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7.1 CHAPARRAL AND THE FIRE SUPPRESSION PARADIGM

The conflict between facts and beliefs concerning fire in California’s native
shrublands is an example of cognitive dissonance—the psychological discom-
fort caused when an individual is confronted with new facts or ideas that are in
conflict with currently held opinions (Festinger, 1957).

The most characteristic native shrubland in California is chaparral, a
drought-hardy plant community composed of such iconic species as manzanita
(Arctostaphylos sp.) and ceanothus (Ceanothus sp.) (Figure 7.1). Once the pre-
ferred habitat of the California grizzly bear (Ursus arctos californicus), chap-
arral covers many of the state’s hills and mountains with rich biodiversity that
reaches its peak on the central coast. Chaparral is also the most extensive veg-
etation characterizing the California Floristic Province and extends north to
southern Oregon, south into Baja California, and as disjunct patches in central
and southeastern Arizona and northern Mexico (Keeley, 2000). Although often
portrayed as a fire-adapted ecosystem, a more accurate description is one
adapted to a particular fire pattern or regime that is characterized by large, infre-
quent, and high-intensity fires (Keeley et al., 2012). Increase the frequency,
reduce the intensity, or change the seasonality of fire and chaparral species
can be eliminated, often replaced by nonnative weeds and grasses. As ignitions
have increased as a result of human activity, chaparral is being threatened by too
much fire in much of its range, particularly in southern California.

The role fire plays in chaparral is often misunderstood by policymakers,
land and fire managers, forest scientists, and the public (Keeley et al., 2012).
The primary cause of this misunderstanding is a powerful belief system that
has formed around what can be characterized as the fire suppression paradigm,
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FIGURE 7.1 Chaparral is a unique plant community characterized by large, contiguous stands of
drought-hardy shrubs, a Mediterranean-type climate, and infrequent, high-intensity/high-severity
crown fires (photo: R.W. Halsey).

resulting in cognitive dissonance as new scientific information has emerged.
The fire suppression paradigm asserts that a century of fire suppression policy
has eliminated fires and allowed vegetation (fuels) to accumulate to unnatural
levels so that today when wildfires begin they burn uncontrollably, often pro-
ducing catastrophic effects (Keeley et al., 1999). For many plant communities,
especially chaparral, little could be further from the truth. Data for the past
100 years show that despite a policy of fire suppression, wildfires have not been
able to be eliminated in most southern California landscapes; in fact, fires are
more common today than historically. Because of this misconception about fire
suppression, managers have been trained to believe that wildfires are fuel-
driven events and, as a consequence, can be controlled by modifying vegetation.
Deeply embedded in the paradigm is the preconception that small, low-
intensity/low-severity surface fires are natural and large, high-intensity/high-
severity crown fires are not. When a high-severity fire burns more than
~40 ha (100 acres), it is often considered a direct result of past fire suppression.
The paradigm was originally developed to describe the surface fire regime found
in lightning-saturated, dry ponderosa pine (Pinus ponderosa) forests of the South-
west, where it is a relatively accurate representation (Steel et al., 2015).
Because the fire suppression paradigm is forest-centric, understory shrubs and
small trees are viewed as fuel rather than important components of habitat. This
has led to a set of values, facilitated by lumber and ranching interests, that view
chaparral as “worthless brush,” an “invader” of forests and rangeland, and an
“unsightly menace” (Halsey, 2011). The bias has led to other pejorative charac-
terizations such as the erroneous claim that chaparral plants are so pyrogenic that
they are literally “oozing combustible resins” (Shea, 2008). The paradigm has
effectively demonized a native ecosystem that supports significant biodiversity.
The key point is that chaparral fires are unlike forest fires, yet forest fire
ecology has been misapplied to explain how fire should burn in chaparral.
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Clearing up this confusion is one of the reasons this chapter was written. The
basic facts about chaparral fires can be summarized as follows:

— Fire suppression has not caused excessive amounts of chaparral to accumu-
late (Keeley et al., 1999).

— Fire suppression has played a critical role in protecting many chaparral
stands from ecological damage resulting from excessive fire.

— Infrequent, large, high-intensity crown fires are natural in chaparral (Keeley
and Zedler 2009).

— There are few, if any, justifiable ecological/resource benefits in conducting pre-
scribed burning or other vegetation treatments in chaparral (Keeley et al., 2009a).

Research over the past two decades has rejected the fire suppression paradigm
when applied to ecosystems subject to crown fires, especially shrublands like
chaparral. Not surprisingly, the cognitive dissonance caused by this research
(e.g., Conard, S.G. and Weise, D.R., 1998, Mensing et al., 1999, Keeley et al.,
1999, Keeley and Zedler, 2009, Lombardo et al., 2009) has fostered resistance
by the supporters of the challenged paradigm (e.g., Minnich 2001). Consequently,
it continues to influence public policy and opinion about chaparral specifically
and wildfire in general. But, as the evidence has accumulated, the fire suppression
paradigm is slowly shifting to a new one that acknowledges that infrequent, large,
high-intensity crown fires do in fact represent the natural fire regime for chaparral
and that weather, not fuel type, is the most important variable controlling fire
intensity, spread, and size (e.g., Moritz et al., 2004, Keeley and Zedler, 2009).

7.2 THE FACTS ABOUT CHAPARRAL FIRES: THEY BURN
INTENSELY AND SEVERELY

The natural, physical structure of chaparral shrubs (contiguous cover, dense accu-
mulation of fine leaves and stems, and retention of dead wood) and the seasonal
pattern of drought that includes low humidity, high temperatures, and low live
fuel moistures create conditions favoring high-intensity crown fires (Figure 7.2).

Crown fires are those that burn into the canopies of the dominant vegetation.
These are opposed to surface or understory fires that burn vegetation close to the
ground. Surface fires are common in certain forested ecosystems where there is
a distinct separation between understory vegetation and the tree canopy.
Chaparral creates a contiguous fuel bed from the ground up that makes high-
intensity crown fires inevitable.

Fire intensity represents the energy released during various phases of a fire.
High-intensity fires typically consume most of the living, aboveground plant
material, leaving behind only charred stems and branches.

Fire-severity is also used to describe wildland fire but in relation to how fire
intensity affects ecosystems. It is typically measured by the amount of organic
material consumed by the flames (above- and belowground), or plant mortality.
The manner in which fire intensity and severity are used interchangeably by
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FIGURE 7.2  The natural, physical structure of chaparral shrubs (contiguous fuel from the ground
to the crown) and the seasonal pattern of drought create conditions favoring high-intensity/high-
severity crown fires (photo: R.W. Halsey).

different authors sometimes leads to considerable confusion (Keeley, 2009). For
chaparral, however, severity measures may not be particularly helpful because
high-intensity chaparral fires typically burn all the aboveground living material,
leaving behind only dead, charred shrub skeletons. Fire severity has been mea-
sured by the twig diameter remaining on the terminal branches of shrub skeletons
and has been shown to correlate with one measure of fire intensity (Moreno and
Oechel, 1989). Even though the mature, aboveground forms of some plant species
are killed, the belowground portions remain alive as lignotubers that resprout vig-
orously within a few weeks after the fire. In the first year after fire, massive num-
bers of seeds from fire-killed obligate seeding shrubs and fire-following annuals
are stimulated by fire cues to germinate in the postfire environment (Keeley,
1987, Keeley and Keeley, 1987). Obligate seeding shrubs are nonsprouting spe-
cies, like many Ceanothus and manzanita species, that require a fire cue for seed
germination. As long as fire arrives above the lower limit of the natural fire return
interval of 30-40 years, the severely burned postfire chaparral ecosystem is
extraordinarily resilient and vibrant (Figure 7.3).

