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ABSTRACT: Complex early seral forests (CESFs) occupy potentially forested sites after a standreplacement disturbance and before re-establishment of a closed-forest canopy. Such young forests
contain numbers and kinds of biological legacies missing from those produced by commercial forestry
operations. In the Sierra Nevada of California, CESFs are most often produced by mixed-severity ﬁres,
which include landscape patches burned at high severity. These forests support diverse plant and wildlife
communities rarely found elsewhere in the Sierra Nevada. Severe ﬁres are, therefore, essential to the
region’s ecological integrity. Ecologically detrimental management of CESFs, or unburned forests that
may become CESF’s following ﬁre, is degrading the region’s globally outstanding qualities. Unlike
old-growth forests, CESFs have received little attention in conservation and reserve management. Thus,
we describe important ecological attributes of CESFs and distinguish them from early seral conditions
created by logging. We recommend eight best management practices in CESFs for achieving ecological
integrity on federal lands in the mixed-conifer region of the Sierra Nevada.
Index terms: complex early seral forests, ecological integrity, mixed-severity ﬁre, Sierra Nevada

INTRODUCTION
Early seral forests are ecosystems that
occupy potentially forested sites after a
stand-replacement disturbance and before
re-establishment of a closed forest canopy
(Swanson et al. 2011). Such forests are
generated by disturbances that reset successional processes and follow a pathway
that is inﬂuenced by biological legacies
(e.g., large live and dead trees, downed
logs, seed banks, resprout tissue, fungi,
and other live and dead biomass) that were
not removed during the initial disturbance
(Franklin et al. 2000; Donato et al. 2012).
Where these legacies are intact, complex
early successional forests (CESFs) develop
with rich biodiversity due to the function
of the remaining biomass in providing
resources to many life forms and because
of habitat heterogeneity provided by
mixed-severity ﬁres that generated them
(Odion and Sarr 2007; Swanson et al.
2011). In general, mixed-severity ﬁres,
which include patches of high-severity
ﬁre, create coarse-grained, high-contrast
heterogeneity that results in CESFs, and,
over time, a complex mosaic of seral
stages at the landscape and local scales.
Low to moderate ﬁre severities create ﬁnegrained, lower contrast heterogeneity that
generate very little if any CESFs, although
they create other conditions favorable to
biodiversity. Many effects of ﬁre cannot
be mimicked by land-use disturbances
(Odion and Sarr 2007). Suppression of
ﬁre and removal of biomass after a ﬁre
are thus causes of reduced biodiversity
and ecological integrity.

While the unique “ﬂoral phoenix” that follows stand-replacing ﬁre in many vegetation types such as the California chaparral
has long inspired botanists in the United
States (Brandegee 1891; Howell 1946) and
elsewhere (Bond and van Wilgen 1996),
similar attention has not been given to
stand-replacing ﬁre in Sierran forests.
Instead, ﬁre has been suppressed in these
forests for many decades. Traditionally,
stand-replacement processes have also
been considered historically unimportant
in these forests, simply because they occur
less frequently than surface ﬁres, which
are largely non-lethal (Skinner and Chang
1996). Stand-replacing ﬁre also has a negative connotation in resource management
disciplines because of their narrow focus
on impacts to timber values, and such ﬁres
frequently receive negative coverage from
the mass media.
While much of the conservation attention
in the Sierra Nevada has rightfully focused
on iconic conifers like the giant sequoia
(Sequoiadendron giganteum) and other
old-growth forest types, even in the context
of multiple-use management and conservation, there is still little appreciation for
CESFs, which do not have the charismatic
old-growth species and living structures
(Swanson et al. 2011). Thus, for a variety
of reasons, there is a paucity of literature
on, or appreciation of, CESFs. Indeed,
CESFs are not even recognized as a distinct habitat type in any current vegetation
mapping used by the U.S. Forest Service
in the Sierra Nevada (e.g., California Wildlife Habitat Relations). However, in terms
of their contribution to biodiversity and
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vital life-history stages of many species,
CESFs have disproportionately important
ecological roles in the overall ecological
integrity of forested landscapes. Thus, we
call attention to this successional stage
(Swanson et al. 2011) and the need for its
inclusion in conservation strategies in the
Sierra Nevada ecoregion.
It is timely to consider CESFs in Sierra conservation strategies because the Sequoia,
Sierra, and Inyo National Forests (Figure 1)
are undergoing forest plan revisions as part
of the “early adopters” of the forest-planning rule (36 Code of Federal Regulations
Part 219). The forest-planning rule directs
the U.S. Forest Service to maintain or improve ecological integrity, deﬁned as “the
quality or condition of an ecosystem when
its dominant ecological characteristics (for
example, composition, structure, function,
connectivity, and species composition
and diversity) occur within the natural
range of variation and can withstand and
recover from most perturbations imposed
by natural environmental dynamics or human inﬂuence” (Forest Planning Rule 36
CFR 219.19). Given the global importance
of the Sierra Nevada ecoregion (Ricketts
et al. 1999), many scientists and the public expect a high level of protection and
stewardship in forest-planning decisions
and they support managing for ecological
integrity. But, as an often-overlooked seral
stage, the role of CESFs in ecological
integrity and conserving biodiversity has
not been addressed.
We address three questions of management relevance to CESFs in the Sierra
Nevada: (1) what are CESFs and why are
they important to ecological integrity; (2)
are there tradeoffs for managing species
of conservation concern that occur at opposite ends of the successional continuum
such as Black-backed Woodpeckers (Picoides villosus; avian taxonomy follows
American Ornithologists’ Union checklist
of North and Middle American birds;
http://checklist.aou.org/; active May 20,
2013) and California Spotted Owls (Strix
occidentalis occidentalis); and (3) what
are the principal threats to these forests?
We also provide general recommendations
for conserving, restoring, and researching
the ecological integrity and biodiversity of
Volume 34 (3), 2014

