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CHAPTER 1
INTRODUCTION
This thesis is designed to accomplish two goals: modeling the physical habitat of
camas (Camassia spp.) in Oregon, and examining the relationship between indigenous
management and the spatial distribution of camas by measuring change in model
performance when indigenous cultural geography is included in the environmental
predictor set. The first goal is accomplished by assembling data about the physical
environment in Oregon and using a maximum-entropy habitat suitability modeling
process to define and map suitable habitat. The second goal is accomplished by creating
two new maps to describe the cultural environment in Oregon, and adding them to the
model as environmental predictors. If the model becomes more powerful with the
addition of cultural variables—without becoming so complex that improvement is
nullified in the interest of parsimony—indigenous management of camas may be
indirectly measured by the improvement of the model.
Both models represent explicit hypotheses describing which environmental
variables are important, how camas responds to each variable, how important the
variables are relative to each other. Any change in the model represents a new, alternative
hypothesis. In this thesis I create and optimize both an ecological model and a
socioecological model, then compare their predictive power and efficiency to each other
using tools developed from signal detection and information theory. A null hypothesis,
which I suppose would be represented by a random map of suitability to represent a lack
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of a coherent model, is not used to determine the “significance” of any model or
comparison. Each model is, instead, evaluated by penalizing complexity and rewarding
fit; the best model balances simplicity and power.
This investigation focuses on the contemporary state of Oregon as a case study for
the Pacific Northwest (Figure 1). I will use the name “Oregon” to refer to the current
political boundary of the state, but this investigation is designed to reconstruct conditions
leading into the 18th century. The cultural geography used in analysis is further based on
indigenous cultural geography which is largely independent from the administrative
boundaries drawn for Oregon in the process of becoming a state. Please keep in mind that
when I write “Oregon,” I simply mean the land contained within the imaginary line used
to define the state today.
Two camas habitat suitability models for Oregon are produced using Maxent, a
maximum-entropy software package. One model (the “ecological model”) is based on six
physical variables: Precipitation, Maximum Temperature, Minimum Temperature,
Elevation, Slope, and Aspect. After optimization, this model uses two physical variables
to describe suitable camas environment: Precipitation and Maximum Temperature. The
second model (the “socioecological model”) adds two cultural variables—Centrality and
Cost Distance to Nearest Earth Oven—to the model which already includes Precipitation
and Maximum Temperature.
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Figure 1. Map of Study Area
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CHAPTER 2
THEORETICAL BACKGROUND
Two bodies of anthropological theory, paleoethnobotany and landscape ecology,
underpin the questions I ask in this thesis. Paleoethnobotany champions the idea that
humans and plants affected each other before formal histories were written—and
measuring these effects may inform us about these human-plant relationships. Landscape
ecology concerns itself with the “concrete space-time system of the total human
ecosystem” (Naveh and Lieberman 1984:18).
I consider it important to frame this investigation as a contribution to the
discussion about the role of Native American management in the composition of
ecosystems in North America and the domestication of food plants. Below I outline two
contradictory worldviews: one shared by many Euroamerican explorers and settlers in the
1800s, and one shared—in part or whole—by many indigenous groups in the Pacific
Northwest. The unequal authority given to the former worldview, especially in early and
influential publications, has aided in creating and propagating caricatures of the
indigenous inhabitants of the Pacific Northwest. This initial underestimation has slanted
much of the anthropological, botanical, and ecological literature on which this thesis
builds. The information below serves to contextualize my contribution to those fields.
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Paleoethnobotany
Paleoethnobotany is the study of past cultures by an examination of human
populations' interactions with the plant world … mean[ing] the analysis and
interpretation of archaeobotanical remains to provide information about the
interaction of human populations and plants.” (Popper and Hastorf 1988:1-2)
Many paleoethnobotanists consider the attributes of individual plants as the
fundamental data points for analysis, dividing the range of analysis into “microbotanical”
and “macrobotanical” remains (Ford 1979). This emphasis descends from the nature of
the invention of “ethno-botany” in 1895, with the identification of plant remains from
rock shelters in the Southwest by Dr. John Harshberger at the Chicago World's Fair (Ford
2003:xii). I argue that although Ford, Popper and Hastorf explicitly sanction the analysis
and interpretation of physical plant remains recovered from archaeological contexts,
“archaeobotanical remains” may be construed as the physical remains of the interaction
between people and plants.
Minnis (2003:8) prefers a definition of paleoethnobotany “that emphasizes the
study of relationships—economic, ecological, and cultural—between people and plants.”
Broadly construed, therefore, what prevents the distribution of a plant—if it reflects
human transport and intensification—from qualifying as archaeobotanical remains?
Many paleoethnobotanical models are tested at the regional level (Halder and Goland
1997), so I nest the models in this thesis under that body of theory.

Landscape Ecology
Wagner (2003:126) defines the landscape on which humans live as more than
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simply a static background for human activity (Asch and Asch 1985), full of resources to
be exploited (Hunn and Williams 1982). The human management of vegetation can not
only intensify the available resources at particular locations (O'Brien 1987), it allows
people to “create local environments of their own design” (Lewis 1982:65). The field of
landscape ecology places humans squarely in the matrix of actors and reactors which
comprise a natural system (McGlade 1995:126).
Wagner (2003:131) points out that “[v]egetation is managed for many ends, not
simply for agriculture, and situations calling for management extend as far back in time
as there have been humans.” In the Midwest, “human activity played more of an active
role in plant range and stand density than did the physical environment” (O'Brien
1987:185-186). Importantly for this thesis, these mosaics created by intentional human
disturbance of the landscape may change significantly for hundreds of years (Baker
1995). This investigation, then, may be considered an endeavor to measure the extent of
this human role in shaping the ecosystems in Oregon through the traces left in the
distribution of camas.

Manifest Destiny and the Characterization of the Pacific Northwest
In order to inquire about past relationships between people and plants, we must be
aware of the historical context which affects the data and interpretations available. This
requires a step back from the theoretical tools I use to frame my research questions. We
must first consider the friction between many indigenous groups' worldviews and the
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dominant worldview of Euroamerican colonialists who arrived in the Pacific Northwest
in the 1700s and 1800s.
Humans are considered exceptional in many post-Biblical and post-Enlightenment
paradigms, narratives which informed the colonial expansion of the Unites States of
America. In these narratives, the human species (Homo sapiens) is qualitatively different
from the rest of the world—not merely a part of it—and tasked with having dominion
over it. This dominion argument is commonly built from the Holy Bible, in which God
commands humans to “[b]e fruitful, and multiply, and replenish the earth, and subdue it:
and have dominion over the fish of the sea, and over the fowl of the air, and over every
living thing that moveth upon the earth.” (1 Genesis 28). Locke (1988:291) refined this
directive in in 1690:
“God gave the World to Men in Common, but since he gave it them for their
benefit, and the greatest Conveniences of Life they were capable to draw from it,
it cannot be supposed that he meant it should always remain common and
uncultivated. He gave it to the use of the Industrious and Rational (and Labour
was to be his Title to it).”
The difference between this Euroamerican colonial worldview and many
indigenous Northwest worldviews initially played out in the United States' appropriation
of native land for “civilized” purposes:
“We often talked about our rights as strangers to take possession of the district …
The American woodmen … considered that any right in the soil which these
natives has as occupiers was partial and imperfect as, with the exception of
hunting animals in the forest, plucking wild fruits, and cutting a few trees … the
natives did not in any civilized sense, occupy the land.” [Sproat 1868 (1987):8,
quoted in Deur and Turner 2005:5]
Manifest Destiny was employed as a broad justification for arguments that the

8
indigenous inhabitants of North America were not appropriately using the land, and
therefore had no right to it in the face of the United States' westward expansion. The term
Manifest Destiny was coined by John O'Sullivan (1839:427) in an article on the
“futurity” of the United States:
“The far-reaching, the boundless future will be the era of American greatness. In
its magnificent domain of space and time, the nation of many nations is destined
to manifest to mankind the excellence of divine principles; to establish on earth
the noblest temple ever dedicated to the worship of the Most High -- the Sacred
and the True.” (emphasis mine)
Manifest Destiny was an extension of the Johnson v. M'intosh Supreme Court
ruling in 1823 which, while establishing ten elements of discovery justifying holding title
to land, explicitly grants the “civilized inhabitants” of the United States “an exclusive
right to extinguish the Indian title of occupancy, either by purchase or conquest” (Miller
2006:9-10).
This worldview is radically different from those articulated by many indigenous
peoples in North America and beyond. In one such worldview, from the Nuu-chalh-nuth
of Clayoquot Sound, “[t]he 'origin of species' is in, and from, the first people who remain
essentially the same throughout the ages down to the present day. The grounds of
discourse, or the starting point of discourses, defines the critical historical path and
requires only that proper relationships be developed and maintained between all life
forms.” (Atleo 2005:ix). Pierotti and Wildcat (2000) position humans as “co-equals” who
are dependent on non-humans, as well as the reverse: non-humans depending on humans.
Other perspectives from the lower Columbia Plateau are articulated by James Selam and
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family through Eugene Hunn (1990), sharing the notion of plants, animals, and land as
humans' equals. Stories told in among the indigenous peoples of the Willamette Valley
refer to humans as puny, lacking adaptations such as warm coats or sharp teeth. Since the
plants and animals are constantly providing for humans' needs, humans must
acknowledge their debt to that which sustains them.

