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Fire severity is hypothesized as an important driver of bird responses to 

wildfire. For those species that typically respond negatively to increasing severity, 

Accessibility of high-severity burned forest may be dependent on the proximity of 

unburned or low-severity burned forest to meet all of the needs of breeding bird 

species that typically respond negatively to increasing fire severity. We used dynamic 

occupancy modeling and intensive surveys to test the hypothesis that the presence of 

live trees explained distribution of birds in high-severity burned forest in the first three 

years following the Biscuit Complex Fire in southwest Oregon.   

Proximity of low-moderate severity burned forest appeared to be important for 

some foliage- and bark-gleaning species. However, probability of occurrence in high-

severity patches for several canopy-associates was not associated with distance from 

low-moderate severity burned forest. We found strong evidence that large snags (>52-

cm) and large live conifers provided important nest substrates for several of these 

open-cup nesting species.  Sprouts from top-killed hardwood species provided primary 

nesting substrates for early-seral associates and some species that nest in live trees or 
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mature shrubs in unburned forest.  Large areas of high-severity burned forest appeared 

to provide important breeding habitat for edge-sensitive cavity-nesting species.  Most 

cavity nests were in large fire-killed or legacy snags with significant decay.   

In all, bird species that were likely to nest in high-severity forest also were 

likely to persist in the early post-fire period.  Identifying the structures used for nesting 

by these species provides a mechanistic understanding of the distributions of many 

species of breeding birds following wildfire, and underscores the importance of local 

ecological context in interpretation of the effects of disturbance.  

We used intensive surveys to evaluate the efficacy of point count surveys to 

detect breeding birds. Most species had significantly higher detection probabilities at 

sites with evidence of breeding activity than at sites without such evidence.  Among 

species, however, detection probability did not predict prevalence of breeding. Most 

species for which detection probabilities during point counts were low or moderate 

were those predicted to decline following high-severity fire. This finding highlights 

the importance of evaluating detection probabilities to identify effective sampling 

methods for species expected to respond negatively to habitat alteration.  
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THE USE OF BURNED FOREST BY BREEDING BIRDS FOLLOWING THE 

BISCUIT FIRE IN SOUTHWEST OREGON 

 

CHAPTER 1: INTRODUCTION 

Habitat Selection by Breeding Birds.    

Habitat selection is the disproportionate use of particular habitats that has 

adaptive significance for individuals (Jones 2001).  Over time, natural selection shapes 

the characteristics of species and thus the range of habitats in which a species occurs, 

while individuals rely on a variety of environmental and/or cultural cues to assess the 

suitability of specific habitat patches (Block and Brennan 1993, Jones 2001).   For 

breeding birds, suitable habitat is comprised of sufficient food resources and adequate 

shelter from predators for adults and offspring (Cody 1985). In particular, vegetation 

structure appears to be an important proximate cue for breeding birds to provide 

foraging and nesting substrates and cover from predators (Cody 1985, Parrish 1995, 

Chalfoun and Martin 2007).  Food resources within breeding habitat limits several 

aspects of avian reproductive ecology, including if and when a bird breeds, clutch size 

and reproductive success (reviewed by Martin 1987).  Even with abundant food, 

breeding bird populations are limited by other factors, in particular, securing nest sites 

that maximize the probability of fledging offspring (Martin 1988).  Hansell (2000) 

identified four main factors affecting the selection of nest sites by breeding birds: 

microclimate, predator avoidance, food availability, and access to nest materials. In 

particular, vegetative structure appears to be an important proximate cue indicating 
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suitable nesting substrate and cover from predators.  Many passerines rely on 

vegetation cover to provide suitable microclimatic conditions and conceal nests 

(Collias and Collias 1984, Collias 1997, and Hansell 2000).   For this reason, the 

alteration or removal of vegetation through anthropogenic and natural disturbance can 

alter bird community composition and reproductive capacity of individual species.  

Breeding Birds in Post-fire Landscapes in the Western North America 

   Fire is one of the most important environmental influences in the western 

United States.  Fires alter forest developmental trajectories and plant communities 

(Bond and van Wilgen 1996). The response of the avian communities to post-fire 

landscapes is determined, in part, by the characteristics of the fire and resulting 

vegetation patterns (e.g., size, severity, interspersion of burned and unburned forest, 

and composition and density of regenerating understory vegetation) and the life history 

traits of bird species (e.g., food taken, foraging strategies and attributes of nests, 

sensitivity to microclimatic conditions and pressures exerted via predation and 

competition, Figure 1.1).  Kotliar et al. (2002) reviewed previous studies of bird-habitat 

associations in burned forests in the Western U.S. and found a number of species that 

showed positive, mixed, or negative responses in abundance to post-burn landscapes 

relative to unburned forest.   Responses of bird species to post-fire habitat is 

hypothesized to depend primarily on their foraging strategies and nesting guilds.  

Studies of bird foraging and nesting guilds in fire-altered forests generally show a shift 

in the composition of the avian community from foliage- and bark-gleaners (mixed and 

negative responders) to shrub foragers, tree drillers, and cavity-nesting species 
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(positive responders; Kotlier et al. 2002, Huff et al. 2005).  Approximately 78% of bird 

species that frequent burns are insectivores (Hutto 1995). Granivores also take 

advantage of the seed crops provided by annual and perennial grasses (Blake 1981).  

The large number of snags created by severe fires and resulting insect outbreaks in the 

dead and dying trees also benefit many cavity-nesting species (Appelbaum and Haney 

1981, Haney et al. 2008, Kotliar et al. 2008).  However, because wildfire simplifies 

forest structure by reducing or eliminating cover, availability of nesting and foraging 

substrates are reduced for species associated with mid- and overstory live trees, which 

is why they typically exhibit reduced abundance post fire (Kotliar et al. 2002). Even if 

these species can forage successfully in high-severity burned fores,t their use of this 

forest type may be limited to the edges of unburned or low-burned forest that provide 

suitable nesting habitat.   

Animals as Colonizers and Recolonizers of Post-Disturbance Landscapes 

One potentially more useful way to classify animals that use post-disturbance 

landscapes is as recolonizers or colonizers. Within the context of wildfire, a recolonizer 

is defined as a species that occurred in pre-fire habitat, and can recolonize and persist 

in the same areas following wildfire.  A colonizer is species that was absent from or 

occurred in low abundance in pre-fire habitat and occur in higher abundance in post-

fire habitat.  In this context, positive and negative/mixed responders can be 

characterized as colonizers and potential recolonizers, respectively.  The same species 

may act as a colonizer or recolonizer depending on ecological context.  For example, 

species associated with open forest respond positively to low and moderate fire 
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severity in closed forests that increases foraging opportunities, but negatively to high-

severity fire that removes nesting substrates (Kotliar et al. 2002).   

For both groups, the ability to use burned forest depends on the abundance, 

distribution and quality of key habitat elements.  Following wildfire, such habitat 

elements may be comprised of biological legacies (the organisms, structures, and 

biologically-derived patterns carried over from the previous forest stand; Franklin et al. 

2000).  These biological legacies include surviving trees, snags, and downed wood, 

serotinous species, banked seeds, and underground vegetative components, such as 

rhizomes and root collars that facilitate sprouting of top-killed vegetation.   

Categorizing species as potential recolonizers rather than as negative or mixed 

responders shifts focus from classifying relative habitat quality based on abundance 

indices in pre- and post-disturbance conditions to identifying key habitat elements 

allowing persistence of species following disturbance.  For instance, mixed responses 

exhibited by some songbirds following wildfire reported among studies may be a 

function of variability in fire severity, size and shape of burn patches, all of which 

influence the distribution and abundance of live trees in burned forest (Kotliar et al. 

2002, 2007; Smucker et al. 2005).  Forest burned with low or moderate severity within 

large high-severity burned areas may provide important foraging or nesting substrates 

and support recolonizing species associated with live canopy.  Anecdotally, some 

researchers have reported that bird activity appeared to be concentrated near burn edges 

(Hutto 1995, Murphy and Lehnhausen 1998).  However, this relationship has not well-

researched.   
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Measuring Bird Responses in Post-fire Landscapes 

Most songbird-habitat relationship studies use point count surveys to assess 

patterns in presence or abundance of birds in burned forests (e.g., Hutto 1995, Schulte 

and Niemi 1998, Hobson and Schieck 1999, Stuart-Smith et al. 2002, Smucker et al. 

2005, Seavy 2006, Kotliar et al. 2007, Cahall and Hayes 2009).  Point counts can be an 

effective and efficient means of documenting the presence and relative abundance of 

conspicuous bird species, particularly singing males (Ralph et al. 1995). However, 

there are three issues with relying solely on point count surveys to measure birds, 

particularly following disturbance.  First, the limitations of measuring responses of 

animals immediately following disturbance often is due to time lags, a well-known 

phenomenon in bird species that show site fidelity (Wiens and Rotenberry 1985, 

Winter and Best 1985, Pons et al. 2003). In the first few years following a stand-

replacing wildfire, species exhibiting breeding site fidelity are likely to return to 

previously used areas.  Nevertheless, these species may not persist if conditions do not 

provide appropriate foraging or nesting habitat.  Detecting the species on point counts 

does not provide enough information about the potential of post-disturbance habitat for 

breeding. Further, the post-fire landscape is dynamic as vegetation recovers (Agee 

1993, Donato et al 2009), and prey availability changes (Seavy 2006, Kotliar et al. 

2008, Farris et al. 2010, Robertson et al. 2010), Thus, even over a relatively short 

period, conditions can become more suitable for some species and less for others, 

patterns that may be obscured by time lags.  
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Second, it is important to establish the probability of detection of animals to 

assess whether sampling methods will be effective to meet study objectives and reduce 

bias in estimates of abundance or occupancy (McKenzie et al. 2006). Measuring 

detection probability is particularly important following disturbances that alter relative 

abundance or behavior of animals. Reductions in detection probability can lead to 

designating a site as unoccupied when it is, in fact, occupied.  Establishing detection 

probabilities for species that are expected to have a low likelihood of using high-

severity burned forest (e.g., negative and mixed responders) is critical because low 

detection probabilities can confound estimates of occupancy and relative abundance.  

Conducting multiple surveys increases the probability that the species is detected at 

least once; however, the uncertainty associated with designating a site as unoccupied 

can be modeled explicitly (McKenzie et al. 2006).  

Third, despite an underlying assumption that point counts conducted during the 

breeding season provide information about the capacity of habitat to support 

reproduction (Betts et al. 2005), detection of singing males may not be a good index of 

reproductive activity (Wilson and Bart 1985, Gibbs and Wenny 1993, Altman and 

Sallabanks 2000, Amrhein et al. 2007).  Taken together, time-lags and potentially 

heterogeneous detection probabilities among habitats and among mated and unmated 

males within habitats can bias estimates of the suitability of post-disturbance habitat 

for breeding birds. Thus, documenting nesting activity, rather than inferring it through 

detections of singing males, is critical to understanding how and to what extent 

breeding birds are using burned forest.  
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Dissertation Research Questions 

This dissertation research focuses on post-fire habitat associations of breeding 

bird species in the first three years following the Biscuit Complex Fire.  This 2002 fire 

was located in the topographically and floristically diverse region of southwest Oregon.  

This fire encompassed nearly 200,000 hectares and created a large-scale mosaic of 

high-severity and low- and moderate-severity burned patches (Halofsky et al. 2011).  

The size and severity of this fire provided an opportunity to evaluate how the 

interspersion of low-moderate burned forest in large areas of severely burned forest and 

vegetation characteristics within high-severity burned forest influence distributions of 

breeding birds in the early post-fire period.   In this work I:  

1) examine occupancy, colonization and local extinction probabilities of birds 

using low-moderate and high-severity burned forest in the early post-fire 

period; 

2) examine the influence of low-moderate severity burned forest on 

occupancy, colonization and local extinction probabilities of breeding bird 

species within high-severity burned forest; 

3) examine the prevalence of breeding activity in high-severity burned forest 

in relation to predicted response type and probability of occurrence; 

4) describe use of biological legacies as nest substrates by birds in high-

severity burned forest and determine whether these legacy components 

(e.g., large snags) were used disproportionately relative to their availability; 
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5) evaluate the efficacy of point count surveys to detect species with different 

predicted response types in high-severity burned forest;  

6) determine whether the breeding status of a species influenced its detection 

probability during point count surveys; and 

7) determine if detection probabilities among predicted response types in high-

severity burned forest was related to breeding prevalence. 

 

I examine these research objectives with  a suite of species that respond to post-

fire habitats along a gradient from mid-succession and mature forest associates 

expected to exhibit low use of high-severity burned forest (i.e., negative responders, or 

recolonizers) to early-succession forest associates expected to be widely-distributed 

and abundant in high-severity forest (i.e., the positive responders, or colonizers).  In 

Chapter 2, I use dynamic occupancy modeling to evaluate occupancy, colonization and 

extinction probabilities of bird species as a function of severity and proximity of forest 

burned with low-moderate severity within forest burned with high-severity (Questions 

1-3). Taken together, I test the hypothesis that the presence of live trees explains the 

distribution of mixed and negative responders in high-severity burned forest.  In 

Chapter 3, I employed a use-versus-availability approach to examine nest site selection 

by breeding birds in high-severity burned forest (Question 4).  In Chapter 4, I use 

occupancy modeling to model detection probabilities as a function of survey method 

and breeding status of species in high-severity forest (Questions 5-7).  I explore the 

relationship between point count detection probability and response type to determine 

whether positive responders had higher detection probabilities than mixed or negative 
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responders, and if so whether this was associated with a higher likelihood of breeding 

in high-severity burned forest by positive responders.   

Although I used breeding birds in post-fire forest as a model system, the work I 

present in this dissertation attempts to provide a broader mechanistic understanding of 

the distributions of animals following a large-scale and high-impact disturbance event 

and the role of biological legacies in explaining these patterns.  This is a particularly 

relevant issue in the first few years following a stand-replacing event when the contrast 

between burned and unburned forest is most pronounced, and biological legacies 

potentially have the most influence on the capacities of recolonizing and early 

colonizing species to utilize these forests. This information will be useful for managers 

who are tasked with making important decisions in the early post-fire period that will 

profoundly influence the long-term trajectories of forest succession, and thus the 

animal communities that depend on these forests.  

Scope of Inference 

I conducted this study in the first three years following a single, large fire event 

in the productive and diverse mixed-coniferous forests of the Klamath Mountains in 

southwestern Oregon.  This is an observational study of post-fire breeding bird 

populations in high- and low-moderate severity burned forest in Douglas-fir dominated 

forests.  Thus, inferences will not be applicable to pre-fire forest bird communities, nor 

to unburned forest conditions in general. Nevertheless, the vegetation and bird 

communities here have many species in common with other forests in the Northwest 

and Rocky Mountain regions of North America (e.g., Kotliar et al. 2002, Huff et al. 
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2005).  Therefore, these relationships should be comparable with other studies that 

investigate these questions. 
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Figure 1.1.  Change in habitat quality for a hypothetical breeding bird species 

following fire in forest.  Habitat quality is a continuum and is defined as ability of the 

environment to provide resources that allow persistence by individuals and populations 

(Hall et al.1997).  Changes in habitat quality are dependent on the complex interactions 

between pre-fire forest conditions, characteristics of the fire and post-fire landscape, 

and behavioral and physiological limitations of the bird species.   
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CHAPTER 2: THE USE OF HIGH-SEVERITY BURNED MIXED-CONIFEROUS 

FOREST BY BREEDING BIRDS. 

 

ABSTRACT 

Fire severity is hypothesized as an important driver of bird responses to 

wildfire. For species that typically respond negatively to increasing severity, 

accessibility of high-severity burned forest may be dependent on the proximity of low-

severity burned forest to meet their foraging and nesting needs during the breeding 

season. We used dynamic occupancy modeling and intensive surveys to test the 

hypothesis that the presence of live trees explained distribution of birds in high-

severity burned forest in the first three years following the Biscuit Complex Fire in 

southwest Oregon.  We categorized bird species that used high-severity as those that 1) 

nested in high-severity forest independent of distance from live-moderate burned forest 

(e.g., yellow-rumped warbler Dendroica coronata, western tanager Piranga 

ludoviciana, American robin Turdus migratorius); 2) nested in high-severity forest but 

were associated with live-moderate forest (red-breasted nuthatch Sitta canadensis, 

brown creeper Certhia americana); or 3) used but were unlikely to nest in high-

severity burned forest (Steller‟s jay Cyanocitta stelleri, western wood-pewee Contopus 

sordidulus). The first category provided the greatest insight into the importance of 

post-fire ecological context because several species selected nest sites in burned forests 

that were atypical of those found in unburned forest (e.g., large snags or sprouts of top-
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killed hardwood trees). Large areas of high-severity burned forest appeared to provide 

important breeding habitat for edge-sensitive cavity-nesting species (hairy woodpecker 

Picoides villosus, western bluebird Sialia mexicana).  Bird species that were likely to 

nest in high-severity forest also were likely to persist in the early post-fire period, 

which underscores the importance of local ecological context in interpretation of the 

effects of disturbance on wildlife. 

 

INTRODUCTION 

The response to post-fire landscapes by breeding birds is a complex interaction 

of the environment (e.g., pre-fire forest structure and composition, size and severity of 

the fire, and number, size and distribution of post-fire habitat elements) and the life 

history traits of bird species (e.g., food taken, foraging strategies, attributes of nests, 

and inter- and intraspecific interactions).   The ability of breeding birds to utilize 

burned forest depends on the abundance, distribution, and quality of key habitat 

elements.  Kotliar et al. (2002) reviewed previous studies of bird-habitat associations in 

burned forests in the Western U.S. and found a number of species that showed positive, 

mixed, or negative abundance responses to post-burn landscapes relative to unburned 

forest in the early post-fire period.  Mixed responders are particularly interesting 

because the effects of wildfire on their abundances have been variable across studies 

and regions (Kotliar et al. 2002).   

Fire severity has been hypothesized as a driver of bird response (e.g., Kotliar et 

al. 2002) and the same species may respond differently to fire depending on pre- and 
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post-burn conditions.  For example, species that are associated with open forest 

structure may respond positively to low and moderate fire severity in closed forests that 

increases foraging opportunities, but negatively to high-severity fire that removes 

nesting substrates (e.g. Kotliar et al. 2002). Some researchers have argued that mixed 

responses in abundance observed for some species across studies may be the result of 

positive or neutral responses at low and moderate severities and negative responses at 

high severity (Smucker et al. 2005, Kotliar et al. 2007).  Birds must have access to both 

foraging and nesting habitat during the breeding season. Many passerines rely on 

vegetative cover to provide suitable microclimatic conditions and conceal nests (e.g., 

Collias and Collias 1984, Collias 1997, and Hansell 2000); the alteration or removal of 

vegetation following high-severity fire may restrict selection of nest sites by mixed and 

negative responders in the early post-fire period.  If severity is the driver of mixed 

responses, then accessibility of high-severity burned forest to some species may be 

dependent on the proximity of low-severity or unburned forest to meet all of their 

needs during the breeding season (in sensu Mysterud and Ims 1998).   Thus, generalist 

canopy-nesting species (e.g., yellow-rumped warbler, western tanager) may be able to 

forage in high-severity patches but remain close to low-severity or unburned forest that 

provides suitable nest sites.  Cavity-nesting species that forage on live trees (e.g., red-

breasted nuthatches and brown creepers; Raphael and White 1984, Ghalambor and 

Martin 1999, Hejl et al. 2002) also may be more likely to use the edges relative to the 

interiors of high-severity burns.  Bird activity has been anecdotally observed to be 

concentrated near edges within burns (Hutto 1995, Murphy and Lehnhausen 1998, 
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Kotliar et al. 2002).  Recent work that addressed this issue indicated that proximity to 

forest that is unburned or burned with low severity appeared important for some animal 

species recolonizing high-severity forest  (Knight and Holt 2005, Bond et al. 2009, 

Lindenmayer et al. 2009, Banks et. 2011), but not for others (van der Ree and Loyn 

2002, Banks et al. 2011).  The relationship of avian species to the mosaic of burned and 

unburned forest remains inadequately studied.  

Between July and October 2002, the Biscuit Complex Fire in southwestern 

Oregon burned nearly 200,000 ha. The fire created a mosaic of high-severity burned 

patches (>75% overstory canopy death) interspersed with low and moderate burned 

patches (0- 75% canopy death, U.S.F.S. 2004; Donato et al. 2009).   We investigated 

the potential influence of low-moderate burned forest on distribution of breeding bird 

species in high-severity burned forest in the first three years post-fire.  We conducted 

point count surveys and collected information on reproductive activity of species using 

nest-searching surveys.  The combination of point count and intensive surveys allowed 

us to explore occupancy patterns and nesting habits in high-severity burned forest. We 

hypothesized that species that use high-severity burned forest but rely on live trees for 

nesting and/or foraging (i.e., mixed and negative responders) would have a higher 

probability of occurrence in low-moderate patches relative to high-severity burned 

patches and that the probability of occurrence in high-severity burned forest would 

decrease with increasing distance from low-moderate severity burned forest.  We 

predicted that mixed and negative responders would be unlikely to nest in high-severity 

patches and thus we would detect an inverse relationship between reproductive activity 
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in high-severity patches and distance from forest burned with low or moderate severity.  

In contrast, we predicted that species associated with early-succession and burned 

forest (i.e., positive responders) would show no relationship between probability of 

occupancy in high-severity forest and proximity to low-moderate severity burned 

forest. According to our hypothesis, positive responders instead should be associated 

with other characteristics of the post-fire forest for foraging and nesting, such as 

regenerating vegetation, or snag size and density. This issue is salient in the first few 

years following a stand-replacing event when negative and mixed responders are likely 

to recolonize previously inhabited areas and when the contrast between forests burned 

with different severities is most pronounced.  

 

METHODS 

Study Area 

The Klamath-Siskiyou region of southwest Oregon is characterized by mixed-

severity fire regimes dominated by low- and moderate severity fire (Agee 1993).  The 

Biscuit fire, which was unusually large and severe for this region, still retained 

complex spatial burn patterns characteristic of a mixed severity fire (Halofsky et al. 

2011). The fire effects in this area were pronounced, with all surface fuels and most 

fine fuels (e.g., conifer needles) consumed in high-severity burned patches. Our study 

sites were located on the east-central edge of the Kalmiopsis Wilderness. The terrain is 

steep and rugged and dominated by mature conifer forest (Figure 2.1).    The dominant 

overstory trees were Douglas-fir (Pseudotsuga menziesii), sugar pine (Pinus 
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lambertiana), and ponderosa pine (Pinus ponderosa). The elevations of the sites ranged 

from 300 to 1350 m.  At lower elevation sites (< 900 m), hardwoods were important 

components of the mid-story, including tanoak (Lithocarpus densiflorus), Pacific 

madrone (Arbutus menziesii), canyon live oak (Quercus chrysolepis), and black oak 

(Quercus kelloggii). At higher elevations (>900 m), the mid-canopy was composed 

primarily of white fir (Abies concolor), grand fir (Abies grandis), and golden chinkapin 

(Castanopsis chrysophylla).  

Study Design 

We sampled birds and vegetation characteristics at independent point count stations in 

forest burned with high-severity resulting in >95% crown death 

(                          ; 95% CI: 0.1 - 0.8%) and forest burned with low to 

moderate severity („L-M‟) on the eastern margin of the Biscuit Fire boundary in an area 

roughly 27x13 km in size.  L-M forest was characterized by a mostly intact conifer 

overstory canopy cover (                             95% CI: 56 - 73%) and a burned 

understory; at some sites most hardwood mid-story trees were top-killed, while most of 

conifer overstory trees survived.  High-severity burn patches containing point count 

stations ranged from ~60 to >2200 ha in size and L-M forest patches ranged from ~30 

ha to > 1500 ha (Figure 2.2).  Using aerial photos and U.S. Forest Service burn severity 

maps, we identified high-severity burned forest.  Steep, rugged terrain severely limited 

our ability to access all parts of the study area equally. Therefore, we selected point 

count stations within 500 m of forest roads within these areas stratified by distance 

from L-M and high-severity burn edges: 50-100 m („edge‟), 100-400 m („edge-
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interior‟) and >400 m („interior‟). We overlaid a 50x50 m cell size grid on 7.5 min 

quadrangle USGS maps and randomly selected northing and easting coordinates. We 

uploaded these coordinates to a handheld GPS receiver and located each point in the 

field using the receiver.  Each point count station was located at least 250 m from other 

points.  We estimated the straight-line distance to live forest using a laser range finder 

(Bushnell Yardage Pro 400™) or calculated the Euclidean distance using ArcGIS 9.2.  

Median distance from the nearest L-M forest edge was 164-m (median absolute 

deviation: + 87 m, range: 50 – 1500 m).  We also evaluated the presence of smaller 

patches of live trees within 100 and 200 m of each point count station from U.S. Forest 

Service GIS severity layers; only high-severity sites < 200 m of L-M forest edge  

contained >5%  L-M forest (Figure 2.3).  We excluded points that did not meet the 

above criteria or had accessibility problems.  In 2003, we placed 44 stations in high-

severity burned forest and added 7 more in 2004 (N= 51).  We also conducted point 

counts at 22–26 stations at L-M forest sites each year.  In early 2005, eight of the 

original point count sites were heavily salvage-logged; consequently, we added six new 

stations using the same selection strategy, and moved three stations to adjacent 

unlogged burned forest by following a randomly chosen compass bearing at least 100 

m from the unlogged edge.   

Bird Sampling 

Point Counts. We conducted point counts for birds at each station three times per year 

using a variable-radius counting method (Ralph et al. 1993). A single observer spent 8 

minutes recording species, sex, activity, and distance from the point count center of 



19 

 

 

1
9
 

each bird seen or heard.  We conducted the surveys between the last week of May and 

the first week of July in the five hours following sunrise. We trained observers in bird 

identification and distance estimation in the field 2-3 weeks before the first survey and 

we used laser range finders during surveys to facilitate distance estimations.   

Reproductive Activity Surveys.  We searched for evidence of reproductive activity in 

high-severity sites in 2004 (34 sites) and 2005 (47 sites).  Nest searching plots were 

200-m by 200-m (4-ha) in size and centered on point-count sites (Figure 2.4).  To 

facilitate searching, we divided plots into 16 50-m
2
 subplots with flagging and/or 

wooden stakes.  Two observers surveyed each plot twice per season, averaging 6.2 

person-hours (SD: 1.6 hr) per survey.  Observers recorded bird locations and nests on a 

map grid, noting species, sex, age, and activity whenever possible. We observed adult 

males for 10 minutes or until the bird went to a nest or was lost from view. We 

observed adult females encountered on the plots until they went to a nest or fledgling 

or were lost from view. Observers also searched for nests by scanning substrates and 

observing adult bird behavior for parental cues, including carrying food, nesting 

material, or fecal sacs, and antagonistic behavior towards conspecifics or other species.  

We did not attempt to quantify nest success in this study and we instructed surveyors to 

not disturb active nests.  Four of the sites in which we conducted intensive surveys in 

2004 were partially salvage-logged prior to the breeding season in 2005. We included 

these sites in analyses because snag retention was high, percent cover of regenerating 

vegetation did not differ from unlogged sites, and most of the bird species were either 

present or absent in both years (Appendix B).  
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Vegetation Sampling 

We sampled vegetation and stand structure at the point-count centers using 

modified Breeding Bird Research and Monitoring Database protocols (BBIRD, Martin 

et al. 1997). We established four 11.3-m radius (0.04 ha) plots within 50-m of the point 

count center.  The center plot was located at the point count station.  We then followed 

a randomly generated compass bearing 30-m to establish the second sampling sub-plot.  

The other two sub-plots were located 120-degrees from the second sub-plot and 30-m 

from the center.  We recorded species, diameter at breast height (dbh), and decay class 

of all snags >9-cm dbh and tallied all live trees >9-cm dbh located within each 11.3-m 

sub-plot. We estimated percent cover of all shrubs and herbaceous vegetation 

(„understory‟), downed wood and bare ground at 5% intervals using, counted and 

identified species of all live stems  0.5-m high, and recorded all live trees < 9-cm dbh 

within 5-m of the center. Live foliage associated with sprouting hardwood trees was 

included in the percent shrub cover estimate in sampling plots.  We used a spherical 

densiometer to estimate percent live vegetation > 5-m in height by taking four 

measurements at each point and averaging the value.  We also recorded elevation, 

aspect and slope.  In following years, we re-sampled understory vegetation in the 5-m 

sub-plots.   

Data Analyses 

We used Kotliar et al.‟s (2002) designations of negative, mixed, and positive 

responders and known nesting habits to predict the effect of distance from L-M forest 

on probability of occupancy for each species (Table 2.1). Black-headed grosbeaks were 

too uncommon to be included in Kotliar et al.‟s (2002) review. Based on its association 
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with mid-story trees and mature shrubs for nesting (Hill 1995), we categorized black-

headed grosbeak as a probable mixed responder to high-severity burned forest in the 

early post-fire period. 

We used the probability of occupancy, Ψ, as our response metric. We modeled 

species-specific occupancy probabilities using methods developed by MacKenzie et al. 

(2002, 2006), that uses generalized logistic regression and explicitly models the 

probability of detection, p.  We reasoned that the probability of occupancy of high-

severity burned forest could change in the first three years for species depending on 

their response type.  For example, following a disturbance such as stand-replacing 

wildfire, species that show breeding site fidelity may return to previously used areas 

creating time lags in response (Wiens and Rotenberry 1985).  Thus, we employed a 

dynamic occupancy modeling approach that allowed us to explicitly model local 

colonization and extinction probabilities as a function of time since fire.  Multi-season 

models estimate five parameters: Ψ1, the probability of occupancy in the first post-fire 

year, γ, the probability that a site that was unoccupied during one year was colonized 

the following year, ε, the probability that a site that was occupied during one year was 

not occupied the following year (referred to as local extinction), and p, the probability 

we detected the species given presence.   

A key assumption of this modeling technique is that the population is open 

between and closed within primary survey periods (defined as a breeding season). 

Because it is likely that many territories were not fully encompassed by the detection 

area, we defined occupancy as use and a site as used when the species was detected at 
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least once in at least one secondary sampling period (defined as the surveys conducted 

within a breeding season). Because we conducted standardized point count and intensive 

surveys independently during the same time period, we constructed models with up to 13 

detection histories at each site over the three seasons (three point counts in each year plus 

two intensive surveys at high-severity sites in the second and third post-fire years).  We 

used all occurrences of individuals detected in the 4-ha intensive survey plots and within 

100 m of the point count center during point count surveys. We included all point count 

detections for Townsend‟s solitaire regardless of distance because only 36% of point 

count detections were within 100 m for this species (Chapter 4). We tested for 

differences in distance estimations among observers and severity type using methods 

developed by Fancy (1997) before analyzing occupancy patterns, but we found little 

evidence of observer bias in distance estimations (Appendix C).  We counted a species as 

absent when we did not detect individuals within the defined area during any point count 

or nest searching survey.    

Differences in Occupancy Patterns in High-Severity and L-M-Severity Forest. To test the 

prediction that the probability of use was higher for negative/mixed species and lower for 

positive responders in L-M versus high-severity burned forest, we used the model 

ψ1(Severity), γ(Yr, Severity), ε(Yr, Severity), p(Yr, Severity, Survey Method)  that evaluated 

the effects of severity type on initial occupancy and severity and post-fire year on 

colonization, extinction and detection probabilities for each species.  For species that 

were absent or rare (<10% naïve estimate of occurrence) in one severity type, we used 

the model Ψ(Year), γ(Year), ε(Year), p(Year) to model ψ at sites in the severity type 
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where it was detected.   

Occupancy Patterns in High-Severity Burned Forest.  We hypothesized that negative 

and mixed responders would show negative associations with distance from L-M forest 

within high-severity burned forest. We tested this hypothesis by creating a priori 

candidate model sets that examined occupancy and local colonization and extinction 

probabilities as a function of distance from L-M forest for each species. Small numbers 

of colonization and extinction events precluded us from examining the effects of 

multiple covariates on these parameters.  Instead, we included elevation in all models 

because it described the diversity of abiotic factors and vegetation communities across 

the study area (Whitaker 1960) and we detected a strong elevation gradient in 

occupancy patterns in preliminary analyses.  Each model represented an alternative 

hypothesis about occupancy dynamics (Table 2.2). For example, Ψ1(.), γ(distance, 

elevation), ε(distance, elevation) represents the hypothesis that occupancy of sites in 

the first post-fire year was constant across sites (perhaps due to time lags), but that 

local colonization and extinction probabilities at sites in years 2 and 3 were functions 

of distance from L-M forest and elevation.  We modeled probability of detection as a 

function of year, and survey method, p(Year, Year:Survey Method). This model 

assumed independent detection probabilities in each year and for each survey method 

(point count, intensive survey).   

Single-Season Models. We used single-season models to examine the effects of 

vegetation characteristics on occupancy patterns for species for which we detected 

evidence of reproductive activity on at least 20% of sites in 2005. We compared models 
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that included sites where a species was detected regardless of reproductive status to 

models in which we only include sites where we observed evidence of breeding to 

evaluate whether habitat associations differed.   

We first modeled detection probabilities as a function of survey, p(survey 

method), and date, p(date), p(survey method*date), and constant detection, p(.) in 

Ψ(global) models, and compared AICc  and ĉ values within the candidate model sets.  

Once we identified the best p model, we modeled Ψ as a function of covariates.  To test 

predictions that probability of use was associated with distance from L-M forest, we 

included distance as a covariate in the candidate model sets.  We treated structural 

characteristics (snag density, conifer and hardwood basal area), vegetation composition 

(percent of total trees that were hardwoods and percent cover of understory vegetation), 

and elevation as alternative hypotheses to explain observed occupancy patterns (Table 

2.1).  We evaluated 3 - 4 hypothesis-driven covariates for each species based on nesting 

habits in unburned forest and covariates identified during intensive surveys.   For 

example, percent vegetation cover was an a priori predictor for all open-cup-nesting 

species, but we also included >23-cm-dbh snag density for yellow-rumped warblers and 

American robins because we observed these species nesting in snags (Chapter 3).  We 

used variance inflation factors (VIF) and correlation analyses to assess multicollinearity 

among covariates before including them in models (threshold for inclusion: VIF < 2.5, 

Allison 1999).  We included elevation in our a priori model sets because none of the 

vegetative or structural covariates used in models had correlations with elevation that 

exceeded 0.55 and VIF that exceeded 2.5.  We normalized all covariates prior to analyses 
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using the z-transformation (Cooch and White 2008). We repeated this analysis using all 

sites where we detected the species regardless of breeding status. This approach allowed 

us to evaluate the relative effect of covariates on estimates of Ψ between known breeders 

and all individuals. Assigning breeding status to individuals was contingent on our 

ability to detect reproductive activity during intensive surveys. Therefore, we calculated 

, the probability of correctly identifying breeders given presence in Chapter 4. For all 

species we used in analyses, (0.84 in two surveys, Chapter 4, Table 4.5).  

