

of contact were at least partly the product of Native Californian activities. If Wilder Ranch’s 

ecosystems were the product of TREM practices, then the shift to cattle ranching on this 

landscape could have caused a tipping point some time during the nineteenth century, as a 

large number of non-native heavy grazing herbivores (cattle) were added to the landscape. It 

is also possible that the ecological landscape of Wilder Ranch was (and is) resilient, and 

despite the addition of non-native plants and animals the ecosystem of the ranch was able to 

maintain its basic form and function – perhaps with human aid.    

The social, that is to say, the human aspect of the SES at Wilder Ranch, most certainly 

changed with the onset of Spanish colonialism in California. Cattle ranching began at Wilder 

Ranch shortly after Mission Santa Cruz was established, with the form of ranching being the 
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kind imported from the Iberian Peninsula (Jackson and Castillo 1995). By all accounts, this 

style of cattle ranching continued through the Mexican Period, and, in many ways, up to the 

modern era (1970s) (Kimbro 1986; Allen et al. 2013). It is also possible, and actually likely, 

that some individual local Ohlone returned to Wilder Ranch during and after the years in 

which nearby Mission Santa Cruz operated. If so, it is possible that these individuals 

continued some TREM practices, but within the new cultural framework of ranching. If so, 

the Ohlone who continued their own TREM practices at the ranch potentially would have 

done so for different reasons and may have modified some of the TREM practices 

continued employed at Wilder Ranch. Even so they might have maintained a key component 

of the ranch’s SES.  

 

Research Questions 

The main research questions of this study are addressed through multiple lines of 

evidence. The primary question concerning the degree to which cattle ranching contributed 

to the transformation of the ecosystems coastal central California, and ultimately to the 

creation of a Neo-European landscape, is addressed through faunal analysis, botanical 

analysis, historical record analysis, and computer modeling. The secondary set of questions 

concerning related social processes, particularly the possibility of cattle-driven migration by 

Native California into the missions, but also the long-term structuring of land-use, is 

addressed with historical record analysis, statistical analysis, and SNA. The primary and 

secondary questions both focus on the role of cattle ranching in the potential formation of a 

new Socio-Ecological System along the coast of California. The primary and secondary 
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research questions also both have a number of sub-questions that are answered with various 

kinds of evidence. Those questions and lines of evidence are outlined below.   

 

Testing the degree of cattle-driven ecological change at Wilder Ranch  

The degree of cattle-induced ecological change at Wilder Ranch during the Spanish 

and Mexican Periods is tested through two means: Agent Based Modeling and botanical 

remains associated with and directly from cattle remains. The ABM model was programmed 

to examine both the long-term effects of cattle grazing (and overgrazing) and the 

interactions between cattle grazing and other environmental factors. The botanical analysis is 

directed to reconstructing a snapshot of Wilder Ranch’s environment during the nineteenth 

century, particularly the ecosystems that cattle interacted with directly.   

The ABM model, titled Cattle in the Garden (CiG), consists of three agents, two types of 

plants and cattle, and two global variables, drought and fire, and was constructed by the 

author to examine how drought, fire, and cattle affect native and introduced grasses. CiG is 

constructed to predict past ecological change using some of the known characteristics of 

introduced and native plants (namely lifespan, reproduction rate, and spreading rate), cattle 

(movement rate, consumption rate, and reproduction rate), drought (in particular drought's 

effects on the lifespan and reproduction rate of plants), and fire (namely fire's effects on the 

lifespan of plants). Each of the agents and variables can be turned “off” or ‘on” and set to 

different starting numbers or states, and thus a wide number of initial states and their 

outcomes can be compared. The nature of ABM requires that each of these factors is 

handled in an abstract manner because all models require tradeoffs between accuracy, 

realism, and generalizability (Smith and Winterhalder 2008:12–14). That said the basis for the 

actions of each agent type and global variable type come from research literature or 
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published databases, all of which are discussed in Chapter 7; along with a synthesis of the 

relevant results from running the CiG model hundreds of times with different starting states 

and settings.  

The botanical remains analyzed to partially reconstruct the nineteenth century 

environment of Wilder Ranch come from two sources: 1) sediment column samples taken 

from Feature 1 in the ranchstead, and 2) from inclusions in the tooth calculus of cattle (and 

one sheep) mandibles retrieved from the Bone Pit sub-feature of Feature 1. Initially, a larger 

botanical remains sampling project was planned for the Wilder Ranch landscape, but this 

plan was abandoned because there is not a reliable means of absolute dating sediments or 

plant remains from the time period(s) studied (Gale 2009). Plant remains from the Bone Pit 

and cattle teeth, dated through associated artifacts, appear to be the best means of assuring 

that this research is actually examining ecological change specific to the mid-nineteenth 

century.  

There are three possible results from testing the degree of cattle-driven change at 

Wilder Ranch. The first is that the proposition of extensive and rapid ecological change is 

true. If this was the case then the CiG model will indicate, with most initial states, that 

ecological change occurred rapidly during the European colonization of California and the 

botanical remains will largely reflect this change. The second possibility is that there was 

actually little, or no, change during the first half of the nineteenth century (though this does 

not preclude a later ecological change in the late nineteenth or twentieth centuries). If this is 

the case then both the model and botanical remains will indicate no, or very little, ecological 

change. The results confirming this possibility would be that multiple trials of the CiG model 

indicate that native plants continue to dominate in the landscape, and botanical assemblages 

contain few, or no, introduced plant remains.  
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The third possibility is an intermediate outcome. This possibility includes at least three 

scenarios: 1) ecological change was spatially variable, with rapid and intense changes 

occurring in some locations, while change was slower, or minimal, elsewhere, 2) extensive 

change did occur and altered entire ecological landscapes, but at a slower than expected pace, 

or 3) ecological change was widespread but patchy, forming mosaics, or ecosystems 

containing both native and introduced plants and animals. Multiple results are possible if this 

third set of scenarios were the case, and all should produce mixed results. For example, the 

model might show that both introduced and native plants remained prevalent on the 

landscape, or that there was a fluctuation between the native and introduced plant types. 

Similarly, if one of these intermediate scenarios was what happened the botanical 

assemblages could be expected to contain an abundance of both native and introduced 

plants, vary by location and sample type, or otherwise produced varied results.  

 

Examining social and cultural changes related to cattle ranching 

The secondary questions are addressed with archaeological analysis and the use of 

historical records. The main social question is whether increasing cattle, and other livestock, 

populations, pushed Ohlone from the Wilder Ranch area and greater Santa Cruz region 

towards joining Mission Santa Cruz. This question is addressed directly with several 

statistical analyses of mission baptism and livestock records. If there is a relationship 

between increasing herd size and mission recruitment it may not be a direct correlation, so 

lag times and other factors, such as drought and social network issues, need to be accounted 

for. As with testing the proposition of cattle-driven ecological change at Wilder Ranch there 

are three likely results: 1) there is a fairly direct and obvious relationship between the size of 

livestock herds and Ohlone joining Mission Santa Cruz (in other words, the relationship is 
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apparent with simple correlation), 2) there is no relationship, even when other factors are 

accounted for, or 3) there is a relationship between increasing livestock herds and baptisms 

but other factors such as drought, social network collapse, or other social and cultural 

factors also significantly influenced Ohlone decision making and made the relationship more 

complex. The third possible result seems most likely based on the work of multiple scholars 

(Lightfoot 2005; Milliken 1995; Peelo 2009), but because the current study focuses on cattle 

ranching the relationship between increasing cattle population size and mission recruitment 

of Santa Cruz Native Californians needs to be explored.    

TREM practices were likely not terminated completely as the Ohlone joined Mission 

Santa Cruz. There is an abundance of archaeological evidence indicating that many hunting 

and gathering practices continued within the mission, but it is clear that constraints were 

placed on these practices at the same that the time and labor demands within mission 

communities began to consume the daily life of Native Californians  (Allen 1998; Allen et al. 

2009; Silliman 2001b). Hunting and gathering continued, particularly during certain seasons 

and when supply shortages occurred at the missions (Jackson and Castillo 1995; Peelo 2009), 

but likely not at the same spatial or temporal scales as during pre-colonial times. Importantly, 

the larger scale TREM practice of controlled burning was prohibited by mission authorities 

(Cuthrell 2013; Rizzo 2016:75-77), though fires were still occasionally set despite being 

banned. All that said, local Ohlone joining Mission Santa Cruz likely coincided with the 

slowing, scaling-back, or outright cessation of many TREM practices, and so baptism 

numbers can be used to judge approximately when these activities and their effects on the 

ecological landscape became reduced.  
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Methods  

The remainder of this chapter details the methods used in this dissertation. A few 

other sub-questions are presented in the methods section. All of the sub-questions relate to 

the primary and secondary questions, though some are tangential to the main concerns of 

this work. The following sections primarily detail the modeling and faunal analysis methods 

used to produce the results of Chapters 3, 4, 6 and 7.  

 

Computer Modeling Methods 

The two main computer modeling methods used in this work are Geographic 

Information Systems (GIS) modeling and Agent Based Modeling (ABM). GIS is used to 

create basic maps, produce spatial statistics of ecological factors and human land-use, and to 

model the likely movement and grazing patterns of cattle. ABM is used to model the 

interaction between grass types, drought, fire, and cattle grazing. The GIS model is a 

relatively simple predictive spatial model that estimates the most likely locations that cattle 

would move through and graze. This GIS model could also be used as a basis for conducting 

ecological surveys that determine if the locations that cattle were most likely to go in the past 

are the most altered ecosystems today. The ABM is constructed explicitly to address the 

issues of a changing SES, namely complexity, resilience, and emergence. By necessity, this 

model contains abstractions of the components of a ranching based SES and the transition 

between a TREM SES and a ranching SES. Even so, this simple model provides a means of 

predicting the historical and current state of Wilder Ranch’s grasslands in accord with a SES 

– Spatial Resilience framework.  
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GIS 

QGIS (Quantum Geographic Information Systems), version 2.16 or Nødebo, is used 

for all GIS analysis in this dissertation. QGIS is an open source GIS platform that combines 

several other GIS platforms, including GRASS (Geographic Resources Analysis Support 

Systems) and SAGA (System for Automated Geoscientific Analyses), into a single software 

suite with a simple GUI (graphic user interface). Most GIS images in this dissertation are 

simple maps combining vector and raster images, and are derived from either publicly 

available maps or maps digitized by the author. Maps that are publicly available from 

government sources are used as often as possible. This includes, but is not limited to, base 

maps, public boundaries, rancho boundaries, soil database maps, basic land cover maps, and 

elevation maps. References to these public maps are provided with each map figure, and the 

name and source of each map are provided in the references cited section.  

Archaeological, historical, and some Wilder Ranch State Specific maps, however, are 

generally only available as images, so the author digitalized these maps. These hand drawn 

maps include all of the site maps for the Wilder Ranch ranchstead and broader Wilder Ranch 

landscape, the vegetation map of Wilder Ranch State Park, historical land boundary maps, 

and historical US Geodetic survey maps of buildings and land cover. All of these maps are 

georeferenced and use vector drawn shapefiles. These maps are included on the digital 

medium connected to this dissertation and stored at the California Department of Parks and 

Recreation’s State Archaeological Collections Research Facility (SACRF) in the Statewide 

Museum Collection Center – in McClellan, CA. In addition to the maps for presentation, a 

number of maps are the products of spatial analyses conducted on the archaeological and 

ecological components of Wilder Ranch. Much of the spatial analysis is simple and consists 
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of heat maps and/or descriptive statistics of different kinds of land cover or the distribution 

of archaeological features and materials.  

As noted above, GIS is also used to model the likely movement and grazing patterns 

of cattle at Wilder Ranch based on slope, access to water, and soil types that are capable of 

supporting good rangelands for cattle. This model uses a combination of vector and raster 

spatial data and is based on previous work to model cattle movement and grazing patterns 

(Brock and Owensby 2000; Harris 2001). By necessity the model produced for this 

dissertation is simpler than models of modern-day cattle movement and grazing patterns 

because there is no historical or archaeological evidence for some of the (less important) 

factors used to model these behaviors - such as the location of shade, roads, fences, or 

human-provided water sources. Nonetheless, the most consistently stated factors that 

significantly determine cattle movement and grazing patterns can be modeled for Wilder 

Ranch in the past. These significant factors are slope, access to water, and soil type based 

prevalence of good grazing lands. It is possible to do this largely because the general 

geological conditions of the Wilder Ranch landscape have been relatively stable through 

most of the Holocene (White et al. 2008).  

The GIS model is constructed primarily with vector, or line based, maps downloaded 

from public sources – primarily USGS the National Map (https://viewer.nationalmap.gov 

/basic/) over the course of the last few years. Public sources are used so that other 

researchers can easily check the information, and because the source information is in a 

standard format. Vector maps consist of digital point, line and polygon images that are 

connected to databases or tables (Jensen and Jensen 2013). Connected databases can contain 

a vast amount of information, as is the case with the USDA Soil Database (USDA 2010), 



64 

 

which is used to determine the suitability of Wilder Ranch soils for different kinds of plant 

cover. The only raster map used in the GIS model is the elevation map, or Digital Elevation 

Model (DEM) map, for the area. Raster maps consist of grids of squares, and generally 

contain only one numeric value in each square, such as an elevation measurement (Jensen 

and Jensen 2013). The DEMs used in this model have a resolution of three meters, meaning 

that each raster square represents a three-meter square area over which elevation 

measurements are averaged. The DEM covering Wilder Ranch is primarily used to generate 

a vector slope map, which is a map of the percent slope on all hillsides.  

To create the GIS model of Wilder Ranch lands preferred by cattle the “intersection 

tool” is used to extract and combine the parts of various maps containing the factors known 

to predict cattle movement and grazing patterns. First the slope map is reclassified into 

categories of slope values that are either preferred or avoided by cattle (Brock and Owensby 

2000; Stewart et al. 2002). QGIS’s intersection tool is then used to combine the reclassified 

slope map with a portion of the soils map that contains only soil patches rated as good 

rangeland. Finally, buffer zones representing how far cattle generally roam from water are 

created around the streams of Wilder Ranch in a vector map, and this is then combined with 

the slope and suitable soil maps. This process creates a map that displays only the suitable 

soils that are also on preferable slopes, and that are within a certain distance (“buffer zone”) 

from a perennial stream. As a final step, this map of cattle preferred lands is compared to the 

modern distribution of mixed introduced and native grasslands. These the maps are 

presented and discussed in the GIS section of Chapter 7.  
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ABM Analysis 

The ABM programmed for this study shares the title of this dissertation Cattle in the 

Garden (CiG), and is available on the Netlogo’s Community Models page 

(https://ccl.northwestern.edu/netLogo/models/community/index.cgi). The full code for 

CiG is also included in Appendix 1. CiG contains two plant type agents that are based on 

native and introduced grasses, cattle agents that graze on both plant agents, a global variable 

that simulates drought and precipitation that affects both plant agents, and a global variable 

that simulates the effects of “fire” on the plant agents.     

Netlogo, in which CiG is programmed, is programming language designed to create 

ABMs.  The Netlogo language is designed to program multiple “agents” that follow a shared 

set of instructions, or rules, but act independently. The agents, of which there can be 

multiple types, interact with each other in a virtual space that also has global settings that can 

affect all agents. The Netlogo language is an object based computer language, which means 

that each entity (agent, patch, or global factor or control) is programmed separately as a self-

contained block of code that calls to, or signals, other blocks of code (agents, patches, or 

global conditions) (Wilensky 1999). Counts or other results of running a particular model are 

recorded by Netlogo in a format that can be exported to other programs such as Microsoft 

Excel (which is the program used in this study).  

ABM is particularly useful for simulating and analyzing the dynamic and non-linear 

patterns that emerge from the interactions of a multitude of agents acting in similar ways 

while still being independent. For example, all agents in CiG interact with each other; the 

grass agents reproduce independently but on a “seasonal” basis, the grasses also spread to 

new patches but only if they are not already inhabited by too many other agents, and the 
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cattle wander randomly until they encounter a grass agent and eat it. CiG records the number 

of grasses and cattle, the percent of space the two grass types cover, and the range of each 

type of grass (as maximum, minimum, and median positions). The count of both grass 

agents and the space covered by each type is used in this study to assess the competition 

between the two grass agents both in terms of overall population size and in terms of area 

within a grassland that each might cover.   

Netlogo was chosen because it is relatively easy to learn and use, and because there is a 

large user community from which numerous models for comparison of code structure and 

output (when relevant) are available. Netlogo has also become standard in a wide range of 

disciplines. Netlogo is also well documented, with a large library of existing code. Figure 2-1 

shows the user interface and some of the code used in this model. The user interface panel 

contains input boxes for setting the starting variable values for the model, including the 

following: the number of each grass type, the number of new grasses when the grasses 

reproduce, the number of cattle, the lifespan of each grass type (which is also affected by the 

drought and fire global variables), the “season” in which grasses reproduce, and the distance 

that cattle travel before looking for grasses to eat.  
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Figure 2-1: Cattle in the Garden Graphic Interface and Code Example 

  

 

For consistency, most grass variables remained the same for each trial, but the starting 

number of grasses and cattle were changed to test the relationship between grasses from 

different starting states and different “stocking rates” (in other words, cattle herd sizes). In 

addition, separate trials were run with or without drought-precipitation or fire turned on, and 

with various numbers of cattle, or no cattle at all. Trials consist of between 25 and 100 

independent runs; with initial “baseline” trials being run 100 times and later models being 

run 25 times because it was clear that the results did not vary too much despite repeated 

runs. The recorded results of each trial are then loaded into Microsoft Excel sheets and 

turned into trend line charts. These results are presented and discussed in Chapter 7.   

 

Zooarchaeological Analysis 

The objectives of the faunal analysis are to identify which species were present at 

Wilder Ranch during the nineteenth century and to examine husbandry and animal use. The 

first objective of producing a species list related to the central questions of this dissertation, 
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which is to identify ecological changes resulting from the European colonization of 

California. The second objective is tangential to the main objectives of this study but is 

presented to better understand the type of ranching employed and the role of this type of 

ranching in the social systems of colonial California 

  The species identified in the Feature 1 – Bone Pit assemblage reflect the 

environmental conditions of Wilder Ranch during the nineteenth century, though the human 

selection of species makes this assemblage an imperfect sample of the native species that 

might have been present. That said, the presence of certain species might indicate 

somethings about changing environmental conditions, or the lack thereof. Husbandry and 

animal use, such as butchery or signs of how animals were kept or employed reflect the 

cultural, social, and economic side of ranching. The main questions for this analysis are the 

following: 1) how were the animals in this assemblage raised, and how might have they 

interacted with the environmental while alive, 2) how did these animals die, and if they were 

processed for food or resources, how so, and 3) what were the products derived from these 

animals, and what role did they likely play in local and larger economic and social systems.    

 

Identification and Primary Data  

All vertebrate remains were identified by reference to the comparative collection at the 

Arizona State Museum’s Stanley J. Olsen Laboratory of Zooarchaeology. Shellfish remains 

were identified based on the author’s previous experience, regional taxon lists, and web 

sources. Fish are identified only to Order because the comparative collection does not 

contain many Pacific Ocean fishes.  
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The data were recorded in a Microsoft Access relational database created by the 

author. In this database, most data fields are linked to underlying tables with hierarchically 

organized data (e.g. species-family-order-class). The main entry table is also joined (i.e. 

connected) to independent tables for butchery, fracturing, measurements, tooth eruption and 

wear, and multiple fragmentary specimens. Multiple records on butchery, fracturing, teeth, 

and fragmentation were added when relevant to each specimen entry in the main entry table.  

The butchery and fracturing tables both have fields for tool mark or fracture location, 

the aspectual surface of the mark or fracture, and the orientation of modifications in relation 

to element midline. Butchery tool marks were recorded as cuts, chops, impacts, and a 

number of other rarer mark types. Tool mark frequency was also recorded, though the 

reoccurrence of marks at a specific anatomical location is considered more important. Tool 

type, particularly if a tool is thought to be metal or stone, was recorded when possible.  

The Von den Driesch’s (1976) system was used to record anatomical measurements, in 

addition to a few measurements emphasized by other researchers, including the author. 

These measurements are primarily used to establish cattle breed. Teeth data were recorded 

primarily to estimate age. Tooth eruption was recorded simply as “complete”, “partial”, “just 

emerging”, or “in crypt” for each tooth within a mandible or maxilla specimen. Grant dental 

attritional tooth wear stages (Hillson 2005; Grant 1982) were recorded for all identifiable 

teeth, and these data were used in conjunction with tooth eruption data to estimate the age 

of animals.  

The recorded data are brought together with queries from these various tables to 

explore particular aspects of the assemblage data. For example, butchery mark data and 
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fracturing data are brought together to identify what kinds of marks regularly occur near 

fractures.   

 

NISP, MNE, MNI, MAU, and other quantitative units 

 NISP (Number of Identified Specimens), MNE (Minimum Number of Elements) 

MNI (Minimum Number of Individuals), and MAU (Minimum number of Animal Units) are 

all used in the faunal analysis chapter (Chapter 6). Some of these variables can potentially 

over-estimate the true number of elements or individual animals from a species, particularly 

the derived variables (MNI, MAU). All of these values are presented initially and then 

discussed when an individual value is used for specific analytical tasks (Lyman 1994; Reitz 

and Wing 1999:215-218; Ringrose 1993). 

 NISP is an irreducible count of specimens identified to a particular taxonomic level 

and is unlikely to under-represent species or elements. On the other hand, specimen 

fragmentation, especially from larger vertebrates, can cause NISP to over-represent some 

species in an assemblage. Likewise, the different frequency of elements in various species’ 

skeletons can complicate inter-species comparisons (Morlan 1994; Reitz and Wing 1999:191-

193). Fragmentation is partially addressed by counting refitted specimens as single specimens 

(i.e. NISP = 1) (Chaplin 1971), and the chance of over-representation for cattle is small 

because many specimens from this species in the Bone Pit are relatively complete. NISP is 

mostly used to count butchered portions and to determine the relative abundance of 

fragmented portions from each species (Bunn, et al. 1986:436-438; Gifford, et al. 1980:76-

78). 
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 MNE is an estimate of the minimum number of complete elements from each species 

or body size group that would be necessary to produce the number of specimens 

encountered in an assemblage. MNE is calculated from sided specimens, with age, sex, and 

fragment size considered to avoid under-counting elements. The portion codes used to 

record fragment portions include estimates of specimen completeness (e.g., proximal plus ¼ 

to ¾ shaft, middle shaft plus proximal shaft, and so forth) in order to judge whether or not 

two fragmented specimens come from one or more original specimens (Lyman 1994; 

Ringrose 1993:129-130). MNE is an ultimately a conservative estimate. 

 MNI is calculated from MNE by counting the most common sided element for a 

species (Ringrose 1993:126-127). MNI, like MNE, yields the minimum number of animals 

necessary to create a particular assemblage. The problem of undercounting the true number 

of animals in the Bone Pit assemblage is mitigated somewhat by making MNE counts as 

accurate as possible, and by calculating the number of individual animals by distinct age 

groups. MNI is primarily used in this dissertation as an index of species abundance in 

conjunction with NISP, MNE, and biomass. MNI is also used to estimate the size of cattle 

age cohorts, as well as for a number of other analyses that require an estimate of the original 

number of individual animals.  

 MAU is also calculated from MNE and used for a number of analyses. To calculate 

MAU, the observed MNE is divided by the expected number of elements in the complete 

skeleton. Percent (%)MAU is calculated by dividing all MAU values by the highest MAU for 

a species (Lyman 1994) and is used for skeletal representation, to examine the likelihood of 

subtraction by scavenging animals, and to calculate the number of surviving articulation 

units (see below).  
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Age 

Bone fusion and tooth eruption stages are used to establish age cohorts. Fusion stages 

are defined for several different elements by the age at which the epiphysis fuses to 

diaphysis. Published fusion stages are from modern species. Historical or prehistoric fusion 

rates can vary somewhat by animal age, but the sequence of fusion is stable for the limb 

bones of most species regardless. This makes it possible to establish the relative age of 

individual animals in an archaeological assemblage (Reitz and Wing 1999:75-77). Tooth 

eruption is used to determine the age of younger animals, and tooth wear is used to estimate 

the age of both younger and older animals. Because tooth wear patterns can be significantly 

altered by diet, the ages given are considered loose estimates (Hillson 1986).  

  

Sex and Cattle Breed/Variety  

 Sex is established by measurements taken on the innominate, metacarpal 3-4, and 

metatarsal 3-4. The morphology of the pubic ramus of the innominate is the best indicator 

of sex, as are other measurements from this anatomical region. Unfortunately, there are only 

a few innominates with intact pubic rami in the assemblage, so other sex-linked osteological 

features and measurements, such as the proportions of metapodials, are used too. Other 

morphological characteristics on the innominate can be used (Grigson 1982), as can three 

measurements from around the acetabulum. Ventral Acetabulum Border width (VABw), 

Acetabulum Ilium Portion width (AILPw), and Acetabulum Pubis Portion width (APPw) are 

measurements created by the author to measure innominate dimensions near the pubic 

ramus when it is not present (Figure 2-2). VABw differs by 10 to 20 millimeters between the 
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sexes, while both AILPw and APPw are relatively consistent inter- and intra- sex 

measurements. VABw is divided by AILPw or APPw, depending on which is available, to 

create a ratio that is indicative of specimen sex. These measurements were tested on four 

comparative specimens of known sex.  

 

 
Figure 2-2: Measurements of the Acetabulum to Determine Sex 

 

Innominates are rare in the Bone Pit assemblage, so metapodials, which are far more 

common in Feature 1 – the Bone Pit, are also used to determine sex. Two methods are used 

to estimate sex from metapodials. In the first, the minimum shaft width (SD) is divided by 

the greatest specimen length (GL), multiplied by 100, and then plotted against distal breadth 

(Bd). This is a fairly standard method for determining sex based on metapodials (Chaplin 

1971; Grigson 1982; Reitz and Wing 1999) and is therefore useful for inter-site and inter-

assemblage comparisons (Gust 1982). In particular, these measurements are used in 

comparison to the Ontiveros Adobe assemblage, which included distinct male, female, and 

castrated male cattle sex groups. The second method used on metapodials is to measure the 

distal breadth (Bd) just above the fusion plate and then plot this measurement against the 

proximal width (Bp). The advantage of this method is that it can be used on specimens with 

unfused distal epiphyses.   



74 

 

 The breed, or variety, of the Bone Pit cattle is estimated by comparison to other 

historical cattle populations in California, and elsewhere, by measurements from several 

elements. The log difference scale method developed by Reitz (Reitz and Ruff 1994; Reitz 

and Wing 1999:177-179) is used to compare the Wilder Ranch cattle to the cattle from other 

sites by graphing the log difference scale as a line graph and visually comparing the graphic 

results. The line graph of the average of large and small cattle from Ontiveros Adobe is used 

as baseline for this analysis, so other cattle populations are shown as either larger or smaller 

than the “average” size of the Ontiveros population. The log difference formula used to 

compare populations is: 

 𝑑 = log10 𝑋 −  log10 𝑌 

 

Where d is the difference, X is the mean of a particular measurement in the 

assemblage, and Y is the same measurement of a comparative standard (“average” from 

Ontiveros Adobe).   

 

Biomass, Body Mass, and Meat Weight  

 Biomass, body mass, and meat weight are all calculated with the allometric scaling 

formula from the weight of bones (biomass) and specific osteological measurements (body 

mass and meat weight) to estimate the dietary contribution of different species. The formula 

is: 

Y=aXb, or log10 Y = log10 a + b(log10 X) 

Where:  
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Y=estimate of biomass, body mass, or meat weight, dependent on measurements and 

intercepts used 

X= the measurement used  

a = the Y-intercept of the linear regression  

b = slope of regression line  

Allometric scaling is based on the observation that there are strong relationships 

between the size and mass of various animal body regions. Linear regression can be used, 

but logarithmic methods produce more accurate estimates (Reitz, et al. 1987; Reitz and Wing 

1999). The Y-intercept (a) and slope (b) values for various classes and species, and the 

measurements used to calculate particular characteristics (for example; biomass or total body 

weight) come from a number of published resources, which are discussed below.  

Biomass is calculated from specimen weight with taxonomic class specific Y-intercept 

and slope values. The resulting estimate is in kilograms (kg). Biomass represents the mass 

directly associated with specimens, and not the entire body. The biomass formula is:  

log10 Y = log10 a + b (log10 X) 

And estimates are calculated by: 

Y=10(log10 a + b(log10 X))  

= Y= 10(log10 a) ∗ 10b(log10 X) 

= Y = a * Xb 

Table 2-1: Y-Intercept and Slope Values Used to Estimate Biomass from Bone Weight for Four Classes 

 
Class a b 
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Mammalia  13.183 0.9 

Aves 10.965 0.91 

Reptilia 3.236 0.67 

Osteichyes 7.943 0.81 

Gastropods 0.6918 0.92 

Bivalves 1.0423 0.68 

Values derived partly from Reitz and Wing 1999:223-230 with log10 a values set as 
exponent to a base 10 

 

 Averaged values for multiple elements from members of the Bovidae family are used 

to calculate cattle body mass as an estimate of the live weight (Scott 1990:324-327, and 

appendix table 16.7 pages 376-377). Carcass weight and total meat weight are then derived 

from the live weight with the use of standard modern dressing weight estimates that are 

consistent with historical dressed carcass weights (Patterson et al. 2011; Noddle 1973). 

Measurements are from multiple locations on proximal limb bones (humerus and femur), as 

recommend by Scott (1990:327-331), and the results are then averaged to minimize 

prediction errors. All measurements provided by Scott were tested, with distal humerus 

measurements (H4/BT and H5/Bd) appearing to provide the most reliable body mass 

estimates. This is because mass estimates from H4/BT and H5/Bd are usually consistent 

with each other and produce the most realistic estimates. Measurements from other elements 

occasionally produced absurdly high or low estimates, such as 9000kg for individual cattle. 

 

Table 2-2: Elements, Measurements, and Formula Values Used 

Element Scott 
Measurement  

Von Den 
Driesch 
Equivalent  

Slope 
(b) 

Y-
Intercept 
(a) 

r2 %SEE %PE 
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 Weathering and Carnivore Gnawing 

Weathering is recorded in Behrensmeyer’s Weathering Stages (BWS), which is a 

system that measures the degree of degradation a specimen displays due to atmospheric 

weathering. The scale ranges from zero to five, with zero representing relatively un-damaged 

specimens, and five representing nearly disintegrated specimens. Stages are determined by 

cortical bone integrity and the severity (depth and width) of cracking on the surface and 

below (Behrensmeyer 1975; Behrensmeyer 1978). 

Carnivore gnawing damage is identified from pits, scores, grooving, and crenellation, 

which are various forms of depressions and breakages caused by carnivore teeth (Binford 

1981; Lyman 1994). The possibility of carnivore scavenging is also examined with the 

Inverse Consumption Sequence (ICS) created by Blumenschine (1986). ICS is the reverse of 

the sequence in which elements are generally consumed by many carnivores and is used in 

this work to determine what portion of the specimens in the assemblage are those that might 

have been left to scavengers after butchery. The analysis is conducted by correlating ICS 

(Spearman’s rank order) with inversed %MAU (%MAU subtracted from 101) to determine 

Humerus 
H1 GLC 3.46 -2.92 .93 40 25 

 H2 GLl 3.36 -2.46 .93 39 24 
 H3 N.A. 2.73 .233 .94 35 23 
 H4 BT 2.55 .41 .96 29 18 
 H5 Bd 2.63 .28 .96 28 18 

        
Femur F1 GLC 3.55 -2.99 .92 43 30 

 F2 GL 2.69 -.081 .94 35 24 
 F5 Bd 2.91 -.08 .95 31 20 

 

 % SEE = percent standard error of estimate, which is a percent confidence interval of the predicted value 
%PE = percent prediction error, or the average percent difference between observed and regression 
predicted values in experiments (Van Valkenburch 1990:186-187).  
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if the most frequently missing elements are those that would most likely be scavenged after 

the primary consumers (humans) had removed the most desirable portions of meat from the 

cattle carcasses.  

 

Skeletal and Portion Representation, and Density-Mediated Attrition 

Percent (%) MAU is used to analyze “skeletal representation”, which is a method for 

identifying which parts of a species skeleton are most commonly present in an assemblage. 

Percent MAU is then displayed with a labeled diagram of the skeleton that is produced in 

GIS. A similar method is used for element portion representation. Element portions are 

counted independently, even when several are from one specimen, and then divided by the 

most common portion. This allows for easy identification of the most common portions of 

specific elements in the entire skeleton.  

 Density-mediated attrition occurs when the variance in structural density of bones 

leads to the differential preservation and destruction of element portions (Binford and 

Bertram 1977; Ioannidou 2003; Lam, et al. 1999). Ioannidou’s (2003) Bos taurus bone density 

values are correlated with percent survivorship (calculated by dividing observed portions by 

the expected number of portions multiplied by MNI (Lyman 1994) to determine if portion 

representation is density-mediated. This method does not distinguish between different 

taphonomic processes, but in all cases a lack of correlation between bone density and 

survivorship indicates that portion representation is not solely, or at all, the result of density-

mediated destruction of weaker elements or element portions. That said, some butchery 

practices, such as intensive grease rendering, can produce a pattern of surviving portions 

similar to that of natural or carnivore driven density-mediated attrition (Pavao-Zuckerman 
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2011). This possibility is considered in the analysis along with other lines of butchery and 

burning evidence because tallow production was common in Spanish Colonial and Mexican 

Period California.  

 

Articulated Bone Units 

The term “articulated bone units” refers to specimens found in contact in Feature 1 – 

the Bone Pit with other specimens that represent the elements that they articulate within the 

living skeleton. Articulation unit data are presented as Percentage of Surviving Articulations 

(PSA) and Standardized Joint Frequencies (SJF) values as calculated by Hill and 

Behrensmeyer for domestic cattle (1984:386). PSA is the number of articulations found 

within an assemblage shown as a percentage of expected articulations for a complete 

skeleton, multiplied by the assemblage MNI (Lyman 1994:153-154). SJF is the order in 

which joints disarticulate under natural conditions (Hill and Behrensmeyer 1984). Running a 

correlation analysis (Spearman’s rank order) of PSA and SFJ, therefore, provides an 

estimation of the amount of time a carcass was left exposed before burial. If there is a high 

frequency of rapidly disarticulating joints then it is likely exposure was limited, and vice 

versa. Examining articulations units can also indicate something about butchery practices; 

specifically whether or not disarticulation was one of the goals in butchering an animal.  

 

Butchery 

 Butchery analysis is directed at identifying non-random patterns within the 

distribution of butchery tool marks. Tool marks are counted by the number of portions on 

which they occur, and not by the frequency of tool marks. To determine if marks are 
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randomly distributed or patterned, the count of marks repeatedly occurring on particular 

portions is compared against an even distribution with a chi-square goodness of fit test. This 

hypothetical even distribution of tool marks is calculated as the average number of 

butchered portions (
butchered portions (615)

total portions (2363)
 = average butchered portion [0.26]) multiplied by 

the count of a particular portion (e.g.: 22 proximal femur portions times 0.26 = 5.72 

expected butchered specimens). Standardized residuals are then calculated with:  

X2 = 
𝑂−𝐸2

𝐸
 

 

Where O = observed (count of tool marked portions) and E= expected (marked 

portions/total portions X count of a particular portion). 