The size of chaparral fires varies, but the seasonal occurrence of high winds,
usually from September through December at the end of California’s drought
period, nearly guarantees periodic large, high-intensity fire events across the
shrubland landscape. The historical, natural occurrence of such large crown
fires two to three times per century has been confirmed by multiple investigators
studying charcoal sediments (Mensing et al., 1999), tree rings of big-cone
Douglas-fir (Pseudotsuga macrocarpa) that occur in small populations on steep
slopes within the chaparral (Lombardo et al., 2009), and historic records
(Keeley and Zedler, 2009).

Large crown fires that have historically burned with high intensity charac-
terize all Mediterranean-type climate shrublands around the world (California,
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FIGURE 7.3 A large variety of chaparral plant species quickly resprout from underground ligno-
tubers after a fire. In addition, the germination of seeds of obligate seeding (non-respouting) shrubs
is stimulated by heat, charred wood, or smoke. Resprouting species shown include chamise
(Adenostoma fasciculatum; front right), two laurel sumac (Malosma laurina; center left), and three
mission manzanita (Xylococcus bicolor). Obligate seeding Ceanothus tomentosus seedlings are pic-
tured in the middle of the photo. Note the diameter of the burned stems. The lack of small twigs
indicates a high-severity fire (photo: R.W. Halsey).

central Chile, South Africa, southwestern Australia, and the Mediterranean
Basin) (Keeley, 2012). In particular, the likely scenario for chaparral-dominated
wildfires in California before human settlement was one of large, infrequent
fires (once or twice per century) that were ignited by lightning in forested areas
at higher elevations during the moderate summer monsoon period between
August and September. Remnants of the fire, such as smoldering logs, persisted
into the fall. When extreme weather variables coincided, for example, several
years of drought, low humidity, high temperature, and strong winds, the fire
would have reignited and rapidly spread. Fires stopped when they reached
the coast or when the weather changed. Today fires ignited at higher elevations
during monsoonal storms are extinguished, and at lower elevations fires are
vastly more frequent as a result of human-caused ignitions (Keeley, 2001).
Although counterintuitive, chaparral plant communities are much more resil-
ient to infrequent, high-intensity fires than they are to cooler, more frequent,
lower-intensity fires (Keeley et al., 2008). If chaparral does not have sufficient
time to replenish the soil seed bank, accumulate the biomass necessary to produce
fires hot enough to successfully germinate fire-cued seeds, or allow resprouting
species time to restore starch supplies in underground lignotubers, a cascading
series of events begins that can significantly change or completely eliminate
the plant community. If the fire return interval is less than 10 to 20 years, biodi-
versity is reduced and nonnative weeds and grasses typically invade, ultimately
type-converting native shrubland to nonnative grassland (Brooks et al., 2004).
Today the average fire rotation interval (time between fires) for wildlands in
southern California is 36 years, but this varies widely among different locations.
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Fire return intervals can vary from fires every few years in some locations to
fires every 100 years or more at others (Keeley et al., 1999).

7.3 FIRE MISCONCEPTIONS ARE PERVASIVE

In conflict with ecological facts is the presumption of the fire suppression paradigm
that large, high-intensity fires in chaparral are unnatural. Popularized versions of
the paradigm as characterized by public opinion, the press, and Congressional tes-
timony claim these fires are so hot that they destroy plant communities and leave
behind lifeless moonscapes that are prone to mudslides that occur because of
cooked soils. It is concluded that this is the direct result of twentieth-century fire
suppression that allowed the chaparral to become overgrown with dense shrubs,
creating massive amounts of fuel. Also, the fact that postfire recovery is so dramatic
has likely reinforced the false notion of a fire-adapted community that “needed”
fire to “rejuvenate” itself. These conclusions are clearly not supported by a plethora
of studies (reviewed in Keeley et al., 2012).

Following the logic of the fire suppression paradigm is that chaparral fires
should be allowed to burn without efforts to suppress them. In fact, some have
used the paradigm to support artificially igniting fires to the landscape. The real-
ity of the situation, however, makes such an approach both dangerous and eco-
logically damaging.

First, fire is suppressed for a reason: When near human communities it can
destroy property and kill people. No responsible fire manager is going to allow
a wildland fire to burn anywhere near a community. The much maligned US For-
est Service’s “10 a.m. policy,” whereby all possible resources are thrown at the
fire with the intention of suppressing it by 10 a.m. the next day, or the California
Department of Forestry and Fire Protection’s goal of keeping all fires confined
to less than 4 ha, are critical public safety policy objectives near homes. “We’re
protecting private lands and public lands where there’s many lives at stake and
homes at stake, [and] infrastructure,” Duane Shintaku, California Department
of Forestry and Fire Protection’s Deputy Director for Resource Protection said.
“...[Alnd you can’t tell someone ‘You know what? We’re just going to see what
would happen if we wait to see if it gets big.”” (Goldenstein, 2015).

Second, as we discuss later, too much fire—rather than not enough—is
threatening many native shrubland ecosystems. The overgeneralization and
misapplication of the fire suppression paradigm is the underlying cause of many
of the misconceptions about wildland fire in chaparral. Ironically, fire suppres-
sion often is criticized by the very agencies responsible for doing it and by
citizens who have been misled by the publicity supporting the fire suppression
paradigm, yet whose lives and property are being protected.

Confusing Fire Regimes

In forests, the idealized behavior of frequent, low-intensity fire caused by light-
ning has been characterized as the “good” kind of fire because it is considered
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controllable, typically burning 40 ha or less and only “pruning plants” rather
than “consuming” them (Sneed, 2008, Kaufmann et al., 2005; also see
Chapter 13). However, such a fire is physically impossible in vegetation with
the characteristics of chaparral (Figure 7.4).

Emblematic of the impact caused by the misapplication of the forest-centric
fire suppression paradigm is a statement made by the chair of the Santa Barbara
County Fish and Game Commission, who criticized a proposal to designate
chaparral as a protected, environmentally sensitive habitat (Giorgi, 2014):

Fire in our local ecosystems is one of the best ways to achieve the goal of good
biodiversity. The local Native Americans burned almost every year. Early Spanish
explorer records prove this to be true. There are many lightning-caused fires in
our area, but we routinely put them out, creating an unnatural condition of heavy,
dense fuel loading and harming our ecosystem in the process.

The chair’s statement would have been supportable if it had only referred to the
region’s few higher-elevation pine forests or the mixed-conifer forests on the
western slopes of the Sierra Nevada (see Chapters 1 and 2). Extending it to
the chaparral ecosystem that dominates the surrounding Los Padres National
Forest, however, is inappropriate. In addition, unlike high-elevation forests
where lightning is common, the south coastal region of southern California does
not experience sufficient lightning frequency to sustain the kind of fire imag-
ined by the board’s chair. In fact, the region has one of the lowest lightning fre-
quencies in North America (Keeley, 2002).

This information was provided to the Fish and Game Commission through
testimony before and during the hearing. The commission voted to reject the
proposal that chaparral be designated as a sensitive habitat.

