
BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit publishers, academic
institutions, research libraries, and research funders in the common goal of maximizing access to critical research.

An Ethnobiological Approach to Reconstructing Indigenous Fire Regimes
in the Foothill Chaparral of the Western Sierra Nevada
Author(s): M. Kat Anderson and Jeffrey Rosenthal
Source: Journal of Ethnobiology, 35(1):4-36.
Published By: Society of Ethnobiology
DOI: http://dx.doi.org/10.2993/0278-0771-35.1.4
URL: http://www.bioone.org/doi/full/10.2993/0278-0771-35.1.4

BioOne (www.bioone.org) is a nonprofit, online aggregation of core research in the biological,
ecological, and environmental sciences. BioOne provides a sustainable online platform for over 170
journals and books published by nonprofit societies, associations, museums, institutions, and presses.

Your use of this PDF, the BioOne Web site, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/page/terms_of_use.

Usage of BioOne content is strictly limited to personal, educational, and non-commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

http://dx.doi.org/10.2993/0278-0771-35.1.4
http://www.bioone.org/doi/full/10.2993/0278-0771-35.1.4
http://www.bioone.org
http://www.bioone.org/page/terms_of_use


AN ETHNOBIOLOGICAL APPROACH TO
RECONSTRUCTING INDIGENOUS FIRE REGIMES IN THE

FOOTHILL CHAPARRAL OF THE WESTERN
SIERRA NEVADA

M. Kat Anderson1* and Jeffrey Rosenthal2

Ethnographic interviews and historical literature reviews provide evidence that the nine ethno-linguistic

groups inhabiting the foothill region of the western slope of the Sierra Nevada relied on a variety of plants and
animals from chaparral communities to meet their material needs and deliberately burned the chaparral to

maximize its ability to produce useful products. The reasons for burning in chaparral are grouped into six

ecologically-based categories, each relying on a known response to fire of the chaparral flora, community, or

landscape. The densities of people in the region were high, and villages needed large quantities of chaparral-
derived materials with specific qualities to make many cultural objects. Because the majority of chaparral-

occurring species used as cultural resources by Native groups required frequent fire in order to exist in sufficient

quantity, or to be useful, fires caused by lightning strikes were likely insufficient to meet needs. The authors posit

that tribes employed intentional burning to expand the availability, abundance, and diversity of plant materials
necessary for foods, medicines, and critical technologies and that they collected plants and animals from across a

mosaic of periodically burned chaparral stands at different stages of ecological succession. Overall the evidence

suggests that the burning of chaparral, as a major strategy for economic intensification and extensification,
altered the natural fire regimes of the foothills by expanding the burn season, shortening the fire-return interval

in specific areas, and enhancing the abundance and density of species that suited specific cultural objectives.

Keywords: Indian burning, chaparral, ethnobiology, fire, Native Americans, Sierra Nevada

Entrevistas etnográficas y estudios realizados en el tema proveen evidencias de que los nueve grupos
etnolingüı́sticos que habitaban la región de las estribaciones de la ladera occidental de la Sierra Nevada

dependı́an de una variedad de plantas y animales de las comunidades del chaparral para satisfacer sus

necesidades materiales. A su vez, esos grupos quemaban el chaparral deliberadamente para maximizar la

capacidad de producción de objetos útiles. Las razones por las cuales se llevaban a cabo las quemas en el chaparral
han sido agrupadas en seis categorı́as de base ecológica; cada categorı́a se relaciona con una de las conocidas

maneras en que la flora, la comunidad o el paisaje responden al fuego. La densidad de población de la región era

alta y los pueblos necesitaban extraer del chaparral grandes cantidades de materiales con caracterı́sticas
especı́ficas para poder producir muchos de los objetos culturales. Puesto que la mayor parte de las especies del

chaparral usadas como recursos culturales por los grupos indı́genas requerı́a incendios frecuentes, ya sea para

que hubiera suficiente cantidad de dichas especies o para que éstas pudieran ser útiles, la periodicidad de los

incendios causados por tormentas eléctricas parece haber sido insuficiente.
Los autores proponen que las tribus empleaban la quema intencional para aumentar la disponibilidad, la

cantidad y la diversidad de los materiales vegetales necesarios para producir alimentos, medicinas y tecnologı́as

crı́ticas. Asimismo, plantean que dichas tribus recolectaban plantas y animales de un mosaico de chaparrales, los

cuales eran quemados periódicamente en distintas etapas de sucesión ecológica. En general, las evidencias
sugieren que la quema del chaparral, como importante estrategia de intensificación y expansión económicas,

alteró los regı́menes naturales de fuego en las estribaciones de la sierra extendiendo la temporada de fuego,

reduciendo los intervalos de fuego en determinadas áreas, e incrementando la cantidad y la densidad de las

especies idóneas para alcanzar objetivos culturales especı́ficos.

1USDA Natural Resources Conservation Service, California State Office, 430 G St., Davis, CA 95616,
USA

2Far Western Anthropological Research Group, Inc., Davis, CA, USA
*Corresponding author (mkanderson@ucdavis.edu)

Journal of Ethnobiology 35(1): 4–36 2015



Introduction

Before European contact, the majority of tribes in California relied on a
hunter-gatherer subsistence economy but devoted a great deal of attention to
managing their environment so that its ability to provide for their food and
material-culture needs was maximized (Anderson 2005a). Among the many
techniques they used to manage their material resources, the most important was
burning (Anderson 2006; Stewart 2002). It is well documented that Indian
burning influenced many vegetation types in the state (Cornett 1989; Cuthrell
2013; Fry and Stephens 2006; Lightfoot and Parish 2010; Timbrook et al. 1982).
Along with this wielding of fire came a multitude of consequences for the
distribution and composition of the state’s vegetation that we are only beginning
to recognize, untangle, and use in solving the many ecological and policy
problems that confront California’s wild lands today.

While a consensus exists that Native Americans periodically used fire as a
land and resource management tool, there is some debate about the importance
of Indian burning in chaparral landscapes in the state. Some land managers,
geographers, and ecologists have concluded that aboriginal burning had no
significant effect on chaparral, citing reasons that include small populations of
Native people, their relatively recent arrival in the state, lack of technological
sophistication, and a mode of life that seldom warranted burning (Burcham
1974:118; Sampson 1944:129). They also believe that the evidence for burning in
chaparral, as it exists in the ethnographic record, is ambiguous (Bendix 2002). As
early as 1922, Cooper (1922:80–81) argued otherwise, proposing that extensive
areas that were then dominated by grasses in the Sierra foothills and Coast
Ranges were originally chaparral, changed by repeated burning by California
Indians, and later by cattlemen and sheepmen. Wells (1962) also suggested that
humans in California played a major role in shaping present chaparral vegetation
patterns through widespread use of fire during the early Holocene. Timbrook
et al. (1982) amassed extensive examples of passages in historical literature that
referenced fires in coastal southern California, arguing that some of these fires
were set by the Chumash to maintain grassland at the expense of chaparral and
coast scrub. More recently, Keeley (2002) made a convincing case for Native
American burning causing the conversion of shrublands to grasslands in the
California Coast Ranges.

In 1931, renowned botanist Willis Linn Jepson argued that in tandem with a
progressively drying climate, fire played an important role in the development of
the chaparral. He attributed the fires to those ‘‘originated by lightning or by the
Native tribes during the period of occupation’’ (Jepson 1931:114). Anthropologist
Henry Lewis (1993:94) also posited that ‘‘the Indians played a fundamental
role…in the maintenance of the chaparral belt’’ and were ‘‘probably active,
selective agents in the very evolution of California’s chaparral.’’

