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ABSTRACT OF THE DISSERTATION

The Effects of Prescribed Burning in the Spring on Avian Communities
in the Sierra Nevada of California

by
Karen Elizabeth Bagne
Doctor of Philosophy, Graduate Program in Biology

University of California, Riverside, March 2006
Dr. John T. Rotenberry, Chairperson

Prescribed fire is becoming an increasingly important tool in efforts to reduce the
risk of severe wildfires, but little is known about its effect on natural communities. I
examined short-term changes (0-6 years postfire) in avian communities following the
application of low-intensity prescribed fire in the spring in the Sierra Nevada of
California. The results are in three parts: avian abundance and community composition,
snag populations and cavity-nesting species, and nest success for five open-cup nesting
species.

Avian abundance and community composition were recorded using a strip
transect. Avian communities as a whole did not change as a result of prescribed burns.
Abundances of 25 species were analyzed and, of these, six responded positively to fire,
six responded negatively, and the remaining 13 species showed no consistent response.
Grouping species into guilds, the only effects I found more than two years after fire were
increases in snag-nesting and bark-foraging species and declines in oak-associated and

canopy-foraging species. Comparisons with historical data collected by Joseph Grinnell



found differences in avian communities that were hypothesized to be the result of the loss
of fire since the 1910s.

Snag data was collected by following a population of random snags before and
after fire as well as snags used for breeding. Snag population changes were greatest
following the first introduction of fire after a long fire-free period. Snags preferred for
nesting were generally of ponderosa pine (Pinus ponderosa), of larger diameter, and
moderately decayed as compared to available snags. White fir (4bies concolor) and
incense cedar (Calocedrus decurrens) were avoided. There was a small loss (-1.5 ha™)
of snags predicted to be useable for nesting after burning. Nest success for cavity nesters
was lower during the first year following fire but was not related to selected snag
attributes.

Nests of Spotted Towhee (Pipilo maculates), Dark-eyed Junco (Junco hymelis),
Black-headed Grosbeak (Pheucticus melanocephalus), Hutton’s Vireo (Vireo huttoni),
and Cassin’s Vireo (Vireo cassinii) were monitored. I used Principal Components
Analysis (PCA) to group variables describing nest location and used the resulting factor
loadings in a logistic exposure model to evaluate nest success. Vegetation at the nest site
was related to nesting success for all species except Spotted Towhee. Fire altered this
relationship for Black-headed Grosbeak and Dark-eyed Junco. Nest success for Hutton’s
Vireo was consistently positively related to concealment, which was reduced by burning.

Both vireos had higher rates of parasitism on burned plots.
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INTRODUCTION

On August 5, 1949 a crew of 16 smoke jumpers moved into Mann Gulch in the
Rocky Mountains of Montana to fight a wildfire. They worked in an isolated drainage
towards the Missouri River creating a fire line on the steep slopes. As they climbed over
a rise they found that suddenly the fire was below and racing towards them. The crew
boss, Wagner “Wag” Dodge, led them up the slope then paused in the path of the fire, lit
a match, and set the grass on fire. The others, thinking him insane, ignored Dodge’s cries
to join him in the burned area he had just created, and ran. Dodge lay down in the ashes
of his fire and survived unhurt as the main fire passed over him and roared up the hill
killing all but two of the crew who narrowly escaped over the ridge (Maclean 2003).

In addition to the important lessons learned that day about firefighter safety, the
incident illustrates the varied nature of fire itself. For one, the effect of fire is dependent
on the intensity at which it burns. Additionally, fires of the past affect fires of the
present. While often viewed as destructive, fire can also be beneficial, even life saving.
It also is often feared and misunderstood.