Native American Burning

The burning of landscapes by Native Americans has become an integral part of
the fire suppression paradigm because it supports the practice of prescribed
burning to reduce fuel loads. While it is true Native Americans burned the
landscape along the central coast of California, there is strong evidence that
such burning led to the elimination of shrublands near population centers,
rather than maintaining them in a healthy condition (Keeley, 2002). The
assumption that anthropogenic burning is important to maintain healthy veg-
etation communities in North America is in conflict with the fact that these
communities existed as functioning ecosystems for millions of years before
human settlement.

The important point is that Native American burning practices were per-
formed to modify selected parts of the landscape in an artificial manner to
support a hunter-gatherer existence. We cannot afford to emulate this pattern
today. Most shrubland ecosystems already experience more fire than they
can tolerate (e.g., Keeley et al., 1999). In addition, Native Americans did not
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FIGURE 7.4 The 2007 Zaca Fire burned more than 97,200 ha in the Los Padres National Forest, the
third-largest recorded fire in California after the 1889 Santiago Canyon Fire and the 2003 Cedar Fire.
Although there are unburned patches within the perimeter (note vegetation strips at the lower right, along
the central ridge, and the unburned area to the left), wherever the flames burned, they did so at high
intensity/high severity. The fire burned over the entire scene shown in the photo (photo: R.W. Halsey).

need to be concerned with the spread of combustible, non-native weeds and
increased ignitions caused by millions of additional people on the landscape.
Some have also speculated that Native Americans used “controlled burning”
to prevent large wildfires (Anderson, 2006, SBCFWC, 2008). Evidence of
Native American burning shows it was for localized management within a
half-day’s walk from villages (Keeley, 2002), not that they were able to reduce
the severity and frequency of uncontrolled wildfires. There is little reason to
believe Native Americans could prevent the occurrence of large wildfires on
the broader landscape. Indeed, one ethnographic report describes a massive
wildfire in San Diego County before European contact that resulted in a signif-
icant migration of Native American residents to the desert (Odens, 1971).

Succession Rather Than Destruction

The notion that high-intensity fires “destroy” the natural environment is a com-
mon theme in media stories after nearly every wildland fire (see Chapter 13).
The concept is so pervasive it makes its way from public media to professional
reports for decision makers. For example, Los Angeles City Council staff
reported that the 2007 Griffith Park Fire “... caused significant damage to
the vegetation, destroying the majority of the mixed chaparral and mixed shrub
plant communities” (LACC, 2007).

As long a fire is within the parameters of the natural fire regime, a more
accurate view is that large, high-intensity fires are part of a natural successional
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process for chaparral. Interestingly, chaparral is “autosuccessional,” meaning
that after chaparral burns, chaparral returns (Hanes 1971). The first year or
two after a fire, ephemeral fire-following annuals and short-lived perennials
dominate but then begin to be replaced by shrub seedlings and resprouts.
The shrubs continue to grow and eventually re-form the chaparral canopy
within 10 to 15 years. This confounded early ecologists and foresters who were
trained in traditional ecology to value trees over shrubs. Their response during
the 1920s was to plant over a million conifers, a substantial share of which were
nonnative in the San Gabriel Mountains in Los Angeles County. Most were
soon killed by drought or eventually by fire, convincing most foresters that
chaparral, not forest, was the most sustainable plant community in the area
(Halsey, 2011).

Although postfire ecological succession stories do sometimes make the
news, they are generally overwhelmed by sensationalized reports of flames,
destruction, and blackened landscapes. As remarkable as the postfire chaparral
environment is—with hills covered with colorful wildflowers, resprouting
shrubs, and large clusters of seedlings emerging from the dark soil—the percep-
tion that the environment has been destroyed by fire remains a pervasive image.

Decadence, Productivity, and Old-Growth Chaparral

When discussing the impact of fire, one must take care not to fall into the trap of
anthropomorphizing a wild ecosystem like chaparral and thinking fire is needed
to “refresh” or “clean out” old, “decadent” or “senescent” growth (Hanes,
1971). These characterizations of older chaparral stands have not been sup-
ported by subsequent research (see, e.g., Moritz et al., 2004, Keeley, 1992).

Multiple studies have demonstrated the ability of old-growth chaparral,
nearly a century old or more, to maintain productive growth and recover with
high biodiversity after a fire (Hubbard, 1986, Keeley and Keeley, 1977,
Larigauderie et al., 1990). In fact, long fire-free periods are required for many
species to properly regenerate (Odion and Tyler, 2002, Odion and Davis, 2000,
Keeley, 1992).

With legacy manzanitas having waist-sized trunks, a rich flora of lichens
rarely found anywhere else (Lendemer et al., 2008), and a dense canopy form-
ing a protective watershed, old-growth chaparral provides an important habitat
for a wide array of species and valuable ecosystem services to surrounding
human communities. As such, old-growth chaparral represents a crucial com-
ponent in the preservation of California’s biodiversity (Keeley, 2000)
(Figure 7.5).

Sometimes, a trailside sign or textbook description of chaparral includes the
specter of “undisturbed climax chaparral” eventually becoming so thick that it
will either “choke itself,” “die out,” or be replaced by woodland (Ricciuti,
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FIGURE 7.5 Old-growth chaparral in San Diego County, California. A big-berry manzanita
(Artctostaphylos glauca) has wrapped itself around an Engelmann oak (Quercus engelmannii).
The manzanita is estimated to be over a century old (photo: R.W. Halsey).

1996). While trees will overtop and shade out chaparral in areas with higher
annual rainfall and richer soil conditions than exist in the vast majority of chap-
arral sites, the general belief that chaparral will eventually disappear because of
age is not supported by data (Keeley, 1992).

The imagined fate of old-growth chaparral illustrates the common genesis of
many misconceptions where anecdotal evidence has replaced scientific inves-
tigation—observations that may have merit in a limited, specific instance but
have been broadly misapplied to support a binary, black-and-white paradigm.
The remarkable nuances of nature as revealed by science are ignored.

Unfortunately, with increasing fire frequency, old-growth stands of chapar-
ral (in excess of 75 years old) are becoming increasingly rare (Knudsen, 2006).
And, while biodiversity does temporarily increase after a fire, because of the
germination of ephemeral fire-following species, there is no danger that this
biodiversity is threatened by long fire-return intervals. The soil seed bank
can likely remain viable for a significant amount of time. Shrublands burned
after approximately 150 years respond with a rich array of seedlings (Keeley
et al., 2005b) (Figure 7.6). Considering the number of human-caused ignitions,
there is no need to be concerned over the lack of fire. The flames will come.

Allelopathy

Another factor mentioned to support the notion that fire is “needed” in chaparral
is allelopathy, the theorized phenomenon of plants releasing chemicals to sup-
press the growth or germination of neighboring competitors. It was suggested
that such chemical inhibition explained the lack of plant growth under the can-
opy of mature chaparral stands in southern California (Muller et al., 1968).
When the chaparral burned, the theory suggested, flames denatured the toxic
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FIGURE7.6 A large number of fire-following annuals and short-lived perennials emerge from the
soil seed bank after a high-intensity chaparral fire. In addition, geophytes emerging from under-
ground tubers, like this brodiaea (Dichelostemma capitatum), are likely stimulated to flower by
additional sunlight provided by the removal of the chaparral canopy by fire (photo: R.W. Halsey).
(Tyler and Borchert (2007)).

substances in the soil, thereby releasing the seeds from inhibition and suggest-
ing the need for fire. One problem with this explanation is that the soil chemicals
suspected of suppressing growth actually increase after a fire (Christensen and
Muller, 1975).

