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ABSTRACT
Although fire management is increasingly recognized as an important component of
conservation in Klamath-Siskiyou ecosystems, empirical evidence on the ecological
effects of fire in this region is limited. Here we describe a conceptual model as a
framework for understanding the effects of fire and fire management on bird abundance.
This model identifies three major pathways through which fire may influence bird
abundance: habitat structure, food availability, and predation. Based on this model, we
review major research questions regarding the ecological consequences of fire and fire
management for bird conservation in the Klamath-Siskiyou ecoregion. These questions
illustrate that we still know relatively little about how natural and anthropogenic
disturbances change these systems. We suggest that this ecological information is
critical for informing fire-related management decisions in the Klamath-Siskiyou
ecoregion.

INTRODUCTION
Fire regimes create predictable changes in landscape composition. Fire induced
disturbance has influenced the evolution of life history strategies of many organisms and
landscape-level patterns of diversity (Pickett 1976). With fire suppression programs
carried out in the last century, natural fire patterns have been altered (Agee 1993). These
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changes are believed to have changed habitat composition and lead to fuel accumulations
associated with unnaturally severe fires (Arno and Brown 1989, Agee 1993). The social
and ecological consequences of severe fires reinforce the need for widespread
suppression efforts, yet suppressing fires without reducing fuels may lead to larger and
more intense fires (Agee 2002). This recognition has lead to shifts in fire prevention
strategies that aim to reduce fire hazards with prescribed burning and mechanical fuels
reductions. The challenge of contemporary fire management lies in understanding the
ecological role of fire in natural systems and how this process can be restored with fire
management that is compatible with social, economic, and aesthetic values.
The dynamic nature of fire management policies in United States National Parks
exemplify the challenge of balancing social, economic, and aesthetic values with natural
fire regimes and unnaturally high fuel conditions (Parsons and Botti 1996). Although
goals of preservation initially lead to strict policies of fire suppression in National Parks,
biologists later came to recognize the ecological importance of natural fire (Leopold et al.
1963). Today, fire ecologists recognize that (1) restoring natural fire regimes is often
impractical; instead successful fire management will require repeated management
intervention tailored to meet specific goals, (2) achieving these goals requires sound
information on which to base management decisions, and (3) because fires operate at a
spatial scales that encompass state, federal, and private management agencies, interagency cooperation is important (Parsons and Botti 1996).
The Klamath-Siskiyou region covers more than 4 million hectares of northern
California and southern Oregon. Biologically, this region is exceptionally diverse
(DellaSala et al. 1999), with unique bird (Ralph et al. 1991, Trail et al. 1997, Alexander
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1999) and vegetation (Whittaker 1960) communities. The historical fire regime in much
of this region was one of mixed-severity that created and maintained high spatial habitat
heterogeneity (Atzet and Wheeler 1982, Agee 1993, Skinner 1995, Taylor and Skinner
1998). Today, fire management is increasingly recognized as an important issue in the
conservation of Klamath-Siskiyou ecosystems, but empirical evidence on the ecological
effects of fire in this region is limited.
Considering that the ecological effects of fire are diverse and extensive,
monitoring changes in ecological conditions is difficult. Although no single group of
organisms can provide a complete picture of the changes caused by fire, birds are
recognized as useful and cost-effective tools for ecological monitoring of land
management practices (Greenwood et al. 1993, Hutto 1998). Hutto (1998) emphasized
that birds are an effective tool for broad-based monitoring because: (1) they are easier
than many other vertebrates to identify and less expensive to survey, (2) point-count
survey methods quickly collect data on many species, and (3) documenting the response
of many species with different life-history characteristics and habitat requirements
promotes understanding at the landscape level. Here, we present a conceptual model to
describe the influence of fire on bird abundance and then use this model to illustrate the
importance of basic research questions for understanding the ecological effects of fire and
fire management in the Klamath-Siskiyou region.

A CONCEPTUAL MODEL OF FIRE’S INFLUENCE ON BIRD ABUNDANCE
Our conceptual model of fire’s influence on bird communities describes three major
pathways through which fire induced changes may influence bird abundance; habitat
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structure, predation, and food availability (Fig. 1). Perhaps the most obvious effects of
fire are changes in habitat structure, such as the reduction in canopy cover or increases in
the number of snags. The abundance of many bird species in the Klamath-Sikiyou
region has been documented to be correlated with habitat structure (Alexander 1999). A
simple direct effect of habitat structure on bird abundance may be one of the factors
influencing post-fire bird abundance (Fig. 1). Additionally, habitat structure may
influence bird abundance indirectly if it changes environmental conditions, such as food
availability and predation (Fig. 1). Variation in bird abundance across habitats has also
been linked to food availability (Johnson and Sherry 2001). If insect abundance changes
after fire (Abbott et al. 2003), such changes may explain changes in bird abundance.
Such an effect may occur independently of changes in habitat structure. Predation,
especially on nests, has been documented as a factor influencing bird communities
(Martin 1988). If fire changes predation pressure directly (independent of changes in
vegetation structure), then this factor should also be considered.
FIRE RESEARCH QUESTIONS FOR THE KLAMATH-SISKIYOU REGION
Information on avian-fire relations within the Maritime Pacific Northwest has been
summarized by Huff and co-workers (in review). This review illustrates that the effects
of fire on bird communities in the Pacific Northwest are not well understood. In the
Klamath-Siskiyou region there have been no studies that specifically address the effect of
fire on birds (Huff et al. in review). Thus, our understanding of the ecological process of
fire as it relates to bird abundance is rudimentary at best. In order for prescribed fire and
other fire management strategies to play an effective role in avian conservation, Huff et
al. (in review) identified a number of research and management questions that need to be
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addressed. Here we present a subset of these questions in the context of our conceptual
model and discuss their relevancy to avian conservation in the Klamath-Siskiyou region.

