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The California landscape is layered and multifunctional, both historically and spatially.

Currently, wildfire size, frequency, and intensity are without precedent, at great cost to

human health, property, and lives. We review the contemporary firescape, the indigenous

landscape that shaped pre-contact California’s vegetation, the post-contact landscape

that led us to our current situation, and the re-imagined grazing-scape that offers potential

relief. Vegetation has been profoundly altered by the loss of Indigenous management,

introduction of non-native species, implantation of inappropriate, militarized, forest

management from western Europe, and climate change, creating novel ecosystems

almost always more susceptible to wildfire than before. Vegetation flourishes during the

mild wet winters of a Mediterranean climate and dries to a crisp in hot, completely

dry, summers. Livestock grazing can break up continuous fuels, reduce rangeland

fuels annually, and suppress brush encroachment, yet it is not promoted by federal

or state forestry and fire-fighting agencies. Agencies, especially when it comes to fire,

operate largely under a command and control model, while ranchers are a diverse group

not generally subject to agency regulations, with a culture of autonomy in decision-

making and a unit of production that is mobile. Concerns about potential loss of

control have limited prescribed burning despite landowner and manager enthusiasm.

Agriculture and active management in general are much neglected as an approach to

developing fire-resistant landscape configurations, yet such interventions are essential.

Prescribed burning facilitates grazing; grazing facilitates prescribed burning; both can

reduce fuels. Leaving nature “to itself” absent recognizing that California’s ecosystems

have been irrecoverably altered has become a disaster of enormous proportions. We

recommend the development of a database of the effects and uses of prescribed fire

and grazing in different vegetation types and regions throughout the state, and suggest

linking to existing databases when possible. At present, livestock grazing is California’s

most widespread vegetation management activity, and if purposefully applied to fuel

management has great potential to do more.

Keywords: wildfire, vegetation management, Sierra Nevada, prescribed burning, prescribed grazing, goats,

indigenous management

INTRODUCTION: THE LANDSCAPE OF MARS

On September 9, 2020 we woke up to red skies in our home along the San Francisco Bay. It was
more than red skies, actually, the air itself was red (Figure 1). Fires a 100 miles away filled the San
Francisco Bay basin with smoke—the common comparison was “waking up on Mars.” This was
unprecedented in our experience. Some smoke in the air over the Bay used to be an occasional
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FIGURE 1 | View out the back in El Cerrito, California, September, 2020.

Photo: L. Huntsinger.

FIGURE 2 | Hectares burned by wildfire in California (National Interagency Fire

Center, 2021).

experience, but for the last 10 years California has been pounded
with fire after fire. This time it was part of the COVID nightmare
of 2020, adding to a year filled with environmental and political
dread. More than 1.7 million ha burned that summer and fall,
a huge increase over previous years (Figure 2). Suppression
of people and fire (Davies et al., 2010, 2015), non-native
introductions (Germano et al., 2011; Davies and Nafus, 2013),
poor land use planning (Radeloff et al., 2018; Kramer et al.,
2019), hands off management, and climate change (Pausas and
Fernández-Muñoz, 2011; Abatzoglou andWilliams, 2016), are all
contributors to the wildfire crisis today.

Vegetation and landscape are influenced by the uses made of
them and the values and visions of the societies living with them.
California’s wildfire crisis is partly a function of society’s activities
at multiple scales: globally, with the economic and political
drivers that feed climate change, nationally, with social attitudes,
norms, and values and subsequent policies and practices for land
management and conservation, particularly as related to science,
fire, and traditional knowledge; statewide, in policies for land
use and management; county and municipal level, a locus of
land use planning and policy; and locally, with the activities of
landowners and residents in fire-prone areas. Ecologically, it is a
function of a novel climate interacting with a mix of native and
abundant non-native vegetation, and the loss of anthropogenic
fire regimes that shaped the vegetation for thousands of years.
In the Mediterranean climate regions of the state, mild wet
winters that stimulate massive vegetation growth are followed
each year by 6–8 months of drought at lower elevations. Non-
native herbaceous annual species provide millions of metric
tons of dried, fine fuels starting in late Spring and lasting until
deteriorated by Fall rainfall and replaced with new growth. From
year to year, rainfall varies by orders of magnitude, and periods
of high rainfall causing floods, and droughts lasting more than a
year, are not uncommon (Figure 3). This is the perfect set up for
regular summer and fall fires.

Livestock grazing in the state converts the non-native annual
grasses and forbs on millions of hectares to food and fertilizer,
breaking up continuous fuels, removing flammable biomass, and
reducing fine fuels that ignite easily and carry fire into woody
vegetation. Yet it is startling how few if any of the public
agencies in California that manage fire and vegetation, some of
the best resourced in the world, mention grazing as a possible
fuel management strategy.

The California landscape is layered and multifunctional, both
historically and spatially. Managing the firescape is a social-
ecological endeavor, and needs to be addressed as such in
management and research. Here we look at the contemporary
firescape, the indigenous landscape that shaped pre-contact
California’s vegetation, the post contact novel landscape that
led to our current situation, and a re-imagined grazing-scape
that offers potential relief. Ultimately, we issue a plea: we
need to use all possible fuel reduction techniques to create a
more fire-resistant landscape. In addition, there are millions
of ha of burnt-over lands in California, and how we manage
regrowth, particularly in light of the need for climate change
adaptation, is critical. Livestock grazing’s management of fire
fuels will vary based on wide array of social-ecological factors,
including vegetation type, land use, location, and governance,
and infrastructure. However, introducing or reintroducing
grazing to places where it is needed, and developing grazing
strategies that are as effective as possible in reducing fire risk, is
much needed.

THE CALIFORNIA FIRESCAPE

The wildfire problem is severe throughout the West and it
is becoming more so as climate change warms temperatures
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FIGURE 3 | Yearly precipitation segmented by month in Fresno, CA (Polis, 2014, March 7). Red line, total precipitation through Feb. 31 (2.83′′); green line, typical

rainfall value through Feb; dark blue line, 3 year moving average; light blue line, 5 year moving average. Photo courtesy of C. Polis, Bytemuse.com.

and woody vegetation continues to spread into grasslands,
woodlands, and forests (McBride, 1974; Russell and McBride,
2003). California could be called a “perfect storm” when it
comes to the wildfire problem: a confluence of climate change
andMediterranean climate weather patterns; massive occupation
by high-biomass non-native vegetation; a public that seems
increasingly intolerant of active resource management other
than protection (Keele and Malmsheimer, 2018); and land use
planning that, along with a growing population, has allowed
mixing of residential and urban development with natural
resource and agricultural land throughout the state (Kocher and
Butsic, 2017; Kramer et al., 2019; McBride and Kent, 2019).

Fire suppression has had varied outcomes on plant
communities depending on location and vegetation type. For
example, in the forests of northern California fire suppression
has delayed fire frequencies (Safford and Van de Water, 2014),
resulting in millions of dead trees from drought and pests
(Goulden and Bales, 2019), and invasion of woody species such
as Douglas fir and coyote brush into ungrazed woodlands and

grasslands (Lightfoot and Cuthrell, 2015). The resulting fuel
characteristics and high fuel loads feed fires of high intensity
that are more likely to become crown fires. In the drier southern
part of the state, non-native annual plants have invaded formerly
sparse shrublands and desert providing fine fuels that carry
fire across the landscape. Shrubland areas in the warmer and
drier southland are now burning more frequently than under
presettlement conditions, and coupled with site occupation by
annual invasives, in some vulnerable shrub types, conversion
from shrubland to grassland has resulted (Safford and Van
de Water, 2014; Allen et al., 2019). Keeley posits that fires
in forest ecosystems are driven largely by accumulations of
dry fuels, while those in coastal grasslands are in large part
driven by winds, though these two factors and many others also
have an influence in both types (Keeley and Syphard, 2019).
Archibald defines 5 different syndromes of fire regimes, or
pyromes, globally based on human impacts and distinctions
between crown, litter, and grass-fueled fires (Archibald et al.,
2013).
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FIGURE 4 | Annual wildfire emissions in California (California Air Resources Board, 2020).

Overall, the state faces deadly wildfires of increasing size,
frequency, and intensity, and growing in costs (Figure 2). The
collateral damage is serious and affects all Californians: smoke
threatens human health in the cities as well as near the wildlands
(Koman et al., 2019; Liang et al., 2021); carbon emissions and
loss of carbon stock contribute to climate change (North and
Hurteau, 2011), and costs add to the public ledger (Diaz, 2012;
Kousky et al., 2018). For those directly affected by fires, lives and
homes are lost, businesses are destroyed, the landscape of home
is profoundly changed (Waks et al., 2019). Life is disrupted in
terrible ways.