The seeds of most chaparral plants are innately dormant before they make
contact with the ground because of their dependency on fire cue-stimulated ger-
mination. In addition, the presence of herbivores has been demonstrated to be a
major factor in eliminating seedlings that do germinate (Bartholomew, 1970).
Therefore, the lack of seedlings under the canopy and the postfire seedling
response in chaparral can be easily explained without considering chemical
inhibition (Halsey 2004). Despite the research, however, allelopathy in chapar-
ral is still presented as fact in college courses and texts (SBCC, 2002, George
et al., 2014).

Fire Suppression Myth

Quickly to follow most fire stories are attempts to explain why the fire happened
in the first place.“Fuel build-up,” as per the fire suppression paradigm, is invari-
ably blamed despite the science that has demonstrated otherwise.

In analyzing the California Statewide Fire History Database since 1910,
Keeley et al. (1999) concluded that for shrub-covered landscapes of southern
and central coastal California, “there is no evidence that fire suppression has
altered the natural stand replacing fire regime in the manner suggested by
others.” In fact, fire suppression in California’s Pacific south coast has played
an important role in protecting much of the chaparral from too much fire. The
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authors of a comprehensive summary of the literature about fires in the region
concluded the following (Keeley et al., 2009a):

The fire regime in this region is dominated by human caused ignitions, and fire
suppression has played a critical role in preventing the ever increasing anthropo-
genic ignitions from driving the system wildly outside the historical fire return
interval. Because the net result has been relatively little change in overall fire
regimes, there has not been fuel accumulation in excess of the historical range
of variability, and as a result, fuel accumulation or changes in fuel continuity
do not explain wildfire patterns.

Unfortunately, fire suppression in shrublands has not been completely success-
ful in protecting chaparral and sage scrub habitats from too much fire. Shrub-
lands in areas surrounding the San Diego, Los Angeles, and Santa Barbara
metropolitan areas have some of the most negative fire return interval depar-
tures in California, meaning they are experiencing more fire than they have his-
torically, threatening the chaparral’s resilience (Safford and Van de Water,
2014). The problem seems to be spreading north into the northern Santa Lucia
Range and may likely continue to spread as climate change and population
growth increase the potential for ignitions.

Too Much Fire Degrades Chaparral

Chaparral is highly resilient to periodic fire, within the natural range of variabil-
ity, and postfire communities are remarkable in their capacity to return to prefire
composition within a decade or so after fire, with the community assembly
finely balanced with resprouting and seeding species. Nevertheless, given
increases in fire frequency, this resiliency can be interrupted. “Type conver-
sion” is the term given to changes in vegetation type caused by changes in
the external environment, and one of the most common disturbances is accel-
erated fire frequency. When keystone, non-resprouting (obligate seeding) shrub
species, like most Ceanothus species, experience closely spaced fires, their
populations often are decimated and effect a type conversion to a less diverse,
resprouting-dominated chaparral (Zedler et al., 1983). Such stands become
more open and often are subsequently invaded by nonnative herbaceous spe-
cies. Fire return intervals of less than 6 years have been shown to be highly det-
rimental to the persistence of non-resprouting chaparral species (Jacobsen et al.,
2004); in fact, multiple fires within a 6-year interval have even reduced
resprouting species, further opening the chaparral environment (Haidinger
and Keeley, 1993).

That this type conversion has been an ongoing process since the arrival of
humans in California is apparent (Wells, 1962). The process is complex, depen-
dent on fire history, community composition, and site factors. The loss of shrub
cover and the invasion of combustible grasses creates a positive feedback
process (Keeley et al., 2005a) whereby the community assembly changes,
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further increasing fire frequency and causing further type conversion away from
the original stand composition. The speed of the type conversion process can be
increased dramatically by numerous variables such as drought, cool-season
fires (Knapp et al., 2009), livestock grazing, soil type, soil disturbance, and
mechanical clearance activities (Bentley, 1967).

During extended periods of drought, seedling success of obligate seeding
shrubs, like many Ceanothus species, is reduced after fire. In fact, excessive soil
temperatures resulting from drought-induced canopy reduction after adult die
back between fires has been shown to cause the premature germination of
Ceanothus megacarpus seedlings just before the seasonal drought period
(Burns et al., 2014). Seedling survival under such conditions is questionable,
and the process depletes the seed bank.

Record drought conditions after fire also increase the mortality of resprout-
ing chaparral shrubs like chamise (Adenostoma fasciculatum) and greenbark
(Ceanothus spinosus). Resprouting shrub species likely deplete their carbohy-
drate reserves during the resprouting process, making them particularly vulner-
able to drought because of the need to transpire water to acquire carbon dioxide
that is used to supply energy to a large, respiring root system (Pratt et al. 2014).
An additional fire within a 10-year window adds even more stress to resprouting
species.

That type conversions occur and that severe type conversion from evergreen
chaparral to alien-dominated grasslands has significantly altered the Californian
landscape in the past are beyond question (Wells, 1962, Keeley, 1990), but an
important issue is the extent of this contemporary threat. Talluto and Suding
(2008) found that, over a 76-year period, 49% of the sage scrub shrublands in
one southern California county had been replaced by annual grasses and that a
substantial amount of this could be attributed to fire frequency.

In recent years, southern California has experienced some rather extensive
reburns at anomalously short intervals (Keeley et al., 2009b), potentially setting
the stage for the disruption of natural ecosystem processes and type-converting
these shrublands to a mosaic of exotic and native species. This has already been
documented clearly for a number of sites (Keeley and Brennan, 2012), where
short-interval fires have extirpated some native species and greatly enhanced
alien species. As discussed above, within the four southern and central/coastal
national forests in California, most of the shrublands—the dominant plant
communities within these federal preserves—are threatened by excessive fire,
whereas the mountain forests of southern California have an overall fire deficit
(Figure 7.7).

Quantifying how much chaparral has been compromised or completely type
converted is a challenging research question because much of the damage likely
was accomplished before accurate records of plant cover were kept. Based on
interesting relic patches of chamise and historical testimony, Cooper (1922)
speculated that extensive areas of chaparral have been eliminated and converted
to grasslands, including the floor of the Santa Clara Valley, large portions of the
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FIGURE 7.7 Most chaparral in California is threatened by too much fire, as shown by the map’s
color variations representing the fire return interval departure (PFRID) percentages for national for-
est lands in California. Note the color differences between the southern California national forests,
which are dominated by chaparral (yellows), and the conifer-dominated forests in the Sierra Nevada
(blues). The warm colors identify areas where the current fire return interval is shorter than that
before European settlement (negative PFRID percentages). Cool colors represent current fire return
intervals that are longer than those before European settlement (positive PFRID percentages)
(photo: R.W. Halsey). (From Safford and Van de Water (2014)).

Sacramento and San Joaquin Valleys, and many of the grassy regions in the
Coast Ranges and the western Sierra foothills. Large areas along Interstate 5
in the Cajon Pass region, the foothills above San Bernardino, and the Chino
Hills south of Pomona also appear to be type-converted landscapes.

