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Abstract
Of the countless fires that burned across California ecosystems during the record-breaking and destructive 2020
fire season, the Woodward Fire, which burned nearly 5,000 acres of Point Reyes National Seashore wilderness
lands, stands out as one instance in which the return of fire as an ecological process to this landscape may
promote positive outcomes. Here we present the ecological narrative of the Woodward Fire as an opportunity to
investigate the effects of mixed-severity fire burning across a mosaic of diverse California coastal habitat types
with a complex fire history. Early observations indicate that the Woodward Fire may yield net positive ecological
effects across the burn area beyond just reduction of surface fuels, such as increased heterogeneity across the
landscape, shifts in vegetation types, and possible appearance of rare fire-following species.
Introduction
In the western United States, wildfires are becoming
more extreme due to anthropogenic climate
change (Abatzoglou and Williams 2016; Holden et
al. 2018; Goss et al. 2020). In California, the 2020
fire season doubled previous records in terms of
acreage (California Department of Forestry and
Fire Protection 2020), creating 111.7 million metric
tons of carbon emissions (preliminary estimate
from California Air Resources Board, 2020). As fires
roared through parched vegetation, fire-fighting
resources were stretched thin both in California
and nationwide. Suppression costs alone were

over $1 billion, and this figure does not capture the
immeasurable damages to affected communities
and ecosystems (California Department of Forestry
and Fire Protection 2020; National Interagency Fire
Center 2020).
The numerous fires that burned throughout Cali
fornia in 2020 occurred in many different ecological
contexts and varied greatly in scale and severity. The
Creek Fire, which burned close to 400,000 acres
on the Sierra National Forest, was devastating in
both its ecological and human impact, displaying
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unprecedented rates of spread as it burned through
forests severely affected by the 2011–2016 drought.
The Castle Fire, which burned more than 150,000
acres on and around the Sequoia National Forest,
killed hundreds of giant sequoias. The CZU Complex
Fire burned through Big Basin State Park, destroying
historic structures and severely impacting old-growth
redwood groves.
The Woodward Fire, which burned close to 5,000
acres in Point Reyes National Seashore, presents a
contrasting case to these destructive fires in that
the ecological benefits may outweigh the costs. The
Woodward Fire burned with mixed severity across
a matrix of coastal habitat types that have seldom
burned in recent decades but are largely fire tolerant
or fire adapted. The result of the return of fire as
an ecological process to the Point Reyes landscape
could be a mosaic of vegetation communities more
heterogenous, resilient, and diverse than before.

Setting the stage for the Woodward Fire: Point
Reyes ecology and fire regimes, then and now
Point Reyes National Seashore is located on the
Point Reyes Peninsula of Northern California,
where its more than 86,000 acres of wild coastal
beaches, headlands, bays, estuaries, and uplands
host an incredible diversity of native plant and
animal species, including high levels of endemic,
rare, and special status species (Myers et al. 2000;
Kraft et al. 2010; Burge et al. 2016). Predominant
upland vegetation types on the Point Reyes Peninsula
include coastal scrub, maritime chaparral, coastal
prairie, bishop pine forest, and Douglas-fir forest.
Due to highly varied topography, geology, and
hydrology, as well as disturbance history, the pattern
of these different vegetation communities across
the landscape is a mosaic of habitat types with high
levels of heterogeneity over short distances and at
small spatial scales (Steers et al. 2008; Wrubel and
Parker 2018). Similarly, these vegetation types are
temporally variable, with type changes of vegetation
communities documented following disturbance
from fire (Forrestel et al. 2011). The climate can
be characterized as Mediterranean with cool, wet
winters and dry, but often foggy, summers. There is
a brief season in the late summer and fall when fuels
are drier and more receptive to fire. Lightning is rare
in coastal California, so few natural ignitions occur
(van Wagtendonk and Cayan 2008).