In this article, the authors take a somewhat different approach to informing
this debate by demonstrating the connections among Native peoples’ lifeways
and material culture, the plants and animals of the foothill chaparral that
contributed to their material culture, and the effects of fire on the abundance and
usefulness of these plants and animals. We discuss the prominence of specific
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foothill chaparral plants and animals in the material cultures of tribes in the
western Sierra Nevada, document Indian burning in foothill chaparral for a
variety of cultural purposes that involve these species, and describe how the scale
and season of burning varied depending upon cultural objectives. Bringing these
elements together, we argue that Native people in the foothill region used their
extensive knowledge of the effects of fire on the natural resources on which
they depended to manage chaparral and adjacent communities in ways that
maximized the usefulness of the chaparral flora and fauna. Using fire in this way
over centuries of occupation left distinct imprints on the landscape, shaping the
distribution of chaparral communities and their interface with woodland and
grassland communities.

Methods

Data were collected in three different ways. First, an extensive review was
conducted of published and unpublished ethnographic descriptions, journal
articles, ethnobotanies, and unpublished university theses in order to assemble
information on Indian burning in chaparral vegetation for each Sierran cultural
group or territory. As part of this review, many early historical accounts of gold
miners and non-Indian settlers were perused for relevant information. Second,
interviews were conducted with knowledgeable direct descendants of the people
who left the archaeological record of the late prehistoric period, ca. AD 1350
to 1549, in the central and southern Sierra foothills—Native Americans from the
Foothill Yokuts (Choynumni, Chukchansi, and Dumna), Mono, and Sierra
Miwok cultural groups. These interviews, conducted between 1986 and 2008,
focused on extracting from tribes’ cultural memory the practices associated with
the use and management of foothill chaparral plants and animals. Some of the
interview excerpts quoted here have been previously published. Third, a
complete list of useful native plants and animals existing in, or known to be
associated with, the foothill chaparral community was assembled (Anderson
n.d.). Latin animal names are presented in accordance with the Integrated
Taxonomic Information System (ITIS; http://www.itis.gov). Latin plant names
are presented in accordance with the PLANTS database (http://plants.usda.gov)
and the new Jepson Manual (Baldwin et al. 2012). The Calflora database (http://
www.calflora.org) was utilized to check plant community locations of species to
make sure they occur in chaparral. In addition, some Native consultants were
taken into the field to directly identify specific plants.

Foothill Chaparral Landscapes and the Fire Cycle

Foothill chaparral consists of a number of characteristic species—including
chamise (Adenostoma fasciculatum Hook. & Arn.), various species of manzanita
(Arctostaphylos spp.), various species of California lilac (Ceanothus spp.), and
scrub oak (Quercus berberidifolia Liebm.)—that grow as dense shrubs 1–4 m tall
and form a nearly continuous cover. Chaparral may occur in pure stands of only
chaparral species, forming relatively sharp boundaries with adjacent oak
woodland and grassland, but it is also common for chaparral species to mix
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with plants of these other vegetation types, forming intergrades and mosaics
(Keeley and Keeley 1988).

Chaparral in its various forms cloaks parts of the lower elevations of the
western Sierra Nevada mountain range, a massive block of granitic rock that
trends northwest to southeast for approximately 580 km (Storer et al. 2004).
Chaparral typically occurs in the elevation range of 150 to 1500 m in the northern
Sierra Nevada and 380 to 1500 m in the southern Sierra Nevada (Baldwin et al.
2012; Storer et al. 2004). This is the traditional homeland of the nine ethno-
linguistic groups addressed in this article (Figure 1). Covering over 99,148 ha and
used for habitation, foraging, and hunting, foothill chaparral formed an essential
place of human interactions.

Growing in a predominately Mediterranean climate, with wet winters and dry
summers, chaparral is highly flammable and subject to crown fires that eliminate
most of the aboveground biomass and initiate a process of regrowth (Keeley et al.
2012). Having evolved in a context with a hot, dry season and at least occasional
ignition sources, the various plants making up chaparral vegetation are fire-
adapted, many needing periodic burning to reproduce and maintain their place in
the community. Fire is therefore a force inherent in chaparral’s existence, essential
to the renewal of its plant and animal life. The pattern of repeated fires coupled
with the regeneration of the chaparral plant community is often called the ‘‘fire
cycle’’ (Quinn and Keeley 2006). This term does not imply that fire recurs
predictably in a given area according to some inherent schedule, but rather that a
chaparral area burns and reburns at an interval ranging from short (e.g., a few
years) to very long (e.g., decades to a century or more). As a result of this variability
in the burn interval, the chaparral vegetation at any particular location may range
from young to mature, with concomitant variation in density, height, total
biomass, the ratio of living to nonliving biomass, and other important factors.
Keeley et al. (1989) argue that chaparral is naturally tolerant of a wide range in fire
frequencies, given the stochastic nature of lightning ignitions, the longevity of herb
and shrub seeds in the soil, and the observed resiliency of chaparral in the face of
long periods without fire.

In the spring following a wildfire, numerous and diverse herbaceous plants
arise. This stage in the fire cycle produces the highest level of biodiversity in
chaparral. Most of these plants are annuals that emerge from seeds that have
remained dormant in the soil (Keeley and Keeley 1989). These fire-following
annuals, such as chia (Salvia columbariae Benth.), and bluehead gilia (Gilia capitata
Sims), are present in the first and second years after fire (Sweeney 1956; Zedler
and Zammit 1989). In addition to annuals, there are short-lived perennials, many
of them in the legume family, such as lupines (Lupinus spp.), wild peas (Lathyrus
spp.), and the milkvetches (Astragalus spp.). There are also long-lived herbaceous
perennials called geophytes that are part of a bulb bank, such as soap plant
(Chlorogalum pomeridianum [DC.] Kunth), mariposa lilies (Calochortus spp.), and
brodiaeas (Brodiaea, Dichelostemma, and Triteleia spp.), which increase in growth
and flowering in response to fire (Borchert and Tyler 2009; Sweeney 1956; Tyler
and Borchert 2003).

After this initial show of wildflowers and grasses, herbaceous plants,
especially the annuals, begin to decrease in abundance, being replaced by
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Figure 1. Territories of California Indian groups, as distinguished by language group, in the western
Sierra Nevada at the time of European contact.
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subshrubs, plants with woody bases that are knee- to waist-high, such as golden-
yarrow (Eriophyllum confertiflorum [DC.] A. Gray), and resprouted and reseeded
individuals from the original chaparral community, reaching several meters in
height. These chaparral shrubs, most with evergreen, leathery, waxy, water-
conserving leaves, are the dominant plants of most mature chaparral
communities.

Among these shrubs are two distinct strategies for surviving in this fire-
prone habitat. Some are easily killed outright by fire but set large numbers of
seeds year after year that lie dormant in the soil until stimulated to germinate by
fire. Buckbrush (Ceanothus cuneatus Nutt. var. cuneatus) is an example of a plant
with such an adaptation. Other chaparral shrubs (and herbaceous perennials)
have adaptations that allow them to survive a fire. They resprout from a fire-
resistant burl, tuber, rhizome, or other underground storage organ (Carpenter
and Recher 1979) and put proportionately less energy into making seeds. Many
taller shrubs, such as toyon (Heteromeles arbutifolia [Lindl.] M. Roem.), western
redbud (Cercis occidentalis A. Gray), deer brush (Ceanothus integerrimus Hook. &
Arn.), and certain manzanitas (Arctostaphylos spp.), resprout in place after a fire
from adventitious or epicormic buds. Within five to ten years these overtop the
subshrubs, thereby dominating the physical structure of the chaparral commu-
nity. Some plants employ both adaptive strategies. For example, seeds of
California yerba santa (Eriodictyon californicum [Hook. & Arn.] Torr.) germinate
readily during the first spring after a fire and the mature plants can regenerate
from rhizomes (Howard 1992).

Certain kinds of trees may be scattered throughout chaparral; these include
pines (Pinus spp.), oaks (Quercus chrysolepis Liebm., Q. douglasii Hook. & Arn.,
and Q. wislizeni A. DC.), and junipers (Juniperus spp.). These trees, along with
certain shrubs, may live for centuries by surviving fires or growing in relatively
fire-protected areas, creating old-growth conditions (Biswell 1974:342). As the
shrubs age, parts of their canopies die. Some of the dominant species, such as
chamise, have volatile oils that make them easily ignitable.