The focus on complete type conversion to grassland has led some to ignore the
beginning stages of the process: the simplification of habitat by the loss of bio-
diversity (Keeley, 2005). For example, in a comment letter on the draft 2010
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FIGURE 7.8 The impact of excessive fire on chaparral. The entire area shown was burned in 1970.
The middle/left area burned again in 2001 and is returning with a full complement of native chaparral
species. In the right portion, which burned again in 2003, obligate seeding species are absent, the num-
ber of resprouting species has been reduced, and nonnative weeds have invaded. The interval between
the last two fires was too short, causing a dramatic reduction in biodiversity and leading to type con-
version. The location pictured is near Alpine, San Diego County, California (photo: R.W. Halsey).

California Fire Plan, San Diego County claimed that chaparral burned in both the
2003 and 2007 wildland fires “remained chaparral and is recovering” (Steinhoff,
2010). In fact, much of the chaparral in question was not recovering well at all
because of the loss of several keystone shrub species, and it was showing signif-
icant invasion by nonnative grasses (Keeley and Brennan, 2012) (Figure 7.8).

Meng et al. (2014) recently raised some skepticism about the ability of
repeat fire to effect type conversion by pointing out the difficulty early
twentieth-century range managers experienced when using fire to “improve”
ranges that were supposedly plagued by chaparral. These managers typically
relied on herbicides and mechanical destruction for thorough replacement of
shrubs to create more useful grazing lands. As pointed out by Keeley and
Brennan (2012), however, managers utilize fire only under narrow prescription
conditions, which are generally not capable of carrying repeat fires at short fire
return intervals—hence their difficulty in meeting their objective. By contrast,
wildfires typically burn outside prescription, often with 100 km/h (about
60 mile/h) wind gusts and relative humidity less than 5%.

Using remote sensing, Meng et al. (2014) attempted to answer the question
of how extensive type conversion is caused by repeat fires occurring in the past
decade. While the technique cannot address changes in diversity and species
composition that are known to occur with short-interval fires, it has some poten-
tial for viewing more gross changes in functional types such as shrubs and
annual plants. Although these authors concluded that widespread type conver-
sion is not an immediate threat in southern California, this conclusion deserves
closer scrutiny because documenting fire-related vegetation change across large
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landscapes over just a 25-year period using remote sensing is fraught with
potential errors and cannot serve as an effective proxy for field data.

One reason for error is that numerous spatially and temporally different
human and biophysical factors can influence the process of postfire recovery;
these factors should be controlled for before attribution can be determined. In
the paper by Meng et al. (2014), the control and overlap areas were located on
somewhat adjacent, but very different, parts of the landscape that varied by fac-
tors such as aspect, terrain, or soil type. The areas also could have experienced
different landscape disturbance histories. This is especially possible given the
topographic complexity of the region and researchers’ use of the California’s
Fire Resource and Assessment Program’s Fire History Database (FRAP) for
discerning precise stand ages. This database is broadly useful for management
planning but must be used carefully in a research context. For example, Keeley
et al. (2008) found that across 250 sites the FRAP database did not accurately
portray stand age (as determined by ring counts) for 47% of the sites, presum-
ably because of the scale at which fires are mapped and by generally ignoring
fires less than 40 ha.

Another concern is that the method of documenting vegetation change used
by Meng et al. (2014) may not be sensitive enough to resolve gradual shifts in
composition that would likely occur after only one repeat fire event. They used a
vegetation index derived from imagery sensed remotely from a satellite as a
way of assessing vegetation “cover,” or the “greenness,” of each 30-m image
pixel. Because different pigments are stimulated by different parts of the light
spectrum, this index essentially assesses chlorophyll content, which is corre-
lated with biomass and assumed to represent the relative cover of evergreen
shrubs. It does not, however, account for differences among chaparral species,
whose composition in the plots was unknown. In addition, different species of
chaparral have varying sensitivities to repeat fires, and thus multiple repeat fires
of differing intervals might be required to discern enough vegetation change to
be detected by this index.

Given that vegetation change is likely a gradual, cumulative process, the
results reported by Meng et al. (2014) are actually consistent with a potential
for widespread chaparral conversion—contrary to their conclusions. Over half
of the area that burned twice in their study did have lower cover, as defined by
the index, than the control area. Given enough fire on the landscape over a long
enough period of time, gradual shifts may result in significant change and
impact.

Type Conversion and Prescribed Fire

Unfortunately, the priorities of land management agencies have led some to
deny the existence of chaparral type conversion. For example, in the same com-
ment letter mentioned above, San Diego County wrote that it “strongly
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disagreed” with the draft 2010 California Fire Plan because it contained the fol-
lowing statement:

... fires have been too frequent in many shrublands, especially those of southern
California, which are then at risk of type conversion from native species to inva-
sives that can pose a fire threat every fire season.

The county explained that recognizing the threat of chaparral type conversion in
the Fire Plan would impact its ability to obtain funding to carry out vegetation
clearance activities.

Prescribed burning—one of the clearance activities that San Diego County
was hoping to conduct—has been shown to seriously compromise chaparral
plant communities. In a study that simulated the effect of frequent fire on south-
ern California coastal shrublands, Syphard et al. (2006) concluded that, “Due to
this potential for vegetation change, caution is advised against the widespread
use of prescribed fire in the region.”

One of the problems with prescribed burning in chaparral is that there is a
narrow window when such burns can occur: in the cool season (late spring).
Plants have too much moisture in their tissues in the winter and early spring
months to carry a fire. In the summer and fall, the risk of wildfire is too high
because of low moisture levels and weather conditions. As a consequence, pre-
scribed burns are conducted when the chaparral ecosystem is most vulnerable.
The plants are growing, the soil is still moist, many animal species are breeding,
and some birds are occupying the chaparral during their annual migrations.
Thus significant ecological damage can occur as a result of a prescribed burn
(Knapp et al., 2009).

The exact mechanisms are not clearly understood, but cool-season burns
likely cause significant damage to plant growth tissues and destroy seeds in
the soil as soil moisture turns into steam. A prescribed burn conducted in the
1990s in Pinnacles National Park, California, led to immediate type conversion
of chaparral to nonnative grassland (Keeley, 2006). An escaped prescribed
burn in 2013 consumed more than 1090 ha of fragile desert habitat in San Felipe
Valley, California, much of which was chaparral that was recovering from a fire
11 years before. The fire seriously compromised one of the last old-growth
desert chaparral stands in the region (CCI, 2013) (Figure 7.9).

Combustible Resins and Hydrophobia

There is no question that the loss of vegetation after a fire exposes more soil sur-
face and increases the kinetic force of precipitation on the soil, which can increase
the flow of water on the surface. The result can be significant erosion, flash flood-
ing, and large debris flows. However, a factor that seems to get more attention
than its proven influence justifies is water repellency, or “hydrophobic soils.”
The observation that heat during a fire can change or intensify the water
repellency of soil depending on temperature and other factors has been studied
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FIGURE 7.9 Photo shows an escaped, 40 ha prescribed fire in the San Felipe Valley Wildlife
Area, San Diego County, California, that ultimately burned more than 1000 ha, most of which
was 11-year-old desert chaparral. Considering the ecological fragility of the area because of its
age and the multiple fires that have burned much of the valley over the previous decade, there likely
will be a significant reduction of biodiversity in the region (photo: R.W. Halsey).

extensively (DeBano, 1981, Hubbert et al., 2006) and was first identified after
chaparral fires. The hydrophobic soils theory suggests that because of the gas
released by burning plants and soil litter, hot fires create an impermeable
“waxy layer” a few inches below the surface. According to popular accounts,
this layer then prevents water from permeating the ground, causing large
chunks of topsoil to break loose during rain storms and slide down the hill
(LAT, 2014). Warnings about the hazards of such waterproof layers are com-
monly raised by the media after fires.

