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California has environmental diversity and richness unparalleled anywhere in the
world. The state's geographic undulations encompass the lowest and the highest
points in the conterminous United States. Spanning more than ten degrees of lati-
tude and extending over one hundred million acres, California is a bridge between
cool-temperate, foggy, dimly lit rainforests and open, parched, hot, sun-bathed sub-
tropical deserts. This astounding array of California vegetation exists in close juxta-
position, spilling and swirling in patterns created by elevation, climate, soil, and
bedrock.

From a distance—as from a jet aircraft flying over the state at great elevation and
speed—California's vegetation cover today might still appear continuous and healthy
and relatively unchanged from 1848. However, only isolated areas of pre-European
vegetation types in oak woodlands, desert scrub, montane forests, chaparral, wood-
land, and grassland still exist. Urban areas, agriculture, clearcuts, weeds, and pave-
ment have replaced much of the former vegetation. Except for small areas that are
rare examples of prior landscapes, the vegetation types that remain are not the same
as the ones that Native Californians lived in 150 years ago.

Many factors have influenced the land over the last 150 years. Desert scrub is de-
graded by overgrazing and off-road sport vehicles. Because of fire suppression and
weakened overstories from drought, insects, and atmospheric pollutants, montane
forests have flammable, dense understories. Once, small lowburning fires cleared
this underbrush out, keeping firehazard low and forests healthy. Many square miles
of chaparral have been converted to grassland or homesites, coastal scrub to suburbs,
and perennial grasslands to weedy annual pastures or farmland. Only a small per-
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A W O R L D OF B A L A N C E AND P L E N T Y 13

A sailing ship glides past the old Mexican presidio and into San Francisco Bay in Richard
Beechey's charming watercolor of coastal California, executed in 1826, when the talented
young English midshipman first visited the province. Contributing to the Golden State's
complex mosaic of diverse landscapes, the San Francisco peninsula enjoys a temperate
climate of cool, wet winters and warm, dry summers, with the long sunny days of May
through September subject to the rhythmic incursion of chilling sea fogs. Courtesy Mr.
and Mrs. Henry Dakin. Photograph courtesy North Point Gallery.

centage of old-growth forests such as riparian, coast redwood, mixed conifer, and
Douglas fir remains. Less than a fragmented 10 percent of coastal wetlands and a
meager 2 percent of interior wetlands are still intact. Furthermore, the quality of re-
maining fragments has been compromised by adjacent development, which turns the
fragments into unstable islands. About six hundred plants (10 percent of the native
species) and three hundred vertebrates (30 percent of the native species) are declin-

ing in numbers and are in danger of extinction. Some 17 percent of all plants in Cal-

ifornia are non-native, most of which were introduced after 1848, and some 40 per-

cent of our inland fish species are similarly non-native.1

This decline did not occur because California was suddenly overwhelmed with hu-
man inhabitants. For millennia before Europeans arrived, California was an inhab-
ited land. Every part of the region had long been discovered, walked, or settled by na-
tive people by the time Spaniards first landed on the shores of San Diego Bay in
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I542-2 At the time of Euro-American contact, California was more densely populated
than any area of equal size in North America, north of central Mexico. Long before
Europeans mapped the region, California's tallest mountain peaks, its largest lakes, its
longest rivers, and its oldest trees all had names.The states promontories, declivities,
and unusual rock formations were infused with human meaning. What is labeled as
"wilderness" in today's popular imagination and on current topographic maps actu-
ally harbored human gathering and hunting sites, burial grounds, work sites, sacred
areas, trails, and village sites. Today s wilderness was then human homeland.

Native American manipulations in California were conducted in a manner that al-
lowed certain plants to regenerate so completely that virtually every Euro-American
explorer, gold miner, and missionary was fooled into thinking that the land was a
wilderness—unaffected by humans. Environmental historian William Cronon says
that "one of the most striking proofs of the cultural invention of wilderness is its
thoroughgoing erasure of the history from which it sprang."3 In California, that
history is rich with cultural phenomena: the long-term interactions between Native
Americans and landscapes.

Ironically, the adjectives and adverbs used by the first non-Indian visitors and
settlers in describing the countryside often hinted of human intervention. Analogies
early commentators used to describe California landscapes were human-modified
environments—such as gardens, parks, or orchards. For example, William Bryant, an
emigrant and newspaper editor from Kentucky, wrote in his journal in 1846 of the
landscape near San Luis Obispo: "The hills and plains are verdant with a carpet of
fresh grass, and the scattered live-oaks on all sides appearing like orchards of fruit-
trees, give to the country an old and cultivated aspect."4}. D. Borthwick in the early
18503 described the countryside near Placerville: "gradually ascending . . . we came
upon a comparatively level country, which had all the beauty of an English park. . . .
The oaks of various kinds, which were here the only tree, were of an immense size,
but not so numerous as to confine the view; and the only underwood was the
mansanita, a very beautiful and graceful shrub, generally growing in single plants to
the height of six or eight feet. There was no appearance of ruggedness or disorder;
we might have imagined ourselves in a well-kept domain. . . . "5

Behind these awe-inspiring landscapes, unseen by the culture-bound foreigners,
were native gardeners. They tended the land in ways that often mimicked nature—
similar to the changes caused by floods, fires, gopher activity, and tree windfalls. For
example, when the Western Mono lit hillsides on fire to encourage the growth of
young redbud shrub shoots for basketry, they simulated lightning fires. When the
Washoe pruned willow, they mimicked the natural pruning caused by river flooding.
Deliberate burning was the major management tool used to shape California's land-
scapes. Natives frequently lit surface fires in many areas, effectively precluding the
kinds of holocaust fires that regularly devastate large areas of California today. Fire

A W O R L D OF B A L A N C E AND P L E N T Y14

Contested Eden : California Before the Gold Rush, edited by Ramón A. Gutiérrez, and Richard J. Orsi, University of California Press, 1998.
         ProQuest Ebook Central, http://ebookcentral.proquest.com/lib/ucdavis/detail.action?docID=877900.
Created from ucdavis on 2022-06-15 16:12:25.

C
op

yr
ig

ht
 ©

 1
99

8.
 U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

 P
re

ss
. A

ll 
rig

ht
s 

re
se

rv
ed

.



A W O R L D OF B A L A N C E AND P L E N T Y 15

Based on a watercolor made in 1794 by John Sykes, a masters mate on George Vancouver's
great voyage of discovery, A Remarkable Mountain near the River of Monterrey testifies to
the land-management techniques of California Indians two hundred years ago. The natives
maintained the open foothill woodlands through systematic burning, which promoted
the growth of useful plants and kept the ground free of woody underbrush. Vancouver
first encountered a cultivated California woodland such as this while riding horseback from
San Francisco to Santa Clara and compared it to "a park" that had been "planted with the
true old English Oak." From George Vancouver,^ Voyage of Discovery (London, 1798).
Courtesy California Historical Society^ FN-jo$2i.

scientists Robert Martin and David Sapsis estimate that between 5.6 and 13 million
acres of California burned annually under both lightning and indigenous fire
regimes.6 By a host of other horticultural methods—including weeding, pruning, ir-
rigating, sowing, selective harvesting, and tilling—native peoples influenced the
land in more subtle dimensions.

Cultivating favored plants in different patches was common among all of the
tribes. Through different methods, Native Americans augmented plant populations
and reshaped the boundaries of various types of plant communities, in some cases

creating anthropogenic landscapes of unique form and character. Pomo women
weeded sedgebeds to loosen the soil and remove impediments to rhizomes radiating
from each plant, promoting the untangled, long underground stems desirable for
basketry material.7 The Owens Valley Paiute artificially irrigated love grass, wild rye,
and blue dicks to encourage their growth and abundance.8 The Pomo, Cupeno,
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Dieguefio, Kumeyaay, and other tribes burned fields of edible seed plants to improve
their productivity.9 The Cahuilla planted the seeds of the desert fan palm and other
plants at various desert oases in southern California.10 Gathering sites were subjected
to the same competitors as a modern-day orchard, agricultural monoculture, or vine-
yard: insects, diseases, and weeds. Human management kept these competitors in
check and stimulated qualities that were culturally valued. The Choinumni Yokuts
and Indians along the Klamath River fired older stems of shrubs to encourage thick
berry crops and reduce insects;11 beargrass and hazelnut (highly valued by Northwest
coast basketmakers) were fired to encourage proper growth;12 the Karok lit annual
fires in forests to curtail tree diseases.13

G A T H E R I N G  T H E  M O U N T A I N S ,

V A L L E Y S , D E S E R T S , A N D C O A S T S

The Native Californians were not simply in California; they were California. They
were an integral and essential agent in the creation of a balance of land, vegetation,
and animal life. When modern landscapes, climates, and biological communities be-
gan to emerge, with the close of the Ice Age about ten to fifteen thousand years ago,
the people had arrived and were interacting with and shaping the land, plants, and
animals. By listening to the land s daily rhythms, scheduling activities according to
its seasonal cycles, and always adjusting to Californias continually changing envi-
ronment, Native Americans transformed their status from newcomer to native and
in doing so transformed the land and lifeforms as well. Being native to the land also
meant taking the time to understand all of natures denizens and tapping the latent
potential usefulness of Californias flora and fauna—valuable in as yet undreamed of
dimensions. Native American men fished for amphibians, fish, and mollusks in Cal-
ifornia's crystal streams.14 They hunted birds, small and large mammals, and reptiles
in fertile forests, shrublands, and grasslands. Native women's hands gathered juicy
fruits, pinched leaves, snipped pods, and plucked flower stalks in an intimate rela-
tionship with individual plants.15 Animal and plant parts were transformed into
beautiful and useful objects, attesting to the ingenuity of indigenous cultures.

Tribal territories often spanned several elevational zones, encompassing a variety
of plant communities. Every plant community type was visited by gatherers—from
beach and dune to coastal scrub, evergreen forest, sagebrush steppe, valley grassland,
and pinyon-juniper woodland. A diversity of plant and animal resources was ob-
tained by following an annual cycle of population movements that coincided with
seasonal availability of specific resources.16 The repertoire of subsistence activities in-
cluded gathering, hunting, fishing, firewood use, and toolstone quarrying. Hun-
dreds of plant and animal species were useful in the economies of each tribal group.

Gathering sites had very old usage. For example, acorn-bearing oaks were pri-

A W O R L D OF B A L A N C E AND P L E N T Y16

Contested Eden : California Before the Gold Rush, edited by Ramón A. Gutiérrez, and Richard J. Orsi, University of California Press, 1998.
         ProQuest Ebook Central, http://ebookcentral.proquest.com/lib/ucdavis/detail.action?docID=877900.
Created from ucdavis on 2022-06-15 16:12:25.

C
op

yr
ig

ht
 ©

 1
99

8.
 U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

 P
re

ss
. A

ll 
rig

ht
s 

re
se

rv
ed

.