In the Sierra Nevada of California, where this study was located, forests have
been maintained by centuries of fire (Wright and Bailey 1982). The cycle of fire
maintains itself as forest fuels such as pine needles, shrubs, and dead wood accumulate
over time creating conditions where the forest is more likely to burn. Over time, fire
creates a shifting mosaic of habitat types within the landscape. Ponderosa pine forests
occur at lower elevations along the western slope. Ponderosa pine, in fact, has thick fire-

resistant bark when mature, and the many old trees surviving with multiple fire scars



illustrate its survival. Historic fire regimes, which often form the basis for management
practices and are of primary interest in the ecology of these forests, can only be indirectly
studied. Historic accounts and photographs show largely spaced trees with a more open
understory than today in many areas (Gruell 2001). The most widely cited fire regime for
these forests is for frequent fire return intervals of 2 to 12 years of low intensity fires that
burned the understory ((Kilgore and Taylor 1979, McKelvey et al. 1996). Others,
however, have pointed out that these estimates are based on uncertain data and estimate
that fires of the past had much longer fire return intervals and included a wide range of
intensities (Minnich et al. 2000, Baker and Ehle 2001). Data from an unmanaged mixed-
conifer forest to the south in Baja California (Minnich at al. 2000) and from an unlogged
region in the Colorado Front Range (Brown et al. 1999) suggest fire return intervals of 50
years on a landscape scale. It can generally be agreed that fires have been removed from
these forests for periods in excess of any of these estimates. The fire cycle was disrupted
starting in the mid-1800’s, at the time of the California gold rush, for various reasons
including removal of Native American populations, grazing, logging, and fire
suppression. Alterations of the natural fire regime have led not only to larger, more
intense fires across the region but also dense forests containing large numbers of shade

tolerant species and fewer ponderosa pine (Minnich et al. 1995).

In the 1970’s, forest managers started to use fire to reduce fuels and thus prevent
intense stand-replacing fires where, ironically, fire suppression was a contributing factor
(Pyne 1984). In addition to fuels reduction, return of fire to these landscapes can be seen

as the return of an important ecological element. Vegetation and wildlife have endured




on these landscapes along with fire. In ponderosa pine forests, where historically fires
were relatively frequent and mainly confined to the understory, prescribed fires may
more closely match historic fire regimes in intensity and frequency than current wildfires
(McKelvey, Skinner et al. 1996). Prescribed fire, however, may have features that are
different from natural fires of the past, particularly in timing, size, intensity, and
frequency. In addition, fire is being applied to a landscape where vegetation has been
unburned for long periods of time. Efforts to control the intensity of these fires reduces
pyrodiversity, an important element of the natural fire regime and compromises the
ability of prescribed fire to restore a natural process (Baker 1992, Martin and Sapsis
1992).

How will wildlife respond to this return of fire? Fire is variable by nature and is
expected to be variable in its effect on habitats and individual species. Most studies of
fire effects on avian communities refer to stand-replacing wildfires in which large
continuous stands of trees are killed (Kotliar et al. 2002). Burn severity affects species
response and thus response to wildfire is expected to differ from that of surface fires
(Kotliar, Hejl et al. 2002). Birds are a diverse and common group whose activities are
relatively visible making them ideal for this type of study. A review of avian studies in
Martin and Finch (Martin and Finch 1995) revealed that, of the few studies relating birds
to prescribed burns, issues of timing or frequency of burns had not been addressed.
Many of these studies lack reference sites, replication, or, surprisingly, preburn data,
which is one of the clear advantages of studying prescription burning. Studies of

prescribed burning generally found little change or an increase in species numbers with



increases in abundance particularly for species associated with open habitats. Any effects
were generally short-lived. As for areas under fire suppression for long periods, lower
bird diversity and lower abundances were observed in comparison to areas with fire as a
regular component (Engstrom et al. 1984, Apfelbaum and Haney 1985).

Nesting success and its relationship with the nest site is generally considered to be
adaptive and under selection (Martin 1998). While nesting success can be related to a
number of factors, including predator populations, food availability, and parental
experience, I was particularly interested in its relationship with the nest site chosen.
Predation is the major cause of nest failure in these species. As vegetation is removed
through burning, nest sites will be altered and this alteration is easily measured. The
interaction of birds and the suite of nest predators is complex. Various theories have
been put forth to explain the patterns seen in nest-site selection and nesting success, but
none have been supported consistently. Two patterns have the potential to be altered by
fire. One, concealment or access to the nest, has the potential to be reduced during fire
when vegetation is burned making nests more visible or accessible. A second pattern, the
potential prey site hypothesis, predicts that nests that are placed in the most common nest
locations will be more successful because a predator needs to search more locations
before finding a nest (Martin and Roper 1988). Potentially, fire can alter the distribution
and abundance of nest sites which in turn would affect search efficiency of predators.
Alternatively, individuals may show plasticity in nest placement with unknown
consequences to nest success. If preferred (i.e. safe) nest locations are lost, more

individuals will have to use sites that are less safe. Nest placement can further be



complicated by defensive behavior of the parents (Weidenger 2002) and fluctuations in
the populations of predators themselves.