We used AIC corrected for small sample size (AICc) because the ratio of 

sample size (n) to parameter (K) was less than 40.  For multi-season models, we 

calculated the effective sample size as the sum of sites surveyed across all years. For 

single-season models, effective sample size represented the number of sites surveyed.  

In addition, we evaluated goodness-of-fit of the global model using 10,000 parametric 

bootstrap simulations and included an overdispersion factor in single-season models 

when the variance inflation factor, ĉ, exceeded 1.0 in the global model. In models with 

overdispersion we used QAICc for model selection and multiplied standard errors by √ĉ 

(Burnham and Anderson 2002, MacKenzie and Bailey 2004).  Currently, there is no 

procedure to assess model fit in multi-season occupancy models. ĉ values from single-

season models did not indicate serious overdispersion for any species (ĉ  <1.8). 

Effects of Prior Detections on Estimates Derived from Intensive Surveys.  An important 

assumption of occupancy modeling is that detections made in different surveys are 

independent (MacKenzie et al. 2006).  In each year, two primary point count surveyors 

rotated among point count stations to reduce this source of observer bias.  However, we 
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used a different survey strategy for the intensive surveys. To facilitate efficient surveys 

of the 4-ha plots, the same surveyors intensively searched each 4-ha plot twice each 

season. Thus, a surveyor‟s detection of a species in the first survey period could 

influence the probability the species would be detected again in the second survey period 

because the surveyor had prior knowledge of the species‟ presence on the site (Riddle et 

al. 2010). We tested for independence between the first and second survey each year by 

creating candidate model sets for each species using detections from only the intensive 

surveys. We added a sampling covariate to models that indicated whether the species had 

been detected in the first survey period („prior detection‟ model). A sampling covariate 

history of 0,1 for a site indicated that we detected the species on the first survey, and 0,0 

indicated no prior detection of the species.  We then compared global single-season 

models with the survey covariate („prior detection‟ model) with other Ψ(global) models 

that evaluated detection probability as a function of survey, p(survey), and date, p(date), 

and a constant detection, p(.) and compared AICc  and ĉ values within the candidate 

model set.   

Multimodel Inference.  To evaluate the relative importance of a particular predictor 

variable, j, we summed the Akaike weights across all candidate models that contained j 

in single and multi-season model sets (Burnham and Anderson 2002).  In addition, when 

the best model did not have an AICc weight > 0.90, we model-averaged parameter 

estimates using all models with delta AICc values <10 (> 99% of candidate model set), 

and let x(j) = 0 in models that did not include variable j.   We calculated 95% 

confidence intervals using unconditional standard errors (Cooch and White 2008).   We 
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considered confidence intervals that did not include 0 as evidence of effect and report the 

strength of these relationships using odds ratios. We conducted all analyses in Program 

Presence 2.4 (Hines 2006).  In this paper, we use the term “common” to describe species 

detected on >20% of sites in any year, and “common breeders” for species with 

confirmed evidence of reproductive activity on >50% of the sites where detected. 

 

RESULTS 

Vegetative Characteristics. 

High- and L-M Severity Burned Forest. We found no difference between sites burned 

with high and L-M severity in median values for elevation, proportion of hardwoods, 

conifer basal area, or percent cover of shrubs or downed wood for any year.  Percent 

understory cover did not differ between high and L-M severity sites in 2003; in the 

2004, high-severity sites had moderately higher understory cover, and by 2005 there 

was significantly greater understory cover at high-severity than at L-M sites (95% 

percent CI for difference of means: 11-29%, Table 2.3). 

Vegetative Characteristics in High-Severity Burned Forest.  Snag density, conifer basal 

area, and shrub cover did not differ across elevation gradients in high-severity burned 

forest (Table 2.3).  Mean percent vegetation cover decreased with increasing elevation 

in all three years, with the most pronounced difference in 2005 (Figure 2.5). This 

pattern appeared to be related to the higher percent cover of forbs at low elevation sites 

(primarily Senecio and Vicia spp.). Bear grass (Xerophyllum tenax) was an important 
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component the ground cover at higher elevations. Percent change in vegetative cover 

between years did not differ with elevation (Figure 2.5).  Although mean richness of 

shrubs did not differ between low (< 900 m) and high (> 900 m) elevations sites, 

hardwood composition did. At lower elevation sites, sprouts of top-killed tanoak, 

Pacific madrone, canyon live oak and black oak comprised most of the shrub 

vegetation. Top-killed tanoak and golden chinkapin, Sadler oak (Quercus sadleriana), 

huckleberry oak (Q. vaccinifolia), and the shrub form of canyon live oak comprised 

most sprouts at higher elevation sites. Deer brush (Ceanothus integerrimus) was the 

only shrub originating from seed that contributed appreciably to ground cover, 

especially at lower elevations. Grasses, ferns, and moss cover were uncommon, 

averaging less than 7% of ground cover in any year. 

Occupancy Dynamics in High- and L-M Severity Burned Forest  

 Across severity types we found three responses: species that generally did not 

occur in high-severity burned forest, species that occurred in both L-M forest and high-

severity forest, and species that generally did not occur in L-M forest.  We detected 

Hammond‟s flycatcher, golden-crowned kinglet, hermit thrush, and chestnut-backed 

chickadee on 0 to 8% of high-severity sites in any year; these species were relatively 

common on L-M severity sites, especially in the second and third post-fire years (Table 

2.4).  Hermit warblers were ubiquitous in L-M forest but we only detected hermit 

warblers at high-severity burned sites within 100 m of L-M forest.  The probability of 

detection on point counts (pPC) for these species in high-severity forest was low and we 

rarely encountered them on intensive surveys.  
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Among species that occurred in both severity types, five were negative 

responders (red-breasted nuthatch, brown creeper, Steller‟s jay, Pacific-slope flycatcher, 

and Cassin‟s vireo).  Although we documented red-breasted nuthatches on 27% of high-

severity sites in the first post-fire year, pPC was too low to estimate occupancy. 

Occupancy by both red-breasted nuthatches and brown creepers was high in L-M forest 

each year and increased in high-severity forest in the second year (Table 2.4, Figure 2.6).  

The odds of a brown creeper becoming locally extinct (ε) at a high-severity site were 8 

times higher in the second than third year (95% CI of difference in odds: 0.93 - 69 

times). However, the standard error associated with the ε in the second year was large 

because of extremely low pPC (Tables 2.4 and 2.5).  Although pPC also decreased by half 

at L-M forest sites, we observed no extinctions in the second year, and pPC was too low 

to reliably estimate γ and ε in the third year.  In addition to the decrease in ε, there was a 

twofold increase in colonization probability (γ) in high-severity burned forest by brown 

creepers in the third year. Steller‟s jays increased significantly at high-severity sites in 

the second year but we observed no colonizations and an increase in ε in the third year.  

The low probability of γ relative to ε resulted in a lower probability of occupancy at 

high-severity sites by Pacific-slope flycatchers in the second and third years (Table 2.4). 

Cassin‟s vireos were too rare in high-severity burned forest to model occupancy until the 

third year when we observed a significant increase in occupancy (Figure 2.6).  

Yellow-rumped warblers, black-headed grosbeaks, and dark-eyed juncos were 

equally likely to occur at L-M and high severity sites and exhibited similar occupancy 

dynamics in both severity types (Table 2.4, Figure 2.6).  Initial occupancy (ψ1) by 
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western tanager was approximately the same in high-severity and L-M forest and we 

observed significant increases in occupancy in both severity types between the first and 

second year. The probability of occupancy in the third year (ψ3) increased in the third 

year in L-M forest, while remaining constant at high-severity sites (Figure 2.6).  

Detection probabilities were too low for American robin and Townsend‟s solitaire to 

model occupancy dynamics in L-M forest (Table 2.4).   

We did not detect western wood-pewees, western bluebirds, or house wrens at L-

M forestsites in one or more years.  Lazuli buntings were 1.5 – 2 times more likely to 

occur on high-severity relative to L-M sites in all years (Table 2.4, Figure 2.6).   We 

observed declines in occupancy in the third year by lazuli buntings and house wrens in 

L-M forestsites because of high extinction rates relative to high-severity sites.  We 

detected hairy woodpeckers at >90% of high-severity sites in the second and third post-

fire years. Low pPC of hairy woodpeckers at L-M sites hindered our ability to estimate ψ 

at L-M sites.   

The probability of colonization of high-severity and L-M forest sites decreased 

between the second and third year for black-headed grosbeaks, lazuli buntings, and 

yellow-rumped warblers, reflecting the strong elevation gradient for these species. 

Occupancy was already high (>95%) in the second year at the low elevation sites used by 

grosbeaks and buntings and the high elevation sites used by yellow-rumped warblers.  

There was little evidence that γ and ε probabilities differed between years for any other 

species in high-severity forest (Table 2.6).  Extinction probabilities at high-severity sites 

were less than 20% in either year for all of the mixed and positive responders.   
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Effects of Prior Detections on Estimates Derived from Intensive Surveys. The constant 

detection model was the top model for all species except black-headed grosbeak. At 

every site where we detected black-headed grosbeaks in the first survey, we detected 

them again in the second survey, and the prior detection model was the top model (wi = 

0.78). The constant detection model p(.) was the next most competitive model (wi = 

0.13).  Probability of detection in the first survey period was 0.83 (0.07) in the prior 

detection model and 0.90 (0.04) in both surveys in the p(.) model.  Estimates of Ψ and 

associated standard errors derived from the prior detection model averaged 0.05% lower 

and 2% smaller, respectively, than estimates derived from the p(.) model.  For no species 

including black-headed grosbeak was model fit improved by incorporating the prior 

detection sampling covariate. Because accounting for the effect of prior detections did 

not substantially change estimates of Ψ or standard errors, we made no further 

adjustments to other models.   

Occupancy Dynamics and Distance from L-M Forest in High-Severity Burned Forest: 

Three negative responders and one positive responder showed some association between 

distance from L-M forest and occupancy dynamics in high-severity burned forest.  

Model weights for red-breasted nuthatch indicated that distance from L-M forest was an 

important predictor of ψ2 and ε, but not γ probabilities at high-severity sites (Table 2.6).  

The model-averaged odds of a red-breasted nuthatch occupying a site within 100 m of L-

M forest was 3.1 times higher than a site 400 m away in the second year (95% CI of 

difference in odds: 1.1 – 8.7 times).  There was no relationship between ψ1 or ε and 

distance from L-M forest for brown creeper; however, brown creepers were more likely 
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to colonize high-severity edge sites relative to interior sites in the second and third post-

fire years. The model-averaged odds of a brown creeper colonizing a site within 100 m 

of L-M forest was 3.7 times higher than a site 400 m away (95% CI of difference in 

odds: 1.01 – 14 times).  Model weights for Steller‟s jay indicated that distance from L-M 

forest was an important predictor of ψ1, and ε probabilities (Table 2.6).  The model-

averaged odds of Steller‟s jays becoming locally extinct at a site 400 m away from L-M 

forest was 8.5 times higher than a site within 100 m (95% CI of difference in odds: 0.0 – 

73 times). We observed significant increases in occupancy of high-severity burned forest 

by house wrens, particularly between the second and third years. House wrens showed a 

positive association between γ and distance from L-M forest in the third year.  After 

controlling for the effect of elevation, house wrens were more likely to colonize burn-

interior than edge sites. 

Distance from L-M forest was not associated with occupancy probability for 

other positive and mixed responders, but elevation was a strong predictor of initial 

occupancy in high-severity forest for several of these species.  Occupancy by 

Townsend‟s solitaires, yellow-rumped warblers, and western bluebirds was positively 

associated with increasing elevation and occupancy by American robins, black-headed 

grosbeaks, western tanagers, and lazuli buntings decreased with elevation. In general, 

species that showed strong positive relationships between ψ1 and elevation showed 

similar relationships between elevation and γ in subsequent years. Elevation was not 

associated with ε probabilities for any species expect black-headed grosbeak and lazuli 

bunting, which were less likely to persist, and yellow-rumped warbler, which was more 
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likely to persist, at higher elevations (Table 2.6).   

Single-season Occupancy and Reproductive Activity in High-Severity Burned Forest.  

Of 59 species we observed during intensive surveys in the second and third 

post-fire years, we found evidence of reproductive activity for 48 (81%).  We found 

nests of 40 species, 65% of which were open-cup nesting species, and we documented 

fledglings or parental behavior for an additional 8 species (Table 2.7, Appendix E). 

There was little or no evidence of reproductive activity for species strongly associated 

with L-M forest.  We found fledglings of Hutton‟s vireos and hermit warblers and 

fledglings or a nest of Hammond‟s flycatchers in live trees in nest plots located near L-

M forest.  Of the negative responders we commonly encountered in high-severity 

forest, only Steller‟s jay appeared unlikely to nest in high-severity burned forest and 

we found evidence of reproductive activity < 15% of intensively surveyed plots in 

either year (Table 2.7).  We found evidence of reproductive activity > 50% at sites 

where we detected red-breasted nuthatches, brown creepers, Cassin‟s vireos, yellow-

rumped warblers, American robins, black-headed grosbeaks, dark-eyed juncos and 

western tanagers (Figure 2.7).  Although we likely underestimated the level of 

Townsend‟s solitaire reproductive activity, we detected pairs on >60% of sites in both 

years (Table 2.7, Appendix E).  The positive responders with the highest occupancy 

rates at high-severity sites also had high rates of reproductive activity (Figure 2.7).   

We found evidence of reproductive activity on less than a third of sites where the 

species was detected only for three positive responders: western wood-pewee, dusky 

flycatcher and olive-sided flycatcher.  We evaluated breeding prevalence from 34 sites 
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where we conducted intensive surveys in the second year.   With the exception of 

Pacific-slope flycatcher and red-breasted nuthatch, local extinction rates between the 

second and third year < 20% in high-severity forest for each species for which we 

found evidence of reproductive activity on > 40% of occupied sites (Figure 2.8). 

Detection Probabilities and Model Fit.  

For most species, detection probabilities were adequately modeled with 

p(survey method). The addition of survey date improved model fits for Townsend‟s 

solitaire, western tanager and black-headed grosbeak. Survey date had a positive effect 

on the probability of detecting western tanagers on point count surveys and 

Townsend‟s solitaires on both survey types.  The odds of detecting a western tanager 

on a point count was 8 times higher in late June than in late May (95% CI of difference 

in odds 3.2 – 20).  The odds of detecting a Townsend‟s solitaire was 2 times higher in 

late June than in late May (95% CI of difference in odds 1.4 – 3.2).  Survey date had a 

negative effect on the probability of detecting black-headed grosbeaks on point count 

and intensive survey methods. The odds of detecting a black-headed grosbeak was 2 

times higher in late May than in late June than (95% CI of difference in odds 1.04 - 

3.7). 

The ĉ of global single-season models was < 1 for all species except for western 

wood-pewee (ĉ = 1.71), Townsend‟s solitaire (ĉ = 1.15), black-headed grosbeak (ĉ = 

1.17), western tanager (ĉ = 1.41) and lazuli bunting (ĉ = 1.61). For all of these species, 

overdispersion appeared to be caused by high detection probabilities at sites where 

there was evidence of breeding and very low detection probabilities at sites where there 
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was no evidence of breeding. Models that included only sites that contained breeding 

individuals for these species had ĉ < 1. 

Distance from L-M Forest.  We found evidence of breeding activity on > 50% of sites 

where we detected red-breasted nuthatches and brown creepers in both years. Distance 

from L-M forest was an important predictor of occupancy by breeders of both species 

(Table 2.8, Figure 2.9).  However, low detection probabilities resulted in low precision in 

our occupancy estimates (Table 2.5).  All red-breasted nuthatch nests and all but one 

observation of fledglings occurred within 150 m of L-M forest edge. Distance from L-M 

forest was not a predictor of occupancy for single-season models that included all sites 

where we detected red-breasted nuthatches, which corresponds with the multi-season 

models that indicated a low extinction probability of occupied sites between the second 

and third years and a colonization probability that was unrelated to distance from L-M 

forest.  The model-averaged odds of  brown creepers occupying a site was 3.8 times 

higher within 100 m of L-M forest relative to 400 m (95% CI of difference in odds: 1.2 – 

12 times).  Distance from L-M forest also was an important predictor of occupancy by 

breeding brown creepers, though there was higher uncertainty associated with the 

parameter estimate.  However, 81% of nest plots where we detected reproductive activity 

were located <200 m from an L-M forest edge. The positive relationship between 

distance and probability of extinction (Table 2.6) was reflected in a higher probability of 

occupancy by Steller‟s jays at edges of high-severity burned forest in the third year 

(Figure 2.10).   

Probability of occupancy by breeding western bluebirds and hairy woodpeckers 
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in high-severity forest increased with distance from L-M forest (Figure 2.11).  This 

pattern was not significant for hairy woodpecker, but was suggestive for western 

bluebird. The model-averaged odds of breeding western bluebirds occupying a site were 

3.1 times higher at a site greater than 400-m from L-M forest than within 100-m (95% CI 

of difference in odds: 0.98 – 10 times).  We did not detect similar patterns in models that 

included all individuals because we observed both species throughout high-severity 

burned patches, but evidence of reproductive activity was greatest at interior sites.  After 

accounting for elevation and understory cover, house wrens were more likely to settle in 

interior sites than edge sites, which accounted for the positive effect of distance from L-

M burned forest on Ψ3 (Table 2.8).  Natural cavities in black oaks and woodpecker-

created cavities in conifers provided abundant nest sites and we found evidence of 

reproductive activity at all of the sites where we detected house wrens.   

Occupancy patterns for breeding Townsend‟s solitaires, American robins, black-

headed grosbeaks, yellow-rumped warblers, western tanagers, and dark-eyed juncos 

indicated no effect of distance from L-M forest (Table 2.8). Substrates used for nesting 

explained the absence of an effect related to distance from L-M forest for each of these 

species. The majority of yellow-rumped warbler (87%, n = 15) and American robin 

(92%, n = 31) nests were in snags (Chapter 3, Table 3.3).  Most western tanager nests 

were located in live trees (67%, n = 12), but several of the nests were in large surviving 

conifers within high-severity burned forest.  Western tanagers occurred throughout the 

study area but we found more evidence of reproductive activity at low-elevation sites.   

Understory cover had a significantly positive effect on Ψ3 for breeding American 
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robins, lazuli buntings, and black-headed grosbeaks. Lazuli buntings primarily used 

hardwood sprouts as nest substrates (86%, n = 52 nests).  We detected lazuli buntings 

throughout the study area in all years but evidence of reproductive activity at lower 

elevation sites with high understory cover (   understory cover at sites with breeding: 

73% + 4.7 SE;     at sites without breeding: 65% + 3.6 SE). We did not see this pattern in 

American robin because we observed evidence of reproductive activity at sites with high 

understory cover regardless of elevation.  Elevation was a strong predictor of occupancy 

by black-headed grosbeak in general, but breeders were more likely to occur at low 

elevation sites with high understory cover (   understory cover at sites with breeding: 

76% + 3.0 SE;     at sites without breeding: 71% + 4.3 SE). Black-headed grosbeaks 

primarily used Pacific madrone and black oak as nest substrates (89%, n = 38), which 

occurred at lower elevation sites (Chapter 3, Figure 3.1).  Although we were more likely 

to observe Townsend‟s solitaires at higher elevation sites, elevation was not a predictor 

of whether solitaires nested at a site (Table 2.8).  We observed evidence of reproductive 

activity by dark-eyed juncos throughout the study area. Snag density, proportion 

hardwoods, conifer basal area, and hardwood basal area were not important predictors of 

occupancy for any species.  

 

DISCUSSION 

Predictions and interpretations of response by birds to wildfire have previously 

been based on membership in foraging and nesting guilds (e.g., Bock and Lynch 1970, 

Applebaum and Haney 1981, Hutto 1995) and indices of abundance have been used to 
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infer the relative suitability of burned and unburned forest for a number of species (e.g., 

Kotliar et al. 2002, Saab et al. 2005, Huff et al. 2005).  In addition, burn severity has 

been used to explain abundance of some species and hypothesized to drive responses of 

forest-associated bird species to wildfire (e.g., Smucker et al. 2005, Kotliar et al. 2007).  

Though indices of abundance can provide useful information about habitat quality 

(Johnson 2007) and relative risk of local extinction following disturbance (Driscoll et 

al. 2010), abundance provides limited insight into the causal factors underlying why a 

species persists, or fails to persist, in post-disturbance landscapes.  Further, bird 

responses are likely a function of interactions between pre-fire forest structure and 

composition and fire characteristics (e.g., size and pattern of, intensity and severity of 

fire across the landscape) that influence availability of resources in the post-fire 

landscape.  Thus, these species do not necessarily show a response to fire severity per 

se but rather to the abundance and distribution of post-fire foraging and nesting habitat.  

This distinction is important because using severity as the means of explaining 

variation in bird abundance may mask important ecological drivers and create 

enigmatic mixed responses.   

Our use of dynamic occupancy modeling coupled with intensive surveys 

provided context for understanding post-fire patterns by occupancy by breeding birds 

following fire. Using this approach, species using high-severity burned forest can be 

categorized as 1) nesting in high-severity forest independent of distance from L-M 

forest; 2) nesting in high-severity forest but associated with L-M forest; or 3) using but 

unlikely to nest in high-severity burned forest. We contend that the first category 
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provides the greatest insight into the importance of post-fire ecological context because 

several species categorized as mixed responders selected nests sites in burned forests 

atypical of nest sites found in unburned forest.  More importantly, species likely to nest 

in high-severity forest also were likely to persist in those forests in the early post-fire 

period. 

We found no evidence that any of the species classified as mixed responders 

were less likely to occupy high-severity burned forest relative to L-M forest. Further, 

distributions of these species in high-severity burned forest were not predictable based 

on their nesting habits in unburned forest.  For example, yellow-rumped warblers and 

western tanagers are classified as canopy-nesting, foliage-gleaning insectivores (Hunter 

and Flaspohler 1998, Hudon 1999) and their responses to fire have previously been 

hypothesized to be a function of these characteristics (Bock and Lynch 1970, Smucker 

et al. 2005, Kotliar et al. 2007).  The majority of yellow-rumped warbler nests that we 

found were in snags, indicating that live trees were not requisite for nesting.  Nests of 

western tanagers generally were in live trees, but some were located in isolated 

surviving trees with little foliage remaining and hardwood sprouts (Chapter 3).  Both of 

these species are habitat generalists in open mixed-conifer forests (Hunt and Flaspohler 

1998, Hudon 1999) and plasticity in nest site selection likely explains the lack of 

significant association between probability of occurrence in high-severity patches and 

distance from L-M burned forest. This plasticity may also explain why previous studies 

did not find significant reductions in abundance of western tanagers across burn 

severities, or the absence of yellow-rumped warblers in high-severity burned forest 
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(Smucker et al. 2005, Kotliar et al. 2007).   

Occupancy patterns of several species illustrate how availability of foraging and 

nesting habitat influences distribution of breeding birds in post-fire landscapes.  By 

nesting in snags in areas where live trees and shrubs were rare or absent, American 

robins presumably were able to use food resources that were associated with 

regenerating understory in high-severity burned forest. American robins respond to 

wildfire in a highly inconsistent manner across studies and regions (e.g., Smucker et al. 

2005, Kotliar et. al. 2007).  Understory vegetative cover was particularly important for 

two shrub-nesting species, lazuli bunting and black-headed grosbeak. Sites where we 

found both species nesting had higher understory cover than at sites where we did not 

observe breeding activity, which was reflected in the shift in model weights and model-

averaged parameter estimates for understory cover between models that contained all 

individuals to those that contained only breeders.  

Strong positive responders (hairy woodpecker, western wood-pewee, western 

bluebird, lazuli bunting, and house wren) exhibited predictably positive responses to 

high-severity forest, a pattern consistent with colonizers of burned forest.  Nest 

placement by these species supported the hypothesis that positive responders were 

associated with habitat elements in the post-fire landscape other than live trees. Hairy 

woodpeckers, western bluebirds, and house wrens with dependent young were more 

likely to use interior sites relative to edge sites.  My results suggest that cavities 

excavated by hairy woodpeckers were the primary source of nest cavities for western 

bluebirds, and the pattern of occupancy by breeding western bluebirds reflected the 
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availability of hairy woodpecker cavities (Chapter 3).  Placement of nests by cavity-

nesting species away from edges may have been influenced by perceived predation risk 

(Fontaine and Martin 2006a, 2006b).  Steller‟s jay, the most common potential nest 

predator observed in high-severity burned forest, tended to be associated with edges and 

foraging by Steller‟s jays tends to be concentrated near edges in unburned forest 

(Vigallon and Marzluff 2005).  We observed western bluebirds with nestlings alarmed by 

the presence of Steller‟s jays in one nest plot.    

We did not find an effect of snag size or density, proportion hardwoods, conifer 

basal area, and hardwood basal area on probability of occupancy by any species for 

which we included these covariates. We attribute the lack of effects of conifer density 

and tree size to the high densities of >23-cm dbh snags and generally high conifer basal 

area across the study area.  Sprouting top-killed hardwoods were the primary source of 

non-coniferous vegetation in our study area and contributed significantly to understory 

vegetation cover. However, the species that responded positively to non-coniferous 

vegetation were associated with understory cover, rather than hardwood basal area or the 

relative contribution of hardwoods to snag density, which explains why neither of the 

covariates predicted occupancy patterns.  

Species that nested in high-severity forest but were associated with L-M forest 

were negative responders. The interspersion of forest burned with high and L-M-forest 

was important for three species that were common in high-severity burned forest. Red-

breasted nuthatch and brown creeper generally nested near edges of L-M forest even 

though they used interiors of high-severity burned forest.  The use of beetle-infested 
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live trees for foraging by red-breasted nuthatch and brown creepers may explain 

occurrence of both species near high- and L-M forest edges and increases in the 

proportions of high-severity burned forest used in the second or third year (Lyons et al. 

2008, Farris et al. 2010).  Multi-season models revealed differences in occupancy 

dynamics between the two species despite similarities in occupancy patterns. Distance 

from L-M forest was not a predictor of colonization probabilities for red-breasted 

nuthatches; however, nuthatches were more likely to persist at edge sites in high-

severity patches. Brown creepers were more likely to colonize edge sites and exhibited 

low extinction rates at these sites.  Steller‟s jays also were more likely to use edges than 

interiors of high-severity burns and were unlikely to nest within high-severity patches.  

For the species that exhibited strong negative responses to post-fire conditions 

(chestnut-backed chickadee, golden-crowned kinglet and hermit warbler) the loss of 

canopy appeared to render high-severity forest unsuitable for nesting.  These species 

have shown consistently lower abundances in burned forest relative to unburned forest 

(e.g., Kotliar et al. 2002, Fontaine et al. 2009), and negative responses to increasing 

burn severity (Smucker et al. 2005, Kotliar et al. 2007).    

Lastly, some species were common in high-severity forest but nested 

infrequently; however, relatively few species exhibited this pattern. It is not unexpected 

that Steller‟s jay, a wide-ranging omnivorous species, could occur hundreds of meters 

from nest sites. However, we detected less evidence of breeding in high-severity burned 

forest that we expected by western wood-pewee.  The rarity of wood-pewee detections 

in L-M forest in any year is consistent with previous findings that western wood-
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pewees are positive responders in high-severity burned forest (Kotliar et al. 2002, 

Smucker et al. 2005, and Kotliar et al 2007). However, the suitability of high-severity 

burned forest as breeding habitat for western wood-pewees in the early post-fire period 

is not clear because of the lack of evidence of breeding.  We also infrequently observed 

reproductive activity for dusky and olive-sided flycatchers in high-severity forest, even 

though these species often increase in relative abundance following stand-replacing 

wildfire (Smucker et. 2005, Kotliar et al. 2007).  The responses of these species 

illustrate that patterns of abundance should be interpreted cautiously in the absence of 

reproductive data.  

Probability of Detection of Species in High-Severity Burned Forest 

Species with the highest probabilities of detection based on point counts (pPC) in 

high-severity burned forest were positive and mixed responders exhibiting high levels 

of reproductive activity. In contrast, prevalence of reproductive activity of species with 

low pPC varied considerably among species.  Intensive surveys substantially improved 

our ability to detect species with low pPC. This finding is not surprising given the 

limitations of point count surveys (Chapter 4); however, it is noteworthy that many of 

the species present but undetected during point counts were recolonizing species (i.e., 

the mixed and negative responders) predicted to decline in abundance or occupancy 

following wildfire.  Our occupancy estimates derived from point counts underestimated 

use of high-severity forest by some of these species (Chapter 4, Figure 4.2).  Low 

detection probabilities also have important consequences for indices of abundance 
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derived from unadjusted counts and density estimates derived from distance sampling, 

both of which assume that birds that are present are detected (Chapter 4).  

Management Implications 

 There remains relatively little known about the influence of interspersion of 

forest burned at different severities on biodiversity. Our results suggest that proximity 

to unburned forest or burned with low or moderate severity was important for some 

species that use high-severity burned forest, consistent with findings from other studies 

of birds (e.g., American three-toed woodpecker, Picoides dorsalis, Kotliar et al. 2008; 

northern spotted owl, Strix occidentalis occidentalis, Bond et al. 2009; eastern 

bristlebird, Dasyornis brachypterus, Lindenmayer et al. 2009), orthopteran and 

lepidopteran insects (Knight and Holt 2005, Swengel and Swengel 2007), and 

mammals (greater glider, Petauroides volans, Banks et. 2011). Increased understanding 

of the influence of low-severity and unburned forest on use of high-severity burned 

forest by wildlife would facilitate incorporation of conservation goals into planning 

salvage-logging activities proximate to low-severity and unburned forest edges (Bond 

et al. 2009).  

The species that were equally likely to use forest burned with low and high 

severity tended to be forest generalists with relatively broad geographic distributions in 

North America.  Plasticity in behavior, such as the selection of nest sites, would be 

adaptive under the wide range of fire regimes with which these species evolved.  

Nevertheless, understanding local ecological context is important when interpreting the 

effects of disturbance on animal populations.  Variability in fire regimes interacting 



45 

 

 

4
5
 

with pre-fire forest conditions strongly influence the distribution and abundance of 

post-fire biological legacies, and thus the species that depend on them.  Identifying 

habitat elements important to the persistence of animals following fire will be critically 

important to facilitate their conservation under climate change scenarios that may shift 

fire regimes (Westerling et al. 2006, Littell et al. 2009).     

Previous studies comparing indices of abundance in burned and unburned forest 

or as a function of fire severity were an important step in identifying how species are 

affected by wildfire.   However, use of abundance to evaluate response has supported 

emphasis on post-fire management objectives directed toward wildlife species 

considered to thrive in high-severity forest (e.g., cavity-nesting species in the western 

U.S., Saab et al. 2002), while neglecting opportunities to manage resources beneficial 

to a broader spectrum of species able to colonize forests following wildfire. Further, life 

history attributes may not fully predict responses of species to post-disturbance 

conditions (Letnic et al. 2004, Driscoll and Henderson 2008, Lindenmayer et al. 2008, 

Lindenmayer et al. 2009), which has implications for models that examine historical or 

current distributions to predict responses of species to future environmental changes 

(e.g., Moritz et al. 2008, Tingley et al. 2009, Sorte and Jetz 2010).   For these reasons, 

developing a mechanistic understanding to explain variation in persistence in post-fire 

forests is more valuable than documenting only patterns of occupancy or abundance. 

We did not measure reproductive success and therefore cannot speculate on the relative 

habitat quality of forest burned with high severity for nesting songbirds, particularly 

negative and mixed responders (sensu Hall et al.1997).  Surveys of targeted species 
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focusing on demographic parameters that drive population viability will be necessary to 

address these issues (e.g., Pons et al. 2003, Meehan and George 2003).  Nevertheless, 

searching for nests in this study provided a means of identifying characteristics that 

facilitated colonization of high-severity burned forest by open-cup nesting species.   

  Recent reviews call for the initiation of comprehensive ecological studies 

immediately following disturbance to identify key ecological processes and structures 

(Lindenmayer et al. 2010) and a mechanistic approach to studying fire effects on fauna 

(Driscoll et al. 2010).   We support both of these strategies and stress that achieving 

these goals will require moving from correlative evaluations using indices of abundance 

to studies that examine functional relationships between critical habitat elements and 

persistence of wildlife. This approach has been used successfully for cavity-nesting bird 

species (e.g., Nappi et al. 2003, Saab et al. 2009) and it should provide ecologically 

meaningful assessments of habitat quality for open-cup nesting bird species in post-fire 

landscapes.  
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Table 2.1. Breeding bird species that occurred in high severity burned forest of the Klamath Mountains following the Biscuit Fire. 

Symbols indicated a priori predicted positive (+), negative (-) or neutral (o) associations with habitat covariates based on the species‟ 

nesting and foraging habits in unburned forest or covariates we identified during intensive surveys. Scientific names of species are in 

Appendix A.   

Species
 Nest 

Location
1 Forage Type

1 
Distance 

Live 

Forest 

Percent 

Vegetation 

Cover 

 

Proportion 

Hardwoods
2
 

Conifer 

Basal 

Area 

(m
2
/ha) 

 

Snags  

> 23 cm 

/ha  

Negative Responders        

Steller‟s Jay Conifer Foliage Glean - +    

Red-breasted Nuthatch
 

Snag Bark Glean -   + + 

Brown Creeper
 

Snag/live trees Bark Glean -   + + 

Mixed Responders        

Townsend Solitaire
3
 

Snag/Log 

/Ground 

Foliage 

Glean/Ground 
o +    

American Robin
 Conifer/ 

Hardwood 

Foliage and 

Ground Glean 
- +    

 

Black-headed Grosbeak
 

 

Conifer 

Hardwood 

Foliage Glean - + +   
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Species
 Nest 

Location
1 Forage Type

1 
Distance 

Live 

Forest 

Percent 

Vegetation 

Cover 

 

Proportion 

Hardwoods
2
 

Conifer 

Basal 

Area 

(m
2
/ha) 

 

Snags  

> 23 cm 

/ha  

Yellow-rumped Warbler Conifer 
Foliage 

Glean/Sally 
- +   + 

Western Tanager 
Conifer 

Hardwood 

Foliage Glean 

/Sally 
- + +   

Dark-eyed Junco Ground 
Ground Glean/ 

Sally 
o +    

Positive Responders        

Hairy Woodpecker
 

Snag Bole 
Bark 

Glean/Driller 
o   + + 

Western Wood-pewee
 Live 

Tree/Snag 
Sally o o +   

Western Bluebird Snag 

Sally/  

Bark and 

Ground Glean 

o +   + 

House Wren Snag Foliage Glean o + +   

Lazuli Bunting
 

Shrub Foliage Glean o + +   

 

Table 2.1 (continued) 
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1.  
Primary sources for species characteristics: Ehrlich et al. (1988), Greene et al. (1996), Ghalambor et al. (1999), Sallabanks and James (1999), Hejl et al. (2002), 

Marshall et al. (2003), Kotliar et al. (2002) and Wiebe and Moore (2008). 