A Deadly and Costly Landscape
Wildfires contribute to climate change by emitting carbon
dioxide and black carbon into the atmosphere. According to
preliminary figures provided by the California Air Resources
Board, in 2020 California wildfires emitted 111.7 million metric
tons of carbon dioxide, compared with an estimated 180 million
metric tons of carbon dioxide equivalent for transportation in
2018, the most recent year for which greenhouse gas figures
are available by sector (Figure 4). Globally, from 1997 to 2001,
average annual carbon emissions from landscape fires, including
wild and prescribed forest fires, tropical deforestation fires, peat
fires, agricultural burning, and grass fires, was ∼2 petagrams
(2 × 1012 kg) (van der Werf et al., 2010). These emissions
affect planetary processes such as radiative forcing, which
influences average global temperature, and hydrological cycles,
which influence regional cloud formation and rainfall (Yokelson
et al., 2007; Cochrane and Laurance, 2008; Fargione et al., 2008;
Bowman et al., 2009; Langmann et al., 2009; Tosca et al., 2010).
Extensive and intense wildfires in the Pacific Northwest in 2017

injected large quantities into the stratosphere. Solar heating of
black carbon caused smoke to rise 12–23 kilometers above within
2 months, where it remained in the stratosphere for more than 8
months (Yu et al., 2019).

Californians from all walks of life, in rural areas and large
cities, are being exposed to smoke each summer. The most
important risk-related measure of smoke is particulate matter
(PM) with an aerodynamic diameter ≤2.5µm (PM2.5). Wildfire
smoke particles impact respiratory healthmore than fine particles
from other sources (Aguilera et al., 2021). Smoke from the
combustion of vegetation and buildings is composed of hundreds
of chemicals, many of which are known to be harmful to human
health (Naeher et al., 2007). In late August and early September
of 2020, with hundreds of wildfires occurring simultaneously in
the state, Air Quality Index (AQI) data reported by the U.S.
Environmental Protection Agency for ozone and PM2.5 in many
California counties was often far beyond unhealthy in the later
part of August and early September (Burke, 2020).

The massive amounts of smoke released by wildfires is
believed not only to cause lung problems (Bassein et al.,
2019), but to suppress immune systems—there is evidence
from animal studies that the immune suppressive effects may
persist for as long as 12 years after exposure (Miller et al.,
2020). Air pollution from fires puts exposed children at greater
risk of disease in adulthood (Prunicki et al., 2021). Globally,
around 339,000 annual deaths were attributed to exposure to
landscape fire smoke in a 2012 study (Johnston et al., 2012).
Asthma and chronic obstructive pulmonary disease (COPD),
were consistently associated with wildfire smoke exposure (Reid
et al., 2016). Other potential effects include cardiovascular and
mental health (Haikerwal et al., 2015; Wettstein et al., 2018;
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FIGURE 5 | California average annual temperatures, Jan–Dec, 1900–2020 (National Oceanic and Atmospheric Administration, 2021).

Zhang et al., 2018), though inconsistency in findings remains
(Moore et al., 2006; DeFlorio-Barker et al., 2019). New research
attributes a skin disease to smoke (Fadadu et al., 2021). Common
estimates are that thousands of mortalities in California can be
related to smoke exposure over the last few years (Burke, 2020).

Costs also come in cold hard cash. California’s 2018 wildfires
cost the US economy $148.5bn, 0.7% of the country’s annual
GDP, of which $45.9bn was lost outside the state (Wang
et al., 2021). The state itself incurred damages of $102.6bn,
roughly 0.5% of the US’s annual GDP. While capital losses and
health costs within California totaled $59.9bn, indirect losses
through economic disruption to 80 industry sectors within the
state came to $42.7bn. Productivities were reduced due to illness
brought on by fires. The slowdown in production caused ripple
effects to economic supply chains within California as in 49 other
states, and internationally (Wang et al., 2021). These costs affect
all California residents, through taxes, prices, job opportunities,
and health costs.

Aside from the Mediterranean climate, and growing
populations of people living in homes intermixed with flammable
forest and rangelands, there are two lines of thought about the
major driver of this current crisis. One is that the main driver is
ongoing climate change and its attendant warming, and the other
is that the driver is a lack of adequate vegetation management
and a history of forest and rangeland use that has left us with an
overabundance of flammable vegetation on the land. Both are
important, and they are inter-related.

Climate Change and the Firescape
Temperatures in California are warming, exacerbating the
influence of drought and changing habitat conditions for animals

FIGURE 6 | Tahoe National Forest July 1911. Sugar (Pinus lambertiana) and

ponderosa pine (Pinus ponderosa). Note open understory attributed to

Indigenous burning and sheep grazing (McKelvey and Weatherspoon, 1992).

and plants (Figure 5). From 2010 to 2018, nearly 150 million
conifers have died of drought and disease in the central Sierra
Nevada, at the end of one of the driest series of years on record
(Axelson et al., 2019; Larvie et al., 2019). This is a factor in
California, but also around the world. In 2017, fires in Portugal
took more than 120 lives, in infernos that covered 500,000
hectares (Turco et al., 2019). In 2018, the deadliest fire season in
Greek history killed over 100 people (Paphitis and Gatopoulos,
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2019), and in California, the Camp Fire left 88 people dead and
damaged over 18,000 structures (Syifa et al., 2020). Australia’s
fire-prone savanna and forest caught fire ferociously throughout
the country in 2019 during the dry season, the hottest climate
year ever (Richards et al., 2020), releasing 337million tons of CO2

(Global Fire Data, 2021). Even northern Europe is experiencing a
growing fire problem. In 2018 there were more than 50 wildfires
in Sweden, including some in the Arctic Circle, and researchers
have argued that because of wildfire, plantation forests overall act
as a source rather than sink for CO2 (Naudts et al., 2016).

Studies show that not only is annual mean temperature
increasing, but also the seasonal mean temperature and
maximum and minimum temperature of seasons are increasing
in California (Pathak et al., 2018). These increments in seasonal
mean temperature affect the ecosystem differently. Increasing
temperatures in winter and spring are generally considered to
expedite snowpack melting earlier in the spring and reduce
the total amount of snowpack (Westerling and Bryant, 2007).
Higher temperatures in summer and fall are usually associated
with prolonged drought and higher risk of extreme wildfires.
The Sierra Nevada snowpack acts as a reservoir that supplies
water to California’s vast croplands and cities in the dry season
and maintains the health of montane meadows and diverse
ecosystems. Because of the rise in temperature, the total volume
of snowpack has decreased by 40–90% (Godsey et al., 2013).
Higher temperatures and less snowpack have supported forest
expansion at higher elevations (Taylor, 1995).

CALIFORNIA’S INDIGENOUS FIRESCAPE

The indigenous firescape was forged by the frequent burning of
the state’s indigenous people, who arrived at least 12,000 years
ago (Lightfoot and Cuthrell, 2015). At the time of contact fire
was the major tool Native Americans used for managing the
environment they depended on. John Muir’s “range of light”
(Muir, 1911, p. 316), was a Sierra Nevada of “floods of light”
(Muir, 1911, p. 170) with open forests where you could see
for miles between the trees. This was a creation of indigenous
stewardship (Figure 6). Muir took it to be a wilderness, and while
sensitive to the effects of geology, he seemingly was blind to the
landscape engineering of Native Americans, an oversight that
unfortunately became an underpinning of the preservationist
movement he helped found. Protecting and leaving ecosystems
alone would preserve “God’s wildness,” wherein was “the hope of
the world—the great fresh, unblighted, unredeemed wilderness”
(Muir, 1979, p. 317). In seeking this imagined wilderness, the
creation of a European sensibility and culture that suited the
transcendental commitment to the unique values of America,
changed ecosystems were created that are now prone to high
intensity, seemingly ever-larger and more destructive, wildfires.

California’s forest and rangeland management is intertwined
with a story of colonial violence, human and cultural suppression,
and the focus in this paper, misguided introductions of
management paradigms from the more mesic parts of Europe.
Estimates of the pre-contact number of indigenous peoples in
California are over 300,000 (Cook, 1976), with some estimates

much higher (Powers, 1872). Regular burning attracted game and
created open grasslands and woodlands where indigenous foods,
including acorns and grassland seeds, were abundant. Fire kept
less useful conifers at bay (Evett and Cuthrell, 2013). Burning
took place often, sometimes annually, and for this reason had not
so much fuel to consume, leading to low intensity fires that left
few tree scars behind and were limited in extent (Powell, 1890
in Blackburn and Anderson, 1993; Huntsinger and McCaffrey,
1995; DeBuys, 2001; Keeley, 2002; Anderson, 2013). Such fires
were reported by early explorers, and described in the accounts
of California’s indigenous people along with a rich lore on the
use of fire for manipulating vegetation. Heady and Zinke (1978)
suggest that indigenous people were a major factor in preventing
tree regeneration during pre-settlement times.