The Non/Development of Agriculture
“Agriculture” speaks to a codependence between humans and domesticated plants
and/or animals. Domesticated plants are unable to survive without human intervention,
such as a tough rachis preventing seed dispersal by domesticated grains (Schusky
1989:12-13). The tipping point of domestication, the threshold of agriculture, is therefore
an organism's vital dependence on humans: without human mediation, that organism will
not be able to survive and reproduce. In Florida and on the West Coast, this line was not
crossed before the arrival of Euroamericans (Fritz 1998:11). This is noteworthy because,
similar to Central American groups on the eve of their independent adoption of
agriculture, the Calusa in Florida and the numerous indigenous peoples of the West Coast
were sedentary hunter-gatherer societies with complex social hierarchy and high
population density—but agriculture proper did not develop in any of these areas. Spanish
missions and American colonial expansion effectively exterminated the Calusa in Florida
before 1800 and disenfranchised the numerous indigenous peoples of California by 1830
(Fritz 1998:11). Many of the tribes of the Pacific Northwest have, in comparison,
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maintained strong cultural identities and traditions through centuries of colonization.
I do not mean to suggest that a brutal, genocidal process of colonialism did not
take place in the Pacific Northwest—because it certainly did (and continues to take place
in relations between Native American and First Nations tribal governments and the
national governments of the United States, Canada, and other countries). This region
presents a unique opportunity to examine the interactions between plants and people in a
place where the domestication of native plant foods has neither been proven nor
disproven (Thoms 1989:181). Was indigenous intensification of food plants cut off by
Euroamerican contact before it could develop into agriculture in the Pacific Northwest?
Alternatively, was the Pacific Northwest home to a sustainable system of ecosystem
management and food source intensification which would have never crossed the
threshold of agriculture?
Based on “brief encounters and biased expectations,” an anthropological body of
work was built through much of the 20th century which included “little debate as to
whether the peoples of [the Pacific Northwest] cultivated plants. Most scholars accepted
that they did not” (Deur and Turner 2005:3). Similar theory typified ecological writings:
indigenous ecosystem management was, for example, discounted as a non-occurrence in
forestry textbooks through the early 1970s (Williams 2000a). This dismissal of the native
ecosystem management in the Pacific Northwest has more recently given way to a
growing body of literature on complex hunter-gatherer societies with permanent
settlements, social stratification, and long-term food storage (Aikens et al. 1986; Ames
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1985; Connolly 2000:3; Koyama and Thomas 1981); features and practices which are
commonly associated with agriculturists but also found in the Pacific Northwest.
The Pacific Northwest was home to four domesticated species: two tobacco, and
two dog (Suttles 1990a:24; Turner and Hamersley-Chambers 2006:251). The remaining
plethora of natural resources were never “domesticated” by the indigenous inhabitants of
the region; but they were burned, cleared, pruned, coppiced, tilled, replanted/transplanted,
ceremonially constrained, harvested in a selective or seasonally limited way, and
managed in a proprietary fashion (Peacock and Turner 2000; Turner and Peacock 2005;
Turner et al. 2005; Deur and Turner 2005). We may consider the relationship between
humans and plants to occupy a spectrum between non-management and agriculture,
rather than two binary states, and these practices may be plotted along that spectrum.
Kramer (2000:5-8) discusses several theoretical models for plant intensification in
the Pacific Northwest, largely based on optimization of efficiency. In this vein, Peacock's
(1998) dissertation suggests that intensification is a process of reducing risk and
increasing the efficiency of production. Kramer (2000:8) interprets efficiency of
production as increase in caloric return per bulb harvested, while I interpret efficiency of
production spatially for the purpose of this investigation: camas ought to be found close
to human settlement and/or processing facilities, or these sites ought to be located near
camas. In this case, a meeting in the middle between plant intensification practices and
siting of human infrastructure for harvest and processing would be visible in a spatial
correlation between the plant populations and the human archaeological material.
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Hindcasting Indigenous Oregon
The general goal of this investigation is to study, inferentially, the relationship
between people and plants entering the 1700s (roughly the beginning of the
Euroamerican contact era in the Pacific Northwest, see Suttles 1990b:70 for a more
detailed timeline) in what is now Oregon. D'Azevedo (1986:13) summarizes my feelings
on relying on analogy for this exercise in hindcasting:
“[T]he discourse appropriate to the detailed description and analysis of early
cultures … from data selected from the writings of countless investigators and the
recorded recollections of their myriad human subjects … may produce the effect
of peering through the large end of a telescope: all that was once large as life
seems reduced to distant miniature … Some essential aspect of reality will appear
absent.”
Those words were written not to dissuade inferential investigation of such
removed matters as the pre-contact intensification of camas, but to fortify the reader as
s/he dives into the necessarily complicated world of thinking rigorously about the past.
This endeavor is important for recognizing and recording the relationship between
indigenous peoples and natural resources, a pressure which shaped plant communities
long before botany and ecology were practiced by Euroamericans in North America
(Anderson 1997:149). As Lenore Keeshig-Tobias (McLaren 2003:45) noted of nonindigenous authors, the most indigenous peoples can hope for is be “paraphrased
correctly.” I can only hope this thesis does not distort the first peoples of the Pacific
Northwest like so many authors have before it. Kimmerer and Lake (2001:36) remind us
that “[t]he worldview of a society is often written more truthfully on the land than in its
documents. The current American landscape represents the historical legacy of one
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worldview superimposed on another, the colonial overlaying the indigenous.” This thesis,
therefore, is an attempt to peel back the colonial landscape and study what remains of the
indigenous landscape beneath it.
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CHAPTER 4
CAMAS
The pre-contact relationship between humans and plants in Oregon is perhaps best
examined through the most culturally important and sustaining plant used by the
indigenous peoples of the region: camas (Camassia spp., Figure 2). Many early
archaeological discussions of camas briefly glossed the available botanical information
(Gould 1942; Rees 1972, 1992) before focusing on the methods and results of their
specific investigations.

The Botany of Camassia
Camas is the simple common name for plants in the genus Camassia. The two
most populous species in Oregon, particularly western Oregon, are C. quamash (common
camas) and C. leichtlinii (great camas) (Pojar and MacKinnon 1994:108). The Pacific
Northwest is also home to C. cusickii and C. howellii (Oregon Flora Project 2013). A fifth
species, C. scilloides, is found from Pennsylvania to Texas (Gould 1942) but there is no
record of anyone, indigenous or otherwise, eating it. Figure 2 illustrates the habit (shape)
and distinctive features of Camassia. Hitchcock and Cronquist (1973:688) provide a
thorough treatment of the genus:
“[Flowers] in bracteate racemes, rather showy, [regular] to [irregular], the tepals
alike, distinct, narrow, white to deep blue or violet; style slender, stigmas 3, ovary
superior; caps ovoid to subglobose; seeds lustrous black, pear-shaped to ovoidellipsoid, 2-4 mm; scapose pers from deep-seated bulbs with several linear basal
[leaves].”
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Figure 2. Camas Flower, Bulb, and Habit
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The genus Camassia was traditionally placed in the Liliaceae (Gould 1942;
Leffingwell 1930; Maclay 1928), a heterogeneous family of as many as 4500 plant
species. In the late 20th century a serious effort to improve taxonomic classifications of
species in Liliaceae was initiated (Mathew 1989) and the discussion continues today as
morphological taxonomy (Jewell 1978) gives way to phylogenetic evidence (Fishbein et
al. 2010). Camassia was moved to Agavaceae based on early genetic evidence (Pfosser
and Speta 1999). As of this writing in early 2013, however, Camassia is situated in the
family Asparagaceae (Stevens 2001 onwards). Kramer (2000:8) summarizes the level of
botanical rigor applied to camas in archaeological studies in the 20th century:
“The finer points of camas ecology are not understood. Specific research on
camas itself has not been prolific (Burbank 1914l; Maclay 1928; Leffingwell
1930; Gould 1942; Chance et al. 1977; Jewell 1978; Statham 1982; Turner and
Kuhnlein 1983; Watson 1988; Thoms 1989) and much information on bulb size,
morphology, and reproduction is extrapolated from literature on plants and bulbs
of the lily family (Liliaceae) in general (Rees 1972, 1992; Genders 1973).”
Camas is a perennial wildflower which, after establishing itself vegetatively for
approximately three years, blooms in the spring for up to thirty years. It reproduces by
bulb offsets and seed distribution and stores energy in an underground bulb above its
roots. This bulb, rich in fuel for the plant, is also a valuable food source for humans.
Camas has contractile roots which will pull this bulb below the root mat of competing
turf and other plants. Camas is a generalist—it may be found in a variety of environments
—but its optimum habitat is often described as the marshy margins of meadows which
are inundated during the winter but dry out by late summer (Gould 1942; Maclay 1924;
Pojar and MacKinnon 1994:108; Stevens and Darris 1999).
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Camas and the Indigenous Inhabitants of Oregon
The cultural importance of camas in Oregon and neighboring areas can hardly be
overstated. Exceptionally, its genus—and in one case species as well—are based on an
indigenous name for the plant. The Nez Perce called camas “qém'es” and both Camassia
and quamash are anglicized versions of that name (Hartley 2001).
Camas was a staple food for indigenous peoples such as the Kalapuya of the
Willamette Valley (Aikens 1986:88; Clyman 1960; Douglas 1959:105; Thwaites 1905;
Zenk 1976, 1990a:547, 1994); the Chinookan groups along the lower Columbia
(Beckwith 2004; Minor et al. 1980:86; Silverstein 1990:537); and the Tillamook, Alsea,
Siuslaw, and Coquille along the Oregon coast (Miller and Seaburg 1990:580; Seaburg
and Miller 1990:564; Zenk 1990b:573). It was an important food across the Northwest
Coast and the Columbia Plateau (Aikens 1986:64; Beckham 1977:48; Gritzner 1994;
Suttles 1990a:23; Sultany et al. 2007; Turner and Hamersley-Chambers 2005:254; Weiser
2006). It was eaten by the Straits Salish of British Columbia (Turner and Kuhnlein
1983:211), the Coast Salish of British Columbia and Washington (Suttles 1951:59), the
Lummi of northwest Washington (Stern 1934:42-43), and the Nez Perce of Idaho
(Harbinger 1964). It was the foundation genus of the primary ecological subcommunity
in the Garry oak (Quercus garryanna) communities which dominated the Northwest
Coast under indigenous management (Erickson 2002:181) and was part of the Root
Complex of foods for the inhabitants of the northern Great Basin, such as the Paiute
(Aikens 1986:36; Fowler 1986:69, 75; Fowler and Rhode 2006:343). Among the Klamath
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and other groups at the central Oregon-northeastern California border, camas was a staple
food so heavily influenced by humans that previous researchers could not divorce cultural
effects from environmental effects on the plant (Baumhoff 1978:19-20).
Lewis and Clark's Corps of Discovery recorded such highly intensified camas in
the Northwest that “from the color of its bloom at a short distance it resembles lakes of
fine clear water, so complete is this deseption (sic) that on first sight I could have swoarn
(sic) it was water” (Thwaites 1905:132). This visual metaphor for camas flowers is
repeated in phrases such as “skye blue petals resemble lakes of fine clear water” (Sultany
et al. 2007:28).
Camas is considered the primary native plant food in the Pacific Northwest, its
cultural importance among plants comparable to salmon's (Oncorhynchus spp., which
includes some anadromous trout) cultural importance among animals (Gritzner 1994).
Ceremonies were customarily held by many groups at the first ripening of camas (Malouf
1998:299). Hunn (1981) demonstrates that despite an early anthropological research
emphasis on hunting, plant foods—especially camas—provided the majority (70%,
among the Yakima in Washington) of the calories in the Northwest indigenous diet. It is
further worth noting that since the edible portion of camas' anatomy is its overwintering
storage organ, rather than its seasonal reproductive tissue or fresh annual growth, it is
available for harvest year-round—but best in the spring, before many fruits and nuts are
in season (Dimbleby 1967:29; Scarry 2003:72). It was also planted up the sides of
mountains for a longer harvest window as groups of people traveled their seasonal round
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(Turner et al. 2011:11). Camas was commonly dried and pressed into biscuit-sized
“cakes”—which, if kept dry, remain edible for more than a year—for storage and trade
(Turner et al. 1983).
The camas bulb must be dug out of the ground for harvest, in a similar process to
digging for clams on the beach. Fowler and Rhode (2006:343) describe the
“indispensable” tool for collecting roots such as camas to be “the slightly curved and
handled digging stick.” Such digging stick handles have been excavated from the Fuller
and Fanning mounds in the Willamette Valley, and are nearly identical to those found on
the Columbia Plateau (Aikens 1993:207). A digging stick handle was commonly given to
a young woman during adolescence, and she would keep it for life (Cressman 1960:70).
These handles were considered sacred by many indigenous groups in the Northwest
(Brauner 1976).
Camas bulbs contain an indigestible complex protein called inulin, which is
broken down into simpler, digestible fructans and fructose by steaming the bulbs in a
earth oven for a 2-3 days (Beckham 1977:48; Downing and Furniss 1968; Gritzner 1994;
Kuhnlein and Turner 1991; Turner and Bell 1971; Turner and Hamersley-Chambers
2005:256; Turner and Kuhnlein 1983). Consuming camas bulbs without cooking them in
this way results in gastrointestinal distress (Thwaies 1905), usually coincident with
extreme flatulence as Douglas (1959) noted when he was “in a Indian hut” and “was
almost blown out by the strength of the wind.”
Camas may be transported either as raw, viable bulbs, or it may be pounded and
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pressed into cakes. Since it propagates both by seed and by division of the bulb, camas is
well suited for intensification (Stevens and Darris 1999:4; Thoms 198:146). Bulbs are an
effective way of propagating the plant (Turner and Kuhnlein 1983:205) and early
Euroamerican records indicate these raw bulbs were sometimes transported en masse by
the indigenous inhabitants of Oregon (Henry 1992:658). Camas was also traded in
Washington (Gritzner 1994; Gunter 1973; Jewitt 1824), Idaho (Harbinger 1964), the
Great Basin (Hughes and Bennyhoff 1986:240), and the Pacific Northwest in general
(Turner and Loewen 1993). For some groups, trade was not permitted unless camas was
included among the traded goods (Harbinger 1964).