The fire history of Point Reyes―and likewise its role
in shaping the ecology of the region―is extremely
complex. There is extensive evidence that Native
Americans throughout California used fire to manage
vegetation. Groups living in areas characterized by
mixed grassland and scrub vegetation used fire on an
annual basis to improve seed harvests and to control
scrub encroachment into grasslands (Menzies 1924;
Stewart 1951; Clar 1957; Lewis 1973; Keeley 2002).
Early Mexican and European ranchers continued the
practice of burning, but as development expanded
and land-use strategies shifted in the early to middle
20th century, these frequent surface fires ceased
almost entirely (Sugnet and Martin 1984; Brown,
Kaye, and Buckley 1999). Fires in the modern era
have been less frequent, with large fires occurring on
different locations on the peninsula or surrounding
areas in 1906, 1927, 1945, and 1995 (Sugnet and
Martin 1984; Forrestel et al. 2011). The 1995 Vision
Fire was the most recent large fire in Marin County
and burned through more than 12,000 acres of Point
Reyes National Seashore and destroyed 48 structures
on Inverness Ridge (National Park Service 2005).
Approximately 2,000 acres that burned in the Vision
Fire reburned in the Woodward Fire.
The predominant upland vegetation types on the
Point Reyes Peninsula range in their fire ecology
from fire dependent to fire sensitive. Both bishop
pine forests and maritime chaparral species exhibit
fire-dependent traits. Bishop pine, which covers
5,588 acres on the Point Reyes Peninsula, primarily
along the northern portion of the Inverness Ridge
and in the footprint of the Vision Fire, is a firedependent, serotinous species. Cones are produced
each year, but remain closed until they are opened
by the heat of a fire. The fire regime in this forest
type can be characterized as a stand replacement
regime where mature trees are killed by fire, and
even-aged stands regenerate post-fire (Sugnet and
Martin 1984; Harvey 2011). Similarly, several species
of native chaparral scrub found at Point Reyes,
including some manzanita and Ceanothus species,
are obligate seeders: their seeds only germinate after
they are exposed to the heat or smoke from a wildfire.
As fire burns through the parent stand, killing the
adults, it stimulates a new generation of seedlings
(Odion 2000; Van Dyke and Holl 2001; Forrestel et
al. 2011). Several of the vegetation communities in
the region are fire tolerant, with species that can re-
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sprout following fire, but do not require fire in order
to persist. Examples include coastal scrub species
such as coyote brush, and several oak woodland and
mixed evergreen forest species such as California bay,
coast live oak, huckleberry. Douglas-fir forest falls
at the fire-sensitive end of the spectrum; it is able
to tolerate low-intensity surface fire, but moderate
or high intensity fire kills individual trees relatively
easily (Agee and Huff 1988; Brown et al. 1999). The
matrix of these different vegetation communities
across the landscape is dynamic and shifts over
time in response to a variety of factors, including
succession, short- and long-term climatic trends,
disease, and disturbance, including wildfire (McBride
and Heady 1968; Harvey et al. 2011; Forrestel et al.
2011).
This complex ecological setting is the context in
which the Woodward Fire burned. Although the
Woodward Fire resulted from a lightning ignition
in very dry fuels and rapidly spread in part due to a
critical shortage of fire-fighting resources, it poses a
unique opportunity to observe the effects of fire on
an ecologically rich patchwork of coastal California
habitats.

Woodward fire ignition, trajectory, and containment
Although relatively small fires are not uncommon
in Point Reyes, the circumstances of the Woodward
Fire ignition were extremely unusual for the region.
Large areas of California, including the San Francisco
Bay region, experienced record-breaking high
temperatures during August 14–16, 2020 (National
Weather Service 2020a). On August 15, the National
Weather Service issued a fire weather watch, citing
the combination of lightning risk due to moist,
unstable air aloft, dry fuels, and hot temperatures
near the surface (National Weather Service 2020b).
From August 15th to 17th, thunderstorms and dry
lighting swept across large portions of the state, with
over 7,000 lightning strikes sparking hundreds of
wildfires. Many of these fires grew to be very large
at a rapid pace due to dry vegetation and thinly
stretched fire-fighting resources. At Point Reyes, the
unusual weather pattern had dissipated the humid
marine layer and shifted the typical northwest wind
to a south/southwest direction. In addition, fuel
moistures were extremely low and fire danger indices
had exceeded the historic maximum values recorded
for that period (National Park Service 2020).

Several ignitions occurred at Point Reyes National
Seashore during the August 15–17 lightning event.
On the afternoon of August 17, smoke was reported
near the Woodward Trail in the Phillip Burton
Wilderness. Local fire resources were assigned and
were able to establish a handline around a majority
of the approximately five-acre fire. The following
day, a second fire was discovered nearby, which
was either a spot fire or a new fire resulting from a
holdover lightning strike from the previous day. On
the afternoon of the 18th, due to rapidly increasing
fire behavior and spread and a continued shortage
of fire-fighting resources, firefighters disengaged
from both fires. By evening the two fires had merged
and grew to approximately 700 acres. Due to the
numerous fires elsewhere in the state, there were
no air resources available until Thursday, August 20,
by which point the fire had grown to approximately
2,000 acres. Based on the lack of available firefighting
resources, the proximity of the fire to the neighboring
communities, as well as the fact that the fire was
burning through designated wilderness and sensitive
natural and cultural resources, a Type I incident
management team was ordered and took over man
agement of the Woodward Fire on Sunday, August
23. Figure 1 shows the overall location of the fire as
well as the vegetation communities within the burn
perimeter.
Much of the remaining growth of the fire occurred
during burn-out operations, where firefighters
set back fires from established, mostly indirect,
containment lines. Evacuation orders and warn
ings for surrounding communities were lifted
on September 3, and the fire was contained on
September 30 at 4,929 acres. Intermittent flareups and smoldering continued on the interior of
the fire in concentrations of heavy fuels for several
months following containment. The fire was officially
declared out on January 12, 2021.