California’s native peoples were much abused by a succession
of colonizations by Spain, Mexico, and the United States after
1769. The Spanish rounded them up and forced them to live
and work in the missions, Mexico disenfranchised them of the
Mission lands they were supposed to inherit, and California
enslaved and outright sought to exterminate them. In 1851, Peter
Burnett, the state’s governor, said that “a war of extermination
will continue to be waged between the races, until the Indian race
becomes extinct, must be expected. While we cannot anticipate
this result but with painful regret, the inevitable destiny of
the race is beyond the power or wisdom of man to avert”
(Burnett, 1852, p. 15). Close to a million dollars were spent
between 1850 and 1852 on “expeditions against the Indians”
(Comptroller of the State of California, 1859). Following that,
with further attempts to stamp out native culture in the twentieth
century, it is no surprise that indigenous long-term knowledge
of ecology was not used in developing policies for forest and land
management in California. Even the anthropologists who studied
California’s indigenous people paid scant attention to the use and
management of the environment—the prevailing attitude was
that they simply lived off nature, rather than actively managing
for production of needed materials (Anderson, 2013). This idea
contributed to the concept of North America as wilderness and
the general discounting by ecologists of former management, and
lent justification to the dispossession of native lands (Cronon,
1983). Yet with the technology of fire, Native Californians had
a great influence on the California landscape. In interviews,
indigenous respondents along the Klamath said, for example, “we
burned every year after hunting as we came down out of the
forest” (Huntsinger and McCaffrey, 1995).

Early Colonial Impacts on California’s
Indigenous Firescape
Spanish colonization and other early colonial forays into
California left another legacy that began the huge ecological
changes that continue today. Inadvertent and purposeful
introduction of alien seed into the state in the eighteenth and
nineteenth centuries is an ongoing globalization process. The
flora has changed, most notably, with a takeover of native grass
and forb lands by large-statured annual grasses, pre-adapted to
cultivation and grazing, that are able to take maximum advantage
of whatever rainfall comes. An annual class experiment in
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the UC Berkeley greenhouses consistently finds that under
identical growing conditions, wild oats (Avena fatua), a typical
ubiquitous non-native grass in California, is taller, and has much
greater above and below ground biomass, than a typical native
bunchgrass, purple needlegrass (Stipa pulchra), after 20 weeks
of growth (pers comm. Huntsinger). The non-native grasses
produce abundant, highly fecund seed and create a rich, long
lasting seedbank; purple needlegrass seed is not as abundant or
as likely to germinate (Jackson, 1985). New plants, broadleaves
and grasses, continue to arrive, and cannot be eradicated. The
subsequent novel ecosystem is highly fire prone (Seastedt et al.,
2008; Hobbs et al., 2014). Not only do the non-native grasses
grow bigger and faster with sufficient rainfall, and crowd and
overshadow native species, they are continuous fuels, without
gaps between plants, and they die and dry completely in the
summer. They choke out habitat for numerous species that
evolved without them (Barry and Huntsinger, 2021).

The Spanish introduced livestock grazing to California when
they arrived in 1769. Livestock grazing gradually evolved
from a “frontier” style of letting animals graze and rounding
them up once in a while to more controlled ranch grazing,
which grew more established through the nineteenth and early
twentieth century (Burcham, 1982). The Gold Rush of 1849
brought graziers into the mountains, creating a system of
transhumance from grasslands and oak woodlands to forests and
montane meadows (Huntsinger et al., 2010). Private properties
in California’s lowlands could be quite large, based on Spanish
and Mexican land grants that survived statehood, but as the
nineteenth century came to a close, the federal government and
the state asserted ownership of much of the higher elevation
public domain forests, and eventually the deserts, both lands
whose physical characteristics limited homesteading. The federal
government owns at least 47% percent of California’s total area,
19 million ha out of 40 million total (California Department of
Forestry and Fire Protection, 2010).

THE TWENTIETH CENTURY FIRESCAPE

The twentieth century California firescape was one of thickening
woody vegetation in much of the state, relentless herbaceous
annual production and spread, and increased human occupancy
and development in forests and rangelands. Concerns about
erosion and loss of watersheds due to grazing, burning, mining,
and illicit timber harvesting led to the setting aside of forest
reserves in the Forest Reserve Act of 1891, followed by the 1897
Organic Act that initiated the administration and protection
of the reserves as a Forest Reserve System. The Federal Forest
Transfer Act of 1905, signed into law by President Theodore
Roosevelt, moved control of the forest reserves from Interior
to the USDA’s Bureau of Forestry, soon renamed the Forest
Service, overseeing what would now be called the national
forests. The first Chief of the Forest Service and former head
of the Division of Forestry was Gifford Pinchot. Pinchot’s forest
management was shaped by the mentorship of Bernhard Fernow,
Chief of the Division of Forestry before Pinchot and formerly
a member of the Prussian Forest Service. In general, American

foresters took their models for forest management from abroad,
including Britain’s colonial practices in India. Pinchot studied
forestry in western Europe, where he attended L’Ecole Nationale
Forestière, the elite French forestry school in Nancy (Barton,
2000). Fernow was from an aristocratic Prussian family, trained
in Prussian silviculture. Pinchot became a strong promoter of
profitable, scientific forestry that provided the “greatest good for
the greatest number” by relying on scientific methods (Miller,
2001, p. 330). The early twentieth century was one of much
celebrated scientific discovery, and along with that the creation
of some of our major land management institutions. Pinchot
developed professional forest management in the United States,
which included a foundational belief that forestry was solely a
biological undertaking, based in objective science and immune
to the influence of non-biologists (Fairfax and Fortmann, 1990).
This fit well with the growing fascination with inventions and
science in the early twentieth century.

Forests were promoted as a military and economic good in the
Europe of the eighteenth and nineteenth centuries—it took 2000
two-ton oaks to make a British warship (Schama, 1995, p. 173)—
and given the frequency of wars and needs for transport, trees
were precious and managed intensively. From the first British
laws preserving tall timbers in the colonies for ship masts, the
management of forests took on a military ambiance. Forests had
connections to royalty, with forests set aside as hunting reserves
for the King and aristocracy. Growing trees in England became
an aristocratic pursuit as their value for the military and national
security increased (Schama, 1995). The belief that trees were
rare, in need of intensive management, and of high value to
society was a politically powerful and somewhat inappropriate
ideology used to promote the development of the U.S. Forest
Service in a country with vast numbers of trees and a relatively
small population (Behan, 1975). In fact, harking back to the
military significance of European forests, and reflecting distrust
of self-interested local populations, federal and state foresters in
California wear paramilitary uniforms. Muir himself commented
that “one soldier in the woods, armed with authority and a gun,
would be more effective in forest preservation than millions of
forbidding notices” for keeping sheepherders out of the Sierra
(Bowers et al., 1895). Often Basque, Irish, Italian, or Mexican,
sheepherders were lamented as immigrants who did not care
for the land, letting their bands of sheep overgraze and damage
soils and vegetation. President Theodore Roosevelt wrote the
following in 1895:

Many of the people in these imperiled legions are not permanent

inhabitants at all; they are mere nomads, with no intention of

remaining for any great length of time in the locality where they

happen to be for the moment, and with still less idea of seeing their

children grow up there. They, of course, care nothing whatever for

the future of the country; they destroy the trees and render the

land barren... The damage from deforestation is often very severely

felt in land remote from the deforested region. Because of this fact

alone the whole matter should be in the hands of the National

Government...and West Point would seem to be the proper place

in which to establish the chair of instruction [in forestry] (Bowers

et al., 1895).
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Basque sheepherders were characterized “as a group of landless
and marginal peasants whose activities were detrimental to the
public interest” in the words of a prominent financier in Elko,
Nevada in 1909 (Saitua, 2019). Yet in fact, under the Constitution
sheepherders had as much right to use the public domain as
anyone else.