Sierran CESFs.
STUDY AREA
The Sierra Nevada ecoregion spans some
63,111 km2 along a north-south axis in
California, and the USDA Forest Service
manages the majority of montane forests
in this region (Davis and Stoms 1996;
Figure 1). The ecoregion is among the
most diverse temperate conifer forests in
the world and its conservation status is
considered critically endangered due to
extensive forest fragmentation and other
land-use stressors (Ricketts et al. 1999).
An extraordinary assortment of vegetation
types and diverse forest successional stages
occur across the region. For instance, based
on potential vegetation mapping, 25 conifer, 23 hardwood forest/woodland types,
34 shrub and chaparral, and 5 herbaceous
alliances are distributed across elevations,
slopes, aspects, and soil types (USDA
Forest Service 2008). Plant alliances mix
together at zones of overlap resulting in
high levels of beta diversity (change in
numbers of species across environmental
gradients). There are exceptional levels
of endemic plants (e.g., approximately
405 vascular plants are endemic and 218
taxa are rare; Shevock 1996), especially
in the southern Sierra, and some of the
highest levels of mammal endemism in
North America (Ricketts et al. 1999).
Notably, areas with high concentrations of
endemic species are a conservation priority because the restricted distribution of
endemics predisposes them to extinction
from habitat losses.
Mixed-conifer forests are the predominant
forests in the Sierra that are typically found
at middle elevations (760–1400 m) in the
northern Sierra, higher elevations south
(915–3050 m), and, to a lesser extent, on
upper elevations (2130 m to 3040 m) along
the east slopes (Chang 1996). They are
replaced at higher elevations by pure red
ﬁr (Abies magniﬁca, Andr. Murray) and
red and white ﬁr (A. concolor, Gordon &
Glend.) (Barbour et al. 2007). There are
three forest types that comprise mixedconifer forests in this region: (1) white ﬁr/
Jeffrey pine (Pinus jeffreyi, Grev. & Balf.)
/lodgepole pine (P. contorta, Loudon); (2)
Paciﬁc Douglas-ﬁr (Pseudotsuga menziesii
menziesii, Franco), and ponderosa pine

(P. ponderosa; at lower elevations); and
(3) mid-elevation Douglas-ﬁr (does not
occur south of Yosemite National Park).
These more typical conifers are associated
with sugar pine (P. lambertiana, Douglas),
incense cedar (Calocedrus decurrens, Torrey), black oak (Quercus kelloggii, Newb.),
and patches of giant sequoia. Mixed-conifer forest types also support shrubs such
as greenleaf manzanita (Arctostaphylos
patula, E. Greene), huckleberry oak (Q.
vaccinifolia, Kellogg), curleaf mountain
mahogany (Cercocarpus ledifolius, Nutt.),
snowbrush (Ceanothus velutinus, Dougl.),
mountain alder (Alnus incana ssp. tenuifolia, Nutt.), mountain sagebrush (Artemisia tridentate ssp. vaseyana, Rydb.),
and bitterbrush (Purshia tridentata, Pursh)
(USDA Forest Service 2013a). Most of
these forests consist of mid-sized trees that
average 30–60 cm dbh and include areas
with larger trees (>60 cm dbh; North 2013);
nearly half of the mixed-conifer forest in
the giant sequoia type is late seral (USDA
Forest Service 2013a).
Very-long-interval, stand-replacement
ﬁre occurs in a patchwise fashion within
low- and mixed-severity ﬁres in moist
mixed-conifer and white ﬁr forests in this
region, and variable (both short- and longinterval) stand-replacement ﬁres occur in
Douglas-ﬁr and lodgepole pine (Pinus
contorta, Loudon) forests (Leiberg 1902;
Chang 1996). Prior to ﬁre suppression,
drier low-elevation forests burned relatively
frequently and often at a low severity;
but they also had signiﬁcant mixed-severity effects, including occasional large
high-severity ﬁre patches (USDA Forest
Service 1911).
What are Early Seral Forests and Why
Are They Important?
In general, CESFs are rich in post-disturbance legacies (Photo Plates 1a, 1b, 1c) and
post-ﬁre vegetation (e.g., native ﬁre-following shrubs/herbs, resprouting broad-leaved
trees, and natural conifer regeneration)
(Photo Plates 2a, 2b, 2c). We identify 12
ecological attributes that contribute to the
proliﬁc biological response common in
CESFs and which are, therefore, key to
the ecological integrity present in CESFs
Natural Areas Journal 311

Figure 1. Location of Sierra Nevada ecoregion, northern California, and “early adopters” of the forest-planning rule involved in forest plan revisions.
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Photo Plates. Extensive biological legacies, abundant forb cover, and abundant conifer regeneration present in complex early seral forests vs. early seral that
has been post-ﬁre logged. Post-ﬁre logging in the Sierra Nevada and elsewhere sets back ecosystem processes creating a successional debt.

Photo Plate 1. Star Fire of 2001, Northern Sierra, CA. (a) unmanaged with forbs (Doug Bevington, 2008); (b) natural conifer re-establishment (Chad Hanson,
2012); Storrie ﬁre of 2000, Southern Cascades, CA. (c) unmanaged with snags and forbs (Chad Hanson, 2007).

Photo Plate 2. Postﬁre logged portions of Fred’s ﬁre in the Eldorado National Forest, CA, showing lack of nitrogen-ﬁxing shrubs (a) and presence of Klamath
weed (Hypericum perfoliatum) and many readily ignitable, invasive grasses (b) (Dennis Odion, August 2011); (c) simpliﬁed system from Dinkey post-ﬁre thin
on west slopes of Southern Sierra (Chad Hanson, 2012).

(Table 1). When logging compounds the
natural disturbance that created a CESF
(Photo Plates 3a, 3b, 3c), each of these
attributes is reduced or eliminated (Table
1). Such multiple disturbances often lead
to alternative successional pathways, or
loss of resilience (Paine et al. 1998; Odion
and Sarr 2007), as has been documented
in the Sierra Nevada following post-ﬁre
logging, which leads to dominance by
the non-native ecosystem transformer,
cheatgrass (Bromus tectorum, Linnaeus)
(McGinnis et al. 2010).
Overall, compared to logged areas, CESFs
are structurally more complex, contain
more large trees and snags that originated
from the pre-disturbed forest, have more
diverse understories, functional ecosystem
processes, and more diverse gene pools
that, theoretically, should provide greater
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resilience in the face of climate change
than that provided by the simpliﬁed early
seral forests produced by logging. CESF
attributes promote a high level of species
richness, particularly bird communities
that utilize these forests extensively (Hutto
1995; Kotliar et al. 2002; Fontaine et al.
2009; Appendix). The residual biomass of
CESFs reduces disturbance stressors and
provides for the rapid proliferation of new
life (Odion and Sarr 2007). For example,
seed banks and vegetation tissues give
rise to dense, often rampant, forb cover,
abundant grasses, and shrubs – especially
nitrogen ﬁxers (e.g., Ceanothus spp.) (Conard 1985; Busse et al. 1996; Busse 2001)
and ectomycorrhizal associates (e.g., Manzanita spp.) that facilitate conifer growth
(Zavitovsky and Newton 1968; Horton et
al. 1999). Serotinous (closed cone) conifers like giant sequoia (Stephenson et al.