I studied how prescribed fires in the spring affect birds in a ponderosa pine forest
on the west slope of the Sierra Nevada at elevations ranging from 1,000 to 1,390 m
(Figure a.1). I used nine 40-ha study plots where, through a prescribed burning program
in the region, I could study plots of three burn histories: unburned, 0-1 year postburn and
3-6 years postburn (Figure a.2). The design is patterned after a BACI design (Before-
After-Control-Impact) with replication both in the control and treatment plots
(Underwood 1992). Data was collected from 2001 to 2003, but additional data for four
of the study plots from 1995 to 2000 was provided by the U.S. Forest Service.

In predicting response to burning, I expected that those bird species associated
with habitats or locations that were more prone to burning would be those that would
respond. Because low intensity fires alter mostly understory vegetation, I expected that
birds active in these zones would be the most affected. Because fires may affect
populations by a variety of mechanisms, I looked at species composition, abundance of
species, and reproductive consequences for individuals of a few selected species. |
focused on the breeding season, which coincided with fire applications, and various
aspects related to breeding ecology. The first chapter deals with composition of avian
populations in response to fire and in addition takes a look at historical avian populations
taken by Grinnell and Storer in the 1910°s (Grinnell and Storer 1924). In the second
chapter, I focus on species that depend on snags for nesting relating their selection of

snags and alteration of snag populations from burning. Finally, I examine fire effects on



individuals through nest-site selection and nest success for five open-cup nesters within a
landscape of burned and unburned sites. This chapter also includes data on brood
parasitism rates by Brown-headed Cowbirds.

When the accident at Mann Gulch occurred, the public was outraged not only
about the fatalities, but also about the fire that Wagner Dodge set, which was seen as an
endangerment to the crew’s escape rather than a potential savior. Prescribed fire did not
come into common use until the 1970s, but despite the benefits, fire is still widely viewed
exclusively as a destructive force. Ironically, Dodge died of Hodgkins disease only a few

short years after his escape fire saved his life. The lessons, however, remain.



Figure a.1



Figure a.2. Identification of burn status for nine study plots across years. Closed
triangles indicate timing of bird census and dashed lines fire applications. The period
postburn 0-1 year is also referred to as immediate response to burning. Note that plot P3
is not burned again and remains designated as “Postburn 3-6 years”.
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CHAPTER 1:
CHANGES IN AVIAN POPULATIONS AND COMMUNITIES IN RESPONSE

TO PRESCRIBED FIRE

Abstract. [ examined short-term changes (0-6 years postfire) in avian abundance
following low-intensity prescribed fire in a managed forest in the Sierra Nevada of
California. Of 25 species analyzed, six responded positively to fire (American Robin

[ Turdus migratorius], Brown Creeper [Certhia Americanal, Dark-eyed Junco [Junco
hyemalis], Northern Flicker [Calaptes auratus], Red-breasted Nuthatch [Sitta
canadensis], and Yellow-rumped Warbler [ Dendroica coronatal), and six responded
negatively (Acorn Woodpecker [Melanerpes formicivorus], Black-throated Gray Warbler
[Dendroica nigrescens], Golden-crowned Kinglet [Regulus satrapa], Hermit Warbler
[Dendroica occidentalis], Hutton’s Vireo [Vireo huttoni], and Nashville Warbler
[Vermivora ruficapilla]). The remaining 13 species showed no consistent response to
burning. Avian communities as a whole did not change during the 3 years of the study.
To further investigate community changes, I compared my abundance and fire response
data with historical data collected by Joseph Grinnell in the 1910s. Differences for
individual species were in the direction hypothesized if current avian communities have
been altered by loss of fire, except for one species (Dark-eyed Junco) that changed
significantly in the opposite direction. Grouping species into guilds, the only effects I
found beyond two years after fire were increases in snag-nesting and bark-foraging
species and declines in oak-associated and canopy-foraging species. Responses were

generally consistent with findings of other studies, and variation was likely due to
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differences in time since burning and burn severity. The small magnitude of short-term
response to these types of fires should be balanced against the much larger potential for

change from continued lack of fire in these ecosystems.