From Native American homelands the federal government
created state-controlled territory open to use by white
entrepreneurs and settlers. From the first, the nineteenth
century’s ubiquitous livestock grazing, immigrant herders, and
burning by native peoples and graziers seeking to maintain open
landscapes were considered threats to the timber supply and
watersheds. Grazing, the primary use of the forests at the time of
the initiation of the Forest Service, was initially eliminated, then
restored under Pinchot as an important economic activity—
actually worth more than forest production at the time. Forest
Service policies allowing grazing favored cattle producers over
sheepherders, American-born vs. immigrant, wealthy over poor,
and Anglo over Hispanic (Sayre, 2018; Saitua, 2019). Grazing
was allowed to grow massively during the first World War with
the goal of supplying the war effort, but has declined ever since as
land management agencies navigate among multiple competing
goals for the forests, and seek to balance grazing and forage
(Huntsinger et al., 2010). Unfortunately, in the unpredictable
and highly varied weather of the West and California, such a
balance is elusive and maximizing flexibility is more in line with
current understandings of rangeland vegetation—yet the efforts
of the agencies have by and large been stability-oriented, relying
on set stocking rates. In addition, the equilibrium theories that
underly the seeking of balance also led to an assumption that
reducing grazing would lead to the return of the original state,
something that has also proven elusive given all the changes that
have occurred in these ecosystems and their natural temporal
variability (Keeley et al., 2003; Vetter, 2005; Harris et al., 2006;
Seastedt et al., 2008; Hobbs et al., 2014; Allen et al., 2019). Finally,
the relationship of grazing with the plants and wildlife that
have shared these ranges for decades are not well-understood
(Barry and Huntsinger, 2021). What is clear is that suppressing
indigenous and agricultural burning, and reducing grazing,
facilitated the densification of western forests and, depending on
location, brush encroachment into grasslands and woodlands.

Early Explorers and Vegetation Dynamics
Late nineteenth and early twentieth century mountaineers and
naturalists observed burning and grazing in Sierran forests and
the resulting vegetation dynamics. Clarence King first noted the
presence of livestock in the Sierra in 1864 (Gómez-Ibañez, 1977,
p. 36).Muir (1911), accompanying a flock of sheep into the Sierra,
stated that “almost every leaf that these hoofed locusts can reach
within a radius of a mile or two from camp has been devoured.”
He also commented on indigenous burning to improve hunting
grounds. George Sudworth illustrated his report with pictures
of the bare forest floor in grazed and burned areas, comparing
them to protected areas with lots of understory shrubs and tree
regeneration (Sudworth, 1900). He observed several instances of
sheepherders setting fires to clear brush to improve the forage
supply and make herding easier, noting in one case that 17 fires

had been set on the trail of one band of sheep over a distance of
10 miles (p. 556).

Leiberg (1902) attributed the continued existence of “grassy
fire glades” to burning and grazing, and noted that when
protected from grazing and fire, they rapidly become dense
sapling stands. A north coast expedition in 1851 found that such
openings in the forests were the only place game could be found
for food or their mules could graze—if a glade could not be
found the group and the mules went hungry. A group member
named George Gibbs wrote that “one of the men in the party
and several of the mules starved to death before the trip ended,
but the Indians were better acquainted with the location of these
oases, as it were, in the midst of desolation, and they maintained
regular trails between them.” He observed that “[M]ost of these
patches if left to themselves would doubtless soon have produced
forests, but the Indians were accustomed to burn them annually”
(Loud, 1918; Heizer, 1972, p. 230).

William Dudley observed that though most of the pines and
firs he saw on his 1895 visit to the Sierra bore fire scars, for some
years “no extensive fires had occurred in the region traversed”
(Dudley, 1896). Lieberg suspected early miners and indigenous
people of having set more past fires, writing that “the aboriginal
inhabitants undoubtedly started them at periodic intervals to
keep down the young growth and the underbrush. When the
miners came, fire followed them” (Leiberg, 1902, p. 40). An
analysis of tree ring history in the Sierra conducted in the 1990s
led to the conclusion that burning by herders in the 1890s was
not necessarily more frequent than that originally carried out
by indigenous peoples, but was not as extensive, due to fuel
reduction by grazing (Skinner and Chang, 1996, p. 1,058). It
seems that in some areas, fire, and grazing were competing for
the available fuel. In fact, fire is often part of pastoral and hunting
systems around the world because it shifts the vegetation to a state
more accessible and more nourishing for ungulate grazers, wild
or domestic (Archibald et al., 2012). In both cases, erosion and
loss of species can result if the soil is left overly exposed or plants
are irreparably damaged. Species and vegetation structure will
also likely change with the suppression of either fire or grazing.

Attempts to suppress fire in the early twentieth century
led to the first major modern advertising campaign by a
government land management agency (Pyne, 1997). During
WWI and II preventing fire became conflated with patriotism,
with Forest Service posters of Uncle Sam saying “your forests—
your fault—your loss” (Figure 7). In 1918 the Shasta-Trinity
Forest Supervisor sent letters to local stockmen who set fires
to clear brush and prevent tree encroachment into meadows,
quoting President Wilson as follows: “Preventable fire is more
than a private misfortune. It is a public dereliction. At a time
like this of emergency andmanifest necessity for the conservation
of national resources, it is more than ever a matter of deep
and pressing consequences that every means should be taken
to prevent this evil” (New York Times, 1918). The Forest
Supervisor goes on to impute that the fact that WWI was going
on made the crime of burning especially heinous. He states
that it took the equivalent of 400 men working every day for
4 months to suppress man caused fires, and these men were
needed at the front. It was therefore the patriotic duty of the
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FIGURE 7 | Your forests—your fault—your loss (Flagg, 1934–1943).

stockman to prevent fire (Morrow, 1918; Huntsinger et al., 2010).
Eventually, Smokey Bear became the iconic representative of the
fire suppression movement. Burning for agriculture and grazing
was suppressed, and intentional burning by Native Californians
criminalized (Huntsinger and McCaffrey, 1995). On the Shasta-
Trinity, once grassy slopes are now covered with brush and dense
trees (Taylor, 1995). The outcome now seems inevitable: by mid-
May 2021, 10 fires ignited by lightning were already burning on
the forest (Dechter, 2021).

California montane forests have undergone great change,
with denser trees and more brush in conifer forests and oak
woodlands, and federal forests now have higher fire probabilities
than forests in other forms of ownership (Starrs et al., 2018).
In Northern California Douglas fir (Pseudotsuga menziesii)
trees are encroaching on oak woodlands (Quercus spp. and
Notholithocarpus densiflorus) in the foothills and lowlands of
the state, increasing oak mortality and reducing biodiversity and
essential wildlife habitat (Barnhart et al., 1996; Hastings et al.,
1996). The buildup of dried fuels in California’s Mediterranean
ecosystems is one key driver of the wildfire crisis in the state
(Starrs et al., 2018; Keeley and Syphard, 2019). Livestock grazing

FIGURE 8 | A long period of drought resulted in millions of standing dead

trees in the Sierra National Forest in April 2016. Photo: USFS Region 5.

removes fine fuels like grasses and herbs, and in some ecosystems,
can restrict shrub encroachment, particularly if annual grazing
is initiated when encroaching shrubs are seedlings that are
consumed along with grasses (McBride, 1974; Huntsinger, 1997;
Russell and McBride, 2003; Moreira et al., 2020). A recent study
found that the main link to climate change as a driver at lower
elevations along the coast is the buildup of herbaceous material
when rainfall is high (Keeley and Syphard, 2019).

Unfortunately, as scientific forest management developed
under Fernow, Pinchot, and their ilk, fire came to be seen as
a disturbance that prevented the succession of vegetation to the
climax state of heavy forest, rich with timber (Huntsinger, 2016).
Without burning, the dead plant material deposited by grasses,
trees, and shrubs—wood, cones, leaves, and needles—piles up
beneath the living vegetation. The unpredictable but sometimes
severe and multi-year droughts that California experiences
lead to tree mortality over-crowded woody vegetation where
competition for water occurs. This leads to increasing amounts
of fire-feeding dead woody material, and much of it hyper-
flammable and well-ventilated standing fuels (Figure 8).

Vast areas of California became occupied by brush, dead
material, and overly dense trees that are highly vulnerable to
drought, making the fire risk even greater. Mountain meadows
are being invaded by trees in many areas (Taylor, 1990; Lubetkin
et al., 2017). There are several million ha of burned over areas
from the fires of the last 5 years with a recovery trajectory that is
unknown because it is not clear how climate change will affect
regrowth, with the possibility that a long term or permanent
brush state will occur in some areas (Davis et al., 2019; Young
et al., 2019; Stewart et al., 2020).

THE TWENTY-FIRST CENTURY
FIRESCAPE AND REIMAGINING
LIVESTOCK GRAZING

Livestock grazing is seldom mentioned in media or policy
forums as an important way to reduce fire hazard (Daley,
2021), despite widespread biomass-reduction activities by grazed
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TABLE 1 | Definitions of common vegetation treatments in California.

Clearcutting: Cutting of essentially all trees in a location fully exposing

the forest floor for the development of a new age class of trees.

Thinning: Tree removal that reduces tree density and competition

between trees in a stand. Thinning serves to concentrate growth and

vigor in fewer high-quality trees.