The Native Population of the Sierra Nevada Foothills

When missionary Pedro Font first spotted and recorded the Sierra Nevada in
his diary on April 2, 1772, there were approximately nine ethno-linguistic groups
living in the foothills of the western Sierra Nevada: 1) the Mountain Maidu;
2) the Konkow; 3) the Nisenan; 4) the Northern Miwok; 5) the Central Miwok;
6) the Southern Sierra Miwok; 7) the Foothill Yokuts; 8) the Western Mono; and
9) the Tubatulabal (Figure 1). The ancestors of at least some of these Native
people had been living in the western Sierra Nevada foothills since the early
Holocene (Moratto 1984; Moratto et al. 1988; Rosenthal 2011; Rosenthal and
Meyer 2004), moving to higher elevations seasonally (e.g., Davis and Shutler
1969; McGuire et al. 2008; Peak and Neuenschwander 1991). Archaeological
evidence for Native occupation beginning perhaps 5000 years ago is ubiquitous
from the foothills to the subalpine forests, suggesting that the Sierra Nevada was
widely settled (Moratto 1984; Rosenthal 2011, 2012). In most parts of this region,
archaeological residues dating back as much as 500 to 600 years ago closely
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resemble the material culture of Native groups occupying this region at historic
contact. This pattern suggests that historically documented ethnic land tenure in
most watersheds extends back at least that long (Moratto 2002; Rosenthal 2011).

With the possible exception of the Mono, Native communities in the western
Sierra Nevada were organized into politically autonomous tribelets (small tribes),
each composed of one or more village communities spread across the jointly-held
territory (Barrett 1908:344; Kroeber 1976; Levy 1978:398; Riddell 1978:373). Tribal
territories in the western Sierra Nevada typically straddled several elevational
zones. Population densities were highest (seasonally), and permanent settle-
ments most frequent, at elevations below 1000–1250 m (Anderson and Moratto
1996). Archaeological and ethnographic records document foothill settlements
along most, if not all, streams and rivers along the entire length of the mountain
range (Barrett and Gifford 1933; Johnson 1967; Moratto 1971, 1972; Moratto et al.
1988; Riddell 1978; Wilson and Towne 1982). Each community controlled not
only a small tract of land surrounding the settlement, but also held a wider
territory jointly with other villages of the tribelet; these territories were
vigorously defended from trespass and poaching (Levy 1978; Spier 1978; Riddell
1978; Wilson and Towne 1982). In addition to villages, numerous milling stations
and other seasonal camps are recorded throughout the foothills and higher
elevations, often far removed from population centers and primary water sources
(Hull and Moratto 1999; Montague 2010; Moratto et al. 1988; Morgan 2008, 2009,
2012; Stevens 2002). In fact, there are few places in the Sierra Nevada foothills
that do not provide some evidence of past uses by Native people, suggesting a
broad human imprint on the landscape. By the time Europeans arrived in
California, virtually all parts of the foothills were claimed, creating a network of
contiguous polities across the entire lower Sierra Nevada (e.g., Milliken 2010).

A conservative estimate of the Native population of the western Sierra
Nevada in AD 1800, based on spotty historical information, is on the order of
50,000 people (Cook 1955, 1976). Whatever its accuracy, this figure is probably
much lower than the population before AD 1492 because of the likelihood that
European-borne diseases had afflicted and killed untold numbers of Native
people long before direct contact and colonization (Crosby 1986; Erlandson and
Bartoy 1996; Hull 2009; Preston 1996, 2002). Using mission register information,
Milliken (2010) arrived at a population density estimate of between two and four
people per square mile for most of the western Sierra Nevada foothills prior to
European colonization. The upper end of Milliken’s estimate is close to the
density of five people per square mile proposed by Baumhoff (1963:224). This
would be among the highest Native population densities documented anywhere
in North America north of Mexico (Kroeber 1939).

Chaparral as a Source of Ethnobiological Resources

The tribes of the western Sierra Nevada used more than 250 plant and animal
species from the foothill chaparral belt for food and medicinal supplies and as
raw materials for making important objects of their material culture (Anderson
n.d.). Some of these useful plants are exclusive to chaparral, but most also occur
in grassland and oak woodland communities as well.
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The variety of edible plants that could be found growing in chaparral
communities was extensive and included such foods as seeds of red maids
(Calandrinia ciliata [Ruiz & Pav.] DC.), chia, and common madia (Madia elegans D.
Don) (Anderson et al. 2012); bulbs and corms of Ithuriel’s spear (Triteleia laxa
Benth.), Bolander’s yampah (Perideridia bolanderi [A. Gray] A. Nelson & J.F.
Macbr.), yellow mariposa lily (Calochortus luteus Lindl.), and brown bells
(Fritillaria micrantha A. Heller) (Howell n.d.); and leaves of common lomatium
(Lomatium utriculatum [Torr. & A. Gray] J.M. Coult. & Rose), Eastwood’s
fiddleneck (Amsinckia eastwoodiae J.F. Macbr.), and caterpillar phacelia (Phacelia
cicutaria Greene) (Anderson 2009).

Edible species from the chaparral plant community were not only numerous,
they were in some cases very important. For example, chia and red maids seeds
are two of the most economically important small seeds for food documented
ethnographically (Anderson 2005b; Anderson et al. 2012; Barrett and Gifford
1933), and in archaeological remains they make up a large proportion of all seeds
recovered (Wohlgemuth 2004). Of all the pine species in the Sierra Nevada, gray
pine (Pinus sabiniana D. Don) was the most important because its nuts were
gathered and eaten in great quantities (Beals 1933). Dixon (1905:182) said of the
Maidu: ‘‘The nuts of the digger-pine (Pinus sabiniana, gray pine) were most used
in the foot-hill region, where alone the species grows in quantity, but the nuts
were sent in trade to considerable distances.’’ The Sierra Miwok collected the
seeds of gray pines in such large quantities that they could store them for use
over the winter. According to Galen Clark (1987), the gray pines were the ones
most used for seed on the west side of the Sierra Nevada.

The most highly valued beverage among western Sierra Nevada tribes was
cider made from the drupes of various species of manzanita—including those,
like whiteleaf manzanita (Arctostaphylos manzanita Parry subsp. manzanita),
Indian manzanita (A. mewukka Merriam), and sticky whiteleaf manzanita
(A. viscida Parry) that make up a significant component of chaparral vegetation.
Powder made from the drupes was used to moisten pinole and sweeten many
other dishes such as boiled yellowjacket larva (Anderson et al. 2012; Duncan
1964; Gayton 1948a). Whiteleaf manzanita was so important to the Nisenan that a
special dance was performed in order to increase the abundance of its berry
(Duncan 1964). Manzanita berries and powder were so important to the Maidu
groups that they had separate structures for their storage (Duncan 1964:11).

In addition to providing food, chaparral plant species yielded a great variety
of raw materials for making things. Manzanita wood was used for arrow
straighteners, digging sticks, mush paddles, and ear and nose piercing sticks
(Barrett and Gifford 1933; Gayton 1948a, 1948b; Hudson 1901). Soap plant was
applied to sores, made into an adhesive, used as fish poison, crafted into brushes,
and eaten for food (young leaves and bulbs). Across the Sierra Nevada, tribes
constructed much of their material culture from the young woody growth of
foothill chaparral shrubs and trees (Figure 2; Table 1). These cultural items
included baskets, weapons, tools, structures, traps, hunting and fishing gear,
musical instruments, clothing, ceremonial paraphernalia, and games.

