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Introduction:___________________________________________________
The Pacific Southwest Region and the Pacific Southwest Research Station agreed in 2002 to
jointly develop and fund an administrative study to fill management information needs
concerning the relationship between management-caused changes in vegetation and their effects
on spotted owl habitat and population dynamics. The detailed discussions explaining how this
program was started is provided in previous Annual Reports. Copies of previous Annual Reports
for this program are available on the Sierra Nevada Research web site
(http://www.fs.fed.us/psw/topics/ecosystem_processes/sierra/forest_health/pls/) or upon request.
This is the ninth such Annual Report that we have compiled. The primary purpose of this is to
provide a periodic synopsis of what we have been learning so all interested parties can remain
informed of the progress. Research products resulting from this effort will be disseminated as
they are ready and this will vary from module to module, project to project, and from year to
year. We expect that there will be a continuous flow of findings documented primarily with
publications in both refereed journals and other publication outlets. The cadre of scientists,
support staff, students, and others contributing to this effort will also be making oral
presentations and providing other kinds of outreach materials to help inform interested parties
and our peers on the results of this work.
We provide some review information here to reinforce the intent of our work. This background
information provides a general overview on the purpose of this research program and helps set
the context for the report. We have emerged from the initiation phase and we have collected an
impressive amount of information. Many publications have been completed and some key ones
are in development. We expect to provide useful information, particularly from the spotted owl
module, in the immediate future. Of course much of our research purpose depends on forest
management treatments to be put in place and then observing short and even long term response
to those treatments. In several areas treatments have been completed. Observations of response
after treatments will logically take place in the ensuing years. We anticipate that the main body
of field research will conclude by the end of Fiscal Year 2012. New studies are being
contemplated and we may collectively, in collaboration with land managers, choose to extend
facets of this work beyond this date.
We recognize that response of different elements of the forest can occur immediately after
treatments however it is also possible that response can occur slowly and not be recognized for
some period of time depending on the response variable of interest. Alternatively it is also
possible that some response variables exhibit a notable initial response and then return to a state
similar to that of before the treatments. Thus we believe it is prudent to look at a fairly long
period of post treatment response if possible, even if funding limitations require scheduling
follow-up work in stages over time with periods of inactivity.
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Purpose of the Study:________________________________________________
This Plumas Lassen Study (PLS) is interdisciplinary by design, examining at least five groups of
response variables (spotted owls, small mammals, terrestrial birds, vegetation, and fuels
conditions) through collaboration between researchers of the USDA Forest Service Pacific
Southwest Research Station (PSW) and cooperators from the Universities of California, Berkeley
and Davis, and PRBO Conservation Science. The study addresses some of the most significant
uncertainties that confound management decisions in the Sierra Nevada today, including in the
HFQLG Pilot Project Area. How do old-forest-dependent species respond to vegetation
management over space and time? Do fuels management approaches effectively address fuels
loadings without negatively affecting species viability? How effective are landscape level fuels
management strategies in modifying fire behavior and reducing the extent and severity of
wildland fire? These and related questions are the focus of the work being done in this study.

Objectives of Study:_______________________________________________
The original overarching objective of this proposed research was to address an array of related
ecological questions in a coordinated, integrated effort, thereby providing empirical data to
inform future management decisions. The landscape scale of this design was both the driving
force addressing the key questions as well as the largest impediment to successful construction of
a scientifically credible experimental design and implementation in the field. Our research team
believes that assessing many of the key elements of forest ecosystems should be done over larger
spatial and temporal scales than has typically been investigated in past research. The important
difference we are investigating is the response to changes in forest structure and composition
over space and time rather than simply site specific and immediate response. We believe this
difference is especially relevant to forest management practices that are designed for large
landscapes, executed over relatively long time frames, such as landscape level fuels treatment
strategies.
This research program is designed to address the three principal issues described below. These
issues are specifically addressed through research questions and attending investigational
approaches tailored for five different research components of this research program. These
specific questions are detailed in the individual study plans for each module. Here we simply
highlight the main objectives of the integrated research program and summarize the primary
research questions that we plan to pursue.
• Wildland Fire Behavior and Protection. How do landscape level fuels and silvicultural
treatments affect potential fire behavior and effects? Are specific combinations of
defensible fuel profile zones (DFPZs) and subsequent individual tree selection or area
treatments to thin the matrix effective in reducing the extent and severity of wildland
fires? Are realized fire management benefits consistent with hypothesized results in
reducing fire risk and altering fire behavior?
• Landscape Dynamics. How do combinations of DFPZs, subsequent individual tree
selection or area treatments to thin the matrix, group selection, riparian protection
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standards, and species-specific protection measures affect landscape dynamics such as
forest structure, composition, and succession at multiple scales of space and time?
• Species Viability. Induced by a forest management regime, how will old-forest
dependent species, particularly the California spotted owl and its prey base comprised of
various species of small mammals, respond to changes in vegetation composition,
structure, and distribution over space and time? How is response to treatments manifested
at the individual and population levels of biological organization?
In 2009 the PLS program made some adjustments as a result of both the normal course
correction that a research program experiences as well as a conscious shift to be more responsive
to the Storrie Fire restoration efforts. A good portion of the funding that supports the PLS efforts
is now coming from the Storrie Fire settlement funds thus we have shifted some of our priorities
to specifically address restoration considerations with respect to a) forest management
approaches to prevent large, high severity fires and b) management/restoration requirements after
fires of varying severities. Below we provide brief summary statements that capture the essence
of the questions we are currently pursuing under this revised research agenda. The specific
reports under each of the modules will reflect this shift, to the extent that each module was
changed in 2009.

Fuels and Fire Module
1) Assess effectiveness and longevity of landscape fuel treatment networks
2) Assessing landscape-scale California spotted owl habitat suitability and habitat
vulnerability to wildfire following implementation of DFPZ networks
3) Characterize forest stand development within patches burned by stand-replacing fire
4) Compare residual surface fuels following various fuel treatment activities and assess
sensitivity of modeled fire behavior to residual surface fuel assumptions

Vegetation Module
1) Seed dispersal and seedling survival models for reforestation. Foresters need to know
distances tree seeds will travel from a parent tree, and probability of survival of
established seedlings, so they can predict natural regeneration after canopy–opening
disturbance such as high-intensity fire or group-selection silviculture.
2) Follow-up on Experimental Thinning and Group Selection Stands. Understory
vegetation in experimentally treated stands in the first phase of the Veg Module will
be remeasured 3 years after treatment
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3) Large Tree Growth. What tree, site, and climate conditions are associated with rapid
growth?
Small Mammal Module
1) Habitat Associations of Small Mammals. Complete a spatially extensive survey of
small mammals at a large number of point count transects established by PRBO
biologists.
2) Long-term Small Mammal Monitoring at Focal Trapping Grids. Continue with our
annual surveys at 12 sites that were established to assess biotic responses to two
levels of thinning.
3) Comprehensive Demographic Research on Key Prey Species. Complete efforts to
assess the habitat selection preferences of northern flying squirrels in the northern
Sierra.
Terrestrial Bird Module
1) What are the short-term and predicted longer term local effects of DFPZ treatments
on a suite of landbird species in west-side Sierran forest?
2) What are the short and medium term effects of wildfire (of varying intensity) and
post-fire management on avian species abundance and distribution?
3) What are the most desired future conditions to ensure an ecologically stable system
that supports the range of habitat types and attributes upon which wildlife depend?
California Spotted Owl Module
1) We are continuing to monitor the distribution, abundance, and demographics of
California spotted owls across the baseline PLS study area, including our first year of
monitoring owl post-treatment response in the seminal Meadow Valley Project Area
and baseline monitoring in the highly controversial Creeks Project Area on the Lassen
National Forest.
2) A second year of post-fire monitoring was conducted in the Moonlight-Antelope
Complex Fire Areas, approximately 88,000 acres that burned at mostly high severity
in 2007. The fire reduced the amount of suitable owl habitat from 65-70% of the
landscape to about 6% following the fires.
3) Continued demographic monitoring on the Lassen Demographic Study Area provides
an irreplaceable source of empirical data on CSO survival, reproduction, recruitment,
and population trends that serves to address continuing interests and legal challenges
regarding the status of the CSO in the HFQLG Project Area and the Sierra Nevada.
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4) Measure the associations and responses of CSOs to the full range of landscape
conditions comparing treatment versus wildfire risk. Expand our CSOs research into
the Cub-Onion Fire Area (Lassen) and into the Scotts John Creek (Lassen) and
Empire (Plumas) Project Areas. This work expands our base PLS work so that we
have empirical data on CSO distribution and abundance across landscape conditions
ranging from untreated, treated (current or projected to be treated soon), burned at
low-moderate severity (Cub-Onion Fire Area) and burned at high severity
(Moonlight-Antelope Complex Fire Area). Results from this work will allow us to
provide real empirical data on how CSOs are associated with these landscape
conditions and advance the discussion regarding treatment versus fire risk.
5) In conjunction with biologists on the Plumas and Lassen NFs we are considering field
surveys to assess the distribution and abundance of CSOs in some portions of the
Storrie Fire Area. This information will provide insight into the association of CSOs
with this burned landscape 8-10 years following wildfire.