2.
 Predictor was percent shrub cover.  

3.
  Predictor is the proportion of total snags that were hardwoods for all species except house wren, in which hardwood basal area (m

2
/ha) was the predictor. 

 

  

Table 2.1 (continued) 
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Table 2.2. Candidate models used to model the influence of distance from low-moderate (L-M) burned forest (D) and elevation (E) 

on initial occupancy (ψ1), local colonization (γ) and local extinction (ε) probabilities of breeding bird species in high-severity burned 

forest.  We modeled detectability as a function of year and survey method, p(Yr, Yr:Survey Method).  For species for which we did 

not have enough detections in 2003, we did not include models with year as a covariate.  

  Model   Hypothesis 

ψ1(D E), γ(Yr:D E), ε(Yr:D E) 
ψ1 is a function of distance from L-M forest and elevation.  The effect of covariates on γ and ε depend 

on year. 

ψ1(D E), γ(Yr, D E), ε(Yr, D E) 
ψ1 is a function of distance from L-M forest and elevation; γ and ε rates are functions of distance 

from L-M forest, elevation and year.  

ψ1(D E), γ(Yr), ε(D E) ψ1 and ε are functions of distance from L-M forest and elevation;  γ is a function of year.  

ψ1(D E), γ(Yr), ε(Yr) ψ1 is a function of distance from L-M forest and elevation;  γ and ε rates are functions of year  

ψ1(D E), γ(.), ε =  1- γ ψ1 is a function of distance from L-M forest and elevation and γ is constant across sites and years;  

the probability of an occupied site becoming unoccupied, ε, is the same as the probability of an 

unoccupied site remaining unoccupied, 1- γ. 

ψ1(D E), γ(DE), ε =  1- γ 
ψ1 and γ are functions of distance from L-M forest and elevation; the probability of an occupied site 

becoming unoccupied, ε, is the same as the probability of an unoccupied site remaining unoccupied, 

1- γ. 

ψ1(D E), γ(D E), ε(Yr) ψ1 and γ are functions of distance from L-M forest and elevation;  ε is a function of year.  

ψ11(D E), γ(D E), ε(D E) ψ1, γ and ε rates are functions of distance from L-M forest and elevation. 

ψ1(D E), γ(D E), ε(.) 
ψ1 and γ are functions of distance from L-M forest and elevation;  ε is constant among sites and 

years.  
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  Model   Hypothesis 

ψ1(D E), γ(.), ε(D E) 
ψ1 and ε are functions of distance from L-M forest and elevation;  γ is constant among sites and 

years. 

ψ1(D E), γ(.), ε(.) 
ψ1 is a function of distance from L-M forest and elevation.  γ and ε rates are constant among sites and 

years.  

ψ1(.), γ(Yr), ε(Yr) ψ1 is constant among sites. γ and ε  are a function of year. 

ψ1(.), γ(D E), ε(D E) ψ1 is constant among sites. γ and ε  rates are functions of distance from L-M forest and elevation. 

ψ1(.), γ(.), ε =  1- γ 
ψ1 is constant among sites and γ is constant among sites and years; the probability of an occupied site 

becoming unoccupied, ε, is the same as the probability of an unoccupied site remaining unoccupied, 

1- γ. 

ψ1(.), γ(.), ε(.) ψ1, γ and ε probabilities are constant among sites and years. 

ψ1(.), γ(D E), ε(.) 
ψ1 is constant among sites and ε is constant among sites and years; γ is a function of distance from L-

M forest and elevation.   

ψ1(.), γ(.), ε(D E) 

 

ψ1 is constant among sites and γ is constant among sites and years;  ε is a function of distance from 

L-M forest and elevation.   

 

 

Table 2.2 (continued) 
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Table 2.3. Vegetative composition and structure measured at point count centers.  

 

Variable 
Post-fire 

Year 

High-Severity Forest Low-Moderate Severity Forest 

x̄   95% CI Range x̄   95% CI Range 

 
Elevation (m) 
  
 

1 
2 
3 

882 
912 
863 

911 -1,071 
979 - 1,035 
832 - 1,004 

335 - 1,357 
305 - 1,357 

  305 - 1,357 

1,006 
947 
940 

887 - 1125 
823 - 1070 
822 - 1058 

457 - 1310 
457 - 1310 
457 - 1310 

All Snags  
> 23-cm-DBH/ha 

1 
2 
3 

183 
182 
167 

162 - 205 
160 - 204 
145 - 190 

46 - 356 
40 -  356 
40 - 327 

21 
31 
29 

14 - 29 
16 - 46 
15 - 43 

1 - 69 
1 - 155 
1 - 155 

Conifer Snags  
> 23-cm-DBH/ha 

1 
2 
3 

161 
161 
145 

137 - 183 
140 - 181 
128 - 160 

28 - 482 
28 - 482 
28 - 252 

   

Live Conifers
1
    

> 13-cm-DBH/ha 
  

1 
2 
3 

6 
5.2 
5.2 

1.2 - 10.8 
0.3 -10.1 
0.7 - 9.7 

0 - 86 
0 - 86 
0 - 86 

338 
310 
301 

273 - 403 
244 - 376 
238 - 364 

86 - 666 
52 - 666 
52 - 666 

Conifer Basal Area  
(m

2
/ha) 

  

1 
2 
3 

39 
37 
31 

33 - 44 
32 - 42 
27 - 35 

5 - 85 
5 - 85 
2 - 71 

37 

37 

36 

31 - 44 
32 - 43 
31 - 42 

13 - 63 
13 - 63 
13 - 63 

Hardwood Basal Area  
(m

2
/ha) 

  

1 
2 
3 

3.8 
3.9 
4.7 

2.3 - 5.4 
2.3 - 5.4 
3.1 - 6.4 

0 - 23 
0 - 23 
0 - 24 

3.6 
4.1 
4.2 

0 - 17 
0 - 17 
0 - 17 

1 - 5 
2 - 6 
2 - 6 

 
Hardwood Snags  
(percent of total snags)  

 
1 
2 
3 

 
19 
20 
24 

 
12 - 26 
13 - 26 
18 - 31 

 
0 - 82 
0 - 82 
0 - 82 

 
21 
24 
24 

 
10 - 32 
13 - 34 
14 - 34 

 
0 - 72 
0 - 80 
0 - 80 
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Variable 
Post-fire 

Year 

High-Severity Forest Low-Moderate Severity Forest 

x̄   95% CI Range x̄   95% CI Range 

 
Ground Cover  

       

 

% Total Vegetation Cover 
 

  

1 
2 
3 

21 
39 
59 

17.7 - 24.2 
33.8 - 45 

53 - 65 
 

3.1 - 51.3 
12.2 - 86.9 
5.3 - 98.4 

21 
30 
41 

15 - 26 
24 - 36 
35 - 47 

0.6 - 60 
3.8 - 74 
15 - 77 

% Shrub Cover 
  

1 
2 
3 

13.1 
21.0 
29.9 

11 - 15 
17 - 25 

25 - 35.0 

3.1 - 37.5 
5.1 - 78.8 
5.7 - 97.8 

14 
21 
27 

0.6 - 39 
1.6 - 42 
1.6 - 55 

9.7 - 18 
16 - 25 
21 - 32 

% Wood Cover 
  

1 
2 
3 

2.2 
2.0 
2.2 

1.5 - 2.9 
1.5 - 2.6 
1.4 - 2.9 

0 - 13.1 
0 - 13.1 
0 - 13.1 

3.3 
2.4 
2.3 

2 - 4 
1 - 3 
1 - 3 

0 - 10 
0 - 7.5 
0 - 6.9 

                
1.
  Live hardwoods constituted <0.5% of all trees measured at high-severity sites. 
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Table 2.4.  Estimated initial occupancy (Ψ1), colonization (γ), and extinction (ε) probabilities as a function of burn severity and year 

in the first three post-fire years (standard errors).  Occupancy estimates without standard errors are naïve estimates (number of sites 

detected/number of sites surveyed) of species for which the probability of detection (p) was too low to estimate (see Table 2.5).  

Values of 1 or 0 indicate that we observed colonization events at all (1) or none (0) of the unoccupied sites or no extinction events at 

occupied sites.  

 

 

  High-Severity Forest Low-Moderate Severity Forest 

Species  ΨYr
 γYr εYr  ΨYr γYr εYr 

         
Hairy Woodpecker

1 1 0.87 (0.17) - -  0.23 - - 

 2 0.92 (0.04) - 0.01 (0.02)  0.44 - - 

 3 0.97 (0.04) - 0  0.22 - - 

         
Hammond's  1 0.02 - -  0.23 (0.09) - - 

Flycatcher 2 0.02 - -  0.28 (0.09) 0.26 (0.10) 0.64 (0.22) 

 3 0.02 - -  0.26 (0.10) 0.16 (0.09) 0.48 (0.23) 

         

Pacific-slope  1 0.34 (0.09)    0.45 (0.11)   

Flycatcher 2 0.22 (0.06) 0.02 (0.04) 0.37 (0.14)  0.43 (0.10) 0.17 (0.12) 0.30 (0.14) 

 3 0.19 (0.06) 0.03 (0.04) 0.25 (0.17)  0.51 (0.10) 0.25 (0.12) 0.20 (0.13) 

         

Western  1 0.32 (0.10) - -  0 - - 

Wood-pewee 2 0.35 (0.08) 0.30 (0.09) 0.54 (0.17)  0.08 - - 

 3 0.64 (0.08) 0.52 (0.11) 0.14 (0.13)  0.11 - - 

         

Steller's Jay 1 0.53 (0.09) - -  0.91 (0.06) - - 

 2 0.88 (0.05) 0.78 (0.10) 0.03 (0.08)  0.90 (0.07) 0 0.00 (0.03) 

 3 0.68 (0.08) 0 0.23 (0.09)  0.87 (0.16) 0 0.04 (0.14) 
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  High-Severity Forest Low-Moderate Severity Forest 

Species  ΨYr
 γYr εYr  ΨYr γYr εYr 

         

Townsend's Solitaire
2
 1 0.36    0.22 - - 

 2 0.69 (0.07) - -  0.35 - - 

 3 0.79 (0.06) 0.51 (0.14) 0.09 (0.08)  0.44 - - 

       - - 

Western Bluebird 1 0.09 - -  0 - - 

 2 0.56 (0.10) - -  0 - - 

 3 0.72 (0.08) 0.44 (0.16) 0.07 (0.11)  0 - - 

         

American Robin 1 0.13 (0.06) - -  0.05 - - 

 2 0.31 (0.07) 0.20 (0.07) 0  0.12 - 0 

 3 0.42 (0.07) 0.24 (0.08) 0.03 (0.10)  0.28 (0.15) - 0 

         

Hermit Thrush 1 0 - -  0.21 (0.16) - - 

 2 0.08 - -  0.46 (0.13) 0.41 (0.16) 0.36 (0.32) 

 3 0.06 - -  0.57 (0.13) 0.21 (0.20) 0 

         

Cassin's Vireo 1 0.07 - -  0.12 (0.07) - - 

 2 0.04 - -  0.17 (0.08) 0.08 (0.07) 0 

 3 0.37 (0.10) - -  0.39 (0.10) 0.31 (0.11) 0 

         

Chestnut-backed 1 - - -  0.13   

Chickadee 2 - - -  0.59 (0.18) - - 

 3 - - -  0.59 (0.16) 0.72 (0.29) 0.50 (0.21) 

         

Red-breasted  1 0.27 - -  0.79 (0.14) - - 

Nuthatch 2 0.69 (0.08) - -  0.89 (0.07) 0.69 (0.28) 0.12 (0.10) 

 3 0.63 (0.08) 0.31 (0.18) 0.26 (0.10)  0.95 (0.05) 1 0.06 (0.06) 

         

         

Table 2.4 (continued) 
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  High-Severity Forest Low-Moderate Severity Forest 

Species  ΨYr
 γYr εYr  ΨYr γYr εYr 

         

         

Golden-crowned  1 0.02 - -  0.42 (0.11) - - 

Kinglet 2 0.02 - -  0.69 (0.13) 0.47 (0.19) 0 

 3 0.02 - -  0.35 (0.14) 0 0.49 (0.20) 

         

Brown Creeper 1 0.12 (0.05) - -  0.17 (0.09)   

 2 0.44 (0.09) 0.33 (0.09) 0.59 (0.23)  .56 - - 

 3 0.67 (0.07) 0.55 (0.10) 0.11 (0.11)  .50 - - 

         

House Wren 1 0.11 - -  0 - - 

 2 0.26 (0.06) - -  0.16 (0.08) - - 

 3 0.56 ( 0.07) 0.41 (0.08) 0  0.12 (0.06) 0 0.28 (0.28) 

         

Black-headed  1 0.32 (0.08) - -  0.32 (0.12) - - 

Grosbeak 2 0.49 (0.07) 0.32 (0.09) 0.16 (0.10)  048 (0.11) 0.29 (0.13) 0.11 (0.14) 

 3 0.53 (0.11) 0.15 (0.10) 0.07 (0.05)  0.52 (0.10) 0.13 (0.10) 0.05 (0.08) 

         

Hermit Warbler 1 0.24 - -  1 - - 

 
2 

0.13 - 
- 

 
 0.87 (0.07) N/A 0.13 (0.07) 

 
3 

0.13 - -  
0.88 ( 

0.06) 

0.76 (0.22) 

 0.10 (0.06) 

         

Yellow-rumped  1 0.57 (0.08) - -  0.50 (0.11) - - 

Warbler 2 0.65 (0.07) 0.24 (0.12) 0.04 (0.06)  0.70 (0.09) 0.43 (0.15) 0.02 (0.04) 

 3 0.56 (0.07) 0.06 (0.06) 0.17 (0.08)  0.65 (0.10) 0.13 (0.13) 0.12 (0.03) 

         

Lazuli Bunting 1 0.47 (0.09) - -  0.27 (0.10) - - 

 2 0.80 (0.05) 0.62 (0.10) 0.03 (0.03)  0.51 (0.10) 0.31 (0.11) 0.23 (0.15) 

 3 0.73 (0.06) 0.28 (0.13) 0.13 (0.05)  0.31 (0.09) 0.09 (0.06) 0.56 (0.15) 

Table 2.4 (continued) 
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  High-Severity Forest Low-Moderate Severity Forest 

Species  ΨYr
 γYr εYr  ΨYr γYr εYr 

         

Western Tanager 1 0.30 (0.07) - -  0.36 (0.11) - - 

 2 0.64 (0.07) 0.47 (0.10) 0  0.72 (0.08) 0.56 (0.13) 0 

 3 0.66 (0.08) 0.34 (0.14) 0.17 (0.09)  0.85 (0.07) 0.44 (0.17) 0 

         

Dark-eyed Junco 1 0.99 (0.02) - -  1 - - 

 2 0.92  0.04) 1 0.01 (0.01)  0.97 (0.04) 1 0.03 (0.04) 

 3 0.97 (0.04) 0 0.06 (0.03)  0.87 (0.08) 1 0.13 (0.09) 

                

 
1
 High Ψ1 coupled with low pPC in year 1 resulted in too few colonization events to model. 

 
2
 We used all point count detections regardless of distance (see text).  

 

Table 2.4 (continued) 
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Table 2.5.  Estimated detection probabilities (standard errors) as a function of year, 

burn severity, and survey method.  Detection probabilities are derived from three point 

count surveys (pPC) in high and low-moderate severity forest in all years and two 

intensive surveys (pNS) conducted in the second and third years in high-severity forest 

only.  

 

 High-Severity Forest L-M Severity Forest 

Species Year pPC pNS pYr pPC 

       

Hairy Woodpecker 1 0.32 (0.05) -  0.09 (0.03) 

 2 0.52 (0.04) 0.85 (0.05)  0.23 (0.06) 

 3 0.45 (0.04) 0.80 (0.04)  0.21 (0.06) 

      

Hammond's  1 - -  0.63 (0.14) 

Flycatcher 2 - -  0.69 (0.11) 

 3 - -  0.56 (0.14) 

      

Pacific Slope  1 0.33 (0.08) -  0.69 (0.08) 

Flycatcher 2 0.21 (0.06) 0.49 (0.15)  0.61 (0.08) 

 3 0.23 (0.07) 0.41 (0.14)  0.62 (0.08) 

      

Western  1 0.37 (0.12) -  - 

Wood-pewee 2 0.27 (0.06) 0.39 (0.11)  - 

 3 0.34 (0.05) 0.46 (0.07)  - 

      

Steller's Jay 1 0.42 (0.09) -  0.49 (0.06) 

 2 0.41 (0.04) 0.41 (0.07)  0.38 (0.06) 

 3 0.26 (0.04) 0.49 (0.06)  0.41 (0.06) 

      

Townsend's 

Solitaire 1 
- - 

 
< 0.10 

 2 0.32 (0.05) 0.67 (0.08)  < 0.10 

 3 0.35 (0.05) 0.65 (0.06)  0.21 (0.12) 

      

Western Bluebird 1 - -  - 

 2 0.17 (0.04) 0.68 (0.08)  - 

 3 0.17 (0.06) 0.74 (0.06)  - 
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 High-Severity Forest L-M Severity Forest 

Species Year pPC pNS pYr pPC 

      

American Robin 1 0.55 (0.16) -  - 

 2 0.28 (0.07) 0.82 (0.08)  - 

 3 0.26 (0.05) 0.55 (0.08)  0.32 (0.17) 

      

Hermit Thrush 1 - -  0.28 (0.21) 

 2 - -  0.45 (0.11) 

 3 - -  0.29 (0.08) 

      

Cassin's Vireo 1 0.09 (0.08) -  0.48 (0.21) 

 2 0.04 (0.02) 0.10 (0.08)  0.60 (0.19) 

 3 0.18 (0.06) 0.36 (0.10)  0.75 (0.08) 

      

Chestnut-backed 1 - -  <0.05 

Chickadee 2 - -  0.35 (0.11) 

 3 - -  0.38 (0.11) 

      

Red-breasted  1 0.10 (0.03) -  0.66 (0.07) 

Nuthatch 2 0.25 (0.61) 0.59 (0.08)  0.73 (0.05) 

 3 0.24 (0.04) 0.52 (0.08)  0.72 (0.05) 

      

Golden-crowned  1 - -  0.63 (0.10) 

kinglet 2 - -  0.25 (0.07) 

 3 - -  0.37 (0.15) 

      

Brown Creeper 1 0.64 (0.14)   0.44 (0.13) 

 2 0.09 (0.04) 0.63 (0.11)  0.20 (0.04) 

 3 0.35 (0.05) 0.62 (0.07)  0.24 (0.04) 

      

House Wren 1 - -  - 

 2 0.48 (0.09) 0.71 (0.10)  0.34 (0.12) 

 3 0.70 (0.05) 0.84 (0.05)  0.60 (0.13) 

      

      

      

      

      

Table 2.5 (continued) 
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 High-Severity Forest L-M Severity Forest 

Species Year pPC pNS pYr pPC 

Black-headed  1 0.39 (0.07) -  0.37 (0.10) 

Grosbeak 2 0.46 (0.06) 0.76 (0.07)  0.31 (0.07) 

 3 0.68 (0.05) 0.89 (0.04)  0.52 (0.08) 

      

Hermit Warbler 1 0.09 (0.02) -  0.85 (0.04) 

 2 0.14 (0.05) -  0.81 (0.05) 

 3 0.18 (0.06) -  0.84 (0.04) 

      

Yellow-rumped  1 0.61 (0.06) -  0.56 (0.07) 

Warbler 2 0.49 (0.05) 0.70 (0.07)  0.53 (0.06) 

 3 0.53 (0.06) 0.71 (0.06)  0.64 (0.06) 

      

Lazuli Bunting 1 0.53 (0.08)   0.54 (0.10) 

 2 0.65 (0.04) 0.77 (0.04)  0.66 (0.07) 

 3 0.70 (0.06) 0.82 (0.05)  0.73 (0.04) 

      

Western Tanager 1 0.63 (0.09) -  0.64 (0.08) 

 2 0.31 (0.05) 0.38 (0.05)  0.47 (0.06) 

 3 0.20 (0.04) 0.81 (0.06)  0.50 (0.05) 

      

Dark-eyed Junco 1 0.67 (0.05) -  0.47 (0.05) 

 2 0.58 (0.04) 0.66 (0.06)  0.42 (0.04) 

 3 0.73 (0.04) 0.92 (0.03)  0.62 (0.05) 

       

Table 2.5 (continued) 



61 

 

 

6
1
 

Table 2.6.  Model-averaged parameter estimates (unconditional standard errors) and 

95% confidence intervals of initial occupancy (Ψ1 or Ψ2), colonization (γ), and 

extinction (ε) probabilities as functions of distance from L-M forest, elevation and year.  

Model weights (wi) indicate the relative importance of these covariates to parameters in 

candidate model sets. Bolded values indicate 95% confidence intervals of parameter 

estimate(s) did not include 0. A value of 0 indicates we observed no extinctions or 

colonizations and ** indicates that we observed too few colonization or extinction 

events to model the effects of covariates. NA indicates that we did not have enough 

observations in the first post-fire year to model Ψ1 and year was not applicable. See 

Table 2.2 for candidate model sets used in analyses.  

 

 

Species  Parameter Logit Ψ
 

95% CI wi 

            

Steller's Jay Ψ1 Intercept 0.59 (0.71) -0.80,   1.99  

  Distance -1.11 (0.72) -2.53,   0.31 0.97 

  Elevation -0.67 (0.55) -1.74,   0.40  

      

 γ        Intercept 1.09 (0.78) -0.44,   2.63  

  Distance -0.03 (0.09) -0.22,   0.15 0.92 

  Elevation -0.13 (0.31) -0.73,   0.48  

  Year3 0 0 0.92 

      

 ε Intercept                      -4.40 (2.66) -9.62,   0.82  

  Distance 2.05 (1.05) 0.00,   4.11 0.99 

  Elevation 3.38 (2.47) -1.45,   8.23  

  Year3 -0.35 (0.71) -1.74,   1.04 0.09 

      

Red-breasted Nuthatch Ψ1 Intercept 0.82 (0.43) -0.02,   1.68  

  Distance -1.09 (0.51) -2.08,  -0.10 0.95 

  Elevation 0.88 (0.44) 0.01,   1.76  

      

 γ        Intercept -0.66 (1.17) -2.96,   1.64  

  Distance 0.44 (0.90) -1.33,   2.20 0.23 

  Elevation -0.33 (0.70) -1.69,   1.04  

  Year NA   

      

 ε        Intercept -0.12 (0.85) -1.77,   1.54  

  Distance 3.36 (1.88) -0.32,   7.05 0.92 

  Elevation -1.50 (1.00) -3.45,   0.45  

  Year NA   
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Species  Parameter Logit Ψ
 

95% CI wi 

      

Brown Creeper Ψ1 Intercept -2.06 (0.59) -3.22,  -0.90  

  Distance -0.15 (0.67) -1.47,   1.17 0.81 

  Elevation -0.99 (0.66) -2.27,   0.30  

 γ                          

  Intercept 0.22 (0.71) -1.18,    1.62  

  Distance -1.28 (0.54) -2.35,   -0.21 1.00 

  Elevation -0.90 (0.64) -2.16,    0.35  

  Year3 0.79 (1.51) -3.76,    2.18 0.10 

      

 ε       Intercept -2.37  (3.29) -8.82,   4.08  

  Distance 1.23 (1.86) -2.41,   4.87 0.54 

  Elevation -1.66 (2.14) -5.86,   2.53  

  Year3 -0.61 (1.01) -2.58,   1.36 0.33 

      

Townsend's Solitaire Ψ2 Intercept 2.00 (1.04) -0.04,   4.03  

  Distance 1.99 (1.62) -1.17,   5.16 1.00 

  Elevation 2.87 (1.34) 0.23,   4.50  

      

 γ Intercept 2.77 (1.42) -0.02,   5.55  

  Distance 0.89 (1.07) -1.20,   2.98 0.97 

  Elevation 2.13 (1.13) -0.08,   4.34  

  Year NA   

      

 ε Intercept -0.15 (0.31) -0.76,   0.45  

  Distance **   

  Elevation **   

  Year NA   

      

American Robin Ψ1 Intercept -8.34 (5.53) -19.17,   2.49  

  Distance -3.46 (3.45) -10.23,   3.30 1.00 

  Elevation -6.10 (4.16) -14.26,   2.06  

                           

 γ Intercept -0.99 (0.38) -1.74,  -0.25  

  Distance 0.14 (0.40) -0.64,   0.92 1.00 

  Elevation -1.82 (0.58) -2.97,   0.69  

  Year3 0 (0)   

      

 ε       Intercept -2.16 (1.0) -4.13,   -0.19  

  Distance 0 (0)   

  Elevation 0 (0)   

  Year3 -1.41 (1.32) -4.00,   1.18 0.25 

      

      

      

      

      

      

      

Table 2.6 (continued) 
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Species  Parameter Logit Ψ
 

95% CI wi 

      

Black-headed Grosbeak Ψ1 Intercept .04 (1.03) -1.62,   2.42  

  Distance -0.42 (0.65) -1.69,   0.85 0.97 

  Elevation -2.48 (1.30) -5.04,   0.07  

  

γ 

                     

Intercept -1.69 (1.13) -3.97,   0.92 
 

  Distance -0.16 (0.36) -0.89,   0.56 0.33 

  Elevation -0.63 (0.88) -2.49,   1.11  

  Year3 -2.72 (2.61) -7.84,   2.41 0.68 

  

ε 

                     

Intercept 

 

-3.84 (2.05) 

 

-7.87,    0.18 
 

  Distance -2.85 (2.11) -6.99,    1.29 0.98 

  Elevation 7.13 (4.02) -0.75,  15.02  

  Year3 -0.06 (0.14) -0.33,    0.22 0.02 

      

Yellow-rumped Warbler Ψ1 Intercept 0.42 (0.79) -1.14,   1.98  

  Distance -0.52 (0.53) -1.58,   0.52 0.99 

  Elevation 2.08 (0.90) 0.32,   3.84  

      

 γ        Intercept -0.56 (1.14) -2.79,   1.67  

  Distance -0.54 (0.61) -1.74,   0.65 0.72 

  Elevation 1.57 (1.21) -0.81,   3.96  

  Year3 -0.05 (0.39) -0.81,   0.71 0.26 

      

 ε Intercept -2.21 (1.78) -5.70,   1.27  

  Distance 0.21 (0.72) -1.20,   1.62 0.93 

  Elevation -2.34 (1.01) -4.32,  -0.37  

  Year3 -0.07 (0.14) -0.36,   0.21 0.00 

      

Western Tanager Ψ1 Intercept -1.37 (0.83) -3.00,   0.25  

  Distance -1.93 (1.49) -4.85,   1.00 1.00 

  Elevation -2.14 (0.74) -3.60,  -0.68  

      

 γ       Intercept 3.56 (2.90) -2.13,   9.24  

  Distance -0.11 (0.38) -0.86,   0.64 1.00 

  Elevation -4.11 (2.82) -9.64,   1.42  

  Year3 0.20 (0.28) -0.34,   0.74 0.06 

  

ε 

                     

Intercept 

 

-1.00 (0.54) 

 

-2.06,   0.07 
 

  Distance 0.54 (0.70) -0.83,   1.92 0.51 

  Elevation 0.17 (0.35) -0.50,   0.86  

  Year3 -0.04 (0.05) -0.14,   0.06 0.06 

      

      

      

      

      

      

      

Table 2.6 (continued) 
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Species  Parameter Logit Ψ
 

95% CI wi 

      

Western Wood-pewee Ψ1 Intercept -0.75 (0.50) -1.72,   0.23  

  Distance 0.09 (0.20) -0.29,   0.49 0.18 

  Elevation -0.04 (0.12) -0.27,   0.20  

  

γ 

                     

Intercept 

 

-0.70 (0.49) 

 

-1.66,   0.25 
 

  Distance -0.64 (0.87) -2.36,   1.07 0.61 

  Elevation -0.49 (0.47) -1.30,   0.44  

  Year3 0.009 (0.11) -0.20,   0.22 0.22 

  

ε 

                     

Intercept 

 

-1.13 (1.17) 

 

-3.44,   1.17 
 

  Distance 0.04 (0.08) -0.13,   0.21 0.04 

  Elevation -0.04 (0.09) -0.28,   0.35  

  Year3 -1.03 (1.69) -4.35,   2.29 0.19 

 

Western Bluebird 

 

Ψ2 

 

Intercept 

 

0.29 (0.62) 

 

-0.92,   1.50 
 

  Distance 1.61 (1.10) -0.55,   3.78 1.00 

  Elevation 1.30 (0.46) 0.39,   2.20  

      

 γ Intercept 0.29 (0.81) -1.31,   1.88  

  Distance 0.61 (1.03) -0.58,   1.46 0.47 

  Elevation 0.30 (0.43) -0.55,   1.15  

  Year3 NA   

      

 ε Intercept -1.17 (1.33) -3.78,   1.45  

  Distance **   

  Elevation **   

  Year3 NA   

      

House Wren Ψ2 Intercept -1.19 (0.34) -1.84,  -0.53  

  Distance 0.003 (0.11) -0.21,   0.21 0.27 

  Elevation -0.15 (0.24) -0.63,   0.33  

      

 γ Intercept -0.38 (0.48) -1.32,   0.56  

  Distance 1.27 (0.54) 0.21,   2.33 1.00 

  Elevation -2.24 (0.78) -3.77,  -0.70  

  Year3 NA   

      

 ε Intercept 0   

  Distance **   

  Elevation **   

  Year3 NA   

      

      

      

      

      

      

      

Table 2.6 (continued) 
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Species  Parameter Logit Ψ
 

95% CI wi 

      

Lazuli Bunting Ψ1 Intercept 1.01 (0.79) -0.54,   2.56  

  Distance 0.44 (0.37) -0.28,   1.17 1.00 

  Elevation -2.43 (0.88) -4.16,  -0.71  

      

 γ        Intercept -1.12 (1.88) -4.83,   2.57  

  Distance 0.11 (0.32) -0.51,   0.73 0.47 

  Elevation 0.92 (1.52) -2.06,   3.91  

  Year3 -1.91 (2.26) -6.34,   2.52 0.90 

      

 ε         Intercept -1.36 (1.40) -4.12,   1.39  

  Distance 0.08 (0.40) -0.70,   0.87 0.99 

  Elevation 1.90 (0.84) 0.25,   3.54  

  Year3 -0.80 (1.09) -2.95,   1.33 0.38 

      

Table 2.6 (continued) 
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Table 2.7. Detections of breeding species on intensively surveyed plots in high severity 

burned forest. ”Plots Detected” is the percentage of intensively surveyed plots where the 

species was detected in 2005 (N = 47). The remaining columns represent the percentage 

of plots where the species was detected in which we found females and evidence of all 

reproductive activity (RA; nests, fledglings or parental behavior). NA indicates that we 

did not find a nest for the species. Substrates identified for species in which RA is 0 

indicate that we found nests the previous year. Table 3.3 (Chapter 3) contains the 

number of nests and the proportion of each nest substrate type used by each species. See 

Appendix A for scientific names of bird species and Appendix E for a breakdown of 

each type of reproductive activity and for reproductive data collected from intensive 

surveys conducted in Year 2. 

 

Species 

Plots 

Detected 

 

Plots with 

Females 

(%)
 

Plots 

with  

RA (%) 

Nest Substrates 

     

Mountain Quail 19 8.3 8.3  NA 

     

Mourning Dove
1 

9 75 0 Conifer snag
 

     

Rufous Hummingbird
2
  35 58 - N/A 

     

Hairy Woodpecker 94 87 83 Conifer/Hardwood snags 

     

Northern Flicker 51 58 46 Conifer/Hardwood snags 

     

White-headed Woodpecker 2 100 0 Large conifer snag
 

     

Red-breasted Sapsucker   2 0 0 Hardwood Snag
 

     

Downy Woodpecker 17 50 50 Conifer/Hardwood snags 

     

Pileated Woodpecker 19 11 11 Conifer snag 

     

Red-tailed Hawk 0 - - Large conifer snags
 

     

American Kestrel 2 100 100 Conifer/Hardwood snags 

     

Dusky Flycatcher
1 

32 33 13 Hardwood Sprouts/snag 

     

Hammond's Flycatcher
1 

4 50 50 Branch of Live Douglas Fir  

     

Pacific-slope Flycatcher
1 

13 33 33 Log/cut bank 

     

Olive-sided Flycatcher
1
  26 8 8 Live Douglas Fir/Douglas fir snag 
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Species 

Plots 

Detected 

 

Plots with 

Females 

(%)
 

Plots 

with  

RA (%) 

Nest Substrates 

     

Western Wood Pewee
1 

43 30 20 Branch of Douglas Fir snag 

     

Steller‟s Jay
1 

60 14 14 Live Shrub, live conifer, snag 

     

Townsend's Solitaire
1 

77 61 42 Ground/Conifer snags 

     

Western Bluebird 60 93 75 Conifer/Hardwood snags 

     

Mountain Bluebird 6 67 67 Conifer snags 

     

American Robin 38 89 89 Conifer/Hardwood snags, Live trees  

     

Cassin‟s Vireo
1 

23 55 55 Snags, Live tree, Hardwood sprout 

     

Hutton's Vireo  2 100 0 N/A 

       

Chestnut-backed Chickadee
1 

6 33 33 Hardwood snag 

     

Red-breasted Nuthatch
1 

49 65 57 Large conifer snags 

     

White-breasted Nuthatch
1
 17 13 13 N/A 

     

Brown Creeper
1 

49 70 61 Large conifer snags 

     

House Wren 51 100 100 Conifer/Hardwood snags 

     

Bushtit 2 100 0 Live Hardwood 

     

Tree Swallow 11 60 60 Large conifer snags 

     

Black-headed Grosbeak  60 82 71 Hardwood sprouts, Live tree, Snag 

     

Yellow-rumped Warbler  47 86 73 Conifer/Hardwood snags, Live Trees 

     

Black-throated Gray Warbler  15 14 14 Live Hardwood; Hardwood sprout 

     

Hermit Warbler 9 0 0 N/A 

      

Nashville Warbler  17 25 25 Ground under live shrub/cover 

     

MacGillivray‟s Warbler  28 54 54 Hardwood sprouts 

     

Orange-crowned Warbler  21 30 20 Ground under live shrub/cover 

     

Lazuli Bunting 72 74 56 Hardwood sprouts 

     

Table 2.7 (continued) 
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Species 

Plots 

Detected 

 

Plots with 

Females 

(%)
 

Plots 

with  

RA (%) 

Nest Substrates 

     

Western Tanager  51 79 54 Live tree, Hardwood sprouts   

     

Spotted Towhee  28 38 23 Ground under live shrub/cover 

     

Song Sparrow  6 100 100 Shrubs/grass 

     

White crowned Sparrow  11 80 80 Grass 

     

Chipping Sparrow 23 55 46 Live conifers 

     

Dark-eyed Junco  91 95 79 Ground under live shrub/cover 

     

Purple Finch 11 40 40 N/A 

     

American Goldfinch  11 20 0 Hardwood sprouts 

     

     

     
1
   The number of females detected for species in which females and males are difficult or 

impossible to distinguish is likely underestimated. 