 

The chi-square statistic indicates if the observed number of butchered portions on 

independent elements differs significantly from the number of expected butchered portions 

in a hypothetical even distribution. The sign (+/-) of the product of observed-minus-

expected is applied to the standardized residuals (calculated as above). These signed 

standardized residuals are used to determine whether the number of butchered portions is 

greater or less than expected, and by how much in relation to other butchered portions. The 

assumption behind this method is that reoccurring tool marks in particular locations likely 

represent intentional actions, and such patterns, if they exist, will be distinguishable from 

unintentional marks made incidentally while butchering a carcass. Other butchery mark 

attributes, such as surface, orientation, and mark type, are analyzed in the same way – though 

it appears that location is the most important aspect.  



81 

 

 



82 

 

Chapter 3   Environmental Data, Analysis, and 
Interpretation 

 

This chapter presents existing data and original analysis on the environment of Wilder 

Ranch – Rancho Refugio. The goals are to 1) to provide the environmental context of the 

ranchstead and the faunal remains recovered from there, and 2) to present evidence relevant 

to answering the primary question about cattle-driven ecological change along the coast of 

California. Most of the data presented in this chapter are also used to in the GIS and the 

ABM CiG models presented in Chapter 7.  The Environmental Description section provides 

a basic description and analysis of the geology, soil, available water sources, climatic 

conditions, and vegetation at Wilder Ranch. These are all factors that are used in the models 

presented below and are important for understanding the extent, intensity, and rate of 

ecological change at Wild Ranch. The Cattle and Sheep population section presents historical 

stocking rates for Santa Cruz County, much of which was focused on Wilder Ranch and the 

ranches to its north.  

 

Environmental Description 

Soils and Geology  

The bedrock of Wilder consists of a series mudstone and sandstone terraces, as does 

most of the northern coast in Santa Cruz County. These terraces resulted from a sequence of 

ocean floor uplifting that occurred between 65 and 226 thousand years ago (White et al. 

2008), and form the western foothills of the Santa Cruz Mountains; which are the defining 
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geologic feature of Santa Cruz County. The Santa Cruz Mountains are a relatively low lying 

mountain range, with a maximum elevation of approximately 3,200 feet above sea level, and 

they separate Santa Cruz from the San Francisco Bay Area, affect local climate, and provide 

much of the original parent material for the coastal marine terraces (White et al. 2008:37–

40). The Santa Cruz Mountains themselves are largely the product of the action of two fault 

lines that work to uplift ancient seabeds and interlace these compressed seabeds with 

volcanic rocks. The Santa Cruz Mountains also form a barrier for the Pacific Ocean fogbank, 

which is an important part of Wilder Ranch’s microclimate. This fogbank provides moisture 

to plant life on the terraces in ways distinct from the moisture regimes further inland and 

uphill from the ocean (Boindi, Cayan, and Berger 1997:238), something which is discussed 

further in the climate and vegetation sections.  

The mudstone, called Santa Cruz Mudstone, that forms the uplifted terraces is the 

most common type of bedrock throughout Santa Cruz County (figure 3-1), and at Wilder 

Ranch. Approximately 172,400 acres of Santa Cruz County’s 285,716 acres, or about 60 

percent, is underlain by Santa Cruz Mudstone. Santa Cruz Mudstone is a friable siliceous 

organic sedimentary stone that is generally laid down in sheets and composed of former 

seabeds (Clark 1981:29–31), and the parent material of this mudstone is the product of 

erosion earlier mudstone terraces, along with some other bedrock materials. This stone is, 

therefore, part of a geological cycle in which tectonic activity uplifts compressed sedimentary 

stone that is the product of the erosion of similar stone; this uplifted stone was then wave-

cut and eroded again. The fragments and particles of this weathered and eroded mudstone 

flowed into the river-cut valleys of Wilder Ranch and Santa Cruz County, forming alluvial fill 

along the streams and rivers, and eventually is washed out to the ocean (White et al. 2008). 

For the current study, the significance of this is that this process has formed a relatively 
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homogeneous soil throughout Wilder Ranch, as soil that is very suitable for supporting 

grasses and shrubs. This soil homogeneity, however, makes it difficult to define clear 

stratigraphy for most periods during the human occupation at Wilder Ranch.   

 

 
Figure 3-1: Underlying Bedrock of Santa Cruz County 

 

 

The most common soil types at Wilder Ranch – Rancho Refugio, produced by the 

above process, are of the Mollisol order (10,620 acres, or 83 percent of total acres in Rancho 

Refugio). The most common Mollisol suborders are Xerolls (7,215 acres) and Albolls (3,404 

acres) (USDA 2010). Both of these suborders commonly support grasslands and shrublands 

in North America and around the globe (Soil Survey Staff 2013), and xeric Mollisols are 

particularly common in Mediterranean-type grasslands (White, Schulz, et al. 2012). Both 

Xerolls and Albolls will support trees and larger woody plants, but both soils tend to 

produce argillic, or clay, lenses high in their profiles, which trap water close to the surface. 
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This is a condition that tends to favor grasses over larger woody plants with deep root 

structures (Archer 1995).  

 The USDA’s (United Stated Department of Agriculture) Soil Database (USDA 2010) 

further provides estimates of the suitability of soils for supporting different kinds of ground 

cover. The common Xeroll and Alboll soil suborders are both good soils for grasslands 

(5420 acres “good”, plus 2325 acres “fair”) and herbaceous forbs (8,517 acres “good”, plus 

1278 acres “fair”), and decent soils for shrubs (9796 acres “good” or “fair”). Figure 3-2 

displays the number of acres suitable for each plant type, and Figure 3-3 presents a map of 

the distribution of the major soil types. On the one hand, this indicates that Wilder Ranch – 

Rancho Refugio is prime land for cattle, or other livestock, grazing because the soils readily 

support grasses and forbs. On the other hand woody encroachment by shrubs, a common, 

but not universal, result of over-grazing in arid and semi-arid regions (Asner et al. 2004), is 

possible because the two main soil types often support shrubs. The most common types of 

shrubs at Wilder Ranch are coyote brush (Baccharis pilularis) and several manzanita species 

(Arctostaphylos sp.)(See vegetation section below). 
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Figure 3-2: Suitability of Soils in Acres 

 
a. Grass Habitat 

 

 
b. Shrub Habitat 

 

 
c. Herbaceous Habitat 
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Figure 3-3: Refugio Soil Order and Suborder Map. 

Map Complied by Ben Curry 2017, Map Sources: 1, 2, 6, & 7 
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Water and Climate   

The soil map (Figure 3-3) also displays the location of Wilder Ranch – Rancho 

Refugio’s streams (blue and dashed blue lines). Five of the streams in the larger Rancho 

Refugio land unit are perennial including Wilder Creek, which flows through the ranchstead. 

There are an additional 11 seasonal intermittent streams, and 81 ephemeral swales, which 

may on occasion carry or trap water. In addition to these drainages, there are eight lagoons 

or ponds located on the larger Rancho Refugio unit. In short, there are plenty of water 

sources on the ranch for cattle and plant life, though some are dry during the warm and hot 

seasons. Nonetheless, climatic factors such as drought can affect, and sometimes have 

affected, the ability of Wilder Ranch to support plant and animal life.   

California is drought prone, despite its proximity to the Pacific Ocean. The region has 

a Mediterranean climate, with cool wet winters and dry summers. In addition to seasonal 

climate variation, California experiences cycles of wet years and dry years. The El Niño-

Southern Oscillation (ENSO), an ocean-atmospheric system that reoccurs every three to 

eight years, can increase the intensity of wet years, but the cycle of wet and dry years is also 

driven by other global climatic factors, particularly along the central coast (Haston and 

Michaelson 1994). Regardless of the exact reasons for this cycle, it is possible to model the 

history of drought from tree rings along California’s coastline (Cook et al. 2004; Haston and 

Michaelson 1994). 

The Palmer Drought Severity Index (PDSI) is a standard measure of precipitation and 

drought that can be calculated from the width of tree rings. It is an imperfect scale, and 

calculations are sometimes inaccurate, but PDSI is accurate enough to reconstruct general 

annual patterns of drought and heavy rainfall. PDSI is a common index of drought used 
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throughout the U.S., and the world, that is derived from measurements of precipitation, air 

temperature, and soil moisture. The index represents the difference between the supply of 

water (precipitation and soil moisture) and the potential demand on the water supply due to 

evapotranspiration. The scale ranges from -10 to +10, with negative numbers representing 

dry, or drought, conditions. Values below -3 represent severe drought (Duncan, et al. 2012). 

The PDSI data used in this work come from the National Oceanic and Atmospheric 

Administration’s (NOAA) Paleoclimatology website and are from a North American wide 

climate reconstruction that spans 2000 years. This reconstruction uses 835 accurately dated 

tree-ring chronologies (Cook, et al. 2004). There is no climate reconstruction specifically for 

Wilder Ranch, but there is a reconstruction from the nearby Bay Area (geographic sample 

point: Point 7 in Figure 3-4). In addition, to check if the entire central coast of California 

experienced drought cycles similarly, PSDI values from geographic sample Point 7 are 

correlated with sample values from two other nearby sample points. The two secondary 

study points are 15 and 24 in Figure 3-4. A two hundred year timeframe from AD 1700 to 

AD 1900, which spans the Spanish Colonial Period, Mexican Period, and Early American 

Period, is used for this analysis.  

PDSI values from all three points are highly correlated, suggesting that similar drought 

cycles were experienced along the central coast of California. Points 7 and 15, from the 

northern central coast and southern central coast regions, respectively, are correlated at r = 

0.748 (p = <.001), point 7 and point 24 (southern coast region) are correlated at r = 0.65 (p 

= <.001), and points 15 and 24 are correlated at r = 0.9 (p = <.001). The intensity of 

drought differs slightly between these points (see Figure 3-5), but the cycle of drought and 

rainy years appears consistent along most of California’s coastline. Most years in the sixty-
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one years surveyed experienced no, or only mild, drought conditions. Six years within the 

study period witnessed severe drought in the Santa Cruz area: AD 1777, 1782, 1796, 1829, 

1841, and 1864. The severe drought in AD 1796 is of special significance because it occurred 

a few years after the opening of Mission Santa Cruz, and is the year that the largest number 

of Native Californians joined the mission (discussed in the historical section of Chapter 4). 

The drought in AD 1829 is notable mostly for how severe it was (PDSI = -7.85). Droughts 

can kill-off large numbers of animals and plants, and so it is expected that both animal and 

vegetation populations were drastically affected in AD 1829. The severe drought of AD 

1841 falls squarely within the timeframe that Feature 1 – the Bone Pit was likely created, and 

so it is possible that cattle, and other animals, in this feature were affected by this drought, 

though it is not possible to make a direct chronological connection. 

 

 
Figure 3-4: PDSI Coastal California Study Locations, and Approximate Area Modeled 
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Figure 3-5: PDSI for Study Areas 7, near Santa Cruz, and 15, and 42 

    

 

Wilder Ranch Vegetation 

The modern vegetation communities of Wilder Ranch are presented below for 

comparison to the botanical remains presented in Chapters 5 and 6. Limited information on 

past plant communities at Wilder Ranch is also presented below. The highest resolution 

geographic data for Wilder Ranch vegetation are from the “Inventory, Monitoring, and 

Assessment Program” (IMAP) project conducted by California State Parks in 2002 (IMAP 

2002). The IMAP program only covers modern Wilder Ranch State Park, but it is 

significantly more detailed than other ecological studies of the surrounding area. IMAP’s 

vegetation map is shown in Figure 3-6. “Native Tree” (dark green) is the dominant land 

cover type at 3639 acres, with redwoods (Sequoia sempervirens) and coast live oaks (Quercus 

agrifolia) being the most common tree species. “California Annual Grassland” (CAG, and 

bright green) is the next most common type of land cover today, at 1858 acres. CAG 
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grasslands contain a mix of native and introduced grasses, often at around a fifty percent to 

fifty percent mix (IMAP 2002:8).  

 

 
Figure 3-6: IMAP Vegetation Map, After IMAP 2002 
Map Complied by Ben Curry 2017, Map Sources: 1, 5, & 8. 
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The IMAP characterization of these grasslands as mixed differs from other grassland 

surveys of Wilder Ranch, studies which described the ranch’s grasslands as composed mostly 

of introduced annual grasses (White, Schulz, et al. 2012). Unlike these other studies, 

however, the IMAP vegetation survey covered a larger area of the park and focused explicitly 

on cataloging all plant types. It is possible that the IMAP survey somewhat overestimates the 

number of native grasses at Wilder Ranch, but it is clear that native grasses are still present in 

fairly large numbers today. Similarly, most of the tree, shrub, and forb species recorded by 

the IMAP survey are native: eight tree, five shrub, and seven forb species are native, versus 

one tree and six forb species that are introduced (Figure 3-7). Only 65 acres of land (0.8 

percent of total) are covered with a majority of introduced trees or forbs; though an 

additional 116 acres of savannas (1.4 percent of total) include introduced shrubs, grasses, 

forbs, and/or trees mixed with native plants. In short, the question of how extensively 

introduced plants have taken over Wilder Ranch applies mostly to its grasslands. 

   

 
Figure 3-7: Trees, Shrubs, and Forbs, Shown by Origin 
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Two native grass species are particularly important in Wilder Ranch’s grasslands: 

purple needlegrass (Nassella pulchra) and wild oat grass (Danthonia californica). Purple 

needlegrass is often used as an index species in ecological and rangeland studies and seems 

to be a particularly resilient native bunch grass (Stromberg, Corbin, and D’Antonio 2007; 

D’Antonio et al. 2002; Cobin and D’Antonio 2004). Both purple needlegrass and wild oat 

grass were also likely common at Wilder Ranch prior to European colonization, as 

demonstrated by the high percentage of biolobate phytoliths found in nearby soil core 

samples (Evett and Bartolome 2013). Evett and Bartolome (2013) found a large number of 

bilobate phytoliths in their samples, and these phytoliths could represent either grass species. 

This kind of phytolith also occurred in much higher quantities at Wilder Ranch than in any 

other of Evett and Bartolome’s study sites, which seems to indicate that one or both of these 

grass species were more common in, and near, the ranch than in other regions. It is possible 

that Wilder Ranch contains better than average conditions for purple needlegrass and wild 

oat grass to thrive, in the past and today, and therefore the results of this study may not be 

directly applicable to other regions. It is also possible that the high quantities of these grasses 

before European colonization were the product of Native Californian TREM practices. 

Wilder Ranch, then, maybe an example of Spatial Resilience in that the natural or human-

produced conditions of the ecological landscape make it a refuge for native grasses, and 

perhaps other wildlife. Even if Wilder Ranch is uniquely suitable for these grasses, or was 

made uniquely suitable through some cultural means, the existence of such a place still 

indicates that the rapid colonization by introduced plants did not occur equally everywhere 

in coastal California. 
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Cattle and Sheep  

Live Stock Population Sizes 

The introduction of cattle, sheep, and other livestock potentially drove ecological 

changes at Wilder Ranch, particularly in the grassland areas. Knowing the number of animals 

in a herd is particularly important because more animals can drive greater ecological changes, 

and at faster rates, than small herds. This is particularly true if the areas in which cattle and 

other livestock roam are of limited size. This makes examining the livestock population size 

of Wilder Ranch and Santa Cruz County during the late eighteenth century and nineteenth 

century a critical point in answering the primary question of this dissertation. Cattle 

population sizes are also an important consideration in the ABM - CiG model presented in 

Chapter 7. Unfortunately, historical livestock counts are not available for Rancho Refugio or 

Wilder Ranch, so instead livestock counts from Mission Santa Cruz and Santa Cruz County 

are used to examine herd sizes and analyze general trends in population growth rates. 

Mission Santa Cruz livestock counts are from Jackson and Castillo’s (1995) and Allen’s 

(1998) work with the mission’s annual reports, and later data are from U.S. Census 

agricultural reports (USDA n.d.). No livestock data are currently available for the Mexican 

Period, which is when the Feature 1 – Bone Pit faunal remains were most likely deposited. 

The following data are therefore also meant to bracket the missing interval from Wilder 

Ranch - Rancho Refugio, and from the Mexican Period in general, by indicating the number 

of cattle before and after the study period.  

Figure 3-8 shows a clear increase in both cattle and sheep populations during the 

Spanish Colonial Period. A large, but unknown, portion of the mission cattle herd inhabited 

the region north of Mission Santa Cruz, including the area that became Rancho Refugio, and 
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later Wilder Ranch (Jackson and Castillo 1995). U.S. Census records, which were only 

produced every ten years, show that the cattle population increased drastically by AD 1850, 

which likely reflects the onset of production for the California Gold-Rush. Sheep 

populations, on the other hand, which were higher than cattle populations during the 

Spanish Colonial Period, declined. Large sheep ranching operations were common in Spain, 

and Spanish colonies (Jordan 1993), but American Period California ranches appear to have 

focused mostly on cattle, at least in the Santa Cruz area. After the 1850s, cattle populations 

also declined somewhat, which may reflect the effects of drought, but population sizes 

remained above those found in the Spanish Colonial, and presumably Mexican Period.  

 

 
Figure 3-8: Cattle and Sheep Population sizes - 1791 to 1900  
Cattle is black line and sheep are grey line) 
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Cattle population size largely determines the intensity and extent of ecological change 

cattle can cause through overgrazing, soil compaction, and/or competing with other 

herbivores (Asner et al. 2004; Coughenour 2006; Heitschmidt and Stuth 1991). It is, 

therefore, possible that the regularly mentioned cattle-driven impacts to California’s 

grasslands occurred more during the American Period when there were far more cattle than 

during the Spanish Colonial and (perhaps) the Mexican periods. This possibility is explored 

with ABM – CiG model in Chapter 7 by increasing the number of cattle agents over the 

course of several trials. 

 

Livestock Population Size and Drought  

Livestock populations can be negatively affected by drought, with large numbers of 

animals dying off if they do not have ample forage and adequate sources of water.  The 

relationship between livestock populations and drought in the Santa Cruz area is ambiguous, 

with correlation analysis showing little to no relationship between drought and population 

decreases. Table 3-1 shows the correlation coefficient between livestock populations and 

PSDI in decade-long blocks. 

 

Table 3-1: Pearson Correlation of Cattle and Sheep Populations to PDSI, by Decades 

Decade Cattle Sheep 

 r p r p 

1790s -0.047 0.896 -0.018 0.960 

1800s -0.021 0.953 0.016 0.963 

1810s -0.339 0.337 0.060 0.867 

1820s 0.6034 0.064 0.482 0.157 

1830s -0.622 0.054 0.432 0.212 
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Only in the 1830s does there appear to be any kind of relationship between cattle 

population size and drought. In the 1830s there is a strong negative and significant 

correlation (r = -0.622, p = 0.054) between cattle population size and PDSI, which actually 

appears to reflect growth in the cattle population during a decade with a number of dry but 

not severe drought years. This is the opposite of the expected impact of drought on cattle 

population size, and seems to indicate that cattle had access to adequate water and food. 

There is not a significant correlation between sheep population numbers and drought during 

the 1930s, even though the sheep population began to drop in that decade. It is likely that 

declining sheep population size reflected a societal move away from sheep ranching during 

this period.   

Earlier in the 1820s there is a strong positive, but (slightly) insignificant, correlation (r 

= 0.603, p = 0.064) between cattle population size and drought. This may reflect a very 

severe drought in AD 1829, with a PDSI of -7.856. Figure 3-9, which shows PSDI values 

and raw counts of cattle and sheep from AD 1791 to AD 1899, indicates that there was a 

slight decline in cattle and sheep population sizes around AD 1829. There is a positive 

correlation between sheep population size and PSDI, but the correlation is insignificant (r = 

0.482, p = 0.157). The general lack of a relationship between livestock population size and 

drought is interesting because it may reflect water being diverted or stored for animals, and 

that food was provided for them. It is possible that the Mission Santa Cruz records do not 

contain accurate livestock counts because undercounting was likely a common practice 

(Jackson and Castillo 1995). Even if that was the case and livestock were regularly 

undercounted, there should still be some sign of a relationship between herd sized and 

drought, if the relationship was a strong one in the Santa Cruz area. Apparently, only severe 

droughts, such as the one occurring in AD 1829, causes noticeable declines in cattle 
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population size in this region. This might also reflect the qualities of the most likely cattle 

breed raised by Spanish Colonial and Mexican Period citizens in the region. The Criollo 

variety is very drought resistant owing to both genetic adaptations to arid regions and a 

behavior of moving further afield to find food and water sources during dry conditions 

(Roacho Estrada et al.; Russell et al. 2000). 

Finally, the U.S. Census records of cattle and sheep populations only provide decadal 

counts, so correlation is not possible. Visually (Figure 3-9), however, there does not appear 

to be much of a relationship between livestock populations and PDSI values. 

 

 
Figure 3-9: Cattle and Sheep Populations Compared to PDSI 
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Chapter 4   Social and Historical Context   

This chapter covers the history of Wilder Ranch and to some extent the larger Santa 

Cruz area between the AD 1790 and the 1860s. The chapter begins with the prehistory of 

Wilder Ranch and the earliest records of the area, and then proceeds to the recruitment of 

Ohlone by Mission Santa Cruz. The final section examines the granting of Rancho Refugio 

and the privatization of Wilder Ranch, with a focus on how this structured systems of 

ownership and land-use up to the present. The overall goals of this chapter are to 1) examine 

the various reasons for the Ohlone joining Mission Santa Cruz, and 2) to explore the social 

history aspects of the SES related to cattle ranching at Wilder Ranch – Rancho Refugio.   

 

Prehistory, Exploration, and Early Spanish Colonialism 

The earliest written record of Wilder Ranch dates to AD 1769 when the Portola 

expedition traveled through the area. This expedition was the first land-based exploration by 

Europeans of the region that became the modern state of California. The Portola expedition 

was explicitly conducted in preparation for the establishment of Spanish settlements along 

the Pacific coast. In mid-October of AD 1769, the expedition party traveled the lands of 

modern-day Santa Cruz County. Juan Crespí, a Franciscan Friar traveling with the party, 

recorded in detail his observations of the lands and people the explorers came across. 

During the expedition’s time in the Santa Cruz area, they did not encounter any people, but 

Crespí described signs of human occupation and use – including a temporarily abandoned 

village near modern-day Aptos, numerous trails, and burned grasslands (Brown 2001:565–

571).  
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The name Aptos is derived from a large Ohlone village community, or tribelet, in the 

Santa Cruz region. The Aptos would become a prominent group at Mission Santa Cruz (see 

below). The burned grasslands Crespí noticed continued northwest along the foothills above 

the modern day city of Santa Cruz. Crespí did not describe the area of Wilder Ranch in 

detail, but mentioned four “profound hollows” in the area, each of which contained “good 

soils”, streams with running water, and sparse vegetation consisting of only grasses and a few 

willows (Brown 2001:569). No villages were noted in the Wilder Ranch area, nor was there 

any evidence of burning, but the lack of shrubbery described by Crespí might have been the 

product of previous burns.    

Although the lowest terrace of Wilder Ranch may not have been used as a village site 

in the late eighteenth century, the prehistoric archaeology of Wilder Ranch indicates a history 

of Native California habitation and use dating back to at least 3,000 years before present 

(YBP), if not to 7000 YBP (Hylkema 1991; Jones, et al. 2007). There are eleven known 

prehistoric sites in, or directly adjacent to, Wilder Ranch (Figure 4-1, prehistoric sites 

outlined with yellow). CA SCR 38/123/H, the ranchstead site (outlined in orange), has an 

extensive prehistoric component dating to between 3000 YBP to 1000 YBP. The ranchstead 

along with two other prehistoric sites, SCR 39 and SCR 40 (Figure 4-1, bottom right corner), 

are the only sites in Wilder Ranch that have been excavated to date. All three sites are near 

the coast and may represent a series of interconnected use and habitation sites. Crespí’s 

description of the area suggests that these sites were not in use at the beginning of the 

historical period, nor were they clearly visible at the time when he was recording his 

observations.  
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Figure 4-1: Archaeological Sites of Wilder Ranch 
Map Complied by Ben Curry 2017, Map Sources: 1 & 7. Archaeological Sites From Edwards and Farley 1975 
and 1976 

 

 

The historical absence of villages along the coast of Wilder Ranch does not mean that 

historical Native Californians did not claim this area. The Ohlone of the Santa Cruz region 

tended to live in the coastal mountains after about AD 1200  (Jones et al. 2007; Levy 1978). 

The Ohlone of the Santa Cruz area spoke the Awaswas language of the Costanoan language 

family, though it is debatable if Awaswas was a distinct language or just a dialect (Milliken 

1995; Levy 1978). Despite the absences of villages along Wilder Ranch’s coast both the oral 

history that was given by an Ohlone named Asisara (Heizer 1974) and the reconstruction of 

Ohlone tribelet territories by Milliken (1995) indicate that Wilder Ranch was within the 

territory of either the Uypi or Cotoni tribelet groups (Figure 4-2).  
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Figure 4-2: Approximate Locations of Tribelets in Relation to Wilder Ranch - Rancho Refugio, After Allen 1998 and 1995 
Map Complied by Ben Curry 2017, Map Sources: 1 & 2 

 

The three excavated prehistoric archaeological sites of Wilder Ranch contain dense 

shell middens. These sites were likely multi-use habitation sites too, but it is clear that these 

locations were regularly used for processing shellfish, perhaps even at times when they were 

not inhabited. Asisara also mentioned the shell middens along the coast, and in the hills 

above, as evidence that his father’s people, the Cotoni, had lived in the area (Heizer 1974; 

The Huntington Library 2006). The important thing about these sites at Wilder Ranch is that 

they demonstrate that this area was regularly used by Ohlone for a long period prior to the 

arrival of the Spanish. The time depth and repeated use of these sites make it likely that the 

Wilder Ranch ecological landscape was partially shaped and maintained by Ohlone TREM 

practices for much of this time. Currently, there is no direct evidence of a long history of 

TREM practices at Wilder Ranch, but the growing evidence of widespread TREM practices 
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throughout the Monterrey Bay Area region (Lightfoot, Cuthrell, et al. 2013; Cuthrell 2013) 

makes their employment at Wilder Ranch likely. Crespí’s description of Wilder Ranch’s 

coastal terrace ecology is consistent with the expected results of using fire to control the 

growth of shrubs and other woody plants. Wilder Ranch’s long history of use and habitation, 

the prevalence of TREM practices in the larger region, and historical descriptions of the area 

therefore all suggest the use of TREM practices at Wilder Ranch, even if there is no direct 

evidence of such yet.  

If the Wilder Ranch’s landscape was at least partly shaped by the activities of 

generations of Ohlone prior to Spanish Colonialization, than it becomes important to know 

when the Uypi and/or Cotoni vacated the area – or at least when their actions became 

restricted by colonial authorities. Mission Santa Cruz was established about two decades 

after the Portola expedition and the establishment of the first missions in the Monterrey Bay 

and San Francisco Bay areas. Some Ohlone from the Santa Cruz area joined the Mission 

Santa Clara community before Mission Santa Cruz was founded (Allen 1998; Torchiana 

1933), but most in the region remained unaffiliated with a mission until the establishment of 

Mission Santa Cruz in AD 1791.      

The reasons Ohlone joined the missions of the Monterrey Bay and San Francisco Bay 

areas are complex, with many researchers addressing this issue directly (see for examples: 

Allen 1998; Jackson and Castillo 1995; Lightfoot 2005; Milliken 1995; Rizzo 2016). Some of 

the common reasons given for large numbers of Ohlone, and other Native Californians, 

joining mission communities include, but are perhaps not limited to, the following: Coercion 

through violence or social means (Cook 1978; Mora-Torres and Savage 2005); desire to 

access the perceived spiritual knowledge of the Spanish by some with social status (Haas 
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1995); pressures from drought and expanding livestock herds (Hackel 2005); the desire to 

gain access to material wealth and social status one could not achieve in their own 

community; and eventually a collapse of social and economic networks as more and more 

allied tribelets and villages joined the missions (Milliken 1995).  

 

Mission Santa Cruz and Villa de Branciforte 

The secondary questions in this dissertation are about whether or not cattle ranching 

near Mission Santa Cruz motivated local Ohlone to join the mission and what the 

implications for the continuation of TREM practices, and ultimately the ecosystems 

managed through these practices, are. Other factors may have, and likely did, motivate local 

Ohlone to join Mission Santa Cruz, and it is therefore necessary to examine a number of 

other ecological and social factors related to when and why these groups of Native 

Californians joined this particular mission. The main concerns in this section are when 

specific tribelets of the Santa Cruz region joined Mission Santa Cruz and how the timing of 

their recruitment relates to various social and ecological processes, including the following 

examples: drought, increasing cattle and other livestock population sizes, the movement of 

allied or related groups into the mission, and demographic-specific factors, such as age, that 

might can prompted migration during hard times. Demographics, particularly age, are also 

examined as a means of assessing how many Ohlone likely entered and left Mission Santa 

Cruz with a well-developed skill set in TREM practices, and other Indigenous knowledge 

sets.   



106 

 

 Figures 4-2 and 4-3 show that the majority of Santa Cruz area Ohlone were baptized 

in the 1790s, with the most baptisms occurring in AD 1795. This year is significant because 

there was a moderately severe drought in the same year (with a PDSI of -4.52, see Chapter 

3). This lends some credence to the idea that drought pushed Native Californians to join 

mission communities, at least for some coastal missions. That said, the majority of Uypi and 

Cotoni (shown in bright red and yellow in Figures 4-3 and 4-4), the two groups most likely 

to have inhabited the Wilder Ranch area, joined Mission Santa Cruz during the four years 

prior to this drought.   

 

 
Figure 4-3: Tribelet Baptism by Year 
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Figure 4-4: Tribelet Baptisms by Decade 

 

 

In contrast, the Aptos tribelet (shown in rust-red in Figures 4-2 and 4-3), located 

about ten miles southeast of Wilder Ranch joined Mission Santa Cruz in large numbers 

during AD 1795 and AD 1796 (63 out of the 108 members of this group). That the Aptos 

joined the mission during a drought year, and the following year, seems to indicate that 

members of this tribelet were prompted to do so by climatic conditions. Another 

explanation is possible though.  

 

SNA, Drought, and Mission Santa Cruz Recruitment  

A simple Social Network Analysis (SNA), conducted with R’s SNA package Statnet, 

shows that the Aptos were highly connected to other groups through marriage - at least 

within the Mission Santa Cruz community. SNA is a subset of network analysis in which 

social connections are computed by the number of connections a particular “node” (in this 
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case tribelets) has to other nodes, and by the number of “paths” in the entire network that 

pass through the same node. Central nodes, or those with high “betweenness” scores, are 

those through which many “paths” pass, and are generally considered important social or 

political actors (Handcock et al. 2003; Padgett and Ansell 1993).  

 

 
a. 

 
b. 

Figure 4-5: Social Network Diagram of Mission Santa Cruz, and Cross-tab Count of Marriages between Tribelets. 
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Figure 4-5 shows the visual representation of the Mission Santa Cruz Native 

Californian social network and a cross-tabbed count of marriages within and between the 

most prominent tribelets (determined by centrality) during the first decade of the mission’s 

history. In Figure 4-5a the color of the nodes indicates membership in “blocks” or 

“neighborhoods”, which are groups of highly interconnected nodes, or tribelets. These 

blocks are groups between which a larger than typical number of marriages occurred, and 

thus are expected to have been “neighborhoods” of geographically close trade partners and 

socio-political allies. Figure 4-5b shows that most marriages were between members of the 

same tribelet (the tallest bars represent intra-tribelet marriages), but also shows a fair number 

of inter-tribelet marriages. These inter-group marriages are the basis of the social network 

diagram (Figure 4-5a) and are used to calculate the “brokerage” scores presented in Table 4-

1.  

Brokerage is a measure of a particular node’s, or tribelet’s, connection to other nodes 

within the overall structure of a social network. The brokerage score of a node is a 

calculation of both the number of pathways, or relationships, that pass through a particular 

node and of how the specific pathways that pass through the particular node positions it in 

relation to other nodes within its own and other blocks. This score is meant to indicate the 

degree to which a particular node “mediates” relationships between 1) nodes in its own 

block (W_I in Table 4-1), 2) two nodes of another block or blocks (W_O and B_O, 

respectively, in Table 4-1), or 3) incoming and outgoing contact between nodes in the node’s 

own block and nodes in other blocks (B_IO and B_OI, respectively, in Table 4-1) 

(Handcock et al. 2003; Milo et al. 2002). The Aptos tribelet has two high brokerage scores 

(W_O = 47 and B__O = 61, in Table 4-1), both of which indicate mediation between two 

or more tribelets in other blocks, or neighborhoods. This indicates that the Aptos tribelet 
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was more involved in mediating relationships between members of tribelets in other 

neighborhoods than in connecting the members of tribelets within their own block. This is a 

unique occurrence amongst the Santa Cruz area Ohlone tribelets. All of the other tribelets 

were apparently more involved in mediating relationships within their own blocks (high 

W_I, B_IO, or B_IO scores). 

 

 

 

The SNA also indicates that the members of Aptos were more involved in connecting 

the members of tribelets outside of their own neighborhood than in mediating between the 

members of groups within their own block; shown by their comparatively low W_I, B_IO, 

and B_OI scores. If the Aptos’s position in the local social network of tribelets was the same 

Table 4-1: Degree, Centrality, and Brokerage Scores of Mission Santa Cruz 
 

Tribelet 
Size 

Between 
Degre

e 
Block 

Brokerage Scores* 
   W_I W_O B_IO B_OI B_O 

Achistac 75 40.68 48 2 0 21 3 0 10 

Aptos 108 261.50 90 2 1 47 8 13 61 

Cajasta 62 161.10 49 4 0 15 0 0 9 

Cotoni 93 33.53 52 1 9 2 9 4 0 

Locobo 73 237.25 60 1 25 0 20 9 5 

San Juan 212 107.07 100 1 31 3 11 38 12 

Sayanta 69 62.66 53 1 18 0 7 7 0 

Sipieyesi 19 6.69 7 1 0 0 0 1 0 

Tejey 86 78.31 52 1 24 0 1 5 0 

Tomoi 73 189.31 68 1 53 0 8 31 5 

Uypi 98 72.22 58 1 12 0 4 9 1 

Yeurata 69 16.20 41 6 0 12 0 0 16 

*Brokerage Score codes: W_I: Coordinator – mediates contact between two members of the same block.  

W_O:  Itinerant Broker – mediates contact between two members of another block.  B_IO: Gatekeeper – 
mediates incoming contact from out-block members to in-block members. B_OI: Representative – 
mediates outgoing contact from in-block member to out-block member.  B_O: Liaison – mediates contact 
between two members of other blocks.     