Harvest: Cutting, felling, and gathering of forest timber, may include

clearcutting or thinning.

Mastication: Vegetation is mechanically “mowed” or “chipped” into

small pieces and left on-site reconfiguring a portion of forest biomass

from a vertical to horizontal arrangement.

Other mechanical: A variety of forest and rangeland mechanical

activities related to fuels reduction and site preparation including piling

of fuels including chaining, lop and scatter, thinning of fuels, Dixie

harrow, chaining, etc.

Prescribed burning: A fire set intentionally for purposes of vegetation

management, using a “prescription” of when burning and air quality

conditions are appropriate. May be referred to as control burning.

Cultural burning: Burning practices developed and carried out by

indigenous people to enhance the health of the land, including

restoration of culturally significant species and landscapes.

Prescribed/ targeted grazing: Managing and husbanding animals

for vegetation management, often goats.

Commercial grazing: Grazing livestock for production of food and

fiber, primarily cattle and sheep.

domestic livestock, and scattered publications put out by
University of California Cooperative Extension (Nader et al.,
2007; Rao, 2020; University of California Cooperative Extension
(1), 2021; University of California Cooperative Extension (2),
2021; University of California Cooperative Extension, California
Invasive Plant Council, Environmental Protection Agency,
2021). New state initiatives to manage fuels include relaxing
environmental rules to allow for fuel breaks and prescribed
fire, but the role of livestock grazing is usually overlooked.
For example, California’s Wildfire and Forest Resilience Action
Plan, produced in January 2021, includes a large picture of
cattle grazing under electrical lines like those responsible for
major ignitions, a setting where the removal of biomass by
grazing is clearly valuable. While mentioning healthy grasslands
and advocating for prescribed burning of them, the report
never mentions grazing at all (Forest Management Task Force,
2021). California has extensive lands with flammable fire-adapted
vegetation: 82% of the state is undeveloped including∼20mha of
government and 13m ha of private land (California Department
of Forestry and Fire Protection, 2010). The wildfire crisis
apparent calls for the use of every mitigation and prevention tool
we have (Table 1), except for the most widespread fuel removal
activity in the state.

Each year grazing cattle are estimated to remove at least 5.3
billion kg of biomass (drywt) from close to the 8 million ha of
private California rangelands with available data. On average,
that is about 1,500 kg per ha (Rao, 2020). Amounts of biomass
produced and consumed vary by orders of magnitude annually
and by region, as do recommended grazing levels (Becchetti et al.,
2016). Fire hazard reduction is a side benefit of production of
meat and milk—grazing reimagined as purposeful for removing

fuel and altering vegetation structure could emphasize fire-prone
locations or vegetation types, targeting areas as needed with
more intensive removal (Nader et al., 2007), and combining
grazing with burning and clearing. In addition to grazing for
livestock production by cows, sheep, and goats, businesses
providing grazing services for fire hazard reduction are emerging
and flourishing. Some land trusts, parks, and preserves use
commercial livestock grazing and/or targeted grazing services to
reduce biomass for fire as well as to enhance biodiversity. For
example, the East Bay Regional Parks in the San Francisco region
(East Bay Regional Parks, 2021). The California Department of
Fish and Wildlife provides Excess Vegetation Disposal Permits
for commercial livestock grazing to make the purpose of grazing
leases clear to the public.

Grazing as a fire-fighting tool faces further challenges in
addition to neglect by agencies with vegetation management
responsibilities. California range livestock numbers have
declined since the 1970s. While 70% of livestock forage is
provided by California’s mostly private annual rangelands
(Huntsinger and Bartolome, 2014), public lands, more than
50% of the land area of the state, also support livestock grazing,
especially in summer when high elevation meadows provide
rich feed while the grasslands below are dry. While many parks,
conservation properties, and reserves use grazing to enhance
biodiversity and reduce fire risk, and for a notable number of
endangered species grazing is a useful habitat treatment (Barry
and Huntsinger, 2021), increasingly conservative stocking rates
and exclusion of stock are common on public land that is
managed by federal and state agencies. Federal public lands
throughout the western United States have experienced a
dramatic decrease in livestock numbers during the past two
decades. Ostensibly to meet agency conservation objectives,
California’s public lands managed by the Forest Service (USFS)
and the Bureau of Land Management (BLM) have seen a 36%
decline in grazing, measured in animal units on the land per
month (AUMs) (Figure 9; Oles et al., 2017), just at the time it
is needed.

On some state and park lands, after over a century of grazing,
livestock were excluded to meet expectations of wilderness,
increase naturalness (Fried and Huntsinger, 1998), or reduce
perceived conflicts with wildlife (Barry and Huntsinger, 2021). In
other areas landscape fragmentation has made grazing difficult
to manage and more costly. Among private landowners, on both
rangelands and forest there are an increasing number who are
not production or management oriented, preferring to leave the
land as “natural” as possible. A significant number of owners have
the statedmain ownership purpose of land speculation, a number
that appears to be growing (Ferranto et al., 2011).

In addition to a fuel and climate problem, intermixing
of housing and development with forests and rangelands in
California and throughout the West increases risks to property,
lives, and human health (Radeloff et al., 2018; Kramer et al.,
2019). An estimated one-third of homes in the US are built
in or near wildland vegetation and constitute the Wildland
Urban Interface (WUI) (Kramer et al., 2019). In California,
75% of buildings destroyed by wildfire were in a WUI (Kramer
et al., 2019). Thus far, land use planning processes have
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FIGURE 9 | Change in animal unit months (AUM) on public lands in 11 states in the western U.S. between 2000 and 2015. The lightest color represents slight positive

to slight negative changes in AUMs. Darker colors represent increasingly negative changes in AUMs. Solid polygons represent lands administered by the Bureau of

Land Management (BLM). Hatched polygons represent lands administered by the U.S. Forest Service (USFS). Data were sourced from BLM and USFS annual reports

(Oles et al., 2017).

FIGURE 10 | In understory burning, one goal is to prevent harm to the larger

trees, while suppressing growth of shade tolerant conifers that would crowd

the stand, and create openings diverse species. In a cultural burn, goals may

include enhancing culturally significant species and landscapes, and in some

cases, influencing plant growth form for weaving or carving. The understory

here contains a high density of beargrass (Xerophyllum tenax), a valued

basketry resource requiring fire to promote desired leaf growth (Photo: Frank

Lake, US Forest Service).

been inadequate to prevent the creation and expansion of the
WUI. Promotion of defensible space, clearing around homes,
and hardening of homes against ignition are strategies widely
promoted to homeowners, and can reduce home loss, as can
adequate roads for fire-fighting access and other factors. Recently,

California fires have burnt through WUIs and into neighboring
communities, using houses as a source of well-dried fuels, and
leveling blocks of homes and shopping centers (Kramer et al.,
2019).

California’s fire problems are not unique. Traditional
agricultural systems offer some insights into how grazing might
be used. Land abandonment is a frequent topic in Europe’s
Mediterranean regions, and wildfire is a common and much
feared consequence (Collins et al., 2013; Moreira et al., 2020)
as farmers and graziers leave. Grazing and agriculture are
often unabashedly considered key to reducing fire hazard in
southern Europe (Lovreglio et al., 2014; Colantoni et al., 2020;
Damianidis et al., 2020; Moreira et al., 2020; https://www.
mosaicoextremadura.es/en/home-en/). Spain and Portugal
offer an example of the use of grazing and tree management
in to create a fire-resistant landscape. In the southern Iberian
Peninsula, grazing is part of traditional agricultural systems
with a histories of more than a 1000 years, such as the Spanish
dehesa and Portuguesemontado (Bugalho et al., 2011). Featuring
oaks that are pruned to have no low branches, well-spaced trees
without continuous crown fuels, and an understory of annual
grasses (many common in California), they are generally heavily
grazed by combinations of sheep, goats, cattle, and pigs, as well
as wild grazers like red deer. Every 10 years or so, unpalatable
brush is cleared or the understory is cultivated with a grain crop.
The result is one of Spain’s most fire resistant landscapes (Ortega
et al., 2012). Removal of grazing or cessation of understory
clearing has been found to increase fire hazard and reduce
biodiversity (Joffre et al., 1999; Tarrega et al., 2009). For many
communities, forms of agro-sylvo-pastoralism are a key strategy
used to create productive firebreaks. On the other hand, the vast
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eucalyptus and pine forest plantations common to Portugal and
Spain, growing at high density and with continuous fuels, are
among the most likely vegetation to burn and have fueled recent
catastrophic fires (Fernandes et al., 2016).