Working from a field drawing made about 1847 by the expeditionary artist Edward Kern,
Seth Eastman several years later produced this handsome watercolor of a Sacramento
Valley Indian, probably an Eastern Miwok, fashioning an ornately designed seed-
gathering basket. Through the burning and pruning of shrubs, native women promoted
to the growth of long, straight, flexible shoots, which allowed them to produce basketry
of the highest distinction. Courtesy W. Duncan MacMUlan.
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vately owned by the Coast Miwok. Bark was peeled off in a special pattern to indi-
cate ownership.17 Subsistence foods of the Yurok were gathered in family-owned
plots or the same location year after year.18 Many places were comfortably inhabited
because of the sensory and memory ties to those special areas. A cordage gathering
site, a pinyon collection area, or a fishing rock would be known through use, and rep-
resented in song, ceremony, and stories.

Gathering in a place where your grandmother, great-grandmother, and great-
great-grandmother had gone before showed deep respect for the old ways and was
a poignant commentary on the sustainability of human harvesting practices. Knowl-
edge of the natural history of places grew out of watching those places for hours,
days, years, lifetimes, and generations. A gatherer, hunter, or fisherman carried the
inherited memory of an ancient, organic, incalculably valuable body of knowledge
that was passed down, added to, and then passed again through many generations of
elders.19

Because the California Indian cultures were oral-tradition cultures, this passing of
knowledge occurred through social interaction and custom. The rapid European
intrusion and the destruction that accompanied it splintered the native knowledge
of the local landscapes. The native population of perhaps three hundred thousand in
1769 plummeted to thirty thousand by i86o.20 Introduced diseases, starvation, re-
location, and outright homicide caused this decline.21 The decline of population cre-
ated a decline of knowledge that was accompanied by a steady intrusion of non-
native plants, activities that devastated local plants, and people who failed to
appreciated the role the native population had played in maintaining the landscape
before. The landscape we know today is well removed from the landscape the native
population tended 150 years ago. To appreciate the previous landscapes, it is neces-
sary to understand the climates, soil composition, and zonation that supports the
vegetation of California.

U N C O M M O N E N V I R O N M E N T S : D R Y S U M M E R S ,
N A T U R A L W I L D F I R E , A N D D I V E R S E S O I L T Y P E S

Most of California has a climate called Mediterranean^ similar to that of lands bor-
dering the Mediterranean Sea.22 Winters are cool and wet; summers are hot and dry.
Hard frost and snow in winter are rare, and summer temperatures may approach one
hundred degrees, one cloudless, arid day after another. More than two-thirds of the
ten to thirty inches of annual rain falls in the winter months of October through
March, which is the beginning of the growing season. The end of the growing sea-
son occurs late in the summer period of drought. California s low elevation land-
scapes are typically green in winter, brown in summer.

It is a rare climate found in only three other parts of the world besides California
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and the Mediterranean rim: central Chile, the Cape region of South Africa, and
southern and western parts of Australia. Only certain types of vegetation are asso-
ciated with it These types—chaparral, foothill woodland, coastal scrub, montane
evergreen forest—recur in every Mediterranean climate region.

Within California, the Mediterranean climate is moderated along three gradients:
one from west to east, another from north to south, and a third from low to high el-
evations. Along the immediate coast there is little temperature change from day to
night or from season to season. This is because the ocean releases heat to the air in
the winter and absorbs it in the summer. In addition, a cold offshore current cools
summer air, forming fog banks that shield the land and its vegetation from direct
sunlight. Coastal climate is a maritime version of the Mediterranean climate. If one
moves inland less than one hundred miles, the moderating effect of the ocean is lost.
Daily and seasonal oscillations of temperature become much greater and rainfall
declines markedly.

In a second gradient, rainfall declines from north to south. Crescent City, in the
northwest, is drenched by six feet of rain a year, but San Francisco receives only
twenty-five inches, and San Diego in the southwest gets merely ten inches. The
length and intensity of the summer-dry period also increases to the south.

Both temperature and rainfall are affected by the third gradient, elevation. Moun-
tain ranges force air moving east to rise, cooling as it does so and dropping moisture
in the form of rain in summer or snow in winter. Temperatures fall about three de-
grees for every one thousand feet of elevation rise. Annual precipitation (the sum of
rain and snow), in contrast, increases about seven inches for every one thousand feet
of rise, up to eight thousand feet elevation. Above this, most of the moisture has
been wrung out of the air and precipitation lessens. The high peaks of California
mountains, then, are cold deserts. Patches of snow and ice remain there all summer
because of cold summer temperatures, not because of heavy precipitation. Finally, the
westerlies clear the mountain tops and descend along eastern flanks, heating and
drawing moisture from soil and vegetation. Eastern California lies in a dry rain-
shadow cast by the mountains. This is the region of desert scrub; elevations below
five thousand feet receive less than ten inches of moisture a year.

An important component of Mediterranean climates is fire. Mediterranean cli-
mates are fire climates characterized by lightning strikes not followed by rain. A frac-
tion of these strikes set fire to the vegetation because air humidity is low, fallen
twigs and leaves on the ground are dry, and winds are sufficiently strong to carry the
flames forward. Until Californians adopted a fire-suppression policy eighty years
ago, late summer and early fall fires were an expected natural event in many Cali-
fornia vegetation types below six thousand feet elevation. The same acre of ground
could be expected to burn every ten to fifty years. Fire was uncommon only in wet-
lands, deserts, and at high elevations. California plants evolved with fire as a natural
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environmental factor over millions of years. As a result, not only do many Californ-
ian species survive fires, but some require fire in order to complete their life cycle or
to remain vigorous. Native Californians knew this and, prior to the European in-
trusion, set low cool ground fires to maintain the understory plants in forests and the
grasses in meadows.

California has all eleven of the world's major soil groups and 10 percent of all of
the named soil types in the United States.23 The bedrock of California has come
from many sources: volcanic ejections of lava and ash; wind-blown sand; faulting and
uplift, which brought ocean-floor sediments and deformed crustal rock to the sur-
face; glaciers that carved valleys and dropped loads of rock; and erosion that left de-
posits of coarse sand and fine clay. Each substrate has its own chemical and physi-
cal characteristics, so the soils that weather from them are diverse.

Some of these soils are exceptionally old, up to half a million years. Many are
chemically unique, being high in toxic elements, low in essential nutrients, or ex-
tremely acid or basic. A number of well-known California plants are endemic to spe-
cial soils. Examples include the small but colorful herbs gold fields (Lasthenia
species) and meadow foam (Limnanthes species) on hardpan soils of the Central Val-
ley where vernal pools fill with water in winter and spring, the pygmy bolander pine
(Pinus contorta subspecies bolander'i) of Mendocino County on ancient, acidic sand-
stone, shore pine (Pinus contorta subspecies contorta) on the far north coast on
droughty coastal sand dunes, picturesquely twisted Sierran mountain junipers (Ju-
niperus occidental var. australis) on solid granite outcrops, massive valley oaks (Quer-
cus lobata) in the Central Valley on deep, well-drained, structureless sediment within
thirty feet of groundwater, and stands of oddly branched ghost pine (Pinus sabini-
ana) on island-like outcrops of chromium- and nickel-laden serpentine soil amidst
a sea of foothill brush.

L A N D S C A P E S  A R E  C O M P O S E D  O F  V E G E T A T I O N  T Y P E S

Not only do individual species faithfully follow their substrates, but so do entire
groups of species. These groups make up the vegetation type of which each species
is a part. For example, shrubby, fire-prone foothill chaparral—consisting of dozens
of species of shrubs—typically grows on coarse, shallow soils; valley grassland—
with a hundred species of grasses and forbs—occurs on finer, deeper soils; high el-
evation conifer forest—with a rich suite of tree, shrub, and herb species—occupies
young, relatively unweathered soils; coastal marshes and mountain meadows are on
anaerobic, organically rich soils; and lowland riparian forests cover natural levees
built from centuries of flood-deposited loam.

Each of these groups of species—each vegetation type—occupies a distinct habi-
tat, with its own soil and local climate. Climate and soil interact in California to cre-
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ate the mosaic of vegetation types that characterizes each of the regional landscapes.
California has some fifty types of vegetation.24 Vegetation can be likened to the
clothing over the land. This thin cloth is at once durable and fragile, able to repair
and reproduce itself for centuries if the environment remains stable, but subject to ir-
reversible unravelling when environmental stresses become too severe. When vege-
tation is disrupted, its integrity is fractured. The degraded cover loses ecological re-
lationships, nutrients, and plant and animal diversity.

C A L I F O R N I A ' S V E G E T A T I O N H A S A L W A Y S B E E N C H A N G I N G

California's landscapes have changed dramatically over the vast panorama of geologic
time. The topography and shape of California were modified by sea level fluctua-
tions, periods of mountain building and faulting, advances and retreats of glaciers,
and movement of the earth's continents.25 Sixty million years ago, for example, Cal-
ifornia was less mountainous and the climate was more tropical. Its location on the
globe was approximately where Cuba is today Rainfall then peaked in the summer,
and average annual precipitation near sea level was about fifty inches. About ten mil-
lion years ago, a semi-arid flora became dominant in the fossil record—close relatives
of modern madrone (Arbutus mensiezii), live oak (Quercus species), pinyon (Pinus
species), and chaparral and desert shrubs that apparently moved into California
from Mexico as our modern Mediterranean climate became more pronounced. To-
day, descendants of this flora dominate lowlying vegetation throughout much of
the state.

Within the past two centuries, explorers and colonists accidentally or purposely
brought with them plants from their countries of origin. Approximately one thou-
sand of these species now grow naturally in California, some in such high numbers
that they have changed forever the face of the landscape.26 There is hardly a plant
community or habitat left in California unaffected by some introduced plant species.

The pace of recent change is one reason why ecologists have a difficult time re-
constructing the California landscape prior to 1848. The earliest detailed accounts of
the Californias—diaries of Juan Crespi and Junipero Serra (1769), Juan Bautista de
Anza and Caspar de Portola (1771-1776), Winceslaus Linck (1776), Jose Longino-
Martinez (1792), and Jose Joaquin de Arrillaga (1796)—were for the most part
botanically naive because they were encountering a flora almost totally different at
the genus level from that of the Mediterranean rim.27 Euro-American influences at
low elevations were so enormous and rapid that by the time trained botanists and
plant geographers arrived in the late nineteenth century to take photographs, many
landscapes had been greatly modified. Ecologists have speculated about the past
vegetation of the state, but their reconstructions are based on inferences from climate,
soil, known history of land use, and personal intuition. Will Kuchler published a map
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of pre-contact vegetation of California that remains our best state-wide guess, but
many of its suppositions are still argued about, twenty years after its publication.28

Paying special attention to landscapes most changed since 1848, we begin our survey
of California vegetation with the humid western shore and move eastward to the arid
desert.

C O A S T A L M O S A I C O F D U N E , M A R S H ,

G R A S S L A N D , S C R U B , A N D F O R E S T

California's western edge is a restless interface between land and sea. Landforms
along the i,ioo-mile coastline are spectacular and diverse: graceful sandy bays,
muddy tidal flats, precipitous cliffs, undulating dunes, terraced grasslands, steep
shrub-covered hillsides, and dense forests fringing riverine bottomlands. The coastal
mosaic of vegetation types covers about 15 percent of California's area.