However, the actual impact hydrophobic soils have on erosion is question-
able. Contrary to the impression often left by popular accounts, water repellency
is not like a layer of plastic wrap under the surface; instead it is quite patchy and
transient, abating once soils are wetted. Water repellency is also a natural con-
dition of many unburned soils. In fact, high-severity fires have been found to
destroy repellency (Doerr et al., 2006). In a review of the literature, Busse
et al. (2014) concluded the following:

Most studies have only inferred a causal link between water repellency and ero-
sion, and have failed to isolate the erosional impacts of water repellency from the
confounding effects of losses in vegetation cover, litter cover, or soil aggregate
stability.

Unfortunately, the theorized role hydrophobic soils play in erosion has been
repeated so many times that it has taken on the power of myth and is used to
justify questionable, and sometimes expensive, land management decisions.
The chaparral has been especially targeted for blame.
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FIGURE 7.10 Postfire treatments in chaparral are costly and often of questionable value. Strips of
mulch were dropped by aircraft on the side of the Viejas Mountain in San Diego County after the
2003 Cedar Fire (photo: R.W. Halsey).

To justify the clearance of native chaparral habitat, the Arizona Game and
Fish Department claimed that ... catastrophic wildfire in the chaparral type
can burn intensely enough to create hydrophobic soils, reducing soil productiv-
ity, increasing erosion, and causing severe downstream flooding” (AGFD,
2007). The City of Los Angeles spent $2 million to spread mulch after the
2007 Griffith Park Fire in part because “. .. chaparral vegetation has a natural
tendency to develop water repellent or hydrophobic soils due to their natural
high wax content. As a result, burned watersheds generally respond to runoff
faster than unburned watersheds. ..” (LACC, 2007).

More than $1.25 million was spent laying down strips of mulch on Viejas
Mountain in San Diego County after the 113,473 ha, high-intensity 2003 Cedar
Fire, ostensibly to control erosion (Figure 7.10). However, Viejas Mountain is
composed of gabbro-type soils that are not typically prone to extensive erosion
(Halsey, 2008). Hydrophobic soils also have been used to justify postfire
“salvage” logging after the 2013 Rim Fire in the Stanislaus National Forest
(USFS, 2013).

7.4 REDUCING COGNITIVE DISSONANCE

Despite clear research that disproves many of the commonly held misconcep-
tions about fire in chaparral that are fostered by the fire suppression paradigm,
misconceptions persist. Many have found their way into land management plans
that advocate landscape-scale “fuel treatments” or vegetation management pro-
jects for the stated purpose of “returning” California’s chaparral ecosystem to a
more “natural” and supposedly less dangerous fire regime. How the media, pol-
icymakers, and managers have responded to the cognitive dissonance that
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occurs when their assumptions about fire are challenged by science provides
insight into the difficulties encountered when new ideas confront embedded
paradigms.

Festinger (1957) suggested there are several ways an individual can reduce
the tension caused by facts or ideas that conflict with their own opinions. Indi-
viduals can respond with cognitive competence by accepting the new data point
or idea and change their opinions accordingly. Alternatively, individuals can
respond incompetently by rejecting the new data point or idea either by ignoring
or denying it or by justifying their opinion with new information or beliefs,
occasionally using logical fallacies in the process.

For example, as mentioned earlier, when the chair of the Santa Barbara
County Fish and Game Commission cited Native American burning as an argu-
ment for why we should not suppress fires in chaparral, he was using the com-
mon logical fallacy of appealing to antiquity. Such an appeal assumes older
ideas or practices are better than newer ones because they have been around
for a long time.

Local Agency

In an attempt to alter the natural fire regime, San Diego County tried to establish a
chaparral clearance program that targeted more than 780 square kilometers of
back country habitat with “prescribed fire, mechanical or biochemical fuel treat-
ments” (SDCBS, 2009). This effort was based on a report issued earlier by the
county. In misapplying the fire suppression paradigm to native shrublands, the
report claimed that, “A fire regime of smaller, more frequent fires was being
replaced by one of fewer, larger, and more intense fires” because of an unnatural
density of “fuel” as a result of past fire suppression (SDCBS, 2003).

Despite volumes of data submitted by reviewing scientists over a period of
more than 4 years indicating the county was basing its policies on incorrect
assumptions, the county’s Planning and Land Use Department repeatedly
issued new drafts of its vegetation management plan without correcting the
errors (Halsey, 2012).

In a comment letter by the Conservation Biology Institute, scientists wrote
(Spencer, 2009):

Although this fourth draft is an improvement over previous drafts, it reflects par-
tial and piece-meal updating based on various submitted comments and the work-
shop discussions rather than the comprehensive re-write that is necessary. This
results in the report being internally inconsistent, confusing, and often self-
contradictory. Moreover, despite scientific facts and logic presented to the county
by numerous individuals, the report continues to perpetuate disproved myths
about fires and fire management in southern California.

In addition to ignoring information contrary to its position, the county misinter-
preted the science in a manner that justified its viewpoint. One of the scientists
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whose work was the subject of the county’s misinterpretations in the 2003
report wrote:

We were disturbed by the way our research findings were completely mischarac-
terized in this report on page 8. Not only are the specific statements about our
findings completely false, but also, more generally, our research does not support
the claims and recommendations of this section of the report.

Schoenberg and Peng (2004).

The San Diego County Board of Supervisors eventually adopted a final vege-
tation management plan in 2009, with most of the inaccurate information
removed but with some of the questionable ecological assumptions about chap-
arral remaining. Within a month of the plan’s adoption, the county attempted to
implement the report’s first clearance project without conducting the appropri-
ate environmental review as required by the California Environmental Quality
Act. The county claimed an “emergency exemption.”

However, the California Chaparral Institute (CCI), an environmental non-
profit organization based in San Diego County, successfully challenged the pro-
ject in court. The court rejected the county’s position that a 3- to 4-year,
$7 million vegetation management project was a “short-term project” addres-
sing an immediate, emergency occurrence. In an attempt to influence the judge,
county counsel used the logical fallacy of appealing to emotion by warning of
death and destruction during future fires if the court ruled against the county.
Since the hearing was considering a point of law, not evaluating emotional
pleas, the judge was not swayed. The court ordered the county to follow the
proper procedures under the law.

The county ultimately produced a full environmental impact report (EIR) on
the project after being challenged again by CCI when it attempted to avoid the
review process a final time through a negative declaration. The EIR was certi-
fied and the county completed the initial site-specific clearance project in 2012.
The county later dropped the larger regional effort that had been so severely
criticized.