1991) also do well in these forests. Other
plants that can abundantly colonize burns,
such as conifers and ﬁreweed (Epilobium
angustifolium, Linnaeus), arrive by wind
or animal dispersed seed. Thus, plant
species richness of CESFs can be much
higher than in unburned forests (Donato
et al. 2009).
Other bird and small mammal communities
that utilize CESFs forage extensively on the
abundant insects and increased abundance
of seeds from the post-ﬁre ﬂora (Lawrence
1966; Fontaine et al. 2009). These species,
in turn, support an increase in raptors
(Lawrence 1966). Bird species such as the
Black-backed Woodpecker, Olive-sided
Flycatcher (Contopus cooperi), Mountain
Bluebird (Sialia currucoides), Chipping
Sparrow (Spizella passerina), and Mountain Quail (Oreortyx pictus) (Appendix)
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Table 1. Differences between early seral systems produced by natural disturbance processes vs. logging. For natural disturbances, assume that a disturbance originates from within a late-successional forest as legacies are maintained throughout succession. For logged sites, assume site preparation includes
conifer plantings but no herbicides, which, if also applied, would magnify noted differences.
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achieve highest abundances in CESFs. In
fact, in the Sierra Nevada, CESF habitat
is comparable or higher in bird species
richness and total bird abundance relative
to unburned mature forest (Burnett et al.
2010). Bats (Myotis, Idionycteris, Lasionycteris, and Eptesicus), which are an
increasing conservation concern, are also
favored by CESFs, likely because of greater
insect prey as well as suitable roosts (Buchalski et al. 2013). Stand-replacing ﬁres
stimulate a ﬂux of aquatic prey to terrestrial habitats, driving increases in riparian
consumers (Malison and Baxter 2010). The
314 Natural Areas Journal

trees killed by ﬁre are highly beneﬁcial to
the ecological integrity of stream communities because they are a main source of
large woody debris inputs (Minshall et al.
1997). There is also reproduction by some
forest fungi species that are restricted to
burns (e.g., morels, Morchella spp.) and the
dead wood provides substrate for fungal
growth that supports many arthropod species, including unique ﬁre-following native
beetles (Lindsey 1943; Bradley and Tueller
2001). Beetles, in general, colonize ﬁrekilled trees in CESFs and their abundant
larvae support species like Black-backed

Woodpeckers (Hutto 2008).
Indicator Species for CESF
Biodiversity (Figure 3)
Indicator species are valuable tools for
conservation management because it is
not practicable to monitor all biodiversity.
When burned forests are logged after ﬁre,
one species that serves well as an ecological indicator for post-ﬁre biodiversity,
the Black-backed Woodpecker, declines
substantially (Hutto 2008). Given that
Volume 34 (3), 2014

this woodpecker already is an indicator
of the biodiversity supported by CESFs
in the Sierra Nevada (USDA Forest Service 2013b), and is a ﬁre specialist, we
propose it as a Species of Conservation
Concern. Designated Species of Conservation Concern are those whose population
viability, or continued representation within
a particular plan area, is of management
concern. The forest-planning rule provides
guidance to forest managers to use Species
of Conservation Concern as a means for
maintaining species diversity and wildlife
population viability.
CESF habitat represented by Black-backed
Woodpeckers is biologically unique (Hutto
1995; Bond et al. 2012). The Black-backed
Woodpecker is an important primary excavator of nesting holes for many other cavity-nesting birds and mammals because it
discards cavities after excavating them, and
it uses a given cavity for one year (Tarbill
2010). Under a scenario with stand-replacing ﬁre operating in a patchwise fashion in
a landscape containing healthy populations
of Black-backed Woodpeckers, the availability of nesting cavities across the landscape over time may be greatly enhanced
compared to where ﬁre is suppressed and/or
ﬁre-killed trees are removed. Black-backed
Woodpeckers use CESFs for only several
years (typically seven or eight) after ﬁre
and they depend upon the regular creation
of CESFs to replenish their habitat (Hanson
and North 2008; Tarbill 2010; Dudley et
al. 2012; Siegel et al. 2013). When this
does not occur, many other species that
rely on nesting cavities are likely to be
negatively affected. Thus, many species
probably depend directly, or indirectly, on
the continued occurrence of high-intensity
natural disturbance across large landscapes
to maintain their populations (Hanson and
North 2008; Tarbill 2010; Dudley et al.
2012; Siegel et al. 2013).
Black-backed Woodpeckers have become
increasingly rare because their optimal
habitat has shrunk to a fraction of its historical extent (Figure 2 a – d); populations are
estimated at <700 nesting pairs in burned
forests (Bond et al. 2012). Importantly,
the CESF habitat that the remaining pairs
depend on has little or no protection on
public lands managed by the U.S. Forest
Volume 34 (3), 2014

Northern; Bond et al. 2002; Jenness et al.
2004; Roberts 2008; Bond et al. 2009;
Clark et al. 2011; Roberts et al. 2011; Lee
et al. 2012; Clark et al. 2013) appear to
tolerate, or even beneﬁt, from some degree
of moderate- to high-severity ﬁre within
territories.

Figure 3. Black-backed woodpecker – a fire
dependent species in the Sierra (Photo – Monica
Bond).

Service. Much of this CESF habitat is under
mounting pressure from ﬁre suppression
and both pre- and post-ﬁre logging (Hutto
and Gallo 2006; Hanson and North 2008;
Hutto 2008; Siegel et al. 2013), which
prevent high-quality woodpecker habitat.
That, in turn, may affect the biodiversity
for which this woodpecker serves as an
indicator.
Are There Management Tradeoffs for
Species of Conservation Concern at
Opposite Ends of the Successional
Continuum?
Wildlife management often involves tradeoffs when habitat for a particular species is
emphasized. That is a problem with singlespecies management (managing for what
one species needs), but is not a problem
when managing for the maintenance of
natural systems that a species may indicate.
In the latter case, we would not enhance
but would maintain natural levels of habitat
for CESF indicators like the Black-backed
Woodpecker, and for the biodiversity associated with its presence.
However, the California Spotted Owl is
also a management indicator species but
for late-seral forests in this region. Notably,
all three subspecies (Mexican, California,

Managing CESFs for high levels of ecological integrity may provide important
prey habitat (e.g., dusky-footed woodrat
Neotoma fuscipes; Munton et al. 2002) for
the spotted owl. In fact, the owl is known
to reproduce in territories burned at all ﬁre
severities in this region, and preferentially
selects high-severity ﬁre areas for foraging
(Bond et al. 2009). Owl reproduction has
been found to be 60% higher in unmanaged
mixed-severity ﬁre areas than in unburned
forests (Roberts 2008), and mixed-severity
ﬁre (with an average of 32% high severity) (Lee et al. 2012) does not reduce owl
occupancy, though post-ﬁre logging may
precipitate territory abandonment (Clark
et al. 2011, 2013; Lee et al. 2012). Moreover, because high-severity ﬁre has been
reduced by ﬁre suppression, and current
high-severity ﬁre rotations are very long
in the Sierra Nevada, if high-severity ﬁre
rates increased by even two- or three-fold,
it would beneﬁt CESF-associated species like the Black-backed Woodpecker,
but would only reduce current old forest
by a very small amount given old forest
recruitment from ingrowth (Odion and
Hanson 2013). Thus, protecting CESFs
from post-ﬁre logging and maintaining the
spatial heterogeneity created by mixedseverity ﬁres should provide habitat for
all seral associates – there really are no
management trade-offs when we manage
for the maintenance of natural processes
and systems.
What are Principal Threats to CESFS?
Management of CESFs has most often
included post-ﬁre (salvage) logging followed by tree planting, including burning of slash piles and associated soil
disturbances, reseeding with grasses
(often introducing invasive species inadvertently), use of straw-bales and other
erosion prevention methods, herbicides to
reduce shrub competition with conifers,
Natural Areas Journal 315