Beach plants at the leading edge of vegetation must be tough enough to withstand
the violent coastal environment—saline salt spray, abrasive sand blast, droughty
sand substrate, low soil nitrogen, and high light intensity. As a result, beach vegeta-
tion is open and prostrate, made up of only a handful of species at any one location.
In 1848, the dominant plant was American dune grass, which formed a scattering of
tall leafy stems over the sand surface. Today, the dunes north of Big Sur are domi-
nated by European beachgrass, brought here in 1869 to stabilize sand dunes in San
Francisco. This grass has had a drastic effect on dune topography and vegetation. It
traps more sand than native Pacific beachgrass (Elymus mollis), creating much taller
foredunes covered with dense stands of beachgrass instead of open vegetation with
many more species. Few Californian plant species can tolerate the shade and com-
petition within European beachgrass stands, thus biotic diversity plummets as the
European grass continues to extend its dominance. Native Pacific beachgrass has re-
tained a hold only along small stretches of Point Reyes National Seashore and
within the privately protected Lanphere-Christensen Dunes near Arcata.29

Prior to 1848, between four and five million acres of wetlands existed in Califor-
nia. The term "wetland" does not stand for a single vegetation type nor a single
plant community. It is a legal term that presently applies to any habitat where the soil
surface is saturated with water to within eighteen inches of the surface for a period
of at least one week a year. Today, less than a fragmented 10 percent of coastal wet-
lands and a meager 2 percent of interior wetlands survive, and much of what remains
is degraded. It is no coincidence that 25 percent of all plant and 55 percent of all an-
imal species designated by state agencies as either threatened or endangered have
wetlands as their essential habitat.30

Cliffs, terraces, and rolling hills have surfaces away from tide, surf, and moving
sand. This is the region of coastal prairie and coastal scrub. North of Big Sur, uplifted
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marine terraces provide deep, moist, well-drained soils that once supported a rich as-
sortment of perennial grasses and showy, broad-leaved herbs, some of which extend
well north of California. Prior to 1848, Oregon hairgrass (Deschampsia cespitosa sub-
species holciformis), Idaho fescue (Festuca idahoensis), California oatgrass (Danthonia
califormca), and as many as twelve other grass species formed a two- to three-foot-
tall canopy that glistened with droplets of summer fog. These native perennials are
called bunchgrasses because they do not have spreading rhizomes and they tend to
grow in clumps. Today they are rare and can be found only occasionally, usually in
protected areas.

The arrival of Euro-Americans brought fire suppression, invasive weeds, and
heavy, year-round grazing by cattle and sheep. The coastal prairie was in most places
transformed into a grassland of introduced species such as velvet grass (Holcus lana-
tu$), sweet vernal grass (Anthoxanthum odoratum), soft chess (Bromus mollis), Italian
ryegrass (Lolium multiflorum), wild oats (Avena species), and wild barley (Hordeum
species). In the absence of fire, weedy herbs, particularly those such as thistles, which
cattle find unpalatable, spread indiscriminantly over millions of acres of former
coastal prairie.31 Efforts to revegetate some grasslands with bunch grasses have
started in several locations in northern and southern California.

Shrub-dominated vegetation (scrub) covers steep slopes and invades some mar-
gins of coastal prairie on terraces and in valleys. Northern coastal scrub extends
north of Big Sur. It is a dense, two-storied assemblage of shrubs, vines, herbs, and
grasses. Dominant plants are coyote-brush (Baccharis pilularis subspecies consan-
guinea), salal (Gaultheria shallon\ California coffee berry (Rhamnus ca/ifornica), cow
parsnip (Heracleum lanatum)^ and bush lupines (mainly Lupinus arboreus). This veg-
etation has also been modified in the past century by introduced plants, especially
pampas grass, gorse, Scotch broom, and Eucalyptus. Southern coastal scrub extends
south of Big Sur. A simpler, more open community than northern scrub, it is dom-
inated by pungent-smelling, drought-deciduous sage (Salvia species) and sagebrush
(Artemisia ca/ifornica). Near the Mexican border, succulent plants become an added
element. In this century, many gentle hills and terraces of this vegetation have been
converted into housing and commercial developments, and invasive grasses have
contributed to a further decline in shrubs.32

A series of coastal forests that include redwood and Douglas fir occupy lowland
pockets and mountain slopes somewhat away from the ocean. These are unique
forests, relicts from ancient climates, coddled by the moderated maritime environ-
ment in a pool of fog. Conifer trees here have the fastest growth rates of any in the
world. The most famous of these is the redwood forest, which forms the southern tip
of a magnificent conifer forest that blankets a strip of coastal slopes and flats from
Alaska to Monterey County.

Though the forest seems placid, violent episodes of fire and flood sweep through
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it every century.33 Mature redwoods (Sequoia sempervirens) survive such trauma,
thanks to a unique root system and an insulating layer of bark. Seedlings germinate
on the fresh, flood-deposited soil; redwoods are also capable of stump-sprouting
should the above-ground portion of the tree burn or topple, and in this way the par-
ent plant is survived by a clone of genetically identical offspring. In the absence of
fire and flood, saplings of Douglas fir (Pseudotsuga menziesii)^ tanbark oak (Litho-
carpus densiflorus), Sitka spruce (Picea sitchensis), and grand fir (Abies grandis) will
grow beneath the redwood canopy and eventually replace the redwoods. Manage-
ment of redwood parks now must permit or even create fire and flood, in order to
maintain the pre-European-contact forest landscape. Old-growth redwood forests
are uncommon today. Only 5 percent of an original two million acres still remain,
mainly in state and federal parks. The rest has been logged once or twice and sup-
ports second-growth redwood forest or young forests converted to faster-growing
Douglas fir.

Above the redwood forest, on steeper, warmer, and higher slopes, is a mixed ever-
green forest. It grows at elevations of one thousand to four thousand feet in north-
western California and 3,500 to 5,700 feet in southwestern California. Dominant
trees include conifers and broad-leaf evergreens. Conifer species change with lati-
tude: typically they are Douglas fir in the north and Coulter pine (Pinus coulteri) and
big-cone Douglas fir in the south. The conifers form an incomplete canopy one
hundred to two hundred feet tall that allows full sun to reach down between the
trees. The sunlight is intercepted by a continous layer of broad-leaved trees, stand-
ing forty to sixty feet tall, including evergreen tanbark oak, madrone, bay (Umbellu-
laria californica), coast live oak (Quercus agrifolia), interior live oak (Q. wislizenii),
and canyon oak (Q. chrysolepis). Some winter-deciduous species are also members of
this understory layer. Most of the original old-growth Douglas fir phase of the
mixed evergreen forest has been cut for timber, because Douglas fir is an important
lumber species. The results of a century or more of such harvest are a post-contact
landscape of dense stands of pole-size hardwoods, especially tanbark oak and
madrone, since they are capable of stump-sprouting following disturbance. Thus,
young second-growth modern forests are not ecologically the same as old-growth
pre-contact forests. They create, for example, an insufficient habitat for such animals
as spotted owls, marbled murelets, and red tree voles that nest in or on large Doug-
las firs or dead snags.

I N T E R I O R M O S A I C O F G R A S S L A N D , C H A P A R R A L ,

A N D W O O D L A N D

Inland from the fog fence—the Coast Ranges—summer heat becomes more ex-
treme and a typical Mediterranean climate prevails. The texture of interior foothills
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By the mid-iS/os, when William Hahn captured a characteristic California wheat-
ranching scene in Harvest Time, the Central Valley had undergone astounding environ-
mental alterations. Beginning early in the century, wild oats and other exotic annuals had
spread through the interior with astonishing swiftness, supplanting the native perennial
bunchgrasses of the vast inland prairies. Then in the decades following the Gold Rush,
as much of the valley was planted to wheat, the landscape was once again transformed.
Courtesy The Fine Arts Museums of San Francisco; gift of Mrs. Harold R, McKinnon and
Mrs. Harry L. Brown.

and valleys is a mosaic of woodland with scattered trees of pine and oak, or chapar-
ral with densely rigid shrubs, or open grassland that collectively covers one-third of
California's area. The borders between vegetation patches are often narrow and
abrupt, capable of being walked across in a few paces.

While all three vegetation types occur within the same climatic and elevational
zones, they sort themselves out according to such local variations as soil depth, soil
texture, slope face, and fire history.34 Grassland tends to occupy the gentlest slopes
with deepest and finest-textured soils, and, under natural conditions, it would burn
every several years. Chaparral tends to cover the steepest slopes, with shallowest
and coarsest soils, and it would burn with an intermediate frequency of fifteen to
twenty-five years. Foothill woodland grows on intermediate slopes and soils and
would burn at intervals of twenty-five years or more.

The original interior grassland blanketed much of the Central Valley and low el-
evations along the central and southern coast. It covered more than thirteen million
acres and an additional nine to ten million acres underneath oaks in the foothills, for
a total area representing one-fourth of California. Before European colonization,

h
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that grassland supported large herds of pronghorn, deer, tule elk, and an extensive
native human population. The interior grassland was dominated by several species
of bunchgrasses—in particular, purple and nodding needle grasses (Stipa pulchra
and S. cernua). Between the grasses were some annual and perennial herbs that grew
lush and colorful in spring. In summer, most grazing animals moved upslope, out of
the grassland, and returned only when winter rains brought new germination and
growth. Natural fires ignited by dry-lightning strikes and fires purposely started by
Indians were probably an annual event. Both types of fire favored the native grass-
land vegetation. Fires stimulated regrowth in the following wet season and also pre-
vented woody plants from invading.

This grassland no longer exists, except in tiny preserves that show only a portion
of the pre-i848 panorama. Beginning in the nineteenth century, livestock were kept
at high numbers, year-round, in fenced pastures; some grassland was plowed and
farmed; fire was controlled; and weed seeds were accidentally and intentionally in-
troduced. In a dramatically short time, the bunchgrass prairie was converted to an
annual grassland of introduced European species such as filaree (Erodium species),
soft chess, wild oat, ripgut (Bromus diandrus), ryegrass, foxtail (Hordeum species), fes-
cue (Vulpia species), and bur clover (Medicagopolymorpha)?5

To the majority of Indian groups in 1848, the foothill woodland was the most im-
portant vegetation type. It was home to a greater number and density of humans
than any other vegetation type. The acorn was a critical dietary staple of these peo-
ples, its abundance and storability permitting the establishment of large, year-round
settlements. The foothill woodland is a two-storied vegetation, with an open tree
canopy partially shading a carpet of grasses and forbs beneath. Close to the coast, the
dominant trees in the north are Oregon white oak (Quercusgarryand) and Califor-
nia black oak (Q. kelloggii), and in the south, the coast live oak (Quercus agrifolid),
mesa oak (Q. engelmannii), and California walnut (Juglans californica} Along interior,
drier foothills, the dominant trees are blue oak (Quercus douglasii), interior live oak
(Q, wislizenii), foothill pine (Pinus sabiniana), and buckeye (Aesculus californica).
The large trees are a mix of evergreens and deciduous hardwoods. Some of the de-
ciduous species seem to be in decline. Few young trees have become established in
the last century.36 If this pattern continues for another century, mature oaks will have
reached the end of their natural life spans, and these oak woodlands will either be-
come grasslands or denser woodlands dominated by evergreen oaks. The causes for
this decline may include exploding populations of root-eating pocket gophers,
browsing deer and cattle that devour seedlings, competitive, introduced annual
plants, and modern fire suppression. In addition to the decline in reproduction,
about 10 to 20 percent of the woodland has been converted since 1848 into treeless
pasture and range or into urban housing.