 
2 
  We could not distinguish adult females and juveniles so we report on the proportion of sites where 

we observed at least females. 

 

Table 2.7 (continued) 



 

 

 

6
9
 

 

Table 2.8.  Model-averaged parameter estimates (unconditional standard errors) of the probability of occupancy (ψ) as a 

function of covariates in forest burned with high severity in the third post-fire year (N = 47).  The 'Sites where Breeding 

Detected' columns represents sites where we observed reproductive activity (the presence of active nests, fledglings or 

parental behavior). Model weights (wi) indicate the relative importance of each covariate in candidate model sets. QAIC was 

used for model selection when ĉ > 1; ĉ values are included for these models. 

 
  All Sites where Species Detected Sites where Breeding Detected 

Species 
Naïve 

Ψ 
Parameter Logit Ψ  95% CI wi 

Naïve 

Ψ 

Logit Ψ 

 
95% CI wi 

 

Hairy Woodpecker 

 

0.96 

 

Intercept 

Distance 

Elevation  

Snag Density 

Conifer BA (m
2
/ha) 

 

Naïve Ψ > 0.90 

 

   

0.86 

 

4.13 (1.88) 

4.78 (3.00) 

-0.20 (0.38) 

0.002 (0.01) 

0 (0)  

 

0.38,  7.82             

-1.10,  0.66 

-0.94,  0.54 

-0.01,  0.01 

 

 

 

0.96 

0.33 

0.01 

 

 

Townsend's 

Solitaire 

 

0.73 

 

Intercept 

Elevation 

Understory 

Distance 

 

 

3.72 (2.45) 

5.32 (3.20) 

-0.05 (2.52) 

0.05 (0.42) 

ĉ  = 1.16 

 

-1.08,  8.53 

-4.99, 4.90 

-1.28,  1.16 

-0.78,  0.88 

 

 

 

1.00 

0.23 

0.25 

 

 

   0.34 

 

-0.81 (0.33) 

0.66 (0.52) 

-0.65 (0.71) 

0.22 (0.35) 

 

 

-1.54,  -0.07 

-0.35,   1.68 

-2.04,   0.74 

-0.48,   0.91 

 

 

 

 0.76 

0.63 

0.39 

 

 

Western Bluebird 

 

0.57 

 

Intercept 

Distance 

Understory 

Snag Density 

Elevation 

      

       0.04 (0.60) 

0.49 (0.63) 

0.05 (0.22) 

0.01 (0.04) 

0.69 (0.47) 

 

-1.15,  1.22 

-0.75,  1.74 

-0.19,  0.29 

-0.07,  0.09 

-0.23,  1.62 

 

 

 

0.51 

0.19 

0.18 

0.75 

 

 

0.48 

 

-0.05 (0.33) 

1.09 (0.57) 

0.05 (0.13) 

0.03 (0.09) 

0.003 

(0.05) 

 

 

-0.70,  0.59 

-0.02,  2.20 

-0.21,  0.31 

-0.15,  0.22 

-0.10,  0.11 

 

   

0.93 

0.20 

0.19 

0.16 
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  All Sites where Species Detected Sites where Breeding Detected 

Species 
Naïve 

Ψ 
Parameter Logit Ψ  95% CI wi 

Naïve 

Ψ 

Logit Ψ 

 
95% CI wi 

 

American Robin 

 

 

0.45 

 

Intercept 

Understory 

Elevation 

Snag Density 

Distance 

 

-0.59 (0.50) 

2.23 (0.93) 

-0.97 (0.68) 

0.01 (0.24) 

0.03 (0.65) 

 

-1.58,  0.39 

0.41,  4.05 

-2.31,  0.37 

-0.47,  0.48 

-1.24,  1.30 

 

 

0.99 

0.85 

0.16 

0.16 

 

0.34 

 

-1.29 (0.51) 

2.04 (0.78) 

-0.29 (0.42) 

-0.09 (0.16) 

0.02 (0.12) 

 

-2.30,  -0.29 

0.52,   3.56 

-1.11,   0.53 

-0.41,   0.22 

-0.20,   0.25 

 

 

0.98 

0.41 

0.22 

0.15 

 

Red-breasted 

Nuthatch 

 

0.51 

 

Intercept 

Distance 

Elevation  

Snag Density 

Conifer BA 

 

 

-0.06 (0.54) 

-0.37 (0.47) 

0.25 (0.36) 

-0.33 (0.41) 

0.03 (0.12) 

 

 

-1.13,  1.01 

-1.30,  0.55 

-0.46,  0.96   

 -1.13,  0.48 

-0.20,  0.26       

 

 

 

0.52 

0.44 

0.51 

0.18 

 

0.28 

 

-2.38 (2.36) 

-6.46 (3.62) 

1.95 (1.29) 

0.01 (0.08) 

0.72 (1.21) 

 

 

-7.02,  2.27 

      -13.6,  0.62   

-0.58,  4.50 

-0.15,  0.16 

-1.65,  3.09 

 

 

 

1.00 

0.96 

0.14 

0.33 

Brown Creeper 0.62 Intercept 

Distance 

Conifer BA 

Elevation 

Snag Density 

-0.08 (0.76) 

-1.30 (0.56) 

0.07 (0.14) 

-0.13 (0.24) 

-0.02 (0.07) 

-1.56,   1.41 

-2.40,  -0.19 

-0.22,   0.35 

-0.59,   0.33 

-0.16,   0.11 

 

0.98 

0.37 

0.33 

0.10 

  0.32 -0.04 (0.73) 

-1.26 (0.79) 

0.31 (0.45) 

-0.01 (0.08) 

0.08 (0.18) 

 

-1.68,  -0.03 

-2.80,   0.28 

-0.58,   1.20 

-0.17,   0.15 

-0.29,  0.44 

 

0.86 

0.37 

0.21 

0.36 

House Wren 0.53 Intercept 

Elevation  

Understory 

Distance 

 

N/A.  Evidence 

of breeding at 

all sites where 

detected. 

  0.53 0.73 (1.28) 

-2.08 (0.96) 

2.79 (1.39) 

2.32 (2.34) 

2.35 (1.29) 

-1.77,   3.23 

-3.96,  -0.20 

0.05,   5.53 

-0.17,   4.87 

-2.27,   6.92 

 

1.00 

0.99 

0.94 

  0.93 

 

Black-headed 

Grosbeak 

 

0.57 

 

Intercept 

Elevation 

Understory 

Pr. Hardwoods 

Distance 

ĉ  = 1.17 

 

0.68 (0.63) 

-2.20 (0.83) 

1.58 (1.11) 

0.01 (0.05) 

-0.01 (0.08) 

 

-0.56,  1.92 

-3.83,  -0.58 

-0.60,  3.76 

-0.09,  0.11 

-0.16,  0.15 

 

 

0.99 

0.61 

0.11 

0.11 

 

0.43 

 

-1.18 (1.95) 

-1.67 (0.68) 

1.91 (0.94) 

-0.04 (0.13) 

0.02 (0.06) 

 

-5.01,   2.63 

-3.00,   -0.34 

0.06,   3.76 

-0.31,   0.21 

-0.10,   0.14 

 

 

0.98 

0.93 

0.10 

0.09 

Table 2.8 (continued) 
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  All Sites where Species Detected Sites where Breeding Detected 

Species 
Naïve 

Ψ 
Parameter Logit Ψ  95% CI wi 

Naïve 

Ψ 

Logit Ψ 

 
95% CI wi 

 

Yellow-rumped 

Warbler 

 

0.55 

 

Intercept 

Elevation  

Snag Density 

Distance  

Understory 

 

 

0.46 (0.51) 

2.90 (0.86) 

0.28 (0.45) 

-0.03 (0.11) 

-0.02 (0.10) 

 

-0.54, 1.46 

1.22,  4.59 

-0.60,  1.17 

-0.35,  0.27 

-0.30, -0.24 

 

 

1.00 

0.30 

0.16 

0.15 

 

 

0.36 

 

-0.92 (0.42) 

1.75 (0.54) 

0.34 (0.44) 

-0.01 (0.07) 

-0.01 (0.08) 

 

-1.74,   -0.09 

0.69,   2.80 

-0.53,   1.20 

-0.15,   0.12 

-0.16,  0.14 

  

 

1.00 

0.40 

0.14 

0.14 

 

Lazuli Bunting 

 

0.70 

 

Intercept 

Understory
 

Elevation 

Pr Hardwoods 

Distance 

ĉ  = 1.61 

 

2.40 (1.00) 

1.36 (1.00) 

-0.68 (0.86) 

0.45 (0.71) 

0.46 (0.48) 

 

0.44,   4.36 

-0.60,   3.32 

-2.37,   1.01  

-0.94,   1.84   

-0.49,   1.41 

 

 

0.80 

0.51 

0.40 

0.05 

 

0.45 

 

-0.70 (0.65) 

3.06 (1.25) 

-2.09 (0.80) 

-0.02 (0.07) 

 0.06 (0.17) 

 

-1.98,    0.57 

0.61,    5.51 

-3.66,   -0.51 

-0.16,    0.12 

-0.27,    0.39 

 

 

0.99 

1.00 

0.10 

0.10 

 

Western Tanager 

 

0.58 

 

Intercept 

Elevation  

Pr Hardwoods 

Understory 

Distance 

ĉ  = 1.41 

  

 

-0.09 (0.47) 

-0.45 (0.50) 

0.01 (0.04) 

-0.04 (0.17) 

-0.16 (0.24) 

 

-1.00,  0.83 

-1.44,  0.53 

-0.07,  0.08 

-0.39,  0.30 

-0.62,  0.31 

 

 

0.61 

0.17 

0.18 

0.29 

 

0.30 

 

-0.85 (0.62) 

-1.35 (0.49) 

-0.62 (0.64) 

0.02 (0.08) 

0.03 (0.11) 

 

-2.06,   0.35 

-2.32,  -0.39 

-1.88,   0.63 

-0.15,   0.19   

-0.19,   0.25 

 

 

0.98 

0.61 

0.12 

0.11 

 

Dark-eyed Junco 

 

0.97 

Intercept 

Elevation  

Understory 

Distance 

 

Naïve Ψ > 0.90 

 

   

0.71 

 

0.99 (0.34) 

0.26 (0.35) 

0.10 (0.20) 

0.01 (0.10) 

 

0.33,  1.67 

      -0.44,  0.96 

-0.29,  0.49 

-0.19,  0.22200 

 

 

0.51 

0.25 

0.23 

 

 

Table 2.8 (continued) 
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Figure 2.1.  Location of study area in Southwestern Oregon, U.S.  The blue rectangle 

encompasses the study area and the red line indicates the approximate perimeter of the 

Biscuit fire. 
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Figure 2.2.  Location of point count stations within the eastern margin of the area 

burned by the Biscuit Fire in southwestern Oregon.  
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Figure 2.3. Proportion of forest (calculated from 30x30 m pixel USDA GIS maps) 

within 100-m (top panel) and 200-m (bottom panel) of point count centers classified as 

burned with high severity as a function of distance from low-moderate burned forest.  
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Figure 2.4. Schematic of four (4) ha intensively surveyed plots (200x200 m) we 

established at point count stations at high-severity burned sites. To facilitate searching 

and recording of nests and birds within plots, plots were further divided into 16 50 m
2
 

subplots. 
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Figure 2.5.  Percent vegetative cover measured in July in the first three years after 

high-severity fire (top panel) and percent change in vegetation cover in the second and 

third post-fire at sites measured in at least 2 years (N = 52, bottom panel). Vegetation 

cover was comprised primarily of shrub and forb cover. 
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Figure 2.6. Occupancy (ψ) estimates and associated 95% confidence intervals derived 

from colonization and extinction probabilities as a function of burn severity type in the 

first three post-fire years.  Occupancy estimates that do not have confidence intervals 

are naïve estimates.  
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Figure 2.6 (continued)  
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Figure 2.6 (continued) 
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Figure 2.7. Relationship between percentage of sites where we detected each species 

(occupied sites) during intensive surveys and percentage of occupied sites where we 

detected evidence of reproductive activity (RA) in the third post-fire year in high-

severity burned forest.   ▼ denotes a negative responder, ● denotes a mixed responder, 

and ▲ denotes a positive responder.   
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Figure 2.8.  Probability that an occupied site becoming unoccupied (ε) between the 

second and third post-fire year and breeding prevalence in the second post-fire year in 

high-severity burned forest.   
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Figure 2.9.  Predicted modeled-averaged probabilities of use (ψ) of high-severity 

burned forest in the third post-fire year by all individuals (□) and confirmed breeders 

(●) as a function of distance from live forest for brown creeper and red-breasted 

nuthatch.   
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Figure 2.10.  Predicted modeled-averaged probabilities of use (ψ) of high-severity 

burned forest in the third post-fire year by all individuals (□) as a function of distance 

from L-M forest for Steller‟s jay.  Occupancy estimates for breeding Steller‟s Jays are 

not included because we found evidence of reproductive activity on 14% of plots.   
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Figure 2.11.  Predicted modeled-averaged probabilities of use (ψ) of high-severity 

burned forest in the third post-fire year by confirmed breeders (●) as a function of 

distance from L-M forest for hairy woodpecker and for all individuals (□) and 

confirmed breeders for western bluebird.   We did not model ψ for all individuals of 

hairy woodpecker because we observed this species on 94% of sites. 
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CHAPTER 3:  BIOLOGICAL LEGACIES AND NEST SITE SELECTION BY 

BREEDING BIRD SPECIES FOLLOWING STAND-REPLACING WILDFIRE 

 

ABSTRACT 

The abundance, distribution and quality of key habitat elements shape the ability of 

wildlife to utilize post-disturbance forests.  Following wildfire, such habitat elements 

may be comprised of biological legacies, including snags and downed wood, surviving 

trees, and underground vegetative components.  We describe use of biological legacies 

for nesting by birds in high-severity burned forest and tested the hypothesis that snag-

nesting species disproportionately select large snags for nesting. We conducted this 

work two to three years following the Biscuit Complex Fire in southwest Oregon. Of 

the 40 bird species that nested in high-severity burned forest, 65% build open-cup 

nests. We found strong evidence that large conifer snags (>52-cm dbh), hardwood 

snags (>23-cm dbh), and large live conifers provided nest substrates for several of 

open-cup nesting species (e.g., yellow-rumped warbler, Dendroica coronata; 

American robin, Turdus migratorius; western tanager, Piranga ludoviciana). Sprouts 

from top-killed hardwood species provided the primary nesting substrate for early-

seral associates (e.g., lazuli bunting, Passerina amoena) and some species that nest in 

live trees or mature shrubs in unburned forest (e.g., black-headed grosbeak, Pheucticus 

melanocephalus).  Nearly half of the cavity nests were in snags >52-cm dbh even 

though only 12% of available snags were this size.  Legacy and fire-killed snags with 

significant decay elements, such as broken tops, sloughing bark and decayed 



86 

 

 

8
6
 

knotholes, were particularly important to primary (e.g., northern flicker, Colaptes 

auratus; red-breasted nuthatch, Sitta canadensis) and secondary cavity-nesting species 

(e.g., house wren, Troglodytes aedon).  Identifying the structures used for nesting by 

these species provides a mechanistic understanding of the distributions of species of 

breeding birds in high-severity burned forest in the early post-fire period.  

 

INTRODUCTION 

Wildfire alters forest structure by temporarily reducing or changing vegetative 

cover and species composition.  Many passerines rely on vegetation cover to provide 

suitable microclimatic conditions and conceal nests (Collias and Collias 1984, Collias 

1997, and Hansell 2000).   Consequently, nesting and foraging substrates can be 

reduced or eliminated by stand-replacing fire, particularly for species associated with 

mid-story and overstory live trees.  Even for species that forage successfully in burned 

forest, nest sites may be limiting, and these species may only be able to forage in 

burned forest that is adjacent to suitable nesting habitat.  For other species, fire 

increases nesting suitability because they respond to features of burned forest other 

than live trees, such as the density and size of snags and regenerating vegetation. (e.g., 

mountain bluebird and house wren, Saab et al. 2005; hairy woodpecker, Smucker et al. 

2005; lazuli bunting, Greene et al. 1996).   Finally, some species that nest in the 

canopies of unburned forest may be able modify their nesting habits in response to 

altered habitats following fire (e.g., eastern kingbird, Hamas 1983; olive-sided 
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flycatcher, Robertson and Hutto 2007). The distribution and abundance of habitat 

elements used for foraging and nesting determines to what extent each bird species can 

use burned forest. 

Biological legacies are the organisms, structures, and biologically-derived 

patterns carried over from the previous stand following disturbance (Franklin et al. 

2000).   Following wildfire, biological legacies include surviving trees, snags, downed 

wood, serotinous species, and underground components such as rhizomes, root collars, 

and banked seeds.  Intensive studies of cavity-nesting species in post-fire forests have 

provided insights into the important contributions of snags, as well as the effects of 

post-fire salvage logging on the conservation of these species (Haggard and Gaines 

2001, Kotliar et al. 2002, Hutto 2006, Hutto and Gallo 2006, Russell et al. 2006, Saab 

et al. 2009).  Large legacy snags – snags present in the stand before the fire – appear to 

be particularly accessible to cavity-nesting bird species in the early post-fire period 

due to their advanced state of decay (Laudenslayer 2002, Lehmkuhl et al. 2003, 

Spiering and Knight 2005).  However, the role of snags in facilitating the use of high-

severity burned forest by open-cup nesting species, such as songbirds, remains 

virtually unknown.  

Other biological legacies, such as live trees, are potentially important for 

recolonizing songbirds following wildfire. For example, Bock and Lynch (1970) 

conjectured that surviving trees in burned forest influence distribution of several 

species, including yellow-rumped warbler, American robin, and western tanager, by 

providing nesting habitat.  Other studies have revealed variable responses in 
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abundance by these species along burn severity gradients (Smucker et al. 2005, Kotliar 

et al. 2007).  Because these studies did not measure nest selection, the underlying role 

of live trees in different responses in burned forest could only be speculated.   

We tested the hypothesis that live trees influence bird distributions in forest 

burned with high-severity by using an intensive sampling method to find birds and 

their nests along a distance-gradient from forest burned with low-moderate severity.  

Our findings indicated that many open-cup nesting species were equally likely to use 

the interiors and edges of high-severity burned forest. More importantly, some of these 

species nested in snags and top-killed hardwood sprouts, nest substrates atypical of 

those used in unburned forest (Chapter 2).   In this chapter, we describe the use of 

biological legacies as nest substrates by 40 species of birds in high-severity burned 

forest and present exploratory analyses to address the hypothesis that open-cup, as 

well as cavity-nesting species, disproportionately selected large snags for nesting.  

Identifying nest substrates used by open-cup nesting species has implications for the 

conservation and management of these species in the early post-fire period. 

 

METHODS 

Study Area 

Our study sites were located on the east-central edge of the Kalmiopsis 

Wilderness in the Siskiyou National Forest, southwest Oregon, within the burn 

perimeter of the Biscuit Fire (Chapter 2, Figure 2.1). Study sites ranged from 300 to 
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1350 m in elevation. Douglas-fir (Pseudotsuga menziesii), sugar pine (Pinus 

lambertiana), ponderosa pine (Pinus ponderosa) and incense-cedar (Calocedrus 

decurrens) were the dominant or co-dominant overstory trees.  At higher elevations 

(>900 m), the mid-canopy was composed of white fir (Abies concolor), grand fir (A. 

grandis), tanoak (Arbutus menziesii) and golden chinkapin (Castanopsis 

chrysophylla).  Sadler oak (Quercus sadleriana), huckleberry oak (Q. vaccinifolia), 

and shrub forms of canyon live oak (Q. chrysolepis) were the most common shrub 

species at higher elevations.  At lower elevations, hardwoods, including black oak (Q. 

kelloggii), Pacific madrone (Arbutus menziesii), tanoak (Lithocarpus densiflorus), and 

canyon live oak were important components of the mid-story; sprouts of these species 

comprised most of the shrub vegetation. 

Study Design 

We sampled birds and characteristics of vegetation at 54 4-ha plots (200-m by 

200-m) forest burned with high severity in the second and third post-fire years (>95% 

crown death, Chapter 2).  Using aerial photos, we identified burned forest within 500 

m of forest roads on the eastern margin of the Biscuit Fire. We selected sites within 

these areas by overlaying a numbered grid with a cell size of 50x50 m on 7.5 min 

quadrangle U.S.G.S. maps and using a random number generator to select coordinates. 

We located these coordinates in the field using a handheld GPS receiver.   
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Bird Sampling  

Two observers surveyed each plot for nests twice each breeding season 

between late May and late June.  Observers typically found nests by observing 

behavior of adult birds for parental cues, including birds carrying food, nesting 

material, or fecal sacs, and birds engaging in antagonistic behavior toward 

conspecifics or other species. Observers also systematically searched vegetation for 

evidence of nests. Protocols are detailed in Chapter 2. 

Vegetation Sampling 

We sampled vegetation and stand structure at each nest using modified 

Breeding Bird Research and Monitoring Database protocols (BBIRD, Martin et al. 

1997).  We established four 11.3 m radius (0.04 ha) vegetation sampling sub-plots 

(“random”). The first sub-plot was located at the center of the 4-ha nest-searching plot.  

We used a randomly-selected compass bearing to establish the orientation of a second 

sampling sub-plot located 30 m from the center.  The other two sub-plots also were 30 

m from the center and were oriented 120 degrees from the second sub-plot.   We used 

values taken from these plots to derive site-level vegetation characteristics to compare 

to nest-based vegetation and structural characteristics.  We recorded species, diameter 

at breast height (dbh), and decay class (Table 3.1) of all snags and live trees >9-cm 

dbh located within 11.3 m of the nest or random sub-plot.  We classified trees that 

retained any live foliage as live.  Determining decay class of hardwood species was 

more difficult because decay classes were developed for conifers (Bunnell et al. 2002). 
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Therefore, we relied on snag condition and the presence of sprouts at its base to 

evaluate hardwood snag condition (Table 3.1).  Even in areas where the fire intensity 

was high, the vast majority of top-killed hardwood shrubs and trees produced sprouts. 

We estimated percent cover of shrubs, herbaceous vegetation, downed wood, 

and bare ground (5% cover classes), and counted and identified species of all live 

stems  0.5 m high. We included live foliage associated with sprouting hardwood trees 

in the estimate of percent cover of shrubs.  We estimated percent live vegetation >5 m 

in height using the mean of four measurements using a convex spherical densiometer 

at each point.  At plots sampled both years, we inventoried snags and measured 

understory vegetation in the same vegetation plots each year.  

Data Analysis 

We employed a use-versus-availability approach to examine relationships 

between size of snags (dbh) and use by birds.  We categorized snags into four dbh 

classes: 13-22-cm, 23-52-cm, 53- to 80-cm, and >80-cm, roughly corresponding to 

dbh size classes designated in the Biscuit Final E.I.S. (USDA 2004).  For each species 

of bird, we pooled sampled snags measured in random vegetation sub-plots at 4-ha 

sites where we found nests for that species as an estimate of availability.   We then 

used exact multinomial goodness-of-fit tests to compare frequencies of snags in these 

size classes used for nesting versus availability.  Exact multinomial tests are more 

accurate than chi-square or G-tests when at least one observed cell frequency < 5 in a  

2 x n contingency table and sample sizes are small (McDonald 2008), which was the 
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case for all species in our study.   Due to the small number of large legacy snags at our 

sites (less than 1% of sampled trees were > 52-cm dbh legacy snags) we could not 

evaluate decay class independently of size class.  Instead, we pooled top-killed and 

legacy snags and analyzed nest trees and availability by dbh class only.   We analyzed 

conifers and hardwoods separately because differences in architecture and pattern of 

decay likely influences nesting by birds (Bunnell et al. 2002). We quantified strength 

of selection for size of nest tree by calculating odds ratios and associated confidence 

intervals.  

We evaluated whether the density of >23-cm dbh snags, downed wood cover, 

and shrub cover were higher at plots where nests were found than at random 

vegetation sub-plots using one-sided paired t-tests with  0.025.  We used SAS 9.1 

to conduct analyses. 

 

RESULTS 

Vegetation and Structural Characteristics 

Snags and Downed Wood:   Of 4,949 snags sampled in nest plots, 95% were fire-

killed.  Approximately 4% of fire-killed conifers had broken tops.  Nearly all snags 

were still standing in the third post-fire year (> 99% of > 9-cm dbh snags). Douglas-fir 

comprised 75% and sugar pine and ponderosa pine comprised 25% of the > 80-cm dbh 

snags, respectively.  Most of the sites within the study area were burned to mineral soil 
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and there was very little coarse wood or litter on the ground.  Accordingly, downed 

wood cover averaged less than 3% (Table 3.2).   

Live Trees. Few living trees occurred in the study plots (n = 28, 0.6% of all trees, 

Table 3.2).  Ninety-eight percent of live conifers were >23-cm dbh (x̄ dbh = 50.1 cm, 

95% CI: 43.9 - 56.4), though 38% of the total conifers sampled were > 23 cm dbh. We 

encountered only 4 live hardwoods of 1,119 hardwoods sampled on our plots (0.4%), 

and all of these were between 23 and 52-cm dbh.  

Shrubs and Ground Vegetation.  Ground vegetation was composed primarily of woody 

vegetation, particularly sprouting top-killed hardwoods and shrubs.  Stems originating 

from top-killed hardwood trees comprised 80% percent of live stems > 0.5-m tall in 

the first post-fire year and 50% by the third year.  Although mean richness of shrubs 

did not differ between low (< 900 m) and high (> 900 m) elevations sites, hardwood 

composition did. Of the five most common hardwood species we encountered, tanoak 

and live oak contributed the most stems across the study area, while Pacific madrone 

and black oak were largely restricted to lower elevation sites and golden chinkapin to 

higher elevation sites (Figure 3.1).  Very few conifer seedlings were > 0.5-m tall with 

the exception of knobcone pine (Pinus attenuate) seedlings in the third year post-fire.  

Deer brush (Ceanothus integerrimus) was the only species of shrub originating from 

seed that contributed appreciably to ground cover, especially at lower elevations. 

Forbs were uncommon on many of the plots (Table 3.2).  Most forbs at the lower 

elevation sites were Senecio and Vicia spp. Bear grass (Xerophyllum tenax) was an 
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important component of non-shrub ground cover at higher elevations. Grasses, ferns 

and moss cover were uncommon on the sites, constituting on average less than 7% of 

ground cover in either year.  

Nest Site Selection 

In the second and third post-fire years, we found 393 nests of 40 bird species, 

65% of which were open-cup nesting species (Table 3.3). We also documented 

fledglings or parental behavior for an additional 8 species (Appendix E).  

Snags.  We found 62 nests of 12 open-cup nesting and 169 nests of 14 cavity-nesting 

species in conifer and hardwood snags (Table 3.3).  Cavity- and open-cup nesting 

species that used snags generally selected the largest conifer and hardwood snags 

available (Table 3.4, Figures 3.2 and 3.3, Appendix F, Figure F.1). 

Among open-cup nesting species, sample sizes for yellow-rumped warblers 

and American robins were adequate to evaluate nest-site selection at the species level. 

Snags comprised 87% of the yellow-rumped warbler nest trees and nests were 

generally placed on large branches near the bole. Yellow-rumped warblers also nested 

in small conifers or hardwoods by using sloughed bark or hollows within the bole as 

platforms (Appendix F, Figure F.2).  Yellow-rumped warblers were 4.7 times more 

likely to nest in conifer snags >23-cm dbh than conifer snags13-22-cm dbh (95% CI: 

1.1- 21 times; χ
2

3,14 = 8, P = 0.05; Figure 3.4).  American robins typically nested in 

hollows within the trunks of the largest snags or on the top of broken trunks 

(Appendix F, Figure F.3).  America robins were 21 times more likely to nest in conifer 
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snags > 80cm dbh than in conifer snags 23-80-cm dbh (95% CI: 7.7 – 56 times;      

χ
2

3,28 = 188, P < 0.001; Figure 3.4).   

Top-killed hardwoods provided nesting substrates for several species of open-

cup nesting birds. Three of the five Cassin‟s vireo nests were located in hardwood 

snags (Appendix F, Figure F.4).  However, snags were uncommon nesting substrates 

for black-headed grosbeaks and western tanagers (Table 3.3).  We found nests of four 

species of flycatcher, three of which used snags (Appendix F, Figure F.5).  While most 

species nested on branches of hardwood snags, American robins placed nests in 

hardwood snags where the trunk bifurcated creating a platform.  When we pooled data 

across the eight open-cup nesting species that nested in hardwood snags, these species 

selected for snags 23-80-cm dbh (χ
2

2,23 =  6.7, P = 0.04, Figure 3.3) and were 3 times 

more likely to nest in this size class than in 13-22-cm dbh hardwood snags (95% CI: 

1.2 – 7 times).   

Among cavity-nesting species, the average size of nest trees was 58-cm dbh 

(95% CI: 52 – 64-cm) for conifers and 47-cm dbh for hardwoods (95% CI: 41 – 53-

cm).  In addition to nesting in the largest hardwood snags, cavity-nesting species 

showed selection for particular hardwood species, and disproportionately nested in 

black oak at lower elevation sites and golden chinkapin at higher elevation sites 

relative to other hardwood species (Figure 3.5).  Cavity-nesters were 4 times more 

likely to nest in black oak than in the three other most common hardwood species 

(Pacific madrone, tanoak and live oak; 95% CI: 2.1 – 7.5 times).  House wrens used 
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natural cavities in large hardwoods at lower elevations and 63% of all hardwood nests 

were located in >23-cm dbh black oaks that contained decayed knotholes.   

Nests of hairy woodpeckers and northern flickers comprised 86% of active 

woodpecker nests, but we found at least one nest for each of the other four 

woodpecker species (Table 3.3).  In the third post-fire year, hairy woodpecker pairs 

occurred in 82% of nest-searching sites, and at five sites we found evidence of nesting 

by two or three pairs.  The majority of active hairy woodpecker nests were in fired-

killed trees (56% of conifer snags, 70% of hardwood snags).  Although we found one 

active hairy woodpecker nest in a 17-cm dbh conifer snag, 88% of active hairy 

woodpecker nests were in trees > 23 cm dbh (χ
2

2,16 = 28, P < 0.001; Figure 3.6).  Hairy 

woodpeckers were 4.3 times more likely to nest in conifer snags 53-80-cm dbh than in 

snags 23-52-cm dbh (95% CI: 1.6 – 11 times).  

All northern flicker nests occurred in snags >45-cm dbh.  In contrast to hairy 

woodpeckers, only 15% of the conifers used by northern flickers for nesting appeared 

to be fire-killed.  Legacy snags comprised 20% of the hardwood nest trees, though 

most of the fire-killed nest trees contained pre-fire decay elements such as broken 

stems.   Because snags < 23-cm were unlikely to be used as nest trees by northern 

flickers (Wiebe and Moore 2008), we excluded snags in the 13-22-cm size class from 

the selection analysis. Northern flickers were 16 times more likely to nest in conifer 

snags >53-cm dbh than in conifer snags 23-52-cm dbh (95% CI: 3.2 - 80 times,      

χ
2

2,12 = 25, P < 0.0001, Figure 3.7).    



97 

 

 

9
7
 

Conifers used for nesting by red-breasted nuthatches ranged from 24 to 199-cm 

dbh in size, and 80% of the nests were located at the top of snags with significantly 

decayed broken tops. There was some indication that nuthatches selected larger snags 

(χ
2

2,10 = 5.2, P = 0.06; Figure 3.8), but we also found nuthatches excavating cavities 

lower in the boles of smaller fire-killed conifers. Live tree canopy cover associated 

with the 11 red-breasted nuthatch nest trees (    = 19.6%; range: 0 – 69.8%) was 

significantly greater than at nest plot centers (  : 1.2% range: 0 – 7.6%, paired-t test = 

2.7 DF = 10, P = 0.02). Brown creepers nested under sloughing bark of Douglas-firs, 

ponderosa pines, and sugar pines that ranged in size from 34 to 93-cm dbh, and 63% 

of the nest trees were legacy snags (Appendix F, Figure F.6). Brown creepers were 26 

times more likely to nest in snags >53-cm dbh than in snags 23-52-cm dbh (95% CI: 

3.1 – 220 times; χ
2

2, = 23, P < 0.001; Figure 3.8).    

House wrens and western bluebirds were the most common secondary cavity-

nesting species in the study area (Chapter 2).  Cavities excavated by hairy 

woodpeckers appeared to be a key source of nest sites for western bluebirds and tree 

swallows (Appendix F, Figure F.7).  The presence of hairy woodpeckers at these sites, 

the size and shape of cavities, and lack of charring within the cavity openings, 

suggested that hairy woodpeckers excavated these cavities after the fire.  House wrens 

also used cavities in conifers excavated by hairy and downy woodpeckers.  We 

documented sequential use of nest cavities by up to three species within a season. 

Eight of the cavities vacated by hairy woodpeckers in early June were subsequently 

occupied by western bluebirds, tree swallows, or house wrens in the same season.  We 
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also found instances of wrens and bluebirds inhabiting cavities used by tree swallows 

earlier in the breeding season. 

Snag Density at Nests. The density of snags >23-cm dbh was significantly higher 

within 11.3 m of red-breasted nuthatch nest sites (x̄ = 305 snags/ha; SE = 28) than at 

random sub-plots (x̄ = 182 snags/ha; SE = 24; two-tailed paired-t test = 3.3 DF = 9,    

P = 0.01). Densities of  >23-cm dbh snags at nest sites were not significantly greater 

than at random vegetation sub-plots for any other snag-nesting species.   

Live Trees. We found 24 nests of 12 species of birds in live trees within high-severity 

burned forest (Table 3.5).  Overall, 6% of nests were located in live trees, although 

live trees constituted only 0.62% of trees we measured at all of our sites and 2.2% of 

the trees at the 15 sites where we found nests.  The mean dbh of live conifers used for 

nesting was 74-cm (95% CI: 53 – 95-cm, n = 15), which was larger than the mean dbh 

of 42-cm of live conifers in random vegetation sub-plots (95% CI: 42 - 56-cm,             

n = 22). Mean dbh of live hardwoods used for nesting was 32-cm dbh                    

(95% CI: 17 - 47-cm, n = 12). We counted only four live hardwoods in random 

vegetation plots and mean dbh of these trees was 32-cm.   