Figure 2. (a) Forest types used by Black-backed Woodpeckers in the Sierra Nevada management region; (b) ﬁres since 1984 within the relevant forest types
(private lands not included since they are rapidly logged); (c) moderate/high-severity ﬁres resulting in >50% mortality (RdNBR >574 – see Hanson et al.
2010) of forests on public lands within the relevant forest types in the most recent decade for which there are ﬁre severity data (2001–2010) (i.e., both high
quality Black-backed Woodpecker habitat and moderate/low quality (older) habitat combined); and (d) moderate/high-severity ﬁre on public lands within
the relevant forest types in the most recent 5-year period for which ﬁre severity data are available.
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planting with conifer nursery stock, and
livestock grazing (Swanson et al. 2011;
Long et al. 2013; Table 1). These activities
remove, or severely degrade, CESFs or,
at a minimum, can narrow the window of
duration for CESFs (Swanson et al. 2011),
contributing to “landscape traps,” whereby
entire landscapes are shifted into, and then
maintained in, a highly altered state as the
result of cumulative impacts (Lindenmayer
et al. 2011).
Climate change and forest fragmentation
also have been identiﬁed as threats to
biodiversity in the Sierra Nevada (USDA
Forest Service 2013b). Since the 1980s,
the region has experienced a decrease in
annual number of days with below-freezing
temperatures at higher elevations with more
rain and less snowfall mainly in northern
latitudes, more extreme heat days at lower
elevations, earlier (5 to 10 days) snowmelt
than decades ago, earlier (5–15 days) peak
stream ﬂows (Safford et al. 2012; Harpold
et al. 2012), as well as an increase of approximately 1 °C since the early twentieth
century, though some areas of the northern
Sierra Nevada have seen a decrease in
temperature (North 2012). Some regional
climate models project further decreases
in mountain snowpack, earlier snowmelt
and peak stream ﬂows, and greater drought
severity (Overpeck et al. 2012). Such
climatic changes are likely to affect the
low-elevation ponderosa pine, which is
projected to extend upward, while red ﬁr
and subalpine communities are projected
to lose much of their climate envelope in
the coming century (USDA Forest Service
2013b). It is unclear how such changes will
affect CESFs. If ﬁre increases in severity
or frequency (Miller et al. 2009; Miller
and Safford 2012), this could provide more
opportunities for development of CESFs.
This assumes there is not a concomitant
increase in post-ﬁre logging, and that ﬁre
suppression activities either cannot keep
pace with climate-related ﬁre events or
prove ineffective due to the increasing
inﬂuence of climate as a top-down driver
of ﬁre behavior. On the other hand, a
number of climate models predict decreasing ﬁre activity in these forests – even as
temperatures rise – due to increasing precipitation, including summer precipitation
and changes in vegetation (McKenzie et al.
2004; Krawchuk et al. 2009), and recent
research using the largest ﬁre severity data
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set to date has found no increase in ﬁre
severity in the Sierra Nevada since 1984
(Hanson and Odion, 2014; also see Odion
et al. 2014 for related discussion).
Land-use stressors also magnify climate
change effects on forest communities. For
instance, Thorne et al. (2008) documented
signiﬁcant regional changes due to climate and land-use practices resulting in
greater levels of disturbance compared to
historical. Millar (1996) identiﬁed three
paramount inﬂuences on Sierra Nevada
ecosystems: (1) climate change and shifting
hydrological patterns; (2) dense forests; and
(3) rapidly expanding human populations.
It is not known, however, whether these
changes will act in concert to make CESFs
more vulnerable to invading species, particularly those more suited to the changing
climate and land-use disturbances.
Suggested Best Management
Practices for CESF
For all the reasons outlined above, CESFs
represent a neglected seral stage subject to
multiple stressors that compromise ecological integrity. We, therefore, propose eight
“best management practices” for stimulating conservation, restoration, and research
interests in these unique forests. These
principles can serve as appropriate guidelines where management goals include the
maintenance of ecological integrity.
Conservation Focus
Principle 1 – “Rehabilitation” Is Not
Needed After Fire Creates a Complex
Early Seral Forest (Beschta et al. 2004;
Swanson et al. 2011).
Fire acts as a natural restorative agent
by resetting the successional clock and
providing habitat for disturbance-dependent species. Although CESFs lack live
trees initially and are populated by dead
ones, this does not mean they require site
rehabilitation or are “unhealthy” forests.
In the context of ecological integrity, a
functional forest system is one where the
natural ﬁre regime is of mixed-severity
and has all stages of succession following stand-replacing ﬁre. CESFs should be
mapped and managed as a distinct forest
habitat type.