111 

 

before the establishment of Mission Santa Cruz, this tribelet was potentially important in 

regional relations, particularly between the blocks of tribelets to the north and south of the 

Aptos and their immediate neighbors (such as the Achistac). This position, however, may 

have made members of the Aptos more reliant on relationships with tribelets outside of their 

own block than on their immediate neighbors. In particular, the Aptos were fairly connected 

to the Uypi and the San Juan – which was apparently a name applied by the Mission Santa 

Cruz friars to a number of groups located south of the Aptos (Milliken 1995). Neither of 

these groups is in the same block as Aptos, despite both being geographically close.  

The preceding discussion of SNA illustrates the level of connection between the Santa 

Cruz area Ohlone tribelets. This network of potential allies has implications for why various 

local Ohlone groups joined Mission Santa Cruz when they did. For example, the Aptos were 

strongly connected to the Uypi and the Cotoni, who were also allies of each other. The Uypi 

and Cotoni both joined Mission Santa Cruz in its earliest years, seemingly because of their 

geographic proximity to the mission (Rizzo 2016), and before the drought of AD 1795. 

When the drought struck in AD 1795, the Aptos were likely left without reliable trading or 

joint-work allies to weather the drought owing to their connection to the Uypi, Cotoni, and 

San Juan. If so, it was not the drought alone that pushed the Aptos to join Mission Santa 

Cruz, but the drought coupled with their collapsing social, political, and economic network. 

The same was likely true for the smaller groups collectively called the San Juan (the Pitac, 

Chipuctac, and Achachipe to name a few) who were allies of the Aptos and joined the 

mission primarily between AD 1795 and AD 1798. The fate of the Aptos therefore possibly 

illustrates the interplay between social networks and climatic conditions. 
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 The timing of when particular tribelets joined Mission Santa Cruz, or came under 

missionary authority, is important also because at that time they likely minimized, or ended, 

their TREM practices. As tribelets moved to the mission their lands were considered as held 

in trust for them by the Franciscans and were used for ranching and agriculture. In addition, 

some lands became open for settlement by Spanish colonial citizens. Some Ohlone 

subsistence practices continued throughout the mission period, including shellfish gathering, 

hunting, gathering plants, and perhaps even limited burning. Subsistence practices were 

sometimes encouraged by the friars to support the mission community, and sometimes these 

practices were continued in secret. However, as the mission communities matured and labor 

schedules became more strict the time allotted to hunting, gathering, burning, and other 

TREM practices became increasingly restricted or forbidden altogether (Allen 1998; Rizzo 

2016; Cuthrell 2013; Silliman 2004). The distance Neophyte Native Californians were 

allowed to travel from the missions also become more limited. Cattle ranching in the Wilder 

Ranch area started under these conditions, after the Uypi and Cotoni had mostly joined, or 

had become involved with, Mission Santa Cruz.   

 

Ranching and Mission Santa Cruz Recruitment  

Cattle and sheep ranching was another possible factor that motivated Santa Cruz area 

Ohlone to join Mission Santa Cruz. The cattle and sheep herds of Mission Santa Cruz 

started out relatively small, with 130 cattle and 146 sheep, but grew relatively rapidly after the 

first few years (Chapter 3 – Cattle and Sheep Populations). It is not known exactly when 

cattle grazing started in the Wilder Ranch area, but it was likely sometime during the 1790s. 

The original ranch where Wilder Ranch is today was named Rancho de Matadero, and it 
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stretched northwestward along the coast from Mission Santa Cruz to Año Nuevo - about 19 

miles away. In addition, a tanning facility was built on Rancho de Matadero, about a half mile 

from the mission, and a corral for roundup and slaughter was built somewhere near the 

current Wilder Ranch ranchstead. Also, a small adobe house was built for the ranch hands 

(or vaqueros), who were likely Neophyte Native Californians, somewhere between the 

Wilder Ranch ranchstead and the mission (Kimbro 1986). Once these facilities were built it 

seems likely that the majority of cattle used for hides and tallow, and likely as food for the 

mission, would have grazed at Rancho de Matadero. Mission Santa Cruz did have a second 

cattle ranch to the south (Jackson and Castillo 1995), and at least some portion of the 

mission’s cattle were grazed there, but the size of Rancho de Matadero, its proximity to the 

mission, and the facilities built on it make it likely that Matadero was the mission’s primary 

cattle ranch. 

Overall Mission Santa Cruz’s herd, which numbered less than 4,000 head at its 

maximum (Figure 4-6; ignoring the AD 1810 count of 8,000, which is likely a primary data 

error), was never particularly large in comparison to the herds of some other missions. 

Neighboring Mission Santa Clara’s cattle herds regularly contained between 4,000 and 6,000 

plus head and peaked at over 14,000 head of cattle. After AD 1800, Mission Santa Cruz’s 

herd grew to around 2,000 head, and after AD 1810, the herd grew to around 3,000 head 

and remained at about this number for the rest of years that Mission Santa Cruz operated. 

Three thousand cattle on the approximately 8,000 hectare area of Rancho de Matadero makes 

for a stocking rate that is a little above the maximum recommended of 0.23 cattle per hectare 

for a drought-prone region (Gillard and Moneypenny 1990), at 0.37 cattle per hectare. 

Mission Santa Cruz, therefore, did not have an excessive number of cattle for the 

surrounding ecological landscape to handle, but with an above-recommended stocking rate, 
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it is possible that this number of cattle could have damaged ecosystems during drought 

years.  

 

 
Figure 4-6: Mission Santa Cruz Cattle Herd Size 1791 - 1834 

 

 

Timing is also important in the main secondary question of whether increasing 

livestock population sizes motivated Santa Cruz area Ohlone to join Mission Santa Cruz. 

The Uypi and Cotoni, the two tribelets most closely associated with the Wilder Ranch area, 

had mostly joined the mission prior to AD 1800. Cattle and sheep populations did steadily 

increase in the first decade of Mission Santa Cruz’s operation, but the population of each 

species was under 1,000 for most of this time. Most other local Ohlone also joined the 

mission during this period, so it is possible that the presence of increasing livestock herd size 

influenced their decisions. That said, during the 1790s there are nonsignificant negative 

correlations between the number of baptisms and cattle population size (r = - 0.37, p = 0.32) 

and between the number of baptisms and sheep population size (r = -0.32, p = 0.4). Table 4-

2 shows the correlation coefficients and p-scores for the relationship between baptism 
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numbers and livestock population sizes (cattle and sheep) for most of Mission Santa Cruz’s 

operating years (AD 1791 to AD 1830) and in decade-long blocks. There are only two 

instances of statistically significant moderate to strong correlations that emerge from this 

analysis. The first is a negative relationship between the number of baptisms and the size of 

the sheep population over the entire period analyzed (r = -0.45, p = 0.01 for AD 1791 to 

AD 1830), which means that there were fewer baptisms as the sheep population grew. The 

second is a strong positive relationship between the number of baptisms and the size of the 

cattle population during the 1810s (r = 0.85, p = <0.01). The Mission Santa Cruz cattle 

population definitely grew during this period, and there was a slight upswing in baptisms 

towards the end of the decade, but there were far fewer baptisms during this decade (354 

baptisms) than during the 1790s (894 baptisms) or even during the first decade of the 1800s 

(470 baptisms). This direct correlation between the size of livestock populations and the 

number of baptisms demonstrates that there is not a consistent and clear relationship 

between the two, particularly during the decade in which most local Ohlone joined Mission 

Santa Cruz.  

 

Table 4-2: Correlation Coefficient between Livestock Population and Baptisms 

 
Cattle Sheep 

Year Range r p r p 

1791 – 1830: 
(four decades) 

-0.19 
 

0.29 
 

-0.45 
 

0.01 
 

1791 – 1700 -0.37 0.32 -0.32 0.4 

1800 – 1809 0.08 0.81 0.27 0.44 

1810 – 1819 0.85 <0.01 0.48 0.16 

1820 - 1829 -0.13 0.72 -0.28 .044 
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A different scenario emerges when the number of Santa Cruz area Ohlone living 

outside of Mission Santa Cruz are estimated and correlated with livestock population size. 

The estimate is made by calculating how many Santa Cruz area Ohlone were alive in each 

year from the ages given by Ohlone as they were baptized at Mission Santa Cruz (The 

Huntington Library 2006), and then subtracting the number of Ohlone baptized in a given 

year from the estimated total population. This provides an estimate of the number of 

Ohlone living in the region outside of Mission Santa Cruz for each year (Figure 4-7, 

population shown as a solid black line). When this method is used, there are strong negative 

correlations between the increasing size of livestock populations, cattle and sheep, and the 

number of Ohlone estimated to be living outside of Mission Santa Cruz. The correlation 

between cattle and non-mission Ohlone is r = -0.67, p = < 0.01, and the correlation between 

sheep and non-mission Ohlone is r = -0.81, p = < 0.01. These strong negative correlations 

clearly indicate that the number of Ohlone living outside of Mission Santa Cruz decreased at 

the same time as the size of both cattle and sheep herds increased. This could mean one of 

three things. The first possibility is that increasing livestock population sizes did push local 

Ohlone towards Mission Santa Cruz, or away from the area. The ambiguous (and often 

lacking) relationship between the number of baptisms and livestock population size 

demonstrated above, however, does not seem to support this conclusion. The second 

possibility is that as Ohlone aggregated at Mission Santa Cruz lands were freed up for cattle 

and sheep to roam, graze, breed on their own accord, and ultimately increase in numbers. 

The third possibility is that there is an indirect and ambiguous relationship between Ohlone 

leaving their lands to join Mission Santa Cruz and the size of livestock populations that is 

influenced by other factors, such as drought and social network collapse. The interplay of 

trend lines in Figure 4-7 between AD 1794 and AD 1798 suggests that this may be the case. 
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The number of Ohlone living outside of Mission Santa Cruz dropped below 1,000 during 

this period, which is just before and during the time that livestock populations began to 

increase. This interval includes the years of drought (AD 1795) and social network collapse 

discussed in the previous section.  

 

 
Figure 4-7: Cattle and Sheep Population, and Santa Cruz Ohlone Living Outside of Mission Santa Cruz 

 

 

Demographics at Mission Santa Cruz and the Continuation of TREM Practices  

The number of local Ohlone coming to Mission Santa Cruz decreased throughout the 

first half of the nineteenth century. At the same time, members of Ohlone tribelets from the 

south of the Santa Cruz, and members of California Central Valley Yokut tribelets, began 

joining the mission. Even with these outside groups being recruited to Mission Santa Cruz, 

baptisms at the mission slowed after AD 1810, with no more than 50 Native Californians 

being baptized in any given year. In most years, the number of baptisms was below 25. 
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During the same time, the Native Californian Neophyte death rate climbed at Mission 

Santa Cruz and was particularly high between AD 1795 and AD 1802, and again between 

AD 1806 to AD 1811 (Figures 4-8 and 4-9). This high rate of death at Mission Santa Cruz, 

and other missions in the area, is noted by many researchers (see, for examples Allen 1998; 

Jackson and Castillo 1995; Milliken 1995; Rizzo 2016), and was likely caused by a 

combination of exposure to novel Old World diseases to which Native Californians were not 

immune, poor and stressful living conditions, the sometimes excessive labor demands of the 

Franciscan friars, and the physically violent punishments meted-out by the Franciscans and 

Spanish guards for any transgression of mission rules. Figures 4-8 and 4-9 show the number 

of Native Californian deaths at Mission Santa Cruz up to the date of its secularization in AD 

1834. Both figures break the number of deaths into cohorts based on the age individuals 

were when baptized. Figure 4-8 shows the number of deaths by decade, first as raw counts 

(Figure 4-9a), and then as a percent of the total for the decade (Figure 4-9b).  

 

 
 Figure 4-8: Deaths per Year, Shown by Age Cohort at Baptism 
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a. 
 

 
b. 

Figure 4-9: Death Count per Decade, by Age Cohort at Baptism 

 

 

All figures show that children and teenagers died in higher numbers during the first 

two decades of Mission Santa Cruz’s operation. This certainly would have had a generational 

effect, as there were fewer individuals from the younger generation who grew to maturity 
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within the mission, and survived until Mission Santa Cruz closed. This is seen in the 

estimated yearly population of Mission Santa Cruz shown in Figure 4-10. By the 1820s, the 

start of the Mexican Period, there were fewer than 100 Native Californians at Mission Santa 

Cruz, and by AD 1834 there were only 63. These population numbers are consistent with a 

report by William Hartnell, who was commissioned to survey the missions in the 1830s. 

Hartnell reported close to 70 Neophytes at Mission Santa Cruz, but noted that nearly 300 

had left the mission in the previous decade (Dakin 1949; Rowland 2010).    

 

  
Figure 4-10: Estimated Mission Santa Cruz Neophyte Population per Year 

 
 

 

The prodigious death rates at Mission Santa Cruz, and the ages of those dying has 

implications for the transmission of Native Californian culture, language, knowledge, and 

practices – including TREM practices. Many Ohlone died in their youth, as did many adults, 

but many adults also lived through the first couple of decades at Mission Santa Cruz. Many 

of the Ohlone and Yokuts living at the mission, therefore, had joined the community with 
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well-developed elements of their own culture that they were likely able to hold on to, and 

pass on to younger members of the community, at least in part. That this occurred is evident 

in the archaeological record of many California missions and colonial settlements, including 

Mission Santa Cruz, by the persistence of Native Californian material culture at these 

settlements, along with evidence of continued hunting and gathering practices (Allen 1998; 

Allen et al. 2009; Silliman 2004; Lightfoot, Panich, et al. 2013). The possible continuation of 

TREM practices is of particular interest, even if such practices were only continued in part, 

or became modified to fit new needs.  

In regards to Wilder Ranch, 58 people from the Uypi and Cotoni, the two tribelets 

with possible claims to the Wilder Ranch area, do not have burial records and may have lived 

well into Early American Period (staring AD 1848). Twenty-five Uypi and 23 Cotoni are 

amongst this group, with an additional six people descended from at least one Uypi parent 

and three more descended from at least one Cotoni parent. Lorenzo Asisara, whose 

narrative of life at Mission Santa Cruz is regularly cited as a Native Californian perspective 

on mission life, was one of the three people descended from a Cotoni parent (his father 

Venancio). Asisara himself remained at Mission Santa Cruz into the American Period, before 

being forced out by a judge and moving south to near modern day Watsonville (Mora-Torres 

and Savage 2005). It is also important to note that many of the Neophytes remaining at 

Mission Santa Cruz after secularization specifically claimed Rancho Refugio as the lands 

owed to them, as reported by William Hartnell (Dakin 1949; Mora-Torres and Savage 2005; 

Rowland 2010). It seems likely that these individuals were attempting to reclaim their original 

lands; that is these people were from the Cotoni or Uypi tribelets. Their claim was not 

honored, but some may have found other means to return to the Wilder Ranch – Rancho 

Refugio area, perhaps as tenant-laborers. If so, they might have continued some of their 
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TREM practices at the ranch, though likely in highly modified ways, and may have employed 

other kinds of indigenous place-based knowledge in living and working at Wilder Ranch. 

 

Villa de Branciforte and Colonial Citizens  

 The Spanish colonial history of the Santa Cruz area includes a second settlement that 

became significant during the Mexican period. Established in AD 1797, Villa de Branciforte 

was the third and final town, or pueblo, established by the Spanish in California. This 

settlement was started within what had been the southern end of the Uypi’s territory, or 

perhaps the northern end of the Aptos’s territory, only a few years before. In either case, 

Spanish law required that the land needed to be vacated by the Ohlone before Spanish 

colonists could settle on it. All of the Uypi and the Aptos who joined Mission Santa Cruz 

had done so by this point, and thus the establishment of Branciforte was possible.  

Branciforte was intended to be a fortified town populated by former soldiers, but it 

quickly became apparent that there was no need for a walled settlement in the Santa Cruz 

region. In addition, the first nine families were not veterans but were instead a collection of 

debtors and petty criminals (Reader 1997). Within in a few years of Branciforte’s founding, 

all of the original families had left, with the exception of the Perez family, and were replaced 

by a number of families that fit the original plan. The Castro and Rodriguez families were the 

most prominent amongst this incoming group, and later these two families would own most 

of the ranchos in Santa Cruz County during the Mexican Period. For the first few decades of 

Branciforte’s existence, however, it had little impact on the population, economic systems, 

built environment, or ecosystems of the Santa Cruz region. 
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The population of Villa de Branciforte remained small, never increasing much above a 

hundred until the mid-nineteenth century. Furthermore, the citizens of the pueblo were not 

permitted the use of much of the landscape, only being allowed to keep small herds of cattle, 

sheep, and horses on the communal lands of Branciforte. Nonetheless, the citizens of 

Branciforte almost immediately began to have effects on the social relations and political 

systems of the region. The citizens of Branciforte and the missionaries of Mission Santa 

Cruz came into almost immediate conflict with each other over land-use rights and access to 

resources, with the Spanish military often acting as a mediator (Reader 1997; Rowland 2010; 

Torchiana 1933). Most of the disagreements concerned the lack of available land for the 

citizens of Branciforte. The friars of Mission Santa Cruz also regularly accused the 

Branciforte citizens of being a corrupting influence on the Ohlone Neophytes at Mission 

Santa Cruz. This seems to be a consequence of Ohlone Neophytes regularly escaping to 

Branciforte for short periods to attend parties and other events, trade for goods, and at one 

point as part of a mass exodus from Mission Santa Cruz in AD 1802 to Branciforte (Jackson 

and Castillo 1995; Milliken 1995; Rowland 2010). In broader socio-ecological terms, 

however, the population of Branciforte would not have much effect on the region until the 

secularization of Mission Santa Cruz in the 1830s.       

 

The Mexican and Early American Period 

Following the end of the Mexican Revolution in AD 1821, and with the secularization 

of Mission Santa Cruz in AD 1834, the citizens of Branciforte could petition the governor of 

Alta California for land grants of former Mission Santa Cruz lands. The mission lands were 

supposed to be held in trust for the Native Californian Neophytes, but many of the 
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Neophytes had left the area as soon as the Mission Santa Cruz was secularized, and the land 

claims of those who remained were often ignored, or they were granted only small parcels. 

Under the first civil administrator of Mission Santa Cruz, Francisco de Soto, 16 land grants 

of ranchos were made by the governor to local Branciforte citizens between AD 1833 and 

AD 1839. Four grants went to the members of the prominent Castro family, including the 

grant of Rancho Refugio to three sisters of the family and their husbands (see Figure 4-11 

for historic boundaries, which were legally established later, between the 1850s and the 

1870s). In AD 1839, de Soto was removed from his position at Mission Santa Cruz because 

he was by all accounts corrupt. He had distributed the mission’s property and resources 

primarily to his family and friends, and stole from the funds meant for the remaining 

Neophytes (Jackson and Castillo 1995; Mora-Torres and Savage 2005). This did not include 

the land granted ranchos directly, as the governor granted those, but it was in de Soto’s 

power to decide which former mission lands the Neophytes “no longer needed” – which 

appears to be most of them.     

Jose Bolcoff, a former Russian sailor who jumped ship circa AD 1815, became the 

new civil administrator of Mission Santa Cruz in AD 1839. Bolcoff distributed some of the 

lands, resources, and animals of the mission to the Neophytes still living there (Kimbro 

1986; Pokriots 1997), but also took some resources for himself. In particular, he benefitted 

from the granting of Rancho Refugio to his wife María Candida Castro and her two sisters. 

Bolcoff likely also benefited from having authority over the labor of the Native Californians 

remaining at the mission. Numerous official documents from his tenure at Ex-Mission Santa 

Cruz show that he regularly hired-out former Neophytes as laborers to Branciforte citizens 

(Rowland 2010). This was part of his duties as civil administrator but it appears that Bolcoff 
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and his family employed at least five former Native Californian Neophytes as laborers on 

their own ranches, and perhaps others in their homes. 

 

 
Figure 4-11: Santa Cruz County Rancho 

Map Complied by Ben Curry 2017, Map Sources: 1, 2, 4, & 9 

 

During the late 1830s, Bolcoff and his family (he and his wife had nine children) lived 

at the former mission, and it is unclear exactly when they started building on Rancho 

Refugio or using it as a cattle ranch. Census records and other government documents, from 

Branciforte indicate that by AD 1837 Bolcoff employed at least seven ranch hands on his 

other rancho, San Agustin (Jackson 1997). No further information is provided on whom 

these ranch hands were, but it is likely that they were former Native Californian Neophytes 
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because of Bolcoff’s connection to the mission, and because the Castro family later 

employed Native Californians at Rancho Refugio. The following year, Bolcoff’s wife, María 

Candida, and her sister, Jacinta, received at least 100 cattle when their father died (Rowland 

2010:A-2 131). The sisters likely received far more than a 100 cattle, but their father’s will 

only states that Jacinta would receive 50 cows and 50 bulls, and Maria Candida along with 

three other sisters would receive whatever cattle were left after all other inheritances and 

debts were paid out. Records for the Santa Cruz area during the Mexican Period are few in 

number and mostly consist of short court records or government proclamations. 

Nonetheless, it seems that the Bolcoff and Castro families were prepared to start ranching at 

Rancho Refugio by the early 1840s at the latest.  

During the 1840s the Castro and Bolcoff family members, and apparently the Majors 

family, built a sawmill, two or three adobe houses, corrals, and perhaps a dairy barn at 

Rancho Refugio. Two French carpenters, who were tenets of the family, built the sawmill, 

and perhaps the so-called Bolcoff adobe (the only standing building on Wilder Ranch from 

this period). The Bolcoff and Castro family also employed five unnamed Native Californian 

workers (Kimbro 1986; Motz et al. 1995). These Native Californian workers plus the two 

French carpenters together may be the seven ranch hands recorded in AD 1837. Bolcoff and 

Castro started dairying at Rancho Refugio during the 1840s and began to farm wheat, corn, 

barley, cabbage, potatoes, and fruit trees1. The use of Wilder Ranch – Rancho Refugio as a 

dairy ranch continued until the 1970s, and farming continues today.  

                                                 

1 Note that many of these crops show up in the later archaeobotanical and calculus studies.  
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Starting in the 1850s, though, Bolcoff and Castro were forced, largely by debt, to sell 

and lease parts of the rancho to American settlers. Joseph Meder, who had arrived in the Bay 

Area in the 1940s, foreclosed on the eastern part of the Rancho Refugio. He was able to do 

so because of debts Bolcoff owed Meder for failed joint lumber and shipping ventures. 

Bolcoff and Castro retained the western portion of the ranch, but when Bolcoff died in AD 

1866 his two oldest sons, Francisco and Juan, sold the rest to Charles Norton. This kicked 

off a legal battle that went to the Supreme Court because the elder Bolcoff had apparently 

forged his name over those of the three Castro sisters, and Meder was attempting to buy the 

western portion of Rancho Refugio from one of the other sisters (Meader v. Norton 1870). 

Eventually, Francisco and Juan Bolcoff were deemed innocent of their father’s forgery and 

were able to sell the rest of Rancho Refugio. The result of this series of purchases and court 

cases was that Rancho Refugio became fragmented into 37 smaller parcels (Figure 4-11).  
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Figure 4-12: Rancho Refugio Subdivided, 1894 
Map Complied by Ben Curry 2017, Map Sources: 1, 2, 9, & 10 

 

 

In AD 1871, Meder sold parts of his portions of Rancho Refugio to the Wilder and 

Baldwin families, and in the 1890s, the Wilders bought out Baldwin’s portion of Rancho 

Refugio, along with other parcels (Wilder Ranch shown as grey dashed line in Figure 4-12). 

During their ownership of the ranch, they built all of the other buildings of the ranchstead, 

including a Victorian house, two bunkhouses, the horse barn, and what was for its time a 
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state-of-the-art milking barn. The Wilders continued to use the upper terraces a dairy ranch 

and lease the lower coastal terrace to farmers until the 1970s. The family also tried to extract 

other resources from their land, including oil, but dairy ranching was their main occupation 

(Rowland 2010:B-2 776).   

An important aspect of the history of Wilder Ranch – Rancho Refugio is that ranching 

became a persistent form of land-use at this location for nearly two centuries after the 

Cotoni or Uypi left the Wilder Ranch area. The use of TREM practices by the Cotoni and 

Uypi, and earlier Native Californian inhabitants, likely promoted the formation of grasslands 

on the coastal terraces of Wilder Ranch, and this, in turn, prompted early Spanish Colonial 

authorities to see the area as good ranch land. This land-use, likely aided by further forms of 

European land management practices aimed at maintaining the grasslands of Wilder Ranch, 

continued for nearly two centuries.  

The original boundaries of Rancho Refugio also heavily influenced the division of land 

within it, something common of metes-and-bounds demarcated ranchos (Libecap and Lueck 

2009) because their odd shapes make it difficult to divide them in any other way. This social 

institution itself reinforced the continued use of Wilder Ranch as ranch, and worked to 

create blocks of open land, which later became the effective boundary of the City of Santa 

Cruz. The combination of these boundaries and the persistent use of land as a cattle ranch 

have worked together for more than 170 years to make Wilder Ranch a specific and resilient 

social-ecological system.  
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Chapter 5 Archaeology  

This chapter examines the archaeology of the ranchstead (CA-SCR-38/123/H) and 

Feature 1 – the Bone Pit. This chapter has three main purposes: 1) to differentiate Feature 1 

– the Bone Pit from the surrounding archaeological site, which contains both historical and 

prehistoric components, 2) examine the artifactual evidence of daily life at Wilder Ranch – 

Rancho Refugio to infer the various ethnic groups present at the ranch, 3) establish the 

timeframe in which the faunal assemblage covered in the next chapter was produced, and 4) 

examine the botanical evidence associated with Feature 1 – the Bone Pit, which is critical to 

the objective of timing of ecological changes at Wilder Ranch.  

 

The Ranchstead, Site CA-SCR-38/123/H 

The ranchstead is a complex of historical buildings along Wilder Creek and in a 

shallow coastal valley between California Highway 1 and the Pacific Ocean (Figure 5-1). All 

of the buildings in the ranchstead reflect Wilder Ranch’s history as a ranch and range in date 

of construction from the mid-nineteenth century to the mid-twentieth century. There are 

seven formal buildings with names, such as houses, bunkhouses, workshops, and barns, and 

another four smaller outbuildings, such as sheds and garages. The ranchstead also sits on top 

of a prehistoric Native Californian archaeological site (CA-SCR-38/123/H) that dates to at 

least between 3,000 YBP and 1,000 YBP and is likely much older (Hylkema 1991; Jones et al. 

2007). The archaeological portion of the ranchstead also contains historical components that 

are mixed into the prehistoric components (Edwards and Simpson-Smith 1989; Kelly 1981; 

Reinoehl 1986). As noted earlier, the mixed prehistoric and historical components of the 
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ranchstead complicate attributing some kinds of faunal remains and artifact types to specific 

periods of use. This is particularly true of the artifact types and animal species typically 

associated with Native Californians (e.g. lithic debitage, beads, and particular species of 

shellfish) at colonial settlements during the Spanish Colonial and Mexican Periods (Allen et 

al. 2009; Silliman 2004).   

 

 
 Figure 5-1: Ranchstead Site (CA-SCR-38/123/H) Location Overview 
Map Complied by Ben Curry 2017, Map Sources: 1 & 7. Site Boundary Estimated.  

 

The ranchstead is the most heavily studied part of Wilder Ranch in terms of 

archaeology, particularly the areas around and between the Wilder Victorian, the Meder 

House, and the Bolcoff Adobe (see Figure 5-2). Archaeological survey of, and excavation in, 

the ranchstead started in the late 1970s and early 1980s when Wilder Ranch was first 
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acquired by California State Parks (Reinoehl 1986; Woodward 1981). More substantial 

excavations were conducted in 1987 by Californian State Park staff and volunteers (Doane 

1987), and in 1988 by the Cabrillo Community College archaeology program (Edwards and 

Simpson-Smith 1989). Sediments were screened with quarter-inch mesh during both 

projects, and column samples for floatation were taken from multiple units. In 1987, units 

were excavated mostly in arbitrary levels unless a feature was encountered; features were 

excavated by geological and cultural stratigraphic layers. All of the 1988 project units were 

excavated in arbitrary levels. 

The 1987 excavation project focused on the yard between the Wilder Victorian, Meder 

House, and Bolcoff Adobe, and on a trench between the Wilder Victorian and Meder 

House. Feature 1 – the Bone Pit is roughly in the center of this yard (the large pink and 

orange unit near the center of Figure 5-2), and was first found and excavated during the 

1987 field season. Feature 1 – the Bone Pit was re-excavated later in 2009 to better define 

the feature’s boundaries and to better connect the feature to the archaeology of the rest of 

the ranchstead site (Baxter and Allen 2009; Allen et al. 2013). The 1988 excavation was 

conducted in and around the Bolcoff Adobe and between the adobe and the Wilder 

Victorian. This project mostly recovered prehistoric artifacts but also located a footing 

associated with Bolcoff Adobe and another concentration of historical faunal remains north 

of the adobe. The material culture and soil matrix data from these two projects makes it 

possible to identify patterns in the spatial distribution of the historical and (likely) prehistoric 

components of the ranchstead site.  
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Figure 5-2: Distribution of Midden Soils, Historical Artifacts, and Prehistorical Artifacts 
Map Complied by Ben Curry 2017, Map Sources: 1, 5, & 11 

 

Figure 5-2 displays the distribution of historical and likely prehistoric artifacts. 

Artifacts from both periods are aggregated separately and then standardized by the cubic feet 

of the unit from which they came (feet are used throughout this chapter because that was the 

unit of measurement used in the excavations). An index of historical artifacts is then created 

by dividing the number of historical artifacts by the sum of historical and prehistorical 

artifacts. The historical artifact index shows that just south of the Bone Pit, but still within 

the upper portion of Feature 1, there is a high density of historical artifacts, that includes 

ceramic sherds, glass, and metal artifacts (Figure 5-2, higher historical artifact concentrations 

are shown in shades of red). Most other units with a high concentration of historical artifacts 
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are directly next to buildings, with the exception of one unit in the Shovel Trench 2 line 

running between the Wilder Victorian and the Meder House.  

The Bone Pit sub-feature (Level 2 of Units 6a and 6b) of Feature 1 actually contains a 

low ratio of historical artifacts, and it is surrounded by a dense shell midden (shown by the 

darkness of unit boarders in Figure 5-2). Part of the reason for this is that the Bone Pit 

contains a relatively high count of lithic debitage, and some informal stone tools, such as 

scrapers (Figures 5-3 and 5-4). The Bone Pit is also surrounded by a dense shell midden and 

contains numerous complete abalone (Haliotis sp.) and mussel (Mytilus sp.) shells. These 

shells appear to be part of the historical feature, and they are the only complete shells from 

any ranchstead unit. The distribution of shells is examined further in Chapter 6. The 

association of these complete shellfish remains with lithic debitage, stone tools, and 

definitively historical period fauna remains (namely cattle) makes it tempting to infer that 

Native Californians were living and/or working at Wilder Ranch during historical periods, 

and continued some subsistence and tool making practices. The extensive prehistoric 

component of the ranchstead, however, complicates making such an inference. Associating 

potentially historical Native Californian artifacts with the fauna of the Bone Pit sub-feature, 

therefore, requires looking at the distribution of similar artifacts across the ranchstead. The 

same is true with shellfish remains (Chapter 6).    

Figure 5-3 shows the distribution of lithic debitage using the same volumetric method 

described above (dividing counts by cubic foot) and indicates the Unit 6b of the Bone Pit 

has between two and four pieces of debitage per cubic foot. This is a high density for the 

western portion of the ranchstead but is low in comparison to Unit 3 in the eastern portion 

of the site (Figure 5-3, bright red unit in the upper right-hand corner). Unit 3 was excavated 
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into a relatively undisturbed portion of the ranchstead’s prehistoric component and contains 

the highest count of lithic debitage per cubic foot of any unit in the site.   

 

 
Figure 5-3: Standardized Distribution of Lithic Debitage in the Ranchstead 
Map Complied by Ben Curry 2017, Map Sources: 1 & 11 

 

Figure 5-4 shows the residuals from a chi-square goodness of fit test calculated against 

a hypothetical even distribution of debitage. Unit 3 was removed from this analysis so the 

lithic debitage density in other units can be examined. In this case the null hypothesis is 

rejected (X2 = 5071.25 , df = 46, P = < 0.001), which indicates that the distribution of lithic 
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debitage is nonrandom and that the concentrations of debitage reflect distinct areas in the 

ranchstead where this debris was deposited (Haynes 1996:111-114). In addition, the residual 

scores (produced in the observed-minus-expected step) from the chi-square test shows that 

the count of debitage pieces in Unit 6b is well above expected, and higher than in most other 

units, including those excavated into the ranchstead’s prehistoric component(s) (e.g. the 

units of Shovel Trench Unit [STU] 2). This result does not prove that the debitage in the 

Bone Pit was produced during the historical period when the rest of the feature was created, 

but it does mean that there is a distinct concentration of lithic debitage in the feature. 

 

 
Figure 5-4: Residuals of Debitage Counts by Unit 

 

 

In addition to the higher than expected amount of lithic debitage (N=203) and 

informal stone tools (N=4) in the Bone Pit sub-feature, there are also a number of ground 

stone tools (N=2) in the feature that show signs of use as battering tools. These ground 

stone tools were directly associated with the cattle remains in the feature, though it is 

possible these tools are repurposed and reused prehistoric artifacts used to fracture some of 
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the cattle bones. Other artifacts from Feature 1 provide better evidence than lithic debitage, 

simple stone tools, and (possibly reused) ground stone for Native Californians living or 

working at Wilder Ranch during historical periods. One “gaming disk” shaped from a Teja 

(ceramic roof tile) fragment, a flaked glass scraper, and several glass trade beads were found 

within Feature 1. In addition, another gaming disk and flaked glass scraper were found 

elsewhere in the ranchstead site through surveys, along with more glass trade beads, 

including a mass of 14 heat fused glass beads found near the Horse Barn.  

The gaming disks are similar to ones found at Mission Santa Cruz and other nearby 

missions (Allen 1998:84-86; St Clair Jerman 2004:45), and are associated with games played 

by Ohlone and Yokuts. The glass scrapers are systematically flaked from bottle bases, which 

is the part of a bottle typically used to produce flaked glass tools (Cooper and Bowdler 

1998), and both have greater than 60o angled unifacial edges that are consistent with the 

morphology of many glass scrapers worldwide (Cooper and Bowdler 1998:79-81; Wilkie 

2000:195-196). One scraper was made from colorless glass, which was not common until the 

late nineteenth century, and the other appears to have been made from American Civil War 

era glass (circa 1860s-1870s, Jim Ayres Personal Communication). The later than expected 

production date of the glass used to make these two flaked-glass tools means they cannot be 

reasonably associated with a Mexican Period feature and faunal assemblage, but the 

manufacturing style used to produce these two tools indicates someone knowledgeable in 

creating flaked tools made them.  