Fire Hazard Reduction Efforts and
Reimagining Livestock Grazing
At the present time in California, in the media and popular
outlets the emphasis is on prescribed burning, promoted as
a natural part of the ecosystem (Table 1). An answer to our
fire problem, in these terms, is to restore frequent fire to
the ecosystem, substituting for the indigenous and natural
burning that once reduced brush and thinned trees, creating
more open grassland and forest. The United States Forest
Service, the National Park Service, CalFire (the state fire and
resource management agency), landowner groups, and Native
Californians have embraced prescribed burning, intentional or
allowed burning for management purposes that takes place

within a prescription that includes a number of variables
including weather and environmental characteristics. Cultural
burning, burning practices developed by indigenous people
to enhance the health of the land, including restoration of
culturally significant species, also seems to be increasing in
agency and public acceptability (Sommer, 2020; Lake, 2021;
Marks-Block et al., 2021; Figure 10). Invasion of conifers
and shrubs into grasslands burned regularly under indigenous
management means that restoration of burning practices is
key to restoring traditional landscapes and ecosystems (Keeley,
2002; Evett and Cuthrell, 2013). In the last decade indigenous
groups have actively sought access to land and restoration
of indigenous management practices, with cultural burning a
common goal, augmented with hand clearing when required to
restore conditions for safe burning (Sommer, 2020).

The argument is made that prescribed burning is the
natural way to remove fuels and restore a more fire-resilient
landscape, but this debatable. The climate is warming, highly
flammable non-native annual grasses are common, there is fuel

TABLE 2 | Comparison of fuel reduction treatment alternatives in California.

Treatment Application Cost Benefits Constrainta Products Extent (est)

Manual Clear or prune

herbaceous and

woody plants

$1,980/hab Low impact, targeted. Steep

slopes.

High cost, small areas.

Fuel may be left on site or need

disposal.

No Minimal

Mastication Chop and grind

surface and ladder

fuels by machine.

$250–2,500/hac Targeted, masticated areas can

be more safely burned to remove

fuel

Fuel left on site but converted to

horizontal structure

No Minimal

Mechanical

thinning or

harvest

Tree removal,

reducing density,

or cutting for

timber

$90–2,500/hab

Some costs may

be offset by timber

sales

Costs offsets from timber.

Only method to remove

established trees (besides

wildfire)

Soil disturbance

Can meet fuels reduction targets.

Accompany with burning or

mastication to reduce surface

fuels.

Wood products,

saw logs, chips

±1 million

ha/yeare

Prescribed fire Reduce ground

and surface fuel,

including dead

wood, invasives.

Variable Cost

$7–2,700/had
Lower cost at scale. Benefits

fire-adapted plants. Selective of

fuels by intensity.

Smoke, regulations, site

conditions, air quality, liability,

risk—especially with ladder fuels.

Selective by fuel quality.

No ±45,000 ha/yearf

(increasing)

Prescribed/

Targeted grazing

Reduce ground

and surface fuels,

control invasive

species

Variable

Cost

$1,090–2,700/hae

Low risk, few regulations.

Selective by species and

intensity.

Different livestock for different

goals.

Higher cost, small areas. Fences,

water, maybe herder needed.

Prune up to 4–6 feet off the

ground. Large woody vegetation

not removed, desired plants may

be.

Often a specialized

service rather than

for producing

meat or milk.

Often goats

31,000 ± ha/yearg

Commercial

grazing

Annual

herbaceous

biomass removed.

Trampling and

grazing may

impede shrub

spread or

regrowth.

$0 to revenue;

cost-sharing,

reduced rent for

infrastructure help,

complex plans.

Lowest cost if infrastructure

present.

Annual treatments easy. Low

risk. Brush seedlings may be

removed /suppressed, annual

grasses eagerly consumed.

Requires fences and water.

Forage must meet livestock

needs or supplement is needed.

Mature woody vegetation not

removed. May consume desired

plants. Limited by livestock

production needs, bottom line.

Food and animal

products

16 million ±

ha/year

Please note that local assessment is needed to determine how each technique works on a given site.
aAll treatments produce greenhouse gas emissions, all may enhance biodiversity or meet other resource management objectives.
bLasaux and Kocher (2006); http://cecentralsierra.ucanr.edu/files/88262.pdf.
cUnited States Department of Agriculture (2005).
dQuinn-Davison and Stackhouse (2019).
eMacon (2014).
fCalifornia Air Resources Board (2021).
gRoger Ingram (pers. comm.) UCCE emeritus, August 6, 2021).
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accumulation and vegetation change in many areas, and housing
is mixed with forests, woodlands, and shrublands (Yoon et al.,
2015). To reduce the risk, burning when fuels are not at their
driest, often outside of the natural fire season, is common.
Burning out of season affects plants and animals in different
ways than burning within the fire season they have evolved with.
Cultural burning is also difficult to conduct within the traditional
season because of ecosystem change and risk to buildings and
infrastructure, making compromise part of the picture. Yet
deliberate burning is needed to develop a more fire resistant
landscape. Further, cultural burning offers indigenous knowledge
to inform burning efforts, and is a heritage activity that cannot
only address wildfire risk, but contribute to the revitalization of
indigenous cultures.

Around 45,000 ha of California vegetation was burned
deliberately in 2019, a considerable increase from the <16,000
ha burned each year since 2007, but only about 0.14% of the 33m
ha of wildland in California, and 3% of the nearly 1.7 million ha
burned in the 2020 wildfires (Table 2). About 37% of the 2019
burned area was in forests, the rest on rangelands (California
Department of Forestry and Fire Protection, 2010; California
Air Resources Board, 2020). Land management agencies and
private rangeland and forest landowners are eager to do more.
Landowner-driven prescribed burning associations are being
reinstated and resuming higher levels of activity (Hagarty, 2020,
October 19). The state fire agency is working to streamline
the permit process for such burns. But prescribed burning can
be costly, with extensive planning, insurance, and monitoring
needed. Multiple regulations from more than one agency, as
with fire agencies and air quality entities, slow the process. The
need to burn under ideal weather, fuel, and air quality conditions
makes the window for burning small, resulting in delays. Fears
of liability hamper private landowners. The permitting agencies
have also not been overly receptive to prescribed burning not
implemented by them (Hagarty, 2020, October 19; Susan Kocher
(pers. comm.) UCCE, August 6, 2021.) and yet funding has been
tight for agency-conducted vegetation management activities.
The premier fire-fighting and forestry licensing agency, the
California Department of Forestry and Fire Protection or CalFire,
is typical—spending on prevention lags far behind spending on
suppression because it is easier to get funding to fight fires than
to prevent them (Figure 11). And, often the places that need
burning the most are the most dangerous to burn (Wood, 2020).
Getting prescribed burns done on schedule can be cumbersome.
It requires a smoke management plan to be filed with the local
air quality district and mandates a burn plan be filed with the
corresponding fire agency. Considering that burned areas need
to be reburned eventually to maintain the effects of burning, with
all the barriers and the cost, there is a possibility that instead a
burn will prove to be a one-time treatment with limited duration
of effect (Fernandes and Botelho, 2003).

Other vegetation management strategies should be promoted
as much as prescribed and cultural burning, including grazing.
They include burning, clearing, and grazing (Table 2). The
federal government, for example, working with the state, has
introduced a forest thinning program with the goal of scaling up
thinning and clearing to∼400 t ha of forest per year, about 0.03%

FIGURE 11 | Spending on fighting fire vs. preventing fire, CalFire (Legislative

Analyst’s Office, 2018).

FIGURE 12 | Targeted grazing for fuels reduction using sheep in a suburban

park in San Jose, California. Photo: S. Barry.

of California’s forestland, by 2025 using brush clearing, logging,
and prescribed fires (United States Forest Service and State of
California, 2020). California has budgeted $1 billion for 2020–
2021 to increase prescribed fire on state owned lands and develop
a network of fire breaks (Forest Management Task Force, 2021).

Fires, aside from lightning strikes directly to trees, generally
start in fine, dry fuels, where they spread swiftly. Early in the
season, grasslands, and shrublands dry first, becoming fuel for
some of the state’s most destructive wildfires (Weill, 2018).
Grasses are 1 h fuels, drying in 1 h of hot and dry weather, while
trees are 100–1,000 h fuels (Sikkink et al., 2009). Grasses are
standing dry material, with plenty of oxygen mixed with dried
fuel. Fine fuels from dry herbaceous vegetation and the small
plant materials that fall to the forest floor act as kindling, leading
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to the burning of larger and larger fuels until the fire can burn
huge trees. Changing continuous to discontinuous fuels is crucial
(Weatherspoon and Skinner, 1996). Tree canopy is fine fuel too,
so creating breaks in the canopy and breaks that reduce the ability
of ground fires to reach the canopy are important fire prevention
and fighting strategies (Nunamaker et al., 2007). Unfortunately,
the aggressive, invasive non-native annuals that now dominate
most California grasslands are continuous fuel that allow fires to
spread across the landscape. They invade shrublands and burned
or cleared forest areas, including fuel breaks (Keeley et al., 2003;
Merriam et al., 2006).