Progress to Date:__________________________________________________
Given that we have completed a ninth year of work many findings have taken shape and others
are well along in their development. A conscious shift in 2009 to be more responsive to the
Storrie Fire restoration has encouraged modules to specific focus to better interpret and address
restoration considerations. This year’s primary research efforts focused on the following areas:
The Fuels and Fire Module’s efforts to provide an evaluation of (1) landscape fuel treatment
network impacts on potential fire occurrence and behavior and (2) forest development in standreplacing fire patches.
The Vegetation Module’s efforts to develop tools to assist the restoration of historic tree species
composition and resilience structure to, and recovery from large wildfires that have become the
dominant disturbance regime in these forests.
Small Mammal Module’s efforts to better understand particular mammalian species and/or
species groups responses to habitat variation, to the food web of this system as related to forest
restoration.
Terrestrial Bird Module’s efforts to better understand the Storrie Fire and two adjacent fires
and how wildfire and post-fire management influence wildlife habitat by studying the effects of
fuel treatments on the avian community in both burned areas and green forest habitats adjacent to
the Storrie Fire
California Spotted Owl Module fundamentally questions how forest restoration, fuels
treatments and wildfire affect CSOs distribution, abundance and how habitats remain relevant.
Some of the work described here also includes activities from other locations that are potentially
relevant to the Plumas and Lassen National Forest landscape, thus they are included in this
summary. Each module will report on their respective findings and publications.
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Summary:_______________________________________________________
This work represents some significant scientific study that has occurred over the last nine years.
Our original expectation was to continue for up to another two years within the HFQLG Pilot
Project area to capture adequate post-treatment data. When we began this study the pilot project
was scheduled to end in 2005 and since then it has been extended twice, now to 2012 to enable
the complete pilot project to be implemented. If funding support persists we will continue to
pursue field work through 2012. Upon completion of the field work the remainder of the effort
will be devoted to data analysis and reporting. Any future work that is deemed mutually
desirable may continue (or start anew) as this phase of work winds down. That will depend on
the interest of forest managers and the availability of funding.
The Vegetation and Small Mammal modules have completed the field work necessary to achieve
their original objectives. Their remaining work consists of analyzing field data and making the
results available to managers, policy makers, our researchers, and the public.
The Landbird, California Spotted Owl, and Fuels and Fire modules are ongoing, and we
anticipate these studies will continue through 2012.
We understand there is some uncertainty and sometimes controversy over how various forest
elements will respond to planned forest management practices. This is likely to be the case under
any chosen management regime. The objective of PSW was to tackle the difficult scientific
challenges derived from the salient management questions. PSW, as a research organization,
remains wholly objective in executing this charge. We have assembled an excellent team of
scientists with the appropriate areas of expertise and we have done the best we can to design our
work to address the important questions. Many of these questions present significant challenges
to experimental design of field ecology experiments and management constraints further
constrain our ability to test questions with traditional hypothesis testing approaches. We expect
to make the most of these opportunities in advancing our scientific understanding of forest
ecosystem response to management practices.
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CHAPTER 1:
Fuels and Fire at the Landscape Scale
Dr. Brandon Collins, Gary Roller, Dr. Scott Stephens

Executive Summary:___________________________________________
Fire and fuels research as part of the Plumas-Lassen Administration Study (PLS) consisted of
both continuing ongoing PLS-based projects and establishing a new project as per the Storrie
Fire Restoration. We present our accomplishments for two specific projects:
1. Impacts of a completed fuel treatment network on hazardous fire potential across a
northern Sierra Nevada landscape
2. Tree regeneration and shrub dynamics in stand-replacing fire patches in the northern
Sierra Nevada, California, USA
Fire exclusion policies coupled with past management practices have rendered many western U.
S. forests susceptible to uncharacteristically large and intense wildfires. Large-scale fuel
reduction efforts are needed to mitigate the potential for extensive losses from such wildfires.
While there have been significant advancements in both the tools and approaches available to
guide effective landscape fuel treatment design few examples exist “on the ground”. This is
likely a product of the complexities associated with not only planning across large landscapes,
but acquiring necessary data and executing models as well. In this study we analyze a completed
landscape fuel treatment in the northern Sierra Nevada. This consists of a series of quasi-linear
fuelbreaks that are intended to reduce fuel continuity across the landscape and provide defensible
zones for fire suppression resources. A previous analysis investigated the effectiveness of this
same fuel treatment network at reducing modeled landscape-level fire behavior and reported
noticeable reductions relative to the “untreated” landscape condition. The present work builds on
the previous analysis by both partitioning modeled fire behavior based on more hazardous fire
potential and incorporating more detailed stand-level data, which allows for projections several
decades out to assess fuel treatment network longevity. Fire modeling results indicated
noticeable reductions in the probability of more hazardous fire throughout the treated landscape,
relative to the untreated condition. This effect was evident throughout the 30-yr simulation
period. However, by 2040 burn probabilities were reduced in the southern and north-eastern
portions of the landscape, while the central portion of the landscape appeared to have elevated
burn probabilities, relative to the 2010 untreated landscape. Additionally, mean burn probability
for the treated landscape in 2040 exceeded that of the 2010 treated landscape, suggesting that
there may be a finite period of effectiveness for this fuel treatment network, even when the
existing fuel treatment network had fairly frequent (10 – 20 yr) maintenance treatments.
The extent of high severity or stand-replacing fire is increasing throughout the Sierra Nevada.
Forests historically associated with frequent low- to moderate-intensity fires have limited
capacity to recover following extensive stand-replacing fire. That is not to say that trees in these
forest types are unlikely to regenerate in stand-replacing patches. Rather, the composition,
density, and arrangement of trees may not be in alignment with current forest management
objectives of forest restoration, and increasing forest resilience to stressors and disturbance. The
10

goal of this project was to investigate the spatial and temporal dynamics of forest development
within stand-replacing patches that were not subjected to intensive post-fire management. We
established networks of field plots within 26 stand-replacing patches which were burned in 5
different fires. Time since fire ranged between 2 and 11 years. Our results indicated high
variability in tree regeneration across patches and across fires. Of the 26 stand-replacing patches
sampled 13 had no conifer regeneration detected within our sample plots. Additional analysis of
conifer and hardwood regeneration will explore the correlation of topographical features, size
and shape of stand-replacing patches, and distance from patch edge.

Background:__________________________________________________
In 2010 fire and fuels research as part of the Plumas-Lassen Administration Study (PLS)
consisted of both continuing ongoing PLS-based projects and establishing a new project as per
the Storrie Fire Restoration. In the following we present our accomplishments for two specific
projects:
3. Impacts of a completed fuel treatment network on hazardous fire potential across a
northern Sierra Nevada landscape
4. Tree regeneration and shrub dynamics in stand-replacing fire patches in the northern
Sierra Nevada, California, USA

Impacts of a completed fuel treatment network on hazardous fire
potential across a northern Sierra Nevada landscape
Status: analysis completed, manuscript in preparation

Introduction:__________________________________________________
Fire exclusion policies coupled with past management practices have rendered many western U.
S. forests susceptible to uncharacteristically large and intense wildfires (Hessburg et al. 2005).
Large-scale fuel reduction efforts are needed to mitigate the potential for extensive losses from
such wildfires. However, there are a number of land management obligations and operational
constraints that limit the extent that fuel reduction treatments can be applied across many
landscapes (Collins et al. 2010). As a result, forest managers are tasked with coordinating
discrete treatment units across a landscape such that the potential for extensive fire-caused tree
mortality is reduced throughout. Recent simulation studies have demonstrated reductions in both
potential fire behavior (Finney et al. 2007) and expected tree mortality (Ager et al. 2007, Ager et
al. 2010) with as little as 10 – 20 % of the landscape treated. While there have been significant
advancements in both the tools and approaches available to guide effective landscape fuel
treatment design (Ager et al. 2006, Finney 2007) few examples exist “on the ground” (but see
Moghaddas et al. 2010). This is likely a product of the complexities associated with not only
planning across large landscapes, but acquiring necessary data and executing models as well
(Collins et al. 2010).
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Once implemented a network of fuel treatments across a landscape has a finite duration of
effectiveness, or longevity. The longevity is a function of several factors: species
composition/fuel structure, site productivity, treatment type, and treatment intensity. Few studies
exist that have explicitly examined fuel treatment longevity, either at the stand-scale or
landscape-scale. Finney et al. (2005) analyzed the impacts of different aged prescribed fires (1 to
9 years) on remotely sensed estimates of fire severity for two large wildfires in Arizona and
found that fire severity increased with time-since-treatment. Martinson and Omi (2011) reported
noticeable reductions in treatment for treatment older than 10 years. Collins et al. (2011)
simulated a landscape fuel treatment project in the Sierra Nevada and reported reductions in
modeled burn probability for approximately 20 years relative to an untreated landscape. These
studies suggest that there is an approximately 10-20 year period for which fuel treatments can be
expected to reduce fire effects. Thus, a 10-20 year interval for maintenance of existing fuel
treatments may be necessary. It is unclear how such a maintenance schedule applied to a
landscape fuel treatment network would affect fire spread and intensity across a landscape over
time.
In this study we analyze a completed landscape fuel treatment in the northern Sierra Nevada.
This consists of a series of quasi-linear fuelbreaks that are intended to reduce fuel continuity
across the landscape and provide defensible zones for fire suppression resources (Agee et al.
2000, Omi 1996, Weatherspoon and Skinner 1996). The completed network is a product of
coordination among several fuel treatment projects implemented between 2003 and 2008 (USDA
2004). Previous work investigated the effectiveness of this same fuel treatment network at
reducing modeled landscape-level fire behavior and reported noticeable reductions relative to the
“untreated” landscape condition (Moghaddas et al. 2010). The present work builds on
Moghaddas et al. (2010) by both partitioning modeled fire behavior based on more hazardous
fire potential and incorporating more detailed stand-level data, which allows for projections
several decades out to assess fuel treatment network longevity.

Methods:____________________________________________________
Vegetation inputs
The available geographic information system (GIS) layers for treatments in the Meadow Valley
area consisted mostly of individual timber sales, although in the case of the Meadow Valley
project several sales were combined in one GIS layer. We made a number of manipulations to
make a single continuous layer of meaningful treated stand polygons. First, we separated group
selection (GS) treatment areas from the other treatments, and created a new GS-only layer. Due
to their small size and treatment intensity, the boundaries of these polygons were not altered, and
would be added at the end of spatial manipulation. The next step was to correct for overlap in
GIS treatment layers. Two layers (Spanish Camp and Ridge projects) had overlapping polygons
within the individual layers. We edited these layers such that individual polygons were discrete,
i.e., individual polygons were only represented by a single record in the attribute database. To
correct for overlap between layers the order of treatment importance, from greatest to least, was
DFPZ Service Contract, DFPZ (both from Meadow Valley Project), Spanish Camp, Stanley,
Ridge, McFarland, and Waters. These steps resulted in a single, non-overlapping layer of all
12