Chaparral comes from Spanish words for "low-growing, treeless vegetation."
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Early Spanish explorers were impressed with the tightly intertwined and close-
fitting canopy that covered the hills as uniformly as a shirt over the human torso, and
they were reminded of a similar scrub in the hills of Spain. Chaparral vegetation is
a single layer of impenetrable shrubs, four to eight feet tall, with intricately branched,
interlacing evergreen canopies. The most common shrubs in northern California are
chzmise(Adenostomafasciculatum), scrub oak (Quercus dumosa), Christmas berry
(Heteromeks arbutifolia), California coffeeberry, and more than twenty species each
of manzanita (Arctostaphylos) and Ceanothus. Yucca, red shank (Adenostoma sparsi-

folium), laurel sumac (Malosma laurind)^ and lemonade berry (Rhus integrifolia) are
additional elements in southern California. The ground is nearly bare of plants, and
only an occasional bay tree, clump of cypress, or pine rises above the shrub layer.

Chaparral is a fire-dependent vegetation that burns very hot in all-consuming
crown fires expected to occur naturally every twenty to twenty-five years.37 It is rare
to find an unburned chaparral stand older than sixty years. After fire, only the skele-
tons of shrubs and trees remain above-ground, together with a thick layer of ash on
the soil surface. Shrub seeds and roots deeper than a few inches below the surface
survive the fire, however, and these germinate and sprout during the following wet
season. Shrub growth is rapid for a few years, then slows for the next thirty to forty
years. With time, most of the nutrients essential for growth become locked up in the
woody biomass and so are unavailable to support new growth. Fire releases the nu-
trients as ash, triggering a renewal of growth.

M O S A I C O F M O N T A N E V E G E T A T I O N T Y P E S

California mountains are not uniformly covered with one continuous, monotonously
unvarying forest. Instead, the landscape is a mosaic of oak-filled canyons, brushy
ridges, meadows in wet flats, riparian woods, and conifer-forested slopes. Only about
half of the montane region, which covers 20 percent of California, supports conifer
forest. Four zones of climate and vegetation exist in California mountains, se-
quentially replacing each other with increasing elevation: lower-montane, upper-
montane, subalpine, and alpine. Every thousand-foot climb in elevation is equivalent
to moving three hundred miles north, and the vegetation varies accordingly,38

The mixed conifer forest occupies much of the lower-montane zone, which lies
between two thousand and five thousand feet elevation in northern mountain ranges
and five thousand to eight thousand feet elevation in southern ranges. Six conifers—
ponderosa pine (Pinusponderosd), sugar pine (/? lambertiana\ white fir (Abies con-
color), Douglas fir, incense cedar (Calocedrus decurrens), and giant sequoia—coexist
and shift in importance from stand to stand, and for this reason the community is
not named for any one of them, but is instead called the mixed conifer forest.

John Muir, among other early naturalists, commented on "the inviting openness"
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A tourist party enjoys a leisurely moment by the Merced River in Virgil Williams's 1863
painting of Yosemite Valley, Along the Mariposa Trail. The rich riparian growth portrayed
by Williams composes one of several typical plant communities associated with what is
perhaps the most famous of the states geomorphic provinces, the Sierra Nevada. Courtesy
California Historical Society; gift of A. K. Browne. Photograph by M. Lee Fatherree.
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of this forest, where trees "stand more or less apart in groves, or in small irregular
groups, enabling one to find a way nearly everywhere, along sunny colonnades and
through openings that have a smooth, park-like surface."39 The forests that Muir saw,
and that Native Americans lived in prior to 1848, are rare today because of 150 years
of logging and 100 years of fire-suppression. Three-fourths of the original acreage of
the mixed conifer forest has been clear-cut or select-cut at least once. Second-growth
forests are more crowded, with smaller overstory trees.

Furthermore, in the absence of ground fire, white fir has grown up densely be-
neath the older trees, creating potential fire ladders that convert ground fires into de-
structive crown fires. Ponderosa pine, in contrast, has few juveniles because its
seedlings require bare mineral soil to establish themselves on—and only fire clears
the litter and provides such a surface. This modern second-growth forest casts a
denser shade, and no longer has the park-like atmosphere Muir described. Adoption
of a prescribed burning policy by the U.S. Forest Service, the California Departments
of Forestry and of Parks and Recreation, and the National Park Service has had some
success in reversing the trend. The success is limited, however, because the practice
remains controversial and managers must be overly cautious in controlling fire, thus
the kind of fire produced is unusually cool-burning. Too few young white fir trees are
killed in such fires, and the pristine openness of the forest is not reclaimed. Fur-
thermore, the number of acres actually burned by prescribed fire so far has only
been a small fraction of the total acreage of the forest. Another stress affecting the
lower-montane zone, unknown in 1848, is air pollution,40 which damages conifer
needles and slows tree growth in mixed conifer forests (particularly the ponderosa
pines) that lie many miles from and thousands of feet above the sea-level cities that
produce this smog.

The upper-montane is the zone of maximum snowfall throughout California.
About 80 percent of all precipitation during the year falls as snow, which builds
snowpacks eight to thirteen feet deep that stay on the ground for two hundred days
of the year. Saplings successful in the upper-montane must tolerate winter burial un-
der snow for decades until they are tall enough to reach above the snowpack.41 Upper-
montane forests are simple, with just two canopies: an overstory tree layer and a scat-
tered herb layer. Common trees are lodgepole pine (Pinus contorta subspecies
murrayand) and Jeffrey pine (Pjeffreyt) throughout the state, joined by red fir (Abies
magnified} and western white pine (P. monticola) in northern California. Ancient,
twisted mountain juniper trees (Juniperus occidentals subspecies australis) seem to
spring full-grown out of solid ridge rock, Quaking aspen (Populus tremuloides) and
black cottonwood (Populus bahamifera subspecies trichocarpd) cover narrow riparian
corridors. Fire plays a less important role in this zone than in the lower-montane. The
trees, shrubs, and herbs are neither especially tolerant of fire, nor is their survival en-
hanced by fire. Fires occur, but at intervals twice as long as in lower-elevation forests.42
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Forests thin with elevation, just as the air itself thins. Groves of trees in the sub-
alpine zone (above nine thousand feet elevation in the south, above eight thousand
feet in the north) become restricted to patches protected from the sweep of cold air
and drying wind. Pruned by winter ice blast, trees are stunted, twisted, and multiple-
trunked. This is a place of short, open forest at the very limit of tree growth. As one
moves higher, even these bonsai-like remnants fail to grow, and the herbaceous
alpine tundra replaces the land of wood.

Few tree species are able to tolerate the special stresses of the subalpine zone.43

Lodgepole pine and western white pine continue upslope from the upper-montane,
and are joined by mountain hemlock (Tsuga mertensiana) and the five-needled
whitebark (Pinus albicaulis), limber (PjJexilis), foxtail (P. balfouriana), and bristlecone
pines (P longaeva)) which are found only in the subalpine. Not all of these species oc-
cur together on the same mountain. In some places, a single species will dominate;
in others they mix together. For this reason the vegetation is called mixed subalpine
woodland.

Not much is known about the climate of this zone because few long-term weather
stations are located here. Average precipitation is less than in the upper-montane,
probably averaging thirty inches, mostly as snow. Average temperature over the en-
tire year is just a few degrees above freezing. Soils are shallow and rocky, so they hold
little moisture. Because the growing season is so stressful, subalpine trees rarely be-
come established as seedlings. Once established, however, they grow slowly for cen-
turies. Average tree life spans are five hundred to one thousand years. Foxtail pines
attain ages greater than three thousand years, and the well-known bristlecone pines
of the White Mountains of far east-central California can exceed five thousand
years.

The alpine zone is a thin fringe of green near the limits of all forms of plant life.
The growing season is measured in weeks and days, not months: six to ten weeks
long, or forty to seventy days. Even during the growing season, frost can occur
nightly. Plants tend to hug the ground and to sequester most of their stored food un-
derground in root or rhizome systems.

Alpine tundra is a meadow-type of vegetation rich in sedges (Carex species),
rushes (Juncus species), grasses, and perennial broad-leaf herbs. Woody dwarf wil-
lows (Salix species) and white and mountain heather (Cassiope mertensiana and two
Phyllodoce species) are present, but not dominant. Away from wet basins and
snowmelt areas, the environment becomes drier, and tundra gives way to a fell-field
of scattered bunchgrasses and "cushion plants"—herbs with tiny, densely arranged
leaves pressed against the soil surface. Alpine plants are small, but they are tenacious
and their life spans are twenty to fifty years.44

In California, about 40 percent of the total number of alpine species are wide-
spread, ranging north into other North American mountain chains or all the way to
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the polar tundra. Another 15 percent are endemic to California, and so must have
evolved in place as the mountains rose during the past ten million years. These en-
demics probably evolved from desert plants downslope.

Alpine tundra is relatively intolerant of disturbance from humans and their graz-
ing animals. Trampling along trails rapidly thins out the vegetation, and plants are
slow to recover from over-grazing. During the nineteenth century, heavy, uncon-
trolled grazing by sheep (John Muir called them "hoofed locusts") permanently de-
graded many alpine meadows. Grazing by sheep, cattle, and pack horses continues
today, although it is much more carefully regulated, and environmental damage
persists.45

A G R A D I E N T O F D E S E R T V E G E T A T I O N !

C O L D , W A R M , A N D H O T

Eastern, desert-facing slopes of California mountains are steep, rocky, and more
arid than western slopes at the same elevation. The eastern rainshadow intensifies as
elevation drops, and by the six-thousand-foot elevation, trees reach a second kind of
timberline—a low-elevation timber line. This timberline, the last gasp of montane
trees before the aridity and desert scrub below, is an open woodland of Utah juniper
(Juniperus osteosperma) and several pinyon pines (Pinus edulis, R monphyllay P. quadri-

folia). Despite the pinyon pine's short stature, slow growth rate, and small cone size,
its seeds are large and produced in great numbers. Pinyon seeds ("nuts") were an im-
portant food of Native Californians before the European conquest, and some native
families continue to harvest them today. Flour made from pinyon seeds has a higher
fat content and caloric value than modern wheat flour and a protein concentration
higher than corn flour. Annual fall trips were made to the pinyon woodlands by
many mountain and desert tribes.

Beyond the pinyon-juniper woodland is desert scrub vegetation, occupying about
one-fourth of California s land area. Desert climate and vegetation are not uniform
within such a vast region, and as a result there are three types of desert in Califor-
nia: cold, warm, and hot. The cold desert, or Great Basin Desert, is a high desert ly-
ing above the four-thousand-foot elevation between the Sierra-Cascade axis on the
west and the Wasatch Mountains of Utah on the east. Winters are cold, with most
precipitation falling as snow; summers are dry and hot. It is a land characterized by
dark volcanic rock, pronghorn, and pungent sagebrush (Artemisia tridentata).