Shrub Nests. We found 102 nests of 9 species of birds in shrubs, 89% of which were 

placed in the sprouts of top-killed hardwood trees and shrubs (Figure 3.9, Appendix F, 

Figure F.4).   We had adequate sample sizes to evaluate nest-site selection at the 

species level for black-headed grosbeak and lazuli bunting (Table 3.3).  Black-headed 

grosbeaks showed strong selection for madrone sprouts relative to other hardwoods 
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(χ
2

4,31 = 51.1, P <0.0001) and were 16 times more likely to nest in madrone than in 

other hardwood species (95% CI: 5.5 – 48 times, Figure 3.10).  Although tanoak 

represented 25% of the hardwoods at sites where we found grosbeaks nesting, we did 

not find any nests in tanoaks.  Black-headed grosbeaks generally placed nests in forks 

near the tops of large stems (x̄  nest height: 1.5 m, 95% CI: 1.4 - 1.6), which created a 

nest platform (Appendix F, Figure F.8).  Lazuli buntings also used sprouting 

hardwoods as nesting substrates; 79% of nests were located low in top-killed 

hardwood sprouts (x̄  nest height: 0.6 m, 95% CI: 0.5 - 0.7).  However, buntings did 

not show selection for particular species (χ
2

4,39 = 3.1, P = 0.37, Figure 3.10).  Lazuli 

buntings also used a variety of shrub and forb species for nesting, including yerba 

santo (Eriodictyon californica), bracken fern (Pteridium aquilinum) and trailing 

blackberry (Rubus ursinus). 

Ground Nests.  We documented 34 ground nests of five species.  Dark-eyed juncos 

and Townsend‟s solitaires were the most common ground-nesting species in our plots 

(Chapter 2, Table 3.3). Fifty-three percent of all ground nests were located under live 

vegetation, particularly sprouting shrubs and bear grass.  Nests also were placed 

within depressions in the ground created from burned-out roots and logs and at the 

base of large snags and stumps.  There was no evidence that ground nests were 

associated with more wood cover or shrub cover than random vegetation plots (paired-

t tests, DF = 30, P >0.40).   
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DISCUSSION 

To date, most studies of nesting songbirds in western forests have occurred in 

unburned forest and nest concealment by live vegetation is stressed to be one of the 

most important factors in nest site selection (e.g., Hansell 2000).  Nesting or foraging 

habits of species in unburned forest has led researchers to conclude that decreased 

abundance of these species following high-severity fire results from the lack of nest 

sites (e.g., Smucker et al. 2005). However, biological legacies, particularly large 

snags, live trees, and the sprouts of top-killed hardwoods, were important nesting 

substrates for breeding birds on our study sites.  Even species that have shown 

negative or mixed responses in abundance to stand-replacing wildfire (e.g., foliage-

gleaning and/or canopy-nesting species, Chapter 2) nested in forest burned with high 

severity when these habitat elements were present.     

Large Snags   

The importance of large conifer snags as nest substrates for open-cup nesting 

species has not been previously reported and use of snags for is nesting is particularly 

relevant to species that have been classified as mixed responders (Kotliar et al. 2002).  

The nesting habits of yellow-rumped warblers following high-severity wildfire are 

virtually unknown (Hunt and Flaspohler 1998).  Based on abundance indices, previous 

studies concluded that forest burned with high-severity forest did not provide suitable 

nesting habitat for yellow-rumped warblers (e.g., Smucker et al. 2005, Kotliar et al. 

2007).  In contrast, yellow-rumped warblers were equally likely to occupy forest 
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burned with low-moderate severity and high-severity in this study and we found 

evidence of reproductive activity in >70% of the high-severity sites where the species 

was detected (Chapter 2).   The majority of nests were located in > 23-cm dbh snags, 

indicating that yellow-rumped warblers exhibited plasticity in nesting behavior 

following the removal of canopy cover.   

In unburned forest, American robins construct nests in live trees and shrubs, 

which provide cover and structure to support their relatively large nests (Sallabanks 

and James 1999).  After fire, robins responded positively to shrub and forb vegetation 

cover (Chapter 2), and nested in snags. More significantly, many of the nests occurred 

in >80 cm-dbh conifer snags.  Large legacy or fire-killed conifer snags with hollows 

or broken tops and hardwoods provided the platform or supporting branches required 

by American robins to build their large nests, allowing robins to take advantage of 

food resources in regenerating understory vegetation (anecdotally reported by 

Sallabanks and James 1999).   

Although western tanager and black-headed grosbeaks primarily used live 

vegetation as nesting cover, we found one nest of each species in top-killed hardwood 

snags. Cassin‟s vireos also nested in top-killed hardwoods. In all cases, birds used 

retained dead leaves as nesting cover, a phenomenon not previously reported for these 

species.   

Our findings support previous research documenting the association between 

decay class and large diameters in conifers to cavity-nesting species (Raphael and 

White 1984, Laudenslayer 2002, Lehmkuhl et al. 2003, Saab et al. 2009).  Nearly half 
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of the cavity nests we found were in snags > 52-cm dbh even though only 12% of 

available snags were this size.  We observed pairs of hairy woodpecker and northern 

flicker nesting concurrently in the same 71-cm dbh snag, which was the only large 

legacy snag we documented at that site (Appendix F, Figure F.6). Once the hairy 

woodpecker nestlings fledged, a house wren pair nested in the cavity.  Weak primary 

cavity-nesting species and secondary cavity-nesting species used legacy and fire-killed 

conifer snags with defects, such as broken tops, because these snags were sufficiently 

decayed to be excavated immediately following fire.  The selection for large, broken-

topped trees as nest sites by red-breasted nuthatches is well-documented (Raphael and 

White 1984, Harested and Keisker 1989, Steeger and Hitchcock 1998, and Ghalambor 

and Martin 1999). Brown creepers also relied on large, decayed conifers that provided 

the thick, sloughing bark under which they place nests (Raphael and White 1984, Hejl 

et al. 2002, Appendix F Figure F.5).   Large top-killed and legacy hardwood snags, 

particularly black oaks, also were important resources for primary cavity nesters and 

contained natural cavities for secondary cavity-nesting species.    

The number, size, and configuration of snags necessary to support cavity-

nesting birds following wildfire are important areas of ongoing research (Nappi et al. 

2003, Saab et al. 2008) yet little information exists for open-cup nesting species. The 

use of large snags by some open-cup nesting species has implications for salvage 

logging.  Selection for > 23-cm dbh fire-killed conifers for nesting by yellow-rumped 

warblers provides a possible explanation for lower densities of yellow-rumped 

warblers reported at salvage-logged sites compared to unlogged sites in the central 



103 

 

 

1
0
3
 

Cascades (Cahall and Hayes 2009).  Because our study focused on unsalvaged burned 

forest with high residual snag densities, comparing nest placement and densities in 

burned forest with different logging intensities will be required to address this issue 

for open-cup nesting species.  Given the similarity in snag size classes used by both 

cavity and open-cup nesting species, some of the same post-fire management 

strategies to retain cavity-nesting species may benefit open-cup nesting species that 

use snags. 

Live Trees   

Most of the trees that survived the fire at our study sites were large conifers.  

Surviving trees provide a variety of functions in the post-fire landscape including 

serving as “lifeboats” for fungi, bryophytes and invertebrates (Berryman 2002, 

Lindenmeyer and Franklin 2002), as a seed source (Donato et al. 2009), and as a 

future source of large snags in regenerating forests (Everett et al. 1999).  Live trees 

constituted 67% of nest substrates for western tanager, one of the mostly commonly 

occurring open-cup nesting species at our high severity burned sites (Chapter 2).  

Though live trees comprised less than 3% of the trees we sampled, 6% of nests were 

located in live trees, which underscores the importance of surviving trees as nest sites 

for some canopy-nesting species following high-severity wildfire.  Live trees also 

likely provided some benefits to cavity-nesting species. Although red-breasted 

nuthatches and brown creepers usually nest in snags, they forage on live trees 

(Raphael and White 1984, Ghalambor and Martin 1999, Hejl et al. 2002).  Both 

species were more likely to use the edges than the interiors of burned forest and red-
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breasted nuthatches selected nest trees close to live trees, suggesting the importance of 

patches of live forest to the distribution of breeding pairs in forest burned with high 

severity (Chapter 2).   

Non-coniferous Vegetation 

The influences of top-killed hardwoods to breeding birds went well beyond the 

structural and functional contributions of the snags.  Most species of hardwoods in this 

area sprout vigorously following death of the main bole, providing the primary nesting 

substrate for shrub-associated bird species in the early post-fire period.  As shrub 

vegetation increased between the first and third years following fire, the proportion of 

sites where we detected shrub-associates such as lazuli bunting also increased 

(Chapter 2).   Hardwood sprouts increased nesting suitability of high-severity burned 

forest for species that are associated with mid-story or canopy trees in unburned forest 

(e.g., western tanager, black-headed grosbeak, and Cassin‟s vireo).  Determining 

specific non-coniferous vegetation types used for nesting also provides the foundation 

for a mechanistic understanding of the distributions of particular breeding bird species 

within the study area.  Of the sprouting hardwood trees and shrubs, only madrone and 

Quercus spp. had the branch size and structure necessary to support the unsecured, 

loosely woven nests of black-headed grosbeaks in the early post-fire period (Appendix 

F, Figure F.7).  This likely explains why we found no evidence of grosbeak 

reproductive activity at sites that did not contain either of these tree species.  Lazuli 

buntings also relied extensively on sprouting shrubs, but employed a fundamentally 

different construction technique. Nests were secured to one or more lateral branches 
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with strips of vegetation allowing buntings to use a variety of sprouting hardwood tree 

and shrub species for nesting, which partly explains why we found lazuli buntings 

breeding at sites where black-headed grosbeaks were absent.  Our opportunistic 

observations of birds that nested in snags and live trees indicated that these species 

also foraged in non-coniferous vegetation near nest sites (e.g., hairy woodpecker, 

American robin, yellow-rumped warbler, western tanager). 

Management Implications 

We conducted this study in the first three years following a single, large fire in 

the productive and diverse mixed-conifer forests of the Klamath Mountains in 

southwestern Oregon.  Employing intensive surveys in other forest types will provide 

valuable insights into the role of biological legacies in explaining the “mixed 

response” described by Kotliar et al. (2002) of many open-cup nesting species 

following high-severity fire events.   Because we focused only on selection of nest 

sites in high-severity burned forest and not the fitness parameters that measure the 

consequences of nest site selection, our study design does not allow us to assess on the 

relative habitat quality of forest burned with high severity for nesting songbirds, 

especially for species that chose nest sites atypical of those found in unburned forest.  

Other important determinants of nest selection by songbirds in burned forest include 

predation risk and nest microclimate (Robertson 2009), and food availability (Stuart-

Smith et al. 2002, Meehan and George 2003).  Identifying the structures that can be 

used for nesting by these species is only a first, albeit important step in explaining the 

distribution of breeding birds in post-fire landscapes.  
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The significance of our findings is twofold: large snags (>52 cm DBH) provide 

important nest substrates for open-cup nesting as well as for cavity-nesting species, 

and snags and other biological legacies facilitate the colonization of high-severity 

burned forest by forest-associated bird species following wildfire. Because of the 

importance of large fire-killed and legacy snags and large surviving trees to a variety 

of open-cup and cavity-nesting bird species, these habitat elements serve as keystone 

structures (Tews et al. 2004) in burned forest.  Post-fire management objectives that 

include providing habitat for wildlife should conserve large snags across the 

landscape, not only because large snags have been consistently demonstrated as 

important to species that use cavities (Saab and Dudley 1998, Bunnell et al. 1999, 

Saab et al. 2009) and open-cup nesting species, but because these are the snags that 

will persist the longest (Raphael and Morrison 1987, Everett et al. 1999, Parish et al. 

2010).   Surviving live trees, even the heavily damaged ones we encountered, provided 

nesting substrates for some canopy-nesting species, and will provide future large snags 

in regenerating forests (Everett et al. 1999).  The role of non-coniferous vegetation in 

maintaining biodiversity at all forest stages has received recent attention (e.g., Bunnell 

et al. 1999, Hagar 2007, Swanson et al 2010), and recent work in the Pacific 

Northwest has highlighted the importance of broadleaf vegetation to the long-term 

conservation of several bird species in early seral forests. (Betts et al. 2010).  

Quantifying the relationship between the abundance and distribution of all of these 

habitat elements and the distribution and persistence of bird species that use them 

should be the primary focus of future post-fire avian research in light of the 
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anticipated future increase in size and frequency of high severity wildfires in western 

conifer-dominated forests (Westerling et al. 2006, Miller et al. 2009).    
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Table 3.1.  Definitions of decay classes for trees in the first three years following the 

Biscuit Fire, adapted from Cline et al. (1980).  

 

Tree Type Class Description 

 
Conifer 

  

 1 
Fire-killed: bark intact, top intact, branchlets and/or needles intact; no 

visible decay. 

 2 
Fire-killed: bark sloughing (< 50%), top intact, smaller branchlets 

and/or needles intact or missing; small pockets of decay may be 

visible (e.g., presence of conchs). 

 3 
May be fire-killed or legacy snag; broken top; some branches broken 

and weathering evident; significant sloughing bark (50-75%) 

 4 
Legacy snag; 75-90% of bark missing; top generally broken; branches 

broken; significant decay present throughout 

 5 
Legacy snag; < 10% of bark remaining; top broken; branches broken; 

highly charred in advanced stage of decay 

Hardwood   

 1 
Top-killed: sprouts at base; bark intact, top intact, branchlets and/or 

leaves intact; no visible decay. 

 2 
Top-killed: sprouts at base; bark sloughing (<50%), top intact, smaller 

branchlets and/or leaves intact or missing; small pockets of decay may 

be visible (e.g., decayed knotholes). 

 3 
Top-killed with significant pre-fire decay: sprouts present; broken top; 

some large branches broken and weathering evident; significant 

sloughing bark (50-75%) 

 4 
Legacy snag: sprouts absent at base; 75-90% of bark missing; 

branches broken; significant decay 

 5 
Legacy snag; sprouts absent at base; <10% of bark remaining; 

branches broken; highly charred in advanced stage of decay 
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Table 3.2. Mean structural and vegetative characteristics (standard deviations) at 54 

sites burned with high severity in the second and third years following the Biscuit Fire.  

We measured ground cover in both years.  

 

Variable   x̄ value Range 

Elevation (m) 912 (374) 305 – 1,357 

Conifers/ha   

Snags  13-22-cm 
23-51-cm 
52-80-cm  

>80-cm 

127  (92) 
118  (66) 
34  (27) 
15  (21) 

0 – 344 
6 – 294  
0 – 125 
0 – 100 

Live Trees   > 13-cm 3  (11)                     0 –  75 

Hardwoods/ha   

Snags  13-22-cm 
23-51-cm 
52-80-cm  

>80-cm 

53 (72) 
26 (45) 
2   (7) 

0.4   (3) 

0 – 262 
0 – 244 

                     0 –  44 
0 –   19 

Live Trees   > 13-cm 1.7 (10) 0 –   75 

Ground Cover    

% Forb 17 (18) 
26 (22) 

0.1 – 74 
0.1 – 79  

% Total Shrub 21 (15) 
30 (19) 

2.9 – 79 
            2.9 –  98  

% Shrub >0.5 m tall 9   (7) 
18 (11) 

0 – 24 
0.1 – 53  

% Bare Ground 50 (19) 
33 (20) 

13 – 86 
1 – 92  

% Litter 10 (10) 
4   (6) 

0 – 41 
0 – 22  

% Wood 1.8 (1.7) 
2.2 (2.8) 

                      0 –   6 
0 – 13  
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Table 3.3. Nesting substrates of 40 species of birds (listed in phylogenetic order) in or near 4-ha nest-searching plots in the second 

and third years following the Biscuit Fire. Substrate columns contain the percentage of nests found in that substrate type. 

Scientific names of species are in Appendix A. 

 

Species 
No. 

Nests 

Conifer 

Snag 

Hardwood 

Snag 

Live 

Conifer 

Live 

Hardwood 

Hardwood 

Sprouts 

Other 

Live
1 Ground

2 Downed 

Wood 

Mourning Dove 1 100%        

Hairy Woodpecker 28 64% 36%       

Northern Flicker  18 67% 28% 5%      

White-headed Woodpecker 1 100%        

Red-breasted Sapsucker  1  100%       

Downy Woodpecker  4 75% 25%       

Pileated Woodpecker  1 100%        

Red-tailed Hawk  2 100%        

American Kestrel  3 67% 33%       

Dusky Flycatcher
3 

3 33%  
 

 67%    

Hammond's Flycatcher 1   100%      

Pacific-slope Flycatcher 
4 

2       50% 50% 

Olive-sided Flycatcher   2 50%  50%      

Western Wood Pewee 5  100%       

Steller‟s Jay  3 33%  33% 33%     

Townsend's Solitaire  10 30%      60% 10% 

Western Bluebird  35 84% 16%       

Mountain Bluebird  3 100%        

American Robin  31 62% 32% 6%      

Cassin‟s Vireo  5  60%  20% 20%    

Chestnut-backed Chickadee 1  100%       
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Species 
No. 

Nests 

Conifer 

Snag 

Hardwood 

Snag 

Live 

Conifer 

Live 

Hardwood 

Hardwood 

Sprouts 

Other 

Live
1 Ground

2 Downed 

Wood 

Red-breasted Nuthatch  11 91% 9%       

Brown Creeper 8 100%        

House Wren  50 35% 63%      2% 

Bushtit 1    100%     

Tree Swallow  6 100%        

Black-headed Grosbeak 38  3%  8% 89%    

Yellow-rumped Warbler 15 80% 7% 13%      

Black-throated Gray Warbler  2    50% 50%    

Nashville Warbler  1       100%  

MacGillivray's Warbler  3     100%    

Orange-crowned Warbler 1       100%  

Lazuli Bunting  52     86% 14%   

Western Tanager 12  8% 67%  25%    

Spotted Towhee 2       100  

Song Sparrow 3      100%   

White crowned Sparrow 1      100%   

Chipping Sparrow 2   100%      

Dark-eyed Junco 23       100%  

American Goldfinch  2     100%    

Total 393 38.4% 19.9% 4.5% 1.8% 23.0% 2.9% 8.7% 0.8% 
1
 Other live vegetation includes herbaceous vegetation, ferns and shrubs originating from seed. 

2
 Ground nests were located under shrubs, downed wood and in depressions. 

3
 The species was not positively identified at the nest. See photo of nest in Appendix F, Figure F.6.  

4
 Two other nests in hardwood and conifer snags were abandoned very early in the nest building period. 
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Table 3.4.  Mean (standard deviation) heights of nests and snags (m), diameter at breast height, and decay class rank for species 

nesting in snags. See Table 3.1 for descriptions of decay classes.   

Species 
Tree 

Type
1 N 

Nest Height 

(m)  
Snag Height 

(m)  
dbh (cm) 

x̄  Decay 

Class  

Cavity Nests 

American Kestrel 
C 
H 

2 
1 

33.3 (3.8) 
11.1 

39.2 (2.5) 
25.1 

125.0 (5.7) 
41 

1.5 (0.7) 
3 

Hairy Woodpecker 
C 
H 

17 
10 

9.3 (5.2) 
9.3 (4.8) 

19.9 (9.3) 
16.0 (9.0) 

47.8 (18.3) 
57.9 (30.3) 

2.6 (1.0) 
2.9 (1.0) 

Downy Woodpecker 
C 
H 

3 
1 

10.1 (8.3) 
9.6 

29.4 (14.9) 
10.9 

85.0 (19.1) 
30 

2.7 (1.5) 
4 

Northern Flicker
 C

 

H
 

12 
5 

17.3 (9.4) 
12.7 (6.2) 

21.5 (9.2) 
21.0 (14.6) 

71.0 (16.8) 
67.6 (15.9) 

3.2 (1.2) 
2.6 (1.1) 

Pileated Woodpecker C 1 20.7 31.9 86 4 

White-headed Woodpecker C 1 2.2 11.7 100 4 

Red-breasted Sapsucker H 1 12.0 21.4 76 1 

Red-breasted Nuthatch 
C 
H 

10 
1 

13.8 (10.8) 
17.0 

18.7 (10.6) 
33.5 

66.2 (56.4) 
97 

3.1 (0.6) 
2 
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Species 
Tree 

Type
1 N 

Nest Height 

(m)  
Snag Height 

(m)  
dbh (cm) 

x̄  Decay 

Class  

 

Brown Creeper C 8 8.8 (10.4) 33.5 (13.9) 66.9 (17.1) 2.8 (1.0) 

Chestnut-backed Chickadee H 1 5.8 8.9 23 - 

Western Bluebird 
C 
H 

31 
5 

9.8 (7.6) 
6.6 (5.1) 

16.1 (10.8) 
14.9 (8.2) 

44.5 (21.7) 
29.4 (11.7) 

2.9 (1.0) 
3.4 (1.0) 

Mountain Bluebird C 3 10 (7.0) 31.8 (5.5) 95 (15.1) 2.0 (1.0) 

House Wren 
C 
H 

18 
30 

8.1 (4.4) 
7.2 (3.2) 

15.3 (10.5) 
14.3 (6.5) 

50.2 (25.9) 
41.3 (21.1) 

3.4 (1.0) 
2.6 (0.9) 

Tree Swallow C 6 12.2 (4.4) 17.7 (4.5) 47.7 (17.3) 3.2 (1.0) 

Open Cup Nests       

Red-tailed Hawk C 2 22.0 (0.8) 27.0 (4.0) 128.6 (19.3) 3.0 (1.4) 

Mourning Dove H 1 3.7 4 58 5 

Steller's Jay C 1 10.8 16.8 45 2 

Western Wood-pewee H 5 15.8 (6.6) 21.6 (7.6) 24.2 (2.4) 2.2 (0.4) 

Empidonax Flycatcher
2 

C 1 10.6 20.5 27 2 

Olive-sided Flycatcher C 1 10.7 24.4 78 1 

       

Table 3.4 (continued) 
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Species 
Tree 

Type
1 N 

Nest Height 

(m)  
Snag Height 

(m)  
dbh (cm) 

x̄  Decay 

Class  

Cassin's Vireo H 3 6.7 (8.0) 9.4 (7.8) 15.4 (12.5) 1.3 (0.6) 
 

Townsend's Solitaire C 3 1.6 (0.5) 13.2 88.4 (21.3) 4.3 (1.2) 

American Robin 
C 
H 

18  
10  

6.1 (6.4) 
10.7 (5.6) 

16.5 
19 

65 (43.3) 
27.6 (10.3) 

3.7 (1.4) 

1.3 (0.7) 

Yellow-rumped Warbler 
C 
H 

12 
1 

13.3 (8.8) 
9 

18.9 (10.3) 
18.8 

37.4 (13.4) 
20 

1.8 (0.9) 
1 

Western Tanager H 1 7.3 29.6 29 1 

Black-headed Grosbeak H 1 1.6 5.5 15 1 
  

1
 C = Conifer, H = Hardwood 

2
 Based on vocalizations, we determined this was likely a Dusky Flycatcher nest. 

 

Table 3.4 (continued) 
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Table 3.5.  Mean (standard deviation) nest and tree heights (m) and diameter breast 

height (-cm) for species nesting in live trees. 

 

Species 
Tree 

Type
1 N 

x̄  Nest Ht 

(SD)
 

x̄  Tree Ht 

(SD)
 

x̄  dbh 
(SD)

 

Northern Flicker C 1 26 28 76 

Steller's Jay C 1 20 35 75 

Empidonax Flycatcher
2 

C 1 35 49 134 

Olive-sided Flycatcher C 1 13 17 20 

Cassin's Vireo H 1 14.5 18.5 44 

Bushtit H 1 5 6.2 18 

American Robin 
C 
H 

1 
1 

40 
6.6 

47 
9 

102 
20 

Black-headed Grosbeak H 3 9.7 (5.8) 15.7 (4.0) 54 (14.1) 

Yellow-rumped Warbler C 2 14.2 (6.2) 29 (1.0) 68.6 (5.6) 

Black-throated Gray Warbler H 1 2 6 12 

Western Tanager 
C 
H 

5 
3 

21.4 (15.3) 
9.7 (5.8) 

33 (15.2) 
15.7 (4.0) 

65 (35.8) 
35.6 (14.1) 

Chipping Sparrow 
  

C 
H 

1 
1 

6 
5.5 

15.5 
10 

33 
20 

 
1
 C = Conifer, H = Hardwood 

2
 Based on vocalizations, we determined this was likely a Hammond‟s flycatcher nest. 
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Figure 3.1.  Percent of total live stems contributed by the five most common 

hardwood species in vegetation sampling plots by elevation class. 
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Figure 3.2.  Number of nests of cavity- (top panel; N = 41 sites) and open-cup (bottom 

panel; N = 21 sites) nesting species in conifer snags by dbh size class (indicated by 

bars) and the proportion of available snags in each size class sampled in random 

vegetation plots (indicated by lines).  
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Figure 3.3.  Number of nests of cavity- (top panel; N = 21 sites) and open-cup (bottom 

panel; N = 13 sites) nesting species in hardwood snags by dbh size class (indicated by 

bars) and the proportion of available snags in each size class sampled in random 

vegetation plots (indicated by lines).  
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Figure 3.4. DBH size class distribution of conifer nest trees and snags sampled in 

random vegetation sampling plots for yellow-rumped warbler (9 sites) and American 

robin (17 sites).  
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Figure 3.5.  Number of nests of cavity-nesting species in hardwood snags by tree 

species. 
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Figure 3.6.  DBH size class distribution of conifer (top panel) and hardwood (bottom 

panel) nest trees and trees sampled in random vegetation sampling plots for hairy 

woodpeckers at 20 sites. 



122 

 

 

1
2
2
 

 
 

Figure 3.7.  DBH size class distributions of conifer snags (top panel) and hardwood 

snags (bottom panel) sampled in random vegetation sampling plots and nest trees by 

northern flickers at 14 sites.   
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Figure 3.8. DBH size class distribution of conifer snags sampled in random vegetation 

sampling plots and nest trees for red-breasted nuthatch (10 sites) and brown creeper (7 

sites). 
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Figure 3.9. Substrate types for 102 shrub nests belonging to 10 species in the early 

post-fire period.  Tree-sprouts originated from top-killed hardwood trees. Shrub-

sprouts originated from top-killed shrub species The “Other” category is comprised of 

nests located in herbaceous vegetation, shrub species originating from seed, or a shrub 

that survived the fire.   
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Figure 3.10. Distribution of sprouting hardwood tree species measured in vegetation 

plots and the proportion of each tree species used for nesting by black-headed 

grosbeak (top panel, 17 sites) and lazuli bunting (bottom panel, 16 sites).   
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CHAPTER 4:  INFLUENCES OF BREEDING STATUS AND DETECTION 

METHOD ON DETECTION PROBABILITIES OF BREEDING BIRDS IN HIGH-

SEVERITY BURNED FOREST  

 

ABSTRACT 

Most bird-habitat relationship studies use point counts to detect patterns in bird 

presence or abundance in burned forests. Responses to post-fire habitats range from 

mid-successional and mature forest associates expected to exhibit low use of high-

severity burned forest to early-successional forest associates expected to be widely-

distributed in high-severity forest.  We used intensive surveys to 1) evaluate the 

efficacy of point count surveys to detect species with different predicted response 

types in high-severity burned forest; 2) determine whether breeding status influences 

detection probability during point count surveys, and 3) determine if detection 

probability in high-severity burned forest is associated with prevalence of breeding.  

Most species for which detection probability during point counts was low or moderate 

were those predicted to decline following high-severity fire. Breeding prevalence, 

defined as the percentage of occupied sites where we observed breeding, was >50% 

for most species using high-severity burned forest. The majority of species had 

significantly higher detection probabilities during point counts at sites with evidence 

of breeding than at sites without such evidence.  Among species, however, detection 

probability did not predict breeding prevalence. The low detection probabilities of 

these species appeared to be associated more with low densities and behavior (e.g., 
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song phenology) than their likelihoods of breeding in burned forest.  Intensive surveys 

improved detection probabilities for several common species and allowed us to 

examine factors influencing detection probabilities. Based on my findings, we 

recommend that detection probabilities be incorporated when estimating abundance 

and occupancy patterns, particularly for species with predicted negative responses to 

habitat alteration. Use of intensive sampling may be an effective survey strategy for 

species that have low detectability and ambiguous usage patterns. Pilot studies that 

compare rapid survey methods such as point counting and intensive survey methods 

within an occupancy modeling framework can be used to identify these species. 

 

INTRODUCTION 

Most studies of bird-habitat relationships use point counts to detect patterns in 

presence or abundance of birds in burned forests (e.g., Bock and Lynch 1970, Schulte 

and Niemi 1998, Hobson and Schieck 1999, Kotliar et al. 2002, Stuart-Smith et al. 

2002).  Point counts can be an effective and efficient means of documenting presence 

and relative abundance of conspicuous bird species, particularly singing males (Ralph 

et al. 1995).  Nevertheless, detection probabilities derived from point counts remains 

one of the thorniest issues plaguing avian field research (Nichols et al. 2008).  Habitat 

characteristics, such as forest structure and density (Scheik 1997), and demographic 

characteristics, such as species density, breeding status, and nesting phenology, 

influence singing rates of males (Bart and Schoultz 1984, Wilson and Bart 1985, Jones 

et al. 2000, Earnst and Hetzel 2005, Lui and Kroodsma 2007).  Voice attenuation and 
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magnitude, singing rates, distance to bird, differences among observers, and ambient 

noise influence detection probability during point counts (Scott et al. 2005, Simons et 

al. 2009, Alldredge et al. 2007a and b).  Given that most point count surveys are 

conducted on multiple species using a single standardized protocol, understanding 

potential sources of bias in detection probabilities among species is very important in 

multi-species surveys. 

Detection probability, p, is comprised of two components: availability and 

detectability (Farnsworth et al. 2002, McCallum 2005). Availability is the probability 

that a bird produces a detectable cue during the survey period.  Length, pattern, and 

frequency of songs influence the availability of males on point counts. Females of 

most songbirds have low availability because of their cryptic behavior and lack of 

vocalizations.  Detectability is the probability of detecting an individual produces a 

detectable cue.  This component of detection probability is a function of observer skill 

and sensory acuity, as well as environmental factors that affect perception and the 

distance between the observer and bird (Simons et al. 2009, Alldredge et al. 2007a and 

b).  Point counts are primarily auditory sampling, and as such, cues are dominated by 

singing males. Therefore, analyses tend to focus on detectability of a species (e.g., 

distance sampling), rather than its availability (Thompson 2002, McCallum 2005). Not 

accounting for birds present but undetected leads to false absences – designating a site 

as unoccupied when it is, in fact, occupied – when birds do not produce or observers 

do not detect a cue during the survey period.  Random and non-random errors in non-

detection across habitat gradients can lead to biased occupancy models (Gu and 
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Swihart 2004, McKenzie et al. 2006).  Conducting multiple surveys can reduce the 

probability that the species will be completely missed, and the uncertainty associated 

with designating a site as unoccupied can be modeled explicitly (McKenzie et al. 

2002, 2006).  

 Point count surveys conducted during the breeding season can provide 

information about the likelihood of an area being inhabited by breeding individuals. 

Yet an important source of heterogeneity in detection probability during this period is 

reproductive status. Detection of singing males may not be a good index of 

reproductive activity because 1) unmated males may sing more or for longer periods 

during the breeding season than mated males (e.g., ovenbird and Kentucky warbler, 

Gibbs and Wenny 1993; olive-sided flycatcher, Altman and Sallabanks 2000; 

nightingales, Amrhein et al. 2007; ), and 2) mated males vary in the quality and 

quantity of singing throughout the nesting period (e.g., house wren, Wilson and Bart 

1985; American robin, Howell 1942).  Alternately, mated males may be more 

available for detection during point counts than unmated males because they are more 

active and conspicuous while defending territories and nest sites and while feeding 

nestlings and young fledglings.  In addition, males tending active nests are more likely 

to remain in the detection area during multiple surveys, increasing the probability that 

they will be detected at least once.  Heterogeneity in probability of detection within 

species as a function of breeding status can lead to erroneous conclusions about the 

relative suitability of habitats for breeding (Thompson 2002, Farnsworth et al. 2002). 

This can be especially problematic following habitat alterations influencing the 
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abundance and behavior, and thus detection probability, of species. This problem will 

be further exacerbated if unmated males have a higher detection probability and thus 

are overrepresented in the sampled area. For these reasons, documenting actual 

reproductive activity rather than inferring it from the presence of singing males is 

critical to understanding use of post-fire habitat by breeding birds.   

We investigated the use by breeding birds of forest burned with high severity 

in the early post-fire period using point counts and intensive surveys.  The original 

objectives of the intensive surveys were to document presence of reproductive activity 

(Chapter 2) and nest site selection by bird species using high-severity burned forest 

(Chapter 3).  We examined a suite of species that respond to post-fire habitats along a 

gradient from negative responders (mid-successional and mature forest associates 

expected to exhibit low use and abundance of high-severity burned forest) to positive 

responders (early-successional forest associates expected to be widely-distributed and 

abundant in high-severity forest; Table 4.1).  It was apparent from our intensive 

surveys that we failed to detect a substantial number of individuals at occupied sites 

during point count surveys. Species detected on < 1 point count surveys tended to be 

negative or mixed responders, and some species were actively breeding within the 

surveyed area. Based on those findings and our initial hypothesis that these species 

would be unlikely to use high-severity burned forest because of the lack of nesting 

habitat (Chapter 2), we explored the relationship between point count detection 

probability and response type. We were particularly interested in whether positive 
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responders were more detectable than mixed or negative responders, and if so, 

whether this was associated with a higher likelihood of breeding in high-severity 

burned forest by positive responders.  Because we independently documented the 

presence of reproductive activity during intensive surveys, we were able to assess the 

influence of breeding status on detection probability during point counts.  In this 

paper, our objectives were to: 1) determine the efficacy of point count surveys to 

detect species with different predicted response types in high-severity burned forest; 2) 

determine whether the breeding status of a species influenced its detection probability 

during point count surveys and 3) determine if detection probability among species in 

high-severity burned forest was related to prevalence of breeding, defined as the 

number of occupied sites where the species was breeding. 

  

METHODS 

Study Area 

 The study sites are located on the east-central edge of the Kalmiopsis 

Wilderness in the Siskiyou National Forest, southwest Oregon within the burn 

perimeter of the Biscuit Fire. We sampled areas within the Biscuit Fire that were 

dominated by mature conifer forest types before the fire (> 45 cm DBH and > 40% 

canopy closure). We sampled birds and vegetation characteristics at individual, 

independent point count stations in severely burned patches (>95% crown death) in 

the second and third post-fire years.  See Chapter 2 for description of the study area. 
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Field Methods 

We conducted point counts for birds at each station using a variable-radius 

counting method (Ralph et al. 1993) at 35 sites in 2004 and 49 sites in 2005. This 

included sites selected using a stratified random design (N = 34 in 2004 and N= 47 in 

2005, Chapter 2) and two additional sites within the study area that we 

opportunistically surveyed. We conducted surveys during the peak breeding period 

from the last week of May until the first week of July.  A single observer spent 8 

minutes recording species, sex, activity, and estimated distance from the observer of 

each bird detected.  Observers visited each station three times each season. In each 

year, two primary observers rotated among stations to minimize potential observer 

bias.  We trained observers in bird identification and distance estimation in the field 2-

3 weeks before the first survey.  Observers used laser range finders during surveys to 

facilitate distance estimations.   