Indigenous Ecosystem Management in Oregon
Early Euroamerican explorers entering the lush Pacific Northwest were not
encountering a pristine landscape without human influence, or as Connolly (2000:1) put
it, “the hardy Mountain Men of the American West did not venture into an uncharted and
untamed wilderness.” Indigenous peoples in the region heavily managed the natural
resources available to them, particularly with fire (Clyman 1960:153; Johannessen et al.
1971; Beckham 1977:49; Boyd 1986, 1999; Habeck 1961; Franklin and Dymess
1988:1126; MacDougall et al. 2004; Sprague and Hansen 1946; Storm and Shebitz 2006;
Towle 1979; Wilkes 1845:358) in a similar fashion to burning practiced by numerous
indigenous peoples globally (Stewart 1956; Smart and Hoffman 1988:172; Lewis 1972,
1973; Keeley 1995; Pyne 2002). The Willamette Valley was burned by the Kalapuya “for
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the purpose of procuring a certain species of root, which forms a principle (sic) part of
their food” (Colvocoresses 1852:277). Intentional burning to manage the landscape was
also common in the Great Basin (Fowler 1986:93), practiced regularly along the southern
Oregon coast (Miller and Seaburg 1990:580), practiced for at least 11,000 years in
southwestern British Columbia (Hallett et al. 2003), and almost universal in California
(Baumhoff 1978:22-24; Driver and Massey 1957:188; McCarthy 1993).
Fire was so important and useful for Oregon natives that it was considered a
helpful mother figure in a story told by Clara Pearson, a Nehalem Tillamook, in Beckham
(1977:6): any raw plant material given to the Fire will be made into the highest quality
material for the production of useful goods, even worked into finished products such as
fine baskets. This benevolent characterization contrasts sharply with what Kimmerer and
Lake (2001:36) describe as the Euroamerican characterization of fire as “destructive and
hazardous” (Arno 1985, Lewis 1982).
The widespread use of fire, and the strong cultural associations with it, are
especially important when considering the non/development of agriculture in the
Northwest, since the use of fire may be more closely associated with the domestication of
plants than population pressure or social complexity (Keely 1995). Additional evidence
for this proposition is provided by Mellers (1976), who noted that although burning
reduces total biomass in an ecosystem, it increases new growth which may either directly
be consumed or used by humans—or attract grazers and browsers which may then be
hunted (see also Williams 2000a). Mellers (1976:36) also notes that burning makes food
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sources more predictable and encourages their optimal distribution on the landscape; not
only increasing efficiency of harvest and killing many pests (Kimmerer and Lake
2001:38) but encouraging those groups which employ burning to settle in the localities
they manage. This nascent sedentism may be associated with the development of
agriculture, although this correlation may not indicate causation.
Indigenous burning created a “diverse and productive landscape” which
“promoted food security” by creating a “mosaic of habitat patches” (Kimmerer and Lake
2001:38). This mosaic was created not only by burning some areas often enough to
maintain populations of beneficial species and prevent pests from establishing, but also to
stagger the initiation of post-fire successions so that the resources available at different
stages in those successions would be available from a convenient location (Lewis 1985;
Williams 2000). The open savanna and parkland which represented most of the
Willamette Valley under indigenous management (Lewis 1993) has, after burning was
suppressed and much of the land was tilled, been confined to mitigation zones and
refuges such as the Finley National Wildlife Refuge south of Corvallis, Oregon— where
the photo in Figure 3 was taken of a typical oak savanna managed to appear as it would
have under Kalapuya management.
Indigenous burning is directly relevant to camas, increasing its patch size and
population density (Anderson 1997; Williams 2000b). Bisell (1989) argues that burning
enhanced productivity so greatly it “made agriculture unnecessary” (Kimmerer and Lake
2001:39). Midsummer burning from the Willamette Valley down through northern
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California created a dual harvest system by allowing for a second burst of growth when
the fall rains arrived before cold temperatures followed (Williams 2000a). Other directly
relevant forms of management include lifting turf to dig, then replacing it immediately
after harvest (Stevens and Darris 1999:2).
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Figure 3. Oak Savanna
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CHAPTER 4
PREVIOUS RESEARCH ON HUMAN MANAGEMENT OF CAMAS
Two major investigations have attempted to measure human management of
camas. Stephenie Kramer (2000) compared the size of camas bulbs found in earth ovens
in Oregon, looking for change over time. Hiroshi Tomimatsu and colleagues (2009)
compared noncoding chloroplast DNA from camas to that of death camas in the Puget
Trough and Pacific Northwest at large, looking for evidence of human transport. Neither
of these studies detected a signature of human management of camas in their data. Let us
examine each in detail.

Change In Bulb Size Over Time
Kramer's MS thesis (2000) addresses two topics: change of camas bulb size over
time, and archaeological evidence for gender roles in the gathering and processing of
camas. The latter is an engaging and important investigation, but I focus here on the
former. Kramer's (2000) consideration of charred camas bulbs as the fundamental data
points for her analysis is perhaps the only way to physically study camas from the past,
excluding microbotanical analysis such as pollen samples from lake floors, since charring
has “arrested or inhibited” the processes of decomposition—which break down organic
materials and remove them from the archaeological record—through carbonization
(Dimbleby 1967:95, 100).
Kramer (2000:25-32) selected three archaeological sites for comparison. The Mill
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Creek Site Complex (Kramer 2000:26-30), the excavated potions of which are situated
throughout the interchange between Interstate 5 and Oregon 22 (Santiam Highway) on
the west side of Salem, Oregon, contains many camas ovens. Dendrocalibrated
radiocarbon dates range from 140 year before present (B.P.) to 5740 B.P. (Connolly and
Hodges 1996; Minor and Toepl 1995; Connolly et al. 1998). The Hannavan Creek Site
(Kramer 2000:30-32), located approximately 65 miles southwest of the Mill Creek Site
Complex, includes two earth ovens containing hundreds of charred camas bulbs—two of
which yielded dendrocalibrated radiocarbon dates of 7669 B.P. and 8520 B.P. (Cheatham
1988:106-107). The Lynch Site (Kramer 2000:32), located approximately 40 miles south
of the Mill Creek Site Complex, includes dozens of earth ovens and hundreds of charred
camas bulbs, and dendrocalibrated radiocarbon dates range from 694 B.P. for the oldest
camas bulb to 1280 B.P. for the oldest site feature (Sanford 1975:238-271).
Kramer (2000:32-39) measured 350 charred, but acceptably complete (“Whole” to
“Fragmented”), bulbs excavated from these sites. Measurements taken to the nearest 0.1
mm were length from stem to base, horizontal width at the widest point perpendicular to
length, and depth perpendicular to both previous measurements; creating a simple threedimensional model of each bulb. Plotting both three-dimensional volume (produced by
multiplying all three measures together) and two-dimensional volume (produced by
multiplying width from depth, to avoid filter out irregular processing practices leaving
different amounts of stem on the bulbs), she hypotheses increase over time as a result of
intensification and selection for larger bulbs. This pattern is not at all visible in the data—
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in fact, the oldest bulbs are some of the largest, and both measures of size go up and
down in multiple cycles over the 7000+ years represented in the data.
Two potential sources of gross error are noted in Kramer's methods section. The
first is an inability to retroactively determine the species of each charred bulb,
introducing the strong possibility that differently-sized bulbs typical of different species
were compared directly. The second is shrinkage of bulbs during charring, an inescapable
effect of carbonization (Dimbleby 1967:131) which introduces a wide possible range of
variation in camas bulbs, which are 80% water (Beckwith 2004; Turner and Kuhnlein
1983:216). Kramer (2000:38-39) notes uniform shrinkage as an assumption within each
oven, though conceding (2000:52) that heat distribution within any oven varies widely
(Wilson and DeLyria 1999:82-83). It is furthermore certain that no researcher may,
thousands of years after the fact, retroactively measure differences in bulb shrinkage
between ovens.
Kramer does not address more general sources of error. The size of camas bulbs
change through the growing season (Kramer 2000:12; Maclay 1928; Thoms 1989) and
bulbs were dug at different points in that cycle (Douglas 1959:215). Direct comparison
assumes harvest at the same point in the growing cycle. Differences in immediate
environment surrounding each oven—such as soil type, precipitation, temperature,
intensity of management—also cannot be controlled in this direct comparison. Longscale climatic oscillations spanning years (e.g., El Niño/La Niña) or centuries (e.g., the
Younger Dryas) may further compromise the ability of a researcher to compare
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unadjusted data from different periods.

Phylogeography of C. quamash in the Puget Trough
Tomimatsu and colleagues analyzed the phylogeography (genetic geography) of
camas at multiple scales, testing three hypotheses (2009:3920, paraphrased here):
H1:

Genetic differentiation among local populations should be lower, and
geographically disjunct haplotypes should be more common, in camas
than in death camas.

H2:

Camas from Somass Estuary (central Vancouver Island) should be
genetically most similar to populations on a probable trade source on
southeastern Vancouver Island, rather than to populations from nearby
areas where camas is less abundant.

H3:

Patterns of genetic similarity among populations should correspond to
known trade routes of camas bulbs or cultural barriers of indigenous
peoples, including transport over the Cascade Range.

Tomimatsu et al. (2009:3918-3919) base these hypotheses on evidence of human
transport of plant propagules over long distances (MacDougall 2003), “disjunct
occurrence of plant populations and their proximity to Indian villages or travel routes”
(Moseley 1931; Rousseau 1966; Keener and Kuhns 1997), and indigenous accounts of
human-mediated dispersal (Gilmore 1930). To track this human movement, chloroplast
DNA—which is carried in seeds and vegetative material but not in pollen (Corriveau and
Coleman 1988; Reboud and Zeyl 1994), so it may display a signature of human dispersal
as recorded in other genetic studies—was sequenced and compared (Le Corre et al. 1997;
Fineschi et al. 2000; Mohanty et al. 2001; Harter et al. 2004).
Tomimatsu and colleagues (2009:3920-3925) use death camas (Zygadenus
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Camas
(Nicholas Collias, Boise Weekly)

Death Camas
(Pojar and MacKinnon 1994:109)