Expected consequences of a mixed-severity fire
and the role of suppression impacts
Remote sensing Burned Area Reflectance Classifica
tion (BARC) data indicate that most of the area of
the Woodward Fire burned with low or moderate
severity (Figure 2). The majority (67%) of the fire
area was mapped as “unburned or low severity,” 25%
was mapped as “moderate severity,” and only 8% was
mapped as “high severity.”
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Figure 1. Woodward Fire location and vegetation communities. The Woodward Fire burned predominantly in Douglas-fir (3,059 acres), coastal scrub (1,102 acres), and
Ceanothus (366 acres) vegetation community types.

Most of the areas that burned with the highest
severity burned in the early days of the fire when
it was spreading relatively rapidly. Although some
areas of Douglas-fir forest burned with high severity
(135 acres), most of the high-severity burning
occurred in habitat characterized by coastal scrub or
monodominant stands of Ceanothus thyrsiflorus (285
acres), which is relatively common in areas that had
previously burned in the 1995 Vision Fire (Figure
3c). Coastal scrub and C. thyrsiflorus habitat are
well adapted to high-severity fire and are expected
to regenerate quickly either from re-sprouting
(coastal scrub) or obligate-seeder germination (C.
thyrsiflorus). However, early indications are that
regeneration is not occurring in C. thyrsiflorus stands,
perhaps due to inadequate germination cues. Park
managers will be watching to see if germination

occurs later in the spring of 2021 or in the second
year post-fire, which has been documented in other
Ceanothus species (Keeley and Keeley 1981). Areas of
Douglas-fir that burned with high or even moderate
severity have experienced significant overstory
mortality. Based on similar areas that burned in the
1995 Vision Fire, some of these areas may eventually
regenerate as new Douglas-fir forests, but many of
them will likely shift to coastal scrub or perhaps
even trigger germination of a previously dormant
seedbank of chaparral species such as C. thyrsiflorus
or manzanita (Forrestel et al. 2011).
The most significant wildlife impacts also likely
occurred in the high-severity areas. During the 1995
Vision Fire, significant mortality of Point Reyes
mountain beaver likely occurred (Fellers 2004).
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Figure 2. Woodward Fire burn severity. Burn severity was mapped from Burned Area Reflectance Classification Data as “high” (424 acres), “moderate” (1,230 acres),
“low” (1,871 acres), and “unburned / very low” (1,486 acres).

Mountain beaver distribution, populations, and
ecology are not well understood, but it is likely that
additional mortality occurred in the Woodward Fire.
The Woodward Fire also burned through several
spotted owl territories. There were no known direct
effects of the fire on northern spotted owl individuals,
with the fire occurring outside of nesting season
and burning with low or moderate severity in owl

habitat. However, the long-term and indirect effects
of the fire on northern spotted owls remain to be
seen. Previous research in other portions of northern
spotted owl and related species’ ranges indicates
the possibility of beneficial (e.g. Kramer et al. 2020),
neutral (e.g. Rockweit et al. 2017), or harmful longterm impacts of fire (e.g. Jones et al. 2016). Biologists
will be monitoring both the northern spotted owl
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Figure 3. Different levels of fire severity affected various plant communities across the landscape.
(a) Low severity, Douglas-fir forest | ALISON FORRESTEL / NATIONAL PARK SERVICE
(b) Moderate severity, Douglas-fir forest | ALISON FORRESTEL / NATIONAL PARK SERVICE
(c) High severity, Ceanothus scrub | MARITTE O’GALLAGHER / NATIONAL PARK SERVICE
(d) Heterogeneous patchwork of plant communities burned with varying fire severity | ALISON FORRESTEL / NATIONAL PARK SERVICE

and mountain beaver populations following the
fire, including collaboration with US Forest Service
scientists on a rangewide demography study for
northern spotted owls involving installation of
automatic recording units (ARUs) throughout the
burn footprint and other areas of the species’ habitat
in the region.
A large portion of the fire burned with low or
moderate severity, particularly after the initial days
of rapid spread and during burn-out operations.
This counters the narrative that burn-out operations
result in high severity patches, and is likely due to
both the moderating weather conditions during the
later portion of the fire and the presence of heavy
fuels with ample shading. In these low-severity burn
areas, fire crept through the ground cover with very
little damage to the secondary canopy (primarily