Associated plants include several small shrubs, a diversity of bunchgrasses, and a
number of annual plants. The annuals germinate in wintertime, grow slowly to
spring, then bolt, flower, and set seed by early summer. Cacti are uncommon because
most succulent species are frost-sensitive, thus winter temperatures are too cold for
them here. Cottonwood trees (Populus jremontii) line intermittent waterways, and
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saline basins support such salt-tolerant shrubs as fourwing saltbush (Atriplex
canescens) and greasewood (Sarcobatus vermiculatus). Cold desert vegetation has been
significantly modified since 1848 by overgrazing, the accidental introduction of ag-
gressive weedy species such as cheatgrass (Bromus tectorum), and an increased fre-
quency of wildfire.46 Enormous populations of sheep and cattle selectively removed
most bunchgrass cover, and purposeful burning killed sagebrush. Sagebrush does not
stump sprout. In order to reestablish itself, it must germinate from seed, and as a
seedling it is a poor competitor with cheatgrass and other introduced annuals whose
numbers may exceed one thousand plants per square yard.

The warm Mojave Desert lies just south of, and at elevations below, the cold Great
Basin Desert. The meeting ground of the two deserts is the place of Joshua tree wood-
land and blackbrush scrub, east and northeast of the Los Angeles basin. Farther east,
as elevation drops, the landscape becomes dominated by creosotebush (Larrea triden-
tata), burrobush (Ambrosia dumosa), brittlebush (Encelia farinosa\ more than twenty
species of cacti, and a great diversity of winter annual wildflowers. Localized habitats
such as sand dunes, saline basins, and desert washes support rarer plant species.

The hot Colorado Desert occupies the southeastern corner of California at eleva-
tions below one thousand feet. The region is far enough east to escape the California
rainshadow, far enough south to receive summer rains from subtropical storms and
low enough in elevation to be frost-free. As a result, the Colorado Desert is home to
a greater variety of plant growth forms and species than the other two desert types.
Winter-deciduous small trees, arboreal cacti, evergreen and drought-deciduous
shrubs, rosette-shaped leaf succulents, subshrubs, small cacti, and winter- and
summer-active annual wildflowers all grow here. The overwhelmingly dominant
species are creosotebush and burrobush.47 Wash vegetation is also rich, with fifteen-
foot-tall desert willow (Chilopsis linearis)\ palo verde (two species of Cercidium), and
honey mesquite (Prosopis juliflora variety torreyana) as scattered individuals or as
woodland thickets. Oasis stands of California fan palm (Washingtoniajiliferd) occur
along faultlines where breaks in the bedrock allow natural springs to surface.

Even here, in the hottest and most arid part of California, invasive plants have
modified the pre-European landscape. Salt cedar, native to Europe and Asia, was in-
troduced by Spanish explorers and settlers of the seventeenth and eighteenth cen-
turies. Today it colonizes washes, river banks, and basin margins, sometimes form-
ing impenetrable thickets hundreds of yards deep. Springs and subterranean water
sources can literally be sucked dry by such thickets, exterminating wetland habitats
previously occupied by native plants and animals. Another post-conquest distur-
bance to the warm and hot deserts has been soil compaction and vegetation de-
struction by off-road vehicles (ORVs). Long-term studies of ghost town streets,
homesteads, military exercise routes, utility service roads, and ORV trails indicate
that significant vegetation recovery requires more than sixty years.48
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When examined at a closer proximity and in some detail, pre-contact landscapes,
like the deserts, have been profoundly and permanently changed. Without the tra-
dition and understanding derived through observation and traditional practice, there
has been little intervention and much destruction of the formerly highly useful and
sustainable landscapes. How were those pre-contact landscapes lived in, interpreted,
used, and managed by Native Californians?

C O N S E R V I N G T H E E A R T H

There were types and scales of human harvesting that meshed with wilderness. So-
phisticated taxonomies, taboos, and harvesting strategies for key resources evolved and
were widespread among native communities. Conservation practices were developed
to combat scarcity of resources. Two overarching maxims that dictated Native Amer-
ican resource use were "do not waste resources" and "do not hoard resources." In-
digenous folklore is rich with messages concerning the dire ecological consequences
of excessive consumption of resources. According to many tribal legends, inappro-
priate human behavior toward nature through greed, wastefulness, or disrespect for
other lifeforms causes the world to go out of balance. Signs of this imbalance were
natural catastrophes such as enormous wildfires, droughts, floods, and twisters.49

Native Americans skillfully gathered plants over long periods in different habitats
without depleting their populations to the point of extinction. This required intimate
knowledge of each species' life characteristics. Plants were gathered with regard to
at least six variables: season, frequency, appropriate tool, pattern, scale, and inten-
sity.50 If plants were gathered too often, or at an inappropriate season, or at an ex-
treme intensity without sparing individual plants, the population could easily be
extinguished, even with low levels of technology For example, natives gathered ed-
ible mushrooms while being careful not to disturb the soil mycelia in order to ensure
future production;51 basketry shrubs were pruned in the late fall or winter during the
dormant period, when such disturbance is least detrimental to the plants* vital
processes. Subterranean foods such as lilies, wild onions, yampah, and blue dicks
were harvested in great quantities, but bulblets and cormlets were deliberately left
behind in the loosened earth to grow the following year.52

C A L I F O R N I A : A N E N G E N D E R E D L A N D

Through interacting with nature for millennia, Native Americans left their signature
in the vegetation. That imprint is still visible in the scars on juniper trees in eastern
California harvested sustainably by the Paiute and Western Shoshoni for bow
staves.53 Certain creosote bushes in the Colorado Desert, now thousands of years
old, were picked centuries ago by Indian hands to treat nausea, intestinal discomfort,

A W O R L D OF B A L A N C E AND P L E N T Y 33

Contested Eden : California Before the Gold Rush, edited by Ramón A. Gutiérrez, and Richard J. Orsi, University of California Press, 1998.
         ProQuest Ebook Central, http://ebookcentral.proquest.com/lib/ucdavis/detail.action?docID=877900.
Created from ucdavis on 2022-06-15 16:12:25.

C
op

yr
ig

ht
 ©

 1
99

8.
 U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

 P
re

ss
. A

ll 
rig

ht
s 

re
se

rv
ed

.



and chest infections. Four-hundred-year-old sugar pines (Pinus lambertiand) in Se-
quoia National Park are marked with fire-scars from fires set by Indians. These trees
were harvested by Native Americans for their delectable sugar, oozing from fresh
wounds caused by the fires. Humans also acted as dispersal agents carrying seeds
from place to place, deliberately or inadvertently. This is obvious in the clusters of
useful plant species that populate Indian middens, graves, temporary camps, and
other archaeological sites.

Scholars have more recently produced more accurate reconstructions of interac-
tions between indigenous people and the natural environment in California through
interdisciplinary research that combines knowledge of social, physical, and biologi-
cal sciences as well as the humanities.54 For instance, nature keeps a historical record
of environmental changes in the growth rings of trees, plant remains in a preserved
packrat's nest, plant and animal fossils and charcoal in the soil, and plant pollen laid
down in layers in bog sediments. Scientists using microscopes, molecular dating
methods, and other techniques can retrieve this information, incorporating it into a
comprehensive framework for interpretation and giving us a remarkably clear win-
dow to the past. Finally, a recognition among university scholars that Native Amer-
ican elders are the keepers of ancient knowledge and remember details of former
burning and other horticultural practices of their ancestors has resulted in an inte-
gration of this information into university sources.

Only recently have scientists ceased to pigeonhole Native Americans into one of
two limited categories: hunter-gatherer or agriculturalist. To earlier scholars, Mohave
and Yuman tribes in southeastern California grew domesticated plants—corn, beans,
and squash—and were labeled "agriculturalists," while the myriad of other tribes
were tagged "hunter-gatherers." Modern scholars, on the other hand, maintain that
both stereotypes are merely opposite ends of a continuum of human-nature inter-
actions that represent a much more complex and rich set of interactions than that
portrayed in older history books and ecology and anthropology texts. The vast
knowledge and understanding that the traditional Indian people had of the Cali-
fornia landscape prior to the European contact is only beginning to be fully recog-
nized. Most likely, however, we will never completely recover all the information lost
during the destructive post-contact years.

The sustainability of native practices allowed natural vegetation and human in-
habitation of the landscape to exist and continue over hundreds of years. From the
coastal prairies of northwestern California to the palm oases in the southeastern part
of the state, indigenous traditional management systems have influenced the size, ex-
tent, pattern, structure, composition, and genetics of the flora within select areas of
a multitude of vegetation types.55 Native-induced changes, however, unlike those of
the last two hundred years dominated by European attitudes, sustained the vegeta-
tion and allowed generational use of the same species.
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Mosaics of Vegetation and Location ofEcotones

Native peoples played a major role in the maintenance and enhancement of biolog-
ical diversity by introducing disturbances that promoted mosaics of vegetation found
within different landscapes in California. They enhanced ecosystem diversity in
California through the maintenance of heterogeneous vegetation that would have
disappeared in the absence of human influence, including coastal prairies, freshwa-
ter marshes, and dry montane meadows. Forest ecologist Susan Bicknell has re-
cently been involved in a series of studies of particular locales along the northern
California coast, and has utilized opal phytoliths in conjunction with other evi-
dence to demonstrate that much of the coastal aboriginal prairie habitat was an-
thropogenic in nature, maintained with frequent fires set by local tribes and that it
reverted to woody vegetation after Euro-American settlement of the area and with
the cessation of fire and ungulate grazing.56

Similarly, to encourage growth and harvest of a smorgasbord of plant species, the
Wukchumni Yokuts and the Timbisha Shoshone burned freshwater marshes to re-
move old growth, provide emergent plants for animal forage, and stimulate the pro-
duction of long, straight, new tules.57 Burning cleared out reed-choked marshlands,
reducing the density and creating an edge effect, allowing space for waterfowl move-
ment and nesting activities and increased light to the soil floor at the peripheries of
marshes and springs, thereby heightening plant species diversity.58 Studies have
shown that controlled burning can reduce the invasion of woody vegetation and
enhance wetland habitats for wildlife.59 Native Americans understood that fires in
conjunction with the recurrent changes in water level blocked plant succession and
were the basis for these enduring systems.