The making of baskets—which, due to their broad range of uses for
transport, storage, food collection, and cooking, were among the most important
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Figure 2. A young shoot from flannelbush (Fremontodendron californicum) being split in half by Melba
Beecher, Mono, to make cordage; flannelbush is one of the many chaparral shrubs harvested during
the first several years after a fire. Photograph by M. Kat Anderson, 2006. Big Sandy Rancheria,
Auberry, CA.
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items of material culture for all California tribes—was, in the Sierra Nevada
foothill region, highly dependent on materials derived from chaparral plants.
Some of the most commonly used basketry materials came from plants such as
redbud, buckbrush, deer brush, sourberry (Rhus aromatica Aiton), and deer
grass (Muhlenbergia rigens [Benth.] Hitchc.), which grow in the chaparral
community (Anderson 1999; Mathewson 1998). Redbud weft was the most
widely used material for red patterns in the Sierra Nevada and deer grass was
the most important native grass for the warp of coiled baskets (Anderson 1996;
Merrill 1923).

Many of the plant species important for making cordage grow in chaparral
and adjacent communities. These include flannelbush (Fremontodendron californi-
cum [Torr.] Coville), milkweeds (Asclepias cordifolia [Benth.] Jeps., A. speciosa
Torr., and A. fascicularis Decne), and dogbane (Apocynum cannabinum L. and
A. androsaemifolium L.) (Anderson 2005a; Duncan 1964; Mathewson 1985).
Chaparral also provided firewood in the form of branches and trunks of chamise
(Adenostoma fasiculatum Hook. & Arn.), buckbrush, manzanita, gray pine, and

Table 1. Indigenous uses of selected plants growing in foothill chaparral communities (modified from
Anderson 2005a).

Species Uses
Age of growth at time of
harvest (years)

Aesculus californica (Spach) Nutt. Fire drills 1–3
Ceanothus cuneatus Baskets 1–3
Ceanothus integerrimus Baskets 1–3
Cercis occidentalis Arrows; baskets 1 (baskets)

2–3 (arrows)
Cercocarpus betuloides Cooking tongs; digging

sticks; walking sticks;
harpoons; spears

4–6 (digging sticks and
walking sticks)

2–4 (harpoons and spears)
Fremontodendron californicum Arrows; bows; clothing;

cooking tongs; cordage;
digging sticks; games;
granaries; harpoons

1–10 (cordage)
2–4 (arrows, tongs, harpoons)

Lonicera hispidula (Lindl) Torr &
A. Gray

Baskets 1

Philadelphus lewisii Pursh Arrows; baskets; bows 1 (baskets)
2–3 (arrows)

Prunus emarginata Baskets 1
Prunus virginiana var. demissa Baskets; game lances 1 (baskets)
Quercus chrysolepis Arrows; baskets; granary

platforms; looped stirrers
1 (baskets)
1–4 (looped stirrers)
2–4 (digging sticks)

Quercus douglasii Baskets; cooking tongs;
digging sticks; looped
stirrers

1 (baskets)
1–4 (looped stirrers)
2–4 (digging sticks)

Quercus wislizeni Arrows; baskets; clothing;
digging sticks; granary
platforms; looped stirrers

1 (baskets)
1–4 (looped stirrers)
2–4 (digging sticks)

Rhus aromatica Baskets 1–2
Sambucus nigra L. subsp. caerulea

(Raf.) Bolli
Bows; fire drills; musical

instruments
1–4 (musical instruments)

Umbellularia californica (Hook. &
Arn.) Nutt.

Arrows; bows; granaries;
harpoons; spears

2–3 (arrows)
3–4 (granaries)
2–4 (harpoons and spears)
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Oregon oak (Quercus garryana Hook. var. semota), blue oak, and live oaks
(Anderson 2009).

Many of the most important medicines, such as yerba santa, manzanita, and
jimson weed (Datura wrightii Regel), also came from chaparral (Duncan 1964;
Hood n.d.; Hudson n.d.; Tadd 1988). Leaves of yerba santa, also known as ‘‘wild
peach,’’ were one of the most culturally significant medicines; they were picked
by Mono, Maidu, and Miwok to treat sore throats, coughs, and colds, made into a
poultice to treat poison oak, severe burns, and sore joints and muscles, and to
combat fever and bad blood and, after European contact, to treat tuberculosis
(Bethel et al. 1984; Callaghan 1987; Powers 1976; Theodoratus et al. 1978:71;
Wogaman 1973).

Two edible insects were harvested from foothill chaparral: rain beetles
(Pleocoma fimbriata LeConte, P. hoppingi Fall, and P. tularensis Leach), which were
eaten in the adult stage, and California tortoiseshell butterflies (Nymphalis
californica Boisduval), which were eaten in the pupal stage (Anderson 2009).
Several animals of economic importance to Native people breed, den, and forage
in chaparral; these include mule deer (Odocoileus hemionus Rafinesque), rabbits
(Sylvilagus audubonii Baird and Lepus californicus Gray), black bears (Ursus
americanus Linnaeus), and mountain lions (Puma concolor Linnaeus). Every part of
these mammals was used: the meat for food; skins for clothing and blankets;
antlers for glue and tools; claws for charms; liver and blood for arrow poison;
bones for flaking tools, fish hooks, fish spear tips and basketry awls; sinew for
bows; and brains for tanning hides (Barrett and Gifford 1933; Gayton 1948a,
1948b; Latta 1977; Voegelin 1938).

In the many ways cited above, the chaparral plant community contributed
significantly to tribal economies in terms of diversity of species used, abundance
of plant material gathered, and relative importance of key species to the overall
material culture. Looked at another way, Native people placed considerable
resource demands on the chaparral community. Relatively dense human
populations meant that many baskets had to be woven, great lengths of cordage
made, and many granaries filled, and this required the collection of large
quantities of raw materials and foods from the chaparral community. Hundreds
of thousands of plants and plant parts were gathered annually to satisfy these
needs, much of it from growth that was one to several years old (see Table 1).
Making a single cradleboard took 675 straight sourberry sticks from perhaps six
separate patches that had been burned prior to harvest; a medium-sized cooking
basket required more than 3000 deer grass flower stalks harvested from 75
healthy plants that had grown back after fire. A deer net 12 m in length contained
some 2100 m of cordage, which required approximately 35,000 stalks of dogbane
or milkweed to make (Anderson 2005a).

Fire Responses of Useful Chaparral Plant Species

Fire has been an important factor in the evolution of chaparral vegetation.
Among the foothill chaparral flora are numerous species with fire responses:
herbaceous endemics that grow only after fire, herbaceous plants with seeds that
germinate only when stimulated by smoke, and many shrubs that resprout from
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lignotubers after damage by fire (Keeley 2007; van Wagtendonk and Fites-
Kaufman 2006). The widespread presence of fire adaptations in the chaparral
flora suggests that fire was a characteristic event in the more distant past, when
the species making up today’s chaparral community were developing their
present-day forms and distributions. The current distribution patterns of many
species are believed to date to the thermal optimum of recent times (8000–
3000 yrs. BP), a period of increased temperatures in California that initiated a
major expansion of chaparral vegetation (Keeley and Keeley 1988; Raven and
Axelrod 1978).

As would be expected for plants growing in a community shaped over
evolutionary time by fire, many of the chaparral plant species used for food and
raw materials by Native people have strong adaptations to fire. In terms of their
relevance for subsistence economies, these adaptations can be divided into two
categories. In the first category, adaptations for ensuring reproduction in a fire-
dominated community, such as copious production of seeds that germinate
more readily (or only) after a fire, mean that fire can temporarily increase the
abundance and/or distribution of the species so adapted. In the second category,
adaptations ensuring that mature woody plants are not eliminated from the
community by fire, such as vigorous sprouting from fire-resistant burls or stems,
mean that fire can temporarily change the form and characteristics of the stems of
the plants employing this adaptation; many of the chaparral plants known to
have been used by foothill tribes prehistorically for food, medicine, and
ceremony fall into the former category.