Figure 4. Comparison of Camas and Death Camas
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venenosus in this publication) as a control for their phylogenetic analysis. Death camas,
illustrated in Figure 4, is similar to camas in habitat and distribution, but is not a clean
control. Traditionally considered in the Zigadenus genus (Hichcock and Conquist
1973:696-697), it has more recently been split into the Toxicoscordion and Anticlea
genuses (Oregon Flora Project 2013). Hitchcock and Cronquist (1973:696-697) provide a
thorough treatment of Zigadenus:
“[Flowers] racemose or pan, white to yellow-green, subrotate to shallowly camp,
withering-persistent; tepals ovate to oblong-lanceolate, alike, or the outer series
shorter, each with a yellow or greenish gland near the often ± clawed base;
stamens 6, hypog to perig, = or > the perianth; ovary superior to ca 1/3 inferior;
styles 3, distinct; caps several-∝ -seeded; [perennial] herbs with tunicated bulbs,
the sts simple, [leafy] at base with reduced [leaves] or membranous bracts above;
[leaves] linear, mostly basal, [generally] glab and often glaucous.”
All parts of death camas contain a powerful poison (zygadenene) and it was not
consumed as food (Turner & Bell 1971). It was, however, used to make a topical poultice,
which would be applied to sprains, bruises, boils, rheumatism, and generally painful
areas, as well as ingested as a violent emetic (Pojar and MacKinnon 1994:109). Death
camas would not have been intensified as a food in the same manner as camas, but I
contend that human management takes many forms. Weeding a poisonous intruder out of
one's camas plot, for example, is one form of management.
Tomimatsu and colleagues (2009:3920) sequenced genes from 208 C. quamash
plants in 35 populations to compare with 126 Z. venenosus plants in 21 populations, as
well as 178 C. quamash plants in 30 populations without Z. venenosus for comparison.
They measured genetic differentiation between populations using PERMUT 1.0
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(http://www.pierronton.inre.fr/genetics/labo/Software, [Pons and Petit 1995, 1996]),
compared genetic distance to geographic distance using ARLEQUIN 3.11 (Excoffier et
al. 2005), sought geographically disjunctive haplotype distribution by comparing
statistical parsimony networks with TCS 1.21 (Clement et al. 2000; Templeton et al.
1992), and genetically grouped populations using SAMOVA (http://web.unife.it/progretti/
genetica/Isabelle/samova.html [Dupanloup et al. 2002]). Figure 5 illustrates these genetic
groupings.
This study “found little support” for the hypothesis that human transport of camas
propagules would be reflected in the genetic geography of the plants (Tomimatsu et al.
2009:3923-3924). The populations of camas and death camas under study showed similar
directions of gene flow and levels of geographic disjunctiveness, while the populations of
camas on either side of large geographic barriers were distinct from each other. Generally,
the patterns visible in the genetic data could be explained by long-term processes such as
isolation following the late Pliocene uplift of the Cascades (Booth 1987; Brunsfeld et al.
2001; Li and Adams 1989) or recolonization from southern refugia after Cordilleran
glaciation (Soltis et al. 1989, 1991) which have been observed in other plants such as
Douglas fir (Pseudotsuga menziesii) and youth-on-age (Tolmiea mensiesii).
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Figure 5. Genetic groupings of Camassia populations on the Northwest Coast
(Tomimatsu et al. 2009:3923)
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CHAPTER 5
MODELING THE PHYSICAL HABITAT OF CAMAS
Following postmodern reflection in the 1980s, the field of anthropology has
adopted modeling as a robust means of answering complicated questions about culture
(Kuznar 2008:162-170). This study adopts an ecological modeling method to answer the
anthropological question of measuring the relationship between humans and camas.
Specifically, I use Habitat Suitability Modeling, also called Species Distribution
Modeling (Elith and Leathwick; Franklin 2009) or Ecological Niche Modeling (Warren
and Seifert 2011), to accomplish two goals: defining the ecological habitat of camas, and
measuring change in model performance when indigenous cultural geography is included
in the environmental predictor set. If the model becomes more powerful—without
becoming so complex that improvement is nullified in the interest of parsimony—the
relationship between humans and camas may be indirectly measured by the improvement
of the model. It is important to note this correlation will not imply a causal relationship.
Human management of camas could modify its range and density, but places where
camas thrives would be attractive to humans as well. Improvement in the model will only
tell us that the environmental variables used to create the first model do not tell the whole
story by themselves.

Geographic Information Systems
Many of the tools used in this investigation fall into the category of Geographic
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Information Systems (GIS), simply meaning they are tools to display and analyze spatial
data related to the surface of the Earth. GIS applications have been developed for planets
other than Earth (see Hynek et al. 2010 for an example of a GIS application on Mars), but
for the purpose of this investigation, we will concern ourselves only with the terrestrial
surface of Earth. The world of GIS is vast and complicated, so some background
information is needed to provide context for the tools used in this analysis.
Harvey (2008:8) calls the field of GIS an interdisciplinary symbiosis which came
into its own in the 1960s with the work of Roger Tomlinson, Edgar Horwood, William
Warntz, and others. In this section I will introduce the types of GIS data and analysis I
used to address the goals of this study.

Data Types: Vector and Raster
Most GIS packages work with two types of data: vector and raster (Figure 6). This
distinction is useful in computing outside of GIS as well. Let us consider a map of a farm
as an example. If this map were composed of vector data, the coordinates of each
important thing on the map would be recorded in a list. Some of these points would stand
alone (e.g. individual plants or animals) while others would be connected in lines (e.g.
roads or streams) or polygons (e.g. the footprint of a barn or house). If the map were
instead composed of raster data, a grid would be laid over the whole farm. Each cell in
the grid would have a value (or more than one, organized into bands) representing
something about the area of the farm contained by that cell. If one band were animal
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Figure 6. Raster and Vector Data (Buckey 1997:15)
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density, any cell which contained no animals would have a value of 0, while any cell
containing animals would have a value matching the number of animals in that cell. This
is an example of a continuous variable, since 0 and 1 and 2 and so forth are equal steps
along a sequence. If another band were land cover, a cell containing the barn would have
a value such as 1 (indicating a building) while a cell containing part of a corn field would
have a value such as 2 (indicating annual cropland). This is an example of a categorical
variable, since 1 and 2 mean different things which do not fit together in a sequence, and
on which many statistical operations may not be performed.

Integrating Geographic Data
In order to carry out a complicated process such as habitat suitability modeling,
many kinds of data must be used in concert: the shape of the land, the distribution of
precipitation and temperatures across it, known locations of the species under study, the
boundary of the area of interest, and ancillary data such as political boundaries and aerial
photos, to name a few. The common metaphor in GIS is to think of each set of data as an
overlay, or a transparency for use with a projector. The field of landscape architecture is
to credit for developing the physical version of this process (Steinitz et al. 1986), in
which each set of data (e.g., a state boundary) is drawn out on its own overlay or
transparency—called a layer. The GIS user may use as many of these layers as s/he
wants, and for many purposes. Figure 7 illustrates nine data layers used to construct both
the ecological and socioecological model which are compared later in this thesis.
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Figure 7. Layering of Geospatial Data
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Maxent Habitat Suitability Modeling
Maxent, short for Maximum Entropy, is a habitat distribution modeling process in
which a computer examines where a species is found on a known landscape, then
generates a map of where suitable habitat should exist for that species (Phillips et al.
2004; Phillips et al. 2006, Elith et al. 2011). Maxent may be download as a standalone
Java application (from http://www.cs.princeton.edu/~schapire/maxent/). The term
“maximum entropy” means uniform probability: anything could happen anywhere. This
means Maxent assumes as little as possible until it is slowly coaxed to produce tentative
statements of which places are more likely provide suitable habitat for the species, based
on the environment and occurrence data fed into it. Figure 8 illustrates this process.
The Maxent process consists of the following steps. First, a set of environmental
variables are introduced to Maxent. Second, a set of known locations of the species under
study are introduced to Maxent. The species' environment is characterized by compiling
the scores from each variable at known locations. Third, a background sample of
locations is created, using locations which closely match the environmental conditions of
the known locations (so that any signal of habitat preference must be strong and nonrandom). Fourth, Maxent does two things from comparing the occurrences to the
background: draws response curves for each variable, and weights them against each
other. This step is where the “modeling” happens. Fifth, Maxent crawls through the entire
landscape and scores each location for overall suitability using all variable scores
weighted together. The output of this step is the final map of habitat suitability

39

Figure 8. Habitat Suitability Modeling Process
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for the entire area of interest, in which each pixel's value is the overall suitability of
habitat at that location.

Camas Occurrence Data
The Oregon Plant Atlas, initiated in 1995 as a component of the Oregon Flora
Project, is an online resource (http://www.oregonflora.org/atlas.php) for public access to
spatial and botanical data in the records of the Oregon Flora Project and allied herbaria.
The Atlas uses a Java applet written by Clayton Gautier to lay the locations of plant
specimens on base maps created by Jon Kimerling and serve the product over the web.
Herbarium-vouched Camassia occurrences were downloaded from the Atlas on April 2,
2013.
The Atlas' herbarium-vouched occurrences are digitized coordinates for plants
which were identified in the field, collected, stored at an herbarium, and secondarily
identified by an herbarium botanist (Figure 9). Herbarium-vouched specimens are
considered benchmark samples for botanical research (Carter et al. 2007). Any plant
sample which is collected and identified in the field must be secondarily identified by a
professional botanist in a laboratory environment and accessioned into an herbarium
collection in order to become vouched. Coordinates for these vouched Camassia
specimens will be considered occurrences of camas for the purpose of modeling—since
the taxonomic identification error rate of professional botanists has been measured lower
than that of amateur citizen scientists in the United States (Crall et al. 2011), as well as
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Figure 9. Herbarium-vouched Camas Occurrences in Oregon, 1880-present
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Poland (Łuczaj 2010) and East Africa (Ahrends et al. 2011), we may assume herbarium
botanists in Oregon will also have a lower error rate than amateur observers. Both models
will be built with herbarium-vouched specimen locations as occurrences. Each
occurrence, it is important to note, has an estimated margin of error in placement. Two
examples illustrate this point. One specimen, collected in 1946 and vouched in 2004, was
collected from “Hellgate, Rogue River Canyon” and was assigned a location with 12
miles of estimated potential error. Another specimen, collected and vouched in 1938, was
collected from “Snow Camp” and assigned a location with 1/8 mile of estimated error.
The root mean square error (RMSE) for a sample of a sample of 27 interpreted locations
is 3.29 miles, or 5.29 kilometers.
The Atlas' data includes taxonomic classification to the subspecies, but “camas”
describes the genus Camassia. The specific classifications within Camassia will,
therefore, be erased for initial modeling: camas will be modeled at the generic level.