INTRODUCTION

Alteration of fire regimes in Western forests has generally resulted in the loss of
fire as an ecosystem process while increasing the risk of large severe wildfires (Kauffman
2004). Changes in fire regimes have been the result of a number of factors, including fire
suppression efforts, introduced plant species, development on private lands bordering
forests, logging practices, and loss of burning by Native Americans (Skinner and Chang
1996, Odion et al. 2004). Before these alterations, much of the forest was open with
large widely spaced trees (Vankat and Major 1978, Minnich et al. 1995). Forest
managers propose to reduce the resulting accumulation of fuels by use of prescribed fire
or mechanical thinning (U.S. Healthy Forest Restoration Act). Burning, unlike thinning,
also represents a return of an important ecological element to these forests, but prescribed
fires may differ from fires of the past particularly within an altered landscape (McKenzie
et al. 2004). Due to the specific management objectives, fuel accumulations,
juxtaposition of public and private lands, and air quality issues, timing of fires is
restricted to seasonal periods that can lie outside of those in which fires historically
occurred. In particular, fires are set when fire intensities will be low, such as in the
spring, which is concurrent with arrival of migratory birds and breeding activities.

Additionally, fires of the past covered a wide range of intensities, not just low intensity

12



surface fires. Dissimilarities such as these, as well as lack of knowledge about wildlife
populations of the past, make it difficult to predict how wildlife will respond in the
modern context.

Response of a particular species to fire may be influenced by fire characteristics
such as fire intensity, fire area, time of year, fire frequency, and fuel composition (Finch
et al. 1997) as well as characteristics of the species such as life cycle, diet, site fidelity,
and niche (Lyon et al. 2000). I note that a response, referring to changes in numbers of
birds, can be the result of a number of different processes including direct mortality,
population shifts, changes in reproductive success, or a combination of these effects.
Reviews of the effects of severe wildfires on avian communities found that species varied
in response, but in general woodpeckers and aerial foraging species were favored by
burning, and foliage-gleaning species avoided burns (Kotliar et al. 2002). Unfortunately,
we cannot simply extrapolate wildfire effects to prescribed fires, which differ in a number
of characteristics and have had less study particularly in the West (Hejl 1994, Kotliar et
al. 2002). One problem with studying the effects of fire, once an effect is found, is how
to assess the meaning of this effect within the context of ecosystem processes. For
instance, is the aversion of a species to a particular event to be considered cause for
concern? Conversely is an increase in a population beneficial? Part of the problem is a
lack of knowledge about how bird communities would be structured under a natural fire
regime. At this point, we can only directly assess response within the context of a long
period without fire, but we can also use historical data for information about bird

abundances and communities in the past. The purpose of this study is to explore how



birds respond in the short-term (less than 6 years) to management fires used to reduce
forest fuels in the Sierra Nevada, California. Response is assessed for individual species,
the community, and species’ guilds. In addition, I use historical data to create a frame of

reference against which to compare contemporary population changes.

METHODS
STUDY AREA AND FIRE TREATMENTS

The study area is in a coniferous forest in the Sierra Nevada at elevations ranging
from 1,000 to 1,390 meters. Sites are in Fresno County, California in the Sierra National
Forest and are all within the Big Creek watershed tributary to the Kings River. Nine ~40-
ha sites of mature forest that had not been recently logged were chosen. Four of these
sites have been used for avian studies since 1995-1996 (K. Purcell, unpublished data).
Forests are dominated by ponderosa pine (Pinus ponderosa) mixed with canyon live oak
(Quercus chrysolepis), California black oak (Quercus kellogii), incense cedar
(Calocedrus decurrens), and white fir (4bies concolor). Sites also include riparian
elements, granitic outcrops, and shrub fields dominated by white-leaf manzanita
(Arctostaphylos viscida). Fires in the region have been regularly suppressed since the
mid-1900s, but historically fires are thought to have been surface fires of mostly low
severity every 2 to 12 years (Kilgore 1981, Drumm 1996), or fires of varying intensity
with average return intervals of large fires every 50 years (Brown et al. 1999, Minnich et
al. 2000). Excessive fuels have accumulated and, as part of a fuels reduction program

begun in 1997, the area is being managed with prescribed fire by the U.S. Forest Service.
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To achieve specific fuel reduction objectives, fire management plans call for multiple
burn events within a 10-year period (D. MacCandliss, pers. comm.).