State Agency

The California Board of Forestry and Fire Protection proposed in 2012 a state-
wide Vegetation Treatment Plan (VTP) that targeted more than one-third of the
state for potential vegetation clearance operations. The VTP stated that large-
scale wildland treatments should focus on areas “. .. up to the watershed scale,
or even greater, that are treated to reduce highly flammable or dense fuels,
including live brushy plants in some vegetation types (such as chaparral), a
buildup of decadent herbaceous vegetation or, dead woody vegetation.” One
of the rationales for the VTP was that “[p]ast land and fire management prac-
tices (fire suppression) have had the effect of increasing the intensity, rate of
spread, as well as the annual acreage burned on these lands” (CSBF, 2012).
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As with the San Diego County example, there is no scientific support for this
conclusion in chaparral, where most of California’s largest wildland fires occur.
Commenting on the VTP’s stated intent to “reintroduce fire into (natural) com-
munities where fire has been excluded through past fire suppression efforts,” the
California Department of Fish and Wildlife (CDFW, 2013) wrote the following:

There is substantial evidence that the frequency of fires continues to increase in
coastal southern California (USDI NPS, 2004; Keeley et al., 1999). Fire manage-
ment of California’ s shrublands has been heavily influenced by policies designed for
coniferous forests; however, fire suppression has not effectively excluded fire from
chaparral and coastal sage scrub landscapes and catastrophic wildfires are not the
result of unnatural fuel accumulations (Keeley, 2002). There is also considerable
evidence that high fire frequency is a very real threat to native shrublands in south-
ern California, sometimes leading to loss of species when fire return intervals are
shorter than the time required to reach reproductive maturity (Keeley, 2002).

In contrast to San Diego County’s reluctance to accept new scientific research,
the state responded with cognitive competence. After the state board received
criticism from fire scientists that the VTP did not reflect the most current
research, the California State Legislature asked the California Fire Science
Consortium, an independent network of fire scientists and managers, to review
the proposal. The Consortium recommended that the VTP “undergo major
revision if it is to be a contemporary, science-based document” (CFSC,
2014). The board then began the process of rewriting the document in 2014,
with assurances they would be modifying their plan by incorporating the
new information and offering opportunities for the original reviewers to provide
input on the developing draft.

Media

The popular media poses a particular problem because reporters often do not spe-
cialize in one topic long enough to become familiar with contrary data that ques-
tion prevailing paradigms. When confronted with new information, however, the
media outlet has several options. It can provide time or space for an editorial
response, publish another story on the subject, or make a concerted effort to incor-
porate the new information into its editing process for future stories.

For example, significant cognitive competence has been demonstrated by
one of California’s most influential newspapers, the Los Angeles Times. The
paper has become familiar with the science and has helped its readers under-
stand that too much fire is threatening the chaparral (LAT, 2009), recommended
the California Board of Forestry withdraw its original vegetation management
plan and produce a new one using the best available science (LAT, 2013), and
commonly describes the state’s characteristic ecosystem as chaparral rather
than using the older, pejorative term “brush.”
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A San Francisco Bay-area publication, on the other hand, provides an exam-
ple of how older, inaccurate information was allowed to persist. In an article
about fires in the chaparral-dominated Ventana Wilderness area of the
Los Padres National Forest, Rowntree (2009) wrote:

Because of fire suppression policies and strategies put into place in 1907, fires
became relatively infrequent. But when fires happened, and Marble Cone is a
prime example, the immense accumulated fuel led to hotter, more intense fires
compared to those associated with a more natural fire regime.

There is no scientific evidence to support the claim that chaparral fires are burn-
ing hotter or more intensely than they have historically. The Marble Cone Fire
cited in the article burned approximately 72,000 ha in 1997. In 1906, however,
before the fire suppression era was said to have begun, approximately 60,700 ha
burned with equal intensity in the same area. Other large, intense fires in the
region were recorded even earlier (J. Keeley, unpublished data).

In southern California, the 2003 Cedar Fire in San Diego County, which
burned 113,473 ha, is often referred to as California’s largest fire. But in 1889,
the Santiago Canyon Fire burned an estimated 125,000 ha (and possibly as much
as 200,000 ha, depending on the estimates used) in San Diego, Orange, and
Riverside Counties (Keeley and Zedler, 2009). Although the capacity for large
fires has not changed, the number of people and homes in the way of the flames
certainly has increased. Over the past century, high-intensity chaparral-related
wildfires have continued to be some of the largest and most devastating confla-
grations in the United States in terms of property and lives lost (Halsey, 2008).

The author of the aforementioned article on the Marble Cone Fire reinforced
the misconception that large, high-intensity fires are unnaturally destructive
because they roar across the landscape, “destroying oak, madrone, chamise,
manzanita, and all other shrubs and trees in its path.” The impression made
was that if the Marble Cone Fire had been natural, it would have been a
low-intensity surface fire that “smolders as it slowly works its way through
grasslands and chaparral.” The presumed destructive nature of hydrophobic soil
also was cited in the article as being responsible for creating “the slippery foun-
dation for the mud-flows that caused havoc on Highway 1....”

After receiving a critique from the CCI citing the errors, the publisher decided,
after consulting with the author, that the article was accurate and stood by its per-
spective. Although a website-based opportunity was offered for a short critique of
the story, the publisher rejected publishing a follow-up article or comment letter
because there was not enough room in the magazine for an additional discussion
of an issue as complex as fire (D. Loeb, personal correspondence, 2010).

7.5 PARADIGM CHANGE REVISITED

In his seminal work on the structure of scientific revolutions, Thomas Kuhn
(1962) wrote “. . .the proponents of competing paradigms practice their trades
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in different worlds.” For the proponents of the fire suppression paradigm, wild-
fire is primarily a fuel-driven event. Thus controlling fuels controls fires, as the
thinking goes, and native vegetation is viewed not as habitat but rather merely as
unwanted fuel.

Alternatively, an increasingly common paradigm shift is framing wildfire in
context of the entire environment, whereby other variables such as weather can
play more important roles than fuel and whereby vegetation is viewed as wild-
life habitat. The first paradigm is embedded in a controllable world where
nature can be tamed, whereas in the second one, nature will ultimately defeat
control. One sees nature as fuel; the other sees nature as providing important
habitat in both its pre- and postburned conditions (also discussed in the Preface
and Chapters 1-6 and 13). One focuses on manipulating wildlands to control
wildfire, the other on community retrofits and planning to make them more
fire-safe (Penman et al., 2014). As Kuhn explains, the two groups:

... see different things when they look from the same point in the same direction.
Again, that is not to say that they can see anything they please. Both are looking at
the world, and what they look at has not changed. But in some areas they see dif-
ferent things, and they see them in different relations one to the other. That is why a
law that cannot even be demonstrated to one group of scientists may occasionally
seem intuitively obvious to another.

The feeling one may have during an argument that the other party is operating in
another universe can in fact be an accurate description of what is happening.

Although other drivers of fire behavior are sometimes acknowledged, the
practical implementation of policies resulting from the fire suppression para-
digm is an exclusive focus on fuels (wildland vegetation). In this view, any fuel
is too much fuel. Such a viewpoint was offered by a timber industry advocate
during congressional testimony after the 2003 chaparral-dominated wildfires in
southern California (Bonnicksen, 2003):

Some people believe that horrific brushland fires are wind-driven events. They are
wrong. Science and nearly a century of professional experience shows that they
are fuel driven events. Wind contributes to the intensity of a fire, but no fire
can burn without adequate fuel, no matter how strong the wind.

Besides the logical fallacy of appealing to unnamed authorities, this argument
sets up the classic straw man fallacy. By misrepresenting the science that chal-
lenges the fuel-centric position and then refuting it, the congressional witness
concludes that the science itself has been refuted. This is a fallacy because the
science that is claimed to be refuted is actually being misrepresented.

Clearly, fire needs fuel to burn. Excepting extreme situations, all terrestrial
environments have some kind of fuel, be it grass, shrubs, trees, or houses; all
can provide adequate fuel for a fire under the right conditions. The science that
challenges the fire suppression paradigm does not hold that fire can burn
without fuel.
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As the ~365,000 ha East Amarillo Complex grassland fire in Texas demon-
strated in 2006, fine, grassy fuels also can also cause horrific fires. Twelve peo-
ple died and 89 structures were destroyed in a fire that moved 72 km in just 9 h
and had flame lengths >3.5 m (Zane et al., 2006).