Environmental variables
The first model uses only nonhuman environmental variables to describe camas
habitat. Six such variables are commonly used in habitat suitability modeling:
Precipitation, Maximum Temperature, Minimum Temperature, Elevation, Slope, and
Aspect. The data needed to populate these variables are publicly available for the state of
Oregon through of the PRISM Climate Group and National Elevation Dataset.
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PRISM Climate Group:
Precipitation, Maximum Temperature, and Minimum Temperature
The Parameter-elevation Regressions on Independent Slopes Model (PRISM)
Climate Group produces monthly rasters of the conterminous United States using data
recorded by thousands of weather stations spread across the country. The PRISM
acronym is a wordy way of saying that rather than modeling the environmental variables
on a uniform (flat) surface between weather stations, the shape of the land between them
is incorporated into the model because precipitation and temperature respond to slope and
terrain barriers in predictable ways. (Daly et al. 1994; Daly et al. 2001; Daly et al. 2002;
Daly et al. 2008; Simpson et al. 2005). I have used the Precipitation, Maximum
Temperature, and Minimum Temperature PRISM models as environmental variables in
these habitat suitability models for camas.
Each of these models is provided by PRISM at a resolution of 30 arc-seconds
(0.0083331°). Because arc-seconds are angular units (divisions of degrees), they remain
constant north-to-south while shrinking east-to-west away from the Equator. Said another
way, one degree of latitude is equal to one degree of longitude at the Equator
(approximately 111km) and while longitude retains this 1°≈111km relationship all over
the Earth's surface, latitude shrinks to 1°=0km at the poles (where the lines of longitude
converge). Oregon is approximately halfway between the Equator and the North Pole, as
evidenced by the sign on Interstate 5 just south of Salem alerting highway drivers to their
position on the 45th Parallel. Figure 11 illustrates this change in surface area from the
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Figure 10. Change in Area from Angular Measurements,
Moving Away From The Equator
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equator to the North Pole. Generally speaking, then, each PRISM raster for the state of
Oregon consists of cells which are approximately one kilometer north-to-south and
approximately half a kilometer east-to-west.
This is an appropriate point to ensure the reader has the tools to understand the
maps presented in this study. It is important to remember that all maps lie—they are
simplifications which make sacrifices—but they are useful for some applications
(Monmonnier 1996). Geographic information is recorded in angular units—degrees away
from the Equator and Primer Meridian. These numbers go from 0 to 180, both negative
and positive. Negative latitude indicates a location south of the Equator, and negative
longitude indicates a location west of Greenwich, England. Angular coordinates in
Oregon generally read forty-something degrees (north of the Equator) and negative one
hundred twenty-something degrees (west of Greenwich). In order to display geographic
information on a flat surface, such as the piece of paper or computer screen on which you
are reading this document, these angular units must be “projected” from the threedimesional irregular oblate spheroid which is the Earth to linear units to place them in
two-dimensional space on the page. The most common projection for Oregon maps is the
Oregon Lambert Statewide, based on a Lambert conformal conic projection (projecting
the surface of the earth onto a cone, then unrolling that cone onto the page). Figure 11
illustrates a number of projections to demonstrate the range of variation in methods for
projecting the Earth onto a flat surface. The first projection in Figure 11 is a
“Geographic” projection, which is often called “unprojected”—simply meaning the
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angular units (degrees) are used as linear units. This egregiously implies the Equator is
equal in length to the North and South Poles—an assumption shared by Mercator
projections—but geographic projections are nonetheless common (e.g., Figure 12).
Precipitation is water which comes out of solution, or precipitates, from the
atmosphere. This includes rain, snow, hail, and other forms taken by water as it moves
from a suspended vapor state to the the surface of the Earth. PRISM uses nearly 13,000
surface weather stations for precipitation and nearly 10,000 stations for temperature
(Daly et al. 2008:2031; see Figure 12 for geographic distribution), including the National
Weather Service Cooperative (COOP), Weather Bureau Army Navy (WBAN), Natural
Resource Conservation Service Snow Telemetry (SNOTEL) and snowcourses, United
States Department of Agriculture Forest Service and Bureau of Land Management
Remote Automatic Weather Stations (RAWS), California Data Exchange Center (CDEC),
Bureau of Reclamation Agrimet, Environment Canada (EC), the United State Geologic
Survey (USGS) and others (Daly et al. 2008:2035), to interpolate environmental variable
surfaces for the conterminous United States.
PRISM grids are available at various temporal resolutions, from monthly up to
30-year averages. I have selected the 1981-2010 30-year averages for analysis in order to
decrease error and increase generalizability. As temporal resolution decreases through
averaging over time, error decreases. Error is measured by mean absolute difference
between the predicted value and the recorded value at each surface station's location. In
the precipitation model, the error is “well below 1°C” for the 30-year average grid (Daly
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Figure 12. Geographic distribution of COOP measuring stations
(Image from Di Luzio et al. 2008)
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et al. 2008:2060). There is no published error measurement for the temperature models.
These error measures are especially important because using the ouptut of one model
(PRISM) as an input into another model (Maxent) compounds error in the final output.
Generalizability is the confidence with which a model generated from these data can be
applied to the 1700s, approximately the Euroamerican contact era in Oregon. The most
recent data is expected to be the most accurate, but also the most removed from the
period being inferentially modeled. The longest available timescale of average
measurements, 30 years, smooths out this discontinuty by favoring spatial patterns over
temporal patterns such as seasons or longer oscillations (e.g., El Niño/La Niña).
The PRISM Precipitation map (Figure 13) shows the thirty-year average
precipitation across Oregon. White means wet, black means dry, and the values in
between are on a grayscale. Oregon's precipitation largely evaporates from the Pacific
Ocean, is blown ashore as water vapor, and is forced out of solution as the air holding it
goes up over mountains (Galewsky 2009). This is why there are wet strips along the west
side of the Coast Range running north-south along the northern coast, Cascade Range
running north-south through the center of the state, and Siskiyou mountains in southwest
Oregon; and dry rain shadows on the east side of the same mountains. The Coast Range is
not as tall as the Cascade Range (see Figure 16), allowing much water to travel into the
Willamette Valley but not cross the taller Cascades—creating an arid environment in the
eastern half of the state.
The maximum temperature in Oregon (Figure 14), averaged over 30 years from
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1981-2010, ranges from 1° C (approximately 34° F) to 21° C (approximately 70° F).
Black means cold, white means hot, and the values in between them are on a grayscale.
The Coast and Cascade Ranges are visible as cold bands with very cold peaks in the
Cascades, the Siskiyou Range is much warmer.
The minimum temperature in Oregon (Figure 15), averaged over 30 years from
1981-2010, ranges from -9° C (approximately 16° F) to 21° C (approximately 48° F).
Black means cold, white means hot, and the values in between them are on a grayscale.
The higher mountain peaks in the Cascade Range are visible as dark, cold spots, and an
ocean tempering effect may be visible in the higher minimum temperatures between the
coast and the Cascades.
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Figure 13. Annual Precipitation in Oregon, 30-year average 1981-2010 (PRISM)
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Figure 14. Maximum Temperature in Oregon, 30-year average 1981-2010 (PRISM)
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Figure 15. Minimum Temperature in Oregon, 30-year average 1981-2010 (PRISM)
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National Elevation Dataset: Elevation, Slope and Aspect
The National Elevation Dataset (NED) is a product of the United States Geologic
Survey, available for download through the National Map Viewer (Gesch et al. 2009). It
is a ongoing project to maintain and upgrade a Digital Elevation Model (DEM) for the
United States (Gesch et al. 2002). As higher-quality information such as Lidar point
clouds become available, they are reviewed for accuracy and often used to upgrade part
of the NED (Gesch 2007). On January 1, 2013, the NED data delivery method was
standardized through the National Map platform to provide 1° square panels tiled across
the United States. I downloaded 52 of these panes on January 3, 2013, mosaicked
together in ArcGIS, and trimmed the mosaic to the Oregon state border to create a DEM
for Oregon. The vertical uncertainty of the model, averaged across the United States, is
2.44m (Gesch 2007). This measure is the Root Mean Square Error (RMSE) of the NED,
created by squaring each error measure (making each positive, as well as exaggerating
smallness and bigness on either side of 1) then taking the square root of the sum of those
squared error measures. It was generated by comparing the NED model surface to known
datum elevation measurements.
Landforms visible in the DEM of Oregon (Figure 16) are indicated by black for
low elevations, white for high elevations, and the values in between represented by a
grayscale. The coast appears as a low, dark western edge; the Cascade Range appears as a
series of white dots running north-south along the middle of the state. Mount Hood, the
highest peak in the state, is visible as a bright white spot near the northern border of the
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Figure 16. Digital Elevation Model of Oregon (NED)
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state, west of center. The eastern half of the state is generally higher than the western half.
Valleys, often indicating rivers, appear as dark lines in dendritic (branching) patterns.
Aspect describes which direction a slope faces. This is derived for each location
on a DEM by comparing the central point to those which border it. The directions
possible range from 0° to 360°, with both 0° and 360° indicating North and 180°
indicating South. Black and white both mean north, with values increasing from 0 (black)
to 360 (white) on a grayscale.
When interpreting the Aspect map of Oregon (Figure 17) it may be helpful to note
that aspect does not reflect slope, it only reflects direction—a fairly flat North-facing
plain will appear the same as a fairly steep North-facing mountainside. Aspect is difficult
to use in statistical computations, because the values are not continuous, but circular:
upon counting to 360, which is also zero, one may simply proceed on to 1, 2, … 358,
359, and loop back again after 360. This is different from any other measure used in this
analysis (e.g., if a grid cell received 360cm of rain, and another 1cm falls on it, the cell
has not received exactly 1cm of rain—it has received 361cm).
Slope measures steepness: 0° is flat, while 90° is vertical. Figure 18 is a slope map
of Oregon which depicts flat places as black and steep places as white, and the values in
between on a grayscale. The flat coast and Willamette Valley, as well as the steep slopes
of the Coast, Cascade, and Siskiyou mountain ranges, and the Wallowa and Blue
mountains in the northeast corner of the state, are visible.
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Figure 17. Aspect of Oregon's Landforms (NED)
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Figure 18. Slope of Oregon's Landforms (NED)
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CHAPTER 6
CREATION OF CULTURAL VARIABLES
The integration of environmental variables describing indigenous cultural
geography into habitat suitability models is, at its core, an attempt to detect the precontact human signal left in the pattern of culturally sensitive plants' distribution on the
landscape. Camas, which grows in “large and conspicuous colonies” (Gould 1942:713),
should remain at sites of past intensification until climate conditions change or it is
eradicated by livestock or human action. We can therefore infer at least some human
management of camas in the past, provided that the human variables add explanatory
power to the model. I use two human variables for this purpose: centrality, and costdistance to earth ovens used for cooking camas. The first variable, centrality, is an
attempt to combine culture and language area maps to reflect where they agree and
disagree; this strength-of-evidence measure may represent central and peripheral areas at
Euroamerican contact. The second variable, cost-distance to earth ovens, measures how
much time and energy it would take to travel to the nearest documented earth oven (in
which camas could be prepared for consumption).

The Fallacy of Culture Area Maps
The geography of indigenous culture at the time of Euroamerican contact is the
fundamental object of measurement by this variable, however, studies of this geography
have been conducted by disciplinary specialists without broad synthesis (Carson
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2002:770). D'Azevedo (1986:10-11) demonstrates the level of cartographic license taken
by those who produce culture area maps when he describes how Stewart's (1966)
“compilation of … maps assembled by during the Indian Claims Commission litigation”
reveals “the cumulative complexity of previous efforts to show the placement or range of
historically known peoples.” The disclaimer given with the Key to Tribal Territories in
the Handbook of North American Indians, in this case volume 8 on California (Heizer
1978:viii), catalogs myriad sources of potential error:
“This map is a diagrammatic guide to the coverage of this volume rather than an
authoritative depiction of tribal ranges. Sharp boundaries have been drawn and no
territory is unassigned. Tribal units are sometimes arbitrarily defined, subdivisions
are not mapped, no joint or disputed occupations are shown, and different kinds of
land use are not distinguished. Since the map depicts the situation at the earliest
periods for which evidence is available, the ranges mapped for different tribes
often refer to quite different periods, and there may have been many intervening
movements, extinctions, and changes in range. Not shown are groups that came
into political existence later than the map period for their areas.”
Suttles (1990:5-12) explores the complicated history of culture area mapping in
the Northwest, characterizing distinctions between culture areas before 1970 as
“impressionistic.” Some cultural geographers have contended that “covariations of
cultural and environmental features” (d'Azevedo 1986:9) should provide the foundation
for culture area maps (Kroeber 1931:250; Vayda and Rappaport 1968:480-481). Wissler
(1926:214) even goes so far as to posit “a consistent relationship between the generalized
culture areas on the one hand and environmental areas on the other,” suggesting that
culture area maps are little more than relabeled ecological community maps. This
comparison rests in part on the assumption that ecological areas (and culture areas, for
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that matter) are broad and homogenous. Fowler (1986:15) snaps this perspective into
tighter focus by accusing American anthropologists of using various culture area
schemata, but defining them “in terms of the distribution of material culture traits and
subsistence practices viz-á-vis ecological regions.” Fowler continues by describing
Mason's (1896) delineation of 18 ecological “environments,” which he used
interchangeably with “culture areas,” to sum the entirety of the Western Hemisphere.
Goddard (1996:9) qualifies language area maps, which measure a very similar
thing as culture area maps, by alerting his readers that “[t]hese maps include many
compromises, and the present volume map is not intended to specify the exact territories
used or claimed by the speakers of the languages. It is intended only to give a reasonable
idea of the locations and distributions of the languages at the time of the earliest available
usable and appropriate information.”