The germination of coyote tobacco (Nicotiana attenuata S. Watson), one of the
most important ceremonial plants, is dependent upon exposure to smoke or
charred wood (Keeley and Fotheringham 2000). Chia, red maids, and bluehead
gilia also germinate after exposure to smoke or charred wood (Keeley and Davis
2007). Caterpillar phacelia, valued for its edible leaves, needs smoke, charred
wood, or heat to germinate, and miniature lupine (Lupinus bicolor Lindl.), another
green, benefits from heat shock to crack their seed coats (Keeley and Davis 2007).
Mock parsley (Apiastrum angustifolium Nutt.), a significant green, is a post-fire
opportunist that is abundant during early succession (Goode 1992; Keeley and
Davis 2007). Clovers, among the most important greens in the traditional diet, are
stimulated to germinate by heat-shock treatments (Keeley 2007). Different species
of Calochortus with edible bulbs undergo vigorous growth and flowering after
chaparral fires (Muller et al. 1968). Species of Arctostaphylos that do not form
burls, their berries important for making manzanita cider, have strongly
persistent seed banks that are fire-stimulated (Parker 2007).

In the latter category of fire-adapted plants—those that sprout vigorously
from stems or burls after fire—are many members of the chaparral community
used for basketry, cordage, and construction of various cultural objects.
Chaparral species such as flannelbush, deer brush, sourberry, and redbud
produce sprouts that rapidly elongate from lignotubers after damage by fire and
so were most useful to tribes in the first few years after fire (Anderson 2005a).
These young stems were split for cordage or woven into baskets and many other
items (Figure 2). Many of the subshrubs used for thatching, such as deerweed
(Acmispon glaber [Voegel] Brouillet var. glaber), are stimulated by treatment with
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temperatures simulating either exposed soil or fire (Christensen and Muller
1975a, 1975b). Thus, it can be seen that the ‘‘usefulness’’ of chaparral plants in a
cultural context rests on a foundation of fire adaptation, and that this usefulness
is realized by the occurence of fire. In simple terms, the majority of chaparral-
occurring species used as cultural resources by Native groups require frequent
fire to be useful, or at least to exhibit some of their useful qualities.

If Native people in the Sierra Nevada foothills relied on chaparral plants for a
significant portion of their food and raw materials, and these plants were abundant
enough or grew in useful forms only after fire, then it follows that Native people
were dependent on the regular occurence of fire in the chaparral community. Were
fires started by natural causes (i.e., lightning) frequent enough to bring about the
desired results? Data on lightning strikes in the historical era suggest not. Today
lightning is relatively infrequent in the elevational zone in which Sierra Nevada
foothill chaparral occurs, averaging only 8.25 strikes yr21 100 km22 (van
Wagtendonk and Fites-Kaufman 2006) and not all strikes result in ignition.
Further, lightning-ignited fires are clumped in both time and space, which means
that at any particular locality, having access to chaparral in which fire had occurred
at the appropriate time in the recent past due to lightning ignition was far from
guaranteed. While it is thought that chaparral evolved with natural fires in an
earlier climatic period and species with culturally useful fire responses are
believed to have displayed such growth behavior long before human management,
the authors posit that deliberate Indian burning expanded the ecological
conditions that favored this growth. With cultures dependent on chaparral plants
that required burning to be most useful and relatively dense populations spread
throughout the foothill region, Native people were likely to have set fires to
manage chaparral vegetation, thereby serving, in addition to lightning, as an
important ignition source in the Sierra Nevada foothills in the late Holocene.

Cultural Purposes for Native American Burning

Although we can infer that Native people managed foothill chaparral
communities with fire because of a dependence on resources that could be
procured in sufficient quality and quantity only when chaparral vegetation
experienced regular bouts of fire, it is not necessary to rely solely on this
reasoning to conclude that fire was deployed by Native people in chaparral. It is
possible to go to the people themselves and see what they have to say on the
matter. This was done extensively by one of the authors during the late 1980s and
1990s, when she interviewed tribal elders from several foothill tribes, who,
through traditions of oral transmission, had accumulated knowledge of cultural
practices dating back to the 1800s. It is possible, as well, to find in the historical
and ethnographic literature accounts of cultural practices from the same period.
These two data sources yield a considerable body of evidence that tribes set fire
to chaparral as a way of managing the resources that it could provide (see
Table 2). This evidence comes largely in the form of statements linking burning
or burnt areas to the production or gathering of specific resource items or
statements about the desirable results that would be obtained from burning.
Because Indians do not generally use the same terms as Western scientists for
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describing vegetation, statements by Native people and historical accounts of
Indian practices seldom point specifically to ‘‘chaparral’’ as the site of burning,
but when the species involved occur predominantly or commonly in chaparral,
we can infer that chaparral was the target of the fire-based management at least
some of the time.

The many different rationales given by Native consultants for the use of fire
in and around chaparral can be grouped into six different categories. Each of
these categories is a generalized ‘‘reason for burning,’’ expressed in the following
Western, ecological terms.

1. To create useful raw materials by exploiting the post-fire sprouting behavior of
chaparral shrubs and bunchgrasses. All Sierran tribes burned shrubs and trees to
create young adventitious and epicormic shoots or ‘‘sprouts’’ that were flexible,
strong, straight, and lacked lateral branches and were thus suitable for
constructing baskets and other cultural objects (Anderson 1999, 2005a; Bates
1984; Duncan 1964:10; Potts 1977:35). Many of the most useful ‘‘sprouts’’ were
those that came from chaparral shrubs.

Clara Charlie (Chukchansi/Choinumni Yokuts, personal communication,
1989) described how fire improved the qualities of redbud and sourberry:

After a fire, the sticks are straighter and more flexible and easier to
handle. Old growth is brittle, not straight and hard to work with.

Ms. Charlie also noted:

[B]urns improved bushes for basketry, including sourberry [Rhus
aromatica] used for work baskets and cradles.

Native grasses growing within chaparral, particularly deer grass, were also
extremely important resources, serving as foundation material in coiled baskets,
and burning insured the production of adequate material. Bunchgrass habitat,
which included chaparral and its ecotonal margins, was burned by the Foothill
Yokuts, Sierra Miwok, and Mono tribes every two to five years to remove dead
material, increase flower stalk production, increase numbers of plants and
remove competition from shrubs (Anderson 1996).

Grace Tex (North Fork Mono, personal communication, 1990) explained it in
this way:

Strawgrass [deer grass] was burned by the older people. You burn it back
the same time of year as the redbud [fall] to have more shoots come up. It
makes more of the plant.

2. To make plant-based food and medicinals more abundant by exploiting fire’s ability
to open habitats, release nutrients from biomass, and cause fire- and heat-stimulated seeds
to germinate. All tribes in the western Sierra foothills deliberately set fires to
enhance edible food plants (Aginsky 1943; Driver 1937; Duncan 1964; Faye 1923:40;
Gayton 1948b; Voegelin 1942:176). Among the many food plants thus targeted are
many geophytes that have edible bulbs, corms, and tubers and which mostly lie
dormant in chaparral communities until stimulated to grow by fire. Referring to
these plants, Margaret Hammond (Chukchansi, personal communication, 1989)
said: ‘‘wild potatoes came up better where brush was burned.’’
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This response is a result of fire removing accumulated leaf litter and other
dead biomass covering the soil, releasing nutrients from burned biomass,
opening up the area for increased sunlight, and killing or setting back competing
plants (Anderson and Rowney 1998). These effects of fire also promoted the
growth of other food plants (such as seed-producing annuals) and medicinals
such as tobacco. Used widely in ceremonies and as medicine (Kroeber 1941),
coyote tobacco and Indian tobacco (Nicotiana quadrivalvis Pursh) grow in foothill
chaparral, and all tribes in the Sierra foothills are known to have burned to
promote their growth and abundance (Anderson 1993; Driver 1937:84, 125; Faye
1923:40; Gayton 1948b:161, 228; Riddell 1978:379). There are several accounts of
tobacco seeds being sown into clearings within brush or natural grassland after
fire (Barrett and Gifford 1933:194; Beals 1933:356; Duncan 1964:75). Fire was also
known to promote the growth of mushrooms, several edible species of which
have mycorrhizal associations with chaparral species (Anderson and Lake 2013);
according to Clara Charlie (personal communication, 1989): ‘‘when they’d burn,
they’d really get big mushrooms.’’