The glass trade beads and Teja gaming disks are the best archaeological evidence for 

Native Californians living and/or working at Wilder Ranch - Rancho Refugio during the 

Spanish Colonial to Early American Period. The lithic debitage, simple flake tools, ground 
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stone tools, and complete shellfish remains concentrated in Feature 1 – the Bone Pit are 

more difficult to attribute to Native Californians being at Wilder Ranch during historical 

periods because the ranchstead sits on a prehistoric site. That said, these artifacts and faunal 

remains are more prevalent in the feature than in other parts of the site, which suggests that 

they were part of the formation process of the feature, and thus produced or used during the 

historical period. The remainder of this chapter provides a closer look at Feature 1 – the 

Bone Pit and addresses the formation processes of the feature in an attempt to answer these 

and the other questions asked at the beginning of this chapter.   

 

Feature 1 - the Bone Pit 

Feature 1 - the Bone Pit was excavated during two different projects, the 

aforementioned 1987 project, and again in 2009. In 1987, Feature 1 was dug in three 

cultural-geological levels. Level 1 was described as overburden with a mix of prehistoric shell 

midden and a scatter of historical artifacts. This layer appears to be the result of landscaping 

conducted in the 1920s to level the ground in the ranchstead (Doane 1987; Edwards and 

Simpson-Smith 1989). Level 2 is Feature 1 and the Bone Pit sub-feature, which were 

excavated together. Level 3 is a layer of sand that is devoid of artifacts or fauna. In 2009, five 

units were excavated in arbitrary levels because the stratigraphy in Feature 1’s west end was 

not clearly discernible. This excavation method delineated finer-grained artifact distributions 

than were identified in the single feature layer dug in 1987 (Baxter and Allen 2009). Only one 

2009 unit, TU-09-3, encountered the Bone Pit, but the upper household trash and 

construction debris layer of Feature 1 was found in all adjacent units. Combining data from 

the 1987 and 2009 excavations provides a detailed picture of Feature 1 – the Bone Pit. 
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Feature 1 consists of two parts, 1) “the Bone Pit” sub-feature, which is a pile of faunal 

remains, which is covered by 2) a layer of mid-nineteenth century artifact fragments and 

construction debris. The “pit” that this feature sits in is likely a natural gully and not an 

anthropogenic pit. There appears to be a buried channel, or a small pond, about five and a 

half feet east of Feature 1. A silt layer, devoid of artifacts and fauna, which stretches 30 feet 

north and about 60 feet south of Feature 1, identifies this possible buried channel or pond. 

This layer of silt was uncovered in a series of shovel test probes in 1987, and in TU-09-06  

(east of the Bone Pit in Figure 5-5) in 2009 (Allen et al. 2013; Doane 1987). This silt layer is 

possibly connected to the sand layer below Feature 1, though none of the excavations in the 

ranchstead has connected these two geological features.  

Historical documents indicate that nearby Wilder Creek was channeled sometime in 

the late nineteenth century because the creek used to meander more freely and flood 

regularly (Carey, et al. 2002; Edwards and Simpson-Smith 1989). The silt and sand layers 

near Feature 1 likely represent buried connected meanders or small ponds. The silt layer is 

consistent with either a small silted-in “oxbow lake” or meander (Goldberg and Macphail 

2006:91-95) and occurs at a slightly lower depth than Feature 1. Feature 1 itself appears to 

follow a downward slope from west to east, starting at approximately eight inches below the 

surface at its western edge and descending to a depth of 12 inches on its eastern edge (Figure 

5-6). In addition, Feature 1 has an irregular shape with a rough sloping floor. This all 

suggests that the feature was a natural gully, or the bank of a stream or pond, which was 

filled-in with faunal remains and then capped with trash and construction debris.  
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Figure 5-5: Feature 1 and the Bone Pit, with Adjacent Units 
Feature Map adopted from Hylkema 1987 

 

 
Figure 5-6: Feature 1 Southern Profile, depth shown in feet  
Profile adapted from the by Motz and Doane 1987 
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Figure 5-7 shows the vertical distribution of Tejas (taken to represent construction 

debris), faunal remains (see Chapter 6), lithic debitage, and ceramic sherds (the most 

common historical artifact type). The vertical distribution of fauna and artifact types shows 

that the majority of the faunal remains are between 16 to 28 inches below the surface (Figure 

5-7b), with most articulated faunal remains occurring between 20 and 24 inches. Teja 

fragments also occur primarily between 16 to 20 inches (Figure 5-7a) and become less 

frequent near the bottom of the feature. Tejas and faunal remains, including articulated 

remains, were found at roughly the same depths during both the 1987 and 2009 excavations. 

Lithic debitage and ceramic sherds, on the other hand, were found mostly in the upper levels 

of the feature during the 2009 excavation, primarily between 8 and 12 inches, and there were 

very few of both artifact types (lithic debitage N= 22, ceramic sherd N = 18). The vertical 

distribution lithic debitage and ceramic sherds seen in TU-09-03 is not consistent with the 

data from 1987 excavation, or the description of Feature 1 from that year. In 1987, sherds 

and debitage were found directly associated with the faunal remains and construction debris 

(Doane 1987), and both occurred in larger quantities. It is possible that ceramic sherds and 

other trash were thrown on top of the faunal remains to cover them, and then differentially 

sorted downward depending on artifact size, gap size, and weight. Regardless of whether or 

not the ceramic sherds and construction debris were deposited at the same time as the faunal 

remains or were part a cap over the fauna, they provide a means of dating the faunal 

assemblage because the faunal assemblage was likely not left exposed for more than a year 

(see weathering section in Chapter 6). 
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Figure 5-7: Faunal Remains, Tejas Fragments, Lithic Debitage, and Ceramic Sherds in TU-09-03 

 

 

Construction Debris, Ceramics, and Dating Feature 1 - the Bone Pit 

 

Construction Debris 

The construction debris, represented by Tejas, and ceramics associated with Feature 1 

provide a means of relatively dating the feature and its contents. The construction debris 

most likely came from the building, or the remodeling, of the Bolcoff Adobe. Architectural 

a. Teja fragments in and above Feature 1 b. Faunal remains in and above Feature 1 

  
Count = 123 (3 ft. by 5 ft. Unit) NISP = 536 (3 ft. by 5 ft. Unit) 

c. lithic debitage in and above Feature 1 d. Ceramic sherds in and above Feature 1 
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analysis of the adobe indicates it was built in the 1840s when Bolcoff and Castro owned 

Rancho Refugio (Motz, et al. 1995). The adobe structure consists of a southern room 

constructed using a rammed earth method, and a northern room built with adobe bricks. 

Rammed earth adobes are rare in California and are typically associated with non-Hispanic 

builders, though limited numbers of rammed earth adobes are found in Spain and in areas 

colonized by Spain (Jaquin, et al. 2007; Makhrov 1997). The adobe brick room is a later 

addition to the rammed earth room (Motz, et al. 1995), and the bricks were apparently 

reused. The dimensions of the adobe bricks are consistent with those at Mission Santa Cruz, 

which have unique dimensions amongst California adobes. The bricks also contain bits of 

ferrous metal, which indicates that they were produced from sediments affected by a post-

European colonization of California accumulation of metal debris.  

 This construction debris consists of the previously discussed Tejas fragments 

(N=475) mixed with adobe bricks (N = 22) and partly shaped Santa Cruz mudstone 

debitage. Many of the adobe brick fragments appear to be burned, which suggests that they 

were part of a heating structure (e.g., a fireplace, oven, or kiln), or are the product of a fire in 

the nearby adobe (Doane 1987). Abundant ash and charcoal in Feature 1 supports either 

interpretation, that the debris came from a heating structure or a fire in the adobe, but it 

seems likely that one of these two possibilities occurred. It is also possible that some of the 

sediments in Feature 1 are dissolved (non-burned) adobe bricks (Davidson, et al. 2010). 

There is no direct evidence for this, but the sediments directly above the feature are dense 

and crumbly, contain shell fragments, decomposed granite, and sand, and are a slightly 

different color than the fill above or below the feature. These characteristics are consistent 

with melted adobe bricks, but other natural and/or cultural processes could explain these 

sediments.  
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 The mudstone fragments are likely a byproduct of shaping stones for the foundation 

of the Bolcoff Adobe. Santa Cruz mudstone was commonly used in the area for adobe 

foundations, and it is the material used in both rooms of the Bolcoff Adobe. The mudstone 

fragments are not formally shaped and are likely waste stones from the shaping of stones for 

the foundation. Demolition debris would likely include some fully shaped foundation stones, 

but their absence suggests that the construction debris represents remodeling or new 

construction rather than demolition. The broken Teja fragments, however, could be from 

construction, remodeling, demolition, or even general maintenance activities. Many of the 

Teja fragments were deposited together at the same depth (Figure 5-7a shows the largest 

quantity at or below 16 inches of the surface) and may have come from one event that 

resulted in many broken tiles. Other tiles, though, may be the product of later repairs, or 

from tiles falling from the roof.  

Overall, the construction debris suggests remodeling during which some of the 

Bolcoff adobe was removed and a new foundation was built. It is therefore difficult to use 

the construction debris alone to determine the timeframe in which it was produced because 

remodeling could have occurred any time after the building was constructed. The 

architectural analysis of the Bolcoff Adobe, however, indicates that the later occupants of 

the ranchstead used different materials such as concrete to maintain and remodel this 

structure (Motz et al. 1995). It seems likely then that most of the construction debris in 

Feature 1 – the Bone Pit came from remodeling that occurred sometime between the 

original construction of the building in the 1840s and when Meder took over the eastern part 

of Rancho Refugio in the 1850s. 
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Ceramic Sherds 

 Dates inferred from ceramic sherds in Feature 1, specifically the Bone Pit, are 

consistent with the mid-nineteenth century estimate from construction debris. A total of 139 

ceramic sherds were found in the Bone Pit excavated in 1987. Refitting indicates that 66 of 

these sherds come from nine vessels (Minimum Number of Vessels, or MNV = 66). Most 

sherds appear to be from refined white earthenwares, which were common in the early to 

mid-nineteenth century (Majewski and O’Brien 1987:114–120; Voss and Allen 2010:3–4). A 

few sherds are pearlware and creamware, which are earlier paste types. The presence of these 

paste types in low numbers also indicates an early to mid-nineteenth century ceramic 

assemblage. Pearlware and creamware were produced throughout the nineteenth century, 

but mostly in the first quarter of the century.  

Decorative methods and styles further refine the time frame of the white earthenwares 

(Majewski and O'Brien 1987:141-146; Samford 2000). Transfer printing was a common 

decoration method during the nineteenth century, and using the seriation method developed 

by Samford  (2000) for this decoration type it is sometimes possible to date a transfer 

printed earthenware to within a decade or two. Figure 5-8 provides counts of sherds and 

vessels (MNV) dated to time ranges that are shown as horizontal bars. Decades are shown at 

the top of the figure, sherd and MNV counts along the left-hand side, and the total number 

of sherds and vessels produced in particular decades at the bottom. The greatest number of 

vessels (by sherds and MNV) were produced between the 1830s and the 1850s (sherds 

N=81 or 79, MNV=6). 
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Figure 5-8: Ceramic Production Range Timeline by Styles 

 

 

Two maker’s marks, represented by the two darker grey bars at the bottom of Figure 

5-8, also date to the 1830s-1850s period. One maker’s mark is a “D.”, with an unreadable 

pattern name, though other vessel marks suggest it may read “Auckland and Crown”. This is 

likely a Thomas Dimmock & Co. mark used from AD 1828 to AD 1859 (Godden 1964:208 

no, 1297 or 1299). The second maker’s mark is an impressed “ADAMS” used by the Adams 

and Son’s company from AD 1800 to AD 1864 (Godden 1964:21 no. 18). This second mark 

is accompanied by a “Palestine” pattern name, which was produced by Adams and Son’s 

between AD 1838 and AD 1861 (Furniss, Wagner, and Wagner 1999:102). The starting date 

for the Adams “Palestine” mark, like the construction debris, strongly indicates that the 

Bone Pit was created during or after the 1840s.  

Both maker’s marks could appear on vessels that were produced from the 1830s 

through the early 1860s. It seems likely, however, that most sherds come from vessels 
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broken and deposited in the trash pile of Feature 1 sometime in the 1840s or 1850s. This is 

the timeframe suggested by the construction debris in the Bone Pit. More important, it is 

clear that the Bone Pit dates to the Mexican Period or the Early American Period, with the 

Mexican Period being more likely, and not to the Spanish Colonial Period during which 

Mission Santa Cruz operated.  

 

Archaeobotanical Data 

Botanical remains were collected and analyzed by Rob Cuthrell of University 

California Berkeley (UCB) in 2010 as part of his dissertation work (Cuthrell 2010), though 

this sample from Wilder Ranch was not used in his dissertation. Samples were collected from 

two columns placed adjacent to two units excavated in 2009: TU-09-01, at the western end 

of Feature 1, and TU-09-03, which is where the Bone Pit is located. The samples were 

floated, and the heavy and the light fractions collected. Seeds, phytoliths, and other plant 

materials were analyzed at UCB with use of comparative collections and databases. Further 

details of the methods used can be found in Cuthrell’s dissertation (Cuthrell 2013). Table 5-1 

presents the results of this analysis.  
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Table 5-1: Species Abundance in Archaeobotanical Samples 

 Common 
Name 

TU-09-01 TU-09-03  
Total Species All Levels 0 - 15 in. 15 - 20 in. 

Introduced/Non-Native 

Domesticated 

Phaseolus Beans 2 3 2 7 

Phaseolus cf. Beans 1 1 0 2 

Triticum Wheat 1 2 1 4 

Zea mays cupule Corn 10 28 20 58 

Zea mays kernel Corn 6 6 0 12 
Zea mays kernel 
cf. 

Corn 
0 2 2 4 

subtotal  20 42 25 87 

Wild 

Malva 
Cheeseweed 
Mallow 118 1701 1492 3311 

Medicago Alfalfa 1 12 4 17 
Solanum cf. 
nigrum 

Black 
Nightshade 0 1 0 1 

Papaver cf. 
somniferum 

Onion Poppy 
1 5 3 9 

Subtotal 119 1714 1496 3329 

Introduced Total 139 1756 1521 3416 

Native 

Arctostaphylos Manzanita 1 2 2 5 

Arctostaphylos cf. Manzanita 0 6 0 6 

Artemisia cf. Sagebrush 1 0 0 1 

Astragalus  Milkvetch 0 1 1 2 

Calandrinia cf. Redmaids 0 2 2 4 

Corylus  Hazelnut 14 9 9 32 

Galium  Bedstraw 10 6 2 18 

Juncus  Rush 3 20 10 33 

Lupinus cf.  Lupine 0 3 3 6 

Marah Manroot 5 5 0 10 

Phacelia Phacelia 6 3 1 10 

Quercus Oak 1 0 0 1 

Rubus Blackberries 1 2 2 5 

Rubus cf. Blackberries 2 0 0 2 
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 Common 
Name 

TU-09-01 TU-09-03  
Total Species All Levels 0 - 15 in. 15 - 20 in. 

Umbellularia 
California 
Laurel 

10 56 29 
95 

Vaccinium Blueberries 0 1 1 2 

Native Total  54 116 62 232 

 
Either Native or Introduced 

Cucurbitaceae 
rind Cucumber 

0 67 17 
84 

Cucurbitaceae 
rind cf. Cucumber 

0 11 0 
11 

Erodium cf. Stork’s Bill 1 0 0 1 

Nicotiana Tobacco 1 1 0 2 

Plantago Plantain 1 0 0 1 

Rumex Dock - Sorrel 0 1 1 2 

Silene Catchfly 0 3 2 5 

Stellaria Starwort 23 86 73 182 

Trifolium Clover 2 0 0 2 

Either Total 28 169 93 290 

Grand Total 
 222 2046 1679 3947 

 

 

  Introduced plant remains are significantly more common in both units than native 

plant remains (Table 5-1). The TU-09-03 sample is divided by levels that roughly correspond 

to the depth of the Bone Pit. Introduced plant remains are somewhat more abundant in the 

upper level of this unit, but the numbers of native and introduced species are close to equal. 

Wild non-native plant remains are significantly more abundant than domestic introduced 

plant remains, which is mostly because there is a large quantity of cheeseweed mallow (Malva 

cf. parviflora) remains in the assemblage. Cheeseweed mallow is a perennial herb that is 
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considered invasive today and favors heavily disturbed soils (USDA NRCS 2017; CNPS 

2013). Domesticated plant remains, particularly from corn (Zea mays), are, however, more 

abundant than wild introduced plant remains, other than cheeseweed. Corn and wheat 

(Triticum sp.) are known to have been planted by Bolcoff and Castro at Wilder Ranch – 

Rancho Refugio (Kimbro 1986; Rowland 2010).  

Native plant remains are less abundant in the sample, but more species represented 

(14 species versus six species in the non-native component). Five of the native genera 

represented in the assemblage are present at Wilder Ranch today (IMAP 2002). These genera 

include California laurel (Umbellularia californica), oak (Quercus sp.), manzanita (Arctostapylos 

sp.), blackberry (Rubus sp.), and sagebrush (Artemisia sp.). The other nine native species in 

the archaeobotanical sample are currently found in Santa Cruz County, but are absent from 

the list of modern plant species at Wilder Ranch. This may represent ecological changes 

within Wilder Ranch specifically, but not the entire Santa Cruz region, though it is possible 

that these species were simply missed during vegetation surveys.  

The results of the analysis of plant remains from within Feature 1 – the Bone Pit 

present a mixed picture of ecological change at Wilder Ranch during the nineteenth century. 

Introduced domesticated crops and non-native wild plant remains are present in the lower 

level of the feature (TU-09-03, 15 -20 inches below surface level), but if cheeseweed mallow 

is removed from the counts old-world plants are slightly out-numbered by native plant 

remains (Introduced N = 32, Native N = 62). Most of the introduced plant remains, other 

than cheeseweed, are from domesticated crops, which were likely planted somewhere near 

the ranchstead. Introduced crops are the most common type of plant remains in various 

archaeological contexts at Mission Santa Cruz, particularly wheat, but native plants are still 

represented in adobe bricks produced before the 1830s at Mission Santa Cruz and Villa de 



151 

 

Branciforte (Allen 1998:43–44). Cheeseweed is also common at those two settlements, and 

so are introduced plants from the mustard family. Mallow and mustard both favor disturbed 

soils. It may be the case then that a significant portion of the botanical evidence for 

ecological change found at Wilder Ranch, Mission Santa Cruz, and Branciforte derives from 

nearby agricultural (plowed) fields, or soil disturbances around colonial settlements. Plant 

communities were clearly changing during the first half of the nineteenth century, but it is 

possible that the most intense changes occurred near settlements.  
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Chapter 6 Faunal Analysis 

 

This chapter presents the analysis of faunal remains from the Wilder Ranch - Rancho 

Refugio ranchstead, with a focus on the remains from the Bone Pit sub-feature of Feature 1. 

The formation of this feature is discussed in Chapter 4, and only directly relevant aspects of 

the Bone Pit are discussed here. Cattle (Bos taurus) is the most common species in the Bone 

Pit based on NISP, MNE, and Biomass. A number of shellfish and avian species are also 

relatively common in the pit (see below). A large number of cattle remains in the Bone Pit 

assemblage make it possible to address a number of questions related to cattle ranching as a 

set of social-ecological practices. The other species in the Bone Pit assemblage provide 

insight into historical ecological conditions, land-use, and other cultural practices at Wilder.  

As explained in Chapter 2, the important aspects of ranching addressed in this analysis 

relate to husbandry practices, land-use, economic animal usage, and evidence for ecological 

change related to ranching. The age, sex, and breed characteristics of the Bone Pit cattle 

assemblage indicate how animals were selected for slaughter, and by extension, how these 

cattle were raised and managed. The age, sex, and breed/variety of these cattle can also be 

used to infer some of the behaviors of these cattle on the Wilder Ranch landscape. The 

various breeds of cattle behave differently, particularly in response to varying environmental 

factors, and age and sex both influence how cattle aggregate and move together. The most 

direct evidence of ecological change, though, comes from the diet of cattle, and to a lesser 

extent sheep (Ovis aries), and from the wild species in the assemblage. The data on each of 

these aspects are presented below.     
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This chapter starts with a distribution analysis of faunal remains throughout the 

ranchstead, and an examination of the non-human taphonomic factors related to the 

formation of the Bone Pit. The relative abundance of species is covered after the site 

formation processes are addressed. The remainder of the chapter focuses on cattle and the 

few other species that are abundant enough to construct demographic profiles, and analyze 

butchery patterns. The final section covers the analysis of phytoliths and other plant remains 

removed from the tooth calculus of some of the cattle and sheep found in the Bone Pit. This 

is done to examine ecological changes outside of the ranchstead, under the assumption that 

these cattle and sheep roamed freely, and to analyze the diet of these animals.  

 

Ranchstead Faunal Remain Distribution  

This section considers how distinctive the concentration of remains in the Bone Pit is 

and explores the distribution of remains throughout the ranchstead, particularly in relation to 

the different periods of use. The data come from the 1987 and 1988 field notes and catalogs 

(Doane 1987; Edwards and Simpson-Smith 1989, and related catalogs) and consist of simple 

NISP counts of vertebrate remains and relatively complete mollusk shells1. A total of 8947 

vertebrate remains are recorded in these catalogs and notes, along with 317 mostly complete 

shells.  

                                                 

1 Many more shellfish remains are present at this site, but the highly fragment shells within the matrix of 
shell midden soils were not consistently collected, counted, or weighed. In this analysis identifiable shellfish 
remains from which NISP can be derived are referred to as shells or shellfish remains, while the highly 
fragmented shells are discussed only as “shell midden” or highly fragmented shells.   
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More specific faunal attributions, such as species or element, are usually not available 

from these records. Only the Feature 1 faunal specimens were analyzed in detail for this 

project, and no other faunal analysis has been conducted to date. The information from 

these catalogs and notes is still useful for assessing the distribution of animal remains across 

the ranchstead. Unit counts are discussed below as NISP and as NISP standardized by the 

cubic foot volume of each unit (NISP/ft3), calculated by dividing NISP by the cubic feet of 

individual excavation units. The spatial distribution of complete shells is also discussed 

below, along with their relation to the distribution of dense shell midden areas.  

Relatively complete shells, and intact hinges and beaks, were counted in the field and 

laboratory, though it is not clear if all shell specimens were collected, or consistently counted 

in the field. Gastropoda (mostly Haliotis sp. - Abalone and Tegula sp. or tegula/turban snail) 

and Bivalvia (mostly Mytilus cf. californianus or mussel) are the most commonly noted shells. 

These taxa are likely also well represented among the unrecorded, highly fragmented shells 

found in the site’s shell midden. Qualitative assessments of shell midden “density” are 

available and used below (Figure 6-1), and the field notes regularly mention that abalone and 

mussel fragments are abundant in the matrix of the midden soils. 
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Figure 6-1: Distribution of Shells (in NISP/ft3) and Qualitatively Assessed Shell Midden Soils.  

Red Units Contain Highest Shell NISP/ ft3 
. Map Complied by Ben Curry 2017, Map Sources: 1 & 11  

 

Figure 6-1 shows the spatial distribution of relatively complete shells throughout the 

ranchstead and the distribution of the midden soils with a large quantity of highly 

fragmented shell. The density of highly fragmented shell in the midden soils was subjectively 

assessed during various field projects, so this spatial analysis relies on a qualitative ranking of 

midden soil presence and the level of highly fragmented shell abundance. The ranking 

system is shown in Figure 6-1 and ranges from zero (no midden soils or fragmented shells in 

a unit) to four (dark midden soil and abundant of highly fragmented shells). There is a weak 

positive but statistically insignificant correlation between the location of dense shell midden 

and individual mostly complete shellfish remains (Spearman’s rho = 0.21, P = 0.096, N = 62 

Feature 1 

Bone Pit 

Bon

e Pit 
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with no missing values). This weak and statistically insignificant correlation is likely due to 

very few relatively complete shells being found in Shovel Trench 2 (ST2.x in Figure 6-1, 

where complete shell NISP = 6, in 18 units), which runs through an area with relatively 

dense shell midden soils and represents a largely undisturbed prehistoric component of the 

ranchstead. The lack of relatively complete shells from ST2.x may reflect inconsistent field 

collecting or counting, but the fact that some shells come from this area suggests that this 

may be a real pattern. It is therefore likely that the absence of relatively complete shells in 

this part of ranchstead reflects taphonomic factors.  

On the other hand, Unit 5 on the west side of the ranchstead and four of the six 

Feature 1 units contain both dense shell midden and fairly high number of relatively 

complete shells (Figure 6-1). The number of relatively complete shellfish NISP of Feature 1 

units ranges from 45 to 89, and the NISP/ft3 ranges from 0.908 to 1.936. The shells from 

Feature 1 are dealt with further below, but it is important to note here that, like lithic 

debitage (see Chapter 5), Feature 1 - Bone Pit contains a uniquely high concentration of 

relatively complete shellfish remains (total NISP = 282, and 89% of all shells). Shellfish are 

commonly seen as a preferred Ohlone food.   

Feature 1 also contains the largest number of vertebrate remains recovered from the 

ranchstead (NISP = 6009, or 67% of total), with the largest portion coming from the Bone 

Pit (NISP = 5308, or 88% of feature total and 59% of site total). Unit 6b contains the core 

of the Bone Pit, with a NISP of 3300 (62% of Bone Pit vertebrate remains); though there is 

about a meter gap between this unit and neighboring Trench Unit 3 (TU3) which could also 

contain a fair number of remains (Figure 6-2). Feature 1 faunal remains outside of the Bone 

Pit appear to be a mixture from the Bone Pit and incremental disposal during other periods. 
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Outside of Feature 1, there are four smaller concentrations of vertebrate remains. Figure 6-2 

shows three areas near the Bolcoff Adobe and Wilder Victorian that have relatively high 

numbers of vertebrate remains per cubic foot. A third area, the Bunkhouse, is not shown in 

Figure 6-2, but also contains a high concentration of vertebrate remains in a unit placed 

inside it.   

 

 
Figure 6-2: Concentrations of Vertebrate Remains in the Ranchstead and near the Bone Pit(s)  
Map Complied by Ben Curry 2017, Map Sources: 1 & 11 

 

The first area of interest near the Bolcoff Adobe consists of seven units within, and 

just south of, this structure. All of these units (Figure 6-2 and Table 6-1, area 2) were likely 

within the building when it was complete (see Chapter 5). Unit 26 (U26), which is inside the 

standing adobe walls, has a relatively high concentration of vertebrate remains (NISP = 305, 

Area 3 

 

Area 4 

Area 2 
Area 1: Feature1 

Area 5 
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and NISP/ft3 = 8.334) and contains a historical period trash pit. The five units south of the 

adobe produced fewer vertebrate remains than U26 (NISP = 90 to 170, and NISP/ft3 = 

2.279 to 4.877), and likely cut into the prehistoric component of the ranchstead based on 

their artefactual contents, despite including part of the Bolcoff Adobe foundation. The units 

just west of the Wilder Victorian (Figure 6-2 and Table 6-1, area 3) are likewise excavated 

into a predominately prehistoric component of the site and, similarly, have a relatively low 

density of vertebrate remains per cubic foot. Only Unit 5 (U5) in this area produced a large 

number of vertebrate remains (NISP = 597, NISP/ft3= 5.805). Both areas 2 and 3 provide a 

basis of comparison for examining other prehistoric, historical, and mixed component 

portions of the ranchstead by. Table 6-1 provides a numeric comparison between the three 

parts of Feature 1, areas 2 and 3, and three other areas within the ranchstead (4, 5, and 

bunkhouse).  

Just north of the Bolcoff Adobe (Figure 6-2 and Table 6-1, area 4) is another small 

concentration of vertebrate remains uncovered in three units, Unit 25 (U25), Unit 28 (U28), 

and Unit 29 (U29). The actual number of vertebrate remains is much lower than in U26 or 

U5, at a total NISP of 176, but the average per cubic foot density (NISP/ft3 = 9.33) is higher 

than in either of those two units. These units include prehistoric artifacts, but the 1988 

fieldnotes report that most of the vertebrate remains are from large artiodactyls, which are 

almost certainly cattle (Edwards and Simpson-Smith 1989). This concentration seems to 

represent a trash pit, or a faunal scatter, just north of the adobe. These units were not 

extended beyond test unit size, however, leaving it unclear as to what exactly this 

concentration represents.  
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Table 6-1: Aggregated NISP and NISP/ft3 for Eight Ranchstead Areas 

Spatial 
Association/Feature 

Units Total NISP* Average NISP/ft3** 

Area 1: Bone Pit – core U6b 3603 39.945 

Area 1: Bone Pit – 
boarders 

U6a and TU3 1760 12.762 

Area 1: Feature 1  
(non-Bone Pit) 

TU1, TU2, and TU4 949 10.197 

Feature 1 total  6009 17.582 
 

Area 2: In and south of 
Bolcoff 

U21, U22, U23, U24, 
U26, U27, and U30  

1072 4.183 

Area 3: West of Wilder  U5, VP1, and VP2 617 2.567 

Area 4: North of Bolcoff  U25, U28, and U29 176 9.33 

Area 5: Between Wilder 
and Meder  
 

ST2.1 through ST2.22 104 .416 

Bunkhouse (not shown) U7 581 26.721 

Ranchstead Total and 
Average 

 8947 3.803 

* Total is for all units if multiple units are listed 

** Averaged only if NISP per ft3 is given for multiple units  
 

The full building names are as follows: Bolcoff = Bolcoff Adobe, Bunkhouse = Bunkhouse, Wilder = Wilder 
Victorian, and Meder = Meder House 

 
Unit abbreviations are as follows: U = Unit, TU = Trench Unit, VP = (Wilder) Victorian Porch and ST = 
Shovel Trench, with units in the trench numbered after the decimal. 

 

 

In contrast to the four areas just discussed, and area 6 (below), the north-south Shovel 

Trench 2 (ST2.x) in Area 5 (in Figure 6-2 and table 6-1) produced very few vertebrate 

remains (total NISP = 104, averaging NISP/ft3 = 0.416 from a total volume of 236.427 ft3). 

Similar to the lack of relatively complete shells (Figures 6-1 and above discussion), this result 
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seems at odds with the presence of dense shell midden in Area 5.  In this case, inconsistent 

field collecting and reporting is not likely an issue. Rather, the lack of vertebrate remains 

probably reflects a real archaeological pattern. The absence of both vertebrate and individual 

shellfish remains in ST2.x  is comparable to the lack of similar remains and artifacts in the 

units dug near the Dairy Barn in 1981 (not shown in Figures 6-1 or 6-2) which nonetheless 

contained rich midden soils with fragmented shell (Woodward 1981). Taken together, the 

Dairy Barn units and ST2.x may define a southwest-northeast boundary zone for the 

prehistoric component(s) of the ranchstead in the sense that there are midden soils and 

highly fragmented shells, but few prehistoric artifacts or intact faunal remains.  

Comparing ST2.x to U5 (above) and Unit 7 (U7) highlights how poor ST2.x and the 

southeast end of the site are invertebrate remains. U7 is in the Bunkhouse (not shown in 

Figure 6-2) north of the Meder House and contains the second highest per cubic foot 

concentration of vertebrate remains in the ranchstead2 (Table 6-1, with no Area designation). 

The upper level of U7 contains historical artifacts, most of which can be associated with the 

workshop of the Bunkhouse, but the lower layers contain a fairly rich prehistoric component 

with faunal remains that include high proportions of fish and wild birds, consistent with 

other prehistoric faunal assemblages from the area (Hylkema 1991; Jones et al. 2007). U7 is 

also close to Unit 3 (U3, there are no faunal data for this unit), which contains prehistoric 

artifacts and sediments (Chapter 4, Archaeology Section). U7, U3, and U5 together define 

the main prehistoric component(s) of SCR 38/123/H. The results for these units indicate 

that the absence of vertebrate and individual shellfish remains in ST2.x reflects prehistoric 

                                                 

2 At least when U7 is compared to U6b, when compared to the aggregation of all Feature 1: Bone Pit 
units U7 has a higher NISP/ft3 though a far lower NISP 
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site use patterns, at least in terms of disposal, and not natural taphonomic subtraction 

processes or inconsistent recording practices.   

The preceding analysis of the distribution of faunal remains at the ranchstead shows 

that Feature 1 – the Bone Pit (Area 1) contains a distinctively high concentration of faunal 

remains. Despite other prehistoric (U7 and U5) and historical (U26 and U25+U28+U29) 

units containing relatively high concentrations of vertebrate remains, Feature 1 – the Bone 

Pit stands out. Unfortunately, Feature 1 appears to overlap the prehistoric portion(s) of the 

site. Most of the vertebrate fauna and artifacts from the Feature 1 units clearly date to the 

historical periods but Feature 1, like the ranchstead, is a palimpsest of prehistoric and 

historic materials, and this complicates assigning fauna or artifacts typically associated with 

the indigenous peoples of Santa Cruz to prehistoric versus historical periods.  

 

Feature 1 - the Bone Pit, Description and Formation     

  Unit 6b (U6b) contains 59 percent of the faunal remains from Feature 1, the highest 

concentration of faunal remains in this feature (see Table 6-1). Within U6, faunal remains are 

concentrated in the central and southwestern portions of the unit (Figure 6-3 displays a 

“heat map” of faunal remains). This area appears to be the main pile of remains within a 

larger scatter that covers at least 127 square feet. This concentration contains two mostly 

complete cattle skulls and numerous articulated limb and vertebral parts (Figure 6-4). 
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Figure 6-3: Conctration of Faunal Remains in the Bone Pit - U6b 
Feature Map Adapted from Hylkema 1987 

 

The concentration in the Bone Pit shown in Figures 6-3 and 6-4 appears to be a 

roughly rectangular arrangement of primarily cattle remains. It is clear from Figure 6-4 that 

there are more remains above this concentration (lower right-hand corner of photo). Figures 

6-3 and 6-4 show that some remains are scattered outside of this concentration. There are 

clearly a large number of articulated remains within this concentration, and their 

arrangement suggests relatively complete skeletal units loosely stacked in a pile.  
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Figure 6-4: Faunal Concentration in the Bone Pit, U6b 
Photo Lee Motz 1987 

 

Vertical Distribution of Faunal Remains 

The vertical distribution of faunal remains is somewhat apparent in Figure 6-4, and in 

the difference in NISP values between level 1 and level 2 of U6b (Figure 6-5). Figure 6-5 

shows the southern wall of Unit 6 and the profile of a pit that contains most of the faunal 

remains of Feature 1. The vast majority of the faunal remains in U6b are concentrated 

between 12 and 25 inches below the surface. 
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Unit 6b Unit 6a 

 
 

 
 

Total NISP: 3603 Total NISP: 1200 

Figure 6-5: Vertical Distribution of Faunal Remains in the Bone Pit, U6b and U6a 
Profile Adapted from Motz and Doane 1987 

 

 

U6a was excavated as one level so fauna from the top foot of the unit are mixed with 

fauna from Feature 1, though the field notes indicate that there was little, to no, fauna above 

the feature (Doane 1987). The upper level of U6b has a NISP of only 238 or six percent of 

the total for U6b overall. Three units from the 2009 excavation show a similar distribution 

of faunal remains (Figure 6-6). The profile at the top of Figure 6-6 is also of the southern 

wall of the feature, though six feet south of the profile presented in Figure 6-5. Like the 
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profile for Unit 6, there appears to be a downward sloping scatter of rubble covering a pit 

filled with faunal remains. The Bone Pit appears only in TU-09-03, at the east end of the 

2009 trench. As in U6b, the top of the Bone Pit appears 12 inches under the modern ground 

surface and continues downward to about 28 inches. TU-09-03 was excavated in arbitrary 

four-inch levels, unlike U6b, and some variability in the vertical distribution of the faunal 

remains is apparent. Between 20 and 24 inches below the surface, faunal NISP drops to 65. 