Emergence of Acceptable Data through Aggregation
The noted statistician Francis Galton noted (1907:450-451) that when a group of
787 people with varying levels of expertise attempted as individuals to correctly guess
the weight of an ox, the median guess of 1207 lb. was so close to the ox's actual weight of
1198 lb. that “the vox populi is correct to within 1 per cent.” This is a classic example of
emergence, a process by which a more-correct pattern is produced by multiple lesscorrect events or attempts. I argue the same principle may apply to culture area maps: by
considering together a series of less-correct attempts to map indigenous cultural
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geography, a more-correct map may be produced.
The dilemmas of accurate representation and simplification are not limited to the
mapping of culture. Geographically speaking, there are two methods for describing
phenomena: areas of equal value (“exact object” or chloropleth, often represented with
vector data), and contour lines of equal value in a smooth mathematical function
(isopleth, often based on raster data) (Burroughs 1996:4). The convention of cultural
cartographers to use the exact object model in creating culture area maps mirrors the
same choice made in other disciplines:
“In the sciences that map natural phenomena—surveying, geology, soil science,
geomorphology, vegetation, land use, climate, hydrology, etc.—general
agreements have developed over the years about when either one of the two data
models should be used. In general, when the phenomenon being studied is
interpreted as a predominantly static, qualitative complex entity which can be
mapped on external features of the landscape then the object model is used”
(Burroughs 1996:5).
Burroughs (1996:7) goes on to call this cast doubt on the wisdom of this decision:
“As knowledge about natural phenomena has progressed it has become clear that
these simple 'object/field' models of reality are often inadequate to convey the
detailed information that is required to support investigations of how different
aspects of the environment interact. Many studies have shown that mapped soil
units (one example where there has been much investigation) are not necessarily
internally homogenous, and neither are the boundaries between different soil,
geological or vegetation unites everywhere crisp and unambiguous.”
Burroughs (1969:14) summarizes his critique:
“Although exact data models may be used for perception, observation and storage
of data about the natural environment, it is being increasingly realized that they
are insufficient to deal with the polythetic, multiscale nature of much natural
variation.”
Burroughs (1996:15) cross-applies his critique to cultural mapping by pointing
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out that the Bow Bells in the City of London cannot be heard in an exact and stable
region, therefore casting doubt on the margin of where a Cockney is born, and that the
Caribbean need not be confined to island nations when coastal countries from Venezuela
to French Guiana share its history, culture, and population. He asks “given the
uncertainties about core and periphery (well understood geographic concepts) how should
these be treated by exact data models and Aristotelian logic” requiring that any place can
only be one thing or another—never both or somewhere in the middle (Burroughs
1996:15)? This “fuzziness” of boundaries has created a set of conflicting expert
representations of any one phenomenon:
“In the past, scientists and administrators have ignored or suppressed important
aspects of inexact or 'fuzzy' phenomena and for their own reasons have forced
them to be 'object' or 'field' … The result has been that different scientists have
mapped the same area differently (Bie and Beckett, 1973) but without insight into
the interactions of 4D patterns and processes, no one can say that one person is
more correct than another.” (Burrough 1996:16)
This sentiment is echoed in Chatters' (2012) critique of the practice of mapping
culture areas. Burroughs (1996:23) offers one solution to this mess:
“If the boundary indicates a degree of membership of the polygon, then it may be
more appropriate to use a [semantic import] model to compute membership values
of sites with respect to their geographical distance perpendicular to the digitized
boundary. This means that sites well inside the digitized boundary are full
members of the set of sites belonging to the polygon, whereas those near the
boundary (both inside and outside) belong to the polygon in a degree that varies
with distance and the chosen membership function.”
I propose a “membership function” predicated on the agreement between culture
area maps. Burroughs' (1996:26) “zone of confusion” may be called the periphery or
borderlands, describing the areas in which different maps of the same subject most
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disagree. This proposal responds to Burroughs' (1996:27) suggestion that “we do not
have to force geographical objects with indeterminate boundaries into exact moulds, nor
do we need to remain confused about how to deal with indeterminacy.” Kroeber (1939:12) pointed out that “The concept of a culture area is a means to an end. The end may be
the understanding of cultural processes as such, or of the historic events of culture,” and
measuring the cultural process of camas intensification qualifies as one such end.

Creation of Cultural Centrality Map
I digitized and combined four maps (Figure 19) to describe cultural centrality in
indigenous Oregon: Jay Benniman's (1983) “Tribes & Bands of Traditional Oregon,” Ives
Goddard's (1996c) end map in volume 17 of the Handbook of North American Indians,
Mollie Jackson's (1997) map of Oregon languages, and Lieutenant Charles Wilkes'
(1841) map of Oregon Territory from the U. S. Exploring Expedition. Two culture area
maps and two language area maps were selected to create a robust combined map. These
maps were all available in digital format, but I scanned those I could find hard copies of
to create higher-resolution versions.
I georeferenced each map to a standard Oregon border using prominent coastal
features, rivers, and lines of latitude and longitude. This was done because the projection
of each map was unknown, but the projections obviously differ. The Oregon border was
then buffered 10 kilometers and each map was digitized by tracing as a collection of
polygons, each representing one tribe on the map (Figure 20).
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Benniman (1983)

Goddard (1996c)

Jackson (1997)

Wilkes (1841)

Figure 19. Culture and language area maps combined to create Cultural Centrality map
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Figure 20. Digitized culture and language area maps
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Each polygon was saved separately, labeled with the area it represents and the
author who created it, and organized into the file structure illustrated in Table 1. The top,
left-most entry in each horizontal section of the table is the container within which all
subsidiary areas were first combined, starting with the smallest (right-most) areas.
To accomplish this combination, polygons were converted to binary (0/1) rasters
and either added or subtracted, depending on whether they were describing the same
thing or different things. This process was carried out in ArcGIS but will be written in
more general geoprocessing terms so it may be replicated on other GIS platforms. An
Oregon polygon border, derived from the extent of the environmental predictors, was
overlaid with each individual cultural polygon using the Union tool. The cultural polygon
area which did not overlap the Oregon border (the portion drawn between the Oregon
border and the 10km buffer) was deleted. An attribute for raster computations (“rval”)
was added to each new polygon file, with a value of “1” in the area of Oregon within the
cultural polygon and a value of “0” for the rest of Oregon. These polygon files were then
converted to rasters matching the PRISM and NED environmental predictors in cell size
and extent. These rasters each consist of a grid of cells with either a value of 1 or 0, with
the cultural area composed of cells with a value of 1.
Using the Raster Calculator tool in ArcGIS, two basic operations were performed:
addition and subtraction. If two rasters represented the same line in Table 1 (e.g.,
Goddard's Tillamook and Jackson's Tillamook) or one was a subset of the other (e.g., the
Sahaptin, Umatilla, and Nez Perce as subsets of Benniman's Plateau), they were added. If
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Table 1. Taxonomy of Tribes and Regions for Combining Culture Area Maps
Region

Subregion

Multiple Tribes

Tribe
Chinook
Klamath
Paiute

Coast
North Coast
Tillamook
Coos
Coquille
Alsea-Siuslaw
Western Inland
Willamette
Clatskanie
Kalapuya
Molalla
Umpqua
Takelma
Shasta
Plateau
Umatilla
Nez Perce
Sahaptin
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two rasters represented different groups in the same column of Table 1 (e.g., the Klamath
and the Paiute), or different groups from multiple columns in Table 1 which share a
geographic border (e.g., the Kalapuyan borders with the Clatskanie, Molalla, and
Umpqua), one was subtracted from the other and the absolute value was taken. This
process resulted in a composite map of where the four maps agree or disagree, and how
strongly they do so, on which groups were where in Oregon at Euroamerican contact,
illustrated in Figure 21.
This Centrality map clumsily describes how central or peripheral any place in
Oregon was to indigenous peoples at Euroamerican contact. Black indicates a central
place, and white indicates a borderland, and the values in between are on a grayscale.
Some black shapes are recognizable as particular tribes or bands, such as the Nez Perce in
the northeast (top right) corner or the Coquille in the southwest (bottom left) corner.
This detailed map of cultural centrality is created for one purpose: detecting
spatial patterns of camas intensification. Similar maps way be created for similar
purposes, but the creators and users of these maps must be careful not to broadly apply
their maps to questions unrelated to the original purpose for which each was created.
Camas, according to the ethnographic reports summarized above, was plentiful to
the point of omnipresence in Oregon at the time of Euroamerican contact. Why, then,
bother with culture area maps? The answer lies in intensity: camas populations have been
destroyed by active and passive human action for hundreds of years, but perhaps the most
intensified populations have fared the best. These pockets where camas has been
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Figure 21. Centrality, derived from agreement between culture area maps

71
historically and presently observed may represent the most heavily-managed patches, and
therefore may correlate with areas of human influence—such as “central” places.

Cost Distance to Known Earth Ovens
Cost distance measures how much time and/or energy it takes to travel from one
point to another. I argue that earth ovens, used to process raw camas bulbs for
consumption, ought to be located near (in cost distance) to camas fields. To this end, I
have created a cost distance map of effective proximity to the nearest known earth oven
in the state of Oregon.
Peacock's (1998) model of plant food intensification in the Pacific Northwest is
predicated on efficiency, or optimal caloric return on the investment of energy in
procuring food. I argue that efficiency is a balance between the calories gained by
consuming a food source and the calories used to locate, acquire, process, and possibly
transport that food source. The closer a processing site is located to the source of the raw
product to be processed, the more efficient the process. Kramer (2000:12) indicates that
“most oven sites are near the fields where camas blooms (or bloomed).” I argue that
intensified camas fields should be found near earth ovens for processing the harvest into
food. Earth ovens are not the only way to do so—above-ground ovens were used as well,
often built against vertical rock faces—but earth ovens are the only camas processing
feature which will be diagnostically visible in the archaeological record.
The locations of known earth ovens were derived from site forms and reports on
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file at the Oregon State Historic Preservation Office (SHPO) in Salem, OR. Seventeen
archaeological features interpreted as earth ovens are recorded in the SHPO database
(Table 2). Each is assigned a Smithsonian Trinomial, a unique national identifier for all
recorded archaeological sites in records maintained by the Smithsonian Institute. The first
number represents the state in which the site is located (35 represents Oregon), the letters
represent the county in which the site is located, and the last number is that site's unique
record number within that state and county.
This quantity is suspiciously small: it is overwhelmingly likely that more than
seventeen earth ovens were created and used during more than 12,000 years of human
habitation in the 98,381 square miles which make up the state of Oregon. Many of these
ovens were destroyed by natural geomorphic processes, many more were destroyed by
Euroamerican agricultural practices such as tillage, still more have not been
“discovered,” and it is reasonable to assume that many of those which have been
“discovered” since the 1700s have not been recorded. Furthermore, the SHPO database
often differs from databases maintained by the US Forest Service and other agencies,
repositories, and universities. Archaeological research is also often driven by a research
design, and observed cultural material (such as concentrations of fire-cracked rock) may
not be recorded if they do not fit that design (e.g., identifying the most typical site of each
phase or period in a region, or identifying and documenting the oldest site in a region). I
have chosen to limit my sample of earth ovens to those recorded in the SHPO database
because it is the central clearinghouse for archaeological data in the state, is operated as a
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Table 2. Earth Ovens Recorded by the Oregon State Historic Preservation Office
Smithsonian Trinomial

County

Site Name

35BE81

Benton

Calloway Oven Site

35CS202

Coos

Cherry Creek Site

35DS1641

Deschutes

Moore Creek Earth Oven Site

35GM121

Gilliam

Willow Creek Quarry Site

35LA567

Lane

None

35LA658

Lane

Stamp Site

35LA673

Lane

None

35LA759

Lane

East Pond Site

35LA804

Lane

Veneta Lagoon

35LA826

Lane

None

35LA827

Lane

Daredevil Site

35MA64

Marion

Mill Creek Site Complex

35MU47

Multnomah

None

35MU48

Multnomah

None

35MU77

Multnomah

None

35MU80

Multnomah

None

35MU97

Multnomah

None

35PO74

Polk

Werth Rock Feature
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public institution, and maintains a standard of quality within its records.
There are multiple ways to measure distance. Euclidean distance, which may be
the most common measure of distance, treats any surface as flat. The surface of the Earth
is not merely flat, but more importantly, it is not a regular surface with equal time and
energy required to travel one mile no matter where you are and which direction you are
going. I propose cost distance as a more appropriate way to measure distance. Cost
distance requires a surface measuring costs associated with it. A commonly used cost
measure is slope: the higher the slope, the more it will cost to travel across. Said another
way, the steeper a place is, the more time and/or energy it will take to travel across that
place. We may therefore combine the seventeen earth ovens from SHPO with the Slope
raster generated from NED to create a cost-distance raster which measures how much
time and/or energy it would take to travel to the nearest known earth oven (Figure 22).
In Figure 22, dark means low cost distance, white means high cost distance, and
the values in between are on a grayscale. Only four of the earth ovens recorded by SHPO
are located outside of the Willamette Valley (Table 2). This is reflected in Figure 22, with
the Willamette Valley representing most of the lowest cost distances on the map. Areas
with high cost distance which also contain camas occurrences include the Siskiyou
Mountains and the lower Snake River drainage on the Idaho border in the northeast
corner of the state. With such an incomplete sample of earth ovens we may expect this
map to misrepresent the real pattern, and it is safe to assume that many more
archaeological surveys have been conducted in the Willamette Valley than elsewhere in

75
Oregon, but these two areas of high cost distance are surprising.
It would be more instructive to the reader if I mapped the location of each oven
used to make the above map. Oregon law, however, protects archaeological remains and
other cultural resources. These laws have been put in place to prevent vandalism and
looting of archaeological resources. Half a square kilometer, though, is a large enough
box in which to place an earth oven which is no more than a few square meters; the cells
in the raster with a distance of “0” to the nearest oven are the cells which contain at least
one of the sites listed in Table 2.
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Figure 22. Cost Distance to Nearest Earth Oven

77
CHAPTER 6
ANALYSIS
Model Performance Measures
Maxent measures the performance of each model it generates by comparing the
predicted surface to known occurrence locations. These occurrence locations could be the
same locations used to train the model, or they could be a different set for testing. One
common method is to partition the total set of known occurrence locations so that some
are used to train the model, and the others are used to test it. If this process is repeated
with different partitions of the same occurrence locations and the results are aggregated,
the process is called “bootstrapping” the model, which is a Monte Carlo method for
model assessment. The specific measures of model performance are AUC, which is the
Area Under a Receiver Operating Characteristic (ROC) Curve; and Gain, which is the
natural log of how much higher the average occurrence location scores in comparison to
the average non-occurrence location.