Intensive survey plots were 4-ha in size and overlaid point-count centers; we 

divided plots into 16 50-m
2
subplots to facilitate collection of data (Figure 4.1).  Two 

observers surveyed each 4-ha plot twice per season, averaging 6.2 person-hours (SD: 

1.6 hr) per survey period.  Observers recorded locations of birds and nests on a map 

grid, and noted species, sex, age, and activity whenever possible. Observers followed 

adult males for 10 minutes or until the bird went to a nest or was lost from view, and 

followed adult females until they either went to a nest or fledgling or were lost from 

view. Observers also searched for nests by scanning substrates and observing adult 

behavior for parental cues, including carrying food, nesting material, or fecal sacs, and 
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antagonistic behavior towards conspecifics or other species.  We did not attempt to 

quantify nest success in this study and we avoided disturbing active nests.   

Designation of Response Type  

We used Kotliar et al.‟s (2002) designation of negative, mixed and positive 

response types for birds, based on their qualitative comparison of abundance indices of 

species between unburned and burned forest across 11 studies in coniferous forests of 

the western U.S.  Positive responders generally showed higher abundance in burned 

versus unburned forest, negative responders had higher abundance in unburned forest, 

and mixed responders did not show a consistent response in abundance across studies 

(Table 4.1).   

Data Analyses 

We modeled species-specific occupancy probabilities using methods 

developed by MacKenzie et al. (2002, 2006), which use generalized logistic regression 

to model probabilities of species-specific occupancy and detection over T surveys.  

The addition of a detection probability component tests two fundamental assumptions 

of presence-absence surveys: that a species is detected when present (p = 1) or that 

detection probability is constant across sites when p < 1.  A species is assigned to one 

of four states during a survey. 1) The species is present and is detected.  2) The species 

is present but unavailable for detection. Like most point count surveys, we relied 

primarily on aural detection of birds (range: 84% of dark-eyed juncos to 97% of 

hermit warblers), and birds that did not vocalize during the survey period often were 
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functionally unavailable for detection.  3) The species is absent at the site.  Categories 

2 and 3 contain the most uncertainty because they cannot be distinguished from each 

other and thus are explicitly modeled with this approach (MacKenzie et al. 2006).  4) 

The species is absent, but is misidentified, and counted as present. This was unlikely 

because observers classified species as unidentified when they were unable to 

positively identify a bird. This conservative approach increased the possibility of 

counting a species that was present during the survey as absent, but we do not believe 

this to be a significant source of error in this study.  Differences in that ability to 

estimate distance among observers was another potential source of error. We 

evaluated differences among observers using methods developed by Fancy (1997), but 

found little evidence of significant observer bias in distance estimations (Appendix C).  

One assumption underpinning occupancy modeling is that the population is 

closed during the survey period; that is, individuals do not emigrate from or immigrate 

to the survey area during the sampling period (McKenzie et al. 2006).  Many 

territories were only partially included in the detection area, reducing the probability 

of detecting individuals at individual sites on all surveys. Therefore, we classified a 

site as occupied if we detected the species within 100 m of the point count station or 

on the 4-ha intensively surveyed plot during the sampling period.  The majority of 

point count detections were within this distance for most species. Only 36% of 

Townsend‟s solitaire point count detections were within 100 m. We do not know to 

what extent observers overestimated the distances to singing males, given that 

Townsend‟s solitaires sing complex songs from the tops of trees that vary in amplitude 
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(Bowen 1997).  However, at all sites where our distance estimations on point counts 

>100-m, we also detected Townsend‟s solitaires on intensive surveys. Thus, we 

incorporated all point count detections of Townsend‟s solitaires into models regardless 

of distance, which improved point count detection probabilities without increasing 

naïve occupancy estimates.   

Comparison of Detection Probability in Point Counts and Intensive Surveys.  We 

evaluated the relative efficacy of point count surveys and nest surveys separately using 

two models for each species: Ψ(.)pPC and ψ(.)pNS, where PC denotes point counts and 

NS denotes intensive surveys. We also calculated the proportion of unique 

observations, (U), which was the number of sites where the species was detected using 

only that method divided by the total number of sites where species was detected with 

either method. We calculated the overall probability of detection, PD, over T surveys 

using PD = 1 – [1 – p] 
T
 (McKenzie et al. 2002).   MacKenzie et al. (2006) 

recommended a PD of >0.85 to reliably designate a site unoccupied when the species 

was not detected over T surveys.  Using this guideline, we calculated threshold values 

for pPC as 0.47 (0.85 = 1 – [1 – 0.47] 
3
) and pNS as 0.61 (0.85 = 1 – [1 – 0.61)

2
].  We 

then qualitatively compared the proportion of species that exceeded each detection 

threshold by predicted response type and known breeding status. 

Relationship between Point Count Detection Probability, Breeding Prevalence, and 

Breeding Status:  We defined breeding prevalence as the number of sites where we 

documented reproductive activity divided by the total number of sites where we 
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detected the species. We only included species detected on > 20% of sites in this 

analysis.  We qualitatively compared pPC to breeding prevalence to evaluate whether 

species that were common breeders (>50% of sites with observed reproductive 

activity) also had the highest detection probabilities. 

 To evaluate the relationship between breeding status and point count detection 

probability, we created a candidate model set using only the three point count survey 

histories and adding breeding activity as a site covariate, where 1 indicated presence 

and 0 indicated absence of breeding activity based on intensive surveys. In this model, 

breeding status is a state variable assumed to stay constant across surveys and we 

evaluated detection probability as a function of breeding status detected at site i. In 

addition to closure and accurate identification of species, this model assumes correct 

identification of breeding status. We could not directly incorporate identification of 

breeding status as a parameter in this model because we determined breeding status 

independently of point count surveys. Therefore, we used multi-state occupancy 

models in separate analyses to evaluate the efficacy of the two intensive surveys to 

detect reproductive activity for each species (Donovon and Hines 2007).  In multi-

state models, a species can exist in multiple states; in this study, these states were: 1) 

breeding (present with reproductive activity confirmed), 2) undetermined (present 

with no reproductive activity detected), and 3) absent.  The probability that a site was 

identified as occupied by breeders given that the site actually was occupied by 

breeders (Donovon and Hines 2007),  provides a quantitative means to evaluate the 

likelihood of the two intensive surveys to detect reproductive activity.  For  to be 
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accurately estimated, breeding state must be assigned without error. For this reason, 

we classified a site as occupied by breeders only when we detected evidence of 

reproductive activity instead of merely the presence of females at a site.   The other 

two states, absent and undetermined, are assumed to have error associated with them 

because observers may have failed to detect species that were present or evidence of 

reproductive activity. Therefore, species for we did not detect evidence of 

reproductive activity should be interpreted as undetermined rather than as putative 

non-breeders. Given the relatively small dataset and the objectives of this analysis, we 

constructed simple models that only addressed detection probability at sites as a 

function of breeding status, while keeping occupancy constant. We calculated the 

overall probability of detecting reproductive activity in the two intensive surveys, PRA, 

in the same way as PD:  PRA = 1 – [1 – ] 
2
.  

We also evaluated the effects of survey date and the interaction between 

breeding status and survey date in the candidate model set (Table 4.2).  We assessed 

the best model from the candidate model set using AIC corrected for small sample 

sizes (AICc). We assessed the level of support for model i using the ΔAICc value and 

we considered models with Δi values < 2 to have substantial evidence (Burnham and 

Anderson 2002). We limited this analysis to the third post-fire year when we surveyed 

49 sites using both methods.  We evaluated the significance of differences between 

estimates with 95% confidence intervals and odds ratios. 
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RESULTS 

Detection probability by Response Type and Survey Method 

Occupancy point estimates that incorporated detection probability ranged from 

0-94% higher than naïve estimates for the 16 species included in analyses (Table 4.3).  

Overall estimates for probabilities of detection for hairy woodpecker, western wood-

pewee, house wren, black-headed grosbeak, yellow-rumped warbler, lazuli bunting, 

western tanager, and dark-eyed junco were >0.47 during point counts in burned forest 

in one or both years (PD > 0.85 in three surveys, Table 4.3).   Detection probabilities 

during point counts was between 0.30 and 0.47 (0.65 < PD < 0.85) in at least one year 

for hairy woodpecker, brown creeper, western wood-peewee, black-headed grosbeak, 

yellow-rumped warbler, and MacGillivray‟s warbler. Detection probabilities were 

<0.30 (PD < 0.65) in one or both years for western wood-pewee, red-breasted nuthatch, 

brown creeper, Townsend‟s solitaire, western bluebird, American robin, western 

tanager, and spotted towhee.  Negative and mixed responders had the lowest 

probabilities of detection of all species with the exception of western wood-pewee in 

2004 and western bluebird in both years (Table 4.3, Figure 4.2). Species with the 

lowest probability of detection were those for which we found one male per 4-ha plot 

(American robin, Townsend‟s solitaire, red-breasted nuthatch, brown creeper). In 

contrast, species with the highest mean number of males also had the highest 

probabilities of detection (black-headed grosbeak, lazuli bunting, house wren; Figure 

4.3).  
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All species except western wood-pewee, lazuli bunting, and MacGillivray‟s 

warbler had higher probabilities of detection with intensive surveys than with point 

counts (Table 4.3).  The species with the least biased estimates of Ψ were those with 

pPC > 0.47 and low discrepancies between naïve Ψ estimates derived from point count 

and intensive surveys (lazuli bunting, house wren, black-headed grosbeak, dark-eyed 

junco, yellow-rumped warbler, brown creeper, hairy woodpecker).  Low pPC resulted 

in lower naïve estimates of occupancy relative to intensive surveys and biased and 

imprecise estimates of Ψ (Figure 4.2).  In addition, unique detections of these species 

were substantially higher during intensive surveys (Table 4.3).  Whether Ψ estimates 

derived from point counts were biased low or high relative to intensive surveys 

depended on the pattern of non-detections during point count surveys. Failure to detect 

a species at occupied sites on any of the point count surveys led to underestimations of 

Ψ (western tanager, red-breasted nuthatch, western bluebird,). Detection of a species 

only once at most sites resulted in inflated estimates of Ψ (American robin).  We 

estimated markedly different point count detection probabilities between years for 

western wood-pewee, Townsend‟s solitaire, American robin, brown creeper, western 

tanager, house wren, and black-headed grosbeak. For the first five species, the 

discrepancy was related to the relative number of detections in each year (Table 4.3). 

For example, we detected western tanagers at a higher proportion of sites in 2004 than 

in 2005, but we generally only detected them on one of the three surveys. Although we 

encountered western tanagers at a lower proportion of sites in 2005, we often detected 

them on two or three surveys. We observed the same trend in American robin but in 
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opposite years.  The reason for these patterns is not clear, but it may be related to the 

amount of area utilized rather than the likelihood of breeding by each species between 

years (Appendix E). We detected few singing brown creepers in 2004 on point counts, 

but intensive surveys indicated that they were present at a number of sites where we 

did not detect them on point counts. For house wren and black-headed grosbeak, the 

increases we observed in detection probabilities in 2005 apparently was related to an 

increase in the average number of pairs at occupied sites (64% and 16% increases in 

pairs for house wren and black-headed grosbeak, respectively).      

Using PD = 0.85 as the threshold value to reliably designate a site as 

unoccupied, the 15 species fall into three general groups. In the first group, two point 

count surveys were adequate to detect the species. In the second group, three or four 

point count surveys were adequate to detect the species. For the third group, point 

count sampling was inadequate to achieve a PD of 0.85 in fewer than six surveys 

(Figure 4.4). PD did not meet the threshold of 0.85 in three point counts for any of the 

four negative responders (red-breasted nuthatch, Steller‟s jay, brown creeper, and 

Cassin‟s vireo, and only brown creeper was adequately sampled in two intensive 

surveys (Table 4.4).  In addition, PD was less than 0.85 for two positive responders, 

western bluebird and western wood-pewee.  

Point Count Detection Probability and Breeding Status 

The probability of detecting reproductive activity,  was at least 0.65 for every 

species (PRA > 0.88 in two surveys, Table 4.5).  However, precision was low            

(SE >0.10) for western wood-peewee, American robin, Townsend‟s solitaire, red-
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breasted nuthatch, brown creeper, and western tanager.  Four of these species 

(American robin, western wood-peewee, western tanager, Townsend‟s solitaire, red-

breasted nuthatch) had home ranges that frequently extended beyond the 4-ha plot 

boundaries  and three (brown creeper, red-breasted nuthatch, Townsend‟s solitaire) 

were difficult to detect because of their nesting habits and cryptic nature when not 

vocalizing. Overall, 89% of observations in which a species was observed in only one 

of the two intensive surveys were of lone adults, usually males (63% of observations).  

Breeding prevalence was >50% for most species (Table 4.5).  We had adequate 

observations of reproductive activity for 11 species in 2005 to model the relationship 

between detection probability and putative breeding status.  Hairy woodpecker, house 

wren, black-headed grosbeak, lazuli bunting, and yellow-rumped warbler were highly 

detectable during point counts (pPC >0.50, PD > 0.87) and intensive surveys indicated 

that breeding prevalence also was high (Figure 4.5).  Conversely, pPC was less than 

0.47 for American robin, western bluebird, Townsend‟s solitaire, and red-breasted 

nuthatch despite these species having >50% breeding prevalence. Although breeding 

prevalence among species was not a good predictor of detection probability, the 

probability of detecting confirmed breeders was significantly higher than that of 

individuals of undetermined breeding status for every species except western wood-

pewee, Townsend‟s solitaire, and yellow-rumped warbler (Figure 4.6).  Yellow-

rumped warblers were equally detectable at sites with and without observed 

reproductive activity and our estimate of p was low and uncertainty high for breeding 

Townsend‟s solitaires.  Low precision associated with p for male western wood-
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pewees during point counts and the relative rarity of female pewees on nest surveys 

suggested that the presence of singing males on point count surveys was an inadequate 

index of reproductive activity on the 4-ha plots.   

The probability of detecting breeders, pB, >0.47 for all species except 

Townsend‟s solitaire, red-breasted nuthatch, and American robin. The probability of 

detecting an American robin on a site was 3.8 times greater in plots where we 

observed breeding activity than at sites where we did not (95% CI of difference in 

odds: 1.6 - 8.8).  This pattern also was evident for the western bluebird, a species we 

detected so rarely during point counts (33 detections in two seasons) that we could not 

reliably estimate occupancy using this survey method alone.  Nevertheless, we 

detected bluebirds on 60% of sites in 2005 during intensive surveys and observed 

reproductive activity on 75% of plots where we detected adults (Chapter 2). 

Probability of detection for western bluebirds was 13 times greater at sites where we 

documented reproductive activity than at sites where we did not (95% CI: 2.7 - 66).  

Detection probabilities of breeding individuals were low and uncertainty high for 

robins and bluebirds despite estimates of PRA that exceeded 0.90 for both species 

(Table 4.5).   

Detection probabilities did not significantly vary with date of survey at sites 

that contained known breeders and at those with undetermined individuals for any 

species except dark-eyed junco.  The odds of detecting a dark-eyed junco increased 

between late May and late June at sites where we observed reproductive activity and 

decreased at sites where we did not.  The best model for western bluebird also 
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indicated an interaction between breeding status and survey date, but the additive 

model was almost equally likely and the odds of detecting a western bluebird was five 

times (95% CI: 1.1 – 23 times) greater in late June than in late May regardless of 

breeding status. The effect of survey date and breeding status was additive for western 

tanager and black-headed grosbeak. The odds of detecting a western tanager was 13 

times (95% CI: 1.6 -101 times) greater in late June than in late May regardless of 

breeding status (Table 4.6). There was a non-significant decline in pPC for black-

headed grosbeak though the season. 

 

DISCUSSION 

Point Count Detection probability by Response Type and Survey Method 

Species for which point count detection probability was low (pPC <0.30) and 

moderate (pPC <0.47) tended to be negative and mixed responders.  Consequently, the 

use of high-severity burned forest by these species was underestimated from point 

count data alone, even with three surveys.  The negative responder, red-breasted 

nuthatch, had a low probability of detection and underestimates of Ψ derived from 

point counts, but intensive surveys provided evidence that breeding pairs had 

colonized high-severity burned forest.  Detection probabilities were mixed for the 

mixed responders, with some species highly detectable while other common breeders 

were so poorly detected that we could not reliably estimate Ψ after three point count 

surveys. For most positive responders, detection probability during point count 

surveys alone appeared to be adequate to establish occupancy patterns.  An important 
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exception was western bluebird; we did not detect western bluebirds on 73% of point 

count surveys at sites where it was present, even though it was the most common 

secondary cavity-nesting species in the study area.  The most important consequence 

of very low detection probabilities is that estimates of occupancy are underestimated 

in models that do not account for p, whereas estimates are biased and uncertainty 

increased in models that do account for detection probability. Examining sources of 

non-detection errors provided information about the direction in bias in our 

estimations.   

Heterogeneity in detection probabilities within and among species or years can 

result from myriad factors, including breeding status, song phenology, and territory 

size relative to survey area, which influences abundance.  Higher abundance increases 

both components of detection probability by increasing the time that males spend 

displaying to conspecifics, increasing the probability that at least one male of the 

species will be detected during the survey period (Titus and Haas 1990, Jones et al. 

2000).   Species for which we generally found only one pair per 4-ha plot tended to 

have the lowest detection probability and were mixed or negative responders 

(American robin, Townsend‟s solitaire, red-breasted nuthatch, brown creeper), while 

species with the highest relative abundance were highly detectable (black-headed 

grosbeak, lazuli bunting, house wren, dark-eyed junco).   Song phenology also 

appeared to be a factor in detection heterogeneity among species in this study. Yellow-

rumped warbler and lazuli bunting sing throughout the breeding season (Hunt and 

Flashpohler 1998, Greene et al. 1996), but several of the species we encountered have 
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distinct singing periods that peak early in the breeding season (e.g., Townsend‟s 

solitaire, Bowen 1997; American robin, Howell 1942).  The lack of vocalizations by 

adults during the nestling period appeared to be an important factor in the low 

availability of western bluebird during point counts.  We observed the highest level of 

vocalizing when western bluebirds were accompanied by fledglings, which 

contributed to the positive influence of survey date on detection probability.  Intensive 

studies of focal species are necessary to determine the relative importance of these 

factors on detection probabilities.  The significantly higher detection probabilities we 

encountered for several common nesting species in intensive surveys relative to point 

counts highlights the difficulties of using point counts to examine occupancy patterns 

in atypical habitat.   

Point Count Detection Probability and Breeding Status and Prevalence 

Breeding prevalence was not a good indicator of detection probability during 

point counts. In fact, standard point surveys were inadequate to detect several species 

that commonly nested in high-severity burned forest.  The low probability of detection 

by several breeding mixed and negative responders was likely driven more by low 

densities and behavior than by their likelihoods of breeding in high-severity burned 

forest.  Breeding status was an important source of heterogeneity in detection 

probabilities within a species. Most species were significantly more detectable at sites 

where there was evidence of reproductive activity that at sites where we found no such 

evidence.  There are three possible interpretations for why detection probability 

differed between known breeders and those with undetermined breeding status. First, 
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individuals with active nests or fledglings were more available within the detection 

area than undetermined individuals resulting in a lower probability of detection for an 

undetermined individual than for a breeder.  Second, breeders may have been more 

detectable because they are more likely to be present during all three surveys. In this 

case, adults without dependent young at a site would be less likely to be present in the 

detection area in all three surveys. Third, breeding individuals that left the detection 

area after nest failures also would be less likely to be detected on later surveys, but we 

could not ascertain the influence of nest success on detection probability from our 

sampling methodology.  Our data suggest that increased detectability of breeders 

because of longer persistence at sites may have substantially contributed to differences 

in detection. For the majority of sites in which we detected a species in only one of the 

two intensive surveys, detections were of lone adults, usually adult males. There is 

evidence that birds are more responsive to playback surveys near nests than at transit 

sites (e.g., brown creeper, Poulin et al. 2008), a relationship that has been used as an 

index of reproductive activity (e.g, Betts et al. 2006). Time spent foraging in particular 

areas also has been shown to be inversely related to distance from active nests 

(Swihart and Johnson 1986, Mayrhofer 2006), which would increase the likelihood of 

detecting nesting individuals, as was apparently the case in this study. 

One somewhat surprising finding was the low prevalence of breeding activity of 

western wood-pewees. This species appeared to be a positive responder based on its 

relative probabilities of occupancy of high-severity and low-moderate severity burned 

forest (Chapter 2); however, we encountered few females or evidence of reproductive 
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activity.  The relative rarity of female pewees suggested that the presence of singing 

males on point count surveys was an inadequate indicator of reproductive activity on the 

4-ha plots. There are a number of possible explanations for this pattern.  First, male 

wood-pewees may have colonized burned forest and established territories, but were 

unable to attract females in the early post-fire period. The ratio of females to males was 

the lowest of any common species we encountered. Second, wood-pewees may use 

much larger areas in severely burned forest than has been reported for unburned forest 

types.  Our estimate of mean density of 0.24 males/ha at sites where detected (N = 28) is 

much lower than reported in other burned and unburned western forest types (Bemis and 

Rising 1999, Kotliar et al. 2007).  Third, wood-pewees nested later than any other 

species we encountered, increasing the probability that we missed evidence of breeding. 

All of the nests we found contained eggs and young nestlings between late June and 

mid-July.  Western wood-pewees are known to vigorously defend breeding territories 

(Bemis and Rising 1999) and we encountered males engaging in long bouts of singing 

as well as attacking other bird species at sites where we did not detect females.  If we 

consider only plots where we observed females, the odds of detecting wood-pewees 

during point counts was five times higher on nest plots where we found females than at 

sites where we did not (95% CI:1.2 – 22 times), providing evidence that paired males 

likely remained close to females.   

Caveats  

A time-constrained approach to searching nests for all species was feasible in 

the early post-fire period because of the relatively small suite of bird species present, 
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the lack of live over- and mid-story canopies, and widely-spaced shrubs in our study 

sites. Nevertheless, we conducted intensive surveys at each site only twice per season 

so we likely that we failed to detect reproductive activity of some species.  Estimates 

of p and  had low precision for several species, which can be expected in 

standardized multi-species sampling with a limited number of visits.   

We expect that there were more errors in recording reproductive activity for 

cryptic species (e.g., brown creeper), ground nesting species (e.g., spotted towhee), or 

species with large home ranges (e.g., western tanager, American robin), and species 

with all of these characteristics (Townsend‟s solitaire). The kind of reproductive 

activity observed may also have influenced detection probabilities among species.  For 

example, adults with fledglings may only be present at a site for a limited period of 

time, and thus may be less likely to be detected in multiple surveys. Therefore, species 

for which a higher proportion of breeding observations were comprised of active nests 

may have been more detectable than species for which a higher proportion of breeding 

observations were of fledglings. However, among and within species, we found no 

evidence that this was the case. We also did not evaluate the effect of reproductive 

success (e.g, fledging rates) on the probability of detecting breeding individuals.    

It is also possible that observers were less likely to record species that did not 

have nests or fledglings, particularly in a multi-species survey, which would 

underestimate the probability of detection during intensive surveys for undetermined 

individuals relative to known breeders. Conducting two independent survey methods 

within the same time period was useful to examine this source of bias.  Species that 
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were more likely to be recorded in only one of the two intensive surveys were 

generally lone adult males (63% of observations). This finding corresponded with 

point count data that these species were less likely to be detected on >1 surveys at the 

same sites where they were detected on only one intensive survey, and provided 

insight into potentially important source of heterogeneity in detection probabilities. ĉ 

values from single-season models indicated only minor overdispersion for a few 

species (ĉ  <1.8, Chapter 2). There was no evidence of overdispersion in models that 

included only sites where we detected breeding. If breeding status of the individual 

birds is not known and breeding individuals have substantially higher detection 

probabilities than non-breeders, than occupancy estimates may be negatively biased 

(MacKenzie et al. 2006).  The larger the disparity in detection probabilities between 

breeding and non-breeding individuals, the more biased estimates may be. This 

problem will be exacerbated when the likelihood of breeding varies as a function of 

habitat covariates. We plan to explore this issue in future research.   

Research and Management Implications 

In this study, survey method and breeding status of individuals influenced our 

ability to detect a number of species in post-disturbance habitat.  Our findings have 

important implications for research conducted on animals in post-disturbance 

landscapes.  First, detection probabilities are particularly important to establish for 

species in which there is a predicted negative response to habitat alteration because 

failing to detect these species may erroneously reinforce the predicted relationship. 

Second, our results demonstrate that a negative response based on indices of 
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abundance, while ecologically important, does not necessarily provide information 

about the likelihood of a species to occupy, and more importantly breed, in high-

severity burned forest. Third, individuals with fledglings or active nests had higher 

probabilities of detection during point counts than individuals of undetermined 

breeding status for most species.  Thus, for most species, relative detection 

probabilities provided information about the probability that a site was occupied by 

breeding individuals.  Nevertheless, detection probability was not a reliable predictor 

of breeding prevalence among species. One potentially important application of 

modeling detection probability as a function of breeding status is when occupancy is 

modeled across habitat gradients that are correlated with breeding. 

Lastly, this study illustrates the principle that the probability of detection is 

most influenced by survey effort (Wintle et al. 2004, MacKenzie and Royale 2005).   

For surveys conducted during a relatively short breeding season, intensive surveys 

were significantly more effective than point counts for 1) improving detection 

probability for several common species, 2) establishing whether species were engaged 

in breeding activities, and 3) examining factors that potentially influenced detection 

probability.  This was especially true for relatively common species with pPC < 0.3.  

For example, species with a Ψ ≈ 0.4, pPC ≈ 0.3, and pNS ≈ 0.6 would require a 

minimum of six repeat point count surveys to achieve the same level of detection 

probability as two intensive surveys, assuming no heterogeneity in Ψ or p among sites 

(MacKenzie and Royale 2005).   Additional point count surveys would add 

considerable cost in personnel and travel time to complete.   While survey periods are 
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sometimes divided into 2 or more sub-counts to increase T without increasing survey 

costs (e.g., 3 surveys x 3 sub-counts per survey = 9, Betts et al. 2008), this approach is 

only effective for species for which there is a reasonable expectation of detection in at 

least one sub-sampling period, a condition not likely to be met by species with the 

lowest availability (Scott et al. 2005).   More importantly, increasing point count effort 

would yield better estimates of occupancy without addressing other metrics of 

biological importance. For mixed and negative responders, using a mechanistic 

approach to explain why these species persist in some post-fire forest types and not in 

others is generally more useful to managers than documenting presence or density.   

The designation of post-fire avian response types by Kotliar et al. (2002) was 

based on abundance, so it is unsurprising that species that have the lowest abundance 

estimates are categorized as negative and mixed responders. Lower abundance in 

high-severity versus unburned and low-severity burned forest has been used to infer 

the inadequacy of high-severity forest to support nesting by some species (Smucker et 

al. 2005, Kotliar et al 2007).  For this reason, we urge caution in relying on abundance 

estimates alone, particularly estimates that do not account for the availability 

component of detection to assess the potential suitability of post-disturbance 

landscapes for negative and mixed responders.  Species characteristics that result in 

poor detection probability for occupancy modeling also limit other analytical methods 

such as density estimations derived from distance sampling (McCallum 2005, 

Diefenbach et al. 2007), which has consequences for estimates of relative and absolute 

density (e.g., Schieck 1997, Diefenbach et al. 2003, Diefenbach et al. 2007).  There 
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remains virtually no information on territory and home range sizes of open-cup 

nesting species in post-fire forest, which makes accounting for detection probabilities 

imperative.   

Despite its limitations, point count sampling remains the most common survey 

protocol for breeding bird assemblages in burned forest because large areas can be 

surveyed at relatively low cost.  In this study, intensively surveying 49 4-ha plots 

twice required approximately five times as many person-hours as conducting three 

point count surveys.  Accordingly, intensive sampling methods are best directed 

towards species that have low detection probabilities and ambiguous patterns of use 

(e.g., negative and mixed responders in post-fire habitats).  For species of special 

management or conservation concern, increased accuracy gained from intensive 

survey methods may outweigh the additional costs when point counts are inadequate 

(e.g., western bluebird in SW Oregon, USDA 2004).  Pilot studies that compare rapid 

survey and intensive survey methods within an occupancy modeling framework can be 

used to identify these species.  The wide range in detection probabilities among and 

within species highlights the importance of pilot studies and exploratory analyses to 

identify sampling methodology that will likely meet study objectives for target 

species. Regardless of the survey method employed, both components of p, 

availability and detectability, should be carefully considered.
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Table 4.1. Characteristics of species of breeding birds in the Klamath Mountains encountered in high-severity burned forest and their 

predicted responses to high-severity fire-altered habitat. Predicted responses are derived from Kotliar et al (2002). See text for 

descriptions of response types. For scientific names of species see Appendix A. 

 

Species
1 

AOU 4-Letter 

Alpha Codes 
Nest 

Location 
Forage Type 

Predicted 

Response  

Hairy Woodpecker
 

HAWO Varies bark/driller Positive 

Western Wood-pewee
 

WEWP Conifer Hover/Glean Positive 

 
Steller‟s Jay 

STJA Conifer Foliage Glean Negative 

Townsend Solitaire TOSO 
Snag Log 

Ground 
Foliage 

Glean/Ground 
Mixed 

Western Bluebird WEBL Snag 
Hawk/ Bark 

Glean 
Positive 

American Robin
 

AMRO 
Conifer 

Hardwood  
Foliage 

Glean/Ground 
Mixed 

Cassin‟s Vireo
 

CAVI 
Conifer 

Hardwood  
Foliage Glean Negative 
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Species
1 

AOU 4-Letter 

Alpha Codes 
Nest 

Location 
Forage Type 

Predicted 

Response  

 
Red-Breasted Nuthatch

 RBNU Snag Bark Glean Negative 

Brown Creeper
 

BRCR 
Snag/live 

trees 
Bark Glean Negative 

House Wren HOWR Snag Foliage Glean Positive 

 
Black-headed Grosbeak

2 BHGR 
Conifer 

Hardwood  
Foliage Glean Mixed 

Yellow-rumped Warbler YRWA Conifer 
Hawk 

Hover/Glean 
Negative 

MacGillivray‟s Warbler
3 

MGWA Ground Shrub 
Bark/Ground 

Glean 
Positive 

Lazuli Bunting
4 

LAZB Tangle/Brush Foliage Glean Positive 

Western Tanager WETA 
Conifer 

Hardwood  
Hawks Negative 

Spotted Towhee
 

SPTO Ground Shrub 
Gleans near 

ground 
Mixed 

Table 4.1 (continued) 
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Species
1 

AOU 4-Letter 

Alpha Codes 
Nest 

Location 
Forage Type 

Predicted 

Response  

Dark-eyed Junco DEJU Ground 
Hawks near 

ground 
Mixed 

 

1.  
Primary sources for species characteristics: Ehrlich et al. (1988), Greene et al. (1996), Ghalambor et al. (1999), Sallabanks and James (1999), Hejl et al. 

(2002), Marshall et al. (2003), Kotliar et al. (2002) and Wiebe and Moore (2008). 

 
2.
 Not included in Kotliar et al. (2002); based on its association with mid-story trees and mature shrubs for nesting, we categorized black-headed 

grosbeak as a mixed responder to high-severity burned forest in the early post-fire period. 

3.
  Not included in Kotliar et al. (2002); based on its association with shrubs for nesting, we categorized MacGillivray‟s warbler                                        

as a positive responder to high-severity burned forest in the early post-fire period.   

4.
  Identified as a probable positive responder by Kotliar et al. (2002); based on its association with shrubs for nesting, we                                        

categorized lazuli bunting as a positive responder to high-severity burned forest in the early post-fire period.   

 

 

  

Table 4.1 (continued) 
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Table 4.2 AIC candidate model sets for survey method and breeding status.  

 

 

Candidate Models  Model Interpretation Variable Characteristics 

   

1.  p(Breed) Detectability is a function of breeding status 
Categorical; 0 = no breeding detected,  

1 = breeding confirmed 

 

2.  p(Date) Detectability is a linear function of survey date 

 

Continuous; normalized Julian Date between 

late May and Early July. 

3.  p(Date, Date
2
) Detectability is the highest during the mid-June surveys for all 

individuals. 

 

 

4.  p(Breed, Date) Effect of breeding status and survey date is additive. 

 
 

5.  p(Breed, Date, Breed:Date) Effect of survey date on detectability differs as a function of 

breeding status. 

 

 

6.  p(Survey) Detectability is a function of survey. 

 

Categorical; 3 survey periods 

7.  p(.) Detectability is constant across all sites and surveys  
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Table 4.3.  Detection probabilities (standard errors) for 15 species using models Ψ(.), p(Survey Method).  A dashed line indicates 

that detectability was too low to estimate Ψ using that survey method.  Naïve estimates of occupancy represent the number of sites 

where individuals were detected at least once during surveys and unique detections (U) represent the number of sites where the 

species was detected using only that method/total number of sites where species was detected with either method. 