Reimagining Grazing
Commercial livestock grazing is the predominant land use
and the most widespread vegetation management activity in
California, occurring on about 12 million hectares of public
and private lands. Livestock producers have strong interest
in integrating grazing and prescribed burning for vegetation
management, reducing shrub encroachment, and improving
forage, as well as reducing fire hazard (Hagarty, 2020, October
19; California Cattlemen’s Association, 2021). Another advantage
of using commercial grazing is that it is relatively inexpensive
because the owner is making an income from the enterprise.
Production-oriented grazers can charge less or even pay for
decent forage when infrastructure like fences and water points
are adequate. At the same time, livestock producers must
match livestock needs with forage quality and availability,
infrastructure, and animal handling practices. Planning complex
grazing treatments, or grazing at high intensity, will sometimes
incur costs and reduce income. Subsequently, grazing for fire
preventionmay come at a cost, though likely lower than any other
technique we are aware of.

There have been attempts to evaluate the role of commercial
livestock grazing in reducing fire hazard (Launchbaugh et al.,
2008), but to date studies have focused on lands grazed primarily
for production purposes, limiting options for management. For
example, one researcher lamented that the ranchers providing
cattle to graze his sites for research into beneficial grazing effects
on wildlife habitat would simply not graze hard enough because
they feared weight loss in the cattle (Germano et al., 2011). In
California, livestock grazing tends to be light to moderate to
maintain a herd size that be healthy through periodic drought.
Regardless of fire risk, the grazing in an even a highly fire-
prone area may not be intense enough to always make the
optimum impact. Traditional practices will need to be re-thought
when emphasis shifts to fire hazard management. For example,
many ranchers whose animals graze wetter or higher elevation
rangelands in the summer have historically tried to leave forage
behind for the return of the herd in Fall. The dry forage supports
cattle before unpredictable fall germinating rains facilitate new
forage growth (Barry, 2021), but this practice, unfortunately,
leaves standing dry biomass on the ground. As a solution,
left behind forage could be broken into discontinuous units
separated by areas fully grazed before the livestock leave. Another
option is supplementation instead of dry forage in the fall—
again an increased cost that could be compensated for active
fuel reduction. In short, be most effectively used for fire hazard

reduction, grazing will need to be planned for purposefully
controlling fuels, and some practices will need to be incentivized
because of higher costs to the producer.

Goat and sheep grazing companies are popping up all over the
state offering targeted or prescribed grazing for specific purposes
(Table 2). The use of small ruminants for targeted grazing for
fuels management tends to be more acceptable to the public.
The public see a mob of goats or sheep crowded in a small area
munching on vegetation and recognize the activity as a service
(Figure 12). They do not find goats or sheep intimidating, and
may be unaware that such animals may eventually be slaughtered.
Many targeted grazers do not participate in meat or milk
production and do not obtain income from marketing animal
products, so putting weight on the animals is not a priority,
allowing greater flexibility in grazing intensity. In addition,
managing certain fuels may best be accomplished with a class of
animals like older wethers (castrated male goats or sheep) that
have little value for livestock production.

Grazing for fuels management in California is often associated
with such small ruminant prescribed herbivory or targeted
grazing, which is conducted as a service for a per acre cost. The
cost is relatively high compared to commercial grazing, but not
hand clearing, which may be the only other option. Grazing
infrastructure such as fencing is often not available and the
targeted grazer must provide temporary fencing and livestock
water. Depending on the setting, animals generally need a herder
to ward off dogs and predators, and tomaintain temporary fences
that are irregularly breached. Sometimes the vegetation to be
controlled is not of adequate quality to support the livestock, and
supplemental feed is required.

Different Animals and Different Regions
The characteristics of the animals and of the ecosystem
affect what can be done and how it should be done
with grazing. Knowledge of dietary preference and grazing
patterns is key to developing grazing plans for fire hazard
reduction and biodiversity enhancement. Different breeds and
species may consume different things and forage differently;
animal experience with particular ecosystems may also be
a factor. Goats prefer brush and tolerate secondary plant
compounds better, sheep prefer more broadleaves, and cows
are basically grass vacuum cleaners. Goats and sheep are
excellent for steep or rocky slopes, smaller areas around homes
and development, and brush control. Extensive grasslands
are ideal for cattle, as it can be not only less costly,
but they are easier to fence in, not as susceptible to
predators, and one cow consumes as much as 5 goats. Grazing
different kinds of livestock together might be applied in
some situations.

The various approaches each have their benefits and can
be combined in innovative ways. While herbicide and hand
treatments leave dead, flammable plant material in situ, grazing
animals consume the material and process it at the site,
converting it into food and fertilizer. If trees are palatable,
livestock may browse the lower branches, breaking up fuel
ladders that might carry fuel into the canopy. Annuals and
some shrubs return with the winter’s rainfall, but commercial
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TABLE 3 | Examples of fire and grazing relationships in 4 shrub types in four regions of California [General references: Sampson and Jespersen (1963), United States Department of Agriculture (2021)].

Brush type Location Target species Fire dynamics Grazing management Conservation value Hazard Grazing references

Coastal montane

chaparral

(Chamise,

Adenostoma

fasciculatum;

Manzanita,

Arctostaphylos

spp.; Scrub oak,

Quercus

dumosa)

Interior chaparral

(Chamise,

Adenostoma

fasciculatum;

Manzanita spp.,

Arctostaphylos

spp.;

Ceanothus)

Coastal ranges

Ring around

central valley

occurs with oak

woodland

Chamise,

Adenostoma

fasciculatum

Fire intensity, time and

interval control species

composition and diversity.

Dense stands require prefire

treatment to reduce fuels for

safety. Early spring burning

can promote vigorous

resprouting. Small fires,

frequently spread may

reduce large catastrophic

wildfire events. Herbaceous

annuals and perennials

germinate post-fire. Erosion

may be an issue on steep

slopes.

Grazing not effective in

dense mature stands.

Young chamise readily

consumed by goats—in one

case chamise made up

70% of the goat diet

(Sidahmed et al., 1978).

Goats can retard regrowth

post-fire and support

maintenance of fuel breaks.

Greater livestock utilization

of Adenostoma is supported

with supplementation.

Animals lose condition on

chaparral alone. Grazing

sprouts intensively after fire

can cause significant shrub

mortality; young growth is

preferred, spring grazing

often recommended.

High conservation value

with diversity of age

class and species. Low

conservation value

within dense stands

Decadent stands are

highly flammable. High

intensity fire from crown

fires are typical. Fire

impacts include smoke

and post-fire debris flow.

Sidahmed et al., 1978,

1982; Green et al.,

1979; Barro and

Conard, 1991 Minnich

and Franco-Vizcaíno,

2003; Narvaez et al.,

2011; Moreno and

Oechel, 1991

Coastal

transition

Coastal

grasslands,

central to

northern

California.

Re-colonizer in

coastal sage

scrub and

chaparral

post-fire.

Coyote brush,

Baccharis pilularis

Baccharis increases in

absence of fire and grazing.

Baccharis increases in

absence of grazing. Grazing

and trampling limit invasion

or regrowth in grassland

Supports coastal scrub

reestablishment.

Invades high quality

habitats like coastal

prairie.

Increased fire hazard,

more intense fire with

shrub encroachment

Biswell et al., 1952;

McBride and Heady,

1968 (https://www.fs.

fed.us/database/feis/

plants/shrub/bacpil/all.

html)

Soft chaparral

(coastal sage

scrub, Artemisia

californica)

Southern

California coastal

terraces, plains,

and foothills

Annual grasses,

exotics

Fire adapted, 30–150 year

return interval but

suppression and fine fuels

(annual grasses) result in

large fires, too frequently

<20 years. Fire not followed

by grazing slows

regeneration to shrubs.

May be managed to benefit

threatened shrubs by

removing flammable annual

grasses, as shrubs are not

highly palatable, but more

study needed. Timing of

treatment seems to matter,

with grazing concentrated

during green grass growth

period. Unmanaged

browsing (sheep and goats)

detrimental.