AUC: Area Under a Receiver Operating Characteristic (ROC) Curve
A Receiver Operating Characteristic (ROC) curve, or plot, is a diagram of how
well a decision-maker makes decisions (Egan 1975; Fawcett 2004; Peterson et al. 1954).
The Y (vertical) axis measures true positives, and the X (horizontal) measures false
positives. Stated another way, the Y (vertical) axis measures sensitivity (which is 1 minus
the omission rate), while the X (horizontal) axis measures 1 minus specificity (which is
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the fractional predicted area). Sensitivity measures how well the model correctly predicts
something that actually exists; a perfectly sensitive model will find all of what it is trying
to find. Specificity measures how well the model correctly avoids something that does
not exist; a perfectly specific model will not find anything it is not trying to find.
Omission measures false negatives, indicating how much the model did not find out of
what it was looking for; sensitivity plus omission will always equal one.
The Area Under a ROC Curve is exactly that: how much space lies beneath the
ROC curve drawn by a model (Figure 23). In ROC space, which is the name for the
square in which a ROC curve is drawn, each side has a length of one—therefore the total
area of ROC space is 1. If a model performs perfectly and only predicts predicts species
occurrences before predicting anything in the environment (which is functionally
impossible, since the species occurrences are located in the environment—they comprise
a portion of it), the ROC curve drawn for it goes straight up to the top before moving to
the right. All of the ROC space is “under” such curve. In that case, the Area Under the
Curve (AUC) is 1. If a model does no better than random, balancing its hits against its
false alarms, its ROC curve will proceed along the customary diagonal line from the
bottom left to the top right and its AUC will be 0.5 because half of the ROC space is
under its ROC curve. An AUC between 0.5 and 1 indicates a useful model.
Figure 23 illustrates the building of a curve in ROC space. The left column
contains a histogram of the frequency of suitability values for the total environment and
the species in question. The larger, lighter curve is the total environment. The smaller,
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Figure 23. Relationship between Threshold and
Receiver Operating Characteristic (ROC) Curve
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Figure 23. Relationship between Threshold and
Receiver Operating Characteristic (ROC) Curve
(Continued)
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heavier curve is the portion of the environment represented at places where the species
under study occurs. The heavy dashed line is the expected probability of the species
according to the model being examined. The right column contains a ROC plot. As the
threshold (at and above which, probability values are considered valid) is dialed down
from 1 to 0, the ROC curve is drawn from the bottom left up to the top right of this plot.

Gain
Gain measures how much higher the predicted suitability is at known occurrences
than it is at other locations. The predicted suitability is averaged for all occurrences and
for all other predicted cells, then the two average values are compared. Gain is a natural
logarithm, so it represents the exponent for e (an irrational number which is
approximately 2.718, often called Euler's number). If the average predicted suitability at
non-occurrences it multiplied by the gain, the product is the average predicted suitability
at occurrences. Let us consider three simple examples to illustrate its behavior:
If gain equals 0, we may restate that as e0, and any number raised to 0 is equal to
1. If the predicted suitability of non-occurrences times 1 equals the average predicted
suitability of occurrences, the model is not distinguishing between the two in any way—it
is no better than not using a model at all. Therefore, a gain of 0 means the model is
worthless.
If gain equals 1, we may restate that as e1, and any number raised to 1 is equal to
itself. In this case, the predicted suitability of non-occurrences times approximately 2.718
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equals the average predicted suitability. Therefore, a gain of 1 means the model predicts
non-occurrences to be less than half as suitable as occurrences—and is, therefore, doing
fairly well.
If the gain equals 2, we may restate that as e2, which equals approximately 2.7182
(or approximately 7.389). In this case, the model is predicting the average nonoccurrence to be less than one-seventh as suitable as the average occurrence. This is a
high-performing model, and as an example it serves two purposes. First, it illustrates that
gain may exceed 1 (it is not a 0 to 1 measure, like an R2 measure of variance explained)
and its effect grows rapidly since it is logarithmically scalar. Second, we cannot assume
all locations at which the species under study lives (or could live, even if it has not spread
to all suitable areas) were surveyed and accurately recorded as occurrences, so a model
which over-fits the data used to create is likely spurious predictions, interpreting noise or
bias in the data as actual phenomena—but it will still have a high gain.

Standard Default Maxent Model Comparison
Two default Camassia habitat suitability models were produced using Maxent.
One model (the “ecological model”) used the six ecological variables described in
Section 5.4: Precipitation, Maximum Temperature, Minimum Temperature, Elevation,
Slope, and Aspect. This model is illustrated in Figure 24. The second model (the
“socioecological model”) used the two human variables described in Sections 5.4 and
5.5: Centrality, Cost Distance to Nearest Earth Oven, plus the six ecological variables.
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This model is illustrated in Figure 25. The socioecological model outperforms the
ecological model, as demonstrated in Table 3.
Many published Maxent analyses of habitat suitability and distribution either treat
it as a black box process and merely refer to it by name (Ficetola et al. 2007; Ward 2007;
De Marco, Jr. et al. 2008; Hernandez et al. 2008; Loiselle et al. 2008; Graham et al. 2011;
Feeley and Silman 2011) or explicitly state that default settings were used (Pearson et al.
2007;). The authors of the Maxent package assert that adjusted settings do not outperform
the default settings (Phillips and Dudík 2008:), supporting the academic assumption that
describing and optimizing one's model need not go farther than naming the protocol
(“MAXENT”) and accepting default settings. Under this assumption, the default model
comparison is valid. There is, however, much more to the picture.

Parsimonious Predictors
Covariance between predictors (Table 4) was measured by Spearman rank
correlation coefficient, often called Spearman's ρ (Spearman 1904). The Pearson productmoment correlation coefficient, often called Pearson's r, (Pearson 1985; Rodgers and
Nicewander 1988:59) is the default statistic provided by ENM Tools (Glor and Warren
2011; a Perl build of the program may be downloaded at http:www.enmtools.blogspot
.com) to calculate covariance among predictor layers. Spearman's ρ was selected because
it measures monotonic covariance, therefore detecting nonlinear patterns which would
not be reflected by Pearson's r.
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Figure 24. Default Maxent Ecological Model of Camassia Habitat Suitability
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Figure 25. Default Maxent Socioecological Model of Camassia Habitat Suitability
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Table 3. Comparison of Default Maxent Models of Camassia Habitat Suitability
Model

AUC

Regularized Gain

Ecological

0.817

0.613

Socioecological

0.830

0.679
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As Baldwin (2009:856) cautions, “strong collinearity can influence results by
indicating more importance for one of two or more highly correlated variables.”
Elevation covaries with Maximum Temperature, which is a stronger predictor (Table 5),
so it should be removed from the model. Elevation is often used as a surrogate for other
variables which are known to covary with it, such as temperature and precipitation—and
landform information is built into the PRISM models used as predictors here. Minimum
Temperature covaries with multiple variables and is also not a strong predictor (Table 5)
so it should be removed from the model as well.
Slope and Aspect do not contribute much to this model (1.1% and 0.9% of the
model's predictive power respectively, Table 5). This may be partially attributed to the
downsampling of the NED predictors to match the resolution of the PRISM predictors,
losing any subalpine meadows in the dominant slope of the surrounding mountainside. A
plant which grows on hillsides would be expected to respond to Aspect, but camas prefers
is often found at marshy margins (Ross 1999: 45) which would not occur on hillsides—
the water would simply drain to lower land. These edges of flat places may have been
filtered out in downsampling the NED predictors, by combining their low slope with
adjacent raised topography, so the removal of Aspect is not in ignorance of a previouslyrecorded relationship of camas occurrence to slope. Both Slope and Aspect will be
removed in interest of parsimony.
Two suitable ecological variables, Precipitation and Maximum Temperature,
remain to model camas habitat. Having determined the appropriate model inputs, we may
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Table 4. Covariance Among Ecological Predictors (Spearman's ρ )
Slope

Aspect

Elevation

Minimum
Temperature

Maximum
Temperature

Precipitation

0.43

0.05

0.32

0.45

0.24

Maximum Temperature

0.25

0.03

0.66

0.53

Minimum Temperature

0.15

0.05

0.84

Elevation

0.03

0.04

Aspect

0.03
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Table 5. Variable Importance Among Ecological Predictors, Default Maxent Settings
Variable

Percent Contribution

Permutation Importance

Precipitation

57.8

74.1

Maximum Temperature

31.3

5.2

Elevation

7.0

11.6

Minimum Temperature

2.0

3.3

Slope

1.1

3.0

Aspect

0.9

2.8
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next determine the appropriate modeling method within the options provided by Maxent.

Comparing Models
I agree with Burnham and Anderson's (2003:viii) assertion that “inference from
multiple models, or the selection of a single 'best' model, by methods based on KullbackLeibler distance are almost certainly better than … null hypothesis testing of various
sorts” and other measures such as R2. Null hypothesis testing dominated statistical theory
through most of the 20th century, following Chamberlain's (1890) proposal that multiple
hypotheses compete against each other to determine which best explains the observed
phenomena (Anderson 2008:11-12). The fundamental premise of null hypothesis testing
is that a hypothesized relationship either exists, or it does not exist. The null hypothesis is
an imagined scenario in which the variables under study do not relate to each other in any
way which would produce a similar effect as that of the hypothesis under scrutiny. This
practice, however common, misinterprets Chamberlain's proposal by violating the
assumption that each hypothesis be realistic and viable. The statistical paradigm is
shifting away from null hypothesis testing to measuring and comparing the relative
explanatory power of multiple viable hypotheses (Anderson 2008:11).