The levels above and below this level have higher NISPs (159 and 130 respectively) (Baxter 

and Allen 2009; Allen et al. 2013). This decline in bone frequencies may be the result of 

temporal gaps in carcass deposition in the Bone Pit, or is just a byproduct of how carcasses 

were stacked.     

The 2009 trench units indicate a considerable number of faunal remains outside of the 

Bone Pit. TU-09-01 contains some elements of Feature 1 (especially the cobble layer, as 

discussed in Chapter 4), but does not contain a concentration of faunal remains similar to 

either TU-09-03 or Unit 6. Most remains from TU-09-01 are highly fragmented, but they are 

more plentiful than in most other units within the ranchstead (see Table 6-1). The remains in 

TU-09-01 peak between 20 and 24 inches below the surface, which is approximately the 

same depth as the bottom of the Bone Pit. The combined number of vertebrate remains in 

the rest of TU-09-01, however, is only slightly greater than the number of remains found 

within the 4 inches between 20 and 24 inches below the surface (combined NISP = 251 

versus NISP = 200 between 20 and 24 inches below the surface).  
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Figure 6-6Vertical Distribution of Faunal Remains in the Bone Pit and Beyond, TU-09-03, TU-09-02, TU-09-01 
Profile Adapted from Baxter and Allen 2009 

 

 

 

 
TU-09-03  TU-09-02 TU-09-01 

 

 

 
Total NISP: 583 Total NISP: 239 Total NISP: 597 
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The vertical distribution of faunal remains in all of the Feature 1 units is generally 

similar to the vertical distribution of fauna elsewhere in the ranchstead (Figure 6-7). Most 

historical units (shown in inches) contain few faunal remains in general, but when they do, 

the remains are slightly more abundant between 12 and 48 inches below the modern ground 

surface. In prehistoric units (shown in centimeters), faunal remains are most common 

between 20 and 60 centimeters (approximately 8-24 inches) below the surface. U7 and U5 

are the only prehistoric units with such bone concentrations, and on average prehistoric 

units have no more than 20 specimens (NISP) in any level. Despite the relatively low NISP 

in all other units (except U7 and U5), faunal remains are most common at a comparable 

depth as the remains in Feature 1 – the Bone Pit.   

 

 
Figure 6-7: Average Vertical Distribution of Fauna across the Ranchstead 
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Feature Formation and Non-cultural Taphonomic Processes  

This section covers a number of site formation and taphonomic factors that did affect, 

or could have affected, the Bone Pit faunal assemblage. General consideration of how the 

Bone Pit assemblage was formed is discussed first, followed by weathering and root etching 

damage and carnivore damage. Next, the alignment of specimens is analyzed because of 

Feature 1’s proximity to a possible buried channel or pound (Chapter 5). Finally, the 

possibility of bone density-mediated attrition is examined, as relevant to a variety of 

destructive processes that undermine the identifiability of bones.   

  

Weathering Damage and Articulated Anatomical Units 

Weathering damage and articulated anatomical units are discussed together here 

because both can reflect the amount of time an animal carcass was left exposed to the 

atmosphere before being buried. The number of articulated units, or the lack thereof, can 

reflect other taphonomic and/or cultural processes, which are discussed in the butchery 

section below, but the presence of articulated units also reflects a relatively short period of 

exposure, similar to limited weathering damage. One of the most notable aspects of the 

Bone Pit assemblage, other than being a concentration of largely intact specimens, is the 

substantial number of ungulate (especially cattle) specimens that remain in natural 

articulation. Seventy-nine articulated units involving at least two elements occur in the Bone 

Pit. Most articulation groups included under five specimens from distinct elements (average 

= 1.2), but nine groups included ten or more specimens, with two of these including more 

than 20 specimens.  
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Articulation units are discussed in more detail in the butchery section, but it is worth 

noting here that 66 articulated units are from joints that rapidly disarticulate under normal 

conditions of decomposition (Hill and Behrensmeyer 1984:367–369). These joints include 

the metapodials through terminal phalanges (39 articulations) and parts of the hind limb (10 

articulations). The presence of these articulation units suggests that cattle remains were 

buried relatively quickly after slaughter. The weathering damage profile of the assemblage 

similarly indicates that the Bone Pit was covered within a short period of time, perhaps 

within a year and not more than three years (Behrensmeyer 1978:157–158; Gifford 1977) 

Most specimens are only lightly weathered based on the Behrensmeyer Weathering 

Stage (BWS) scale. Ninety-six percent of specimens (NISP = 2082) are weathered 

somewhere between BWS 0 and 1, and only about three percent of specimens (NISP = 65) 

show signs of more advanced weathering damage (BWS 2-3, Figure 6-8). Exposure to solar 

radiation and environmental moisture cause weathering through the breakdown of collagen  

(Lyman and Fox 1989:299–302), so the limited amount of weathering damage in the Bone 

Pit assemblages indicates some form of protection of the assemblage, probably via rapid 

burial.  

The majority of weathered specimens from all taxa are ribs (Figure 6-9). Cattle 

specimens make up the greatest portion of these more weathered specimens (NISP = 165). 

The other cattle remains (NISP= 1,879) show levels of weathering between BWS 0-1, as do 

the vast majoring of specimens from other species. Figure 6-10 shows weathering damage by 

depth in Feature 1, using the levels in TU-09-03, and shows that weathering damage is 

consistently low (BWS 0/1) at all depths. This result, indicates that even remains near the 

top of the feature were covered relatively quickly. Specimens in the top eight inches of the 



170 

 

feature are not weathered to a higher degree than those below. This again indicates that the 

Bone Pit was rapidly or perhaps continuously covered with other materials or sediment.  

 

 
Figure 6-8: Assemblage Weathering Profile 

 

 
Figure 6-9: Weathering by Element Type 
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Figure 6-10: Weathering by Depth in the TU-09-03 Bone Pit 

 

 

Carnivore Damage and Bone Density Mediated Attrition 

Carnivore damage, on the other hand, shows that the assemblage was at least briefly 

accessible to carnivores, most likely dogs or coyotes. Six percent (NISP = 207) of the 

assemblage has evidence of carnivore gnawing damage. The majority of the damage is to 

cattle remains (NISP = 116, 5% of cattle remains display carnivore damage and 62% of 

carnivore damaged remains are from cattle), followed by mammal remains (NISP = 69) 

(Figure 6-11). Two mule deer (Odocoileus hemionus) specimens also show carnivore damage, 

with the remaining damaged specimens (NISP = 89) being identified only to the taxonomic 

level of “Artiodactyla” or “mammal”. 
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Figure 6-11: Carnivore Modified Specimens by Species and Taxonomic Groups 

 

 

Carnivore damage to cattle remains is commonly located on femur specimens (NISP 

= 26), and mostly consists of pits and grooves in the trabecular bone, on the distal condyles 

(Figure 6-12). Humerus (especially the distal shaft), innominate, and rib specimens (NISP = 

42) are also commonly modified. There is no particular pattern on the innominate or rib 

elements. The remaining modified specimens are mostly from limb elements, with marks 

seen only on one cranial specimen and two vertebrae. 
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Figure 6-12: Carnivore Modified Cattle Elements 

 

 

It is possible that some specimens were completely removed, or destroyed, by 

carnivores, but there is not a significant correlation between inverse % MAU and the Inverse 

Consumption Sequence or ICS index (Spearman’s rho = 0.269, p = 0.45, Figure 6-13). That 

said, the poor representation of head and neck elements, carpals, metacarpals, and phalanges, 

which often remain after primary consumption, may reflect limited scavenging 

(Blumenschine 1986:645–648). The absence of these elements may also reflect the butchery 

process and the deposition of these elements somewhere else than in the main concentration 

of the Bone Pit. The small amount of carnivore damage does indicate that the Bone Pit was 

left uncovered long enough for minor scavenging, but overall the small number of modified 

specimens and the lack of correlation between inverse %MAU and ICS, indicates that these 

remains were not exposed for very long.   

Grooves 
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Figure 6-13: Bos taurus Consumption 

 

 

The analysis of density mediated attrition indicates that the portions of elements in 

this assemblage are not just a product of which parts of bones are most dense and therefore 

resistant to destructive processes. In addition to the possibility of carnivore-induced attrition, 

density-mediated attrition is a general concern in looking at butchery and bone processing 

patterns. With a slightly negative non-significant correlation (rs = -0.12, P = 0.3) between 

Bone Density and %Survivorship (Figure 6-14), it seems that the portion representation 

discussed below reflects primarily human butchery practices, rather than non-cultural 

taphonomic processes. 
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Figure 6-14: %Survivorship and Bone Density 
 

 

 

Element Alignment and Voorhies Water Transportation Groups 

Because the Bone Pit was on the bank of a creek or pond, it is possible that some 

specimens were transported to or from this feature by water or gravity. Both the alignment 

of specimens, particularly from long bone elements, and Voorhies Groups can be used to 

determine if bones were moved by, subtracted by, or deposited by flowing water. Flowing 

water can realign specimens in a single direction. Elements also can be differentially 

transported by flowing water based on size, density, and weight, which is the basis of the 

Voorhies Groups. The Bone Pit map (Figure 6-3) is used to determine the orientation of 

specimens in GIS, and from this, a rose diagram of the specimens’ azimuths is calculated 

(Figure 6-15). The asymmetrical and multi-directional pattern of the rose diagram suggests 

that these remains were deposited randomly and thus were not likely affected by moving 

water (Lyman 1994:178). Similarly, the large number of specimens in Voorhies Groups I 

(Figure 6-15), which consists of elements that are quickly removed by a sufficient volume of 
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flowing water, indicates that water did not significantly transport away, or winnow, this 

assemblage (Behrensmeyer 1975:483-485; Lyman 1994:173-175). The presence of elements 

from all Voorhies Groups indicates that this assemblage is largely undisturbed. There are 

fewer elements from Group III, but these elements are generally the last to be removed by 

flowing water so their comparative rarity is likely the product of other taphonomic processes 

or cultural practices.  

 

 

Voorhies 
Group 

Bos taurus Other 
Mammals 

Total 

I 488 97 585 

I&II 182 23 205 

II 239 30 269 

III 13 8 21 

Figure 6-15: Bone Orientation and Voorhies Groups 

 

  

Specimen alignment and Voorhies Groups, like most of the feature formation and 

taphonomic factors considered above, both strongly suggest that the Bone Pit is primarily a 

product of intentional human activity, namely butchery, and disposal of the resulting remains 

in a concentrated pile. Based on the above analysis, and other factors discussed in Chapter 4, 

it appears that cattle and other animal remains were placed in a shallow depression next to 
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Wilder Creek, possibly a small offshoot of this creek or a pond. The remains were left 

exposed long enough for a small amount carnivore scavenging to occur, along with minimal 

weathering. The assemblage was soon protected, however, by added soil, construction 

rubble, and household refuse. Multiple events of this sort might have occurred, with remains 

covered rapidly each time. However, the single layer of rubble suggests a single event or a 

final capping of the feature. 

  

Species in the Bone Pit 

Cattle (Bos taurus) has the highest NISP (N = 2044) and MNE (N = 1218) in the Bone 

Pit. Cattle MNI is also high, but both of these values change depending on how the 

assemblage of the three Bone Pit units is aggregated, and how age groups are aggregated. 

Cattle Biomass is the highest in the assemblage regardless of how the assemblage is 

aggregated. The Bone Pit assemblage is aggregated in three different ways to calculate MNE, 

MNI, and Biomass: the first way is to calculate these values for each unit separately and then 

sum the values, the second is to calculate these values for Unit 6 a and Unit 6 b together and 

then sum that with the values calculated for TU-09-03 separately, and the third way is to 

calculate the values for all of the units together (see Tables 6-2 and 6-3). The reasons to 

aggregate the assemblage in different ways is because 1) each unit was excavated in a 

different way, 2) there is approximately a one meter gap between TU-09-03 and the 1987 

units, and 3) the vertical distribution of faunal remains suggests that the Bone Pit might be 

the product of several events. These issues make it prudent to consider a range of abundance 

values. Table 5-2 presents the NISP, MNE, MNI, and biomass for the assemblage for the 
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three different methods of aggregating the three Bone Pit units. Table 5-3 presents the data 

for cattle alone. 

 

Table 6-2: Total Assemblage Values for Different Unit Aggregation Methods 

 

Table 6-3: Bos taurus Values for Different Unit Aggregation Methods 

 

 

 

The differences between MNE, MNI, and biomass under the various aggregation 

schemes are minor. In most cases, there is no more than about a ten percent difference in a 

given abundance measure between its highest and lowest values.  This is not the case for 

cattle MNI, though, which drops by 23 percentage points, from a high of 48 to a low of 27. 

Most of the following analysis uses the middle aggregation scheme; that is, U6a and U6b 

Unit Aggregation NISP MNE MNI Biomass (kg) 

Separately 3386 1330 95 694.76 

U6(a+b) and TU3 3386 1326 87 680.54 

All 3386 1251 83 658.57 

Unit Aggregation  NISP MNE MNI Biomass (kg) 

Three units 
independently 
calculated 

2044 (60%)* 1111 (84%) (38- ) 48 (50%) 652.71 (94%) 

U6(a+b) and TU-
09-03 

2044 (60%) 1107 (83%) (30- ) 40 (46%) 638.49 (94%) 

Three units 
aggregated  

2044 (59%) 1090 (87%) (27- ) 37 (40%) 617.39 (94%) 

*  Percent of total Bone Pit assemblage for particular value 
Note: the MNI in parenthesis represents the lowest MNI possible when the Old Juvenile to Adult age group 
is removed 
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combined (U6), and TU-09-03 as a separate unit. Under this scheme cattle MNI = 30-40, 

which is the second highest MNI in the assemblage. This scheme is used because U6 is one 

unit, even though each half was excavated in a different way, while TU-09-03 is separated by 

roughly one meter from U6.  

Thirty thee taxa in the assemblage could be identified to species or genus, including 

cattle.  Eight more taxa are identifiable to family and subfamily. Less identifiable specimens 

fall into 22 taxonomic ranks ranging from subphylum to infraorder. Figure 6-16 shows the 

number of groups identified to each taxonomic level, and Figure 6-17 presents the NISP and 

biomass of less identifiable specimens.  

  

 
Figure 6-16: Count of Taxa Identified to Various Taxonomic Levels 

 

 
Figure 6-17: Lesser Identifiable Specimen NISP and Biomass 
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Mammal remains are the most common type of less identifiable specimens, followed 

by mollusk shell fragments. Most of the mammal remains are highly fragmented, weigh very 

little and thus contribute very little biomass to the assemblage (together <20% of total 

remains). The specimens that could be identified to more specific taxonomic groups are 

summarized in Tables 6-4 and 6-5 according to NISP, MNE, MNI, and biomass. Table 6-4 

summarizes mammal, birds, and reptile species frequencies. Table 6-5 presents shellfish and 

crustacean data.  

 After cattle, sheep (Ovis aries) is the most common mammal species in the 

assemblage, with a NISP of 31 and an MNI of six. There are likely more sheep in the 

assemblage, but they could only be confidently identified to the caprini subfamily level. 

Pocket gophers (Thomomys bottae or Thomomys sp.) are the next most common mammal 

species, and are likely intrusive to the assemblage. Two deer (Odocoileus hemionus) and two pigs 

(Sus scrofa), as counted by MNI, are also present in the assemblage, but all other mammals are 

represented by only one individual and no more than three specimens (NISP).  Nine avian 

taxa are identified to the species level, and three more taxa are identified to the family level. 

Most of the birds are waterfowl, with larger birds, such as Canadian geese (Branta canadensis) 

and Sandhill cranes (Grus canadensis), being particularly abundant in terms of NISP (27 total). 

There is only one specimen from reptile (chelonian), Western Pond Turtle (Actinemys 

marmorata). The waterfowl and the turtle reflect that the position of the ranchstead in a 

riparian corridor, near a small estuary.  
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Table 6-4: Taxon List for Mammals, Avians, and Reptiles 

Taxon NISP MNE MNI 
Biomass 

(kg) 

Mammalia 

Bos Taurus 2051 1107 30 to 40 639.26 

Canis latrans/Canis familiaris 1 1 1 0.04 

Capra hircus 1 1 1 0.44 

Caprini 60   3.33 

Equus caballus 3 2 1 4.70 

Felis domesticus 1 1 1  
Mustela frenata 1 1 1 0.01 

Odocoileus hemionus 6 4 2 1.46 

Otariidae indet. 1   0.24 

Ovis aries 31 21 6 5.72 

Sus scrofa 2 2 2 0.07 

Sylvilagus sp. 2 2 1 0.02 

Thomomys bottae 7 7 4 0.04 

Thomomys sp. 1 1 1 0.00 

Zalophus californianus 1 1 1 2.98 

subtotal  2176 1264 69 658.38 

Aves 

Anas acuta 1 1 1 0.01 

Anatidae Indeterminate 1   0.02 

Ardea herodias 2 2 1 0.00 

Ardeidae Indeterminate 2   0.09 

Branta canadensis 10 8 2 0.08 

Bubo virginianus 2 2 1 0.02 

Callipepla californica 3 3 2  
Circus cyaneus 1 1 1 0.01 

Gallus gallus 14 14 6  
Grus canadensis 17 15 1 0.39 

Icteridae Indeterminate 1   0.00 

Meleagris gallopavo 2 2 1 0.00 

subtotal  59 46 15 0.70 

Reptilia 

Actinemys marmorata 1 1 1 0.02 
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Mussel (Mytilus sp.) is the most common kind of shellfish, with a NISP of 227 and an 

MNI of 59. Black (Haliotis cracherodi) and green (Haliotis fulgens) abalones species are the next 

most common kind of shellfish, with a NISP of 33 and MNI of 16. The biomass for abalone 

is considerably greater than that of mussel because these shells are heavier. As noted above, 

it is not entirely clear if these shellfish specimens represent the historical or prehistorical 

occupations of the site. That said, there is a much higher quantity of relatively complete 

shells in Bone Pit than in other parts of the site (Figure 6-1), and these shells are interlayered 

with the clearly historical period faunal remains and artifacts (Figure 6-4). 

 

Table 6-5: Taxon List for Shellfish 

Taxon NISP MNE MNI Biomass (gm) 

Shellfish and Crustaceans  
 

Bivalvia 

Mactridae Indet 1   6.98 

Mytilus spp. 227 59 59 23.38 

subtotal  228 59 59 30.36 

Gastropoda 

Haliotis cracherodi 32 16 16 141.31 

Haliotis fulgens 1 1 1 118.30 

Lottia digitalis 1 1  0.16 

Lottia gigantea 1 1 1 9.49 

Lottia pelta 1 1 1 0.50 

Lottia sp. 1   0.08 

Nucella emarginata 1 1 1 1.31 

Mopalia sp. 1 1 1  
subtotal 38 21 20 271.14 

 

 

Apart from cattle, wild animals are more common than domesticates in the Bone Pit. 

Three hundred and twenty-nine specimens (NISP) come from wild species, though most of 
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these are mussel shells. Wild species have a collective MNI of 97, while domesticates have an 

MNI of 16. Figure 6-18 shows the number of wild versus domesticated animals in the 

assemblage by class, in percentages, minus cattle and mussel. Most mammal remains 

represent domesticated animals, while birds are more commonly wild species. Chicken 

(NISP = 14, MNI = 6) is the main exception among the birds. Shellfish are obviously wild 

species and were most likely collected from the nearby Pacific Ocean.   

 

 
Figure 6-18: Domesticate versus Wild Species, in NISP, MNE and MNI 

 

 

As noted above, most of the wild avian species are waterfowl or wading birds. Four of 

these species, Canada goose (Branta Canadensis), great blue heron (Ardea Herodias), sandhill 

crane (Grus canadensis), and northern pintail duck (Anas acuta), are winter migrants to central 

California (Kaufman 2001), which suggests the Bone Pit might have been formed during 

winter or at least these birds were added in that season. Only sandhill cranes are no longer 
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commonly found at Wilder, or along the central coast of California (Kaufman 2001:173). All 

other waterfowl and wild birds are found at or near Wilder today (Lee 2001). The other wild 

birds in the Bone Pit assemblage include turkey (Meleagris gallopavo), California quail (Callipepla 

californica), and great horned owl (Bubo virginianus). The few wild mammals in the assemblage 

are long-tailed weasel (Mustela frenata), mule deer (Odocoileus hemionus), cottontail rabbit 

(Sylvilagus sp.), pocket gopher (Thomomys sp.), and California sea lion (Zalophus californianus), all 

of which currently inhabit the Wilder locality (Gilbert 2002).  

It is likely that some species, such as pocket gophers, weasels, and owls, are incidental 

inclusions. All domesticated animal remains show signs of butchery, including the horse. 

Evidence for the butchery of some of the wild animals is discussed in the butchery section 

below.  

 

Bone Pit Demographics 

This section covers ungulate demographic data such as age and sex for the mammals 

in the assemblage, data permitting. The numerous cattle remains in the Bone Pit allow for a 

more detailed examination of both age and sex, an analysis of variety (or breed), and 

estimation of live weight. The main goals of this section are to establish characteristics of the 

cattle and other animals on the Wilder landscape and possible husbandry and culling 

practices of the human managers.      
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Age 

Age classes are determined by fusion state for most mammals. Tooth eruption and 

wear profiles are used for cattle and sheep based on mandibles when available. Most 

mammals are older juveniles or adults (Juvenile-Adult category), and only sheep (MNI = 6) 

and pocket gophers (MNI = 4) span more than two age classes (Figure 6-19). 

 

 
Figure 6-19: Non-Cattle Mammals Age Classes, in MNI 

 

 

Eighty-five percent of cattle (MNI = 34) are older juveniles or adults (Figure 6-20). 

This means most of these cattle were at least two years old, and in some cases much older. 

Fifteen percent (MNI = 6) are young juveniles or juveniles. Young juvenile in this scheme is 

equivalent to six months old or younger. At least one calf in this group of cattle had not yet 

been weaned.  
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Figure 6-20: Cattle Age Classes, in MNI 

 

 

The large number of articulated cattle remains makes it possible to refine the age 

profile somewhat. Sixty-three articulation units consist of multiple variably fused specimens. 

These articulation groups represent at least 15 animals in four main age groups (Figure 6-21). 

Two animals are definitely seven years (≤ 84 months) or older, and another five are at least 

seven years old, but not older than nine years (~84 – 108 months). At least six animals are 

less than seven years old, with five of these animals being two years or younger. One of 

these animals was between two and three and half years old (24 – 42 months), three more 

were between a year and a half and two years old (18 – 24 months), one animal was likely 

between ten months and a year old, and a final animal is no more than two years old. All of 

the preceding estimates were made by comparing the fusion stages of multiple articulated 

specimens to standard fusion rates (Reitz and Wing 1999:76). In short, at least seven cattle in 

this assemblage were mature adults, and at least six were less than two years old –younger 

than the age of sexual maturity, but likely old enough to have been weaned.  
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Figure 6-21: Age Groups for Articulation Units 

 

 

Mandibular tooth eruption and wear data from seven cattle mandibles generally agree 

with the fusion-based age profiles, and additionally indicate the presence of at least one 

young juvenile (Table 6-6) and at least three cattle that were a year and a half old to two and 

a quarter years old. Three mandibles are from adult animals, one a young adult and two 

adults older than three years.  

 

Table 6-6: Age by Mandibular Tooth Eruption and Wear 

Sub-number Grison stage  Wear years Age Group 

1710 2 f - k ≤.5 Neonate - Young Juvenile 

323 4 a - f 1.5 -2.25  Old Juvenile - Young Adult 

328 3+/<=4 h - n 1.5 - 2.25 Old Juvenile - Young Adult 

1709 4 b - g, J 1.5 -2.25  Old Juvenile - Young Adult 

324 6 a - g, m 2.25 - 2.5 Young Adult 

325 10/6+ m -n  3> Adult 

333 9+ d - j 3> Adult (Older) 
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In summary, a large proportion of the individual cattle represented in the Bone Pit 

were older juveniles or young adults (MNI = 3 to MNI = 14). Another large group was 

certainly adults and in some cases older adults (MNI = 2 to MNI = 13). Finally, there is at 

least one calf. If these animals were male (see the following section on sex), the slaughter of 

cattle at or near sexual maturity (approximately two years) would be consistent with the 

general culling profile of domesticated mammals (Zeder 2006). The fact that both older and 

at least one younger cattle are included in this assemblage indicates that the general culling 

profile was not strictly held to. There may have been a preference for young adult cattle 

when these animals were rounded up, but the age profiles also seem to reflect only loose 

selection of cattle by age. The observed pattern may reflect a practice of rounding up and 

slaughtering self-sorted groups of cattle.   

  

Sex 

Cattle is the only species in the Bone Pit assemblage for which sex characteristics are 

available. Cattle sex is determined from measurements on eight innominates and 21 

metapodials. The Ventral Acetabulum Border width of the innominate (VABw) (Figure 6-22 

Y-axis) indicates that there are three specimens from males, with an MNI of two; and five 

specimens from females, with an MNI of three. The “R” in the Figure 6-22 charts means 

that the particular specimen is repeated in both charts. VABw measurements of 20 

millimeters or more are common on male specimens in the comparative collection (see 

Chapter 3), while measurements of around ten millimeters are common on female cattle.  
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a. NISP = 6, Four repeated 
b. NISP = 6, Four repeated 

Figure 6-22: Innominate Measurements that are Representative of Sex 

 

 

Metacarpal (Figure 6-23, MNI = 7) and metatarsal (Figure 6-24, MNI = 10) 

measurements, on the other hand, suggest that most or all metapodial specimens are from 

females. Metapodial measurements and ratios are tightly clustered and within the size range 

of Ontiveros Adobe females (Gust 1982:116). The Ontiveros assemblage is used for a 

number of comparisons to the Wilder Ranch cattle. The Ontiveros assemblage includes 

females, males, castrates, and immature cattle that were easily distinguished by metapodials 

measurements and ratios. The distinction seen in the Ontiveros assemblage appears to be 

absent in the Wilder Bone Pit assemblage. Some of the larger unfused (“U” in both figures, 

MNI = 2 to 3) metapodials may represent immature males, given that the innominate data 

are usually considered more reliable in principle and clearly indicate the presence of at least 

two males in the Bone Pit assemblage. Regardless, it seems likely that the majority of the 

cattle in the Bone Pit were females.   
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Metacarpal 3-4 

  

  
a. Bd to SD/GL X 100, for fused specimens b. Bd to Bp, for fused and unfused Specimens 

Figure 6-23: Metacarpal Measurements for Sex Determination 

 

Metatarsal 3-4 

  
a. Bd to SD/GL X 100, for fused specimens b. Bd to Bp, for fused and unfused Specimens 

Figure 6-24: Metatarsal Measurements for Sex Determination 

 

   

Cattle Breed 

Criollo is the most likely cattle breed or variety in the Bone Pit, based on the regional 

historical context and the following analysis. Criollo is considered a variety rather than an 
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official cattle breed and is descended from herds brought to the western hemisphere by early 

Spanish colonists. This variety is likely descended from Iberian and Near Eastern/North 

African breeds, and it has adapted genetically to arid lands and living in feral conditions for 

hundreds of years (Carbajal-Carmona et al. 2003:1462; Rouse 1977; Russell et al. 2000).  

Criollos were common in Alta California and other Spanish colonial territories. The ones at 

Wilder - Rancho Refugio may have descended from those brought to the area by the De 

Anza party.  

Morphologically, Criollos typically have long and slim limbs, “barrel” shaped torsos, 

long horns on both sexes, and lean body composition (Rouse 1977). The limb bones of the 

Bone Pit cattle appear longer and more slender than those of comparative specimens 

(primarily Holstein and other northern European breeds). To quantify this assessment 20 

measurements on seven element types are used to compare the Wilder Ranch – Rancho 

Refugio cattle to the cattle in the Ontiveros Adobe assemblage (Figure 6-25), cattle from 

other Alta California sites, and cattle from the U.S. east coast and Caribbean (see Figure 6-26 

and Table 6-7). To make this comparison the natural logarithm of element measurements 

from Ontiveros Adobe, Wilder Ranch – Rancho Refugio, and other site assemblages are 

graphed against each other, with the logged average of measures from Ontiveros used as a 

comparative baseline.  

The Bone Pit cattle overlap only with the smallest of the Ontiveros animals (Figure 6-

25). Measurements from the Wilder Ranch – Rancho Refugio cattle are statistically 

associated with the Ontiveros cattle when compared with a Chi-Square test for association 

(Table 6-7, first column, bold typeface indicates H0 accepted). The difference between the 



192 

 

Wilder cattle and the larger Ontiveros cattle could simply reflect the absence of large adult 

male cattle in the Bone Pit assemblage (see preceding two sections).   

 

 

Figure 6-25: Wilder–Refugio and Ontiveros Adobe Cattle Measurements 

 

 

Interestingly, the Wilder cattle are not particularly similar to cattle from either Presidio 

San Francisco or Rancho Antonio located nearby (Figure 6-26, shown as independent 

points). In addition, none of these Alta Californian assemblages closely resembles East Coast 

or Caribbean Spanish Colonial cattle populations (Figure 6-26, shown as dashed lines). There 

are not enough measurements from Presidio San Francisco or Rancho Antonio for statistical 

analysis (Smith-Lintner 2007:386). Most of the comparative measurements available are for 

the eastern Spanish Colonial populations (Reitz and Ruff 1994:703–705). Both visual (Figure 

6-26) and statistical (Table 6-7) comparisons indicate limited similarity between the eastern 

and western cattle populations. Metacarpal, astragalus, and humerus measurements are 

statistically similar between these two regional populations (Table 6-7 χ2 test for association, 
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Spanish Florida and Puerto Real column, bold indicates association), but appear different 

when their log ratio diagrams are compared (Figure 6-26, solid versus dashed lines).   

 

 
Figure 6-26: Wilder-Refugio and Ontiveros Cattle Compared to Four Spanish Colonial Cattle Populations 

 

 

Table 6-7: Association between Ontiveros and Wilder-Refugio Cattle, and Four Other Cattle Populations 

Element Chi-Square Test of Association to Ontiveros Metrics  

 

Wilder - 
Refugio 

Spanish 
Florida Puerto Real Annapolis Charleston 

Metacarpals 1.14 1.91 6.72 968.30 7.06 

Metatarsals 0.10 11.65 244.50 1.97 1.53 

Astragalus 0.97 0.33 0.44 1.97 0.47 

Tibia 1.20 386.50 386.03 20949.83 386.61 

Humerus 0.18 0.61 0.04 3.82 0.48 

No. 
Associated  

5 3 3 2 4 

bold indicates association in the χ2 test for association 
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Figure 6-27: Western Cattle Compared to Charleston Cattle 

 

 

Interestingly, the Wilder Bone Pit and Ontiveros cattle are statistically similar to cattle 

from Charleston, South Carolina (Table 6-7). The visual comparison (Figure 6-27), though, 

shows a fair amount of variance in the log ratio, particularly for the humerus, metatarsal, and 

radius. Two possible explanations for this similarity are 1) that some of the cattle in the 

Charleston assemblages might have been left over from the Spanish Colonial era of the 

region or 2) that cattle in northern, and cooler, climes tend to be smaller as a rule (Ontiveros 

is at roughly the same latitude as Charleston), or a combination of both causes (Reitz and 

Ruff 1994:705–706). In summary, the cattle of Wilder and Ontiveros are similar, particularly 

in comparison to other populations, including cattle from other Californian and eastern 

Spanish Colonial sites. The Ontiveros cattle were likely the Criollo variety, and their 

similarity to the Wilder population suggests that the two groups are the same variety, and 

perhaps even closely related herds. 
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Butchery and Other Human-induced Damage 

This section covers the evidence for butchery practices. The objective is to establish 

more information about how these animals entered into human economic systems and 

subsistence in particular. Since most of the animals in this assemblage are cattle it is likely 

that these animals were butchered and processed in part for the hide and tallow trade, as well 

as for food and other resources. Some of the other species in the assemblage may also have 

been purchased for the same reason.  

  

  

Articulation and Body Part Representation 

 
 

Cattle is the only species in the Bone Pit from which there are enough remains to 

create skeletal representation profiles and presence-absence of specific portions. There are 

enough data from sheep only to make some comments on skeleton representation. There are 

also a large number of articulated units from cattle. The presence of cattle articulation units 

provides another means of examining butchery, animal use, and body part transport. The 

following discussion begins with articulation units and then proceeds through skeleton 

representation to portion representation. 

As shown earlier in this dissertation, there are 79 articulated units in the Bone Pit 

assemblage. All but one of these units are from cattle and at least ten cattle (MNI = 10) are 

represented.  The single non-cattle articulation group consists of two caprini lumbars, which 

are most likely from a sheep. A total of 406 cattle specimens are involved in the remaining 
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78 articulation groups, with an average of 14 specimens per unit. Consistent with the 

relatively high rate of articulation, these remains were not exposed to atmospheric 

weathering for long, due to rapid burial with sediment or subsequent refuse.    

The most common articulation unit, thoracic-thoracic, is one of the last units to 

naturally disarticulate (Hill and Behrensmeyer 1984:367–369), with a relatively high SJF’s 

(Standardized Joint Frequency) of 32.08. Figure 6-32 shows all of the articulation groups by 

Percentage of Surviving Articulations (PSA – color coded), which is a measure of how many 

articulations are present in relation to the number expected for a given number of animals, 

and the count of each type of articulation group (bubble size). After jointed thoracics, 

thoracic-rib, lumbar-lumbar and lower limb connections are the most common articulation 

units. The natural rate at which these units disarticulate varies, with limb units naturally 

disarticulating relatively early, while most vertebrae disarticulate later.  