Principle 2 – Protect Large, Old Forest
Structures Across Seral Stages, and
Retain Dense, Old Forests to Improve
Ecological Integrity at Landscape
Scales.
Large old-forest structures take decades
to centuries to develop, and forest management has created a deﬁcit through
extraction. Dense, old forests provide
high-quality habitat not only when they
are green, but also when they experience
mixed-severity ﬁre (Hutto 2006, 2008),
or snag pulses from beetles (Bond et al.
2012), as biological legacies remaining
also serve to connect seral stages along
the successional gradient.
Principle 3 – Mixed-severity Fire Should
Be a Management Goal for Reserves.
Robust, reserve-based conservation strategies are needed to maintain the suite of
seral stages and allow for climate-forced
wildlife dispersals into suitable habitat.
Thus, managers should allow fires to
run their course in the backcountry and
in reserves when not a risk to people or
dwellings. This includes maintaining a
landscape that includes diverse seral stages
across environmental gradients (elevation,
latitudinal).
Restoration and Management Focus
Principle 4 – Adopt Comprehensive
Approaches to Restore Ecological
Integrity in CESFs.
This starts with a restoration needs assessment (DellaSala et al. 2003) to evaluate and
prioritize drivers of ecosystem degradation and best practices aimed at reducing
speciﬁc stressors (see Principle 6). Most
importantly, forests restored through ﬁre
usually do not need “restoration” otherwise.
Principle 5 – Limit Post-fire
Management to Early Seral Forests
Previously Degraded by Logging,
Grazing, and Other Stressors.
Restoration approaches should identify
comparable areas of high ecological integrity (e.g., unmanaged CESFs, DellaSala et
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al. 2003) to serve as a baseline or reference
condition from which to restore degraded
areas (e.g., burned plantations), and then
surveillance, implementation, effectiveness, and ecological effects monitoring
(Hutto and Belote 2013) should always
be an integral part of the restoration
activity.
Principle 6 – Reduce Land-use
Stressors That Compromise the
Ecological Integrity of CESFs.
Restorative measures can be active or
passive depending on site-speciﬁc needs
and should always be followed with wellfunded monitoring (DellaSala et al. 2003).
Examples include removal of livestock, invasive species abatement, road closures and
obliteration, and reintroduction of ﬁre.
Research Focus
Principle 7 – Determine Historical,
Current, and Projected Future
Distributions and Spatio-temporal
Extent of CESFs as Well as Other Seral
Stages Across the Planning Area.
This can be informed through “back-casting” approaches that reconstruct an historical baseline from combining age-structure
reconstructions (e.g., from either FIA plot
data or General Land Surveys from the
1800s; see techniques in Baker 2012; Williams and Baker 2012) with studies that link
stand structure, disturbances and ﬁre scar
data (e.g., Sherriff and Veblen 2006), or
other sources of information (e.g., USDA
Forest Service 1911). Historical baselines
can then be compared to current and future
projected conditions under a changing
climate in order to determine appropriate
representation levels of CESFs and other
seral stages in a planning area.
Principle 8 – Designate the Blackbacked Woodpecker a “Species of
Conservation Concern.”
Continue, and expand upon, current
monitoring efforts and, in partnership
with the U.S. Fish and Wildlife Service
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and other experts, determine how best to
meet population viability and habitat needs
of this important CESF species. Although
Black-backed Woodpecker populations
decline as this seral stage advances (within
seven years following ﬁre), this species still
functions as an indicator of early successional species because stable woodpecker
populations would mean a steady supply of
CESFs over time. Olive-sided Flycatcher,
Chipping Sparrow, Mountain Bluebird, and
other early seral species that have population peaks after declines in woodpeckers,
may need to be monitored to ensure CESF
conservation.
CONCLUSIONS
The forest-planning rule and its emphasis
on ecological integrity, plant and animal
community diversity, and Species of
Conservation Concern provides the Forest Service with a unique opportunity to
revise forest plans in the Sierra Nevada to
meet the primary and cumulative threats
that these forests now face – climate
change and land-use stressors. Where the
region’s forests are to be managed for
ecological integrity, managers will need
to determine spatio-temporal occurrence
of CESFs (historical and current) to allow
for adequate representation of all seral
stages across planning areas, particularly
the rare ones that occupy opposite ends
of the successional continuum (CESFs
and late seral). This also means conducting ﬁeld inventories in CESFs to better
describe their unique attributes and ecological importance, treating CESFs as a
distinctive wildlife habitat type in habitat
classiﬁcations, and incorporating mixed- to
high-severity ﬁre into management goals
at middle to upper elevations.
Clearly, climate change introduces uncertainties regarding how ﬁre and other disturbance agents will operate on these forests
in the future. Whether this will increase or
further reduce CESFs remains to be seen.
While managing for resilient ecosystems
is a desired ecological objective of climate
adaptation planning on the national forest
system (36 Code of Federal Regulations
§ 219.5), it is important for managers to

go beyond mechanical fuel reduction as a
means for maintaining resilient ecosystem
properties, and this includes acceptance
of mixed- and high-severity ﬁres as important ecosystem processes. However,
resilient to natural disturbance does not
necessarily mean resistant to disturbance.
Sierran forests are disturbance dependent;
they require severe ﬁre for the production
of CESFs.
The eight principles recommended for best
management practices in CESFs in the
Sierra Nevada would promote ecological
resilience and allow the National Forests in
this globally outstanding ecoregion to better adapt to climate change and increasing
human development in the surroundings.
We encourage conservationists and park
managers to emphasize CESFs in reserve
design and related conservation strategies
as these forests are at least as important as
their late-successional counterparts.
AUTHORS ENDNOTE
At the time of this publication, the Stanislaus National Forest was proposing
extensive (~18,000 ha) post-ﬁre logging
of live (injured) and dead trees (including
“roadside-hazard trees”), conifer re-planting, and shrub-eradication in the wake of
the 2013 Rim Fire along the border of
Yosemite National Park. The agency also
proposes to plant conifers in high severity
patches, thereby leap frogging important
non-conifer dominant stages. Post-ﬁre
logging is incompatible with the needs of
legions of species that depend on the presence of standing dead trees and montane
chaparral.
Because of the signiﬁcance of the Rim
Fire as a pulse disturbance for generating
CESFs, its proximity to an iconic national
park, and the opportunity to educate the
public about the importance of burned forest habitat, we believe the area warrants
consideration for a national monument
designation as did Mount St. Helens after
the historic 1980 eruption. We urge managers and conservationists to give more
attention to the ecological importance of
CESFs in new protected areas proposals.
This is especially important as we see the
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threat to these unique forests escalating due
to increasing emphasis by federal agencies on extensive and intensive post-ﬁre
management projects.
ACKNOWLEDGMENTS
This work was supported by a grant from
the Environment Now Foundation to DellaSala. We are grateful to D. Sarr for review
of an earlier version of the manuscript.

Dominick A. DellaSala, Ph.D., is President
Chief Scientist of the Geos Institute and
President of the Society for Conservation
Biology, North America Section, and Courtesy Faculty at Oregon State University in
the Department of Crop and Soil Sciences.
He is an internationally renowned author
of over 150 technical papers on forest and
ﬁre ecology, conservation biology, endangered species management, and landscape
ecology. His recent book “Temperate and
Boreal Rainforests of the World: Ecology
and Conservation” (Island Press), received
an academic excellence award in 2012 from
Choice magazine, and he has leadership
awards from the Wilburforce Foundation
and World Wildlife Fund for his work on
roadless areas and national monuments.
Monica L. Bond is a co-founder and Principal Scientist with the Wild Nature Institute.
She has worked as a research biologist for
The Institute for Bird Populations, PRBO
Conservation Science, NOAA’s National
Marine Fisheries Service, Humboldt State
University, the University of Minnesota,
and as a staff biologist with the Center for
Biological Diversity. Over the past decade,
Bond has been conducting ground-breaking
research on the use of complex early seral
forests by spotted owls and Black-backed
Woodpeckers, and advocating for the protection of this habitat type from post-ﬁre
salvage logging.
Chad Hanson, Ph.D., is the staff Ecologist
and Director of the John Muir Project of
Earth Island Institute. He has authored and
co-authored papers published on topics as
diverse as ﬁre history, current ﬁre patterns
and trends, post-ﬁre conifer response,
and wildlife habitat selection in post-ﬁre
forests. Hanson focuses his research in the
Volume 34 (3), 2014

Sierra Nevada, with a particular emphasis
on the Black-backed Woodpecker and the
Paciﬁc ﬁsher.
Richard L. Hutto, Ph.D., is Professor of
biology at the University of Montana.
Hutto has conducted research on migratory
landbirds in Mexico, the Southwest, and the
Northern Rockies for more than 30 years.
In 1990, he developed the USFS Northern
Region Landbird Monitoring Program,
and he has been studying the ecological
effects of ﬁre on bird communities for the
last 25 years. He was host of “Birdwatch,”
a nationally televised PBS series that ran
from 1998–2001. Because he is moved by
what birds have to teach us about land
stewardship, Hutto established the Avian
Science Center on the University of Montana campus (http://avianscience.dbs.umt.
edu/) to promote ecological awareness
and informed decision making by listening to what western birds tell us about
the ecological effects of human land-use
practices.
Dennis Odion, Ph.D, is a research ecologist with the Department of Environmental
Studies at Southern Oregon University and
the Earth Research Institute at UC Santa
Barbara. His research has focused on the
role of variation in ﬁre in shaping patterns
of vegetation and biodiversity in forests
and chaparral. He has studied mechanisms
of non-native species invasions and has
authored, or coauthored, numerous papers
on these subjects.