treatments in the study area, accompanied by a concise table of dates, activity, sale, project, and
ID. Table 4 summarizes the total treated area within our study area and proportion of the study
area by timber sale/treatment type as represented in our final treatment layer.
We then merged this treatment layer with the existing VSTRA layer to have a continuous
coverage of the Meadow Valley area. The GS polygons were then added to the layer, ensuring
they did not change as a result of the above alterations. The next step was to generate tree lists
for each polygon or ‘stand’, resulting in a single combined layer. Tree lists came from field plots
collected as part of earlier PLS Fire and Fuels Module efforts, as well as from the Treated Stand
Structure Monitoring (TSSM) program. Stands with field plots located within the polygon were
‘populated’ with trees using only those plot(s) within them. For stands without plots directly
located within the polygon, which was by far the majority of stands, we used a non-statistical
imputation approach based on the combination of elevation, slope, aspect, vegetation type, and
vegetation size classes to generate tree lists. The rules for imputing went as follows for each
stand: 1) if one or more plots matched a given stand based on the classes described, a random
one was chosen; 2) if no plots matched exactly, classes were eliminated in the following order
such that a plot did match a stand: aspect, slope, elevation, vegetation type, vegetation size class.
Post-treatment stand tree lists came primarily from TSSM plots, with a small contribution from
PLS plots. Table 1 describes the five treatment types we used to apply plots, and thus tree lists,
to treated stands.
After ‘populating’ stands both pre- and post-treatment with tree lists, we utilized the Forest
Vegetation Simulator (FVS) to model growth of the treated and untreated landscape over 30
years starting in 2010, with data recorded every 10 yr cycle. We used the integrated platform
ArcFuels (Ager et al. 2006) to run FVS and generate the necessary metrics needed to run spatial
fire behavior models.
Fire modeling
We employed a command-line version of FlamMap (Finney 2006) called RANDIG to model
fires across the Meadow Valley landscape (Figure 1). RANDIG uses the minimum travel time
method (Finney 2002) to simulate fire spread based on user-inputs for: number/pattern of
ignitions, fire duration, wind speed and direction, fuel moistures, topography, stand structure,
and fuels. For each scenario and time step we simulated 5000 randomly placed ignitions, burning
for 240 minutes (one 4-hour burn period). This burn period duration was selected such that
simulated fire sizes (for one burn period) approximated large-spread events (daily) observed in a
nearby (<2 km), recent wildfire, the 2008 Rich fire (Ager et al. 2010). The largest daily spread
event in the Rich fire, approximately 1000 ha, which was under the range of average simulated
fire sizes for our untreated landscape in 2010 (mean 1720 ha, median 1660 ha). Given that we
only had one nearby fire from which to compare large spread events, and that in other areas of
the Sierra Nevada daily fire growth in excess of 2000 ha has been observed in recent fires
(Dailey et al. 2008, Fites et al. 2007), we believe our burn period calibration represents a
reasonable ‘middle ground’ for large spread events in Sierra Nevada mixed-conifer forests.
We obtained weather information from the Quincy and Cashman Remote Automated Weather
Stations (RAWS), restricting the analysis period to the dominant fire season for the area (June 1
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– September 30) (Figure 1). Observations were available from 2002 to 2009. We used 90th
percentile and above wind speeds, based on hourly observations, to generate multiple wind
scenarios under which fires were simulated. We identified the dominant direction and average
speed of all observations at or above the 90th percentile value, 24 km hr-1. This resulted in four
different dominant wind directions, each with its own wind speed and relative frequency (based
on the proportion of observations recorded at or above the 90th percentile value for each
dominant direction) (Table 2). The modeled wind speeds were similar to those recorded during
large spread events in the nearby 2008 Rich fire. We used 97th percentile fuel moistures, as these
are the conditions associated with large fire growth and difficulty in control.
We derived the necessary topographic inputs, slope, aspect, and elevation, using a 30 m digital
elevation model obtained from the National Elevation Dataset (http://ned.usgs.gov/). Stand
structure and fuels layers were derived from FVS outputs. For each stand, at each time step, FVS
outputs for canopy cover, canopy bulk density, canopy base height, and dominant tree height,
along with a fuel model assignment (computed outside of FVS), were compiled to develop
continuous layers for each of these five variables across the Meadow Valley study area. We
compiled these variables at four different time steps (2010, 2020, 2030, and 2040) for a treatment
and untreated scenario, resulting in 8 different simulated landscapes. To avoid potential edge
effect we extracted the RANDIG output from only the core Meadow Valley study area, i.e., not
including the area within the 2 km buffer (Figure 1).
For each simulated landscape RANDIG outputs conditional burn probabilities and marginal
conditional burn probabilities for 20 flame length classes (0 – 10 m in 0.5m increments) for
individual 60 m pixels, spanning the entire buffered study area. Conditional burn probabilities
are computed by dividing the total number of times a pixel burned by the total number of
simulated fires (n = 5000). To separate out more problematic simulated fire occurrence, both
from a fire effects and a fire suppression standpoint, we only performed analysis on the burn
probabilities where modeled flame lengths were greater than the critical flame length (critFL)
required for crown fire initiation. We imported conditional burn probability surfaces, for
modeled flame lengths greater than the CritFL, into ArcGIS software for further data analysis.
For each of the 8 simulated landscapes we computed overall mean conditional burn probability,
only using those pixels within the Meadow Valley core study area.

Results:______________________________________________________
Noticeable reductions in conditional probability of more hazardous fire (flame lengths > critFL)
were evident throughout the treated landscape, relative to the untreated landscape, in 2010, 2020,
and 2030 (Figure 2). In 2040 conditional burn probabilities were reduced in the southern and
north-eastern portions of the landscape, while the central portion of the landscape appeared to
have elevated burn probabilities, relative to the 2010 untreated landscape (Figure 2). When
averaged across the entire landscape conditional burn probabilities (flame lengths > critFL) for
the treated landscapes were well below those for the untreated landscapes throughout the period
of simulation: 2010-2040 (Figure 3). There were declines in mean condition burn probabilities
for both the treated and untreated landscapes from 2010 to 2020. These declines appear fairly
consistent for the two conditions and are likely an artifact of the FVS modeling and fuel model
14

overrides we performed (Collins et al. 2011). By 2040 mean conditional burn probability for the
treated landscape exceeds that of the 2010 treated landscape.

Tree regeneration and shrub dynamics in stand-replacing fire
patches in the northern Sierra Nevada, California, USA
Status: field sampling completed, analysis in progress

Introduction:__________________________________________________
Large wildfires are occurring more frequently throughout California (Miller et al. 2009b), and
the western U.S. as a whole (Westerling et al. 2006). In addition to increases in fire sizes, the
extent of high severity, or stand-replacing fire is increasing (Miller et al. 2009b). Forests
historically associated with frequent low- to moderate-intensity fires have limited capacity to
return to recover following extensive stand-replacing fire (Collins et al. in review). That is not to
say that trees in these forest types are unlikely to regenerate in stand-replacing patches (Shatford
et al. 2007). Rather, the composition, density, and arrangement of trees may not be in alignment
with current forest management objectives of 1) forest restoration, and 2) increasing forest
resilience to stressors and disturbance.
In many low- to mid-elevation conifer forests throughout the western U. S. shrubs are able to
establish in stand-replacing fire patches due to increased resource availability. (Swanson et al.
2010). There is a distinct competitive advantage that several shrub species possess that enable
vigorous colonization and persistence in stand-replacing patches. Many species of Ceanothus
such as whitethorn, (ceanothus cordulatus) and deer brush (ceanothus intergerrimus), establish
from seed banks and have the ability to colonize areas where they were not present before the
fire. Other species like greenleaf manzanita (arctostaphylos patula) sprout after fire and can
dominate a site in early successional stages. Heavy competition from these shrubs quickly
reduces the amount of growing space and available sunlight that most conifers need to establish
successfully.
The goal of this project was to investigate the spatial and temporal dynamics of forest
development within stand-replacing patches that were not subjected to intensive post-fire
management. In other words, what is the pattern and composition of natural tree regeneration in
stand-replacing patches and in what timeframe can forests be expected to return.

Methods:_________________________________________________________
We selected five fires of differing ages in the larger Plumas-Lassen Study Area. These fires
include: Lookout (1999), Pigeon (1999), Bucks Complex (1999), Rich (2008), and Storrie
(2000) (Table 2). We used satellite-derived estimates of fire severity to identify areas of standreplacing fire. These estimates are based on the relative differenced Normalized Burn Ratio
(RdNBR), which is computed from Landsat TM imagery (see Miller and Thode 2007, and Miller
et al. 2009a for more specific explanation of methodologies). This index has been used
extensively to characterize relatively recent fires (Collins et al. 2009, Safford et al. 2008) and fire
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regimes (Holden et al. 2007, Miller et al. 2009b, van Wagtendonk and Lutz 2007). Miller et al.
(2009a) report user’s and producer’s accuracies for RdNBR-based high severity classification to
range between 70.7% and 85.3%, indicating RdNBR robustly captures high-severity fire effects.
Using classified RdNBR images (threshold values established by Miller and Thode 2007) we
employed the patch delineation algorithm PatchMorph (Girvetz and Greco 2007) to identify
contiguous patches of stand-replacing fire. The PatchMorph tool can be used in ArcGIS, and
allows for users to specify maximum gap widths contained within individual patches, as well as
minimum patch sizes and thicknesses. For this analysis we chose a maximum gap thickness of
100 m and a minimum patch size of 4 ha. Lower gap thicknesses resulted in highly complex
shapes containing several ‘holes’ within individual patches, while larger gap thicknesses failed to
capture inherent heterogeneity. The minimum patch size of 4 ha was chosen because we were
interested in characterizing tree regeneration and shrub response within larger areas that were
generally void of substantial tree seed sources.
We sought to sample stand-replacing patches that had minimal post-fire management (i.e.,
salvage harvesting, planting). We obtained information on post-fire management activities from
Plumas National Forest personnel. Within each patch that met this criterion we placed a
systematic grid of inventory plots (see Figure 4). The full grid was not sampled on every patch,
with the primary limiting factor being slope steepness and access. We augmented the systematic
grid with more intensive sampling near patch edges. The intent with these additional plots was to
investigate whether forest development around edges differed from the core patch area, and if so
at what distances from patch edges were differences evident (Figure 4). Although the original
intent was to sample patches with little to no post-fire management some areas within each of
these fires experienced post-fire management, ranging from post fire salvage logging, tree
release and weed management. These areas were removed from analysis.
Inventory plots were 314 square meters in area and consisted of three randomly assigned
transects ten meters in length. Shrub length and height as well as ground cover were measured
along these transects. Ground cover was broken down into cover classes of woody shrubs,
herbaceous plants, grass, litter, wood (downed trees), rock, and bare mineral soil. Natural tree
regeneration was sampled on the same three random transects. Trees with a diameter at breast
height of 1.0-5.0 centimeters were counted by species on a two meter wide belt. Established
seedlings less than 1.4 meters tall were counted by species in three, 3 square meter, circular
plots at the end of the transects.