Strings of meadows in the Sierra Nevada, the Cascades, and other California
mountain ranges formed the resting places, pantry, and trade grounds for numerous
tribes. These open spaces with grasses and forbs break up the monotonous mixed-
conifer forests. Ecotones, where forest and meadow merge, also contain unique plant
life and attract animals as well. Native Americans set fires in the ecotone areas
surrounding the meadows to decrease the more wet-tolerant lodgepole pine or other
conifers and keep them from encroaching into meadow areas, thus maintaining and
perhaps, in some cases, enlarging meadow areas. Periodic purposeful burning also oc-
curred within the meadow boundaries, influencing the composition, density, and fre-
quency of native plant and animal populations. Certain meadow plants such as deer-
grass, yampahs, and clovers were favored through burning.60 Natives also set fires in
and around meadows to drive game and catch grasshoppers.61 In recent times,
cessation of Native American burning and the modern policy of suppressing light-
ning fires have caused forest and brush to encroach on meadows throughout the
mountains.
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36 A W O R L D OF B A L A N C E AND P L E N T Y

Costanoan (Ohlone) men use double-bladed paddles to negotiate the waters of San
Francisco Bay in a balsa, or boat, constructed of rules bound together with vines. Based
on a watercolor made in 1816 by Louis Choris, this lithograph is from the artist's Voyage
pittoresque autour du monde (Paris, 1822). Courtesy California Historical Society, FN-jo$i2.

Indian burning also opened up forests and woodlands so the sun could fall free to
the earth in many places. Pre-contact California had abundant park-like forests of
oaks and conifers, with large-diametered trees that were widely-spaced, unlike the
overstocked, disease- and insect-infested second-growth forests of today. Frequent
Indian-set fires in lower and mid-elevation mixed-conifer forests favored fire-
tolerant species such as black oak, giant sequoia, and ponderosa pine, and a biolog-
ically diverse understory vegetation of native grasses and forbs.62 An uncluttered
coniferous forest or oak woodland could also be walked through by Native Ameri-
cans with ease, without hacking vegetation, and without being scratched by shrub-
bery. The people could see far ahead in all directions and avoid surprise by grizzlies,
black bears, mountain lions, or human enemies. The earth between the trees fostered
many blooming and edible plants, rather than a seemingly lifeless mass of thick lay-
ers of decomposing leaves and twigs, characteristic of many forests today.63 This rich
understory vegetation attracted small and large mammals, birds, and many types of
insects. The interior of the human-tended forest was full of life. Journalist Stephen
Powers took note of this bounty: "In the mountains they [Yokuts] used to fire the
forests, and thereby catch great quantities of grasshoppers and caterpillars already
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A WORLD OF BALANCE AND PLENTY 37

Wintu Indians Rosa Charles and Billy George pause from gathering yampah to pose
for the legendary ethnographer John R Harrington, who made this photograph in 1931.
Yampa fields were regularly burned by Native Californians in order to recycle nutrients,
reduce plant competition, and prevent the encroachment of forests on meadows. Courtesy
Santa Barbara Museum of Natural History.

roasted, which they devoured with relish, and this practice kept the underbrush
burned out, and the woods much more open and park-like than at present. This was
the case all along the Sierra."64

Human-tended plant gathering sites dotted the land, creating a quiltwork pattern
of openings within different plant communities. The visual effect of encouraging
populations of plant species at numerous gathering sites was a high degree of "patchi-
ness" reflecting plant species in varying successional stages within more homoge-
neous naturally occurring plant community types. When the Europeans arrived in
California, many populations of plants and associated animals persisted in different
areas as a result of the Native Americans' clearing the engulfing vegetation by hand-

weeding and burning.

The Range and Distribution of Plant and Animal Species

Native Americans also widened the ecological amplitude of native animal and plant
species by introducing them to new areas. Dispersal through human agency often
took place over relatively short distances and thereby gave the appearance that the
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normal distribution was somewhat more extensive than was actually the case. This
appearance may have influenced, in turn, the conclusions of later plant and animal
scientists, leading them to consider the extended range as the normal range.

Some authorities have noted plants established in association with historical sites
of human occupation, but for the most part, this topic has not been explored. Native
American protection of volunteer plant species, actual sowing of seed, or trans-
planting of valuable or preferred plants are all possible explanations for the occur-
rence of uncharacteristic native plant populations and the repeated appearance of the
same plant species at former sites of human occupation. The native tobacco (Nico-
tiana clevelandii) may have been planted or established itself in the enriched soils of
the Indian middens around the camps of the Chumash in Santa Barbara. Tobacco
also occurs on Santa Cruz Island and is often associated with midden deposits,65 and
ethnobotanist Jan Timbrook believes that it was probably brought there by the
Chumash. Archaeologist Schumacher noted that he always found elderberry shrubs
in the neighborhood of ancient settlements or near graves.66 Jimsonweed, an im-
portant ceremonial plant to many tribes, is often associated with aboriginal habita-
tion sites in San Diego County. Willis Jepson in the 19205 noted that California
black walnut trees occurred readily on "old Indian camps-sites" in central California
in what are now Walnut Creek, Walnut Grove, and Napa Range above Wooden Val-
ley.67 Vertebrate zoologist Paul Collins, using the archaeological record and mor-
phometric analysis, has concluded that Indians were responsible for establishing is-
land foxes on San Clemente, Santa Catalina, and San Nicolas islands from northern
Channel Island populations.68

R E S T O R A T I O N O F T H E A B O R I G I N A L L A N D S C A P E

W I T H H U M A N S I N C L U D E D

As a truer picture of California's first human inhabitants comes into clearer focus, a
very different world emerges—a world where humans were more than mere exter-
nal visitors to nature. California was not "wild." The tribal territories were filled
with places that were comfortably inhabited and stewarded. Judicious gathering,
hunting, and fishing deepened human interactions with the land. Using nature sus-
tainably, Indians inhabited that middle ground between true wilderness and the
domesticated garden. Early settlers' diaries, missionaries' notes, and explorers' logs
describe California as unsurpassed in beauty and biological wealth. But, unknow-
ingly, Euro-Americans were in many cases really describing the successful results of
the stewardship of Native Americans in fostering this fecundity. What is compelling
about this shift in perception of California Indians from hunter-gatherers into wild-
land managers is its demonstration that it is possible for humans to tend and use
wildland resources and coexist as part of sustainable and diverse ecosystems.

A W O R L D OF B A L A N C E AND P L E N T Y38

Contested Eden : California Before the Gold Rush, edited by Ramón A. Gutiérrez, and Richard J. Orsi, University of California Press, 1998.
         ProQuest Ebook Central, http://ebookcentral.proquest.com/lib/ucdavis/detail.action?docID=877900.
Created from ucdavis on 2022-06-15 16:12:25.

C
op

yr
ig

ht
 ©

 1
99

8.
 U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

 P
re

ss
. A

ll 
rig

ht
s 

re
se

rv
ed

.



Native American tribes of today have endured threats to their cultural survival for
over two hundred years. Yet with the influx of large human populations from outside
the region and the steady degradation of California's landscapes, native gatherers,
hunters, and fishermen have increasingly faced barbed-wire fences, "no trespassing"
signs, scarce resources, water pollution, and pesticide residues in their attempts to

continue their traditions.69

The decline of natural systems in the state is intimately tied with the diminish-
ment of the native cultural heritage. This cultural wealth—the vast experience of na-
tive cultures in how to use, manage, respect, and coexist with these other lifeforms—
is valuable and could be part of serious conservation and restoration efforts towards
nature.70

Among public lands agencies, there is increasing interest in Native American
traditional ecological knowledge. Those professionals who are most interested in
restoration of California's fire-type natural landscapes are finding that knowledge of
past land management—indigenous burning, for example—is imperative before al-
ternatives for preservation and management of plant communities can be designed.
Scholarship by ecologists, archaeologists, and biologists, in partnership with Native
Americans, is beginning to unravel the complexities of these former wildland man-
agement systems.

Simulating some native practices in a series of long-term field experiments will
give scientists and managers a more accurate sense of the impact of aboriginal ac-
tivities on vegetation in different regions. Such experimentation will also disclose the
extent to which ecosystem health in the areas of soil productivity, gene, conservation,
biodiversity, landscape patterns, nutrient cycling, and an array of ecological processes
is tied to former indigenous economic and management activities.71 Contemporary
tribal cultures are still practicing some of these traditional techniques. These ongo-
ing traditional practices may serve as analogs for testing alternative wildland man-
agement strategies. They may be used to restore endangered ecosystems and species,
as well as to enhance the productivity and biodiversity of wildlands, while main-
taining culturally significant plant resources for the perpetuation of indigenous cul-
tural traditions and future scientific endeavors.72
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otany of the California Indians: A Compendium of the Plants, Their Uses and Their Users (Gree-
ley, Colorado: University of Northern Colorado Press, 1972). For an ethnobotanical bibliog-
raphy, see Beatrice M. Beck, Ethnobotany of the California Indians, Volume i: A Bibliography
and Index (Champaign, Illinois: Koeltz Scientific Books, 1994).

16. Michael J. Moratto, California Archeology (Orlando: Academic Press, 1984).
17. Mary E. T. Collier and Sylvia Barker Thalman, Interviews 'with Tom Smith and Maria

Copa (San Rafael, Calif: Miwok Archaeological Preserve ofMarin, 1991), 37.
18. Arnold R. Pilling, "Yurok," in Robert F. Heizer, ed., Handbook of North American In-

dians, Volume 8, California (Washington, D.C.: Smithsonian Institution, 1978), 137-54.
19. The eminent biologist E. O. Wilson maintains that indigenous ecological knowl-

edge is in fact "true scientific knowledge/' See E. O, Wilson, The Diversity of Life (Cam-
bridge: Belknap Press of Harvard University Press, 1992), 44. In a cover article for Time mag-
azine, the author E. Linden likens the loss of this knowledge to the burning of the great
library of Alexandria. See E. Linden, "Lost Tribes, Lost Knowledge," Time, 138, no. 12
(i99i):46-s6.

20. For a review of California Indian population estimates, consult Sherburne F Cook,
"Historical Demography," in Handbook of North American Indians, Vol. 8: California.

21. Albert L. Hurtado, "Introduction," in The Destruction of California Indians, ed. Robert
F Heizer (Lincoln: University of Nebraska Press, 1974). Other graphic descriptions of harsh
treatment of Native Americans by Europeans include George H. Phillips, Indians and In-
truders in Central California, 1769-1849 (Norman: University of Oklahoma Press, 1993); Van
H. Garner, The Broken Ring: The Destruction of the California Indians (Tucson: Westernlore
Press, 1982); and Rupert Costo and Jeannette H. Costo, The Missions of California: A Legacy
of Genocide (San Francisco: Indian Historian Press, 1987).

22. H. H. Aschmann, "Distribution and Peculiarity of Mediterranean Ecosystems," in
Mediterranean Type Ecosystems: Origins and Structure, F. di Castri and H. A, Mooney, eds.
(New York: Springer, 1973), 11-19; Aschmann, "A More Restrictive Definition of Mediter-
ranean Climates," Bulletin, Botanical Society of France, Actual Botany 2,3, and 4 (i985):2i-3o.
Fire is included by ecologists as a component of the California climate, as most completely
described by Proceedings, California Tall Timbers Fire Ecology Conference, ed. E. V. Komarek
(Tallahassee, Florida. Tall Timbers Research Station, 1968).