LITERATURE CITED
Baker, W.L. 2012. Implications of spatially
extensive historical data from surveys for
restoring dry forests of Oregon’s eastern
Cascades. Ecosphere 3:23.
Barbour, M.G., T. Keeler-Wolf, and A.A. Schoenherr (eds.). 2007. Terrestrial Vegetation
of California, 3rd ed. University of California Press, Berkeley, CA.
Beschta, R.L., J.J. Rhodes, J.B. Kauffman,
R.E. Gresswell, G.W. Minshall, J.R. Karr,
D.A. Perry, F.R. Hauer, and C.A. Frissell.
2004. Postﬁre management on forested
public lands of the western United States.
Conservation Biology 18:957-967.
Bond, M.L., R.J. Gutiérrez, A.B. Franklin,
W.S. LaHaye, C.A. May, and M.E. Seamans. 2002. Short-term effects of wildﬁres

on spotted owl survival, site ﬁdelity, mate
ﬁdelity, and reproductive success. Wildlife
Society Bulletin 30:1022-1028.
Bond, M.L., D.E. Lee, R.B. Siegel, and J.P.
Ward, Jr. 2009. Habitat use and selection
by California Spotted Owls in a postﬁre
landscape. Journal of Wildlife Management
73:1116-1124.
Bond, M.L., R.B. Siegel, and D.L. Craig. 2012.
A conservation strategy for the Black-backed
Woodpecker (Picoides arcticus) in California – Version 1.0. U.S. Department of Agriculture, Forest Service, Paciﬁc Southwest
Region, Vallejo, CA.
Bond, W.J., and B.W. van Wilgen. 1996. Fire
and Plants. Chapman and Hall, London.
Bradley, T., and P. Tueller. 2001. Effects of
ﬁre on bark beetle presence on Jeffrey pine
in the Lake Tahoe Basin. Forest Ecology
and Management 142:205-214.Brandegee,
T.S. 1891. The vegetation of “burns.” Zoe
2:118-122.
Brandegee, T.S. 1891. The vegetation of
“burns.” Zoe 2:118-122.
Buchalski, M.R., J.B. Fontaine, P.A. Heady
III, J.P. Hayes, and W.F. Frick. 2013.
Bat response to differing ﬁre severity in
mixed-conifer forest California, USA. PLoS
ONE 8(3): e57884. doi:10.1371/journal.
pone.0057884.
Burnett, R.D., P. Taillie, and N. Seavy. 2010.
Plumas Lassen Study 2009 Annual Report.
U.S. Department of Agriculture, Forest
Service, Paciﬁc Southwest Region, Vallejo,
CA.
Burnett, R.D., M. Preston, and N. Seavy. 2012.
Plumas-Lassen Administrative study 2011
post-ﬁre avian monitoring report. Contribution Number 1869. Point Reyes Bird
Observatory, San Francisco, CA.
Busse, M.D., P.H. Cochran, and J.W. Barret.
1996. Changes in ponderosa pine site productivity following removal of understory
vegetation. Soil Science Society of America
Journal 60:614-621.
Busse, M.D. 2000. Ecological signiﬁcance of
nitrogen ﬁxation by actinorhizal shrubs in
interior forests of California and Oregon.
General Technical Report PSW-GTR-178,
Forest Service, [Albany CA].
Chang, C. 1996. Ecosystem responses to ﬁre
and variations in ﬁre regimes. In Sierra
Nevada Ecosystem Project: Final report to
Congress, vol. II, Chapter 39. University of
California, Centers for Water and Wildland
Resources, Davis.
Clark, D.A., R.G. Anthony, and L.S. Andrews.
2011. Survival rates of northern spotted owls
in postﬁre landscapes of southwest Oregon.
Journal of Raptor Research 45:38-47.

Natural Areas Journal 319

Clark, D.A., R.G. Anthony, and L.S. Andrews.
2013. Relationship between wildﬁre, salvage
logging, and occupancy of nesting territories
by northern spotted owls. Journal of Wildlife
Management 77:672-688.
Chang, C.R. 1996. Ecosystem response to
ﬁre and variations in ﬁre regimes. Sierra
Nevada Ecosystem Project: Final report to
Congress, vol. II, Assessments and scientiﬁc
basis for management options. University of
California, Centers for Water and Wildland
Resources, Davis.
Conard, S.G., A.E. Jaramillo, and S. Rose. 1985.
The role of the genus Ceanothus in western
forest ecosystems. General Technical Report
PNW-GTR-182, U.S. Department of Agriculture, Forest Service, [Portland, OR.].
Davis, F.W., and D.M. Stoms. 1996. Sierran
vegetation: a gap analysis. Sierra Nevada
Ecosystem Project: Final report to Congress,
vol. II, Assessments and scientiﬁc basis
for management options. University of
California, Centers for Water and Wildland
Resources, Davis.
DellaSala, D.A., A. Martin, R. Spivak, T.
Schulke, B. Bird, M. Criley, C. van Daalen,
J. Kreilick, R. Brown, and G. Aplet. 2003.
A citizens’ call for ecological forest restoration: forest restoration principles and criteria.
Ecological Restoration 21:14-23.
Donato, D.C., J.L. Campbell, and J.F. Franklin.
2012. Multiple successional pathways and
precocity in forest development: can some
forests be born complex? Journal of Vegetation Science 23:576-584.
Donato, D.C., J.B. Fontaine, W.D. Robinson,
J.B. Kauffman, and B.E. Law. 2009. Vegetation response to a short interval between
high-severity wildﬁres in a mixed-evergreen
forest. Journal of Ecology 97:142-154.
Dudley, J.G., V.A. Saab, and J.P. Hollenbeck.
2012. Foraging-habitat selection of Blackbacked Woodpeckers in forest burns of
southwestern Idaho. Condor 114:348-357.
Fontaine, J.B., D.C. Donato, W.D. Robinson,
B.E. Law, and J.B. Kauffman. 2009. Bird
communities following high-severity ﬁre:
response to single and repeat ﬁres in a mixedevergreen forest, Oregon, USA. Forest Ecology and Management 257:1496-1504.
Franklin J.F, D.B. Lindenmayer, J.A. MacMahon, A. McKee, J. Magnusson, D.A. Perry,
R. Waide, and D.R. Foster. 2000. Threads
of continuity: ecosystem disturbances,
biological legacies and ecosystem recovery.
Conservation Biology In Practice 1:8-16.
Hanson, C.T., and M.P. North. 2008. Postﬁre
woodpecker foraging in salvage-logged
and unlogged forests of the Sierra Nevada.
Condor 110:777-782.