The number of articulation units also suggests something about the butchery practices 

employed at Wilder. Disarticulating of these units was not always a priority in the butchery 

process. Many of the articulated specimens (38% of articulated units, or MNE = 120) have 

tool marks on them, which suggests that defleshing occurred without disarticulation. There 

are a similar number of articulated units at Ontiveros, indicating similar practices there.  
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Figure 6-28: Articulation Groups in PSA and Number of Articulation Group, with Percent MAU Shown 

 

 

The skeleton representation of Bone Pit cattle shows that limb bones are the most 

common in the assemblage for this species (Figure 6-28, average MAU = 17.17, color 

represents percent MAU and labels provide MAU). Hindlimb bone specimens (average 

MAU = 19) are somewhat more common than specimens from the forelimb (average MAU 

= 15.33). The sacrum and innominate are also common in the assemblage, and a large 

number of fractured portions (Figure 6-29), that were intensely butchered (Figure 6-31 and 

Butchery Mark section) come from this body region. This suggests that the pelvic region and 

hind limbs (collectively the “hind quarter”) were thoroughly butchered, but not removed 

from the site.   
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In contrast, there are relatively few cattle cranial, cervical, lumbar, rib, carpal, and 

metacarpal specimens. The small number of carpals and metacarpals further suggests that 

some of the forelimbs, or at least the lower forelimb, were removed from the site (perhaps 

with the hides) or were never brought to it. The relative rarity of ribs (MAU = 7.69) is 

particularly interesting in relation to the number of thoracic elements (MAU = 11.85), 

especially since thoracics compose a large number of the articulation units (Figure 6-31). In 

addition, proximal rib portions are the most common portion of this element (Figure 6-29), 

and many proximal rib specimens are heavily butchered (Figure 6-31). Together, skeleton 

representation, portion representation, and butchery patterns indicate that ribs were 

commonly processed and broken below the proximal articulation, and the lower portions 

removed from the assemblage.  

 

 
Figure 6-29: MAU and Percent MAU 
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Sheep are the only other species for which there are enough specimens (NISP = 21) to 

suggest a skeletal representation profile (Table 6-8). The profile for sheep indicates that head 

and lower limb elements remained in the Bone Pit, but not much else. Caprini rib specimens 

(NISP = 15) are common, however. Ribs are also the most common element type for 

specimens identified to the Mammal – Indeterminate and Artiodactyla – Indeterminate 

categories (total NISP = 50), so it is possible that there are somewhat more ribs from sheep 

or cattle than the above estimates imply. Upper limb specimens are relatively common from 

non-sheep and non-cattle species (humerus NISP = 13, femur NISP = 9), as are mandibles 

(total NISP = 6). Coracoids are the most common type of avian element (total NISP = 8). 

There are not enough data from any of the other species to construct body part 

representation.       

 

Table 6-8: Sheep Skeleton Representation in Element Groups 

 

Examining which portions of elements are most common among the cattle remains 

provides a more nuanced way of examining how the animals were taken apart and which 

parts where discarded or lost. The anterior of the sacrum is the most abundant distinct 

portion representing cattle (NISP and MAU = 18). In relation to the anterior sacrum (Figure 

6-30), distal-middle radioulna and tibia specimens are common, as are proximal radioulna 

and calcaneus specimens. In general, long bone shaft specimens are slightly more common 

(MAU = 426.15, average MAU per element type = 8.88) than proximal or distal end portion 

Head and 
Neck 

Thoracic
-Rib 

Back, 
Innominate, 
Tail 

Upper 
Fore Limb 

Lower 
Fore Limb 

Upper Hind 
Limb 

Lower Hind 
Limb 

4 3 1 3 5 0 5 
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specimens for all limb element (MAU= 271.21, average MAU per element type = 8.52). The 

slight difference in representation between the shaft and end portion specimens likely 

reflects the style of butchery, namely that ends of limb bones near joints were chopped 

through and removed with the adjacent body part. The prevalence of proximal rib portions, 

in comparison to the rarity of specimens representing the rest of the rib, provides another 

example of specific portions of elements being removed. It appears that the middle parts of 

ribs were regularly chopped off and removed from the Bone Pit area. This also appears to be 

the case for thoracic, lumbar, innominate, radioulna, femur, and tibia specimens, in that the 

most commonly butchered portions of these element types are also not regularly represented 

in the assemblage, or next to missing portions. This is discussed further in the butchery 

section.  

 

 
Figure 6-30: Portion Representation, with NISP and Percent MAU. Portions are shown as percent MAU, with red and orange 
representing higher values 
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Butchery Marks 

 Thirty-four percent of cattle remains (NISP = 714) have tool marks on them. The 

majority of these marks are cut marks (1118 marks on 373 specimens), followed by chops 

that broke through the specimen (796 marks on 319 specimens). The vast majority of the 

tool marks are from metal tools. Only 22 marks on 12 specimens could be identified as cuts 

from stone tools. Butchery marks appear on all element types, but hindquarter and rib 

specimens were more intensely processed. Figure 6-31 presents the results of the butchery 

analysis. The Chi2 residual method outlined in Chapter 2 is used to determine which portions 

of elements most commonly exhibit butchery marks of any kind.  

 

 
Figure 6-31: Location of Refugio Butchery Marks – Significant Chi-Square Standardized Residuals.  
Bright red portions are the most commonly butchered (residuals greater than two standard deviations), and 
dark red and orange represent the next two levels of common marks 

 

 

>2.00 
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Ribs and lumbar vertebrae are the most consistently marked elements (three standard 

deviations above the residual average). The majority of ribs appear to have been sectioned 

into “rack of ribs” portions, with hacks, chops, and cuts at their proximal ends. These rib 

portions appear to be the most systematically reduced meat portion in the assemblage. 

Lumbar vertebrae are typically hacked through, with transverse processes regularly removed. 

This damage is likely associated with the extraction of “loin” meat parts. Innominates, the 

upper shafts of femurs, and the upper shafts of the tibias are the next most commonly 

marked element types (0.5 to 2.00 SD above the residual average). Innominates are 

commonly chopped or hacked through near their anterior ends, perhaps as part of extracting 

the same meat that resulted in marks on lumbars. The proximal shafts of tibias are also 

commonly hacked through, perhaps to get a marrow or to separate the bottom portion of 

the leg. The proximal shafts of femurs regularly show cut marks, which appear on almost all 

surfaces. This damage likely reflects defleshing and the removal of muscles around the hip 

joint. Note that there are no articulated innominate-femur units in the assemblage, even 

though other hind-limb joints are commonly articulated. There often are cut marks on the 

femoral head, and the acetabulum region of the innominate is commonly tool marked.  

The forelimb elements also often have butchery marks on them, but not as commonly 

as hind limb, pelvic, lower back, or rib elements. Cut marks regularly appear on humeri and 

scapulae, on all portions and surfaces below the proximal ends. The proximal shafts of 

radioulnas are regularly cut or hacked through and cut marks occur on the semi-lunar 

notches of radioulnas. These marks seem to be related to disarticulation, though there are 

some radioulna-humerus joints that remained in articulation. In general, then, it appears that 

the upper hind limb, pelvic area, lower back, and ribs display a consistent pattern of 

butchery, while the forequarter was butchered is a less consistent way. The relative 
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consistency of the some of the preceding buttery patterns suggests that these marks reflect a 

preference on the part of the butchers for food or resources from the above regions of cattle 

carcasses. In addition to these possible preferences, the hacked-through tibia and radioulna 

specimens suggest that lower limbs were removed just below the knee and elbow, 

respectively, with chopping actions. Finally, there are also skinning cut marks on the shafts 

of metapodials, tarsals and carpals, though they are not consistently located. These tool 

marks may reflect the removal of the limb at or below the wrist or ankle.  

The exact amount of meat these cuts produced is difficult to reconstruct because of 

the variability in individual animals size, but based on the calculated weights of several 

individual animals, the amount of meat, calories, protein, and fat produced can be estimated 

from their average percent makeup of modern carcasses (Patterson, et al. 2011). Using 

Scott’s (1990) calculations for estimating body weight from the distal end of the humerus, 

weight (in pounds) is estimated for at least nine animals (Table 6-9). The cattle weight 

estimates range from 725 pounds to 1543 pounds. After modern carcasses are trimmed, they 

typically weigh 61% of the original body mass (Noddle 1973), which means trimmed 

carcasses might weigh between 443 pounds and 941 pounds.  

From these estimates it is possible to estimate the weight of particular cuts, such as 

forequarter, hindquarter, ribs, loin, round (upper hind limb), and chuck (shoulder and upper 

forelimb)  (Patterson et al. 2011). These weights are modern estimates from the USDA’s 

Institutional Meat Purchase Specifications (IMPS, Table 6-10), but these weights provide a 

means of estimating the total meat weight, the weight of some of the most likely “cuts”, and 

ranges of calories produced by the butchery pattern outlined above. The weight of animals in 
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this assemblage span the entire range of these standardized estimates, so all categories are 

shown.  

 

Table 6-9: Estimated Live and Carcass Weights for Thirteen Cattle 

Catalog & Sub-
number 

H4(BT) 
in CM 

H4 
weight 
in lb. 

H5(Bd) 
in CM 

H5 
weight 
in lb. 

Average 
in lb. 

Trimmed 
Weight in 
lb. (61%) 

P1681-305.1-01- 0008 8.00 1132.20 8.40 1108.66 1120.43 683.46 

P1681-305.1-01- 0009 7.45 944.16 7.69 879.30 911.73 556.15 

P730-41-102- 0031 7.36 915.35 8.68 1206.47 1060.91 647.15 

P730-41-102- 0362 6.86 763.61 7.00 687.03 725.32 442.45 

P730-41-102- 0375 7.38 921.70 7.90 943.73 932.72 568.96 

P730-41-102- 0403 7.35 912.18 7.99 972.21 942.19 574.74 

P730-41-102- 0420 7.49 957.14 7.91 946.87 952.00 580.72 

P730-41-102- 0964 7.21 868.53 8.10 1007.73 938.13 572.26 

P730-41-102- 1826 7.00 805.47   805.47 491.34 

P730-41-103- 1865 7.57 983.42 8.29 1070.96 1027.19 626.59 

P730-41-104- 0107 8.16 1190.84 8.44 1122.57 1156.70 705.59 

P730-41-105- 1006 6.94 787.98 7.73 891.35 839.67 512.20 

P730-41-106- 1864 9.38 1698.85 9.15 1387.65 1543.25 941.38 

Sum     12,955 7902.98 
 

Table 6-10: Derived Meat Weight of Carcass and Cuts, plus Calories 

Weight Ranges, in Pounds (from IMPS) 

 A B C D 

NISP 7 3 2 1 

Trimmed Carcass 475 – 575 575 – 675 675 – 775 775 – and up 

Forequarter 131 – 157 157 – 183 183 – 210 210 – and up 

Hindquarter 119 – 143 143 – 167 167 – 190 190 – and up 

Ribs 24 – 28 28 – 33 33 – 38 38 – and up 

Loin 30 – 37 37 – 45 45 – 52 52 – and up 
Chuck (shoulder) 66 – 79 79 – 93 93 – 106 106 – and up 

Round 59 – 71 71 – 83 83 – 95 95 – and up 
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Table 6-11: Estimate of Nutrients from IMPs Cuts 

 

USDA Calorie (Kcal) Estimates for Forequarter plus Hindquarter 

Calories (Kcal) 
206,409 – 
247,676 

247,676 – 
288,943 

288,943 – 
330,284 

330,284– and 
up 

 
 

Estimated Total Calories From 13  Specimens Weight is Estimated From 

 NISP = 7 NISP = 2 NISP = 3 NISP = 1 

Calories (Kcal) 1,444,863 – 
1,733,732 

743,028 – 
866,829 

577,886– 
660,568 

330,284 or more 

 Total possible for  13 Specimens:  
3,096,061 – 9,531,413 

 

Estimated Total Calories for 30 Cattle 

Calories (Kcal) 6,192,207 – 
7,430,280 

7,430,280 – 
8,668,290 

8,668,290 – 
9,908,520 

9,908,520 and 
up 

 Total possible for  13 Specimens:  
6,192,207 – 9,908,520 or more 

 

 

 

The estimated meat weights (Tables 6-9 and 6-10) and calories (Table 6-11) for the 13 

cattle for which weight estimates are available are substantial in and of themselves. Even the 

low end of the estimated calories could support 20 people eating 2,000 calories of meat a day 

for nearly a quarter of a year (3,096,061/(20 X 2,000) = 77 days). The low end of calories 

estimated for meat from 30 cattle could feed the same number of people for close to half a 

year (6,192,207/(20 X 2,000) = 155 days). In other words, the amount of meat produced 

from these cattle likely exceeded the dietary needs of those living and working at Rancho 

Refugio during the mid-nineteenth century. It is therefore plausible that many of these 

animals were slaughtered for other purposes, such as the hide and tallow trade. The butchery 
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patterns nonetheless were oriented to producing edible, even very desirable, meat portions 

(e.g., rib slabs), and so we can conclude that much of stock keeping was for meat. It is also 

possible that meat was distributed to other members of the local community through 

markets or in the form of feasts. Large social events, called Fandangos in Alta California, 

were common in the area (Reader 1997), and these events often included bountiful feasts.   

Unfortunately, there are not enough butchered specimens from most other species to 

apply the above butchery analysis methods. So the species, elements butchered, and count of 

butchery marks by type are presented in Table 6-12. Sheep and caprine are the only other 

kind of animal for which there are enough marks to indicate any form of butchery pattern. 

Similar to cattle, Caprini ribs are the most commonly butchered specimens. Otherwise, 

marks on sheep and caprine appear to be scattered across limb elements, with no obvious 

pattern. This perception may simply be the result of small sample size. Sandhill crane is the 

next most commonly butchered species (MNI = 1), which is interesting because the species 

is no longer found along the coast of California, including Wilder Ranch, and would have 

been a wintertime migrant to the area. In addition, two of the other butchered Aves species 

are waterfowl, which suggests a preference for waterfowl, along with chicken (Gallus gallus) 

and turkey (Meleagris gallopavo). It is unknown if the turkey, duck, or possibly even the geese 

are domesticated variants, so the chicken is the only decidedly domesticated bird in the 

assemblage.  
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Table 6-12: Butchery Marks on Non-Cattle Species 

Element and 
Total NISP (N) Cut Chop Other  Notes 

Aves 

Anas sp. 
Radius (1) 1    

Branta canadensis 
Coracoid (1) 1    
Scapula (1) 1    

 
 

Grus canadensis 
Cranium (1) 1    
Coracoid (1)  1   
Humerus (1) 1    
Tarsometatarsus 
(1) 

2    

Meleagris gallopavo 
Femur (1) 2    
     

Gallus gallus 
Coracoid (1) 1    
Humerus (1)  1   

Mammalia 

Canis latrans/Canis familiaris 
Metacarpal 5 (1) 1    

Equus caballus 
 

Rib (1) 1  3 “Other” represents saw marks 

Odocoileus hemionus 
Humerus (1)  1   
Innominate (1) 1    

Ovis aries 
Mandible (1)  2   
Thoracic (1) 1    
Rib (1) 1 1   
Innominate (1) 1  3  
Humerus (2) 1 3   

Astragalus (1) 2    
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Element and 
Total NISP (N) Cut Chop Other  Notes 

 
Caprini 

Thoracic (1)  1  

These Caprini specimens are 
likely from Ovis aries, but there 
are some Capra hircus specimens 
in the assemblage, so this is not 
certain 

Rib (6) 6 1  
Lumbar (1) 1   
Scapula (1) 1 1  
Radius (1)  1  
Femur (1)  1  
Tibia (2) 1 1  
Metatarsal 3-4 (1) 1   

Zalophus californianus 
Humerus (2) 2    

Sylvilagus sp. 
Lumbar (1) 1    
 

 

 

The only other clearly domesticated mammal in the assemblage is one horse (Equus 

caballus). A rib from this horse is butchered but is sawn instead of chopped, which is 

different from the majority of butchered specimens in the Bone Pit assemblage. This could 

mean that the horse was butchered later because saws as butchery tools were not common in 

California until the American Period (Gust 1983), or that these uncommon marks represent 

some other intended use of this specimen beside consumption, such as sawing the rib to 

make a tool. The horse may have been butchered for consumption, but both the uniqueness 

of the butchery mark type and that only a few specimen represents the horse makes it 

difficult to determine the purpose of this cut. Of the remaining mammal taxa, both the sea 

lion (Zalophus californianus) and the mule deer (Odocoileus hemionus) are wild species. The Canis 

specimen is either dog or coyote (Canis latrans/Canis familiaris). Apart from the fact that they 

display some tool marks, and thus probably were eaten, not much more can be said about 
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the methods of butchery. The Rancho Refugio inhabitants made use of a wide range of wild 

species.  

Undiagnostic bones also display tools marks. Seven ribs, two scapulae, one 

innominate, and 14 long bone fragments from the class mammal display 32 cuts or chops. 

Similarly, 22 ribs, six scapulae, four thoracics, seven long bones from the order Artiodactyla 

display 52 cuts or chops. Many of these specimens are possibly from cattle but are too 

fragmented to be sure. Nonetheless, there seems to be a similar focus on butchering ribs. It 

is possible that these remains are the byproduct of breaking bones down for bone grease 

rendering, but the ratio of minimally identifiable Artiodactyla and mammal specimens to 

identified specimens is smaller than at sites in which such a butchery process was clearly 

happening (see for example Pavao-Zuckerman 2011:7–8). In the Wilder Ranch Bone Pit 

assemblage, the number of “Artiodactyla” plus “mammal” remains are 1,151, just over half 

the number of cattle remains (NISP = 2051). While this is a significant fraction of the total 

remains, it is far fewer than the percentages seen at the Pimería Alta missions analyzed by 

Barnet Pavao-Zuckerman (often 90% or higher). Furthermore, burned remains are very rare 

in the Bone Pit assemblage, with a total NISP of 137 (4 % of total NISP) for all taxa. Burned 

remains are common at Pimería Alta mission sites, and appear to be the result of an 

intensive process of extracting tallow and bone grease from every bone fragment. Fire was 

also used to dispose of carcasses at some Alta California sites (Gust 1982; Smith-Lintner 

2007). Neither intensive extraction from, nor fire based disposal of, animal remains seems to 

have occurred at Wilder Ranch – Rancho Refugio.   

It seems likely that the cattle, and perhaps other species, in the Bone Pit assemblage 

were slaughtered mostly, or even primarily, for raw materials rather than food. The large 



210 

 

number of cattle seemingly exceeds the subsistence needs of Rancho Refugio’s inhabitants, 

and perhaps even the needs of extended family and friend networks. Nonetheless, these 

cattle remains were not processed as intensely for secondary products as at other Spanish 

Colonial and Mexican Period sites, and the butchery patterns do suggest that some of these 

cattle, or at least portions thereof, were eaten. This is the same conclusion reached in the 

author’s MA thesis (Curry 2012), namely that Hide and Tallow Trade production and 

subsistence butchery are not mutually exclusive practices, especially for small land grantees 

like the Bolcoff-Castro family, even if the trade is the driving motivation for slaughtering 

many large animals.  

 

 

 

Diet and Botanical Remains from Livestock Tooth Calculus 

Plant, fungal, and algae remains embedded in the tooth calculus of cattle and sheep are 

used to examine the diet of both of these species. Calculus is dental plaque mineralized by 

calcium phosphate in saliva (Hillson 2005:288). Phytoliths, pollen, fungal spores, diatoms, 

and other materials can become embedded in calculus over the course of an animal’s lifetime 

(Hillson 2005:290). Phytoliths, fungal spores, starch grains, and diatoms, referred to 

collectively as micro-remains below, are present in the calculus on the mandibular teeth of 

five cattle and one sheep from the Bone Pit. Chad Yost of Paleoscapes Archaeobotanical 

Services Team (PAST) conducted the calculus study in 2015, and Yost’s full report is 

presented in Appendix 1. This section summarizes the results of that report. All values 

below are raw counts of the micro-remains recovered, presented separately for each 

mandible. 
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 Phytoliths are common in the calculus of all six mandibles. Diatoms are also found in 

all calculus samples. Starch grains, fungal spores, sponge spicules occur in several but not all 

samples. The amount of calculus, and the number of micro-remains embedded within it, 

varies considerably among the mandible remains and tends to be greatest in the teeth of 

older animals that formed more calculus over the lifespan. The association to advanced age 

is not entirely consistent and the amount of calculus can also be influenced by various 

dietary and health factors (Hillson 2005:290).  

 

 
Figure 6-32: Total of Plant, Fungal, Algae, and Sponge Remains on Six Mandibles 

 

 

Phytoliths are biogenic silica in-fillings and casts of plant cells that form in most parts 

of plants. Different plants, and different tissues within a plant, form distinctly shaped 

phytoliths that can be identified to family, subfamily, and sometimes lower taxonomic levels 

(Piperno 2006; Yost 2015). The most common type of phytoliths in the study sample are 

from the grass subfamily Pooideae (N = 9 to 32) and originate from the epidermis of grasses 

or sedges (N = 4 to 17) (Figure 6-33). Pooideae is a large subfamily of native and introduced 
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grasses. Pooidea are all carbon 3 pathway (C3) grasses, which cattle and other livestock 

generally prefer (Waller and Lewis 1979:23–24, 27). Both the Pooideae and epidermis 

phytoliths provide little information other than that these cattle and sheep were eating 

mostly grasses. All samples also contained bilobate phytoliths that potentially come from 

California oatgrass (Danthonia californica) and/or purple needlegrass (Nassella pulchra), both of 

which are native perennial bunchgrasses of the Poaceae family (USDA NRCS 2017) (Figure 

6-33, black bar on top). The bilobate phytoliths could, however, be from domestic crops 

such as corn or millet. All mandibles contain corn (Zea mays) phytoliths, though only one 

cattle mandible (0333) has a significant number of phytoliths and corn starch grains. One 

other observation in favor of the bilobate phytoliths representing native bunch grasses is that 

the percentage exceeds the ten percent standard set by Evett and Bartolome (2013) as 

diagnostic of native perennial bunchgrass grasslands. The number of Pooideae phytoliths 

clearly indicates grazing in grasslands.  

 

 
Figure 6-33: Phytoliths by Mandible and Age Group 
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Starch grains are crystalline and non-crystalline structures composed of amylose and 

amylopectin that store energy for plants (Yost 2015). Only a few starch grains are contained 

within the calculus on the Bone Pit mandibles (Figure 6-34, total grains = 18). Four 

mandibles produced two Poaceae starch grains each.  Three mandibles contain wheat or 

barely starch grains, and one mandible (0333) holds a grain of Avena sp. starch. Avena sp. are 

Eurasian and African oat grasses. The same mandible, from an older adult cattle, also 

contains two grains of corn starch and this is the same mandible that contains corn 

phytoliths. The single sheep mandible also has corn and wheat/barley starch grains.  The 

diet of the older cattle and the sheep included corn, which apparently distinguishes them 

from the other animals in this study. It is possible that these two animals were individually 

fed corn, or grazed in different locations than the other animals. 

 

 
Figure 6-34: Starch Grains by Mandible and Age Group 
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The term fungal spores refers to microscopic sex structures of fungi, more properly 

called ascospores. These spores can survive for long periods in the environment, and they 

can be used to identify the fungi from which they originate to various taxonomic levels (Yost 

2015).  One hundred and thirty-eight spores come from five of the mandibles (Table 6-13), 

with the vast majority (67 percent) coming from the mandible of the one older adult cattle 

(specimen 0333). All fungal spores appear to be from a coprophilous (dung-inhabiting) 

species (perhaps Sporormiella sp.), suggesting that the some of the livestock grazed within a 

manure rich areas – perhaps a pen or other enclosure. This scenario seems particularly likely 

for the older individual (specimen 0333) with an elevated spore count, which also had a 

somewhat distinctive diet that included corn and Old-World oat grasses (Avena sp.). This 

situation may also apply to the sheep mandible due to it’s higher than normal spore count 

and the presence of corn starch grains in its calculus.     

 

Table 6-13: Fungal Spores by Mandible and Age Group 

Species Bos taurus Ovis aries 

Age Group 
Old Juvenile – Young 

Adult 
Young 
Adult 

Adult Adult 
(Older) 

cf Old Adult 

Sub-Cat. No. 0323 0328 0324 0325 0333 0329 

Count 0 18 4 1 93 22 
 

 

Diatoms, sponges, and chrysophyte cysts can all indicate the water sources available to 

the animals. Diatoms are single-celled algae that form biogenic silica cell walls, and 

chrysophyte cysts are silica structures produced by chrysophyte algae. Sponges are animals 

with biogenic silica structures (spicules) for body support (Yost 2015). Aulacosira sp. diatoms, 

which are the most common waterborne algae or sponge organisms in the study (Figure 6-
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35, N = 40), are generally found only in lakes and large rivers. The other waterborne algae 

(other diatom type and cysts) and sponge varieties all occur in ponds, lakes, and streams – 

any freshwater source. Antonelli Pond and Younger Lagoon are both located about one and 

a quarter mile east of the ranchstead, historically on the border of Rancho Refugio. Six 

additional small unnamed ponds, or small lakes, are located within the historical rancho 

boundaries. Potentially the four mandibles with higher Aulacosira sp. counts represent 

animals (cattle MNI = 2, sheep MNI = 1) that were allowed to roam freely, while the other 

two mandibles (cattle MNI = 2) are from animals whose movement was more constrained. 

In the case of the older adult cattle, the lack of Aulacosira sp. diatoms provides more 

evidence that this individual was likely penned and provisioned differently than the other 

animals. 

 

 
Figure 6-35: Diatoms and Sponge Spicules by Mandible and Age Group 
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 In summary, plant remains and micro-fauna remains from livestock calculus indicate 

some ecological change at Wilder Ranch – Rancho Refugio, but also that native plants, 

particularly California oatgrass and/or purple needlegrass, remained common on the 

landscape. The clearest signs of ecological change are plant remains from domesticated 

crops, namely corn and wheat-barely, similar to what is seen in the botanical column sample 

from the Feature 1 – the Bone Pit, and at the nearby Mission Santa Cruz and Villa de 

Branciforte (see Chapter 4, archaeobotanical data section). The older individual cattle 

specimen 0333 from which these Old-World domesticated crop and non-native plant 

remains come appears to have been penned, likely near the ranchstead, or was allowed to 

graze on harvested farmlands. This may also be the case for the sheep specimen, which also 

contained more than a normal number of fungal spore and plant remains from domesticated 

crops, but the evidence for this is more tentative. The tooth calculus data from the 

remaining cattle (minus specimen 0333) indicate that these animals were allowed to roam 

relatively freely on the landscape. These cattle grazed in grasslands that may have included 

non-native grasses, but these animals also regularly grazed on native bunchgrass species. It, 

therefore, seems likely that significant portions of Wilder Ranch’s grasslands retained native 

grasses, and other native plants, into the mid-nineteenth century, despite (potentially heavy) 

grazing by cattle and other livestock.      
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Chapter 7 GIS and ABM Models 

This chapter presents the GIS and ABM models designed to address the possible 

intensity and extent of cattle impacts to coastal California’s environment. The GIS model of 

cattle grazing preferences is an attempt to predict where on the Wilder Ranch landscape 

cattle would most likely go, and thus where any potential ecological impacts from cattle 

grazing should be most noticeable. The Agent Based Model, Cattle in the Garden (CiG), is a 

more general model in that it examines the interactions of three generalized “agents”, 

“cattle”, “introduced grasses” and “native grasses” over extended periods of time, but 

without reference to the specifics of the Wilder Ranch landscape. CiG and the GIS cattle 

preference models are both attempts to understand the changing ecological conditions at 

Wilder Ranch during the historical period using general landscape, climate, plant, and animal 

characteristics.   

 

GIS Model of Cattle Land Preferences 

The cattle land preference map (Figure 7-2) is produced through a series of steps that 

create maps of three landscape features, slope, access to water, and soils suitable for good 

graze, that commonly influence which lands cattle graze on. The first step is assigning 

preference codes to the hill slopes. The slope is calculated from a digital elevation map 

(DEM) of Wilder Ranch, and then the slopes are classified by cattle preferences. Cattle 

prefer to graze and move across lands with a slope no more than about 15 percent (Stewart 

et al. 2002; Brock and Owensby 2000; Harris 2001; Cook 1966). Cattle also generally stay 

within about 450 meters of water. These values are generalizations about how cattle move 
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across a landscape. Cattle will move across significantly steeper slopes, particularly if “cattle 

trails” are available, and if there is food or water at the top or bottom of a steep slope (Brock 

and Owensby 2000). Similarly, cattle will remain tethered to seasonal water sources, at 

distances up to about a kilometer. The slope values, code, and percent slope, are listed in 

Table 7–1.  

 

Table 7-1: Cattle Slope Preferences 

Classification 
Code Percent Slope Note 

0 0 – 12.30% Easy grazing and movement, but not always 
used (Steward et al. 2002) 

1 12.30 – 14.22% Preferred slope to graze on (Steward et al. 2002) 

2 14.22 – 28.30% Regularly used, but not preferred (Cook 1966) 

3 28.30% - 38.40% Maximum slope used (Cook 1966) 

4 38.40% - 55%  Will use if trails available (Brock and Owensby 
2000) 

5 55% and above Not willing to use, all sources.  
 

 

After reclassifying slopes and creating buffer zones around water sources, a map of 

soils that are suitable for supporting good grazing lands are is added to the GIS model 

(Brock and Owensby 2000). Soils reported as supporting  “fair” or “good” rangelands in the 

USDA soil database (USDA 2010) are considered as capable of supporting healthy 

grasslands with other desirable plants, such as fobs. The vector layers of preferred slope 

values (up to 38.4% slope) and suitable rangeland soils (USDA 2010) are then combined 

with QGIS’s intersection tool to create a map of suitable soils on preferred cattle slopes. 
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This combined layer is then reshaped with QGIS’s clipping tool to fit the layer of buffer 

zones based on the average distance cattle will travel away from perennial water sources and 

seasonal water sources. 

Figure 7-2 displays the preferred cattle graze lands near perennial water sources in 

shades of red, orange, and yellow, and preferred cattle graze lands near seasonal water 

sources in shades of white, grey, and black. In Rancho Refugio, there are 5772 acres of land 

that are preferable to cattle for grazing. Figure 7-1 shows that more than 2400 acres of 

Rancho Refugio is on 0 to 12.30 percent slopes with “fair” or “good” rangeland soils. Very 

few acres of suitable soils are on slopes of 12.30 – 14.22 percent, which is hypothetically the 

ideal slope for cattle (Steward et al. 2002), and 1300 acres of “good” rangeland soils are on 

14.22 – 28.3 percent slopes, which is a slope percentage that cattle will utilize but do not 

prefer. From this analysis, it is clear that Rancho Refugio contains a large number of acres of 

lands that cattle prefer to graze on. This is likely part of why these lands were selected for 

cattle ranching in the first place. The more preferable lands are also where the greatest 

impacts to the ecosystems of Wilder Ranch might be expected. 

 

 
Figure 7-1: Fair and Good Rangeland, Divided by Percent Slope Categories 
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Figure 7-2: Cattle Land Preference 
Map Complied by Ben Curry 2017, Map Sources: 1, 5, 6, & 7. Red represents the most preferred lands near 
perennial water, and white represents the most prefered lands near seasonal water. 

 

 

Figure 7-2 indicates that the most preferable grazing lands (shown in red-orange) are 

on the tops of the coastal terraces, alongside the perennial streams, and along the lowest 

coastal terrace. There is actually very little relation between preferred cattle grazing lands and 

the current distribution of mixed native and introduced grasslands (Figure 7-2, green 

highlight and labeled CAG – Mixed Grasses). Only 848 acres of Wilder Ranch are both 

modeled as preferred cattle grazing lands and covered today with grasslands composed of a 

mixture of native and introduced grasses (Figures 7-3). The vast majority of these lands 

contain only “fair” rangeland soils (647 acres, or 34 percent of current CAG - mixed 

grasslands). Despite that, these lands are near perennial water sources and cattle could be 
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expected to go to them year-round, particularly during dry seasons and years, and perhaps 

even during drought years.   

 

 
Figure 7-3: Fair and Good Rangeland, Divided by Percent Slope Categories. In CAG Grasslands 

 

 

 Outside of the lands preferred by cattle, there are 1728 acres of land within CAG – 

Mixed Grasses areas that are near seasonal water sources. The additional preferred lands 

near seasonal water sources within CAG areas are shown as light-bright-green in Figure 7-4. 

There are also preferred cattle lands near seasonal water sources outside of CAG areas that 

are agricultural lands today (shown as white areas in Figure 7-4). These areas of Wilder 

Ranch were also likely heavily grazed, but there is no way to compare to the modern 

distribution of mixed grasslands. Finally, if the acreage of all cattle preferred lands near 

perennial and seasonal water sources are combined, these lands account for fully 93 percent 

of CAG – mixed grasslands.  
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Figure 7-4: Cattle Land Preference in CAG Grasslands 
Map Complied by Ben Curry 2017, Map Sources: 1, 5, 6, 7, & 8 

 

 
Figure 7-5Fair and Good Rangeland, Divided by Percent Slope Categories, and with Access to Seasonal Water Sources. In 
CAG Grasslands 
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As noted above, there is not a perfect relationship between CAG-Mixed Grasslands and 

preferred cattle lands, but 93 percent of CAG grasslands are at least “fair” quality rangelands 

and suitable for grazing during at least part of the year (i.e. when seasonal creeks are 

flowing). The relationship between cattle preferred lands and CAG lands suggests that these 

currently mixed grasslands were regularly grazed by cattle over the last nearly two centuries 

and that the mixture of grasses might be a product of this grazing. One way to assess the 

validity of this model would be to compare the ratio of introduced and native grasses in 

CAG-Mixed Grasslands to the modeled patterns of cattle grazing. If CAG areas that cattle 

are modeled to highly prefer (e.g. good soil, on a good slope, and near perennial water) 

contain a higher percentage of introduced grasses than other CAG grasslands, or at least 

greater than the fifty-fifty split estimated by the IMAP (2002) surveyors, this could be a clear 

indication that long-term cattle grazing did spread introduced grasses during the last two 

centuries. Nonetheless, modeling cattle grazing preferences at Wilder Ranch provides a 

starting point for understating the role of ranching in the ecological changes seen at Wilder 

Ranch, and perhaps elsewhere.     

 

Cattle in the Garden Agent Based Model Results 

The ABM, titled Cattle in the Garden (CiG), is a relatively simple model of competition 

between plant types, particularly introduced and native grasses, as altered by drought-

precipitation cycles, the use of fire, and grazing cattle.  The construction of CiG is discussed 

in the methods Computer Modeling Methods section of Chapter 2, so this introduction only 

outlines how and why the variables of this model were set. CiG is used to explore how plant 

competition, as affected by grazing, fire, and drought occurs over a hundred-year period. 
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CiG, like other ABM models, counts time with “ticks”, which is a term for each step of the 

model, and the timeframe in which agents carry out their actions. In CiG, each tick 

represents a “month”, and twelve ticks represent a “year”. Annual cycles, such as “seasons” 

or plant and animal reproduction, occur on specific tick counts within the “year”; for 

example, a grass agent may hatch a new grass agent on the fourth tick of every year. Based 

on this system of ticks the model is designed to run for a hundred “years” to predict long-

term changes in Wilder Ranch’s grasslands, and coastal California grasslands in general.   

 CiG contains three active “agents” cattle, introduced grasses, and native grasses, along 

with two “global” factors: drought and fire. The three agent types all have multiple 

independent agents that follow the same rules, but which are located in different places 

across the virtual space of the model, move and/or progress through a life cycle at their own 

pace, are created and die at different (though globally set) times, and are individually affected 

by the global variables and each other. The global factors of drought and fire affect all grass 

agents. The following subsections detail the results of CiG running with various agents 

present, or absent, and the two global factors turned on or off.  