3. To make animal-based food more abundant by exploiting fire’s ability to open
habitats and increase the amount and palatability of plant biomass that can be eaten by
herbivores. Several accounts indicate that Native people were aware that fires
improved chaparral as grazing and foraging habitat for game animals (Aginsky
1943; Faye 1923:40). According to Clara Charlie (Chukchansi/Choynumni,
personal communication, 1989), fire ‘‘gave the deer, bear, rabbits, and squirrels
new growth the following spring—such as buckbrush.’’

Fire was also important in the management of chaparral as habitat for insect
food sources. The pupae of California tortoiseshell butterflies were a substantial
food source for the Mono, Maidu, and Sierra Miwok (Anderson 2005b, n.d.), and
their abundance depended on the success of the larval-stage caterpillars, which feed
on the leaves of buckbrush and other species of Ceanothus. These chaparral shrubs
exhibit the largest production of larvae-edible biomass when regrowing after a fire.
According to Rosalie Bethel (North Fork Mono, personal communication, 1989) the
larvae ‘‘feed on young leaves [of buckbrush] after fire.’’ Red-legged grasshoppers
feed mainly on the grasses and forbs that flourish following a fire, so regular
burning was necessary to insure adequate numbers of this important food item
(Aginsky 1943:397; Barrett and Gifford 1933:191; Brown 1876:159; Gayton 1948b).

4. To make harvest of useful products from chaparral communities easier by exploiting
fire’s ability to remove biomass that would otherwise be a physical barrier to people’s
movement and their visual detection of prey. Native consultants and historical accounts
give as one major reason for burning the opening up of habitats for greater ease of
hunting and gathering. Chaparral communities are among those referred to in this
context, either directly or indirectly. Dixon (1905:226) recorded, ‘‘the underbrush
was commonly burned out every year by each tribe [Maidu cultural group] in its
own territory, to make hunting more easy.’’ Clara Charlie, when asked why her
relatives burned, explained: ‘‘They burned to keep things clear.’’ Duncan (1964:9)
reported that in the northern Sierra Nevada foothills:

There was considerably less chaparral and underbrush, due to the Maidu
practice of burning off the areas near where they lived each fall and
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winter. They preferred an open, grassy, oak savannah habitat for several
reasons. Open country is much easier to travel in than country with thick
underbrush; it is easier to find game and harder for enemies to sneak up
on a camp. More bulbs and greens grow in such an environment, and it is
easier to gather acorns on bare ground.

5. To protect useful species by exploiting fire’s ability to control populations of
organisms that would otherwise consume, damage, or cause diseases in valued species.
Many culturally significant plants that occur in chaparral are susceptible to
insects and diseases and if attacked are rendered useless for basketry, medicines,
cordage, and other items. Native people were aware that periodic burning was a
way of controlling these pests and pathogens. According to Ruby Cordero
(Chukchansi/Sierra Miwok, personal communication, 1992), smoke from Indian-
set fires decreased insects on sourberry, an important basketry material. Norma
Turner Behill (personal communication, 2006) said that when her family burned
in the Sierra foothills the fire ‘‘got rid of the worms in the acorns [in blue, live,
and scrub oaks] and decreased the beetles that get under the bark.’’

Contemporary ecological knowledge supports the contention that burning
could control pests. Burning milkweeds in the fall, for example, may eliminate a
pathogen called Passalora sp. that would otherwise damage the plants, which
were important cordage materials (David Rizzo, personal communication, 2013).
Western chokecherry (Prunus virginiana L. var. demissa [Nutt.] Torr.), its fruits
edible and its branches valued for basketry, is attacked by a native pathogen
called black knot (Dibotryon morbosum [Schw.] Theiss & Syd.) that would likely be
controlled by fire (David Rizzo, personal communication, 2013).

6. To increase availability of surface water by exploiting fire’s ability to reduce the
plant biomass that would otherwise be removing below-ground moisture through
evapotranspiration. Native people were aware of a connection between available
surface water and the burning of brush. Louis Williams (Central Sierra Miwok)
told anthropologist Gary Maniery in 1980 that ‘‘the Indians [Central Sierra
Miwok] used to keep the brush burned off, thus making the springs useful
and productive’’ (Maniery 1987). Rosalie Bethel (North Fork Mono, personal
communication, 1991) remembered that ‘‘burning brush helped to save water.’’

Native people express the general belief that springs and seeps used to be
more common in the Sierra foothills when there was less brush. Experimental
research on small chaparral watersheds in Arizona and California demontrates
this relationship: there is marked increase in the flow of springs and streams
when brush (including chaparral) is converted to grassland with controlled burns
(Biswell 1989; Biswell and Schultz 1958; DeBano 1983). The post-fire vegetation
appears to pull less moisture out of the soil than the mature chaparral, allowing
the water table to rise and water sources to reappear.

Cultural Significance of Stages of Post-fire Successional Development
in Chaparral

Periodic burning of chaparral clearly yielded cultural and economic benefits
to Native people, as described above. But to better understand how fire may have
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been employed on a landscape scale, it is necessary to examine in greater detail
what ‘‘periodic burning’’ might have actually meant. How frequently was
chaparral burned? At what scale? Answering such questions must begin with an
ethnobiological analysis in which we examine the suite of useful products that
could be garnered from the chaparral community at each stage of its successional
development after a disturbance by fire (see Figure 3).

Post-fire Herbaceous Flora
A number of herbaceous annuals and perennials reach their peak in the

several years following a fire in a chaparral community. Many of these herbs
have been documented as useful to Native Americans including vinegar weed
(Trichostema lanceolatum Benth.) for treating toothaches, California poppy
(Eschscholzia californica Cham.) and miniature lupine for edible greens, and
farewell-to-spring (e.g., Clarkia unguiculata Lindl.) and bluehead gilia for edible
seeds (Anderson n.d.; Muller et al. 1968). This flush of abundant and diverse
herbs in the spring following a fire was an almost instantaneous source of food
for a village or family. Deer grass, valued for basketry and thatch material, would
flourish at this stage also, as would the nitrogen-fixing legumes Acmispon,
Lathyrus, and Lupinus, which were important for food, medicines, wall coverings,
and thatching. Many animals important for food, meat, fur, or feathers—red-
legged grasshoppers, Botta’s pocket gophers (Thomomys bottae Eydoux and
Gervais), California ground squirrels (Spermophilus beecheyi Richardson), coyotes
(Canis latrans Say), badgers (Taxidea taxus Schreber), red-tailed hawks (Buteo
jamaicensis Gmelin), golden eagles (Aquila chrysaetos Linnaeus), and mourning
doves (Zenaida macroura Linnaeus)—prefer this early grass-forb stage for foraging
or reproduction (Verner et al. 1980; White et al. 1980) and could be expected to be
more abundant with local access to such habitat.