320 Natural Areas Journal

Hanson, C.T. and D.C. Odion. 2014. Is ﬁre
severity increasing in the Sierra Nevada,
California, USA? The International Journal
of Wildland Fire 23:1-8.
Hanson, C.T., D.C. Odion, D.A. DellaSala, and
W.L. Baker. 2010. More-comprehensive recovery actions for Northern Spotted Owls in
dry forests: reply to Spies et al. Conservation
Biology 24:334-337.
Harpold, A., P. Brooks, S. Rajagopal, I.
Heidbuchel, A. Jardine, and C. Stielstra.
2012. Changes in snowpack accumulation
and ablation in the intermountain west.
Water Resources Research. 48:W11501,
doi:10.1029/2012WR011949.
Horton, T.R., T.D. Bruns, and V.T. Parker.
1999. Ectomycorrhizal fungi associated with
Arctostaphylos contribute to Pseudotsuga
menziesii establishment. Canadian Journal
of Botany 77:93-102.
Howell, J.T. 1946. Sierra Club Bulletin 31:1823.
Hutto, R.L. 1995. The composition of bird
communities following stand-replacement
ﬁres in northern Rocky Mountain (U.S.A.)
conifer forests. Conservation Biology
9:1041-1058.
Hutto, R. L. 2008. The ecological importance of
severe wildﬁres: some like it hot. Ecological
Applications 18:1827-1834.
Hutto, R.L., and R.T. Belote. 2013. Distinguishing four types of monitoring based on the
questions they address. Forest Ecology and
Management 289:183-189.
Hutto, R.L., and S.M. Gallo. 2006. The effects
of postﬁre salvage logging on cavity-nesting
birds. Condor 108:817-831.
Jenness, J.J., P. Beier, and J.L. Ganey. 2004. Associations between forest ﬁre and Mexican
spotted owls. Forest Science 50:765-772.
Kotliar, N.B., S.J. Hejl, R.L. Hutto, V.A. Saab,
C.P. Melcher, and M.E. McFadzen. 2002.
Effects of ﬁre and post-ﬁre salvage logging
on avian communities in conifer-dominated
forests of the western United States. Studies
in Avian Biology 25:49-64.
Krawchuk, M.A., M.A. Moritz, M. Parisien,
J. Van Dorn, and K. Hayhoe. 2009. Global
pyrogeography: the current and future distribution of wildﬁre. PloS ONE 4: e5102.
Lawrence, G.E. 1966. Ecology of vertebrate animals in relation to chaparral ﬁre in the Sierra
Nevada foothills. Ecology 47:278-291.
Lee, D.E., M.L. Bond, and R.B. Siegel. 2012.
Dynamics of breeding-season site occupancy
of the California spotted owl in burned
forests. Condor 114:792-802.
Leiberg, J.B. 1902. Forest conditions in the
northern Sierra Nevada, California. Professional Paper No. 8, U.S. Department

of the Interior, U.S. Geological Survey,
Washington, D.C.
Lindenmayer, D.B., R.J. Hobbs, G.E. Likens, C.J. Krebs, and S.C. Banks. 2011.
Newly discovered landscape traps produce
regime shifts in wet forests. Available
online <www.pnas.org/cgi/doi/10.1073/
pnas.1110245108>.
Linsley, E.G. 1943. Attraction of Melanophila
beetles by ﬁre and smoke. Economic Entomology 36:341-342.
Long, J., L.Q. Davidson, C. Skinner, S. Charnley, K. Hubbert, and M. Meyer. 2013. Postwildﬁre management. Final draft 1/9/2013.
Paciﬁc Southwest Science Synthesis. U.S.
Department of Agriculture, Forest Service,
Albany, CA.
Malison, R.L., and C.V. Baxter. 2010. The
fire pulse: wildfire stimulates flux of
aquatic prey to terrestrial habitats driving
increases in riparian consumers. Canadian
Journal of Fisheries and Aquatic Sciences
67:570-579.
McGinnis, T.W., J.E. Keeley, S.L. Stephens,
and G.B. Roller. 2010. Fuel buildup and
potential ﬁre behavior after stand-replacing
ﬁres, logging ﬁre-killed trees and herbicide
shrub removal in Sierra Nevada forests. Forest Ecology and Management 260:22-35.
McKenzie, D., Z. Gedalof, D.L. Peterson, and
P. Mote. 2004. Climatic change, wildﬁre,
and conservation. Conservation Biology
18:890-902.
Millar, C. 1996. Sierra Nevada ecosystems.
Sierra Nevada Ecosystem Project: Final
Report to Congress, vol. II, Assessments
and scientiﬁc basis for management options.
University of California, Centers for Water
and Wildland Resources, Davis.
Miller, J.D., and H. Safford. 2012. Trends in
wildﬁre severity: 1984 to 2010 in the Sierra Nevada, Modoc Plateau, and Southern
Cascades, California, USA. Fire Ecology
8:41-57.
Miller, J.D., H.D. Safford, M.A. Crimmins, and
A.E. Thode. 2009. Quantitative evidence for
increasing forest ﬁre severity in the Sierra
Nevada and southern Cascade Mountains,
California and Nevada, USA. Ecosystems
12:16-32.
Minshall, G.W., C.T. Robinson, and D.E.
Lawrence. 1997. Postﬁre responses of lotic
ecosystems in Yellowstone National Park,
U.S.A. Canadian Journal Fisheries and
Aquatic Sciences 54:2509-2525.
Munton, T.E., K.D. Johnson, G.N. Steger, and
G.P. Eberlein. 2002. Diets of California
spotted owls in the Sierra National Forest.
General Technical Report. PSW-GTR-183,
U.S. Department of Agriculture, Forest
Service, [Albany, CA].