23. California has about 11,000 soil series, an unusually high diversity for the state's area.
H. Jenny, R. J. Arkley, and A. M. Schultz, "The Pygmy Forest Podzol Ecosystem and its
Dune Associates of the Mendocino Coast," Madrono 20 (i969):6o~74; A. Kruckeberg,
"California Serpentines," University of California Publications in Botany 78 (1984): 1-180. A
more general reference on geologic substrates is R. M, Norris and R. W. Webb, Geology of
California, 2nd ed. (New York: Wiley, 1990).

24. There have been several efforts to map and classify California vegetation. These have
divided California into as few as 29 and as many as 375 units. Full references are as follows:
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Anonymous, California Vegetation [a map] (Sacramento: Teale Data Center, 1991); W. L.
Colwell, Jr., "The Status of Vegetation Mapping in California Today," in Terrestrial Vegeta-
tion of California, M, G. Barbour and]. Major, eds. (Sacramento: California Native Plant Soci-
ety, 1988), 195-220; C. B. GoudeyandD. W. Smith, Ecological Units of California: Subsections
(Albany: USDA Forest Service, PSW-map, 1994); R. F. Holland, Preliminary Descriptions of
the Terrestrial Natural Communities of California (Sacramento: California Resources Agency,
California Department of Fish and Game, 1986); S. C. Hunter andT. E. Paysen, Vegetation
Classification System for California (Berkeley: USDA Forest Service, Gen. Tech. Rep. PSW-
94,1986); H. A. Jensen, "A System for Classifying Vegetation in California," California Fish
andGame 33 (1947):! 99-266; A. W. Kuchler,"TheMapofthe Vegetation of California," in
Terrestrial Vegetation of California, ed. M. G. Barbour and J. Major, 909-38; W. J. Matyas and
L Parker, CALVEG, Mosaic of Existing Vegetation of California (San Francisco: USDA Forest
Service, Regional Ecology Group, 1980); K. Mayer and W. Laudenslayer, A Guide to Wildlife
Habitats of California (Sacramento: California Resources Agency, Department of Forestry
and Fire Protection, 1988); P. A. Munz and D. D. Keck,^ California Flora (Berkeley: Uni-
versity of California Press 1959); J. O. Sawyer and T. Keeler-Wolf, A Manual of California
Vegetation (Sacramento: California Native Plant Society, 1995).

25. We recommend four reviews of the climate and vegetation of California during the
past 2 to sixty million years: D. I. Axelrod, "Evolution of Madro-Tertiary Geoflora," Botan-
ical Review 24 (i958):433~509; D. I. Axelrod, "History of the Coniferous Forests, California
and Nevada," University of California Publications in Botany 70 (i976):i-62; D. I. Axelrod,
"Outline History of California Vegetation," in Terrestrial Vegetation of California, 2nd ed.,
M. G. Barbour and J. Major (Sacramento: California Native Plant Society, 1988), 139- 92;
A. Graham, "History of the Vegetation," in Flora of North America, vol. i, Flora of North
America Editorial Committee (New York: Oxford University Press, 1993), 57-70.

26. According to James Hickman's recent state flora, California encompasses 5,862 species
and 1,169 subspecies or varieties, for a total of 7,061 taxa. Some 1,023 of these taxa have
been introduced but now grow wild (that is, they are called "naturalized"). This list does not,
then, include introduced plants that only survive where tended in gardens, orchards, farms,
etc. About 30 percent of our native taxa are endemic to California, found nowhere else in the
world except where they have been introduced. J. C. Hickman, ed., The Jepson Manual
(Berkeley: University of California Press, 1993).

27. Richard A. Minnich and E. Franco-Vizcaino, Land of Chamise and Pines: Historical
Descriptions of Northern Baja California (Berkeley: University of California Press, in press for
1997 publication).

28. Kuchler, "Map of Vegetation of California."
29. Barbour and Johnson, "Beach and Dune," in Barbour and Major, Terrestrial Vegetation

of California, 223-61; B. M. Pavlik, "Nutrient and Productivity Relations of the Dune
Grasses Ammophila arenaria and Elymus mollis, I: Blade Photosynthesis and N Use Efficiency
in the Laboratory and Field," Oecologia 57 (1983)1227-32, "II: Growth and Patterns of Dry
Matter and N Allocation as Influenced by N Supply," 233-38, and "III: Spatial Aspects of
Clonal Expansion with Reference to Rhizome Growth and the Dispersal of Buds, "Bulletin
of the Torrey Botanical Club (iio)\2ji-jc). See also Pavlik, "Water Relations of the Dune
Grasses Ammophila arenaria and Elymus mollis on the Coast of Oregon, USA," Oikos 45
(i985):i97-205.

30. Jensen, et al, In Our Own Hands.
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31. H. H. Heady, T. C. Foin, M. M. Hektner, D. W. Taylor, M. G. Barbour, and W. J.
Barry, "Coastal Prairie and Northern Coastal Scrub," in Barbour and Major, Terrestrial Veg-
etation of California, 733-60.

32. W. E. Westman, "Factors Influencing the Distribution of Species of Californian
Coastal Sage Scrub," Ecology 62 (1981)1439-55, an<i "Diversity Relations and Succession in
Californian Coastal Sage Scrub," Ecology 62 (i98i):i7o-84; Richard A. Minnich and R. J.
Dezzani, "Historical Decline of Coastal Sage Scrub in the Parris Plain, California," in Pro-
ceedings of the Symposium on the California Gnat Catcher,^. T. A. Scott and J. T. Rtenberry,
(San Francisco: Cooper Ornithological Society, in press for 1997 publication).

33. Redwood trees tolerate floods by generating new roots near the soil surface, within the
layer of flood-deposited silt that suffocates the deeper roots of other species. Redwood
seedlings also survive much better when they germinate on bare mineral soil (flood-deposited
silt) than when they germinate on litter. Redwood trees tolerate ground fires because their
thick bark insulates the living cambium from high temperatures. Fires and floods recur in
redwood forests on the average of once a century. See P. J. Zinke, "The Redwood Forest and
Associated North Coast Forests," in Barbour and Major, Terrestrial Vegetation of California,
679-732. Also Jerry Franklin, "Pacific Northwest," in North American Terrestrial Vegetation,
2nd ed., eds, M. G. Barbour and W. D. Billings (New York: Cambridge University Press, in
press for 1997 publication), ch. 4. A more recent, lay-oriented summary of coast redwood
ecology is The Coast Redwood: A Natural and Cultural History, ed. J. Evarts (Los Olivos:
Cachuma Press, in press for 1997 publication).

34. The mosaic of woodland, grassland, savanna, and chaparral seems to be caused by
differences in topography, soil depth, and fire frequency. M. G. Barbour, B. M. Pavlik, F R.
Drysdale, and S. A. Lindstrom, California's Changing Landscapes (Sacramento: California
Native Plant Society, 1993), and Elna Bakker, An Island Called California, 2nd ed. (Berkeley:
University of California Press, 1984).

35- Vegetational, floristic, and land-use changes in California's central prairie have been
described by W. J. Barry, The Central Valley Prairie (Sacramento: California Department of
Parks and Recreation, 1972); H. F. Heady, "Valley Grassland," in Barbour and Major, Ter-
restrial Vegetation of California, 491-514; and L. T. Burcham, "Historical Background of
Range Land Use in CoMomiz" Journal of Range Management 9 (i956):8i-86.

36. M. G. Barbour and R. A. Minnich, "Californian Upland Forests and Woodlands," in
Barbour and Billings, North American Terrestrial Vegetation, ch. 5; M. I. Borchert, F. W.
Davis, J. Michaelsen, and L. D. Oyler, "Interactions of Factors Affecting Seedling Recruit-
ment of Blue Oak (Quercus douglasii) in California," Ecology 70 (i989):389~4O4;D. R. Gor-
don and K. J. Rice, "Competitive Effects of Grassland Annuals on Soil Water and Blue Oak
(Quercus douglasii) Seedlings," Oecologia 79 (i993):533~4i; P. C. Muick and J. W. Bartolome,
An Assessment of Natural Regeneration of Oaks in California (Sacramento: California Depart-
ment of Forestry and Fire Protection, 1987); B. M. Pavlik, P. C. Muick, S.Johnson, and J.
Popper, Oaks of California (Los Olivos: Cachuma Press, 1991); and J. M. Welker and J. W.
Menke, "The Influence of Simulated Browsing on Tissue Water Relations, Growth, and Sur-
vival of Quercus douglasii (Hook and Arn.) Seedlings Under Slow and Rapid Rates of Soil
Drought," Functional Ecology 4 (i99o):8o7-8i7.

37. T. L. Hanes, "California Chaparral," in Barbour and Major, Terrestrial Vegetation of
California, 417-69; and J. Keeley, "Chaparral," in Barbour and Billings, North American Ter-
restrial Vegetation, ch. 6.
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3 8. A lapse rate is the rate of change in some environmental factors m relation to eleva-
tion, Jack Major, "California Climate in Relation to Vegetation," in Barbour and Major,
Terrestrial Vegetation of California, 11-74. The mean elevational displacement of all tree
species between Lassen and Yosemite national parks is steeper than for any other temperate
zone mountain range. A. J. Parker, "Latitudinal Gradients of Coniferous Tree Species, Veg-
etation, and Climate in the Sierran-Cascade Axis of Northern California," Vegetatio 115
(i994):i4S-55.

39. John Muir, The Mountains of California (New York: Dorset Press, 1988), 141-42.The
impact of natural ground fires on the structure and species composition of mixed conifer for-
est has been discussed by many authors, most recently Chi-ru Chang, "Ecosystem Responses
to Fire and Variations in Fire Regimes," in Status of the Sierra Nevada, vol. 2, ed. SNEP Sci-
ence Team (University of California, Davis: Wildland Resources Center Report 36,1996), ch.
39; B. M. Kilgore, "Fire in Ecosystem Distribution and Structure: Western Forests and
Scrublands," in Fire Regimes and Ecosystem Properties, ed. H. A. Mooney (Washington, D.C.:
USDA Forest Service, General Technical Report WO-26, 1981), 58-80; R. A. Minnich,
M. G. Barbour, J. H. Burk, and R. F Fernau, "Sixty Years of Change in California Conifer
Forest of the San Bernardino Mountains," Conservation Biology 9 (i995):9O2-i4; R. A. Min-
nich, M. G. Barbour, J. H. Burk, and J. Sosa-Ramirez, "Californian Conifer Forests under
Unmanaged Fire Regimes in the Sierra San Pedro Martir, Baja California, Mexico," Ecolog-
ical Monographs (in review for 1997 publication); P. W. Rundel, D. J. Parsons, and D. T
Gordon, "Montane and Subalpine Vegetation of the Sierra Nevada and Cascade Ranges," in
Barbour and Major, Terrestrial Vegetation of California, 559-99; and T W. Swetnam, "Fire
History and Climatic Change in Giant Sequoia Groves," Science 262 (1993)1885-90.