   Point Counts  Intensive Surveys 

Species 
Naïve Ψ 

PC + NS  
 PPC 

Naïve  

Ψ 
 Ψ(.) U 

 

 PNS Naïve  Ψ  Ψ(.) U 

Hairy Woodpecker 
0.91 

0.96 

0.55 (0.06)      

0.48 (0.06)      

0.80 

0.84 

0.89 (0.08)      

0.98 (0.08)      

0 

0.02 

 
0.81 (0.05) 

0.78 (0.05) 

0.83 

0.92 

0.87 (0.07)      

0.96 (0.05)      

0.11 

0.10 

Western Wood-pewee 
0.31 

0.53 

  0.18 (0.15) 

 0.52 (0.08)      

0.14 

0.43 

0.32 (0.26)      

0.48 (0.08)      

0 

0.12 

 
0.39 (0.19) 

0.52 (0.12) 

0.23 

0.41 

0.37 (0.18)      

0.53 (0.12)      

0.11 

0.16 

Steller‟s Jay
 0.60 

0.67 

0.30 (0.11) 

0.38 (0.08) 

0.31 

0.41 

0.48 (0.17) 

0.53 (0.11) 

0.10 

0.15 

 
0.34 (0.13) 

0.49 (0.10) 

0.54 

0.57 

0.97 (0.32) 

0.78 (0.15) 

0.48 

0.42 

Townsend's Solitaire 
0.60 

0.73 

0.26 (0.07)      

0.35 (0.05)      

0.50 

0.49 

0.85 (0.20)      

0.61 (0.11)     

0 

0.04 

 
0.56 (0.11) 

0.68 (0.08)      

0.66 

0.67 

0.83  (0.14)      

0.75 (0.08)      

0.33 

0.24 

Western Bluebird 
0.46 

0.63 

0.10 (0.10)      

 0.27 (0.11)      

0.26 

0.24 

-- 

0.40 (0.15)      

0.11 

0.02 

 
0.57 (0.12)      

0.73 (0.08)      

0.49 

0.57 

0.61  (0.13)      

0.62 (0.08)      

0.47 

0.66 

American Robin 
0.29 

0.42 

0.57 (0.13)      

0.21 (0.09)      

0.20 

0.33 

0.21 (0.09)      

0.64 (0.24)      

0.03 

0.04 

 
0.90 (0.07)     

0.74 (0.09)  

0.34 

0.35 

0.35 (0.08)      

0.37 (0.08)      

0.20 

0.36 

 

Cassin's Vireo 

 

 

0.06 

0.27 

 

 

-- 

 0.25 (0.07) 

      

 

0.02 

0.16 

 

 

-- 

0.21 (0.08)  

   

 

0.33 

 

  

-- 

0.48 (0.11)  

 

 

0.04 

0.20 

 

 

-- 

0.25 (0.08) 

     

 

-- 

0.67  
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   Point Counts  Intensive Surveys 

Species 
Naïve Ψ 

PC + NS  
 PPC 

Naïve  

Ψ 
 Ψ(.) U 

 

 PNS Naïve  Ψ  Ψ(.) U 

Red-breasted Nuthatch 
0.54 

0.53 

0.32 (0.12)      

 0.27 (0.11)      

0.29 

0.28 

0.42 (0.15)      

0.40 (0.15)      

0.06 

0.04 

 
 0.58 (0.12)     

0.47 (0.11)     

0.49 

0.47 

0.60 (0.13)      

0.66 (0.15)      

0.26 

0.24 

Brown Creeper 
0.37 

0.59 

0.06 (0.02)      

0.46 (0.08)      

0.17 

0.41 

-- 

0.48 (0.09)      

0.03 

0.12 

 
0.64 (0.14)      

0.67 (0.09)      

0.41 

0.49 

0.47 (0.11)     

0.55 (0.09)      

0.57 

0.35 

House Wren 
0.25 

0.59 

0.49 (0.11) 

0.77 (0.05) 

0.29 

0.51 

0.33 (0.09) 

0.52 (0.07) 

0.03 

0.02 

 
0.81 (0.11) 

0.94 (0.03) 

0.29 

0.55 

0.30 (0.08) 

0.55 (0.07) 

0.06 

0.06 

Black-headed  

Grosbeak
 

  

0.46 

0.61 

0.49 (0.10)    

0.79 (0.05)      

0.37 

0.53 

0.43 (0.10)      

0.54 (0.07)   

0.04 

0.02 

 
0.82 (0.08)      

0.91 (0.04)     

0.49 

0.59 

0.50 (0.09)      

0.60 (0.07)      

0.11 

0.10 

Yellow-rumped 

Warbler  

0.63 

0.55 

0.54 (0.08)   

0.67 (0.07)      

0.57 

0.43 

0.63 (0.10)    

0.45 (0.07)     

0.02 

0.11 

 
0.73 (0.09)     

0.85 (0.06)     

0.54 

0.49 

0.59 (0.10)      

 0.48 (0.07)      

0.05 

0.19 

MacGillivray‟s Warbler  
0.11 

0.38 

-- 

 0.40 (0.10)      

0.06 

0.27 

-- 

 0.34 (0.09)     

0.03 

0.14 

 
-- 

0.75 (0.12)     

0.09 

0.20 

-- 

0.22 (0.06)      

0.06 

0.10 

Lazuli Bunting 
0.85 

0.69 

0.78 (0.05)      

0.81 (0.04)    

0.77 

0.67 

0.78 (0.07)      

0.68 (0.07)      

0.14 

0.08 

 
0.85 (0.06)     

0.93 (0.03)      

0.66 

0.65 

0.67 (0.08)    

 0.66 (0.07)      

0.09 

0.08 

Western Tanager  
0.60 

0.65 

0.29 (0.09)      

0.52 (0.10)      

0.49 

0.24 

0.76 (0.21)      

0.28 (0.07)      

0.14 

0.02 

 
 0.30 (0.16)      

 0.59 (0.09)  

0.37 

0.61 

0.73 (0.36)      

0.74 (0.11)      

0.36 

0.39 

Dark-eyed Junco 
0.85 

0.95 

0.62 (0.06)      

0.71 (0.04)   

0.86 

0.92 

 0.91 (0.07)      

0.94 (0.04)      

0.06 

0.02 

 
0.92 (0.04)      

0.90 (0.03)    

0.83 

0.92 

0.83 (0.06)      

0.92 (0.04)      

0.03 

0.02 
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Table 4.4. Relationship between survey method, detectability and predicted response 

type in high-severity burned forest.  “All individuals” includes all sites where the 

species was detected regardless of breeding activity; “Confirmed breeders” only 

include sites where we observed reproductive activity. See Table 4.1 for information 

about which species are included in each response type.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1
  Per survey detectability > 0.30 during point count surveys. 

2
  Threshold p needed for PD > 0.85 in three surveys 

3
  Threshold p needed for PD > 0.85 in two surveys 

4   
Western wood-pewee is not included because we observed evidence of reproductive activity < 20% of 

sites where we detected western wood-pewees. 

5
 Steller‟s jay is not included because we observed evidence of reproductive activity < 20% of sites 

where we detected Steller‟s jays. 

Response Type 
Number 

Species 

 

% spp  

pPC  > 0.30
1 

 

PC (T = 3) 

pPC > 0.47
2 

NS (T= 2) 

pNS > 0.61
3 

Positive     

All Individuals 6 67% 67% 83% 

Confirmed Breeders
4
   5 100%  83% 100% 

Mixed     

All Individuals 7  71%  57%  86% 

Confirmed Breeders
 

6  83% 67% 100% 

Negative     

All Individuals 4 50% 0% 25% 

Confirmed Breeders
5 

3 100% 33% 67% 
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Table 4.5. Relationship between point count detection probabilities and breeding status for 15 species in high-severity burned forest in 

2005.  The first two data columns denote point count detection probabilities for each species at sites in which no reproductive activity 

was observed (PNB) and sites with documented breeders (PB) and standard errors (parentheses). The next two columns denote the 

number of sites where the species was detected during intensive surveys (N= 49) and the mean number of males detected at those 

sites. Percent plots with females (♀) and reproductive activity (RA) represent the percent of sites where we detected the species in 

which we also detected females, and evidence of reproductive activity. Delta,  is the probability of detecting breeders given that the 

site is occupied by breeders. PRA is derived from δ and is the overall probability of detecting breeders in two intensive surveys.  

 

 Point Count Intensive Survey 

Species PNB PB 
Sites 

Detected 

   number 

males/site 

(SE) 

♀
1 

RA
2 

 PRA (95% CI) 

Hairy Woodpecker 0.27 (0.08)   0.52 (0.05)      46 1.15 (0.06) 87 83 0.75 (0.07)      0.93 (0.83 - 0.98) 

Western Wood Pewee  0.42 (0.10)       0.75 (0.13)      21 1.07 (0.05) 29 19 0.67 (0.19)     0.89 (0.46 - 0.99) 

Townsend's Solitaire 0.17 (0.09)      0.34 (0.17)   37 1 (0) 62 41  0.68 (0.14)      0.89 (0.61 - 0.98) 

Western Bluebird 0.03 (0.02)      0.31 (0.12)      29 1.14 (0.07) 90 73 0.82 (0.08)  0.96 (0.84 - 0.99) 

American Robin 0.08 (0.03)      0.24 (0.06)      19 1.05 (0.05) 84 84 0.71 (0.11)    0.91 (0.69 - 0.98) 

Cassin‟s Vireo Not Est. Not est. 11 1 (0) 55 55 Not Est. Not est. 

Red-breasted Nuthatch 0.04 (0.02)  0.44 (0.12)      23 1 (0) 65 57 0.70 (0.15) 0.91 (0.57 - 0.99) 

Brown Creeper 0.18 (0.06)      0.61 (0.10)  23 1.04 (0.04) 70 61 0.68 (0.14)    0.89 (0.61 - 0.98) 

House Wren N/A 
 

0.73 (0.05)      

 

26 

 

1.82 (0.21) 

 

96 

 

96 

 

0.84 (0.05)    

 

0.97 (0.91 - 0.99) 

 Black-headed Grosbeak 0.08 (0.03)      0.76 (0.05)    29 1.52 (0.15) 83 72 0.83 (0.07)   0.97  (0.87 - 0.99) 
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 Point Count Intensive Survey 

Species PNB PB 
Sites 

Detected 

   number 

males/site 

(SE) 

♀
1 

RA
2 

 PRA (95% CI) 

Yellow-rumped Warbler  0.64 (0.14)  0.69 (0.08)  23 1.20 (0.08) 87 74 0.73 (0.09)     0.92 (0.76 - 0.98) 

MacGillivray‟s Warbler 0.23 (0.10)      0.64 (0.15)      13 1 (0) 54 54 not est. not est. 

Lazuli Bunting 0.27 (0.05)      0.92 (0.03)      35 2.25 (0.18) 74 57 0.91 (0.05)    0.99 ( 0.94 - 0.99) 

Western Tanager  0.14 (0.07)      0.64 (0.11)      26 1.09 (0.09) 73 50 0.66 (0.12)      0.88 (0.64 - 0.97) 

Dark-eyed Junco  0.38 (0.07)      0.78 (0.04)      45 1.59 (0.10) 96 78 0.75 (0.07)  0.93 (0.82 - 0.98) 

 
1
 The percent sites with females for species in which females and males are difficult or impossible to distinguish by sight alone is likely underestimated.

      

2
 Indicates the percent plots where any form of reproductive activity (active nests, fledglings and parental behavior). 
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Table 4.6.  AIC-based rankings of models evaluating the effects of breeding status and survey date on detectability, p, for species 

observed breeding in high-severity burned forest at 49 sites. Standard errors (parentheses) are of parameter estimates for each top –

ranked model. See Table 4.2 for description of site- and survey-specific covariates used in models. 

 

Species Model ΔAICc wi -2l Npar β0 Breed Survey Date Breed:Date 

          

Hairy Woodpecker p(Breed) 

p(Breed, Date) 

p(Survey) 

p(Breed, Date, Breed:Date) 

p(.) 

 p(Date) 

p(Date, Date2) 

0 

1.2 

2.3 

3.6 

4.26 

5.1 

7.45 

0.44 

0.24 

0.14 

0.07 

0.05 

0.03 

0.01 

195.1 

193.92 

195.02 

193.83 

201.63 

200.2 

200.17 

3 

4 

4 

5 

2 

3 

4 

 -0.98 (0.39)  1.07 (0.43)   

Townsend's Solitaire  p(Date) 

p(Breed, Date) 

p(.) 

p(Breed) 

p(Date, Date2) 

p(Survey) 

p(Breed, Date, Breed:Date) 

0 

1.1 

1.37 

2.07 

2.31 

2.58 

3.08 

0.31 

0.18 

0.16 

0.11 

0.10 

0.08 

0.07 

90.82 

89.54 

94.46 

92.89 

90.75 

91.02 

89.03 

3 

4 

2 

3 

4 

4 

5 

 -1.45 (0.63)  0.62 (0.35)  

 

Western Bluebird p(Breed, Date, Breed:Date) 

p(Breed, Date) 

p(Breed) 

 p(Date) 

p(Date, Date2) 

p(.) 

p(Survey) 

 

0 

0.65 

3.6 

11.6 

13.65 

14.06 

15.43 

 

0.53 

0.38 

0.09 

0 

0 

0 

0 

 

75.87 

79.01 

84.34 

92.34 

92.01 

97.07 

93.79 

 

5 

4 

3 

3 

4 

2 

4 

 

 -8.83 (3.75) 

 -3.63 (0.82) 

 7.90 (3.76) 

 2.66 (0.84) 

5.66 (3.10) 

0.75 (0.36) 

 -5.08 (3.12) 
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Species Model ΔAICc wi -2l Npar β0 Breed Survey Date Breed:Date 

 

American Robin p(Breed) 

p(Survey) 

p(Breed, Date, Breed:Date) 

p(Breed, Date) 

p(.) 

p(Date, Date2) 

 p(Date) 

0 

0.88 

1.93 

2.18 

3.95 

6.02 

6.1 

0.39 

0.25 

0.15 

0.13 

0.05 

0.02 

0.02 

109.57 

108.07 

106.63 

109.37 

115.79 

113.21 

115.67 

3 

4 

5 

4 

2 

4 

3 

  

-2.43 (0.37) 

  

1.33 (0.49) 

  

 

Red-breasted Nuthatch p(Breed) 

p(Breed, Date) 

p(Breed, Date, Breed:Date) 

p(.) 

 p(Date) 

p(Survey) 

p(Date, Date2) 

0 

2.34 

4.83 

21.37 

23.53 

24.06 

25.83 

0.71 

0.22 

0.06 

0.00 

0.00 

0.00 

0.00 

86.93 

86.89 

86.89 

110.57 

110.46 

108.61 

110.38 

3 

4 

5 

2 

3 

4 

4 

 

-3.19 (0.55) 

 

2.94 (0.63) 

  

 

Brown Creeper p(Breed) 

p(Breed, Date) 

p(Breed, Date, Breed:Date) 

p(.) 

 p(Date) 

p(Survey) 

p(Date, Date2) 

0 

1.41 

3.5 

7.63 

8.86 

9.85 

11.24 

0.58 

0.29 

0.10 

0.01 

0.01 

0.00 

0.00 

130.25 

129.59 

143.93 

142.89 

143.09 

143.11 

143.67 

3 

4 

5 

2 

3 

4 

4 

 

-1.53 (0.42) 

 

1.95 (0.54) 

  

 

Black-headed Grosbeak 

 

p(Breed, Date) 

p(Breed) 

p(Breed, Date, Breed:Date) 

 p(Date) 

p(.) 

p(Date, Date2) 

p(Survey) 

 

0 

0.94 

2.38 

34.93 

35.17 

36.47 

38.17 

 

0.52 

0.32 

0.16 

0.00 

0.00 

0.00 

0.00 

 

114.03 

117.35 

113.92 

151.34 

153.85 

150.5 

152.2 

 

4 

3 

5 

3 

2 

4 

4 

 

 

3.86 (3.56) 

 

3.41 (0.50) 

 

-3.78 (2.16) 
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Species Model ΔAICc wi -2l Npar β0 Breed Survey Date Breed:Date 

 

Yellow-rumped Warbler p(.) 

 p(Date) 

p(Breed) 

p(Date, Date2) 

p(Survey) 

p(Breed, Date) 

0 

1.54 

2.16 

3.58 

3.64 

3.9 

5.79 

0.43 

0.2 

0.15 

0.07 

0.07 

0.06 

0.02 

142.65 

141.92 

142.54 

141.58 

141.64 

141.9 

141.3 

2 

3 

3 

4 

4 

4 

5 

 

0.72 (0.30) 

   

p(Breed, Date, Breed:Date) 

 

Lazuli Bunting p(Breed) 

p(Breed, Date) 

p(Breed, Date, Breed:Date) 

p(.) 

 p(Date) 

p(Survey) 

p(Date, Date2) 

0 

1.78 

4.25 

19.3 

20.99 

21.02 

21.17 

0.65 

0.27 

0.08 

0.00 

0.00 

0.00 

0.00 

133.38 

132.78 

146.01 

152.38 

152.62 

154.95 

153.90 

3 

4 

5 

2 

3 

4 

4 

 

-0.98 (0.24) 

 

3.41 (0.53) 

  

 

Western Tanager p(Breed, Date) 

p(Breed, Date, Breed:Date) 

p(Breed) 

p(Survey) 

 p(Date) 

p(.) 

p(Date, Date2) 

0 

1.77 

6.14 

9.25 

10.64 

12.45 

12.77 

0.68 

0.28 

0.03 

0.01 

0.00 

0.00 

0.00 

84.37 

84.14 

92.51 

93.62 

97.01 

96.82 

101.14 

4 

3 

4 

3 

3 

3 

2 

 

-2.37 (0.65) 

 

3.47 (0.95) 

 

1.02 (0.42) 

 

 

Dark-eyed Junco p(Breed, Date, Breed:Date) 

p(Breed) 

p(Breed, Date) 

p(Date, Date2) 

 p(Date) 

p(.) 

p(Survey) 

0 

3.99 

4.67 

16.14 

19.22 

19.52 

23.57 

0.81 

0.11 

0.08 

0.00 

0.00 

0.00 

0.00 

156.86 

165.72 

164.02 

175.49 

180.95 

183.52 

182.92 

5 

3 

4 

4 

3 

2 

4 

  

 -0.58 (0.34) 

 

1.90 (0.42) 

 

-0.39 (0.30) 

 

1.02 (0.39) 
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Figure 4.1. Schematic of the 4-ha intensively surveyed (200x200 m) we established at 

point count stations in high-severity burned stands. To facilitate searching and 

recording of nests and birds within plots, plots were further divided into 16 50 m
2
 

subplots.  
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Figure 4.2.  Relationship between estimates derived from point counts (light bars) and 

intensive surveys (dark bars) for detection probabilities, p(.) and occupancy estimates, 

Ψ(.) for 13 species from highest to lowest p in high-severity burned forest in 2005 (+ 

95% CI). ▼ denotes a negative responder, ● denotes a mixed responder, and ▲ denotes 

a positive responder. See Table 4.1 for species abbreviations.  
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Figure 4.3.  Relationship between point count detection probability, pPC (+ SE) and    

the mean number of males detected at occupied sites during intensive surveys (+ SE) 

for 11 species detected on > 20% of sites in high severity burned forest in 2005.  See 

Table 4.1 for species names.  
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Figure 4.4. Relationship between overall probability of detection for point counts, PD, and survey effort.  
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Figure 4.5.  Relationship between point count detection probability (pPC) and the 

percentage of occupied sites with reproductive activity for 14 species detected in high-

severity burned forest.  ▼ denotes a negative responder, ● denotes a mixed responder, 

and ▲ denotes a positive responder. The probability of detecting reproductive activity, 

δ, during intensive surveys > 0.88 for all species shown. See Table 4.1 for species 

names.    
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Figure 4.6.  Relationship between point count detection probabilities (+ 95 confidence 

intervals) and breeding status for 12 species detected on point count surveys in high-

severity burned forest (N = 49). Light bars represent estimated detection probability, 

pNB of individuals at sites where we did not detect reproductive activity and dark bars 

represent estimated detection probability, pB, at sites where we detected reproductive 

activity. House wren is not included because we found evidence of reproductive 

activity at 96% of occupied sites. See Table 4.1 for species abbreviations and Table 

4.3 for proportion of sites with reproductive activity detected for each species.
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CHAPTER 5: GENERAL CONCLUSIONS 

We established that nest site selection provides a foundation for a mechanistic 

understanding of the distributions of many species of breeding birds in forests 

following wildfire. Further, we used dynamic occupancy modeling to show that 

species that were likely to nest in high-severity forest also were likely to persist in the 

early post-fire period. Taken together, we have demonstrated that relying on predicted 

response types based on abundance indices can mask important functional 

relationships between habitat elements and persistence by wildlife species in post-fire 

landscapes.   

Most mixed responders were apparent recolonizers of forest burned with high-

severity, and showed approximately equal probability of occurring in high- and low-

moderate severity burned forest.  However, several of these species did not respond in 

predictable ways within high-severity burned forest based on their known nesting 

habits in unburned forest.  The plasticity in nest site selection exhibited by 

recolonizing birds explains the absence of a significant association between 

probability of occurrence in high-severity patches and distance from forest burned 

with low severity for most species, and may also explain why previous studies have 

documented variable responses for many of these species between burned and 

unburned forest or across burn severities (Kotliar et al. 2002, Smucker et al. 2005, 

Kirkpatrick et al. 2006, Kotliar et al. 2007).  Several negative responders showed 

limited capacities to recolonize high-severity burned forest as evidenced by low 

occupancy rates and the lack of breeding activity.  The presence of forest burned with 
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low-moderate severity was important for retaining these canopy associates. We found 

evidence that the interspersion of low-moderate severity burned forest also was 

important to negative responders that use high-severity burned forest.  Strong positive 

responders showed a predictably positive response to high-severity forest relative to 

low-severity burned forest, a pattern consistent with colonizers of burned forest.  Nest 

placement by these species supported the hypothesis that positive responders were 

associated with characteristics of the post-fire landscape other than live trees.  

However, large areas of high-severity burned forest provided breeding habitat for 

positive responders that may avoid edges.   

Intensive surveying provided important insights to understanding the relative 

detection probabilities of species that use high-severity burned forest.  Most species 

had significantly higher detection probabilities during point counts at sites with 

evidence of breeding activity than at sites without such evidence.  This suggests that 

detection probability for a given species was positively associated with breeding.  

Among species, however, detection probability did not predict breeding prevalence. 

Although species with the highest probabilities of detection during point counts in 

high-severity burned forest were positive and mixed responders with high levels of 

reproductive activity, detection probabilities were low for several species regardless of 

breeding prevalence. More importantly, species for which detection probability during 

point counts was low (<0.30) and moderate (<0.47) tended to be negative and mixed 

responders.  Consequently, use of high-severity burned forest by these species was 

underestimated from point count data.  Mixed and negative responders generally are 
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forest associates predicted to decline in areas burned with high-severity fire because of 

loss of foraging and nesting habitat, and low detection probabilities may erroneously 

reinforce this predicted relationship.   

Although we focused on breeding birds, our findings have implications for 

other taxa than can potentially recolonize burned forest. Based on our findings we 

offer the following recommendations for future research:  

1. We recommend research beyond correlations between severity and indices of 

abundance to examine functional relationships between critical habitat 

elements (e.g., biological legacies; Franklin et al., Chapter 3) and persistence 

by wildlife species following disturbance.  This should provide ecologically 

meaningful assessments of habitat quality for species that can use post-fire 

landscapes.   

2. Although considerable focus has been given to cavity-nesting birds, we 

advocate increased consideration of other species when evaluating the value of 

large fire-killed and legacy snags to wildlife species. We found strong 

evidence that large (>52-cm dbh) conifer and hardwood snags were important 

sources of nest substrates for several species of birds that build open-cup nests.  

Surviving large trees (>52-cm dbh) also were disproportionately important 

within high-severity burned forest for species that nest in live trees. We 

recommend comparing nest site selection and nest densities in burned forest 

with different salvage-logging intensities to examine mechanisms responsible 

for the reported declines in some open-cup nesting species following salvage 
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logging (e.g., yellow-rumped warbler, western wood-pewee; Cahall and Hayes 

2009). 

3. We recommend that post-fire management plans address the contribution of 

non-coniferous vegetation to facilitating the use of high-severity burned forest 

by wildlife species. Research on non-coniferous vegetation often has been 

limited to its interactions with commercially-valuable conifer species (e.g., 

Newton and Cole 2008, Harrington and Tappeiner 2009). Truncation of the 

early seral stage via conifer planting and control of non-coniferous species has 

potentially immediate negative impacts on wildlife dependent on early seral 

vegetation, as well as long-term impacts on the persistence of non-coniferous 

vegetation throughout the sere (Hagar 2007).   

4. Finally, the wide range in detection probabilities among and within species that 

we encountered highlights the value of pilot studies and exploratory analyses 

to identify sampling methodology that will likely meet study objectives for 

target species. Intensive survey methods should be used on species that have 

low probabilities of detection and ambiguous patterns of use (e.g., negative and 

mixed responders in post-fire habitats).  Regardless of the survey method 

employed, both components of detection probability, availability and 

detectability, should be carefully considered. 
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Appendix A.  Common and scientific names of bird species. 

 

Common Name 
 

Scientific Name 
 

Mountain Quail Oreortyx pictus 

Mourning Dove  Zenaida macroura 

Rufous Hummingbird Selasphorus rufus 

Hairy Woodpecker  Picoides villosus 

Northern Flicker  Colaptes auratus 

White-headed Woodpecker  Picoides albolarvatus 

Red-breasted Sapsucker   Sphyrapicus ruber 

Downy Woodpecker  Picoides pubescens 

Pileated Woodpecker  Dryocopus pileatus 

Red-tailed Hawk  Buteo jamaicensis 

American Kestrel  Falco sparverius 

Olive-sided Flycatcher  Contopus cooperi  

Western Wood-pewee  Contopus sordidulus 

Hammond's Flycatcher   Empidonax hammondii 

Dusky Flycatcher  Empidonax oberholseri 

Pacific-slope Flycatcher  Empidonax difficilis 

Cassin‟s Vireo  Vireo cassinii 

Hutton's Vireo Vireo huttoni 

Steller‟s Jay  Cyanocitta stelleri 
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Common Name 
 

Scientific Name 
 

  

Tree Swallow  Tachycineta bicolor 

Chestnut-backed Chickadee  Poecile rufescens 

Bushtit  Psaltriparus minimus 

Red-breasted Nuthatch  Sitta canadensis 

White-breasted Nuthatch  Sitta carolinensis 

Brown Creeper  Certhia americana 

House Wren  Troglodytes aedon 

Golden-crowned kinglet Regulus satrapa 

Western Bluebird  Sialia mexicana 

Mountain Bluebird  Sialia currucoides 

Townsend's Solitaire  Myadestes townsendi 

Hermit Thrush Catharus guttatus 

American Robin  Turdus migratorius 

Orange-crowned Warbler  Vermivora celata 

Nashville Warbler  Vermivora ruficapilla 

Yellow-rumped Warbler  Dendroica coronata 

Black-throated Gray Warbler  Dendroica nigrescens 

Hermit Warbler  Dendroica occidentalis 

MacGillivray's Warbler  Oporornis tolmiei 

Spotted Towhee  Pipilo maculatus 

Chipping Sparrow Spizella passerine 

  

Appendix A (continued) 
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Common Name 
 

Scientific Name 
 

Song Sparrow  Melospiza melodia 

White-crowned Sparrow  Zonotrichia leucophrys 

Dark-eyed Junco  Junco hyemalis 

Western Tanager  Piranga ludoviciana 

Black-headed Grosbeak  Pheucticus melanocephalus 

Lazuli Bunting  Passerina amoena 

Purple Finch  Carpodacus purpureus 

American Goldfinch  Carduelis tristis 
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Appendix B.  Percent change in snag density, conifer basal area, and vegetation cover and bird species composition in 2004 and 

2005 at four partially-logged sites.  We conducted point count and intensive surveys both years at sites 1-3, and point count surveys 

only in 2004 at site 4. The x̄  percent vegetation cover difference at unsalvaged sites = 48.5 (95% CI of difference: 36.4 - 60.2).  The 

proportion of all sites occupied by mountain quail, white-breasted nuthatch, tree swallow, house wren, MacGillivray‟s warbler, and 

Nashville warbler increased between 2004 and 2005. The proportion of all sites occupied by pine siskin, olive-sided flycatcher 

declined between 2004 and 2005.  

 

 

        Snags  

>23-cm-dbh/ha 

Conifer Basal 

Area (m
2
/ha) 

% Vegetation      

___ Cover   Bird Spp. 

 

Site
 

 

2004 

% Δ 

2005 

 

2004 

% Δ 

2005 

 

2004 

% Δ
1 

2005 

 Detected       

Both Yrs 

Bird Spp. Detected in  

2005 but not in 2004 

Bird Spp. Detected in  

2004 but not in 2005 

1
1 

109.1 0 35.3 0 40.6 +40.9  10 

 

Mountain Quail
 

Hermit Thrush 

White-breasted Nuthatch
 

Western Wood-pewee 

Nashville Warbler
 

Olive-sided Flycatcher  

Tree Swallow 

2 155 -63.0 37.1 -65.5 46.9 +36.5  12 

American Goldfinch  

House Wren 

Northern Flicker 

Tree swallow
 

Spotted Towhee  

Hermit Warbler 

3 252 -25.0 37.9 -44.9 49.3 +37.9  15 

Chipping Sparrow 

White-breasted Nuthatch  

Rufous hummingbird
 

 

Pine Siskin
 

 

4
 

86.1 -20.0 44.4 -48.4 41.3 +25.7  8 
MacGillivray's Warbler 

Hammond's Flycatcher  
 

 

1.
 No snags were removed in vegetation sampling sub-plots.  
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Appendix C. Evaluation of Point Count Distance Estimations. 

 

Introduction 

 Accurate distance estimations is an important assumption in with occupancy 

modeling because detections used in calculating detection, p, and occupancy, Ψ, are 

often truncated at a certain distance from the observer. Therefore, if there are serious 

errors in distance estimations by an observer, a site may be incorrectly designated as 

occupied or unoccupied.  In this study, two primary point count surveyors surveyed all 

of the L-M and high-severity forest sites each year, and 2-4 secondary observers 

conducted surveys as needed at the high-severity burned sites.  We rotated observers 

among each site and rotated the order of the three surveys to minimize bias from these 

two factors. Nevertheless, we wanted to determine if any observer consistently over- or 

underestimated distances and whether these estimates affected the occupancy status of 

a site. 

Methods 

 We used methods developed by Fancy (1997) to identify variation in distance 

estimations among observers and environmental covariates for the palila (Loxioides 

bailleui), an endangered Hawaiian honeycreeper. Fancy‟s objective was to standardize 

estimates of distance prior to using Program DISTANCE.  Determining the effective 

detection radius (EDR) was not an objective of this study; however, this technique is 

useful for comparing distance estimations among observers for each species and 
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severity types.  Fancy (1997) used multiple linear regression to develop a model that 

estimates the effective area surveyed at each station as a function of the variables that 

affect detection probability.  Using this method, we developed a two step process to 

identify significant differences in distance estimations among observers and to decide 

if detection distances should be adjusted accordingly. 

 First, we identified the most experienced observer who we used as the 

reference, in this case the author (MDC), who conducted surveys at all point count 

stations in all three years.  Therefore, detections made by MDC at high-severity sites in 

the third post-fire year were used as the reference condition. Second, we pooled 

detection distances from all of the surveys for each species. To correct for the fact that 

detection areas increase with the square of distance, we transformed detection distances 

to areas (Fancy 1987).  We then used multiple linear regression (SAS 9.1) to evaluate 

the effect of each covariate on the log-transformed detection area. in which Xn are 

covariates and b1... bn are regression coefficients that represent the effect of each 

linearly independent covariate on ln(Area). 

ln(Area) = β0 + β 1 X1(Obs) + β 2 X2(Severity) 

 where X1 is a categorical variable and represents observers over the three field 

seasons, and severity is a categorical variable and represents forest burned with low-

moderate severity and high severity. There were a total of 7 observers over the three 

years, which we coded 0 – 7. Severity was a categorical variable and coded high and L-

M (low-moderate).  When there were fewer than 15 detections by a secondary 

observer, we pooled them with those made by MDC. For primary observers, we added 
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an interaction term between observer and severity type.  There was no evidence of an 

observer by severity type interaction for any species, and we excluded the interaction 

terms from the final models. We evaluated the significance of the individual regression 

coefficients with t-tests (α = 0.05). 

Because we used a cut-off distance of 100 m in occupancy models, we were only 

interested in distance estimations that would result in a species being counted as 

present or absent within that distance. For observers in which observed a significant 

difference in mean distance estimations, we truncated detections at appropriate 

distances. To determine the correct truncation distance, we reversed the sign of the 

coefficient and multiplied by area. For example, the regression coefficient for Observer 

2 was -0.55, a difference of 58% (e
0.55

) the intercept. Observer 2 detected a hairy 

woodpecker at 75-m (1.76 ha), the corrected distance for observer 2 based on the 

regression coefficient was: 

   1.76 ha * e
0.55

 

= 3.05 ha ≈ 98.5 m  

Therefore, a detection distance of 75 m by observer 2 in high-severity forest is 

equivalent to a distance of 98.5 m by MDC. The truncation distance for detections of 

hairy woodpecker by Observer 2 was 75-m. We then examined data from each site 

where the observer‟s estimate exceeded the truncation distance to evaluate whether the 

inclusion or exclusion of the detection would change the occupancy status of the site, 

before adding or removing the detection.  
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Results 

There was no effect of observer or severity type for American robin, 

Townsend‟s solitaire, house wren, or western wood-pewee.   We detected too few 

western bluebirds on point count surveys to model observer effects. For the species in 

which we observed significant effects of observer, most occurred in 2003, when both 

observers tended to underestimate distances (Table A.3.1).  One observation for red-

breasted nuthatch changed the occupancy status of a high-severity site in 2005. Our 

comparisons of models that excluded this site to those that included it yielded no 

significant differences in parameter estimates or model weights.  No other detections 

changed the occupancy status of a site for any species so we made no other changes to 

the datasets at high-severity forest sites.  

Mean detection distances were significantly smaller in L-M forest relative to 

high-severity forest for red-breasted nuthatch, Cassin‟s vireo, dark-eyed junco, lazuli 

bunting, Steller‟s jay, and western tanager. Given that the mean distance estimates for 

all species in L-M forest were less than in high-severity burned forest, we did not 

attempt to truncate observations made at L-M forest sites. We reasoned that variations 

in detection distance could be a result from vegetation characteristics and not 

systematic distance underestimations by surveyors. We provide mean distance 

estimates within each severity type in Table C.1.
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Table C.1.  Variation in mean distance estimations from point count surveys derived from multiple linear regression models among 

observers and severity type.  Column headings are as follows: Number of detections used in models (N), and degrees of freedom in 

models (DF);  parameter estimates for Intercept (β 0) and covariates (β N) (Observer, or Severity Type), (95% confidence intervals); 

mean distance estimates in meters (95% confidence intervals); truncation distance (m), and changes made to dataset. 

Species N DF β 0 
Mean 

Distance  

Covariate 

Effect (Yr) β N 
Mean 

Distance  

Truncation 

Distance Action 

Hairy Woodpecker 249 243 0.52 (0.25, 0.79) 73 (63, 83) 0 (2003) -0.69 (-1.15, -0.23) 51 (41, 65) 75 
None 

    

1 (2003) -1.31 (-1.9, -0.73) 38 (28, 50) 50 None 

    

3 (2004) -0.55 (-0.98, -0.12) 55 (44, 68) 75 None 

    

6 (2004) -0.64 (-1.08, -0.19) 53 (42, 66) 75 None 

Steller's Jay 256 248 1.01 (0.52, 1.53) 93 (73, 121) L-M -0.49 (-0.88, -0.09) 73 (53, 50) NA 
None 

    

1 (2003) -1.23 (-1.9, -0.56) 50 (42, 44) 60 None 

Cassin's Vireo 63 56 0.42 (-0.12, 0.97) 69 (53, 91) L-M -0.71 (-1.3, -0.04) 48 (36, 68) NA 
None 

Red-breasted Nuthatch 287 280 0.91 (0.57, 1.25) 88 (75, 105) L-M -0.66 (-0.95, -0.35) 63 (47, 49) NA 
None 

    

2 (2005) -0.73 (-1.15, -0.3) 61 (48, 48) 75 Remove 1 site 

Brown Creeper 90 83 -1.2 (-1.6, -0.79) 30 (25, 38) 2 (2005) 0.85 (0.19, 1.51) 47 (34, 65) NA None 

Black-headed Grosbeak 282 274 0.64 (0.31, 0.98) 78 (65, 92) 6 (2004) 0.62 (0.11, 1.14) 106 (82, 138) 150 None 

Yellow-rumped Warbler 350 342 0.65 (0.34, 0.97) 78 (66, 91) L-M -0.35 (-0.64, -0.07) 65 (54, 52) NA None 

    

0 (2003) -0.89 (-1.38, -0.4) 50 (46, 47) 60 None 

    

6 (2004) -0.73 (-1.13, -0.31) 54 (48, 48) 75 None 

Lazuli Bunting 425 637 0.26 (0.036, 0.5) 64 (57, 72) L-M -0.33 (-0.64, -0.02) 54 (46, 63) NA None 

 

425 637 0.24 (0.05, 0.43) 2 (2005) -0.54 (-0.98, -0.1) 48 (38, 60) 75 None 

Western Tanager 256 249 1.42 (1.15, 1.7) 114 (100, 132) L-M -0.67 (-0.93, -0.41) 82 (72, 93) NA None 

    

1 (2003) -1.21 (-1.6, -0.8) 62 (51, 76) 75 None 

Dark-eyed Junco 563 556 0.11 (-0.11, 0.34) 59 (53, 66) L-M -0.35 (-0.61, -0.08) 50 (44, 57) NA None 

    

0 (2003) -1.15 (-1.55, -0.75) 33 (27, 41) 60 None 

    

1 (2003) -1.14 (-1.49, -0.8) 33 (28, 40) 60 None 

    

3 (2004) -0.81 (-1.15, -0.47) 39 (33, 47) 75 None 
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Appendix D.  AIC-based rankings of multi-season and single-season models in high-severity burned forest.  