Information Theory and the Akaike Information Criterion
Many methods for ranking competing hypotheses have been produced from
research on information theory. Some of these methods compare Kullback-Leibler
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distance, which measures the amount of information lost by a model as it predicts a
known observation (Anderson 2008:52-54; Kullback and Leibler 1951). One such
method, proposed by Hirotugu Akaike in 1974, is known as the Akaike Information
Criterion (AIC). This measure is generally accepted in the life sciences as a valid method
of model comparison (Burnham and Anderson 2001). I employ AIC to compare the
ecological and socioecological models, each of which represents an explicit hypotheses in
competition to best predict where camas is found. Stephen Hawking (1988) warns that an
author cuts their readership in half with each equation they print. I have therefore chosen
not to print an equation until now, hoping my readers' interest is piqued and they will
continue reading. The formula to compute AIC is fairly simple:
AIC = 2K – 2(ln(maximum likelihood))
This equation has only two terms on the right ride of the equals sign. If you strip
the coefficient of 2 from each term, you are left with K and the negative natural logarithm
of the model's maximum likelihood. K indicates the number of parameters in the model,
and the maximum likelihood measures of the model's power. Let us consider the
interaction between these two terms. As a model becomes more complex (more predictor
variables and/or more complex lines drawn for any predictor) K grows—and the AIC
score increases. As a model gets better at predicting observed phenomena, the log of the
maximum likelihood function increases—and the AIC score decreases. The model with
lowest AIC score is the “best” model, assuming each model is being tested with the same
set of cases. Comparing AIC scores allows the modeler to apply Occam's razor—
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formulated as “given two explanations of the data, all other things being equal, the
simpler explanation is preferable” —while controlling for model complexity (Blumer et
al. 1987:377).

Selection of Appropriate Regularization
Maxent provides the ability to smooth the response curves it draws for predictors.
This is called regularization, similar to the Gamma function in a Generalized Additive
Model (Cantoni and Hastie 2002:251). It corresponds with the effective degrees of
freedom allowed to the model in composing response curves, by penalizing overfitting
while allowing room to model the actual phenomenon rather than spuriously fitting the
model to noise and error mixed in with the data. Maxent may be called repeatedly with
BlueSpray, a Java-based GIS application built by Jim Graham (a free copy may be
downloaded for beta testing from http://www.schoonerturtles.com), modifying the
regularization on each call. I called Maxent 40 times, increasing the regularization
parameter by 0.5 on each call. Figure 26 illustrates the change in AIC as regularization
increases in a 2-variable ecological model.
With all other parameters of the ecological model held constant, the lowest AIC is
produced by a regularization value of 4 (AIC=9478.176, Figure 26). Figure 26 illustrates
the response curves drawn for Precipitation and Maximum Temperature at the default
regularization value of 1, the optimal regularization value of 4, and the highest tested
regularization value of 20. The units used to measure temperature are degrees C
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Figure 26. AIC change in relation to Regularization for a 2-variable
Ecological Model of Camassia Habitat Suitability
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Regularization

Precipitation Response

Maximum Temperature Response

1
(too low)

4
(optimal)

20
(too high)

Figure 27. Response Curves for 2-variable Ecological Model
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multiplied by 100 (e.g., the lowest recorded average maximum temperature between 1971
and 2010 at a camas occurrence was 4.16° C, or 39.488° F). The units used to measure
precipitation are millimeters times 100 (e.g., the lowest recorded average precipitation
between 1971 and 2010 at a camas occurrence was 162.64mm, or 6.4 inches). The
vertical axis on each graph measures the logistic likelihood of finding camas at that value
on the predictor variable. A likelihood of 0 means camas should not be able to survive at
that predictor value, and a likelihood of 1 means that predictor value is exactly the kind
of habitat which is suitable for camas.

Comparison of Optimized Models
The optimized ecological model is composed of two predictors, Precipitation and
Maximum Temperature, and regularized at a value of 4. How does this model compare to
the optimized socioecological model? In order to generated an optimized socioecological
model, we must check for covariance and determine that each predictor contributes
unique information to the model, then we must determine the optimal regularization for a
socioecological model composed of acceptable predictors. Table 6 describes the
covariance between socioecological predictors, measured with Spearman's ρ as justified
above.
None of the four socioecological predictors covary enough to merit removal from
the model, so we may call Maxent repeatedly with all four predictors and automatic
features to determine the optimal regularization (Figure 28).
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With all other aspects of the socioecological model held constant, the lowest AIC
is produced by a regularization value of 4 (AIC=9444.944). This is a lower score than the
ecological model (AIC= 9478.176), indicating the cultural variables contribute more than
enough predictive power to the model to compensate for the added complexity they also
bring to the model. Table 7 lists the importance of each socioecological variable in the
model. Table 8 compares the optimized ecological and socioecological models for camas.
An increase from the ecological model to the socioecological model in AUC
(from 0.771 to 0.785) and Gain (from 0.431 to 0.484), along with a decrease in AIC
(from 9478.176 to 9444.944), indicate the socioecological model is both more powerful
and more parsimonious. AUC and Gain both measure the power of the model—how well
it discriminates between camas occurrences and everything else. The increase in both
AUC and Gain with the addition of the human variables indicates they improve the
model's ability to predict camas occurrences. AIC measures the parsimony of the model
—how efficiently it makes correct predictions. The decrease in AIC with the addition of
the human variables indicates they contain novel information which complements the
environmental variables and offsets the added complexity of doubling the number of
predictors in the model.
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Table 6. Covariance Among Socioecological Predictors (Spearman's ρ )
Precipitation Maximum Temperature Centrality
Cost Distance to Known Earth Oven

0.02

0.17

Centrality

0.02

0.11

Maximum Temperature

0.24

0.10
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Table 7. Variable Importance among Optimized Socioecological Predictors
Variable

Percent Contribution

Permutation Importance

Precipitation

54.2

71.7

Maximum Temperature

23.2

15

Cost Distance to Known Earth Oven

14.2

4.6

Cultural Centrality

8.4

8.7
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Figure 28. AIC Change in relation to Regularization for a
4-variable Socioecological Model of Camassia Habitat Suitability

100

Table 8. Comparison of Optimized Ecological and Socioecological Models
AUC

Regularized Gain

AIC

Ecological Model

0.771

0.431

9478.176

Socioecological Model

0.785

0.484

9444.944
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Figure 29. Predicted Surface and Response Curves for
4-variable Socioecological Model of Camassia Habitat Suitability
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CHAPTER 7
DISCUSSION
Higher camas response at more central places is not a surprise, since food sources
which require labor and time investment are easier to intensify and protect when they are
near permanent settlements. This response is not as strong as it could be, however, which
may be due in part to intentional planting along a seasonal round (Beckwith 2004;
Mellott 2010; Peacock and Turner 2000; Turner and Peacock 2005; Turner et al. 2011:19)
or unintentional dispersal during transport (White 1999). Since the seasonal round
practiced by many indigenous peoples in Oregon provides a mechanism for transport of
plant propagules between winter villages in low-elevation river valleys and summer
camps in high-elevation subalpine meadows or even higher (Turner et al. 2011:5), this
human influence potentially confounds a real response on the ecological predictor of
Elevation.
Figure 30 illustrates the response of camas occurrence to the Centrality variable
described in Section 5.5. The x (horizontal) axis represents the range of scores on the
Centrality map, and the y (vertical) axis represents a slice—not the entire range from 0 to
1—of the probability that camas will occur. The response curve is drawn from low
probability (less than a one in three chance) of occurrence in peripheral areas (centrality
score if 0), to high probability (more likely than not) of occurrence in central areas
(centrality score of 4). Figure 30 illustrates an increasing drop in camas occurrence as
centrality decreases.
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Figure 30. Correlation between cultural centrality and suitable camas habitat
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Figure 29 demonstrates that cultural centrality correlates with camas occurrence.
This correlation does not imply a causal relationship; camas will only grow in
ecologically suitable habitat no matter where humans plants it, and we have no direct
evidence to identify either centrality or camas occurrence as cause or effect.
The inland portions of western Oregon show the highest habitat suitability for
camas. The high suitability of the Willamette Valley for camas habitat correlates with
Roberta Hall and colleagues' (1986) hypothesis that a dependence on plant foods in this
region explains the high rate of dental caries compared to all other areas of Oregon,
where the pre-contact diet was probably more diverse. While plant foods comprised the
majority of the indigenous diet across the Northwest, the fructans and fructose present in
cooked camas would drive tooth decay faster than other plant foods. The similarly high
suitability of inland river valleys among the Siskiyou and Klamath mountains in
southwest Oregon correlates with Connolly's (1986) and Thoms' (1989) characterization
of such environments as similar to the Willamette Valley.
Camas occurrences correlate with cost distance to known earth ovens in a bimodal
pattern. Camas is very likely to occur very near earth ovens, and this likelihood drops
precipitously as cost distance increases, but this drop is short and camas occurrences
become increasingly likely as distance increases to the maximum. This curve is the dark
line in the bottom half of Figure 30, and was drawn by Maxent to model suitability on the
variable of cost distance to known earth ovens.
The gray area under the response curve at the bottom of Figure 30 represents
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space which could potentially be collapsed if all earth ovens to ever exist in Oregon were
recorded in the SHPO database. Assuming logarithmic decay in camas occurrences as
cost distance to earth oven increases, this gray area represents distance from known
camas occurrences to unknown earth oven locations. This likelihood is mapped in the top
portion of Figure 30. This map was created by multiplying the Cost Distance to Nearest
Earth Oven raster by the ecological camas habitat suitability model, acknowledging it is
less powerful than the socioecological model but contains redundant information if
combined again with the cost distance to earth ovens.
The light regions on the map represent areas with high habitat suitability (camas is
likely to occur) which are very far from any documented earth oven. The two lightest
regions are the lower Snake River drainage in the northeast (top right) and the Siskiyou
mountains in the southwest (bottom left), indicating these areas are likely to contain
undocumented earth ovens. The dark regions on the map represent areas which are either
near a known earth oven and contain suitable camas habitat, or contain unsuitable camas
habitat. Dark regions, therefore, do not necessarily indicate low likelihood of
undocumented earth ovens.
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Figure 31. Prediction of unrecorded camas ovens through combination of cost distance
and habitat suitability
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CHAPTER 8
APPLICATIONS AND FUTURE WORK
The adoption of habitat suitability modeling to answer an anthropological
question is a contribution to multiple fields. Ecological descriptions of native food plant
habitat, as well as botanical descriptions of the natural history of native food plants, may
benefit from incorporating indigenous cultural geography into existing theoretical
frameworks. The natural history of a plant is not purely to a response to its physical
environment. Anthropological investigations of human interactions with plants may
benefit from the adoption of spatial modeling methods such as habitat distribution
modeling, and research concerned with culture and geography may consider this thesis a
contribution to translating cultural geography into a digital format.
A caveat about the data used in the above models is necessary. Where possible, I
have stated the error of each variable. Examples include the 5.29km RMSE for camas
occurrences, the 2.44m RMSE for NED elevations, and a <1° C error for 30-year
averages of precipitation through PRISM. These error measures are not available—or
possible to produce, particularly for the cultural variables—for all data used in the
models, which serves as a strong caution to not think of these models as the “truth.” Error
propagates through each step of the modeling process, and a prudent reader will not
overextend the utility of the above models.
The first step to be taken after this thesis is the strengthening of the cultural
variables created for model comparison. There are far more than four culture and
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language area maps of Oregon, and there are many more databases in which earth ovens
are recorded. Further research is warranted in creating human variables which relate to a
wide range of cultural plants, not just those which may be processed in an earth oven, and
comparing model change between ecological and socioecological models for the range of
cultural plants. Could a continuum of strength-of-relationship emerge? Would the
placement of cultural plants on this continuum relate to their importance to the
indigenous people of the region, either before contact or today?
In future investigations applying this method of socioecological spatial modeling
to a single culturally-relevant species, it may be more effective to focus on a plant less
common, less appetizing to settlers' pigs, and grown in a less attractive place for settlers'
farming than camas. Its generalist habitat preferences do not show such a strong pattern
as a pickier plant might. Its distribution was radically altered by agricultural practices
introduced in the 1800s.
Perhaps the most important contribution of this thesis is a measurement of the
relationship between humans and plants in the Pacific Northwest. This validates, in small
part, the tradition and documentation of plant use this this area where “agriculture” is a
topic of debate. This work also serves as an invitation to other researchers to apply these
methods to their own research questions, and I would like to explicitly invite indigenous
groups such as Tribal Historic Preservation Offices to improve upon and utilize these
methods.
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