40. Air pollutants that affect vegetation in the mountains are primarily those released in
automobile exhaust or that result from exhaust fumes interacting with oxygen in the presence
of sunlight. Major phytotoxicants are ozone, nitrogen oxides, hydrocarbons such as PAN, and
sulfur dioxide. Ozone appears to be the most important phytotoxicant in this complex.
G. G. Bradford, A. L. Page, and J. R. Straughan, "Are Sierra Lakes Becoming Acid?" Cali-

fornia Agriculture (May- June i98i):6~7; T. A. Cahill, J. J. Carroll, D. Campbell, and T. E.
Gill, "Air Quality," in Status of the Sierra Nevada, vol.2, ch. 48, and P. R. Miller, "Biological
Effects of Air Pollution in the Sierra Nevada," in Status of the Sierra Nevada, vol.3, ed. SNEP
Science Team (University of California, Davis: Wildland Resources Center, 1996), 885-900.

41. M. G. Barbour, N. Berg,T Kittel, and M, Kunz, "Snowpack and the Distribution of
a Major Vegetation Ecotone in the Sierra Nevada of California" Journal of Biogeography 18
(i99i):i4i-49.

42. Very little is known about fire behavior and fire frequency in upper montane forests.
M. G. Barbour and J. A. Antos, "Age Structure and Fire History of Old-Growth Red Fir
Stands in the Northern Sierra Nevada, California," Conservation Biology, in press for 1998
publication; C. B. Chappell and J. K. Agee , "Fire Severity and Seedling Establishment in
Abies magnifaa Forests, Southern Cascades, Oregon," Ecological Applications 6 (i996):628~4o;
D. C. Pitcher, "Fire History and Age Structure in Red Fir Forests of Sequoia National Park,
California," Canadian Journal of Forest Research 17 (1987)1582-87; A. H. Taylor and C. B.
Halpern, "Structure and Dynamics of Abies magnifaa Forests in the Southern Cascade Range,
US A" Journal of Vegetation Science 2 (1991):! 89-200; and A. H. Taylor, "Fire History and
Structure of Red Fir (Abies magnifaa) Forests, Swain Mountain Experimental Forest, Cascade
Range, Northeastern California," Canadian Journal of Forest Research 23 (i993):i672-78.
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43- M. G. Barbour and R. A. Minnich, "Califbrnian Upland Forests and Woodlands," in
Barbour and Billings, North American Terrestrial Vegetation, ch. 5; and Forest Cover Types of the
United States and Canada, F. H. Eyre, ed. (Washington, D.C.: Society of American Foresters,
1980); the upper limit of tree distribution—that is, the limit between subalpine woodland
and alpine tundra—appears to be linked with warmth during the growing season. H, A.
Mooney, R. D. Wright, and B. R. Strain, "Field Measurements of the Metabolic Responses
of Bristlecone Pine and Big Sagebrush in the White Mountains of California," American
Midland Naturalist 72 (i964):28i-9/. Timberline elevation has shifted up and down with
warm and cold centuries during the past 6,000 years, R. S.Anderson, "Holocene Forest De-
velopment and Paleoclimates Within the Central Sierra Nevada, Cakfomiz" Journal of Ecol-
ogy 78 (1990)1470-89; L. J. Graumlich, "Subalpine Tree Growth, Climate, and Increasing
CO2: An Assessment of Recent Growth Trends," Ecology j 2 (i99i);i-n; and L. J. Graum-
lich, "A looo-Year Record of Temperature and Precipitation in the Sierra Nevada," Quater-
nary Research 39 (1993)1249-55.

44. W. D. Billings, "Adaptations and Origins of Alpine Plants," Arctic and Alpine Research
6 (1974):: 29-42; and B. F. Chabot and W. D. Billings, "Origins and Ecology of the Sierran
Alpine Flora and Vegetation," Ecological Monographs 42 (1972)1163-99.

45. Grazing damage to alpine areas has been the subject of considerable attention by
conservationists from the time of John Muir, as recently summarized by W. Menke, C.
Davis, and P. Beesley, "Rangeland Assessment," in Status of the Sierra Nevada, vol. 3,
901-72.

46. J. A. Young, R. A. Evans, and J. Major, "Sagebrush Steppe," in Barbour and Major,
Terrestrial Vegetation of California, 763-69; N. West, "Intermountain Deserts, Shrub Steppes,
and Woodlands," in Barbour and Billings, North American Terrestrial Vegetation, 209-30; and
J. A. Young, R. A. Evans, and J. Major, "Alien Plants in the Great Basin," Journal of Range
Management 25 (i972):i94-2Oi.

47. J. A. MacMahon, "Warm Desert Vegetation," in Barbour and Billings, North Amer-
ican Terrestrial Vegetation, ch. 14; and J. A MacMahon and F. H. Wagner, "The Mojave,
Sonoran, and Chihuahuan deserts of North America," in Hot Deserts and Arid Shrublands, ed.
M. Evenari, I. Noy-Meir, and D. W. Goodall (Amsterdam: Elsevier, 1985), 105-202,

48. The damaging effect of ORVs on California desert ecosystems is dramatically cap-
tured by Robert Stebbins in a lay-oriented review, R. C. Stebbins, "Off Road Vehicles and
the Fragile Desert," The American Biology Teacher 36 (1974)1203-34. The lengthy, decades-
long course of vegetation recovery following vehicle traffic is described by D. E. Carpenter,
M. G. Barbour, and C. J. Bahre, "Old-Field Succession in Mojave Desert Scrub, Madrono 33
(i986):m-22.

49. Jaime de Angulo, "Porno Creation Myth," Journal of American Folk-Lore 48 (i 935)1203;
Edwin M. Loeb, "The Creator Concept among the Indians of North Central California,"
American Anthropologist 28 (1926)1489.

50. M. Kat Anderson, "The Sustainable Harvesting and Horticultural Practices of Cal-
ifornia Indian Tribes: Linking Plant Homelands and Human Homelands," in Raise the
Stakes (San Francisco: The Planet Drum Review, 1994).

51. M, Kat Anderson, "Native Californians as Ancient and Contemporary Cultivators,"
Blackburn and Anderson, in Before the Wilderness,

52. M. Kat Anderson and Gary P. Nabhan, "Gardeners in Eden," Wilderness Magazine 55
(i99i):27-3o.
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53- Philip J. Wilke, "Bow Staves Harvested from Juniper Trees by Indians of Nevada," in
Blackburn and Anderson, Before the Wilderness* 241-77.

54. Carole L. Crumley, "Historical Ecology: A Multidimensional Ecological Orienta-
tion," in Historical Ecology: Cultural Knowledge and Changing Landscapes, ed. C. L, Crumley
(Santa Fe: School of American Research Press, 1994).

55. M. Kat Anderson, "Tending the Wilderness," Restoration and Management Notes 14
(Winter 1996): 154-66.

56. Susan Bicknell and colleagues at Humboldt State University have done the seminal
research that shows the human origins of California's formerly vast coastal prairies. A series
of unpublished reports was done for California Department of Parks and Recreation and
conclusions appear in two abstracts: Susan H. Bicknell et al., "Late Prehistoric Vegetation
Patterns at Six Sites in Coastal California," Supplement to Bulletin of the Ecological Society of
America, Program and Abstracts, 73, no. 2 (i992):ii2. Susan H. Bicknell et al., "Strategy for
Reconstructing Presettlement Vegetation," Supplement to Bulletin of the Ecological Society of
America, Program and Abstracts, 70, no. 2 (i989):62.

57. For addition on native uses of rule, consult Frank F. Latta, Handbook ofYokuts Indi-
ans (Bakersfield: Kern County Museum, 1949); Alfred L. Kroeber, Handbook of the Indians
of California (Washington: Smithsonian Institution, 1925).

58. Hector Franco, "That Place Needs a Good Fire," News from Native California
(i993):i7-i9. Catherine S. Fowler, "Historical Perspectives on Timbisha Shoshone Land
Management Practices, Death Valley, California," Case Studies in Environmental Archaeology,
ed. Elizabeth J. Reitz, Lee A. Newsom, and Sylvia J. Scudder (New York: Plenum Press
1996), 87-101.

59. D. P Warners, "Effects of Burning on Sedge Meadow Studied," Restoration and Man-
agement Notes 5 (i987):9o~9i; G. Schlichtemeier, "Marsh Burning for Water-fowl," Pro-
ceedings Sixth Annual Tall Timbers Fire Ecology Conference, March 6-7, 1967, Tallahassee,
Florida.

60. Anderson, "Native Californians as Ancient and Contemporary Cultivators," 167-70.
61. S. A. Barrett and E. W. Gifford, MiwoJk Material Culture (Yosemite National Park:

Yosemite National History Association, ca. 1959) 179.
62. For a good overview of indigenous burning in different vegetation types, see Henry T.

Lewis, "Patterns of Indian Burning in California: Ecology and Ethnohistory," in Blackburn
and Anderson, Before the Wilderness, 55-116. For an annotated bibliography of indigenous fire
use in California, see C. Kristina Roper Wickstrom, Issues Concerning Native American Use of
Fire: A Literature Review (Yosemite Research Center, Yosemite National Park: National Park
Service, U.S. Department of Interior Publications in Anthropology, No. 6,1987).

63. Barrett and Gifford, Mitvok Material Culture, 151-58; John W. Duncan III, "Maidu
Ethnobotany" (M.A. thesis, California State University, Sacramento, 1961).

64. Stephen Powers, Tribes of California (Berkeley: University of California Press, 1976),

379-
65. Steve Junakttal., A Flora of Santa Cruz Island (Santa Barbara: Santa Barbara Botanic

Garden and the California Native Plant Society, 1995).
66. Paul Schumacher, "Ancient Graves and Shell-Heaps of California," in Annual Report

of the Smithsonian Institution for 1874 (Washington, 1875), 335-50.
67. Willis L. Jepson, The Trees of California (San Francisco: Independent Pressroom and

Williams Printing Company, 1923), 109.
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68. Paul W. Collins, "Interaction between Island Foxes (Urocyon littoralis) and Indians on
Islands off the Coast of Southern California, I: Morphologic and Archaeological Evidence
of Human Assisted Dispersal," Journal of'Ethnobiology n (1991): 51-82.

69. For current Information regarding current threats to Native American gathering ac-
tivities, consult back issues of the California Indian Basketweaver Association Newsletter and
News from Native California. For information on California basketweavers and herbicides,
consult Michael Garitty, "Direct Effects: California Indian Basketweavers, Herbicides, and
National Forest Lands," Native Americas 12 (i995):42-9.

70. The Society for Ecological Restoration has recognized that indigenous peoples must
be a part of any serious efforts at restoring and preserving ecosystems. Within the organiza-
tion, the Indigenous Peoples' Restoration Network (IPRN) was formed in 1995 for the pur-
poses of utilizing indigenous knowledge in contemporary land management and restoration
projects that consider both long-term ecosystem health and the cultural well-being of in-
digenous people.

71. M. Kat Anderson and Michael J. Moratto, "Native American Land-Use Practices and
Ecological Impacts," in Status of the Sierra Nevada, vol. 2, ch. 5.

72. Jim T. Birckhead, Terry De Lacy, and Laurajane Smith, eds., Aboriginal Involvement
in Parks and Protected Areas (Canberra: Aboriginal Studies Press, 1993), Australian Institute
of Aboriginal and Torres Strait Islander Studies; Dennis Martinez, "Native American
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