Results:___________________________________________________________
Tables 3 -6 report overall means for shrub cover, ground cover, and tree regeneration in the
sampled high severity patches.
Further analysis on the shrub data will include average cover by species per patch,
density/volume per hectare, and an estimate of biomass per hectare. Factors that will be analyzed
that possibly contribute to density and distribution will be past management histories,
topographical features such as slope and aspect, and distance from patch edge. Analysis of the
natural regeneration of the conifer and hardwood data will explore the correlation of
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topographical features and distance from patch edge or seed source (Alexander et al. 2006,
Shatford et al. 2007). Figures 5 and 6 are two examples demonstrating the variability in forest
development within sampled stand-replacing patches.
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Table 1. Summary of treated area within the Meadow Valley study area by treatment type and
specific timber sale. The number of post-treatment plots actually used to ‘populate’ stands within
each timber sale/treatment type is also reported.

238.4
161.8

Proportion
of treated
area (%)
2.61
1.77

Proportion
of total
area (%)
0.50
0.34

3

1068.9

11.71

2.25

0
0
0
2
0
0
1
0

0
1
0
0
0
0
0
0

24.3
1167.8
124.3
215
5.7
86.5
159.8
262.2

0.27
12.80
1.36
2.36
0.06
0.95
1.75
2.87

0.05
2.46
0.26
0.45
0.01
0.18
0.34
0.55

Waters

0

5

904.8

9.92

1.90

Waters
Deans
Guard
Defensible
PSW
fuel profile
Service
zone
Silver
Snake
TOTAL

6
0
21
0
0
5
11
46

0
0
0
0
0
0
0
10

766
1044.2
1426.8
93.3
24.9
639.8
710.9
9124.4

8.39
11.44
15.64
1.02
0.27
7.01
7.79
100

1.61
2.20
3.01
0.20
0.05
1.35
1.50
19.20

Treatment
category

Prescribed
fire

Group
Selection

Hand-thin
and pile
burn
Mastication

TSSM
plots

PLS post
plots

Area
(ha)

McFarland
Ridge
Spanish
Camp
Stanley
Waters
Deans
Guard
PSW
Silver
Snake
ServiceCon

0
0

0
1

0

Sale
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Table 2. Attributes for the five sampled fires in the northern Sierra Nevada, CA, USA.

Fire
Name

Year

Bucks
Lookout
Pigeon
Rich

1999
1999
1999
2007

Storrie

2000

Total size
Ha/Ac
13922/3457
5
1091/2695
1939/4791
2594/6410
22928/5665
7

High Severity
Ha/Ac (%)
1452/3589
(10)
127/316 (12)
174/431 (9)
729/1801 (28)
6388/15785
(28)

Aspect

# of
Plot
s

# of
Patches

Patch
Area
Range
(Ha)

25
25
21
43

164
166
161
147

42
31
63
76

4
4
7
11

24-131
8-68
3-32
2-2587

22

164

71

1

1905

Elevatio
n (m)

Slope
(%)

1617
1543
1684
1433
1373

Table 3. Percent shrub cover by species within sampled stand-replacing patches by fire.
Species
Arctostaphylos patula
Ceanothus cordulatus
Ceanothus integerrimus
Ceanothus velutinus
Chrysolepis semervirens
other

Bucks
28
1
10
22
20
19

Fire Name
Lookout Pigeon
23
44
56
24
8
7
0
0
6
9
7
16

Rich
17
0.2
73
0
0.2
9.6

Storrie
15
51
16
0
2
16

Table 4. Percent ground cover by life form/physical class within sampled stand-replacing patches
by fire. Bare mineral soil is abbreviated BMS.
Fire
Name
Bucks
Lookout
Pigeon
Rich
Storrie

Shrub
77
80
81
25
62

Herb
3
2
2
23
4

Graminoid
1
0
0
0
3
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Litter
2
4
4
8
2

Wood
3
3
3
1
6

Rock
0
0
0
9
0

BMS
14
11
9
34
23

Table 5. Mean density of tree seedlings > 1cm dbh (per ha/ac) within sampled stand-replacing
patches by fire.
Species
Abies concolor
Calocedrus decurrens
Pinus lambertiana
Pinus ponderosa
Pseudotsuga menziesii
Hardwoods

Bucks
116/47
4/2
8/3
8/3
0
112/45

Fire Name
Lookout Pigeon
0
0
0
0
0
0
81/33
8/3
0
0
129/52
562/226

Rich
0
0
0
0
0
57

Storrie
94/38
47/19
63/25
329/133
16/6
31/13

Table 6. Mean density of tree seedlings < 1cm dbh (per ha/ac) within sampled stand-replacing
patches by fire.
Species
Abies concolor
Calocedrus decurrens
Pinus lambertiana
Pinus ponderosa
Pseudotsuga menziesii
Hardwoods

Fire Name
Bucks
Lookout
Pigeon
Rich
Storrie
4903/1984 6265/2538 259/105
88/34
94/38
53/21
143/58
0
0
47/19
1/0
0
0
0
63/25
1/0
716/290
0
73/28
329/133
0
36/15
0
102/39
16/6
398/161
0
37/15 2001/810 31/13
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Figure 1. Meadow Valley study area within the Plumas National Forest. We used weather data
from both the Quincy and Cashman Remote Automated Weather Stations (RAWS).The towns
are displayed for reference and to show proximity of the study area to communities.
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Figure 2. . Conditional burn probabilities across the core Meadow Valley landscape for which
simulated flame lengths are greater than the critical flame length. Burn probabilities are reported
for the no-treatment landscape in 2010, as well as for the treated landscape for 30 years based on
FVS projections . Probabilities are based on 5000 randomly placed ignitions simulated using
RANDIG (see Methods for explanation). The arrow in the lower left of each frame indicates the
dominant wind direction used for fire simulations. Treatment boundaries are also displayed for
each of the treatment landscapes.
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Figure 3. Mean conditional burn probabilities across the core Meadow Valley landscape for
which simulated flame lengths are greater than the critical flame lenght. Probabilities are based
on 5000 randomly placed ignitions simulated using RANDIG (see Methods for explanation).
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Figure 4. Example plot sampling design for the 1999 Pigeon fire, Plumas National Forest, CA,
USA.
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Figure 5. One of our sampled stand-replacing patches within the 1999 Bucks fire, Plumas
National Forest, CA, USA. The photo was taken in 2010, 11 years after fire. Across all standreplacing patches within this fire mean density of white fir (Abies concolor) seedlings was
4500/ha.
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Figure 6. One of our sampled stand-replacing patches within the 1999 Pigeon fire, Plumas
National Forest, CA, USA. The photo was taken in 2010, 11 years after fire. Averaged across all
stand-replacing patches sampled within this fire greenleaf manzanita (Arctostaphylos patula) and
whitethorn (Ceanothus cordulatus) accounted for 68% of the ground cover while the density of
white fir (Abies concolor) seedlings averaged 259/Ha.
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Chapter 2:
Vegetation Module
Dr. Seth W Bigelow, Dr. Michael Papaik, Dr.Malcolm P North, Caroline Caum

Executive Summary:_____________________________________
The principal activity of the Vegetation Module from 2002-2011 has been to carry out a fieldscale experiment on fuels-reduction thinning and group selection, the primary silvicultural
treatments mandated under HFQLG legislation. We have found that these treatments lead to
higher wind speed and drier duff in proportion to the degree of opening of the canopy, which will
cause slight increases in intensity and rate of spread of fires undergoing similar treatments. Fuel
moisture in fuel size classes other than duff was unaffected by the treatments, but soil moisture
was elevated in group selection openings. The Vegetation Module has performed a wide range of
additional activities and studies: modeling juvenile tree growth in relation to the light
environment resulting from HFQLG treatments; estimating landscape connectivity and local
microclimate after group selection harvest in patchy East-side forest; providing technical
assistance to other modules; estimating seedling dispersal distances from parent trees; and
investigating climate and neighborhood density drivers of growth of large trees.
The 2010 field season activities included three-year post-treatment measurements in the
experimental stands, and collection of additional data on seedling dispersion. Measurements on
the experimental stands were surprising mainly in their lack of demonstrated effects. Canopy
cover had not increased since application of treatments. Dead fuels loading, which had not
changed between pre- and post-treatment, also was not changed by the passage of three years
since treatments were applied. Understory plant cover, which was re-measured for the first time
since treatments were applied in 2007, was not affected by the treatments: understory cover from
juvenile shade-tolerant conifers such as white fir, Douglas-fir, and incense-cedar was still >10fold more than from pines. Shrubs still made the largest contribution to understory cover,
covering 15% of ground area. The seedling dispersion data was collected in 18 group selection
openings that were implemented as part of the regular program of forest activities rather than
experimentally. None of the openings had been re-planted, and at least three years had elapsed
since treatments were done. Seedling occurrences will be analyzed in conjunction with tree maps
of the surrounding stand. In the meantime, our data will be used by Mt. Hough RD personnel to
assess stocking and the need for assisted regeneration. White fir
was, for the most part, the most densely regenerating species, but species of particular
management interest such as sugar pine and ponderosa pine also regenerated densely in some
openings.