 

Just Grasses 

The first two charts show the results of the model run with only the two types of 

grasses competing against each other. The settings used for the grasses in these trials (100 

runs of the same model) are used in all of the models that follow. The two grass agents have 

three set differences. Native grasses are more resistant to drought, but are more sensitive to 

“crowding”, or the number of plants on a single patch, than are introduced grasses.  

Drought reduces the lifespan of both grass types, but California native grasses are more 
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drought resistant, according to the USDA PLANTS Database (USDA NRCS 2017 

[PLANTS]) than many kinds of grasses introduced to the region. So native grasses are 

programmed to be less affected by drought. Introduced grasses, on the other hand, have a 

short lifespan, because most are annuals (PLANTS), but produce more offspring and are less 

sensitive to crowding. Introduced grasses start every CiG run in the lower left-hand, or 

southwestern (SW), corner of the virtual model space, which reflects the assumption that 

these grasses would have started to spread from colonial settlements or use areas. The 

variables used in these two trials and in all following models are abstractions of how long the 

two kinds of grasses live, how quickly each colonizes the landscape, or spreads, and the 

season in which each produces new plants. All of these variables rely on the counting the 

number of ticks. 

In all trials, introduced grasses produce three times as many new plants as native 

grasses (n-new = 1, i-new = 3), and cast, or spread, these new plants half again further than 

native grasses do (n-cast = 2, i-cast = 3). Native grasses, on the other hand, live six times as 

long (ndseed-lim = 48, idseed-lim = 8) and produce new plants three “months” (three ticks) 

earlier in the annual cycle of than the introduced grasses do. The model characteristics for 

native grasses are based on the native perennial bunchgrass species “purple needle-grass”, 

which lives at least two to five years (every twelve ticks is a “year”), and produce new plants 

in the spring. The introduced grasses are modeled as a generic annual grass from the 

PLANTS database, and thus live only one year, colonize comparatively quickly, produce a 

larger number of seeds, and bloom during the mid- to late-summer.  
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Figure 7-6: Even Grasses, No Other Factors, and Main Settings 

 

 

Figure 7-6 shows the “land coverage” of native grasses (black line) and introduced 

grasses (grey line) as a percent of the total “patches” in the model. The percentage of land 

coverage for each grass can go above 100% in all runs, and graphs, of the model because 

multiple plants can occupy a single patch, with up to 3 native grasses or 4 introduced grasses 

being able to occupy a single patch. The total number of “ticks” is 1200, as they are in all 

models below. This is meant to represent 100 years.  

In this set of trials (100 runs, averaged) both types of grass agents start with 200 

individuals each. The “spikes” along the trend line represent the periods in which older 

grasses and newly “hatched”, or recently sprouted, grasses coexist in the virtual space. The 

solid lines represent the count of each type of grass during the rest of the year, though it is 

worth considering that during certain times of any given year one grass type or the other may 

appear more prevalent than it actually is because both older dying plants and newer young 

plants are both present.  
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In this trial of CiG (Figure 7-6), the number of introduced grasses rapidly increases for 

approximately the first twelve “years” (approximately 144 ticks), but then native grasses 

catch up and exceed the number of introduced grasses for the duration of the model. The 

number of native grasses, however, starts to decrease about halfway through the run of the 

model (approximately 55 model years, or about 670 ticks). The land cover of native grasses 

never falls below that of introduced grasses, but the trend line suggests that they may do so 

within another few hundred ticks. This may indicate that after 100 plus years the number of 

native grasses may fall below the number of introduced grasses, but also that it would take at 

least that long for their number to decrease.  

 A similar pattern of native grasses dominating the landscape and then slowly declining 

to meet the number of introduced grasses appears in most of the model trials presented 

below, though this pattern appears different depending on the addition of cattle agents or 

the two global variables. This suggests that native grasses can out-compete introduced 

grasses for an extended period of time, an observation that is consistent with the results 

from experimental ecological studies on the competition between native and introduced 

grasses (Cobin and D’Antonio 2004). The competitive advantage of native grasses is likely 

due to the longer lifespans of bunch grasses, and that these grasses are generally resistant to 

drought and animal predation. That said, the arch shown in this trial of CiG suggests that 

native grasses might, over time, reach their carrying capacity, begin competing with each 

other, and subsequently become vulnerable to competition from other plants or disturbances 

from animal predation, drought, or fire. This process may be because native bunch grasses 

are particularly sensitive to “crowding” (see native grass characteristics in USDA NRCS 

2017).      
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When CiG starts with native grasses outnumbering introduced grasses by a hundred to 

one (2000 to 20) a distinct, but not entirely different, pattern appears (Figure 7-7). The 

number of native grasses (black line) increases rapidly, but peaks much earlier in the model’s 

run, at around 220 ticks, or about 18 model years. The percent of land cover by native 

grasses is higher in this trial (above 120 percent, versus slightly below 120 percent), but the 

basic relationship remains the same; introduced grasses cover about one half the space that 

native grasses do, and the downward trend line of native grasses suggest that within a few 

hundred ticks (20 to 40 model years) the two grass types might cover the landscape equally. 

The ratios of grass agents in these first two models (1:1 and 100:1) are used in all of the 

following trials, and the patterns shown in Figures 7-6 and 7-7 represent baselines for the 

other trials. 

 

 
Figure 7-7: Grasses Only, Native Grasses Start at 100 times Introduced Grasses 
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Model Trials with Various Agents and Factors Added 

The next three models start with even numbers of grasses and examine the effects of 

fire (Figure 7-8), drought (Figure 7-9), and cattle (Figure 7-10, with cattle starting in the 

center of the virtual space, and with a static cattle population) independently. Neither fire 

nor cattle by themselves change the basic curve of the even-grass-only model shown in 

Figure 7-6. The baseline graphs are shown in each of the following trials in black and grey, 

while the model trial being discussed is shown in green and blue, with green for native 

grasses and blue for introduced grasses. Fire did not always have much of an effect in all 

trials, though this may reflect a poor modeling of fire as a global variable. The starting 

number and position of cattle, however, does alter the results of model trials (see below). 

Nonetheless, when the two grass agents start at even levels, and cattle population start at a 

low level and remain static, it appears that the only factor that changes the ending ratio of 

native and introduced grasses is drought (see Figure 7-9).   

When the drought-precipitation global factor is turned on (Figure 7-9) the arch for 

native grasses land cover changes significantly. The line is now irregularly shaped with many 

peaks and valleys in the “curve”. Introduced grass agents, on the other hand, continue to 

increase along a relatively linear path, with a few dips during severe drought years. The native 

grass curve ultimately still follows the baseline curve for native grasses, but now peaks 

earlier, and shows much more variability in how they decline over the duration of the trial 

has run. The drought and precipitation cycles in the CiG model are based on decadal 

averages of PDSI, and thus the high drought years shown about halfway through the model 

(the 1840s) reflects a decade of mild, but consistent drought conditions. Individual severe 

drought years, such as AD 1828, are therefore not well reflected in this model, but longer-

term drought-precipitation cycles are.  



230 

 

The same pattern is seen when the initial number of native grasses is set to 100 times 

more than the starting introduced grasses (Figures 7-11 and 7-12). When the drought 

variable is turned on the land cover of native grasses increases faster than when this factor is 

off (Figure 7-11), and then follows a similar highly variable downward line that ends below 

the baseline curve. When CiG starts with even grasses, the ending land coverage of native 

grasses is actually above the baseline line curve, but when there more starting native grasses 

(N = 2000) the ending state from these grasses is below the baseline curve. This may be 

further support for the hypothesis that native grasses end up competing with themselves.   

 

 
Figure 7-8: Even Grasses, with Twenty Years of Fire 
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Figure 7-9: Even Grasses, Drought-Precipitation Only 

 

 
Figure 7-10: Even Grasses, Cattle Only - 10 Cattle Starting, No Growth, and Stating Center of Space 

 



232 

 

 
Figure 7-11: Hundred Times More Native Grasses with Rain-Drought and Fire 

 

 

 
Figure 7-12: Hundred Times More Native and Cattle - Ten Start in the Center 

 

 

In all of the above CiG trials, cattle have little effect by themselves. When cattle are 

placed in the center, on the “northeastern” boundary of where introduced grasses start, and 
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are set to increase in number throughout the model run, there are significant differences 

from the baseline pattern for both introduced and native grasses (Figure 7-13). Cattle 

increase at a rate based on the growth rate of the Mission Santa Cruz cattle population 

(Chapter 4, livestock population section). The cattle population increasing by ten percent 

every “year” (twelve ticks) for first twenty years (240 ticks), then by ten percent every two 

years for the next 30 years (360 ticks), and then finally the population increases by ten 

percent every ten years (120 ticks) for the rest of the model. When the cattle population 

increases in this way, native grasses continue to cover more model space than introduced 

grasses, but their coverage decreases more sharply, particularly towards the end of the trial 

runs, at which point native grasses drop below 120 percent land coverage. Introduced 

grasses follow the same linear-like pattern of increase, but there is more variability in the 

number of these grasses following their annual period of “recruitment” (hatching of new 

grass agents) and die off. This variability is seen in the “saw-tooth” pattern of the trend line 

for introduced grasses (bottom of blue series shown in Figure 7-13).  

 

 
Figure 7-13: Grass with Cattle - Cattle Start in SW Corner with Introduced Grasses and Cattle Increase in Number 
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The next three charts show the results of CiG trials with all agents and global factors 

turned on (Figures 7-14 through Figure 7-16), and the number of cattle increasing over the 

run of the model. When the model starts with ten cattle, the final state of CiG resembles a 

combination of the results when either drought-precipitation cycles or cattle are run 

independently. These two factors together result in native grasses covering even less of the 

model space, around 110 percent, than in any of the previous runs, and about 20 percent less 

than when only grasses are turned on. Introduced grasses, on the other hand, now cover a 

little more than half this space (60 percent), and increase at a slightly faster rate, after about 

57 years (around 680 ticks). Despite these changes, native grasses still cover significantly 

more of the model space than introduced grasses. The trend line, however, suggests that 

within a few more hundred ticks, perhaps 20 to 40 “years”, the two kinds of grass would 

cover the model space at the same percentage level and that after that time native grasses 

may decline in number even further.   

 

 
Figure 7-14: With All Factors Turned On, with Cattle Numbers Increasing 
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The pattern of more rapidly declining native grasses and more rapidly increasing 

introduced grasses seen in the previous trial, with all agents and factors turned on, becomes 

more dramatic when the starting number of cattle is increased from 10 to 25, and then to 50 

(Figure 7-15). The previous run is shown in grey and black in Figure 7-15, while the CiG 

trials with increasing numbers of starting cattle are shown in shades of green and blue. In 

both of these trials, the final result is that native grasses cover less than 100 percent of the 

model space, but the land coverage of introduced grasses also decreases. The decline in 

native and introduced grasses become even greater than in the preceding model runs (those 

shown in Figures 7-14 and 7-15) when the number of cattle starts at 100 (Figure 7-16). The 

trend lines of both grass types display a more distinct saw-tooth pattern than in previous 

trials, and both kinds of grass have less than 60 percent land cover at the end of the model. 

It is important to note that introduced grasses do not take over in these trials that start with 

greater numbers of cattle. Both grass types are heavily impacted by the large cattle 

population, and introduced grasses cover less than ten percent of the model space and less 

space than native grasses. Native grasses, however, appear on a continuing downward trend, 

and it is possible that they would disappear completely if the model continued.  
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Figure 7-15: With All Factors Turned On, with Cattle Population Starting at 10, 25, or 50, and Population Increasing 

 

 
Figure 7-16:  With All Factors Turned On, with Cattle Population Starting at 10, or 100, and Population Increasing 

 

 

These final trials are intended to model overgrazing by a large population of cattle. It 

is apparent that “overgrazing” could drastically decrease the number of native grasses, and 

their coverage of the landscape, but overgrazing could also affect introduced grasses, 
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decreasing their numbers and land coverage, sometimes to a greater degree than for native 

grasses. This, of course, assumes that cattle are equally likely to eat either kind of grass, 

which may not be the case (Rutter 2010). Purple needlegrass does seem to be preferred by 

cattle (D’Antonio et al. 2002), but the preference for introduced grasses depends on the 

specific grass species. Many are palatable to cattle, but there are some that are not (USDA 

NRCS 2017), so this variable depends on local ecological conditions.  

Figure 7-17 presents the visual displays produced by CiG as the final state of some of 

the trials discussed. Introduced grasses are blue and native grasses are green, and the light 

brown areas represent clear “ground” with no grasses on them. The darker brown dots are 

cattle. The first image (Figure 7-17a) is of even grasses with only the drought factor running. 

The final images (Figure 7-17c and d) are of all factors running with a large number of cattle 

agents spread across the model space. The effects of overgrazing can be seen in these 

images. Large areas of the model space are clear of any grasses. This however only occurs 

with a large number of cattle, between 2,000 and 4,000 cattle agents, which cover about five 

percent to ten percent of the model space.  

In summary, the trials with only grasses indicate that native grasses can easily 

outcompete introduced grasses, but apparently decline in numbers and coverage after hitting 

their own carrying capacity. This appears to reflect a combination of native grass 

characteristics. Native grasses live longer but are also sensitive to be being crowded by other 

plants, including their own species. Native grasses are also slower to spread to, or colonize, 

new areas, and produce few sprouts (offspring) that take longer to grow to sexual maturity. 

All that said, once native grasses become established they can effectively dominate a 

landscape and end up competing mostly with themselves unless they are disturbed by 
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external factors such as a combination of cattle and drought. Once native grasses begin to 

lose ground, for whatever reason, space opens up for introduced grasses to increase in 

number and coverage. 

The trials that run single global factors or low numbers of cattle show that the 

drought-precipitation cycle is the most important factor affecting native grasses, and which, 

as a consequence of disturbing native grasses, opens up more space for introduced grasses to 

colonize. Large numbers of cattle, however, do negatively affect native grasses, but at the 

same time suppress the number and coverage of introduced grasses. For drastic overgrazing 

impacts, this model indicates that cattle would need to cover, or heavily graze, between five 

and ten percent of a given space regularly. 

 

 
a. Even grasses with only drought 
 



239 

 

 
b. Native grasses starting at 100 times introduced grasses, cattle starting at 25 
 
 

 
c. Native grasses starting at 100 times introduced grasses, cattle starting at 50 
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d. Native grasses starting at 100 times introduced grasses, cattle starting at 100 

Figure 7-17: Four Cattle in the Garden Final State Images 
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Chapter 8  Synthesis and Conclusions    

 

The central purpose of this dissertation is to answer using Wilder Ranch as case study, 

whether or not Crosby’s notion of ecological imperialism applies to Mexican Period 

California, and if so how and in what timeframe. The focus is on cattle ranching because this 

practice is one that did, and does, affect large swaths of land outside of the core colonial 

settlements. Three possible scenarios are laid out in the introductory chapter. The first is that 

biological imperialism is true and that rapid ecological change occurred in California, and in 

such a way that these changes promptly impacted Native Californians social arrangements 

and culture, and had lasting effects Native Californians and on Californian social history 

more broadly. The second scenario is that this did not occur at all, that the changes often 

noted are overstated and occurred more recently than the colonial period. The third scenario 

lies somewhere in between the first two scenarios. This scenario covers a number of 

possibilities, such as that ecological change occurred slower and/or more sporadically than is 

generally believed, that change varied by location or did not have lasting effects, or the 

reasons are more complicated than Europeans introducing aggressively invasive plant and 

animal species. The evidence on the environmental context, regional history and 

archaeology, and from the faunal analyses all point to the third “in between” scenario at 

Wilder Ranch, and perhaps elsewhere along the coast of California.   

The third scenario allows for a multitude of possibilities, so this concluding chapter 

summarizes and synthesizes the evidence that was presented separately in the preceding 

chapters. The ecological and sociocultural sides of ranching at Wilder Ranch are considered 

together to examine the interplay between them, along with the evidence of the 
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consequences of these interactions. At the core of this synthesis is a perspective that 

humans, particularly through learned behavior, alter and respond to ecosystems in patterned 

ways, and that the resulting changes to ecosystems can maintain or change the related 

patterned human behaviors. This is particularly true for extractive traditional land-

management practices (TREM), economic systems, subsistence practices, and settlement 

patterns.  

 

Cattle Ranching and Native Californians 

The secondary question proposed in the introductory chapter is whether or not cattle 

ranching, or more precisely increasing cattle population sizes, prompted Native Californians, 

particularly members of the Uypi and Cotoni tribelets in the Wilder Ranch area, to join 

Mission Santa Cruz (Hackel 2005). The answer seems to be mostly a no, but with some 

caveats. Cattle and sheep populations steadily increased in the first decade of Mission Santa 

Cruz’s operation, but the population of each species was under 1,000 for most of this 

decade. Most local Ohlone joined the mission during this period, and it remains possible that 

the presence of enlarged livestock herds influenced their decisions, but there are no 

significant correlations between baptisms and cattle population (r = - 0.37, p = 0.32), or 

baptism and sheep populations (r = -0.32, p = 0.4) during the 1790s. Even if the relationship 

between the number of baptisms and the number of livestock on the landscape was 

significant, the correlation is negative which indicates that as one number went the other 

went down. That is not what happened.  
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On the other hand, drought apparently did prompt some local Ohlones to join 

Mission Santa Cruz. This appears to be true for members of the Aptos tribelet, who 

neighbored the Uypi. Drought and the migration of the Aptos to Mission Santa Cruz may 

also have prompted the small groups collectively called the San Juan to join the mission. 

Joining Mission Santa Cruz because of drought, however, appears to have occurred only 

after members of social and politically aligned tribelets had already joined the mission 

(Chapter 4, SNA, Drought, and Mission Santa Cruz Recruitment section). The social 

network analysis presented in Chapter 4 is limited, but it does suggest that ecological factors, 

namely drought in combination with disruption of social ties, might have pushed Native 

Californians to join missions more than any other factor considered. Increasing cattle and 

sheep population sizes may have contributed to making drought a push factor as social 

networks collapsed, but the influence of increasing livestock population sizes seems tertiary. 

Erosion of social and political networks in advance of drought, and possibly increasing 

livestock population sizes, is therefore key, at least in this case. Moreover, as Santa Cruz 

region Ohlone moved to Mission Santa Cruz, they left the region open to other factors, 

namely ranching, that could have amplified the ecological impacts of periodic drought.  

It is possible to calculate how many Santa Cruz region Ohlone might have been alive 

during any given year, based on the age data given by Ohlone for baptisms at Mission Santa 

Cruz (The Huntington Library 2006). If the number of Ohlone baptized in a given year is 

subtracted from the above calculation, an estimate of the number of Ohlone living in the 

region who had not joined Mission Santa Cruz can be made (Figure 8-1). There are strong 

negative correlations between the increasing number of livestock in the area, cattle and 

sheep, and the number of Ohlone estimated to be living outside of Mission Santa Cruz in 

any given year. The correlation between cattle and non-mission Ohlone is r = -.67, p = < 
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0.01, and the correlation between sheep and non-mission Ohlone is r = -.81, p = < 0.01. 

The number of Ohlone in the region living outside of the Mission Santa Cruz community is 

an estimate, but the strong negative correlations suggest that both cattle and sheep herds 

were allowed to increase as fewer Ohlone lived outside of the mission community. It seems 

likely that it was Ohlone aggregating at Mission Santa Cruz that allowed herd sizes to 

increase. In short, it does not appear that livestock numbers pushed Ohlone into the 

mission, but as Ohlone joined the mission there was more room for livestock. 

    

 
Figure 8-1: Cattle and Sheep Population, and Santa Cruz Ohlone Living Outside of Mission Santa Cruz 

 

 

The Limiting and Continuation of TREM practices, and Ecological Change 

If Ohlone people left the wider Santa Cruz region, and largely ceased TREM practices 

that would have maintained native ecosystems within a certain range of stable states, 

particularly at Wilder Ranch, then it is possible that their migration allowed for swifter 
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ecological changes. Therefore, it is necessary to return to the question of how the cessation 

of TREM practices could have facilitated ecological changes. The CiG model indicates that 

fire may have little effect on the relationship between the areal coverage of native and 

introduced grasses. This might be an issue with how the model was programmed, or that 

only grasses and no other plant types are used as agents in the model. Native and introduced 

grasses appear to have similar abilities to re-populate after fire (USDA NRCS 2017), albeit at 

different speeds. The results of experimental rangeland ecology studies are also ambiguous 

on what exactly fire does for native bunch grasses, and it seems likely that both native and 

introduced grasses are equally helped and hurt by fire (D’Antonio et al. 2002). It seems more 

likely that fire was important for clearing away woody plants (shrubs, young trees, and 

perhaps even trees) to create open grassland areas, instead of to promote the growth of 

specific grass species. This scenario was not modeled, and it would be necessary to find 

evidence of increased woody vegetation at Wilder Ranch starting in the early nineteenth 

century, or other locations, to affirm this possibility.  

 Another possibility is that grasslands were maintained more directly through Ohlone 

TREM practices, or through means of European and/or Mexican origin, or some 

combination of the two. Since cattle and sheep grazing was a major component of the 

Spanish Colonial, Mexican Period, and Early American Period regional economy, it seems 

likely that efforts were made to maintain open grasslands, particularly north of Mission Santa 

Cruz and at Wilder Ranch. Evidence from fire scars on redwood trees (Sequoia sempervirens) 

north of Wilder Ranch indicates that anthropogenic fire continued in the region, and 

increased after the late eighteenth century and until the 1920s (Jones 2014). Textual evidence 

suggests that Spanish Colonial authorities forbid the use of fire, however, specifically by 

Ohlone women, who appear to be the ones with this knowledge (Cuthrell 2013), but it is 
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unknown how long this prohibition lasted. It is also possible that Ohlone TREM practices 

were revived to maintain grasslands for livestock grazing, at least during the Spanish 

Colonial, Mexican Period, and Early American Period. That is something that should be 

explored further. Considering that local Ohlone were employed at the Spanish Colonial and, 

likely the, Mexican Period precursors of Wilder Ranch, it is possible that Ohlone TREM 

practices were employed at the ranch to maintain grasslands.   

Historical records and archaeological evidence both suggest that a small number of 

Native Californians from the secularized Mission Santa Cruz lived and worked at Rancho 

Refugio, the Mexican Period precursor to Wilder Ranch. The large number of complete 

shellfish, concentration of lithic debitage in the Bone Pit, the two gaming disks made from 

Tejas, the presence of trade beads, and the flaked glass scrapers all suggest that ex-

Neophytes from Mission Santa Cruz worked and lived at Rancho Refugio. Not all of these 

artifacts came from the Bone Pit, and the flaked glass scrapers made from 1860s era glass 

may indicate that Native Californians worked and lived at Rancho Refugio after the Mexican 

Period. Historical census records do indicate that 5 Native Californians lived at Wilder 

Ranch during the Mexican Period, and worked for the Bolcoff-Castro family (Kimbro 1986). 

Close to 60 Uypi and Cotoni, and Uypi and Cotoni descendants, were likely alive at the time 

when Mission Santa Cruz was secularized, and it is possible that some of the Native 

Californians living and working at Rancho Refugio were from these tribelets. The fact that 

William Hartnell was faced with calls by ex-Neophytes of Mission Santa Cruz to give them 

Rancho Refugio suggests that at least some of the Native Californians at the mission after its 

secularization had an attachment to those lands.  
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Even after Bolcoff and Castro gained ownership of Rancho Refugio it is possible that 

some of the Uypi and/or Cotoni at Mission Santa Cruz, those who had laid claim to Rancho 

Refugio to Hartnell, returned to these lands as laborers. If so, these individuals likely had a 

profound knowledge of the Wilder Ranch landscape and a skill set that allowed them to 

maintain the grasslands of the ranch. If so, they might have enacted or adapted traditional 

Ohlone land management practices as a means to make grazing cattle on the Wilder Ranch 

landscape possible. This is a speculative statement, but most of the evidence from Wilder 

Ranch indicates that grasslands were maintained throughout the nineteenth century, until the 

present, and there is evidence that Native Californians from Mission Santa Cruz lived and 

worked at Rancho Refugio.         

 

Cattle-Driven Ecological Changes at Wilder Ranch – Rancho Refugio  

To answer the question of how profound ecological changes were at Wilder Ranch – 

Rancho Refugio during the mid-nineteenth century, it necessary to return to the ABM and 

GIS models, and consider the evidence they provide in conjunction with plant remains from 

tooth calculus and the archaeological record. The tooth calculus study of the cattle and sheep 

mandibles shows that some grasslands, and specifically grasslands containing native grasses, 

persisted at Wilder Ranch through the mid-nineteenth century. The current distribution of 

vegetation at Wilder Ranch today indicates that grasslands, and specifically grasslands 

containing native grasses, have persisted until the current day. It is clear from the tooth 

calculus study that native grasses were common enough that both cattle and sheep have 

phytoliths from these grasses embedded in their tooth calculus (Yost 2015). Purple 

needlegrass (Nassella pulchra) and California oatgrass (Danthonia californica), species that are 
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often used as index species for the perseverance of native grasses, appear in both the tooth 

calculus study (the phytoliths of these two kinds of grass are indistinguishable) and modern 

ecological surveys of Wilder Ranch (IMAP 2002). At least some native grasses, perhaps with 

substantial ground cover, remained at Wilder Ranch from the Spanish Colonial period to the 

present. 

 

The Cattle 

It is not possible to date exactly the faunal remains from which the tooth calculus 

results come, but the remains most certainly originated from slaughtering sometime between 

AD 1840 and the early 1860s and most likely sometime in the 1840s or 1850s when Bolcoff 

and Castro owned the ranch. The taphonomic conditions of the faunal remains in the Bone 

Pit indicate that they were covered within a year or two of being piled into the feature. They 

were mildly disturbed by carnivores, most likely domestic dogs or coyotes, before being 

covered, but there are few signs that anything else affected them. The Bone Pit assemblage, 

therefore, appears to be primarily a product of human behavior, and a relatively rapid 

accumulation. The damage patterns seen in the assemblage reflect butchery practices, 

husbandry practices, and cattle herd demographics.   

The demographic profile and butchery pattern seen on the cattle indicate that they 

were slaughtered for meat and for the hide and tallow trade. These cattle were not as 

intensively processed as cattle processed for the hide and tallow trade in parts of Alta 

California or Pimería Alta (Pavao-Zuckerman 2011), but the large number of them in one 

feature is indicative of some level of participation in this trade. Butchery patterns also 

indicate that substantial amounts of meat were removed from these cattle. The age and sex 
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profiles of cattle indicate that males and females, mostly in the older juvenile and adult age 

cohorts but including calves, were selected for slaughter. This pattern does not reflect the 

most formal management and culling profiles of domestic livestock (Zeder 2008; Grigson 

1982). It may reflect the demographic profile of Criollo cattle herds left to roam on their 

own and the kinds of groups that tend to form on their own (Carbajal-Carmona et al. 2003; 

Russell et al. 2000). In addition, the number of animals slaughtered (between 30 and 50) 

suggests a scale of cattle slaughtering that exceeded the nutritional needs of the 15 to 20 

people living at Rancho Refugio at the time. This is despite it not being entirely clear if the 

Feature 1 – Bone Pit assemblage represents one mass slaughter or several large slaughters 

spaced over a few years. In short, the cattle in the Bone Pit appear to have supplied the hide 

and tallow trade, along with some local meat consumption, particularly of rib slabs and 

upper hindquarter cuts.  

 

Botanical Remains  

In addition, the cattle assemblage appears to include an individual bovine that was 

penned, either as a milk-cow or as a breeder-bull (the former is more likely). Fungal spores 

on the mandible are consistent with spores from heavily manured soils. This individual cattle 

also appears to have been provisioned with corn, unlike the other cattle. The presence of a 

penned cow would be consistent with the historical records stating that Bolcoff and Castro 

began dairying at Rancho Refugio. It is unknown how may dairy cows this family owned, but 

if this penned cattle was indeed a dairy cow it appears that such animals were eventually 

included in mass slaughters too, likely after their prime milk-producing years. The sex of the 

penned cattle is unknown. However, the sex profile of cattle indicates that most of the 
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animals were female in any case. The one individual sheep may also have been penned. The 

sheep mandible does not have a particularly high quantity of manure-related fungal spores, 

but it is the only other animal that apparently ate a substantial amount of corn.  

The tooth calculus of all other cattle suggests that most animals tested had been 

allowed to roam relatively freely at Wilder Ranch. The diatoms in the calculus of all non-

penned cattle indicate that these animals had access to large ponds, which are all located a 

fair distance from the ranchstead. The grasses identified within their tooth calculus, 

therefore, are likely those to be found by free-ranging cattle in the grasslands of Wilder 

Ranch between the 1840s and 1850s. Introduced plants are represented in the tooth calculus 

of cattle and sheep, but these are largely domesticated crops. These findings are consistent 

with the historical record of what Bolcoff and Castro planted at Rancho Refugio during the 

nineteenth century, and with the results of the archaeobotanical analysis conducted by 

Cuthrell (2010). Corn, wheat, beans, and potatoes all appear to have been grown on Wilder 

Ranch in the mid-nineteenth century, and some of these crops were fed to at least the one 

penned cattle. The other cattle, however, do not appear to have been provided for in the 

same way. From this evidence, it may be possible to suggest ecological changes that occurred 

near settlements versus those that occurred in the surrounding landscape. 

Introduced plant remains occur in high quantities within the ranchstead, particularly 

domesticated crops and cheeseweed mallow. More native plant species are represented, but 

there are far fewer remains from each taxa. A similar shift was seen at Mission Santa Cruz, 

where the adobe bricks from buildings included mostly native plant remains (pollen, seeds, 

and fibers), while more recent archaeological contexts, like storage pits and hearths, and 

adobe bricks from newer buildings included more, or mostly, introduced plant remains, 
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particularly domesticate crop remains (namely wheat) (Allen 1998:43–46). It is therefore 

clear that ecological changes did occur in the immediate areas of colonial, and later period, 

settlements. Ecological changes seem to have been less drastic further away, though some 

changes did occur. Such changes are seen both in the plant remains found in the tooth 

calculus of wandering cattle, and in the modern grasslands of Wilder Ranch. The modern 

grasslands contain a large number of introduced grasses and forbs, alongside an almost equal 

number of native plants (IMAP 2002).   

 

Models 

All of the Cattle in the Garden (CiG) ABM trials presented in Chapter 7 indicate that, 

given the characteristics of native and introduced grasses in a coastal environment, it is 

almost impossible for introduced grasses to completely take-over a grassland by themselves. 

Clearing lands for agriculture, however, makes it more likely that introduced plants can take 

over an area. The CiG simulation suggests that ecological changes driven by livestock grazing 

were unlikely during the first decade, or more, of Mission Santa Cruz’s operation (Chapter 

7). This appears to be the case even if herds were started with large numbers (as abstractly 

shown in Figure 7-16), which was not the case at Mission Santa Cruz. CiG trials that start 

with even larger numbers of cattle indicate that increasing herd sizes ultimately do affect 

grass populations sizes, but large herds can drastically affect the land cover of both native 

and introduced plants to similar degrees (Chapter 7, Figure 7-16).   

 Even under conditions of very large herd sizes, the impacts to vegetation likely did 

not occur until nearly two decades after ranching started. All other trials in CiG suggest that 

impacts to plant communities would not be seen until well after 30 to 50 years. With CiG 
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indicating that a large number of cattle are needed to cause ecological changes driven by 

overgrazing, it would have been the American Period, when cattle herd sizes increased 

dramatically, that substantial cattle-related impacts occurred. The GIS model of lands 

preferred by cattle indicates that much more of Rancho Refugio-Wilder Ranch supported 

grassland than is true today. During the late nineteenth century, there was heavy logging in 

the area, and it is possible that much more of Wilder Ranch was once available to cattle. If 

so, then it is possible that many of the ecological changes that are seen at Wilder Ranch 

occurred during the late nineteenth century, and not earlier.     

 

Conclusion  

The answer to the original question of how drastic ecological change was during the 

Spanish Colonial and Mexican Periods, and if a Neo-Europe was formed in California by 

Spaniards and Mexican citizens, seems to be mixed one. It appears that dramatic changes in 

plant communities occurred near settlements, mostly because of the introduction of 

agriculture. Changes in the surrounding ecosystems appear to have been less dramatic, 

occurring slower and more inconsistently. Cattle and sheep could have played a role in 

driving what changes did occur through overgrazing, but only if a great number of head were 

present. Thus, the effects cattle had would have (and do) vary a great deal by time and place, 

depending on how many are left to roam a given landscape. The simulations show that the 

density of livestock must be quite high before the effects will be significant. We should not, 

then, expect the impacts from cattle grazing to be equally important across the missionized 

California or western North America.   
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The resilience of native grasses, and native grasslands, should not be underestimated. 

Native grasses appear to be able to compete with introduced grasses. This appears to be 

mostly because native perennial bunch grasses live longer than introduced annuals, and there 

were likely far more of native grasses to begin with. This likely gave native grasses a “spatial 

resilience” by simply being in place already. Nonetheless, if native grasses are disturbed 

greatly by drought, overgrazing, fire, of some combination of these factors, it becomes 

possible for rapidly colonizing introduced annuals to gain a foothold and crowd out native 

grasses. More significant than competition between native and introduced grasses, however, 

is the persistence of grassland itself. Woody encroachment reduces grasslands of all kinds 

and is in the process of doing so at Wilder Ranch today in the absence of controlled fires or 

cattle grazing.  

In conclusion, it is true that ecological changes began with the Spanish Colonization of 

California, but these changes initially were most apparent near colonial settlements and 

agricultural fields. Rangelands that are more distant experienced fewer direct impacts, 

changed more slowly, and still often retain native plant and animal species today. Cattle, 

sheep and other livestock do cause change, but this phenomenon very much depends on 

herd size. The idea of a Neo-Europe being formed in California is useful, but should be 

considered in at least a two-part kind of model, one of which involves localized centers of 

change (such as, settlements and agricultural fields), surrounded by slowly changing 

hinterlands. It is unlikely that slow changes to the hinterlands would have been enough to 

drive Native Californians to the missions, but it is possible that as Native Californians joined 

mission communities they opened ecological landscapes to further changes – both by leaving 

the land to socio-ecological practices like ranching, and by ceasing, or minimizing, their own 

traditional land management practices. In short, the idea of the formation of a “Neo-
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Europe” in California is too monolithic. European-induced changes did not happen 

consistently, or rapidly, throughout California. In some cases, such as at Wilder Ranch, the 

ecological changes remain partial even today.  
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Appendix A: Model Code and Calculus Report 

 

 

Cattle in the Garden Agent Based Mode Code 

The following is the code of the CiG (Cattle in the Garden) ABM model. It may be 

used to retest the results by any researcher. The code can be copy and pasted into Netlogo, 

or into Repast Symphony with some alterations.  