There are records of fires on the study sites as recently as 1947, and four sites
burned in 1931 or 1932. Other sites have no written record of fires (records reach back to
1918). Three sites received controlled burn applications in April 1997, February 1998,
and May 1998 prior to the initiation of the study and were designated “postburn.”
Between 4 April and 11 April 2002, three additional sites had fire applied (“burn sites™).
The remaining three sites (“control sites”) continued to have fire excluded. All fires were
set from the ground using drip torches. Fire intensities were estimated on two of the sites
burned in 2002 by rating squares of 25 x 25 meters on quantity burned within the square
(0%, <50%, n50%) and the intensity based on appearance such as white ash, scorching of

vegetation, etc. This was done across the entire 40 hectares for these two sites.

BIRD POPULATIONS

An index of avian abundance for breeding birds was obtained for data collected in
2001 through 2003 within the period 21 April — 23 May each year. Surveys were
conducted using a fixed-distance line transect method (Jarvinen and Vaisanen 1975,
Verner 1985) for a total of six visits to each site during the sampling period. Each
transect consisted of a permanent 1,000-meter continuous line or multiple segments
surveyed over a one-hr period (3 min per 50-m segment) beginning at 07:30 PDT. All

birds seen or heard were recorded as within or outside of 50 m on either side of the
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walked line with care taken to avoid double-counting individuals. Surveys were delayed
or repeated for inclement weather conditions such as rain, snow or wind.

The number of observers within a year varied from three to six. The same three
observers conducted censuses in all 3 years with three additional observers in 2001 and
one additional observer in 2002 for a total of seven different observers during the study
period. All observers were trained on local birds and transect methods for two weeks
prior to the counting period. Additionally, all observers passed standard hearing tests.
Observers visited all sites one to two times within a year so observer was never
confounded with treatment.

Use of unlimited distance counts versus counts inside the 100-meter belt was
decided by examining both counts by the three observers that censused all three years
noting that some variability will be due to date of the count. Unlimited counts were used
because standard deviations among observers were lower for these than for restricted-
width counts (SD = 19.6 per year vs. 31.6, respectively) and appeared to be due observer
differences in estimating the boundaries of the belt. I considered this error to be greater
than that due to counting birds off the site and/or differences in observers’ abilities to
hear birds at long distances. Avian abundance index data are expressed as the average
number of each species counted on each transect per observer.

In addition to data from this study, [ examined a dataset produced by Joseph
Grinnell and Tracey Storer of bird counts in the vicinity of Yosemite National Park
approximately 50 miles north of the study area. These “pencil censuses” included

number of each species detected, the approximate path of the observer, and the total time
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spent recording (Grinnell and Storer 1924). Locations surveyed within Yosemite Valley
most closely match ours in elevation and dominant tree species. From these, censuses
that occurred between mid-April and mid-May in the morning hours were selected. Three
censuses done by Joseph Grinnell met these specifications: 29 April 1916, 15 May 1919,
and 16 May 1919 in various locations in Yosemite Valley. A matching dataset of three
hour-long censuses from unburned sites from 2001 to 2003 was created by averaging 10

censuses within two days of each date of the historic censuses.

STATISTICAL ANALYSES

Abundance (the number of birds per year per site over six visits) was analyzed for
changes due to fire using repeated measures with each visit considered a repeated count
on each site. Proc Genmod (SAS Institute, Inc. 2000), which uses a maximum likelihood
method to fit the generalized linear model, was used for the count data with a Poisson
response probability distribution and a log link function. The model included the year,
the treatment (burn status), and the treatment by year interaction. Only those species with
a total count greater than 10 for at least 8 of 9 possible counts (3 treatments x 3 years)
were analyzed. Main effects (e.g. year) are not reported, as they are not, by themselves,
relevant to the questions addressed here. Instead, four contrasts, as estimated through
Generalized Estimating Equations (GEE) within the repeated measures model, were used
to ezamine differences in abundance (Table 1.1). Recalling that three sites were burned
in 2002, the first contrast specif<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>