OBJECTIVES:________________________________________________
The vegetation module of the Plumas-Lassen Administrative Study studies how changes in the
forest canopy affect ecosystem functioning, including microclimate, growth and competition of
shrubs and juvenile trees, understory diversity, and landscape continuity. Research approaches
include stand-level experimental manipulations, measurement of plant growth and survival along
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existing environmental gradients, and assessment of impacts of routine (i.e., non-experimental)
forest management activities.
Research Activity Summary 2010
A two-person field crew carried out a study on spatial aspects of tree regeneration in groupselection openings in the Meadow Valley area, and did a three-year post-treatment follow-up
measurement of canopy cover and understory plant diversity and light transmittance. An intern,
Caroline Caum, worked on sample preparation and statistical analysis of cores from large trees.
Publications
Bigelow, S. W., and S. A. Parks. 2010. Predicting altered connectivity of patchy forests under
group selection silviculture. Landscape Ecology 25(3): 435-447.
Manuscripts in Preparation
Bigelow, North, and Salk. Light in the Forest: Predicting effects of Fuels-Reduction and GroupSelection Silviculture on Succession in Sierran Mixed-Conifer Forest.
Bigelow and North. Microclimate impacts of fuels and group-selection silvicultural treatments
Bigelow and Papaik. Dispersion of seedlings of mixed-conifer tree species after diverse
disturbances.
Bigelow, Papaik, Caum, Hulbert, and North. Climate and neighborhood density effects on
growth and carbon sequestration potential of large trees.
Public presentations
Ecological Society of America Annual Meeting. Aug 2010, Pittsburgh PA. Title of poster:
Ecology and management implications of seedling dispersal after forest fire and harvest
disturbance.
Plumas-Lassen Symposium. Apr 2010. Title of talk: Vegetation module.
Pre- and Post-Wild Fire Forest Management for Ecological Restoration and Fire Resiliency
Conference. Feb 2010, Sacramento CA. Title of poster: Fuels-reduction thinning effects
on soil water and understory light in a mixed-conifer forest.
University of Florida, School of Forest Resources and Conservation. Jan 2011, Gainesville, FL.
Title of seminar: Restoration in a working mixed-conifer forest: Predictions from
resource-dependent models.
Post-Treatment Follow-up Studies
Canopy cover. Three-year post-treatment measurements of vertically projected canopy cover
were obtained in the experimental stands. In previous reports we have noted the difficulty
experienced in attaining canopy cover targets in thinned stands; for example, mean canopy cover
in the 30% canopy cover target stands was 49%. Canopy cover values remained stable over the
three years subsequent to treatment (Fig. 1; no statistical difference between canopy cover
immediately post-treatment and three years post-treatment).
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s. Vertical dotted line indicates date of treatment.
Understory Light: Personnel of the small mammal research crew took and analyzed 1200
hemispherical-lens photographs of the canopy in control, light thin, medium thin, and group
selection openings. Mean light levels did not change significantly between immediately posttreatment and three year post-treatment (Table 1). Crossover point irradiance (CPI) analysis
suggests that 22.5 mol m-2 d-1 (41% of full sun) is the light level at which height growth of
ponderosa pine and white fir are equal; at higher light levels ponderosa pine growth rapidly
outpaces white fir and other shade tolerants. In the experimental group selection openings, ca.
90% of light observations exceeded the ponderosa/white fir CPI, suggesting that retention of
large trees within the groups did not significantly diminish regeneration opportunities for shadeintolerant species. In fuels-treated stands, even the most vigorously treated stand (40% canopy
cover) only had 20% of light observations > ponderosa/white fir CPI, confirming the limited
ability of these treatments (as currently implemented) to improve regeneration opportunities for
shade-intolerants. Such species are more resistant to fire than shade-tolerants, so long-term forest
management strategy must include plans to enhance their regeneration at every opportunity.
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Table 1. Median understory light levels (means and standard deviation; mol m-2 d-1) in
Meadow Valley experimental stands before, one month after, and three years after
treatment. Crossover point irradiance (CPI) at which height growth of ponderosa pine and
white fir seedlings are equal is 22.5 mol m-2 d-1.
Treatment

Pre-treatment

Post-treatment

3 yr Post-treatment

Control

7.8 (1.4)

7.5(1.0)

6.8 (0.4)

Light thin

10.4 (2.7)

13 (1.3)

11.5 (0.6)

Medium thin

9.3 (1.8)

15.5 (3.7)

16.9 (2.6)

Group selection

9.2 (1.6)

38.3 (6.2)

38.3 (5.3)

Under
story
plant
cover
was
assess
ed in
100 2m
radius
plots
in
each
plot.

Surveys were done three years before and after treatment. Cover was obtained visually for
graminoids (grass or grass-like plants), forbs (herbaceous non-grass-like plants), shrubs (Table
2), shade-tolerant trees, pines, and broad-leaved trees (Table 3). The most dominant species of
each plant life-form was recorded. Only one plant lifeform, the forbs, showed a statistically
significant response to treatment, reaching higher cover in the group selection openings. The
species that contributed most to the response were bracken fern and miners lettuce.
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Table 2. Mean cover (%) of three plant lifeforms pre- and post-treatment (fuels-reduction
thinning or group selection.
Treatment

Forb

Forb

Graminoid

Graminoid

Shrub

Shrub

(pre)

(post)

(pre)

(post)

(pre)

(post)

(1.34)

14.33 (6.1)

12.16 (4.15)

2.45

25.32

(1.21)

(6.99)

3.98

18.29

(2.15)

(5.14)

3.94

15.95

(2.53)

(10.2)

7.42
Control

Light thin

Med thin

Group

1.25

(1.45)

7.90 (5.69)

5.39

8.10

(5.95)

(10.31)

6.36

10.17

(2.64)

(6.41)

6.42

14.38

(4.94)

(8.05)

1.10 (1.18)

1.04 (0.26)

2.87 (1.61)

1.30 (0.87)
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17.7 (5.06)

14.69 (4.15)

12.59 (8.18)

Table 3. Mean cover (%) of three tree functional groups before and after fuels-reduction or
group selection treatment.
Treat-

Pines1

Pines

Tolerants2

Tolerants

Broad-

Broadleaved

ment

(pre)

(post)

(pre)

(post)

leaved3 (pre)

(post)

0.27 (0.41)

0.44

6.97 (6.76)

5.81 (4.15)

1.37 (2.06)

1.41 (1.73)

5.94 (2.46)

5.79 (3.50)

6.79 (9.91)

4.67 (4.19)

7.73 (6.62)

5.94 (3.19)

2.01 (1.75)

3.29 (3.55)

6.99 (0.64)

3.97 (0.80)

4.49 (4.27)

7.21 (6.45)

Control

(0.70)
Light

0.40 (0.63)

0.61
(1.03)

Medium 0.88 (0.85)

0.88
(1.18)

Group

0.36 (0.41)

0.20
(0.19)

1 Ponderosa, Jeffrey, and sugar pine
2 White fir, Douglas-fir, and incense cedar
3 Includes black oak and mountain dogwood

Spatial aspects of seedling dispersion
Knowing the distance and direction that seedlings disperse to with respect to parent trees may
allow improved implementation of forest treatments such as thinning and group selection, to
anticipate and provide regeneration openings for desired species. In the 2010 season, we focused
our sampling effort on three-year post-treatment group selection openings in the Meadow Valley
area; 18 groups were sampled, stratified by elevation and aspect. Seedling occurrences will be
analyzed in conjunction with tree maps of the surrounding stand. In the meantime, our data,
provided below, will be used by Mt. Hough RD personnel to assess stocking and the need for
assisted regeneration. White fir was, for the most part, the most densely regenerating species, but
species of particular management interest such as sugar pine and ponderosa pine also regenerated
densely in some openings.
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Table 2. Regeneration (trees/acre, 1-10 years old) in group selection openings in Meadow
Valley, CA. Openings are identified by USFS group identification number.
Group
#
GS 199
GS 119
GS 535
GS 622
GS 841
GS 229
GS 97
GS 152
GS 208
GS 218
GS 265
GS 697
GS 59
GS 580
GS 806
GS 20
GS 105
GS 205

White
fir
101.2
74.2
13.5
296.9
701.8
108
188.9
0
40.5
27
6.7
222.7
108
418.4
499.3
6.7
364.4
27

Red
fir
0
0
0
0
1552
0
0
0
0
0
0
0
0
0
0
0
0
0

Incense
cedar
0
60.7
0
0
0
20.2
33.7
13.5
27
0
0
87.7
6.7
13.5
13.5
6.7
13.5
0

Sugar
pine
222.7
54
0
6.7
6.7
20.2
13.5
0
0
13.5
6.7
155.2
47.2
6.7
6.7
0
47.2
6.7

Ponderosa Douglas
pine
fir
803
101.2
81
81
0
0
0
0
0
0
27
101.2
135
263.2
6.7
0
0
0
6.7
33.7
20.2
13.5
215.9
13.5
0
20.2
6.7
27
6.7
27
6.7
195.7
114.7
54
215.9
13.5

Black
oak
13.5
40.5
0
40.5
0
6.7
830
215.9
269.9
0
0
0
964.9
0
175.4
472.3
20.2
20.2

Climate and neighborhood density effects on growth and carbon sequestration
potential of large trees
Growth cores from large trees for this project were collected and partly processed and analyzed
in 2009. In the fall of 2010, a Brazilian forest engineering intern, Caroline Caum, processed the
remaining tree cores and cross-dated all cores against standard chronologies. To test the idea that
growth is influenced by tree density in the immediate neighborhood of large trees, average
growth rate (for the past 20 years) was compared to neighborhood density (Hegyi competition
index) with linear regression. However, there was no statistical relationship between these,
which implies that decreasing stand density by thinning neighboring trees may not lead to
increases in growth rates of the large trees we studied.
To test for climate signals on growth, the annual growth ring data were double-detrended then
combined by species and year. Detrending is a statistical technique for removing age- and standdensity related growth signals, leaving long term-climate signals. Detrended tree growth was
compared to a 100-yr record of precipitation and temperature from the station in Quincy. There
was a positive relationship between growth rate and rainfall from previous season, for all the
species studied (only white fir is shown below). The implication is that changes in long-term
climate that involve altered rainfall will directly affect tree growth rates and carbon sequestration
potential. We note, however, that total precipitation in the northern Sierra Nevada is projected to
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Figure 2. White fir ring width (μm; detrended) compared to annual precipitation (inches)
from June of preceding year to current year.
decrease only slightly, even under a high continuing carbon dioxide emissions scenario, over the
next 30 years (simulations carried out with Climate Wizard; www.climatewizard.org).
Air temperature (monthly averages and extremes) effects on annual growth rate were tested for
with the program DendroClim. The three most shade-tolerant species (white fir, Douglas-fir, and
incense cedar) showed similar temperature responses. All had more rapid growth in years when
minimum winter temperatures were warmer, and slower growth when spring and early summer
temperatures were warmer (Table 3). Modeled temperature change predictions for the northern
Sierra Nevada suggest increases in mean winter temperatures of 2°C and summer temperature
increases of 3°C over the next 30 years, thus for shade-tolerants increased growth due to higher
winter temperatures may be offset by slower growth due to higher summer temperatures.
Sugar pine and ponderosa pine were much less sensitive to temperature, but both showed a
tendency to slower growth when September temperatures were warmer. Climate change
projections, therefore, imply slower growth for these species due to higher late-season
temperatures.
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Table 3. Correlation coefficients (r) for monthly average, maximum, and minimum
temperatures (Quincy, CA; 1895-2008) with ring growth of large diameter trees.
Mo

White fir

Douglas-fir

Incense cedar

Sugar pine

Ponderosa pine

ave

max

min

ave

max

min

ave

max

min

ave

max

min

ave

max

min

July

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Aug

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Sep

0

0

0

0

0

0

0

0

0

Oct

0

0

0

-0.22

0

-0.22

0

0

0

0

0

-0.2

0

Nov

0

0

0

0

0

0

0

-0.3

0

0

0

0

0

-0.2

0

Dec

0.21

0

0.25

0

0

0.22

0

0

0.21

0

0

0

0.17

0

0

Jan

0.27

0

0.35

0

0

0.23

0

0

0.25

0

-0.19

0

0

0

0

Feb

0.28

0

0.26

0

0

0

0

0

0

0

0

0

0

0

0

Mar

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Apr

0

-0.2

0

0

-0.2

0

0

-0.21

0

0

0

0

0

0

0

May

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

-0.22

0

-0.37

0

0

0

0

0

0

0

Jun

-0.2 -0.29

0.19

0.18

0.28
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-0.25 -0.26

0

-0.16 -0.19

0

Chapter 3:
Small Mammal Module
Dr. Brett R. Jesmer, Dr. Douglas A. Kelt, Dr. Dirk H. VanVuren, Michael L. Johnson