High conservation value

supporting numerous

endemic species

Brush does not

accumulate high fuel

loads, non-native annual

biomass increases fire

risk

Bradbury, 1978; Conlisk

et al., 2016; Allen et al.,

2019

(Continued)
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grazing can predictably be applied every year, extending the
effects of more sporadic treatments (Fernandes and Botelho,
2003). It also makes it safer for future prescribed burning.
Regrowing plants and shrubs are highly nutritious and often,
though not always, suppressible by livestock (Huntsinger, 1997).
By reducing the ratio of woody to non-woody vegetation
components, the landscape becomes literally more palatable for
livestock and wildlife. Prescribed burning and grazing do share
some limitations: mature woody overgrowth is not so feasible
for removal by prescribed burning or grazing, and mechanical
or manual treatments often have to be applied first.

Different regions and vegetation types have different
vegetation dynamics, and different potential for grazing and
fire management, calling for different approaches. Effectiveness
and practicality vary by location, vegetation type, animal type,
and even the characteristics and experience of individual
animals and breeds. In a given year, weather may shape
outcomes, as will the timing, intensity, and duration of grazing
treatments. Availability of different kinds of animals and
experienced producers also varies by location. Much needed
information is clearly lacking, but in fact the risks of using
grazing are low, and grazing practices are easily adapted
as needed.

The applicability of various practices will vary with species,
vegetation type, and location (Table 3). Ultimately grazing
management should be adaptive, and outcomes monitored,
as existing information is limited. Talking to local livestock
managers, Extension agents, NRCS, and service grazers is an
excellent way to start. Various publications provide further
guidance on grazing management and illustrate the variation
among regions and ecosystems (Nader et al., 2007; Ingram et al.,
2013; Lovreglio et al., 2014; Spiegal et al., 2016; University
of California Cooperative Extension, California Invasive Plant
Council, Environmental Protection Agency, 2021).

CONCLUSIONS

While professional foresters and agency land managers once
considered intentional burning a hostile act and damaging to
forests, and livestock grazing a danger to ecosystems, there
is considerable evidence that with good management, neither
of these things is true. Thanks to the efforts of many and a
lot of research, prescribed and cultural burning are gaining in
acceptance, even to the point where is has been stated that
the agencies will encourage landowners and others to conduct
burns with training and permits. The same cannot be said about
livestock grazing, yet it needs to be.

California faces a massive fire problem, and our most active
fuel managers should not be left in the barn. California’s current
firescape is increasingly a result of land abandonment, with
vegetation and landscapes tended by Native Californians for
thousands of years left largely to fend for themselves in the
twentieth century. Now more than ever highly fire-prone land
is left unstewarded. Removal of grazing from lands grazed for
200 years leads to vegetation change that may not only support
fire, but degrade habitat for an array of species. Terming a
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FIGURE 13 | Cattle grazing the Dublin Hills Regional Park, Alameda County,

California remove significant fine fuel from the landscape. Once livestock are

removed, as in many places in the world, land abandonment has allowed fuels

to grow abundantly, leaving highly ignitable, standing dry grass through the

summer and fire season. Photo: S. Barry.

continent a wilderness was indeed a late nineteenth century
misnomer built on colonial ideologies, unknowingly carried into
the twentieth century embedded in preservation initiatives, and
still very much a factor today. Yet there is no reason to believe
that hands-off management or protecting ecosystems will result
in any recognizable recovery. Without restoration of previous
ecosystems as a reasonable target, innovation in the face of novel
ecosystems and climate is needed (Hobbs et al., 2014).

Forest management practices imported from western Europe
emphasized harvesting and planting trees for sustainable timber
production, but ignored the role of fire, treating it instead
as a disturbance that interferes with an orderly process of
vegetation development (Huntsinger, 2016). Efforts to preserve
and protect forests run aground on the need for indigenous
practices and cultures that created them, and until now, public
forests in particular seemed abandoned when it comes to the
human and fire role. Those living in proximity to National
Forests and overgrown public lands can be fearful of vegetation
conditions that seem to be deteriorating into a major fire hazard,
while at the same time, they feel powerless to do anything
about it. Native Californians are actively pursuing opportunities
to restore traditional management practices to the land, but
with the changing climate and huge areas that have shifted to
unprecedented vegetation conditions, all tools must be brought
to bear.

Some public attitudes challenge effective fuel management.
While prescribed burning is widely promoted by various
agencies, and in the media, grazing is not. Grazing for
commercial livestock production is an extensive land use that
has low energy requirements and relies mostly on rainfall-based
forage on lands unsuitable for crop production. Grazing has
significant biodiversity benefits through removing non-native,
habitat-choking biomass (Huntsinger and Oviedo, 2014), and

produces unprocessed, high quality, food. The public often does
not recognize how much of California’s landscape is grazed
because grazing is extensive and livestock may not be often be
visually present. They often do not make the connection with
much appreciated wildflower blooms facilitated by removal of
exotic biomass. When they encounter cattle on public lands
people may be intimidated by their size and unfamiliar with cattle
behaviors (Barry, 2014). Negative and often exaggerated media
claims about the contribution of cattle to climate change and
environmental degradation raises questions about why cattle are
allowed to graze, especially on public open space lands meant
to preserve nature. Yet all of agriculture, including livestock
production and its attendant activities, emits around 8% of
California greenhouse emissions, while transportation emits
41% (California Air Resources Board, 2021). Emissions from
rangeland grazing are mostly in the form of short-lived gases
that do not accumulate over long periods rather than carbon
dioxide that persists and accumulates for hundreds of years in the
atmosphere, and the land conserved through ranch ownership is
a carbon sink.

Grazing seems harder for professional forestry and land
management agencies to accept as a fuel reduction tool. For
the forestry and fire agencies, who, especially when it comes
to fire, operate largely under a command and control model,
ranching and ranchers are a diverse group not generally subject
to agency regulations. In a culture of uniforms, regulation,
and careful control, grazing is managed by all sorts of people
with all sorts of goals, at all kinds of scales and on private
lands, without permits from a regulatory agency, lacking a
set of common and licensed plans and practices. While forest
landowners must get a permit from CalFire and several other
agencies to sell timber, rangeland landowners are not required
to get agency approval to sell livestock into the production chain.
The somewhat chaotic characteristics of the ranching industry,
and the high value placed on individual autonomy, seem likely to
be challenging to a command and control agency. This has also
limited prescribed burning.

The current discussion of foodscapes and sustainable food
production offers an opportunity to work toward changing some
attitudes, and ideally, marketing could be linked to creating
sustainable and fire-resistant ecosystems. Grazing around the
WUI can reduce flammable fuels and create productive, or
working fuelbreaks (Figure 13). If you talk to fire-fighters on
the ground, grazed areas make valuable staging areas for
fire-fighting (Huntsinger, pers. com.). Agencies should widely
promote grazing in outreach material about wildfire. CalFire and
the Forest Service have, after all, responsibilities for rangelands as
well as forests.

In addition to more information about the effectiveness of
deliberate grazing for fire control, knowledge of what ecosystems,
regions, and vegetation types are amenable to different
treatments, including grazing, is essential for practitioners. As
with any treatment, knowing the very local vegetation conditions
and dynamics is needed (Fernandes and Botelho, 2003). A
statewide database of what is known about best practices for using
fire and grazing in different parts of the state should be part of the
developing effort to reduce catastrophic fire. Existing databases,

Frontiers in Sustainable Food Systems | www.frontiersin.org 17 August 2021 | Volume 5 | Article 715366

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Huntsinger and Barry California Firescapes

in particular the Ecological Site Descriptions of the United States
Department of Agriculture Natural Resources Conservation
Service (NRCS) should incorporate fire hazard reduction goals.
Ecological Site Descriptions should be finished for California.
The state and transition models used are ideal for incorporating
and organizing data-driven vegetation management information
and results from research and other verified sources. Incentives
could provide compensation to commercial grazers if biomass
removal has to go beyond what is best for production.
Management innovations and incentives for purposeful grazing
to reduce fuels are likely still to result in less expensive control
than with prescribed burning andmany other treatments, and the
need for planning and management is no more and maybe less
onerous. Integrated planning using fire, thinning, and grazing
offers the potential for long lasting effectiveness.

Learning from and working with Natural Resources
Conservation Service and University of California Extension
personnel with expertise in grazing management and experience
working with livestock producers could be a step forward.
In fact, there is an unfortunate gap between forestry and
rangeland management as professions, yet the vegetation does
not recognize this gap, intermixing and sharing resources
across the landscape. Livestock grazing, prescribed and cultural
burning, and thinning and clearing are essential tools as
California faces climate change and landscape fragmentation.

Each have a significant part to play as we work to restore fire

resistant landscapes. People in general don’t like to see familiar
landscapes change (Waks et al., 2019), but regardless, our forest
and rangeland landscapes are already changing. The question we
have to answer is, do we want to give ourselves choices about
how future places look and what they provide, or let it be decided
for us?.
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