While fuel reduction projects can help fire suppression efforts and reduce
fire intensity, they have been shown to be ineffective when it matters most: dur-
ing extreme fire weather. During such conditions, the fire is not controllable
because it will burn through, over, or around fuel treatments (Keeley et al.,
2004, Keeley et al., 2009b). Many fuel breaks never intersect fires, but those
that do nearly always require the presence of a fire crew to be effective, dem-
onstrating the importance of a fuel break’s strategic location (Syphard et al.,
2011). An extensive study of chaparral fires throughout central and southern
California showed that there is not a strong relationship between fuel age
and fire probabilities (Moritz et al., 2004). Even in fuels-reduced forests, burn-
ing under extreme weather conditions can produce large areas of high-severity
fire (Lydersen et al., 2014). Extensive fuel treatments in a forest can also fail to
prevent extensive damage to a community, such as Lake Arrowhead during the
2008 Grass Valley Fire, if the structures themselves are not fire-safe (Rogers
et al., 2008).

Paradigms have a challenging intellectual duality because not only can they
guide productive research, they can also blind. Proponents of an older paradigm
can ignore overwhelming, contrary evidence or force it to fit their model. As
Thomas Chamberlin (1890) wrote in his paper concerning the value of multiple
working hypotheses, “There is an unconscious selection and magnifying of the
phenomena that fall into harmony with the theory and support it, and an uncon-
scious neglect of those that fail of coincidence.”

In addition to the force of paradigm, financial pressure can be involved in
propelling an idea beyond its proven effective value. When the 2003 Healthy
Forests Restoration Act was passed by Congress, a significant source of money
was made available for fuel treatments on public and private land. Shortly after
the passing of the act, a US Forest Service supervisor summit was held in
Nebraska, where forest supervisors were asked to sign a pledge to meet their
forests’ hazardous fuel targets. A clear signal was being sent from Washington,
DC, that clearing vegetation was going to be a primary goal. The act codified the
fire suppression paradigm and encouraged the perspective of habitat as hazard-
ous fuel, regardless of the natural fire regime.

Don G. Despain, one of the original scientists who advocated allowing
fire to perform its natural role in ecosystems, met with other wildland fire pio-
neers like Les Gunzel, Robert Mutch, and Bruce Kilgore in Missoula,
Montana, in 1972 to discuss ways they could change how fire was viewed.
“We were a pretty lonely bunch back then,” Don explained in a 2006 interview
(D. Despain, personal communication). But as time went on and attitudes
about fire began to shift, Don began to notice that the impact of past fire
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suppression was being taken too far. Alternative variables that may have influ-
enced fire behavior in the West were being ignored. “So many assumptions
about fire were being made that had never been observed,” Don said. “I came
to think I was the only person to watch a fire actually burn. People need to get
out and observe and apply natural curiosity with what is going on instead of
running to the legislature.”

7.6 CONCLUSION: MAKING THE PARADIGM SHIFT

In the 1990s the predominate view of chaparral within region 5 (California,
mostly) of the US Forest Service was that the ecosystem represented primarily
fuel, needed more fire, and that large chaparral wildfires were a direct product
of twentieth-century fire suppression. Although there are Forest Service
managers who still hold these views, the agency has demonstrated cognitive
competence by accepting new information, rejecting the fire suppression para-
digm as it had been applied to chaparral, and adjusting its official policies
accordingly.

The shift began in 2000, after three papers that seriously questioned the pre-
vailing views were published (Keeley et al., 1999, Mensing et al., 1999, Zedler
and Seiger, 2000). These papers stimulated a significant volume of research,
confirming that the fire suppression paradigm was not applicable to California’s
chaparral ecosystem.

John Tiszler (2000) wrote a white paper questioning the use of prescribed
fire in the chaparral-dominated Santa Monica Mountains National Recreation
Area (SMMNRA) within the National Park system. After the 2000 Cerro
Grande Fire in Colorado, the National Park Service established a moratorium
on prescribed fire and began a reexamination of its parks’ fire management pol-
icies. New fire ecologists reexamined the SMMNRA'’s approach to fire and
rejected the fire suppression paradigm. By 2005, a new fire management plan
was formalized for the park (SMMNRA, 2005). The new approach is summa-
rized on the park’s website (SMMNRA, 2015):

In the last forty years fire managers have promoted the idea that prescribed fire
is necessary to protect ecosystems and communities by restoring fire’s natural
role in the environment to thin forest stands and to reduce hazardous fuels. This
is true for western forests where the natural fire regime was frequent, low inten-
sity surface fires started by lightning ... However, this is not true for the shrub-
land dominated ecosystems of southern California and the Santa Monica
Mountains.

After the 2003 Cedar Fire in San Diego County, California, the California
Chaparral Institute was established for the purpose of protecting and raising
awareness about the value of native shrublands. Through publications, public
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outreach, and occasional legal challenges, the organization helped to commu-
nicate the new science to both the public and government agencies.

By 2013, the paradigm shift occurred and the US Forest Service published a
guiding document that redefined their view of chaparral and recognized how
excessive fires were threatening the ecosystem (USES, 2013):

There is an additional crisis taking place in our Southern California Forests as
an unprecedented number of human-caused fires have increased fire frequency to
the extent that fire-adapted chaparral can no longer survive and is being
replaced with non-native annual grasses at an alarming rate ... Only an envi-
ronmental restoration program of unprecedented scale can alter the direction of
current trends.

On June 18, 2013, during an important US Forest Service symposium at the
headquarters of the Angeles National Forest, Martin Dumpis, the coordinator
for a new Forest Service initiative focusing on the protection and restoration
of chaparral, summarized the new approach well. Standing at the podium
and speaking with his characteristically disarming midwestern accent, he said,
“Chaparral should be seen as a natural resource, rather than a fire hazard.”

We still have a long way to go for a complete paradigm shift—from one that
views mature chaparral as no more than an unnatural fuel load to one that rec-
ognizes expansive, contiguous stands of old-growth chaparral as natural and
valuable. However, we are seeing the process of change accelerate. We believe
that the recent forward progress with which the shift is occurring is not only the
result of solid, compelling science but also constructive citizen involvement,
persistence, and especially relationships based on trust and respect. While
comment letters and lawsuits can speed up the process, we have found that rela-
tionships fuel change in the most productive, lasting way.

For example, when CCI won its lawsuit against San Diego County, its
efforts to expand its educational programs were stymied by informal resistance
from bureaucrats whose vegetation treatment programs were curtailed (Halsey,
2012). However, relationships developed through volunteer work, professional
interactions, and sincere efforts to collaborate by environmental organizations
like CCI and the Endangered Habitat League persisted and ultimately outlasted
the resistance. The lawsuit was critical in protecting habitat, but it was relation-
ships that implemented successful solutions. Such relationships also likely
shaped legislative action on defensible space regulations and vegetation treat-
ment programs, Forest Service policy shifts concerning chaparral, and the suc-
cessful implementation of new public outreach efforts involving wildland
preserves in San Diego County.

We have learned that, in the long run, science, involvement, and relationship
building are all vital to ensure that the policies affecting our lives are based on
the latest facts from paradigm shifts, rather than from unproductive responses to
cognitive dissonance.
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