Volume 34 (3), 2014

North, M. (ed.) 2012. Managing Sierra Nevada
forests. General Technical Report PSWGTR-237. U.S. Department of Agriculture,
Forest Service, Paciﬁc Southwest Research
Station, Albany, CA.
North, M. 2013. Forest ecology. Paciﬁc Southwest Science Synthesis. U.S. Department of
Agriculture, Forest Service, Albany, CA.
Odion, D.C., and C.T. Hanson. 2013. Projecting
impacts of ﬁre management on a biodiversity
indicator in the Sierra Nevada and Cascades,
USA: the black-backed woodpecker. The
Open Forest Science Journal 6:14-23.
Odion, D.C., C.T. Hanson, A. Arsenault,
W.L. Baker, D.A. DellaSala, R.L.Hutto,
W.Klenner, M.A. Moritz, R.L. Sherriff, T.T.
Veblen, and M.A. Williams. 2014. Examining historical and current mixed-severity
ﬁre regimes in ponderosa pine and mixedconifer forests of western North America.
PlosOne 9:1-14.
Odion, D.C., and D.A. Sarr. 2007. Managing
disturbance regimes to maintain biodiversity in forested ecosystems of the Paciﬁc
Northwest. Forest Ecology and Management
246:57-65.
Overpeck, J., G. Garﬁn, A. Jardine, D. Busch,
D. Cayan, M. Dettinger, E. Fleishman, A.
Gershunov, G. MacDonald, K. Redmond,
W. Travis, and B. Udall. 2012. Summary
for Decision Makers. Assessment of Climate
Change in the Southwest United States:
a Technical Report Prepared for the U.S.
National Climate Assessment, Southwest
Climate Alliance, Tucson, AZ.
Paine, R.T., M.J. Tegner, and E.A. Johnson.
1998. Compounded perturbations yield ecological surprises. Ecosystems 1:535-545.
Raphael, M.G., M.L. Morrison, and M.P. YoderWilliams. 1987. Breeding bird populations
during twenty-ﬁve years of postﬁre succession in the Sierra Nevada. The Condor
89:614-626.
Ricketts, T., E. Dinerstein, D. Olson, C. Loucks,
W. Eichbaum, D. DellaSala, K. Kavanagh, P.
Hedao, P. Hurley, K. Carney, R. Abell, and
S. Walters. 1999. A Conservation Assessment of the Terrestrial Ecoregions of North

Volume 34 (3), 2014

America. Island Press, Washington, D.C.
Roberts, S.L. 2008. The effects of ﬁre on
California spotted owls and their mammalian prey in the central Sierra Nevada,
California. Ph.D. diss., University of California, Davis.
Roberts, S.L., J.W. van Wagtendonk, A.K.
Miles, and D.A. Kelt. 2011. Effects of ﬁre
on spotted owl site occupancy in a late-successional forest. Biological Conservation
144:610-619.
Safford, H.D., M. North, and M.D. Meyer.
2012. Climate change and the relevance of
historical forest conditions. Managing Sierra
Nevada forests. General Technical Report
PSW-GTR-237, U.S. Department of Agriculture, Forest Service, [Albany, CA].
Sherriff R.L., and T.T. Veblen. 2006. Ecological
effects of changes in ﬁre regimes in Pinus
ponderosa ecosystems in the Colorado
Front Range. Journal of Vegetation Science
17:705-718.
Shevock, J.R. 1996. Status of rare and endemic
plants. Sierra Nevada Ecosystem Project:
Final report to Congress, vol. II, Assessments
and scientiﬁc basis for management options.
University of California, Centers for Water
and Wildland Resources, Davis.
Siegel, R.B., M.W. Tingley, R.L. Wilkerson,
and M.L. Bond. 2013. Assessing home
range size and habitat needs of Black-backed
Woodpeckers in California: report for the
2011 and 2012 ﬁeld seasons. Institute for
Bird Populations. A report in fulﬁllment of
U.S. Forest Service Agreement No. 08-CS11052005-201, Modiﬁcation 3; U.S. Department of Agriculture, Forest Service, Paciﬁc
Southwest Region, Vallejo, CA.
Skinner, C.N., and C. Chang. 1996. Fire regimes, past and present. Pp. 1041-1069
in Sierra Nevada Ecosystem Project: Final
Report to Congress, vol. II, Chapter 38.
University of California, Centers for Water
and Wildland Resources, Davis.
Stephenson, N.L., D.J. Parsons, and T.W.
Swetnam. 1991. Restoring natural ﬁre to
the sequoia-mixed conifer forest: should

intense ﬁre play a role? Proceedings of
the Tall Timbers Fire Ecology Conference
17:321-337.
Swanson, M.E., J.F. Franklin, R.L. Beschta,
C.M. Crisafulli, D.A. DellaSala, R.L. Hutto,
D.B. Lindenmayer, and F.J. Swanson. 2011.
The forgotten stage of forest succession:
early-successional ecosystems on forest
sites. Frontiers Ecology & Environment
9:117-125.
Tarbill, G.L. 2010. Nest site selection and inﬂuence of woodpeckers on recovery in a burned
forest of the Sierra Nevada. M.S. thesis,
California State University, Sacramento.
Thorne, J., B.J. Morgan, and J.A. Kennedy.
2008. Vegetation change over sixty years
in the Central Sierra Nevada, California,
USA. Madrono 5:223-237.
USDA Forest Service. 1911. Timber Survey
Field Notes, 1911, U.S. Department of
Agriculture, Forest Service, Stanislaus National Forest. Record Number 095-93-045,
National Archives and Records Administration – Paciﬁc Region, San Bruno, CA.
USDA Forest Service. 2008. Northern Sierran
Ecological Province CalVeg Zone 3. U.S.
Department of Agriculture, Forest Service,
Southwest Region 5. Vallejo, CA.
USDA Forest Service. 2013a. U.S. Department of Agriculture, Forest Service, 2013a.
Chapter 1: ecological integrity. Available
online <http:// Living%20Assessment%20%20Chapter%201%20Bio-region.webarchive>.
USDA Forest Service. 2013b. Northern
Sierran ecological province CalVeg
Zone 3. Accessed 16 May, 2013
<http://www.fs.usda.gov/detail/r5/landmanagement/resourcemanagement/
?cid=stelprdb5347175>.
Williams, M.A., and W.L. Baker. 2012. Spatially
extensive reconstructions show variable
severity ﬁre and heterogeneous structure
in historical western United States dry
forests. Global Ecology and Biogeography.
DOI: 10.1111/j.1466-8238.2011.00750.
Zavitkovski, J., and M. Newton. 1968. Ecological importance of snowbrush Ceanothus
velutinus in the Oregon Cascades. Ecology
49:1134-1145.

Natural Areas Journal 321

Appendix. Bird species present in complex early seral forests in the Sierra Nevada based on comparisons of burned and unburned plots (Raphael et al.
1987: east slopes of Sierra, University of California Sagehen Creek Field Station, pine-ﬁr forests, ridgetop at 2100-m elevation, Burnett et al. 2012: Plumas
National Forest, northeastern CA, mixed conifers, elevations 1094–2190 m: Storrie, Moonlight, and Cub mixed-severity ﬁres). Only the Burnett et al. (2012)
performed statistical analyses on bird abundances between burned and unburned plots. Taxonomy follows American Ornithologists’ Union checklist of
North and Middle American birds (http://checklist.aou.org/; active May 20, 2013).
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