 

;;all 
breed [cow-gods cow-god];; non moving agent that creates a number of new cows, as percent of current count 
of cows, every 365 ticks (representing a year) 
breed [igrasses igrass];; introduced grasses or plants, or non-spatially-constrained plant 
breed [ngrasses ngrass];; native grasses or plants, or spatially constrained plant 
breed [cows cow ];; cows that eat and spread grasses, and increase in number if cow-god is turned on 
breed [ntenders ntender] 
breed [fire-god] 
cows-own [nseed iseed] ;; cows collect both seed types so they can differentially hatch the two grasses 
ngrasses-own [nseed ndseed fdseed];; the seed of native/non-constrained grasses 
igrasses-own [iseed idseed fdseed];; the seed of introduced/constrained grasses 
patches-own [energy];; not sure why I have this, but may come in use - ie a place holder 
cow-gods-own [cseed];; if cow-god is turned on it creates/collects cow seed (cssed) which determines when 
more cows are born. 
fire-god-own [fseed fdseed] 

 
to setup 
  clear-all 
  setup-patches 
  setup-ngrasses 
  setup-igrasses 
  setup-cows 
  setup-cow-gods 
  setup-fire-god 
  reset-ticks 
end 
 
to go 
  if ticks >= 1200 [stop] ;; representing 60 years if ticks are months 
  cycle-ngrasses ;; run "native" (or non spatially constained, but just native from here on) grass life cycle 
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  cycle-igrasses ;; runs 'introduced (or spatially constrained, but just called introduced from here on) grass life 
cycle 
  move-cows ;; moves cows towards neighboring patches with a grass agent on it, or roughly the opposite 
direction for a searched patch if there are no grasses on it 
  eat-ngrasses ;; directs cows to eat native grasses, seperate so cows can seperatly collect nseed and hatch new 
ngrasses 
  eat-igrasses ;; directs cows to eat introduced grasses, seperate so cows can seperately collect iseed and hatch 
new igrasses 
  if cow-birth? [reproduce-cows] ;; turns on cow-god and tells it to create and collect cseed to 'birth' new cows 
every 12 ticks 
  if dought? [rain] 
  if fire? [fire] 
  tick ;; ticks are hypothetical months remember when setting grasses 
end 
 
;; turtles 
;;cows 
 
to setup-cows ;; creates cows 
  set-default-shape cows "cow" 
  create-cows n-cows [  ;; number of cows set by input box 
    set color brown - 3 
    set size 2 
    setxy (random-float cow-x) (random-float cow-y) ;; places cows randomly within a limited range, so that 
cows can be positioned with the introduced or native grasses 
  ] 
end 
to setup-cow-gods ;; creates cow god if turned on. This is a stationary agent that's only task is to create more 
cows. 
  set-default-shape cow-gods "circle 2" 
  create-cow-gods 1 [ 
    set color brown + 2 
    set size 1 
    setxy (random-float cow-x) (random-float cow-y) 
    set cseed 1 
  ] 
end 
to setup-fire-god 
  set-default-shape fire-god "square 2" 
  create-fire-god 1 [ 
  set color red - 10 
  set size 5 
  Setxy (fire-X)(fire-y) 
  ] 
end 
to move-cows ; 
  ask cows [ 
    face one-of neighbors 
    ifelse patch-ahead cow-search = nobody ;; looks to see if a patch is empty or part of the world's bounded 
boarder (this is mostly to keep cows away from the boarder, which causes problems if they try to move beyond 
it) 
    [rt 180 forward cow-step] ;; if patch is empty or part of teh world boarder cows face the opposite direction 
and take one step 
    [ifelse (turtle-set ngrasses-on patch-ahead cow-search igrasses-on patch-ahead cow-search) != nobody ;; if 
cows have not turned away from an empty patch they search to see if either of the two grass species are on it 
(agent set) 
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     [forward cow-search] ;; if there is a grass agent on a patch, at distance set by cow-search, cows move to that 
patch 
     [right 180 - random 135 forward cow-step] ;; if there is nobody on the searched patch cows turn way from it 
(180 turn minus random number that is ~3/4ths of 180) and move a number of patches set by cow-step 
    ] 
  ];; note: 
end 
to reproduce-cows 
  ask cow-gods [ 
    set cseed cseed + 1 ;; cow god uses cseed to pace how often cows are born 
    if (ticks <= 240 and cseed = 12) ;; cows born once a 'year', as percentage of current population (see below) 
    or 
    (ticks >= 241 and ticks <= 600 and cseed = 24) ;; during this tick range cows are born 'every-other-year', as 
percentage of current population (see below) 
    or 
    (ticks >= 601 and cseed = 120) 
    [ask cow-gods 
      [    ;; after this number of ticks cows are born every '10 years' 
      hatch-cows (count cows * .1) [rt random 361 fd 1 ;; percentage is based on the rounded up average 
population growth rate of 7 California Mission cattle populations, this included death so its actually a 'stocking 
rate' 
        ;; note on above, the rate of cow births, that is number of 'years', is based an estimated average of cattle 
population growth rates from multiple California missions operating between 1769 and 1834. A similar trend in 
population growth rate can be seen at all missions - step increase, leveling off, and eventual decline. 
        set color brown - 1 
        set size 2] 
      set cseed 0 
 
  ] 
    ] 
  ] 
end 
 
to fire 
  ask fire-god [ 
    set fseed fseed + 1 
    ifelse (fseed = fgod-life * 12) 
    [ask fire-god 
      [die] 
      ] 
    [if fseed = fseed-drop 
    [ask fire-god [ 
    set fdseed fdseed * 0 + 1 * ((ndseed-lim + idseed-lim) / 2) 
    ] 
    ] 
  ] 
    set fseed fseed - fseed-drop 
  ] 
  end 
 
;; cows eat grasses. This works the same way for both grass species, though the names change, so only eat-
ngrasses has notes. 
 
to eat-ngrasses 
  ask cows[ 
  let prey one-of ngrasses-here 
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  if prey != nobody ;; cows check if there is a grass on the patch (this is a double check since the cows have 
already moved to a patch with a grass on it 
  [ask prey[die] ;; the cow eats the grass by telling the grass on the patch its on to die 
 
  ] 
  ] 
 
end 
 
to eat-igrasses 
  ask cows[ 
  let prey one-of igrasses-here 
  if prey != nobody 
  [ask prey[die] 
 
            ] 
  ] 
end 
 
;;grasses - set up and 'life' cycles 
 
to setup-ngrasses 
  set-default-shape ngrasses "flower" 
  create-ngrasses initial-ngrass [ 
    set color green - 2 
    set size 1 
    set nseed 0 
    set ndseed 0 
    setxy random-xcor random-ycor ] 
end 
 
to cycle-ngrasses 
  ask ngrasses [ 
    set nseed nseed + 1 
    set ndseed ndseed + (1 + fdseed) 
    if nseed = nseed-drop [  ;; if tending is not turned on plant values remain constant throughout model 
      hatch n-new + (RN - ((random dt) / 2) ) [rt random 360 fd random n-cast 
        set color green 
        ifelse count turtles-here >= 3 
        [die] 
        [set nseed nseed - 12 
          set ndseed nseed - 12 ] 
      ] 
      set nseed nseed - 12 
       ] 
     if ndseed > ndseed-lim [die] 
     ] 
  end 
to setup-igrasses 
  set-default-shape igrasses "plant" 
  create-igrasses initial-igrass [ 
    set color blue - 2 
    set size 1 
    set iseed 0 
    set idseed 0 
    setxy ((random-float -70) - 30 ) ((random-float -70) - 30 )] 
end 
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to cycle-igrasses 
  ask igrasses [ 
    set iseed iseed + (1 + fdseed) 
    set idseed idseed + 1 
    if iseed > iseed-drop [ 
      hatch i-new + (RN - ((random dt) * 2)) [rt random 360 fd random i-cast 
        set color blue 
        ifelse count turtles-here >= 4 
        [die] 
        [set iseed iseed - 12 
          set idseed idseed - 12 ] 
      ] 
      set iseed iseed - 12 
       ] 
   if idseed > idseed-lim [die] 
     ] 
  end 
to rain 
 
    if (ticks = 0) [set RN 0 set dt 0] 
    if (ticks >= 1 and ticks <= 60) [set RN 1 set dt 0];;1790 
    if (ticks >= 61 and ticks <= 120) [set RN 0 set dt 1];;1795 
    if (ticks >= 121 and ticks <= 180) [set RN 0 set dt 0];;1800 
    if (ticks >= 181 and ticks <= 240) [set RN 1 set dt 0];;1805 
    if (ticks >= 241 and ticks <= 300) [set RN 1 set dt 0];;1810 
    if (ticks >= 301 and ticks <= 360) [set RN 1 set dt 0];;1815 
    if (ticks >= 361 and ticks <= 420) [set RN 0 set dt 1];;1820 
    if (ticks >= 421 and ticks <= 480) [set RN 0 set dt 1];;1825 
    if (ticks >= 481 and ticks <= 540) [set RN 2 set dt 0];;1830 
    if (ticks >= 541 and ticks <= 600) [set RN 1 set dt 0];;1835 
    if (ticks >= 601 and ticks <= 660) [set RN 0 set dt 2];;1840 
    if (ticks >= 661 and ticks <= 720) [set RN 0 set dt 0];;1845 
    if (ticks >= 721 and ticks <= 780) [set RN 0 set dt 0];;1850 
    if (ticks >= 781 and ticks <= 840) [set RN 0 set dt 0];;1855 
    if (ticks >= 841 and ticks <= 900) [set RN 0 set dt 1];;1860 
    if (ticks >= 901 and ticks <= 960) [set RN 1 set dt 0];;1865 
    if (ticks >= 961 and ticks <= 1020) [set RN 0 set dt 1];;1870 
    if (ticks >= 1021 and ticks <= 1080) [set RN 0 set dt 0];;1875 
    if (ticks >= 1081 and ticks <= 1140) [set RN 0 set dt 1];;1880 
    if (ticks >= 1141 and ticks <= 1200) [set RN 0 set dt 0];;1885 
end 
 
;;patches 
 
to setup-patches 
  ask patches 
 [ set pcolor brown + 3 
   set energy 1 
      ] 

end 
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INTRODUCTION 

 

 

 Six mineralized dental calculus samples removed from the molars of one sheep (Ovis 
aries) and five individual cattle (Bos taurus) were analyzed for phytolith and starch granule 
microremains (Table 1). The mandibles of these animals were recovered from the historic 
Wilder Ranch site near Santa Cruz, California, and date to approximately the 1840s. The goal 
of this analysis was to identify some of the native and non-native plants that were consumed 
by these animals, and in doing so, better understand what agricultural crops may have been 
cultivated during this period of time. 

 

 

Table 1. Dental calculus samples analyzed for phytoliths and starch granules 

Sample No. Lab No. Species 
Grison Stage 
Age (yr) Age Group 

Initial 
Calculus (g) 

After 
Sonicatio
n  
(g) 

P730-41-102-0328 0328 Bos taurus 1.50 – 2.00 Young Juvenile 0.490 .450 
P730-41-102-
0323 

0323 Bos taurus 1.50 – 2.25 Young Juvenile 
0.250 .228 

P730-41-102-
0324 

0324 Bos taurus 2.25 – 2.50 Old Juvenile 
0.499 .405 

P730-41-102-
0325 

0325 Bos taurus >3 Adult 
0.220 .174 

P730-41-102-
0333 

0333 Bos taurus >3 Adult (older) 
0.250 .211 

P730-41-102-
0329 

0329 Ovis aries Unknown Unknown 
0.09 .063 

 

 

MICROFOSSIL REVIEW 

 

 

 In addition to phytoliths and starch grains, other types of microfossils were observed 
in these samples that may have interpretive value. A descriptive summary of all of these 
microremains follows. 
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Phytoliths 

 

 Phytoliths are biogenic silica (SiO2nH2O) in-fillings and casts of cells that are 
formed in plant tissues such as leaves, stems, bark, fruit and seeds. Phytoliths range in size 
between 5 and 200 microns, and a single grass plant can produce 105 to 106 phytoliths (Yost 
and Blinnikov 2011). When plant matter decays, phytoliths are released and incorporated 
into soils and sediments. One g of dry soil can contain 104 to 106 grass phytoliths (Yost, 
unpublished data) and one cm3 of lake sediment can yield 104 to 105 grass phytoliths (Yost, et 
al. 2013). Because of their decay-in-place origins, phytoliths tend to represent a very localized 
vegetation record, whereas pollen records are influenced by both local and regional 
vegetation. However, depending on the geomorphology of the study area, a proportion of 
the phytolith record may have been deposited some distance from its initial place of 
formation due to wind or water transport.   

 

The strength of phytolith analysis lies in its ability to identify grasses (Poaceae) to 
subfamily and even lower taxonomic levels that require specific temperature and 
precipitation regimes. Also, grasses are annuals or short-lived perennials whose composition 
on the landscape can change relatively quickly in response to changes in annual temperature, 
moisture, light intensity, and land-use practices. Because grasses and the phytoliths that they 
produce are found in virtually every plant community, tracking changes in grass phytolith 
abundance over time compliments other paleoenvironmental proxies such as pollen and 
stable isotopes.   

 

The majority of grasses in North America are either members of the Pooideae, 
Panicoideae or Chloridoideae subfamilies, which produce distinctive and diagnostic 
phytoliths. Pooideae are cool season mesophytic C3 grasses that respond favorably to winter 
precipitation and their abundance on the landscape is negatively correlated with increasing 
summer temperature (Paruelo and Lauenroth 1996). Panicoideae are warm season 
mesophytic C4 grasses that are positively correlated with increasing amounts of summer 
precipitation. Chloridoideae are warm season xerophytic C4 grasses that are positively 
correlated with increasing temperature and decreasing precipitation (Taub 2000). Since 
climate is the dominant control on the distribution of C3 and C4 grasses (Huang, et al. 2001), 
and in particular, the Pooideae, Chloridoideae and Panicoideae subfamilies, reconstructing 
their proportions on the landscape through the use of phytoliths can reveal changes over 
time in temperature and precipitation. 

 

In archaeological studies, phytoliths have proven extremely useful in identifying the 
utilitarian, medicinal and subsistence use of plants by Native Americans, as well as by 
European and Asian immigrants to North America. Phytoliths diagnostic of corn, beans, 
squash, cereals, rice, roots, tubers and some fruits are routinely recovered and identified 
from feature fill, use surfaces, cooking residue and dental calculus (Cummings, et al. 2014; 
Piperno 2006). 
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Starch granules 

 

 Starch is a plant energy storage substance composed of crystalline and non-crystalline 
regions made up of amylose and amylopectin. Some of this starch forms globular, spherical, 
or polyhedral bodies referred to as either grains or granules. Starch granules are found in 
many plant parts, but are often concentrated in seeds, fruits, roots, and tubers. Starch 
granules range in size between 1 and 100 microns, and can persist in soil, artifact surfaces, 
cooking residue and dental calculus for tens of thousands of years. A single plant species 
often produces a variety of starch granule shapes, sizes and forms. Some of these 
morphotypes overlap with those produced by other plants; however, there are often 
morphotypes that are diagnostic of specific plants at various taxonomic levels. When viewed 
using polarized light microscopy, starch granules appear bright white against a black 
background, a phenomenon called birefringence. Chemical extraction, cooking, drying and 
environmental degradation can result in reduced or even the complete loss of birefringence 
(Gott, et al. 2006).      

 

 

 

Diatoms 

 

 Diatoms are single-celled algae with a biogenic silica cell wall. They grow in a wide 
range of habitats, including the surfaces of wet plants and rocks, damp soils, marshes, 
wetlands, mudflats, and all types of standing and flowing aquatic habitats (Spaulding, et al. 
2010). Their silica cells, or frustules, often are preserved in sedimentary deposits. Because 
individual taxa have specific requirements and preferences with respect to water chemistry, 
hydrologic conditions, and substrate characteristics, the presence of diatoms in soils and 
sediments can provide information about the nature of the local environment or the sources 
of water used for cooking and food processing. 

 

 

Sponge spicules 

 

 Sponges are primitive members of the animal kingdom. They use biogenic silica to 
form skeletons comprised of spicules and other structures for support. Freshwater sponges 
inhabit a wide variety of wet habitats that include ponds, lakes, streams, and rivers; however, 
they do need a hard stratum for growth like submerged logs, aquatic plant stems and rocks. 
They typically thrive in water that is alkaline (above pH 7), and their abundance is negatively 
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correlated with turbidity and sediment load (Barton and Addis 1997; Cohen 2003; Dröscher 
and Waringer 2007; Harrison 1988).  

 

 

Chrysophyte cysts 

 

 Chrysophyte cysts are biogenic silica structures produced by chrysophyte algae 
during the resting stage of their life cycle and are often preserved in sediments. Chrysophytes 
are primarily unicellular or colonial organisms that are abundant in freshwater habitats 
throughout the world. Chrysophytes are related to diatoms, but are distinct organisms. 
Chrysophyte cysts are most common in fluctuating freshwater habitats of low to moderate 
pH and that experience some winter freezing. Many cyst types are found in specific habitats, 
such as montane lakes, wet meadows, ephemeral ponds, perched bogs, and the moist 
surfaces of rock and plant substrates. Chrysophyte cysts can also be found in sites that are 
only wet during certain seasons, such as snowmelt ponds and low swales (Adam and 
Mahood 1981). In cool-cold temperate lakes, chrysophytes are most common in the spring, 
when acidic snowmelt dominates the water chemistry. Chrysophytes are intolerant of 
eutrophic lake conditions (Cohen 2003).  

 

 

Fungal spores 

 

 The Ascomycota are the largest division of the Fungi kingdom and contain 
organisms such as mold, smut, rust, yeast and mushrooms. These organisms produce 
microscopic sexual structures called ascospores (fungal spores), which can often be used to 
identify the fungus from which they arose. Fungal spores can persist for long periods of time 
in the environment and can be recovered using many pollen, starch and phytolith extraction 
methods. In paleoecological and archaeological investigations, fungal spores can be used to 
identify the presence of crop damaging molds like ergot and wheat smut, or the presence of 
dung fungus like Sporormiella, which further indicates the presence of browsing and grazing 
animals (Davis and Shafer 2006; van Geel, et al. 2003).  

 

 

STUDY AREA 

 

 

 Wilder Ranch is located within the Central Coast Bioregion and inhabits the Coastal 
Prairie plant community. Prior to European settlement, this area was dominated by bunch 
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grasses and flowering herbaceous plants (Munz 1973). California grasslands, including this 
area, have been significantly transformed by agriculture and exotic species invasions that 
began in the late 18th century. A phytolith-based study of prehistoric California grasslands by 
Evett and Bartolome (2013) indicates that this area supported dense grasslands likely 
dominated by California oatgrass (Danthonia californica) and/or purple needlegrass (Nassella 
pulchra [syn. Stipa pulchra]). In fact, two of their prehistoric soil samples were collected lass 
than 1 km from the entrance to Wilder Ranch State Park (WRSP)(Appendix Figure 1). 

 

 An interesting aspect of this study from a phytolith interpretation perspective is that 
C3 grasses Danthonia californica and Nassella pulchra are prolific producers of bilobate 
phytoliths. This is uncommon for C3 grasses, which typically produce rondels and 
trapeziform sinuate phytoliths. For most of North America, bilobate phytoliths are indicative 
of C4 Panicoideae grasses, but this generalization does not apply here, as Panicoideae are rare 
in this region. In fact, in their classic study of the displacement of native Californian 
grassland, Bartolome et al. (1986) use bilobate phytoliths as native C3 grassland indicators, 
and typical C3 (festucoid) grass phytoliths (rondels, trapeziform sinuates) as indicators of 
non-native grasses introduced from European and Mediterranean regions. It’s unclear if this 
approach can be applied directly to this particular study, as corn, millet, and sorghum are 
Panicoideae grasses commonly cultivated in agricultural fields. If cultivated here, the bilobate 
phytoliths produced by these crops may have been incorporated into the dental calculus 
samples. Thus, these samples may not be ideally suited for native grassland reconstruction, 
but are ideally suited to learn about the dietary history of cattle and sheep during the mid 19th 
century at Wilder Ranch.   

 

 

METHODS 

 

 

 The calculus samples were placed in 50 ml beakers with 25 ml of reverse osmosis 
deionized water (RODI). The beakers were partially submerged in an ultrasonic water bath 
and sonicated for 10 minutes to remove silt, clay and other debris adhering to the surface of 
the calculus flakes. The flakes were dried and weighed (Table 1). Next, the calculus samples 
were placed in 15 ml glass centrifuge tubes with 10 ml of 10% hydrochloric acid (HCl) and 
allowed to react with the acid solution for 20 hours. A substantial amount of material 
remained, so the HCl solution was removed and 10 ml of 70% nitric acid (HNO3) was added 
to the samples. After 5 minutes, all of calculus was dissolved and the samples were rinsed to 
neutral pH using RODI water. The samples were rinsed in 99% ethyl alcohol and transferred 
to 1.5 ml storage vials. 

 

 The remaining residue containing plant microremains and other microfossils was 
mounted on microscope slides. Because of the small amount of acid insoluble material in 
dental calculus, subsampling was unnecessary. The entirety of each residue sample was 
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mounted in immersion oil, and the cover glass was sealed with fingernail polish. Microscopy 
was conducted with an Olympus BH-2 transmitted light microscope using a magnification of 

500x. A percentage diagram of phytolith relative abundance was calculated with all other 
microremains tallied outside of the phytolith sum. A concentration diagram was constructed 
for all of the microremains by normalizing the counts to the remaining calculus weight after 
sonication. 

 

 

RESULTS 

 

 

 Phytoliths and starch grains derived from plant material were recovered from the 
dental calculus samples. In addition, fungal spores and the microremains of water organisms: 
diatoms, chrysophytes, and sponge spicules, were also recovered. The total phytolith counts 
for each sample ranged from 23 to 68 (Figures 1 and 2). Total phytolith concentrations 
ranged from 101 to 1000 phytoliths per g of dental calculus (Figure 3). There was a 
significant difference between the cattle and sheep phytolith concentrations, with the cattle 
phytolith concentration average of 168 per g calculus being a magnitude lower than the 
single sheep concentration value of 1000 per g. The phytolith assemblage was dominated by 
morphotypes diagnostic of C3 Pooideae (festucoid) grasses (Figure 4). Given the time period 
for these samples, the C3 grass phytolith record may be derived from a mixture of native and 
non-native Pooideae grasses. Bilobate phytoliths were numerous and are likely derived from 
either California oatgrass (Danthonia californica) or purple needlegrass (Nassella pulchra [syn. 
Stipa pulchra]). However, crops like millet, sorghum and corn are Panicoideae grasses. Given 
that corn phytoliths and starch granules were recovered from the dental calculus samples, 
some proportion of the bilobate phytolith record is likely derived from corn. Sample 0333 
yielded three wavy-top rondel phytoliths diagnostic of corn (Figure 4L). A few phytoliths 
diagnostic of sedges (Cyperaceae) were recovered and are likely derived from tule (Scirpus 
acutus).   

 

 Starch granules were recovered from all samples except from cattle sample 0308, and 
the per sample raw counts ranged from zero to five granules (Figures 1 and 5). The low 
starch granule count is not surprising since most mammals produce salivary amylase that 
breaks down starch while chewing. Similar to the phytolith record, starch granule 
concentrations for the cattle samples were much lower than that observed from the sheep 
sample. Corn starch was recovered from cattle sample 0333 and sheep sample 0329. Grass 
seed starch granules were recovered from cattle samples 0323, 0324, and 0333, and from 
sheep sample 0329. These granules were not distinctive enough to be ascribed to a specific 
plant such as corn, wheat, barley, rye, or any other type of grass. One starch granule derived 
from oats (Avena sativa) was recovered from sample 0333. Lenticular starch granules 
diagnostic of wheat and barley were recovered from samples 0324 and 0325. Two potato 
starches were recovered from sample 0323. 
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 Other microremains observed in these samples include fungal spores and remains 
from siliceous water organisms such as diatoms (Figure 4). Fungal spores were observed in 
five of the six samples, with cattle sample 0333 and sheep sample 0329 yielding 
concentrations a magnitude or more higher than the other samples. These fungal spores 
appear to be from a coprophilous species, but further work needs to be done to secure this 
identification. Diatoms from the genus Aulacoseria were observed in all of the samples and 
centric diatoms were observed in four of the six samples. Both of these types of diatoms are 
considered to be planktonic, meaning that they need a water column rather than just a moist 
surface or wet soil to grow. Cattle sample 0325 and sheep sample 0329 had relatively high 
concentrations of Aulacosira diatoms. 

 

 

DISCUSSION 

 

 

 If the livestock represented by these calculus samples primarily grazed the 
surrounding grasslands, then the grass phytolith assemblage embedded in their calculus may 
be reflective of the local grassland composition. However, if the cattle and sheep were 
supplemented a diet of cultivated plants and allowed to graze agricultural fields after harvest, 
their calculus embedded phytolith assemblage may deviate substantial from the local 
grassland community. The recovery of corn phytoliths and starch granules (Figures 4L and 
5F-H), potato starch (Figure 5I) and cereal starch (Figure 5A-E) indicates that livestock did 
have access to harvested fields. However, the low retention rate of plant microremains in 
dental calculus suggests that intermittent changes in diet may not be strongly recorded in 
calculus.   

 

 The grass phytolith assemblages from the six dental calculus samples were compared 
to two prehistoric soil sample phytolith assemblages analyzed by Evett and Bartolome (2013) 
that were originally collected less than 1 km from the entrance to WRSP (Table 2, Appendix 
Figure 1). Evett and Bartolome used the ratio of bilobate phytoliths to determine the 
presence and abundance of native bunch grass communities comprised of California 
oatgrass (Danthonia californica) and/or purple needlegrass (Nassella pulchra). One of the 
samples, soil series Watsonville, had a bilobate ratio that exceeded their threshold value of 
0.10, and had a phytolith concentration of 1,170,000 per g of soil (Evett and Bartolome 
2013:Supp. Table 1). Based on their criteria, this is evidence that a bunchgrass prairie 
dominated by Danthonia and/or Nassella (syn. Stipa) existed before European settlement in 
this immediate area. It’s extremely interesting to note that of the 153 prehistoric grassland 
soil series from across California analyzed by Evett and Bartolome, two of the three highest 
phytolith concentrations are from this area. Thus, the presence of dense perennial grasslands 
may have been an attractive feature to the initial settlers of this area.   

 Although the dental calculus phytolith concentrations cannot be compared to soil 
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concentrations, bilobate ratios can be compared. All of the calculus bilobate ratios exceed a 
value of 0.10, suggesting that these livestock were grazing on native bunchgrasses (Table 2). 
In fact, five of the six samples exceed the native bunchgrass bilobate ratio threshold. 
However, it should be noted that a natural diet supplemented by discarded crops and field 
grazing could have elevated the bilobate ratios, as crops like corn, millet and sorghum are 
prolific bilobate phytolith producers. Also, the selective nature of livestock grazing means 
that grasses growing on the landscape may not have been ingested in a random or 
comprehensive manor.    

 

 

Table 2. Comparison of rondel and bilobate short cell grass phytoliths 

Lab No. Rondels Bilobates 
Rondels + 
Bilobates 

% 
Rondels 

% 
Bilobates 

Bilobates 
Total 
Phytoliths 

Total 
Phytoliths 

hytolith 
concentr
ation per 
g) 

0328 11 9 20 55 45 0.13 68 151 

0323 4 5 9 44 56 0.15 34 49 

0324 11 7 18 61 39 0.17 41 101 

0325 6 7 13 46 54 0.30 23 132 

0333 2 8 20 60 40 0.13 62 308 

0329 0 7 17 59 41 0.11 63 1,000 

         

Soil Series*        (x1000/g) 

Elkhorn 36 117 453 74 26 0.09 620 1,233 

Watsonville 282 138 420 67 33 0.12§ 578 1,170 

* Prehistoric soil samples collected near the Wilder Ranch State Park entrance and analyzed by Evett and 
Bartolome (2013). 

§ This value exceeds the 0.10 threshold used by Evett and Bartolome to indicate probable landscape 
dominance by Nassella (Stipa) and/or Danthonia species when phytolith short cell concentrations were above 
200,000 per g soil.   

 

 

 An interesting aspect of the calculus phytolith record is the significant difference in 
concentrations between the cattle samples and the sheep sample (Figure 3). Calculus 
formation is influenced, in part, by salivary microbiota, which can vary by individual and 
certainly by taxa. Faster calculus deposition and mineralization would likely result in lower 
concentrations, and differences in biology between sheep and cattle may explain the 
concentration differences. However, examination of the phytolith concentrations (Figure 2) 
and the total microfossil concentrations (Figure 3) suggest that animal age may have an 
influence on concentrations as well.  
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 Fungal spore concentrations were relatively low in most of the calculus samples; 
however, cattle sample 0333 and sheep sample 0329 had high concentrations of fungal 
spores. Fungal spores can be sourced to the decay of many different types of material such 
as agricultural crops, wild plants and wood; however, based on an examination of typical 
spores of crop molds, rusts and smuts, these spores appear to be from coprophilous (dung) 
fungi (Figure 4Q). It’s possible that elevated levels of dung fungal spores could be indicative 
of prolonged confinement in pens or some other type of enclosure. 

 The diatom record was comprised of just a few planktonic species that most likely 
were derived from water ingested by the livestock. Cattle sample 0325 and sheep sample 
0329 had relatively high concentrations of Aulacoseria diatoms (Figure 4M and N). Aulacoseria 
occurs in relatively large lakes and rivers and may be used to identify areas where livestock 
was grazing. It’s possible that the animals with elevated Aulacoseria and centric diatom 
concentrations spent some period of time accessing a different source of drinking water than 
the other animals examined.  

 

 

CONCLUSIONS 

 

 

 Phytoliths, starch grains and other microfossils and microremains were successfully 
recovered from one sheep (Orvis aries) and five cattle (Bos taurus) dental calculus samples. The 
phytolith record suggests that the livestock diet consisted of a significant proportion of 
native bunch grasses, most likely California oatgrass (Danthonia californica) and purple 
needlegrass (Nassella pulchra); however, the inclusion of non-native pasture grasses is also a 
possibility, and perhaps likely to some degree. A few phytoliths diagnostic of corn (Zea mays) 
and starch granules from cereal grains (wheat/barley, oats) and potato tubers were also 
recovered from the calculus samples. This indicates that livestock were supplemented 
discarded crop material and allowed to access fields after harvest. Microfossil concentrations 
in the dental calculus appear to be influenced by both animal type and animal age. And 
finally, differences observed in fungal spore and diatom concentrations may be due to 
differences in the life histories of the livestock and may be of additional interpretive value. 
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Figure 1. Raw counts for phytoliths, starch granules and other microremains 
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Figure 4. Selected micrographs of phytoliths and other microfossils recovered from 
the dental calculus samples. A) Trapeziform sinuate phytolith diagnostic of C3 Pooideae 
grasses, and photographed from sample 0328. B and C) Keeled rondels diagnostic of 
Pooideae grasses, and photographed from samples 0323 and 0324, respectively. D) Stipa-
type bilobate diagnostic of tribe Stipeae grasses (cf. Nassella pulchra) and photographed from 
sample 0328. E) Bilobate phytolith from sample 0324, possibly derived from native Stipa or 
Danthonia grasses, or derived from a Panicoideae grass such as corn. F) Burned bilobate 
phytolith from sample 0324. G) Ehrhartoideae bilobate from sample 0325, possible derived 
from Leersia. H and I) Two dendriform inflorescence (chaff) phytoliths from sample 0329, 
possibly derived from wheat or barley. J and K) Two thin w/ridge phytoliths diagnostic of 
sedge (Cyperaceae) stems from samples 0324 and 0328, respectively. L) A wavy-top rondel 
from sample 0333 in side view (left) and top view (right) that is diagnostic of corn (Zea mays). 
M) Single diatom frustule from sample 0323 that is diagnostic of the species Aulacoseria. N) 
Cluster of Aulacoseria frustules adhering to organic matter, observed in sample 0325. O) 
Broken segment of a freshwater sponge spicule from sample 0323. P) Chrysophyte cyst 
from sample 0329. Q) Fungal spore (ascospore) from sample 0324.  
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Figure 5. Selected micrographs of starch granules recovered from the dental calculus 
samples. The scale bar in A applies to all images except I. For the paired images, the left 
image is the granule viewed under plain polarized light, and the right image is the granule 
viewed under cross-polarized light. A) From sample 0333, a globular starch granule with a 
linear fissure running through the center, a characteristic distinctive of wild oats (Avena 
sativa). B) Wheat or barley lenticular starch granule in top view, and C) in side view, 
observed in sample 0325. D) Wheat or barley lenticular starch granule in top view, and E) in 
side view, observed in sample 0329. F) Two corn (Zea mays) starch granules from sample 
0333. G) Corn (Zea mays) starch granule from sample 0329. H) The same corn starch granule 
as in image G, but rotated and viewed under varying degrees of polarized light. I) Potato 
(Solanum) tuber starch from sample 0323.  
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APPENDIX 

 

 

 

 

Appendix Figure 1. Location of prehistoric soil series samples analyzed by Evett and 

Bartolome (2013) for phytoliths.  
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Appendix B: Zooarchaeological Data 

 

The fauna data and computation analysis used in this dissertation is extensive and is 
therefore included as a supplemental Microsoft Excel Workbook. The workbook is titled 
Wilder Ranch – Rancho Refugio Fauna BCurry 2017 and is available on ProQuest, on a CD-
ROM included with the hardcopy versions of this dissertation, and by email request to the 
author at bencurry@email.arizona.edu or benjamin.a.curry@gmail.com. The following table 
lists the contents of the workbook.    

 

Workbook Sheet 
Name 

Content 

Complete 
Catalog 

Complete Feature 1 – the Bone Pit catalog with all basic 
information. Catalog is set up for the 2 unit analysis used for most 
of the faunal analysis chapter (Chapter 6)  

 

Taxa Secondary 
Data 

Basic summary of primary data and secondary data by taxa (e.g. 
order, genus, species) and various taxonomic levels (e.g. class, 
order, genus, species). Data included total NISP, weight in grams, 
MNE, MNI, and Biomass. The table is sortable by classification 
level and domesticated versus wild animal, and sortable by all other 
classifications and measurements. A pivot table and chart are also 
provided.  

 

Skeleton Rep and 
Artic 

Skeleton Representation and Articulation. Sheet contains MNE 
data and portion based calculations for skeleton representation, 
and the articulation scores.  

 
 

Cattle Body Mass 
and Estimates 

Cattle Body Mass and Meat Nutrition Values 
1) Cattle Body Mass estimates based on humerus, from Scott 1990. 
2) Cattle nutritional values based on USDA estimates based on 
body mass and body region. 
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Workbook Sheet 
Name 

Content 

Butchery Analysis 1) Full catalog of butchery marks on all bones.  
2) Sheet of chi-square butchery analysis used in Chapter 6, with full 
analysis of chi-square association tests for marks at a) location, b) 
mark type, and c) mark orientation. 

 

Non-Human 
Taphonomy 

1) Catalog of all non-human taphonomy, with pivot table and chart 
below it.  
2) Carnivore consumption Sequence and ICS Analysis, with 
correlations shown. 
3) Bone Density Mediated Attrition Analysis, with correlations 
shown.   
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