How does fire suppression affect bird abundance and demographics? Fire suppression
may decrease the frequency with which fires burn in low- and moderate-severity fire
regimes. When fires become less frequent, fuels may accumulate, potentially altering
patterns of fire severity. Such changes would alter the magnitude of the influence fire has
on vegetation structure in our model. Such an effect would extend to bird abundance,
either directly, or indirectly through food availability and predation.
The ecological effects of fire suppression in the Klamath-Siskiyou are not well
understood (Frost and Sweeney 2000), but have probably been greatest at the landscape
level (Skinner 1995). Although there have been no studies that directly address how bird
communities are affected by habitat changes from fire suppression in the KlamathSiskiyou region, Huff et al. (in review) noted that bird communities most vulnerable to
fire-suppression induced changes are likely those in low-severity, high-frequency fire
regimes (e.g. mixed-conifer, oak woodlands, and chaparral) that are well represented in
the Klamath-Siskiyou region. Because fire suppression may continue in the KlamathSiskiyou ecoregion, the long-term effects on bird communities should be evaluated.

How does prescribed fire change conditions for birds? Prescribed fire is increasingly
recognized as a potential tool for landscape management. Yet the ability of prescribed
fire to create the desired ecological conditions for birds is not well understood (Artman et
al. 2001, Jones et al. 2002). In the Klamath-Siskiyou, fires historically occurred in the
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late summer or early fall (Taylor and Skinner 1998). In contrast, late winter or early
spring provide conditions when burns are more easily controlled (Biswell 1989).
Because prescribed fire can be applied in many different ways and have many different
effects on vegetation structure, food availability, and predation, generalizations are not
easily drawn that can be applied widely to birds. Thus, specific studies from the
Klamath-Siskiyou ecoregion may have important management implications for bird
conservation.

How do fuels treatments affect bird abundance? Although mechanical forest
management, (i.e., logging), may produce structural changes similar to natural fire, the
effects of these disturbances are not always the same for birds (Imbeau et al. 1999). The
ability of mechanical activities to mimic the effects of fire may depend whether or not
they replicate food availability or predation conditions that are created by natural fire. As
fuels reduction activities are implemented in the Klamath-Siskiyou region, these
activities should be closely monitored with respect to their effect on bird abundance and
demography.
The challenge of understanding the relationship between fuels reduction and bird
conservation is illustrated in oak woodland and chaparral habitats of the KlamathSiskiyou region. Because high-severity fires characteristic of these habitats have the
potential to cause extensive damage to homes and property, fires are a concern in many
of these areas. In an attempt to reduce the landscape risk of fire and maintain habitat
characteristics created by fire, the Oregon Bureau of Land Management has introduced
fuels reduction projects throughout large portions of the Applegate Valley in southwest
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Oregon. These habitats support a unique bird community, including species such as
Acorn Woodpecker (Melanerpes formicivorus), Ash-throated Flycatcher (Myiarchus
cinerascens), Wrentit (Chamaea fasciata), and White-breasted Nuthatch (Sitta
carolinensis). The effects of habitat management on these birds have been addressed by
regional Partners in Flight conservation plans (Altmann 2000a). In cooperation with the
Medford District of the Oregon Bureau of Land Management, we are using these plans to
identify desired habitat conditions for oak woodland birds and bird monitoring to
compare treated and untreated areas. With this monitoring, the ability of fuels reduction
treatments to achieve the desired results for bird conservation can be evaluated.

What are effects of post-fire salvage? Post-fire salvage logging removes a range of
remaining structure from burned areas. This structure may provide important nest sites
and foraging opportunities for many cavity-nesting and bark-foraging birds (Hutto 1995,
Kreisel and Stein 2000). Although salvage logging has been hypothesized to have
negative consequences for birds that rely on this structure (Hutto 1995, Wales 2001), this
effect has not been well documented (Haggard and Gaines 2001). Effects of salvage may
interact with burn severity; removing structure from severely burned areas may have
much different effects than the same level of extraction from less severely burned areas
(Saab and Dudley 1998). Considering the potential for extensive salvage logging
operations in the Biscuit Fire, the ecological effects of this activity deserves more study.
The conservation of Klamath-Siskiyou ecosystems depends in part on our
understanding of natural fire regimes and related ecological processes. Fire is clearly an
important agent of disturbance that influences successional processes and habitat
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composition in these landscapes. These processes influence landbird species that are
dependent on specific habitat attributes created by disturbances such as fire (Brawn et al.
2001). Recently, directives in federal land management agencies have emphasized the
need to restore habitats to conditions that are ecologically sustainable. This need is
reflected in the fact that current landbird conservation plans and strategies (e.g., Altman
2000a, 2000b) have emphasized collecting information about the effects of fire
suppression, fuels treatment, and wildfire restoration on the distribution of fire dependent
bird species. There is clearly a need for information from the Klamath-Siskiyou
ecoregion that can be used to understand the role of fire and fire management in landbird
conservation and the restoration of ecological processes.
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Figure 1. A conceptual model describing the effect of fire on bird abundance.
Fire may change habitat structure, food availability, and predator pressure. In
turn, these factors may influence bird abundance through a variety of pathways.