EXECUTIVE SUMMARY:________________________________________________
The Mammal Module of the Plumas-Lassen Administrative Study (PLS) completed its eighth
year of field efforts in 2010. Field efforts were abbreviated relative to past years, and sampling
efforts were pursued from mid-June through mid-September. We resurveyed 21 permanent small
mammal live trapping grids, quantified conifer cone production for use in models to predict
abundance of deer mice (Peromyscus) and chipmunks (Tamias), and collaborated with the PLS
Vegetation Module to quantify habitat structure for use in our short-term thinning response
analysis.
We sampled for 14,448 trap-nights (1 trap set for 1 night = 1 trap-night) on 21 permanent livetrapping grids representing four of the principle coniferous habitat types in the Plumas National
Forest (white-fir, red-fir, Douglas-fir, pine-cedar) and three levels of experimental thinning
(56%, 49%, and 12% canopy cover). This resulted in 1399 captures of 673 individual small
mammals representing 10 species. Predominant species were deer mice (222 individuals, 434
captures), chipmunks (both Allen’s and long-eared; 334, 778), ground squirrels (California and
golden-mantled; 70, 130), Douglas squirrels (26, 29), California red-backed voles (2, 2), and
northern flying squirrels (18, 25). Dusky-footed woodrats were last documented on our trapping
grids in 2007, but since then have not been observed. We continue to observe large inter-annual
variation in abundance of mice and chipmunks, which appear to be best modeled as a function of
external parameters, such as annual precipitation levels and conifer cone productivity. Deer
mouse numbers appear to be influenced greater by over-winter snowfall and active season
rainfall relative to conifer cone abundance; whereas conifer cone abundance, rather than
precipitation levels, appears to have a greater influence on chipmunk numbers. Given a large true
fir and white pine cone crop in 2009, relatively large amounts of snowfall, and relatively little
active season rain, our models predicted an above -average abundance of deer mice, but less than
observed in the peak years of 2004 and 2007, and peak numbers of chipmunks. Confirming our
model predictions, deer mouse numbers were high but not extreme in 2010, and chipmunk
abundance reached peak levels relative to numbers observed in past years. Deer mouse
availability appears to be very important in spotted owl reproductive success, lending
management importance to simple models such as this. Cone counts in 2010 fell markedly from
levels observed in 2009; from this we predict lower deer mouse and chipmunk numbers in 2011
(given ‘average’ precipitation levels) with concomitant depression in spotted owl reproductive
success.
The mammal module has completed three M.S. projects and published 8 papers thus far. We
have one additional paper submitted and two in preparation. During 2010 we submitted the most
comprehensive study to date on home-range characteristics and habitat selection by northern
flying squirrels to the Journal of Wildlife Management. In addition, we have two spatial
organization papers focusing on northern flying squirrels and golden-mantled ground squirrels in
press with Western North American Naturalist and American Midland Naturalist, respectively.
Currently we are pursuing a paper addressing forest-wide small mammal distributions and
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habitat selections and beginning an analysis of small mammal responses in demography and
habitat selection to multiple levels of thinning in the Meadow Valley case study area.
INTRODUCTION:_______________________________________________________
Little information on the ecology of small mammals in the northern Sierra Nevada is available to
land managers. Small mammals play vital roles in forest ecosystems, serving as important
consumers and dispersers of seeds, fruits, and fungi (Carey et al. 1999; Gunther et al. 1983;
Maser and Maser 1988; Pyare and Longland 2001), and as prey for mammalian and avian
predators, including many species of concern in the Sierra Nevada (e.g., California spotted owl,
Strix occidentalis occidentalis; northern goshawk, Accipiter gentilis; fisher, Martes pennanti;
marten, M. americana; Carey et al. 1992; Forsman et al. 1984; Zielinski et al. 1983). Given their
essential interactions with flora and fauna across multiple trophic levels (e.g., Carey et al. 1992;
Forsman et al. 1984), changes in the distribution and abundance of small mammals could
substantially affect the dynamics of forest communities. As a result, small mammals are valuable
subjects for the integrative research necessary to fully understand the ecological responses of
spotted owls and other species to forest management practices.
Key non-hibernating small mammals in the northern Sierra Nevada include the northern flying
squirrel (Glaucomys sabrinus), dusky-footed woodrat (Neotoma fuscipes), and mice (mostly
Peromyscus sp.). Northern flying squirrels and dusky-footed woodrats are the principle prey of
the California spotted owl (Bravo-Venaja et al. 2005, Forsman et al. 2004, Laymon 1988,
Munton et al. 2002, Smith et al. 1999, Thrailkill and Bias 1989, White 1996), a species of
concern in California due to its dependence upon late-seral forest ecosystems (United States
Department of the Interior 2003) which are among the most highly altered ecosystems in the
Sierra Nevada (Beardsley et al. 1999; Franklin and Fites-Kaufman 1996). Spotted owl diets vary
along environmental gradients and are largely dependent on the presence or absence of each
species group on the local landscape. Spotted owls have been shown to consistently select large
energetically profitable prey, such as northern flying squirrels and woodrats (Bravo-Venaja et al.
2005, Forsman et al. 2004, Laymon 1988, Munton et al. 2002, Smith et al. 1999, Thrailkill and
Bias 1989, White 1996). Populations of northern flying squirrel may be depressed by the
intensity of spotted owl predation (Carey et al. 1992), and high woodrat biomass may reduce the
area requirements of the spotted owl (Carey et al. 1990; Zabel et al. 1995), substantiating these
dietary trends. However, empirical evidence suggests that Peromyscus availability may be
important for spotted owl reproduction (Munton et al. 2002, Rosenberg et al. 1993, Ward 2001,
Ward and Block 1995). Therefore, it may be that years with abundant Peromyscus provide an
additional energetic margin to allow for increased reproductive success in this owl species. Thus,
northern flying squirrels, dusky-footed woodrats, and Peromyscus are an important focus of our
study module.
Other key small mammals include the golden-mantled ground squirrel (Spermophilus lateralis1)
and both Allen’s and long-eared chipmunks (Tamias senex and T. quadrimaculatus), which are
also important prey species of the northern goshawk (Accipiter gentilis), a species of increasing
concern to resource managers due to its sensitivity to forest management. Chipmunks are forestor shrub-associated, semi-arboreal rodents that constitute a considerable portion of the small1

Recently elevated to Callospermophilus lateralis; Helgen et al. 2009. J. Mammalogy 90:270-305.
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mammal biomass in our study area (Fig. 13), making them important prey for a variety of
mammalian and avian predators (Vaughan 1974). Additionally, chipmunks are important
consumers and dispersers of seeds (Briggs and Vander Wall 2004; Vander Wall 1992), and may
contribute to the natural regeneration of some species of plants by caching seeds (Aldous 1941).
However, when very abundant, chipmunks may prevent normal regeneration of some plants,
particularly pines, by eating their seeds, which may contribute to the generation of dense
brushfields that could further hinder the return of timber (Smith and Aldous 1947, Tevis 1953).
Both T. senex and T. quadrimaculatus occur commonly throughout PNF.
Northern flying squirrels are nocturnal, arboreal rodents located throughout the northern
latitudes of the United States and Canada (Wells-Gosling and Heaney 1984), and frequently are
associated with forests possessing high densities of large trees (Smith et al. 2004, 2005).
Northern flying squirrels act as a major dispersal agent for hypogeous fungal spores, which are
important for nutrient and water uptake by host trees (Fogel 1980). Although typically
associated with mesic northern forests, northern flying squirrels are also found throughout
forested regions of the Sierra Nevada, a relatively xeric environment compared to other parts of
their range. Because of the dryer conditions here, populations of northern flying squirrel
inhabiting the Sierra Nevada may be quite different from those inhabiting the more mesic forests
of Oregon, Washington, and Alaska. Specifically, northern flying squirrels may be more
sensitive to the distribution of relatively mesic habitats in the Sierra Nevada since this influences
the distribution of truffles, their primary food source. The more dispersed distribution of food
resources in the Sierra Nevada may drive differences in northern flying squirrel biology, and
suggest that northern flying squirrels may exhibit a more clumped distribution, lower overall
densities, increased competition for suitable nest trees, and larger individual home ranges.
Therefore, northern flying squirrels in the Sierra Nevada may be affected differently by forest
management practices than in other parts of their range.
Dusky-footed woodrats are nocturnal and semi-arboreal, and occur in suitable habitat
throughout northern California and Oregon. Preferred habitat includes chaparral, juniper
woodland, streamside thickets, and deciduous or mixed forests with well-developed undergrowth
(Carraway and Verts 1991). Dusky-footed woodrats play an important role in community
dynamics. The availability of woodrat houses may influence species richness for small
mammals, reptiles, amphibians, and invertebrates (Cranford 1982; M’Closkey et al. 1990;
Merritt 1974; Vestal 1938). Thus, promoting quality habitat for the dusky-footed woodrat may
provide a variety of ecological values in managed forests, for example in the form of increased
biodiversity, with important consequences for forest conservation (Carey et al. 1999).
Deer Mice (Peromyscus maniculatus) and brush mice (P. boylii) inhabit PNF, although the
former is generally more common than the latter. These species differ in both behavior and
morphology, yet possess similar foraging habits. Due to the ubiquitous nature of deer mice, there
is a great overlap in habitat affinity with the brush mouse (Jameson 1951). Deer mice are
nocturnal, non-hibernating, terrestrial to semi-arboreal, and are distributed throughout the Sierra
Nevada (Jameson and Peters 2004; King 1968; Martell and Macaulay 1981) and forage on a
variety of seeds, berries, insects, and hypogeous fungi. Deer mice are by far the most common
mouse-sized mammal within the study areas of the Mammal Module in PNF, comprising 98% of
such captures.
2010 and research to date. — We continue to develop predictive small mammal habitat models
to determine the short-term response of individual species to forest management treatments and
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test these models by assessing the impacts of forest management treatments on long-term
responses in abundance and species diversity. This is done by monitoring several independent
populations of small mammals for multiple years before and after forest management treatments
are applied, developing demographic profiles (e.g., survival, reproduction) of species, and
obtaining detailed measurement of habitat characteristics. To sample and monitor these small
mammal populations, we have established both permanent trapping grids and more ephemeral
trapping transects distributed in a stratified random manner throughout the Plumas National
Forest (PNF). The former trapping grids allow us to document temporal dynamics in small
mammal numbers in response to habitat manipulation. The latter allow for a more immediate
“snapshot” of faunal structure across the range of habitats available and provide pre-alteration
(e.g., wildfire, management applications) small mammal population dynamics throughout PNF.
We anticipate that this complementary approach will provide meaningful insight to mammal
habitat relations as well as longer-term temporal dynamics. Additionally, we employ a
combination of telemetric and vegetative studies to provide a comprehensive evaluation of
habitat preferences and spatial dynamics of key spotted owl prey species, such as northern flying
squirrels and dusky-footed woodrats.
Cone counts: Peromyscus and Tamias.— Logistics and funding have prevented us from
investigating winter mammalian ecology within the PLS study area. Nevertheless, population
dynamics observed during the snow-free period of our study indicate winter conditions may
influence small mammal populations. Winter environments in temperate regions present a
significant challenge to small mammals, especially those with body masses less than ~100 g.
Although results vary, mortality rates of mice and voles generally increase during the winter
period (snow cover to snow melt) (Berry et al. 1969; Bradshaw 1992; Gipps et al. 1985; Pucek et
al. 1993). Winter-time cessation in plant growth and snow cover greatly reduces resource
availability. Small mammals in montane environments and at northern latitudes express
physiological adaptations, such as seasonally reduced metabolic rates and activity budgets, as
well as non-shivering thermogenesis (NST; torpor), which allow them to survive extended
periods of wet and cold climatic conditions. As temperatures decline (e.g. during winter)
metabolic demands of small mammals increase (Chappell 1980). Individuals with higher resting
metabolic rates exhibit greater NST (Speakman 1996) and greater over-winter survival (Jackson
et al. 2001). Thus indicating that individuals must either accumulate energetic reserves in the
form of adipose during the active season (snow melt to snow cover) or ingest calories during the
winter months in order to fuel high metabolic rates. Heightened caloric availability during the
winter months has been shown to increase the likelihood of survival (Korslund and Steen 2006),
increase body-weight, and induce over-winter breeding in small mammals (Banks and Dickman
2000). Due to the hoarding behavior of mice and chipmunks and their capitalization of conifer
seed, it is reasonable to assume that variations in resource availability during the active season
not only results in the potential to increase adipose reserves, but also in increased resource
availability at nesting sites during the winter period. The relationship between energetic reserves,
metabolic regulation of NST, and reproduction and survivorship, is supported by a welldocumented lag relationship between mast production and small mammal abundance (Elias et al.
2004, 2006; Ostfeld et al. 2001; Pedersen and Greives 2008; Pucek et al. 1993; Wilson et al.
2008).
In addition to influencing small mammal physiology, winter also contributes to active season
phenology. Timing of snow-melt, assumedly related to the total amount of snowfall, determines
when resources become available. The longevity in which small mammals are restricted from
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resources influences their energetic balance and contributes to reduced body condition and
mortality (Korslund and Steen 2006). For example, in Yellow-bellied marmots the timing of
snow-melt determines the length of the active season and is related to their reproductive,
survival, and body mass potentials (Lenihan and Van Vuren 1996; Van Vuren and Armitage
1991).
From this we hypothesize that yearly trends in Peromyscus and Tamias abundance are strongly
influenced either by resource availability (conifer cone seed), annual precipitation levels, or an
interaction between these two factors.