oaks and bay trees) and almost no impact to the
upper canopy (primarily Douglas-fir; Figure 3a).
This means that these areas will remain shaded
enough to provide valuable moisture retention and
cover for wildlife habitat, but that the fire effectively
reduced understory and surface fuels. Re-growth
is already beginning, with ferns and huckleberry
re-sprouting (Figure 3b). Because cover is still
present in these areas and signs of regeneration are
apparent, ecologists do not expect significant shifts in
vegetation or wildlife activity in the low-severity burn
areas.
In addition to the direct effects of the fire on
the landscape, fire suppression efforts also had a
large role in the overall ecological impact of the
Woodward Fire. The policy at Point Reyes National
Seashore is to suppress all unplanned ignitions due
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to the relatively small size of the park and the close
proximity of homes and infrastructure (National
Park Service 2004). The Woodward Fire was burning
within a few miles of the communities of Olema
and Inverness Park, as well as neighborhoods on
Inverness Ridge that were previously impacted by
the Vision Fire. Because of this park policy and the
location of the Woodward Fire, the fire was actively
suppressed, in spite of the wilderness location and
potential for ecological benefits. As part of the
suppression efforts, 8.5 miles of bulldozer line were
constructed, much in designated wilderness, 7.5 miles
of handline were constructed, and more than 50,000
gallons of fire retardant were dropped across the
landscape (National Park Service 2020).
Park ecologists and resource advisors worked
closely with the incident management teams to
minimize the ecological impacts of these suppression
actions. Bulldozer lines were kept to the minimum
effective width (generally this was two blades wide;
approximately 15–20 feet) and were located, when
possible, in the same locations as bulldozer lines
that had been installed as part of the Vision Fire
suppression effort. The team avoided fire retardant
drops over riparian areas in order to prevent harm
to aquatic species. Resource advisors worked with
incident management staff to avoid the spread of
invasive species and impacts to rare species. Although
park staff carefully rehabilitated bulldozer lines and
handlines after the fire, long-term efforts to control
invasive plant species in the fire footprint will be
required (Drake 2020). The spread of post-fire
invasive species is of particular concern, especially
around bulldozer lines, retardant drop sites, and
in areas that burned with higher severity. The
predominant invasive plant species documented
within the burn area prior to the fire are jubata grass,
panic veldt grass, and ox-eye daisy. Park staff have
already begun developing monitoring plans for postfire recovery and invasive plant management.
Ecologists expect most of the vegetation commu
nities burned in the Woodward Fire to regenerate
well. This expectation is based on the effects
observed following the 1995 Vision Fire, the care
ful management of suppression impacts, and the
overall mixed severity of the Woodward Fire.
Post-fire re-growth will likely be characterized by
increased heterogeneity across the landscape, shifts
in vegetation types, and possible appearance of

rare fire-following species (such as Arctostaphylos
virgata, Ceanothus masonii, or Crocanthemum
scoparium) as well as reduced fuel loading. The
Woodward Fire presented an opportunity to return
the important ecological process of fire to the Point
Reyes landscape—something that likely would not
have been otherwise possible through prescribed
burning given the extensive wildland-urban interface
surrounding the park. However, the full ecological
effects of the fire remain unknown and many factors
affect how the area will recover, including weather
in the few seasons immediately post-fire, availability
of seed sources, and the impacts of invasive species.
In particular, the 2021 water year to date has been
unusually dry, with Marin County receiving less
than 40% of average rainfall (Marin Municipal Water
District 2021). This may have a negative impact on
the trajectory of vegetation regeneration.

Conclusions
The Woodward Fire provides a unique opportunity
to better understand the impacts of fire in a region
where it has been relatively infrequent since
the cessation of Native American burning, and
provides a valuable counterpoint to the ecological
devastation seen from many of the other fires that
burned throughout California during 2020. Early
observations indicate that minimizing damage
from suppression efforts, along with the fact that
the Woodward was a mixed- severity fire, may yield
net positive ecological effects across the burn area.
However, the post-fire trajectory remains unknown
and new lessons from the Woodward Fire will surely
be learned over the coming years. Much of the
literature on climate change and vegetation shifts in
California predicts that major climate-related shifts
may occur after disturbances such as those from
wildfires (Millar and Stephenson 2015; Harvey et al.
2016; Coop et al. 2020). The ecosystems of Point
Reyes National Seashore are incredibly dynamic postfire, but it remains to be seen if deleterious shifts,
such as a failure of vegetation regeneration, a loss of
sensitive species or habitats, or a shift towards nonnative invasive species will occur.
With the complexities of climate change, longer fire
seasons, and more frequent and larger fires on the
horizon (Goss et al. 2020), lessons already learned
from the Woodward fire have inspired managers to
consider the role fire can safely play in stewarding
some of California’s last remaining native coastal
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habitats. The challenge remains of how to balance the
potential ecological benefits of fire with the political
realities of managing wildlands in close proximity to
residential communities and urban development.
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