Figure 3. Roles of buckbrush (Ceanothus cuneatus var. cuneatus) in indigenous economies at each of four
stages in its growth after a fire. Like many chaparral plants, it was useful in a different way at each
stage, and a Native community could take advantage of the full suite of direct and indirect uses only if
it had access to patches of buckbrush that had burned at different times in the recent past.
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Young Chaparral
In the first eight years or so following a fire, the new stems put out by

chaparral shrubs with burls and lignotubers, and from those growing back from
seeds, grow rapidly, elongating as straight stems with little branching and no
damage from insects or disease. The young stems produced during this stage on
many chaparral species were important materials for baskets. This was also the
appropriate stage during which to gather arrow-making material from young
shrub shoots, flexible branches for looped stirring sticks, drills for making fires,
and shoots of elderberry to be hollowed out for musical instruments. For making
spears, harpoons, fishing poles, canes, lances, rim sticks for baskets, and counter
sticks for games, the sprouts of chaparral shrubs such as mountain mahogany
(Cercocarpus betuloides Nutt.) and toyon were purposely left to thicken for two to
six years after fire resprouting. Chaparral in this early stage of regrowth was
preferred as habitat by a variety of animals used for meat, fur, or feathers,
including mule deer, black-tailed jackrabbits (Lepus californicus Gray), dusky-
footed woodrats (Neotoma fuscipes Baird), California quail (Callipepla californica
Shaw), greater roadrunners (Geococcyx californianus Lesson), and turkey vultures
(Cathartes aura Linnaeus) (Verner et al. 1980; White et al. 1980).

Early-stage Mature Chaparral
Well-established chaparral, in which shrubs have regrown and created a

fairly closed canopy, retained an important degree of cultural usefulness. In the
area of raw materials, it provided branches and brush for structures and fencing,
as well as the cocoons of Ceanothus silk moths (Hyalophora euryalus Boisduval),
which were used for ceremonial regalia and could only be found on mature
chaparral shrubs (Michael Collins, personal communication, 2013; Peigler 1994).
Mature chaparral also supported a number of animals used for food: California
tortoiseshell butterflies (Shapiro and Manolis 2007); rain beetles, which in the
larval stage feed on well-developed roots and take about eight to 13 years to
reach maturity (Hovore 1979); Audubon’s cottontails (Sylvilagus audubonii Baird);
gopher snakes (Pituophis melanoleucus Daudin); and western rattlesnakes
(Crotalus viridis Rafinesque) (Basey and Sinclear 1980; White et al. 1980). In
addition, early-stage mature chaparral could be expected to provide various
kinds of edible berries including sourberries, blackberries (Rubus ursinus Cham.
& Schltdl.), wild grapes (Vitis californica Benth.), snowberries (Symphoricarpos
albus [L.] S.F. Blake var. laevigatus [Fernald] S.F. Blake), and gooseberries (Ribes
amarum McClatchie, R. menziesii Pursh, R. quercetorum Greene) (Anderson n.d.).

Late-stage Mature Chaparral
After about 16 years following a fire, chaparral enters a stage in which some

branches begin to die off, growth slows, dead biomass begins to accumulate, and
biodiversity reaches a minimum. Chaparral in this stage was not as useful to
Native people as younger chaparral, but it nevertheless retained an important role
in tribal economies. One important product was firewood. Old-growth stands of
chaparral, away from villages, and not in the path of prevailing winds, would have
been prime locations for firewood exploitation, especially for manzanita wood,
which was highly valued for heating the lava rocks or soapstones used for cooking
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acorn mush (Anderson 2009). The older growth of mountain mahogany and
manzanita would also have been used for such purposes as axe handles and pipes;
such use is documented for the Mono (Jackson et al. 1982). Late-stage mature
chaparral was also a signficant source of food: manzanitas produce drupes most
prolifically at this stage and, when they occur in chaparral, scrub oaks, live oaks,
California bays, California-nutmeg (Torreya californica Torr.), buckeyes, and gray
pines produce the most nuts. Further, brush rabbits, gray foxes (Urocyon
cinereoargenteus Schreber), black bears, grizzly bears (Ursus arctos Linnaeus), and
mountain lions, important for their meat and skins, all prefer mature chaparral
habitat (Quinn 1990; White et al. 1980).

An important conclusion can be drawn from the foregoing ethnobiological
survey—although a stand of chaparral remained useful to Native people for
many decades following a fire, it offered a different set of raw materials and food
and a different kind of animal habitat at each stage of its post-fire development. If
Native people wanted to have available all the chaparral-derived foods and raw
materials on which their cultures and economies depended, they had to have in
their immediate vicinity chaparral communities at every stage of post-fire
succession, from recently burned to late-stage mature. Creating this kind of
mosaic on the landscape required using fire as a management tool with
forethought, intention, and deep knowledge of fire’s ecological effects.

Native Use of Fire as a Management Tool

With fire, Native people had at their disposal a powerful tool that they knew
had to be used with great care. Without a doubt, tribes observed, or maintained
cultural memory of, devastating fires ignited by summer lightning storms that
burned villages and killed valuable nut-bearing pines and acorn-bearing oaks.
Preventing such fires, whether they were ignited by people or by lightning, must
have been a top priority—ethnographic evidence shows this was the case. Native
consultants indicated that one of the most important reasons to burn was to
reduce the possibility of a catastrophic fire by eliminating ‘‘brush,’’ which in
most cases can be assumed to be synonymous with mature chaparral or stands of
chaparral shrubs. Numerous Native consultants talked about burning when
brush was getting too dense so as to reduce the possibility of a large fire that
would get away. Rosalie Bethel (North Fork Mono, personal communication,
1991) explained the necessity of frequent burning to keep fires from becoming too
large and uncontrollable:

They’d burn areas when they would see it’s in need. If the brush was too
high and too brushy it gets out of control. If the shrubs got two to four
feet in height it would be time to burn. They’d burn every two years. The
flames wouldn’t get very high. It wouldn’t burn the trees, only the
shrubs. They burned around the camping grounds where they lived and
around where they gathered. They also cleared pathways between
camps. They burned in the valleys and foothills.

Jim Rust (Southern Sierra Miwok, personal communication, 1989) talked
about his grandmother burning in the Sierra foothills for similar reasons:

2015 JOURNAL OF ETHNOBIOLOGY 25



Maria Lebrado used to burn the hills on her property. They burned to
keep down the brush. The fires wouldn’t get away from you.

Numerous Gold Rush diaries report an open landscape in the Sierra foothills
in the 1850s and attribute it to Indian burning. On September 2, 1851, Elizabeth
Le Breton Gunn (Marston 1928:153) described the blue oak-gray pine chaparral
landscape near Sonora:

The trees are scattered all over the hills. There are no low shrubs because
the Indians have burned off the undergrowth. The pine cones are large,
the shape of a pineapple, and have small nuts.

Native peoples’ goal of using fire to control the brush that they knew played
a key role in allowing potentially dangerous fires to ignite and to carry dovetailed
with the other cultural goals of burning discussed above. Burning to keep
chaparral habitats open for ease of hunting, to induce shrubs to produce the
sprouts needed for baskets, and to insure that patches at different stages of
succession were available for their different uses was not only consistent with
preventing catastrophic fires, it was essentially the same thing. Each fire may
have been ignited with a specific goal in mind, but it was always part of an
integrated approach to managing the landscape.

The most salient aspect of Native peoples’ use of fire as a management tool
was that it represented a modification of the natural fire regime of the Sierra
Nevada foothills. At any particular location in the region where soils, elevation,
slope, and exposure favored the development of chaparral vegetation, fires were
likely more frequent, more evenly spaced in time, and less intense than they
would have been in the absence of human intervention. This modification of the
fire regime has such significant implications that it is important to explore its
elements in greater detail.