OBJECTIVES:__________________________________________________________
The primary objective of the Mammal Module is to evaluate the basic ecology of key small
mammal and to identify and model any responses in demography, behavior, spatial distribution,
and habitat selection to different forest management practices at local and landscape scales as
related to fire and forest fuels management To meet the primary objective, we are address the
following:
1. Determine small mammal habitat associations at the scale of both macro- and
microhabitat.
2. Develop demographic profiles of small mammal populations inhabiting a variety of
habitat types.
3. Evaluate the spatial distribution (i.e., home range), social organization (i.e., home range
overlap), and habitat selection (i.e., den use, house use) of California spotted owl
principle prey; the northern flying squirrel and dusky-footed woodrat, as well as other
small mammal species.
4. Determine small mammal population trends, evaluate how populations are changing
temporally, and assess the factors responsible for the observed trends.
5. Develop predictive small mammal habitat models, based on the results of objectives 1-2,
to forecast how individual species will respond to forest management treatments.
6. Quantitatively assess the impacts of forest management treatments on small mammal
abundance and species diversity.
In 2010 our main object was to complete the field component of our study by successfully
sampling all 21 of our long term grids. In order to meet objective #6, we proposed an abbreviate
season so that we could finalize the data set needed to analyze small mammal responses to
various levels of forest thinning.
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MATERIALS AND METHODS:___________________________________________
Live-trapping
Mark-recapture data allow us to measure population parameters such as survival, reproduction,
abundance, density, patterns of presence-absence, species richness and diversity, and permit the
measurement of habitat use, availability, and selection (Lancia et al. 1996, Litvaitis et al. 1996).
Live-trapping methods are useful for making comparisons of small mammal communities across
time, locations, habitats, and land-use treatments.
To provide base-line information on small mammal populations inhabiting major forest types,
and to quantitatively assess the impacts of forest management treatments on small mammal
abundance and species diversity, we established 21 long-term grids using controls and pre- and
post-treatment data (Fig. 1a; Table 1). In summer 2003 we established 18 long-term grids in 4
habitat types named after dominant tree species: white fir (n=9), red fir (n=3), Douglas fir (n=3),
and pine-cedar (n=3). In 2005, 3 additional sampling grids were established in “group select”
treatments located in white fir (n=3) habitats. Overall, PNF is dominated by white fir forest types
and therefore have proportionally more trapping grids placed within them. Common shrubs in
the region include mountain rose (Rosa woodsii), Sierra gooseberry (Ribes roezlii), serviceberry
(Amelanchier utahensis), bush chinquapin (Chrysolepis sempervirens), green- and white-leaf
manzanita (Arctostaphylos patula and A. viscida), mountain dogwood (Cornus nuttallii),
mountain whitethorn and deer brush (Ceanothus cordulatus and C. intigerrimus), bitter cherry
(Prunus emarginata), willow (Salix spp.), Fremont silk tassel (Garrya fremontii), Sierra coffee
berry (Rhamnus californica), and huckleberry oak (Quercus vaccinifolium). Pinemat manzanita
(Arctostaphylos nevadensis) occurred almost exclusively in red fir forests, and buck brush
(Ceanothus cuneatus) predominantly in pine-cedar forests.
Twelve long-term grids were placed within the experimental management plots established by
the Vegetation Module of the PLS. These 12 study plots were placed in 3 groups (Tamarack
Flat, Dean’s Valley, and Snake Lake) of 4 study plots each, consisting of 1 control plot and 3
experimental plots (1 group select plot, 1 light thin, and 1 heavy thin). Prior to treatment all
experimental plots were observed to be structurally similar with canopy cover measuring
approximately 70%. Post treatment resulted in a reduction of canopy at three levels; 12%
(group-selection), 49% (heavy-thin), and 56% (light-thin). Twenty grids consist of a 10 x 10
array of Sherman traps (Model XLK, 7.6 x 9.5 x 30.5 cm, H. B. Sherman Traps, Inc.,
Tallahassee, FL, USA) with 10 m spacing, nested within a larger 6 x 6 grid of 72 Tomahawk
traps (Model 201, 40.6 x 12.7 x 12.7 cm, Tomahawk Live Trap, Tomahawk, WI, USA; 1 ground,
1 arboreal) with 30 m spacing (Fig. 1b). The final long-term grid was constrained by road
configuration such that the array of Sherman traps was nested within a 4 x 9 grid of 72
Tomahawk traps (30 m trap spacing; 1 ground, 1 arboreal). Total area represented was identical
to that of other grids – 2.25 ha (3.24 ha with a ½ inter-trap distance buffer). Ground traps were
placed within 1 m of the grid point under protective cover at small mammal burrow entrances,
and along small mammal runways, when possible. Arboreal traps were placed approximately 1.5
to 2 m above the ground on the largest tree within 10 m from the grid point.
Prior to August 2005, all traps were baited with crimped oats and black oil sunflower seeds
lightly coated in peanut butter; thereafter, traps were baited with a mixture of rolled oats,
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molasses, raisins, and peanut butter which was formed into a small, sticky ball (Carey et al.
1991). Small nest boxes made from waxed-paper milk cartons were placed behind the treadle in
Tomahawks to minimize stress and provide thermal and protective cover (Carey et al. 1991); in
addition, synthetic bedding material (nonabsorbent polyethylene batting), and natural cover (e.g.,
bark, moss) or cover boards, were provided as needed for thermal insulation.
Trapping sessions consisted of 4 consecutive trap-nights. Sherman and Tomahawk traps were
set and baited every evening just before dusk, and checked just after dawn. Sherman traps were
then closed during the morning trap revision, whereas Tomahawk traps were re-baited, checked
again at mid-day (≥2 hrs after the first trap check), then closed until dusk.
We trapped all long-term grids (n=21) in 2010.
Animal handling
Captured animals were transferred to a mesh handling bag, identified to species, individually
marked with numbered Monel ear tags (National Band & Tag Co., Newport, Kentucky),
weighed, aged, measured (e.g., ear length, hind foot length), examined for reproductive status,
and released at the point of capture. Total processing time for an experienced technician was
generally <2 minutes. Reproductive condition for males was scrotal (enlarged and scrotal testes)
or non-scrotal (reduced and abdominal testes); for females, the vagina was noted as either
perforate (thereby receptive) or imperforate (not receptive), the vulva as either swollen or not,
and the animal as lactating (nipples were enlarged and/or reddened, reflecting nursing offspring)
or not. Age was assessed based on weight, pelage (juvenile: gray, subadult: intermediate, and
adult: brown), and reproductive condition (juvenile/subadult: nonreproductive, adult female:
pregnant/lactating, and adult male: scrotal).
Trap mortalities were very low, but any such specimens were retrieved and frozen for subsequent
donation to the University of California, Davis, Museum of Wildlife and Fish Biology. All field
work and handling procedures are approved by the University of California, Davis Animal Use
and Care Administrative Advisory Committee protocol, and meet guidelines recommended by
the American Society of Mammalogists (Animal Care and Use Committee 1998; Gannon et al.
2007).
Vegetation
Canopy cover.— In order to investigate the responses of small mammals to forest management
practices in PNF, we collaborate with the Vegetation module at our experimental long-term grids
(n=12). In addition to our pre- and post-treatment vegetative sampling of 1440- 1 meter radius
(3.14m2) ground cover plots, we supplement our habitat data with a subset of data collected by
the Vegetation module. In 2010 the Mammal module assisted the Vegetation module by
capturing and analyzing 1200 hemispherical canopy photos. Canopy cover data was collected
using a Nikon® digital camera affixed with a hemispherical lens mounted at breast height (1.4
m) on an adjustable tripod. All photos were taken with a 180° azimuth at low-light hours to
ensure that the contrast between canopy and sky was not obscured by the reflection of sunlight
off vegetation. Photos analysis was conducted using Gap Light Analyzer, Version 2.0 (Frazer et
al. 2000).
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Cone counts.—To evaluate the effects of conifer seed production on small mammal abundance,
we measured cone production during fall of 2003, 2004, and 2006-2010 using 10 randomly
selected individual trees of each species on each long-term grid; the same trees were measured
each year and within the same 2-week period to avoid confounding temporal factors. For this we
selected mature dominant or codominant trees with pointed crowns, as tall as or taller than the
surrounding canopy, sufficiently far apart that their crowns did not touch. For grids with <10
individual trees of a given species, additional trees were found as close to the grid as possible
(<500 m). Independent tallies of cones were conducted by two observers using binoculars and
standing at a distance of ≥1.5 times the tree height; final cone production for each tree was
determined by averaging the two tallies. For each tree we also recorded tree height, diameter at
breast height (DBH), species, crown class, slope, and aspect.
Cone counts: Peromyscus and Tamias.— The field season of 2010 allowed us to test
predictive Peromyscus population models that were developed in 2009 (objective #5). In
addition, we developed predictive Tamias models based on data collected from 2003 through
2009. We applied multiple regression using SAS PROC REG with the maxr option (SAS
Institute Inc., 2001) to build models. We used 7 potential predictor variables including 4
measures of cone abundance and 3 measures of precipitation (Western Regional Climate Center
[WWRC] 2010). Cone abundance variables included: total annual conifer cone production of
preceding year by (1) “true firs” (white-fir (Abies concolor) and red-fir (Abies magnifica)), (2)
“yellow pines” (ponderosa pine (Pinus ponderosa) and Jeffery pine (Pinus jeffreyi)), (3) “white
pines” (sugar pine (Pinus lambertiana) and western white pine (Pinus monticola)), and (4) “false
fir” (Douglas fir (Pseudotsuga menziesii)). Precipitation variables included total annual snowfall
of the preceding winter (Oct. –April), and total annual rain fall of the current year (May-Sept.)
(data taken from the Western Regional Climate Center 2010). The maxr option calculates the
best 1, 2, 3,…,nth variable models in a stepwise fashion based on overall model residuals (R2).
We selected among competing models using Akaike’s information criterion (AIC), ΔAICc
(AICci – AICcmin), and associated AIC weights (wi) and we perform model averaging (Burnham
and Anderson 2002). Data was square-root transformed to meet assumptions of normality and
variables were inspected for autocorrelation using Pearson’s correlation coefficient prior to
regression analyses.