Table D.1. AIC Rankings from Multi-season Models. Covariates included in models are as follows: distance from forest 

burned with low-moderate severity (D), elevation (E) and year (Yr). D and E were normalized with a z-transformation before 

analysis. Only models with ΔAICc  values < 10 are included.  See Table 2.2 for all models used in candidate model sets. 

Species Model AICc ΔAICc wi -2l Npar 

       

Steller's Jay ψ(D E), γ(Yr), ε(D E) 667.32 0 0.84 638.54 13 

 ψ(D E), γ(Yr, D E), ε(Yr, D E) 671.80 4.48 0.09 635.55 16 

 ψ(D E), γ(D E), ε(D E) 673.29 5.97 0.04 642.06 14 

 ψ(.),γ(.), ε(D E) 675.42 8.10 0.01 653.78 10 

       

Red-breasted Nuthatch ψ(D E), γ(.), ε(D E) 445.41 0 0.66 420.44 11 

 ψ(D E), γ(D E), ε(D E) 447.79 2.40 0.20 417.61 13 

 ψ(.),γ(.), ε(D E) 450.82 5.42 0.04 430.84 9 

 ψ(D E), γ(.),ε=1-γ 451.55 6.15 0.03 436.35 7 

 ψ(D E), γ(D E), ε=1-γ 451.97 6.57 0.02 429.53 10 

       

Brown Creeper ψ(D E), γ(D E), ε(D E) 423.73 0 0.33 392.50 14 

 ψ(D E), γ(D E), ε(Yr) 424.44 0.71 0.23 395.66 13 

 ψ(.), γ(D E), ε(D E) 425.95 2.22 0.11 399.59 12 

 ψ(D E),γ(Yr, D E),ε(Yr, D E) 426.04 2.31 0.10 389.79 16 

 ψ(D E), γ(D E), ε(.) 426.54 2.81 0.08 400.18 12 

 ψ(D E), γ(D E), ε=1-γ 426.92 3.19 0.07 402.94 11 
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Species Model AICc ΔAICc wi -2l Npar 

Brown Creeper ψ(.),γ(D E),ε(.) 427.51 3.78 0.05 405.87 10 

continued ψ(.), γ(D E), ε=1-γ 428.11 4.38 0.04 408.78 9 

       

American Robin ψ(D E), γ(D E), ε(.) 349.87 0 0.73 322.32 12 

 ψ(D E), γ(D E), ε(Yr) 351.90 2.03 0.27 321.72 13 

       

Townsend's Solitaire ψ(D E), γ(D E), ε=1-γ 489.82 0 0.95 467.37 10 

 ψ(D E), γ(.), ε(.) 496.65 6.83 0.03 476.67 9 

 ψ(D E), γ(D E), ε(.) 497.36 7.54 0.02 472.39 11 

       

Black-headed Grosbeak ψ(D E), γ(Yr), ε(D E) 439.10 0 0.69 408.92 13 

 ψ(D E), γ(D E), ε(D E) 441.11 2.01 0.25 408.23 14 

 ψ(.),γ(D E),ε(D E) 445.14 6.04 0.03 417.59 12 

 ψ(D E), γ(Yr, D E), ε(Yr, D E) 446.37 7.27 0.02 407.89 16 

 ψ(D E), γ(Yr:D E), ε(Yr: D E) 448.03 8.93 0.01 403.69 18 

       

Yellow-rumped Warbler ψ(D E), γ(D E), ε(D E) 593.88 0 0.65 562.65 14 

 ψ(D E), γ(Yr), ε(D E) 595.64 1.76 0.27 566.86 13 

 ψ(D E), γ(D E), ε(Yr) 599.25 5.37 0.04 570.47 13 

 ψ(D E), γ(D E), ε(.) 600.76 6.88 0.02 574.40 12 

 ψ(D E), γ(.), ε(.) 603.13 9.25 0.01 581.49 10 

       

       

       

       

Table D.1 continued 
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Species Model AICc ΔAICc wi -2l Npar 

Western Tanager ψ(D E), γ(D E), ε(.) 499.24 0 0.48 472.88 12 

 ψ(D E), γ(D E), ε(D E) 499.34 0.10 0.46 468.11 14 

 ψ(D E), γ(Yr, D E),ε(Yr, D E) 503.35 4.11 0.06 467.1 16 

       

Western Wood-pewee ψ(.),γ(D E),ε(.) 504.57 0 0.53 482.93 10 

 ψ(.),γ(Yr), ε(Yr) 506.98 2.41 0.16 485.34 10 

 ψ(.), γ(.), ε(.) 507.63 3.06 0.11 490.57 8 

 ψ(D E), γ(D E), ε(.) 508.28 3.71 0.08 481.92 12 

 ψ(D E), γ(Yr), ε(Yr) 510.10 5.53 0.03 483.74 12 

 ψ(D E), γ(Yr, D E), ε(Yr, D E) 510.15 5.58 0.03 473.9 16 

  ψ(.), γ(.), ε=1-γ 510.75 6.18 0.02 495.93 7 

 ψ(D E), γ(.),ε(.) 510.93 6.36 0.02 489.29 10 

 ψ(D E), γ(.),ε=1-γ 513.40 8.83 0.01 494.07 9 

       

Western Bluebird ψ(D E), γ(.),ε(.) 370.86 0 0.48 350.88 9 

 ψ(D E), γ(D E),  ε=1-γ 371.09 0.23 0.43 348.65 10 

 ψ(D E), γ(.),ε=1-γ 375.71 4.85 0.04 350.74 11 

 ψ(D E), γ(D E), ε(.) 375.85 4.99 0.04 358.28 8 

  ψ(.), γ(.), ε=1-γ 370.86 0 0.48 370.68 7 

       

House Wren ψ(.), γ(D E), ε(.) 336.48 0 0.73 316.50 9 

 ψ(D E), γ(D E), ε(.) 338.45 1.97 0.27 313.48 11 

       

Table D.1 continued 
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Species Model AICc ΔAICc wi -2l Npar 

Lazuli Bunting ψ(D E), γ(Yr), ε(D E) 619.36 0 0.53 590.58 13 

 ψ(D E), γ(Yr, D E), ε(Yr, D E) 620.04 0.68 0.37 583.79 16 

 ψ(D E), γ(D E), ε(D E) 623.00 3.64 0.09 591.77 14 

 ψ(D E), γ(Yr:D E), ε(Yr:D E) 627.33 7.97 0.01 585.90 18 

       

 

  

Table D.1 continued 
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Table D.2. AIC Rankings of Single-season Models.  Covariates included in models are as follows: distance from forest burned 

with low-moderate severity (D), elevation (E), percent cover of understory vegetation (G), > 23-cm DBH snag density (S), 

proportion hardwoods (HW) and conifer basal area (m
2
/ha; C). All covariates were normalized with a z-transformation before 

analysis. NA indicates the species was too common to model the effects of covariates on occupancy. Only models with ΔAICc 

values of < 10 are included.  QAIC was used for model selection when ĉ > 1; ĉ values are included for these models. 

 

All Individuals Models 

 

Breeder Models 

Species Model AICc ΔAICc wi Npar -2l   Model AICc ΔAICc wi Npar -2l 

              Hairy Woodpecker 

 

N/A 

     

Ψ(D) 263.13 0.00 0.63 4 255.13 

        

Ψ(D E) 264.44 1.31 0.33 5 254.44 

        

Ψ(.) 269.97 6.84 0.02 3 263.97 

        

Ψ(E) 271.72 8.59 0.01 4 263.72 

        

Ψ(S) 271.80 8.67 0.01 4 263.80 

              Townsend's Solitaire Ψ(E) 226.02 0.00 0.57 5 248.88 

 

Ψ(E G) 156.92 0.00 0.40 5 142.82 

 

Ψ(D E) 228.10 2.08 0.20 6 248.24 

 

Ψ(E) 159.11 2.19 0.13 4 147.65 

 

Ψ(E G) 228.35 2.33 0.18 6 248.53 

 

Ψ(D E G)  159.30 2.38 0.12 6 142.43 

 

Ψ(D E G)  230.79 4.77 0.05 7 248.15 

 

Ψ(D E) 159.47 2.55 0.11 5 145.37 

 

Ψ(D) 237.92 11.90 0.00 5 262.69 

 

Ψ(D) 159.64 2.72 0.10 4 148.18 

 

Ψ(.) 238.87 12.85 0.00 4 266.71 

 

Ψ(D G) 160.83 3.91 0.06 4 146.73 

 

Ψ(D G) 240.52 14.50 0.00 6 262.65 

 

Ψ(G) 161.13 4.21 0.05 5 149.67 

 

Ψ(G) 240.52 14.50 0.00 6 262.65 

 

Ψ(.) 162.13 5.21 0.03 3 153.18 

 

ĉ = 1.15 

            

              Western Bluebird Ψ(D E) 200.73 0.00 0.33 5 189.27 

 

Ψ(D) 170.57 0.00 0.45 4 161.62 

 

Ψ(E) 201.72 0.99 0.20 4 192.77 

 

Ψ(D G) 172.53 1.96 0.17 5 161.07 

 

Ψ(D) 202.44 1.71 0.14 4 193.49 

 

Ψ(D S) 172.72 2.15 0.15 5 161.26 

 

Ψ(E G) 203.57 2.84 0.08 5 192.11 

 

Ψ(D E) 173.08 2.51 0.13 5 161.62 

 

Ψ(E S) 203.68 2.95 0.08 5 192.22 

 

Ψ(.) 175.91 5.34 0.03 3 169.35 
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All Individuals Models 

 

Breeder Models 

Species Model AICc ΔAICc wi Npar -2l   Model AICc ΔAICc wi Npar -2l 

 

             Western Bluebird Ψ(D E S G) 204.38 3.65 0.05 7 187.51 

 

Ψ(E) 177.54 6.97 0.01 4 169.59 

(continued) Ψ(D S) 204.92 4.19 0.04 5 193.46 

 

Ψ(D E S G) 177.67 7.10 0.01 7 160.80 

 

Ψ(D G) 204.94 4.21 0.04 5 193.48 

 

Ψ(G) 177.92 7.35 0.01 4 168.97 

 

Ψ(.) 206.39 5.66 0.02 3 199.83 

 

Ψ(S) 178.14 7.57 0.01 4 169.19 

 

Ψ(G) 208.24 7.51 0.01 4 199.29 

 

Ψ(E S) 179.61 9.98 0.00 5 168.15 

 

Ψ(S) 208.76 8.03 0.01 4 199.81 

 

Ψ(E G) 180.02 10.39 0.00 5 168.56 

              American Robin Ψ(E G) 172.63 0.00 0.74 5 161.17 

 

Ψ(E G) 129.50 0 0.35 5 117.81 

 

Ψ(G) 176.45 3.82 0.11 4 167.50 

 

Ψ(G) 129.40 0.13 0.33 4 120.45 

 

Ψ(D E S G) 177.57 4.94 0.06 7 160.70 

 

Ψ(G S) 130.73 1.46 0.17 5 119.27 

 

Ψ(G S) 178.94 6.31 0.03 5 167.48 

 

Ψ(D G) 131.89 2.62 0.09 5 120.43 

 

Ψ(D G) 178.95 6.32 0.03 5 167.49 

 

Ψ(D E S G) 133.23 3.96 0.05 7 116.36 

 

Ψ(E) 180.9 8.27 0.01 4 171.95 

 

Ψ(E) 136.44 7.17 0.01 4 127.49 

              Red-breasted Nuthatch Ψ(S) 206.72 0.00 0.19 4 197.77 

 

Ψ(D E) 120.50 0.00 0.50 5 109.03 

 

Ψ(D E) 206.97 0.25 0.17 5 195.51 

 

Ψ(D E C) 121.34 0.86 0.33 6 107.23 

 

Ψ(D E S) 207.10 0.38 0.16 6 193.00 

 

Ψ(D E S) 123.12 2.62 0.13 6 109.02 

 

Ψ(D) 207.81 1.09 0.11 4 198.86 

 

Ψ(D) 126.15 5.42 0.03 4 117.19 

 

Ψ(.) 207.93 1.21 0.11 3 201.37 

 

Ψ(D C S) 129.31 8.59 0.01 6 115.21 

 

Ψ(E) 208.82 2.10 0.07 4 199.87 

 

Ψ(.) 137.81 17.34 0.00 3 131.25 

 

Ψ(D S C) 208.87 2.15 0.07 6 194.77 

 

Ψ(E) 137.99 17.52 0.00 4 129.03 

 

Ψ(S C) 209.23 2.51 0.06 5 197.77 

 

Ψ(S) 139.86 19.39 0.00 4 130.91 

 

Ψ(D E C) 209.60 2.88 0.05 6 195.50 

 

Ψ(S C) 141.99 21.52 0.00 5 130.53 

 

Ψ(E S C) 211.17 4.45 0.02 6 197.07 

 

Ψ(E S C) 142.95 22.48 0.00 6 128.85 

              Brown Creeper Ψ(D) 250.37 0.00 0.53 4 241.42 

 

Ψ(D) 149.76 0.00 0.40 4 140.81 

 

Ψ(D E) 251.50 1.13 0.30 5 240.04 

 

Ψ(D C S) 150.36 0.60 0.30 6 136.26 

              

Table D.2 continued 
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All Individuals Models 

 

Breeder Models 

Species Model AICc ΔAICc wi Npar -2l   Model AICc ΔAICc wi Npar -2l 

 

             Brown Creeper Ψ(D C S) 254.53 4.16 0.07 6 240.43 

 

Ψ(D E) 152.24 2.48 0.12 5 140.78 

(continued) Ψ(E) 255.52 5.15 0.04 4 246.57 

 

Ψ(D E C S) 153.11 3.35 0.08 7 136.24 

 

Ψ(D E C S) 255.60 5.23 0.04 7 238.72 

 

Ψ(.) 154.51 4.75 0.04 3 147.95 

 

Ψ(.) 257.49 7.12 0.02 3 250.94 

 

Ψ(C) 155.56 5.80 0.02 4 146.61 

 

Ψ(C) 259.87 9.50 0.00 4 250.92 

 

Ψ(S) 156.01 6.25 0.02 4 147.06 

 

Ψ(E) 259.89 9.52 0.00 4 250.93 

 

Ψ(E) 156.16 6.40 0.02 4 147.21 

 

Ψ(S) 260.32 9.95 0.00 6 246.22 

 

Ψ(C S) 157.57 7.81 0.01 5 146.11 

              House Wren 

 

N/A 

     

Ψ(D E HW G) 149.46 0.00 0.93 7 132.59 

  

   
     

Ψ(E G) 155.81 6.35 0.04 5 144.34 

        

Ψ(E HW) 158.12 8.66 0.01 5 146.66 

              Black-headed  Ψ(E G) 142.22 0.00 0.56 5 168.67  Ψ(E G) 111.85 0.00 0.84 5 100.39 

Grosbeak Ψ(E) 143.86 1.64 0.25 4 174.03  Ψ(D E HW G) 116.69 4.84 0.07 7 99.82 

 

Ψ(E HW) 146.28 4.06 0.07 5 173.91  Ψ(E) 118.37 6.52 0.03 4 109.42 

 

Ψ(D E) 146.34 4.12 0.07 5 173.99  Ψ(D E) 119.47 7.62 0.02 5 108.01 

 

Ψ(D E HW G) 147.60 5.38 0.04 7 168.64  Ψ(E HW) 119.99 8.14 0.01 5 108.53 

 

Ψ(G) 152.39 10.17 0.00 4 185.03  Ψ(G) 121.16 9.31 0.01 4 112.21 

 

ĉ = 1.17 

            

              Yellow-rumped  Ψ(E) 211.11 0.00 0.44 4 202.16  Ψ(E) 148.03 0.00 0.38 4 139.08 

Warbler Ψ(E S) 212.08 0.97 0.27 5 200.62  Ψ(E S) 148.06 0.03 0.37 5 136.60 

 

Ψ(D E) 213.50 2.39 0.13 5 202.04  Ψ(D E) 150.52 2.49 0.11 5 139.06 

 

Ψ(E G) 213.57 2.46 0.13 5 202.11  Ψ(E G) 150.54 2.51 0.11 5 139.08 

 

Ψ(D E S G) 216.96 5.85 0.02 7 200.09  Ψ(D E S G) 153.00 4.97 0.03 7 136.13 

   
  

    

     

   
  

    

     

   
  

    

     

Table D.2 continued 
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All Individuals Models 

 

Breeder Models 

Species Model AICc ΔAICc wi Npar -2l   Model AICc ΔAICc wi Npar -2l 

Lazuli Bunting Ψ(E G) 138.10 0.00 0.27 4 
  

207.92 
 

Ψ(E G) 75.36 0.00 0.89 4 66.41 

 

Ψ(HW G) 138.22 0.12 0.25 4 208.12 
 

Ψ(D E HW G) 79.83 4.47 0.10 6 65.73 

 

Ψ(G) 138.90 0.80 0.18 3 213.07 
 

Ψ(E) 85.32 9.96 0.01 3 78.76 

 

Ψ(E) 140.08 1.98 0.10 3 214.97 
 

Ψ(G) 86.16 10.80 0.00 3 79.60 

 

Ψ(E HW) 140.10 2.00 0.10 4 211.14 
 

Ψ(E HW) 87.68 12.32 0.00 4 78.73 

 

(D G) 141.24 3.14 0.06 4 212.98 
 

Ψ(HW G) 88.51 13.15 0.00 4 79.56 

 

Ψ (D E HW G) 141.55 3.45 0.05 6 205.20 
 

Ψ(D G) 88.54 13.18 0.00 4 79.59 

 

ĉ = 1.61 

 
 

          

   
 

          Western Tanager Ψ(E) 152.50 0.00 0.32 6 195.15 

 

Ψ(E HW) 128.93 0.00 0.57 5 117.47 

 

Ψ(D E) 154.42 1.92 0.12 7 193.95 

 

Ψ(E) 130.77 1.84 0.23 4 121.82 

 

Ψ(.) 154.46 1.96 0.12 5 201.63 

 

Ψ(D E) 132.98 4.23 0.07 5 121.70 

 

Ψ(D) 154.61 2.11 0.11 6 198.12 

 

Ψ(E G) 133.23 4.30 0.07 5 121.77 

 

Ψ(E G) 155.13 2.63 0.09 7 194.95 

 

Ψ(D E HW G) 134.02 5.15 0.04 7 117.21 

 

Ψ(E HW) 155.28 2.78 0.08 7 195.15 

 

Ψ(G) 137.64 8.70 0.01 4 128.69 

 

Ψ(G) 156.35 3.85 0.05 6 200.57 

 

Ψ(HW G) 138.58 9.64 0.00 5 127.12 

 

Ψ(HW) 156.43 3.93 0.04 6 200.68 

 

Ψ(.) 138.62 9.68 0.00 3 132.06 

 

Ψ(D G) 157.28 4.78 0.03 7 197.97 

 

Ψ(D G) 140.13 11.19 0.00 5 128.67 

 

Ψ(D HW) 157.32 4.82 0.03 7 198.03 

 

Ψ(HW) 140.64 11.70 0.00 4 131.69 

 

Ψ(HW G) 158.79 6.29 0.01 7 200.11 

 

Ψ(D) 140.74 11.80 0.00 4 131.79 

 

Ψ(D E HW G) 160.01 7.51 0.01 9 193.37 

 

Ψ(D HW) 142.50 13.56 0.00 6 128.40 

 

ĉ = 1.41 

            

              Dark-eyed Junco 

 

N/A 

     

Ψ(.) 200.63 0.00 0.30 3 194.07 

        

Ψ(E) 200.99 0.36 0.25 4 192.04 

        

Ψ(E G) 202.37 1.74 0.13 5 190.91 

        

Ψ(D) 202.91 2.28 0.0962 4 193.96 

Table D.2 continued 
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All Individuals Models 

 

Breeder Models 

Species Model AICc ΔAICc wi Npar -2l   Model AICc ΔAICc wi Npar -2l 

 

             Dark-eyed Junco 

       

Ψ(G) 203.01 2.38 0.0915 4 194.06 

(continued) 

       

Ψ(D E) 203.48 2.85 0.0723 5 192.02 

        

Ψ(D E G) 205.00 4.37 0.0338 6 190.90 

        

Ψ(D G) 205.35 4.72 0.0284 5 193.89 

               

  

Table D.2 continued 
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Appendix E. Reproductive activity observed on 4-ha plots in high-severity burned forest 2004-2005. No. Plots Detected is the 

number of plots where the species was detected. Percent plots represents the percent plots of the total where the species was 

detected (35 plots in 2004 and 49 plots in 2005). The remaining columns represent the percent plots where we found evidence 

of females, all reproductive activity, nests, fledglings and parental behavior of the plots where the species was detected. Values 

for 2004 and 2005 should not be compared directly because not all plots were searched in both years. The sum of nest, fledging 

and parental behavior columns may exceed the value of total reproductive activity if the plot contained more than one breeding 

pair and we found a nest for one and fledglings and/or parental behavior for others.  See Appendix A to for scientific names of 

bird species. 

 

Species Year
 No. Plots 

Detected 

Percent 

Plots 
Females

 
RA

 
Nests Fledglings 

Parental 

Behavior 

Mountain Quail
1 2004 0 0 0 0 0 0 0 

2005 9 18.3 8.3 8.3 0.0 0.0 8.3 

Mourning Dove
1 2004 7 20.0 28.6 14.3 14.3 0.0 0.0 

2005 4 8.2 75.0 0 0 0 0 

Rufous Hummingbird
2
  

2004 12 34.3 58.3 0.0 0.0 0.0 0.0 

2005 36 73.4 83.0 25.0 0.0 25.0 0.0 

Hairy Woodpecker 
2004 32 91.4 90.6 87.5 15.6 71.9 3.1 

2005 47 95.9 80.9 80.9 40.4 31.9 10.6 

Northern Flicker 
2004 14 40.0 64.3 64.3 21.4 28.6 21.4 

2005 25 51.0 60.0 48.0 28.0 4.0 16.0 

White-headed Woodpecker 
2004 1 2.9 100.0 100.0 100.0 0.0 0.0 

2005 1 2.9 100.0 0.0 0.0 0.0 0.0 

Red-breasted Sapsucker   
2004 1 2.9 100.0 100.0 0.0 0.0 100.0 

2005 1 2.0 0.0 0.0 0.0 0.0 0.0 

Downy Woodpecker 
2004 4 11.4 100.0 50.0 0.0 50.0 0.0 

2005 8 16.3 50.0 50.0 37.5 12.5 0.0 
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Species Year
 No. Plots 

Detected 

Percent 

Plots 
Females

 
RA

 
Nests Fledglings 

Parental 

Behavior 

Pileated Woodpecker 
2004 1 2.9 0 0 0 0 0 

2005 10 20.4 10.0 10.0 10.0 0.0 0.0 

Red-tailed Hawk 
2004 1 2.9 100.0 100.0 100.0 0.0 0.0 

2005 0 0.0 0.0 0.0 0.0 0.0 0.0 

American Kestrel 
2004 2 5.7 100.0 100.0 50.0 0.0 50.0 

2005 2 4.1 50.0 50.0 50.0 0.0 0.0 

Dusky Flycatcher
1
 

2004 8 22.9 25.0 25.0 12.5 0.0 12.5 

2005 16 32.6 31.3 12.5 12.5 0.0 0.0 

Hammond's Flycatcher
1 2004 1 2.9 100.0 100.0 100 0 0 

2005 2 4.1 50.0 50.0 0.0 0.0 50.0 

Pacific-slope Flycatcher
1 2004 5 14.3 60.0 40.0 40.0 0.0 0.0 

2005 6 12.2 33.3 33.3 0.0 16.7 16.7 

Olive-sided Flycatcher
1
  

2004 10 28.6 20.0 10.0 10.0 0.0 0.0 

2005 12 24.4 8.3 8.3 0.0 0 8.3 

Western Wood Pewee
1 2004 9 25.7 44.4 33.3 11.1 11.1 11.1 

2005 19 38.7 26.3 21.1 15.7 0 5.3 

Steller‟s Jay
1 2004 19 54.3 5.3 5.3

3 
0.0 5.3 0.0 

2005 30 61.2 13.3 13.3 6.7 6.7 0 

Townsend's Solitaire
1 2004 21 60.0 66.7 38.1 4.8 28.6 4.8 

2005 37 75.5 62.2 40.5
3 

21.6 8.1 10.8 

Western Bluebird 
2004 16 45.7 87.5 81.3 56.3 18.8 6.3 

2005 30 61.2 86.7 73.3 56.7 10.0 10.0 

Mountain Bluebird 
2004 1 2.9 100.0 100.0 100.0 0.0 0.0 

2005 3 6.1 66.7 66.7 66.7 0 0 
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Species Year
 No. Plots 

Detected 

Percent 

Plots 
Females

 
RA

 
Nests Fledglings 

Parental 

Behavior 

American Robin 
2004 13 37.1 100.0 100.0 53.8 15.4 38.5 

2005 19 38.7 84.2 84.2 63.2 15.8 5.3 

Cassin‟s Vireo
1 2004 2 5.7 100.0 50.0 0.0 0.0 50.0 

2005 11 22.4 54.5 54.5 36.4 0 18.2 

Hutton's Vireo  
2004 1 2.9 100.0 100.0 0.0 0.0 100.0 

2005 1 2.9 100.0 0.0 0.0 0.0 0.0 

Chestnut-backed Chickadee
1 2004 2 5.7 0.0 0.0 0.0 0.0 0.0 

2005 3 6.1 33.3 33.3 33.3 0.0 0.0 

Red-breasted Nuthatch 
2004 17 48.6 58.8 41.2 29.4 11.8 0.0 

2005 27 55.1 51.9 48.1 22.2 22.2 3.7 

Brown Creeper
1 2004 14 40.0 50.0 50.0 14.3 35.7 0.0 

2005 23 46.9 60.9 56.5 21.7 21.7 13.0 

House Wren 
2004 11 31.4 90.9 72.7 63.6 18.2 0.0 

2005 26 53.0 96.1 96.1 80.7 15.0 3.8 

Bushtit 
2004 1 2.9 100.0 100.0 100.0 0.0 0.0 

2005 1 2.0 100.0 0.0 0.0 0.0 0.0 

Tree Swallow 
2004 3 8.6 66.7 66.7 33.3 0.0 33.3 

2005 5 10.2 60.0 60.0 60.0 0.0 0.0 

Black-headed Grosbeak  
2004 17 48.6 94.1 82.4 47.1 41.2 11.8 

2005 29 59.1 82.8 69.0 51.7 13.7 13.7 

Yellow-rumped Warbler  
2004 20 57.1 75.0 75.0 25.0 40.0 10.0 

2005 22 44.8 77.3 72.7 36.4 27.3 22.7 

Black-throated Gray Warbler  
2004 3 8.6 100.0 100.0 66.7 33.3 0.0 

2005 7 14.2 14.3 14.3 0 14.3 0.0 
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Species Year
 No. Plots 

Detected 

Percent 

Plots 
Females

 
RA

 
Nests Fledglings 

Parental 

Behavior 

Hermit Warbler 
2004 2 5.7 50.0 0.0 0.0 0.0 0.0 

2005 4 8.2 25.0 0.0 0.0 0.0 0.0 

Nashville Warbler  
2004 3 8.6 100.0 100.0 0.0 33.3 66.7 

2005 8 16.3 25.0 25.0 0 0 25.0 

MacGillivray‟s Warbler  
2004 3 8.6 100.0 66.7 33.3 33.3 0.0 

2005 13 26.5 53.8 53.8 75.4 15.4 23.1 

Orange-crowned Warbler  
2004 0 0.0 0.0 0.0 0.0 0.0 0.0 

2005 10 20.4 30.0 20.0 10.0 10.0 0.0 

Lazuli Bunting 
2004 25 71.4 84.0 68.0 28.0 44.0 16.0 

2005 33 67.3 73.7 57.6 42.4 12.1 21.1 

Western Tanager  
2004 14 40.0 78.6 42.9 7.1 21.4 14.3 

2005 26 53.0 73.1 50.0 30.8 7.7 11.5 

Spotted Towhee  
2004 5 14.3 80.0 80.0 0.0 80.0 0.0 

2005 15 30.6 40.0 26.7 20.0 0 6.7 

Song Sparrow  
2004 1 2.9 100.0 100.0 0.0 0.0 100.0 

2005 3 6.1 100.0 100.0 66.7 0 33.3 

White crowned Sparrow  
2004 1 2.9 100.0 100.0 0.0 100.0 0.0 

2005 6 12.2 66.7 83.3 16.6 16.6 50.0 

Chipping Sparrow 
2004 6 17.1 33.3 33.3 0.0 0.0 33.3 

2005 11 22.4 54.5 45.5 9.1 0 36.4 

Dark-eyed Junco  
2004 28 80.0 100 100.0 46.4 75.0 10.7 

2005 47 95.9 93.6 78.7 31.9 48. 9 17.0 

Purple Finch 
2004 4 11.4 50.0 50.0 0.0 25.0 25.0 

2005 5 10.2 40.0 40.0 0.0 40.0 0.0 
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Species Year
 No. Plots 

Detected 

Percent 

Plots 
Females

 
RA

 
Nests Fledglings 

Parental 

Behavior 

Pine Siskin  
2004 8 22.9 12.5 25.0 0.0 25.0 0.0 

2005 0 0.0 0.0 0.0 0.0 0.0 0.0 

American Goldfinch  
2004 4 11.4 25.0 50.0 25.0 25.0 0.0 

2005 5 10.2 20.0 0.0 0.0 0.0 0.0 
 

1
The number of females detected for species in females and males are difficult or impossible to distinguish is likely underestimated. 

2 
We could not distinguish adult females and juveniles so we report on the proportion of sites where we observed at least females. 
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Appendix F. Nest substrates used by cavity and open-cup nesting species in mixed-

coniferous forest burned with high severity in the early post-fire period. 
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Figure F.1. Nests of raptors that used snags. Panel 1: Red-tailed hawk nestlings in 

broken top of 115-cm dbh fire-killed Douglas-fir. Panel 2: An inactive red-tailed hawk 

nest at the top of a 142-cm legacy sugar pine snag. Panel 3: American kestrel nest 

located in natural cavity in fire-killed black oak.  Panel 4: American kestrel nest located 

in natural cavity created when the top broke on this 125-cm dbh fire-killed sugar pine. 

1 

3 4 

2 
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Figure F.2. Two nest platforms typical of yellow-rumped warblers in snags. Panel 1. Nest 

approximately 23-m high in 52-cm dbh Douglas-fir. There were several large live 

Douglas-firs in the vicinity of this nest tree. Panel 2: Closer view of same nest. The nest is 

primarily supported by a large branch. Panel 3: Nest 5 m high in 11-cm dbh Douglas-fir. 

Panel 4: Closer view of same nest. Sloughing bark created a nest platform. Several nests 

were built on bark platforms in smaller Douglas-fir and one Pacific madrone snag.

1 2 

3 4 
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Figure F.3. Examples of American Robin Nests in natural cavities and platforms in 

conifer snags. Panel 1: Female in 3-m high nest in 27-cm dbh knobcone pine. Panel 2: 

Nest 10-m high in 76-cm dbh ponderosa pine. Panel 3:  Nest on top of 1.6-m high, 33-

cm Douglas-fir. Panel 4: Young nestlings in 1.3-m high nest within a natural cavity in a 

99-cm dbh ponderosa pine.   
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Figure F.4.  Nests of western tanager and Cassin‟ vireo. Panel 1: Western tanager nest in 

isolated, surviving black oak. Panel 2: Western tanager nest in sprout of top-killed 

Pacific madrone.  Panel 3: Cassin‟s vireo nest in sprout of top-killed black oak. Panel 4: 

Female Cassin‟s vireo incubating in nest placed in a top-killed black oak with retained 

leaves.   
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Figure F.5.  Nests of three flycatcher species in snags. Panel 1: Western wood-pewee 

nest in a fire-killed golden chinkapin. Panel 2: Western wood-pewee nest in fire-killed 

madrone.  Panel 3: Female olive-sided flycatcher at a nest on a large branch of a 79-cm 

dbh fire-killed Douglas-fir snag. Panel 4: Empidonax flycatcher female at a nest in a fire-

killed sugar pine.   
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Figure F.6. Legacy snags provided important nest sites for brown creepers that nested 

under sloughing bark (Panel 1), primary cavity nesters (Panel 2), and Townsend‟s 

solitaires that nested within hollows of highly decayed stumps (Panel 3). The hairy 

woodpecker and northern flicker nests pictured were approximately 4-m apart in the 

only large legacy snag on this plot and were occupied simultaneously. 
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Figure F.7. Nests of secondary cavity-nesting species. Panel 1: House wren nest in a 

knothole of a 17-cm dbh golden chinkapin. Panel 2: Female western bluebird near her 

nest in a 40-cm dbh fire-killed Douglas-fir. Panel 3: Male tree swallow bringing food to 

incubating female in a legacy ponderosa pine snag. This cavity was occupied by house 

wren pair later in the season. Panel 4: Male western bluebird at nest. The western 

bluebird and tree swallow cavities pictured were excavated by hairy woodpeckers. 
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Figure F.8. Comparison of a Black-headed Grosbeak (panel 1) and Lazuli Bunting nest (panel 2) in sprouts of top-killed Pacific 

madrone. Black-headed Grosbeaks build loosely woven stick nests that are placed at the top of the main stems where the branches 

fork. In contrast, Lazuli Bunting grass nests are woven onto one or more lateral branches lower on the main stem. 
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