Tribal burning, first of all, expanded the seasonality of fire. Natural ignition
by lightning strikes in the foothills is essentially limited to the late summer, when
the Sierra Nevada can experience thunderstorm activity spawned by subtropical
moisture pushing up from the south and fuels are at their driest. Intentional
ignition by Native people, in contrast, might have occurred virtually any time
of the year, depending upon the tribe, cultural purpose, and preference of
individual families (see Table 2). Fires designed to drive red-legged grasshop-
pers, for example, were based on the feeding cycle of the herbivorous adults, and
setting them might be optimal any time from May to December (Lynn Kimsey,
personal communication, 2005). Primarily, however, Indian burning extended the
fire season from late summer into the fall and winter, because the higher moisture
levels and lower temperatures during this time of year allowed for better control of
fires and reduced the chances of accidental escape. Fires intended to reduce brush
were nearly always ignited ‘‘after one or two rains’’ (Anderson unpublished field
notes 1989–1992). When Nellie Williams (North Fork Mono) spoke of the season for
burning she was very clear about the timing: ‘‘They would burn in the fall after
rains.’’ Rosalie Bethel (North Fork Mono, personal communication, 1991) noted
that ‘‘burning was in the fall of the year when the plants were all dried up [and]
when it was going to rain.’’ Burning often extended into the winter because it was a
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traditional practice to burn after gathering young branches from redbud,
sourberry, chokecherry and bitter cherry for weaving, which only occurred after
these plants became dormant (Anderson 1993).

Second, Native people changed the scale at which fires occurred, along with
their distribution in space. In the absence of anthropogenic ignition, fires would
have been mostly large in scale, sweeping across broad swaths of the landscape
during the hot, dry summer (Keeley and Davis 2007). But because tribes appear
to have used fire to manage chaparral at multiple scales of biological
organization, from the individual organism to the landscape scale, fires ranged
greatly in size and extent. At the individual organism level, leaves or brush were
sometimes piled onto a shrub or tree and lit on fire to activate the rapid
elongation of young shoots for basketry or arrows on that particular plant
(Anderson 1993; Swartz 1958). Burning of patches at the scale of an acre or so was
likely common when the goal was production of food from miniscule seeds or
dime-sized bulbs, which would have required many plants reaching maturity at
the same time and place (Anderson 1993; Norma Turner Behill, Mono/Dumna,
personal communication, 2006). Burning of large patches or entire stands would
have been necessary when the goal was elimination of pathogens and
herbivorous insects because of the means by which these organisms disperse
(Steve Heydon, personal communication, 2009).

Although burning was a means to specific ends—production of sprouts for
baskets or bulbs for food, keeping areas clear for hunting—it had consequences
that extended beyond the satisfaction of immediate cultural and economic needs.
Burning in the fall and winter, at various scales, for a variety of cultural purposes,
had the effect of increasing the spatial-temporal heterogeneity of fire-caused
disturbance on the landscape. As a fire-adapted community with cultural uses
enhanced by intentional burning, and in practice difficult to separate from
adjacent woodland and grassland communities, chaparral must have been fully
integrated into this landscape-level process. Indeed, as noted above, Native
peoples’ utilization of chaparral at different stages of succession suggests that
maintenance of spatial heterogeneity in chaparral in particular may have been an
explicit goal.

Ecological science tells us that a landscape made up of a mosaic of habitats—
recently burned chaparral, mature chaparral, stands of grassland, areas with a
high density of pines and oaks—was a landscape of maximal biodiversity.
Burning produces edges where open ground with herbs and grasses meets
recovering shrubs and trees, and dense, mature brush. This interspersion of open
lands with shrubs and trees creates areas of transition zones, or ecotones (Lewis
1993). These two aspects of structural and vegetational diversity translate into an
abundance of niches for wildlife, plants, fungi, and soil biota. Another way of
understanding this diversity is through the lens of disturbance. Ecologists
hypothesize that plant communities subjected to disturbance that is ‘‘interme-
diate’’ in size, frequency, and intensity—an apt way of describing the results of
indigenous management with fire—exhibit high levels of species diversity and
high productivity (e.g., Connell 1978). The subfield of ‘‘patch dynamics’’ in the
discipline of plant ecology supplies similar principles related to the existence of
spatial heterogeneity and its maintenance through disturbance by windstorms,
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fire, lava flows, and other means (Mooney and Godron 1983; Pickett and White
1985).

An open, heterogeneous landscape with a high level of plant and habitat
diversity was likely ideal for wildlife including the larger herbivores on which
tribes relied for meat. Land managers and researchers who study mammals
in chaparral recommend four strategies for maximizing the presence and
abundance of mammalian species: 1) maintain chaparral in many age classes;
2) confine fuel reduction treatments to 1 to 100 ha; 3) protect native trees; and
4) protect and enhance all sources of surface water (Ashcraft 1979; Quinn 1990;
Taber and Dasmann 1958). These are exactly the practices that guided Indian
burning. One can argue, then, that by maintaining a landscape matrix composed
of a mosaic of chaparral stages in the Sierra Nevada foothills, Native people’s
management with fire allowed the land’s capacity to support mammals to reach
its maximum level.

Perceiving the landscape from the Native point of view may be necessary for
understanding the role of burning in the cultural and economic lives of foothill
tribes. The broader landscape was conceived of as a network of human trails,
with villages, camps, and water sources as nodes in this network and resource-
gathering areas as special zones. Overlying this conception of the human world
was that of animals and plants, which consisted of mammal migration routes and
wildlife trails and vegetation, conceived of as a spatially varied composite of
different forms, not discrete units. Tribes must have known that fire was a major
determinant of how this landscape was structured, so in striving to create a
structure that best served their needs they most likely sought to work with this
powerful force.

Conclusions

The evidence presented above strongly suggests that Native Americans
substantially altered the natural fire regimes of the Sierra Nevada foothills by
expanding the season of burn, shortening the fire-return interval in specific areas,
and enhancing the abundance, density, and quality of species that suited specific
cultural objectives. Given tribes’ extensive use of resources associated with
chaparral and the varying usefulness of chaparral at every stage of its post-fire
successional development, one can logically infer that patches were burned in
ways designed to create a mosaic of recently burned, young, and mature stands
of chaparral with different combinations of species and densities. Managing
chaparral with fire in this way likely reduced the extent of old-growth chaparral
in the western Sierra foothills while expanding the area covered by young
chaparral of all age classes.

With their carefully considered widespread burning, designed to reduce the
incidence of catastrophic fire and to maximize the availability of resources,
Native people in effect took over control of the fire regime in the Sierra foothills,
at least in certain locations where chaparral vegetation was dominant. If this
practice seems unlikely given the level of tribes’ technological sophistication,
consider the fact that in late prehistory, many other Native North American
groups adopted agriculture as a way of accommodating population–resource
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imbalances. Following a different path, Native Californians instead applied
their ingenuity and observational skills to intensifying and extensifying their
subsistence practices, devoting increasingly more effort to expanding subsistence
yields from within and beyond the tribal estate over a period of thousands of
years (e.g., Basgall 1987; Beaton 1991; Bouey 1987; Cohen 1981). There is every
reason to believe that development of sophisticated intentional burning practices
was an integral and in fact necessary part of this process. This is particularly true
late in the prehistoric sequence when surplus production and storage were
paramount (e.g., Morgan 2012; Whelan et al. 2013) and social circumscription
confined these groups to comparatively small foraging territories during much of
the year (Levy 1978; Morgan 2008, 2009; Riddell 1978; Spier 1978; Wilson and
Towne 1982). As a result, Native population densities in the Sierra were closely
linked to gross environmental productivity (Codding and Jones 2013). Intentional
burning was one of the only ways Native people could increase the productivity
of subsistence resources and expand the availability of raw materials necessary
for critical technologies (e.g., basketry, cordage, and arrows).

The fact that Native people with relatively high population densities were
able to use many chaparral plant and animal species for thousands of years
without appreciably diminishing biodiversity requires that we look more deeply
into how Native people were interacting with the chaparral environment.
Understanding the ethnobiology of an ecosystem can be a gateway to
comprehending how humans modified ecosystems in the past, creating the
landscapes observed historically. The authors suggest that an important
component of reconstructing indigenous burning regimes stems from a thorough
understanding of the reasons why Native people set fires. These reasons are first
and foremost tied to indigenous ethnobiologies—the plants, animals, and
mushrooms important to peoples’ livelihoods. Working with tribes to reconstruct
their ethnobiologies is a major starting point for assessing the biological and
ecological needs of each species and these species’ relationships to fire as we
work to restore fire to the land.
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