RESULTS:______________________________________________________________
We continue making steady progress towards our objectives and in 2010 we completed several
projects, including completion of the field component of our study. In addition to successfully
completing a (15 June-15 September) field season, our study module has produced quality peerreviewed publications. In 2010 we submitted the most comprehensive study to date on homerange characteristics and habitat selection by northern flying squirrels to the Journal of Wildlife
Management. In addition, we have two spatial organization papers focusing on northern flying
squirrels and golden-mantled ground squirrels in press with Western North American Naturalist
and American Midland Naturalist, respectively. Currently we are pursuing a paper addressing
forest-wide small mammal distributions and habitat selections (objective #1) and taking steps
toward beginning an analysis of small mammal responses in demography and habitat selection to
multiple levels of thinning in the Meadow Valley case study area (objective #6).
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Long-term grids. — In 2010, we sampled for 14,448 trap-nights (1 trap set for 1 night = 1 trapnight) on 21 permanent live-trapping grids representing 4 habitat types (white-fir, red-fir,
Douglas-fir, pine-cedar) and three levels of experimental thinning (56%, 49%, and 12% canopy
cover). This resulted in 1399 captures of 673 individual small mammals representing 10 species.
Predominant species were deer mice (222 individuals, 434 captures), chipmunks (both Allen’s
and long-eared; 334, 778), ground squirrels (California and golden-mantled; 70, 130), Douglas
squirrels (26, 29), California red-backed voles (2, 2), and northern flying squirrels (18, 25).
Dusky-footed woodrats were last documented on our trapping grids in 2007, but since then have
not been observed.
Abundance of Peromyscus, Tamias, Spermophilus, and Douglas squirrels increased from those
documented in 2009 (Fig. 2). We noticed a decrease in capture rate of northern flying squirrels at
long-term grids from 2009 to a level similar to that observed in 2008 (Fig. 2). Correspondingly
during this time overall woodrat abundance at long-term grids across habitat and treatment types
has declined steadily (Figs. 2, 3, 4). We did not capture any dusky-footed woodrats in long-term
grids in 2010. The 2010 field season represented our fourth season of post-treatment data
collection. Overall, trends in abundance of dusky-footed woodrats, Peromyscus, Tamias, and
northern flying squirrels within treatment plots have mimicked trends observed within control
plots (Figs. 4, 5, 6, and 7 respectively). Relative to other habitat types, Douglas fir and red-fir
habitats continue to support greater abundances of Peromyscus and Tamias (Figs. 8 and 9
respectively). In 2010 northern flying squirrel abundance was greatest in Douglas fir habitat (Fig.
10). Peromyscus numbers continue to vary considerably across years (e.g. Fig’s. 2, 5, 8, 14 ;
Coppeto et al.; also see cone counts: Peromyscus and Tamias results below). Across all years
sampled, biomass of PNF small mammal communities was greatest within red fir habitat (Fig.
13a). Large abundances of relatively larger small mammal species, such as golden-mantled
ground squirrels and chipmunks, resulted in this habitat supporting 2.7-9.6 times greater total
biomass than other forest types sampled (Table 2a). Total biomass of key California spotted owl
prey species was also greatest in red fir habitat, despite the absence of dusky-footed woodrats,
and supported 1.1-1.8 times greater total biomass than other habitat types (Fig. 13b, Table 2b).
Cone counts: Peromyscus and Tamias.— The best predictive model of Peromyscus numbers
included 4 parameters - in declining order of importance, these were annual total snow fall of the
preceding winter, total annual rain fall of the current year, annual abundance of “white pine”
cones in the preceding year, and annual abundance of “true fir” cones in the preceding year
(Table 3a). This model accounts for 62% of the yearly variation in observed Peromyscus
abundance in PNF, performs very well when compared to actual observed Peromyscus
abundance values, and accurately predicted observed Peromyscus abundance values in 2010
(Fig. 14a). Surprisingly, a model with a single parameter (total annual snow fall) accounted for
43% of the yearly variation in observed Peromyscus abundance.
Tamias numbers are best predicted by a 3 parameter model that includes, in declining order of
importance, annual total abundance of “white pine” cones in the preceding year, annual
abundance of “true fir” cones in the preceding year, and annual total snow fall of the preceding
winter (Table 3b). This model accounts for 48% of the yearly variation in observed Tamias
abundance in PNF, performs very well when compared to actual observed Tamias abundance
values, and accurately predicted observed Tamias abundance values in 2010 (Fig. 14b).
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Surprisingly, again, a single parameter model (“white pine” cone abundance) accounted for 34%
of the yearly variation in observed Tamias abundance.
The conifer cone crop decreased markedly in 2010 relative to levels observed in 2009 (Fig. 11).
Record low “true fir” cone abundance, similar to levels observed in 2007, were recorded in 2010
(Fig. 12). If the 2010-2011 winter experiences average to above-average snow levels, we predict
lower deer mouse and chipmunk numbers in 2011, with concomitant depression in spotted owl
reproductive success.

DISCUSSION:___________________________________________________________
Our work has documented that important prey of California spotted owls, including northern
flying squirrels, dusky-footed woodrats, and deer mice depend on habitat features such as mature
conifers, mature California black oaks, and large logs and large snags (see publications #2, #3,
and #9; objective #3). While some of these characteristics reflect known parameters from other
regions, our results appear unique and possibly reflect the relatively more xeric nature of
California’s montane forest systems compared to those of the more mesic Cascade range. Our
results provide managers with information on pre-fire and pre-thinning small mammal
population dynamics and distributions across the PNF. Additionally, we address the impacts of
management techniques, especially thinning, designed to promote forest resilience to wildfire
and assist in ecosystem restoration efforts.
2010 and research to date. — The completion of data collection in 2010 has allowed us to begin
addressing objective #6. Additionally, through the use of our landbird transect data (see annual
report 2009), we have began to augment our understanding of objective #1 as we pursue a paper
addressing forest-wide small mammal distributions and habitat selections and we are prepared to
begin work on objective #5. To date, results of our research on small mammals have provided
managers with important insight to how these species will respond to post-treatment vegetative
succession in forest thinning and fuel treatment projects in the PNF. Because of their importance
as primary prey species of the California spotted owl, we have focused on three species in
particular: the northern flying squirrel, duskey-footed woodrat, and deer mice. Northern flying
squirrels are likely to benefit from large conifer, hardwoods (e.g. California black oak), and snag
retention when managing forests (publication #9; objectives #1 and #3). Our research shows that
deer mice are more abundant at sites with an open canopy and an understory characterized by
shrubs, rocks, and bare ground (publication #1; objective #1). Further, densities of deer mice
increase following years of high cone production by conifers (publication #5; objectives #2 and
#4), hence deer mouse abundance will be promoted by management efforts that focus on the
growth and retention of cone-bearing conifers, especially true firs and white pines (see Cone
counts: Peromyscus and Tamias in this report). Dusky-footed woodrats prefer locations with
large California black oaks, stumps, downed logs, and shrub cover, but avoid bare ground and
mat-forming shrubs, (publications #2 and #3; objectives #1 and #3). Therefore, dusky-footed
woodrat habitat quality will be improved by management efforts that focus on growth and
retention of oaks and shrubs. In addition to spotted owl primary prey, we provide information on
other common small mammals in PNF, such as chipmunks. Long-eared and shadow chipmunks
differ greatly in habitat associations across the PNF (publication#10; objective #1). Although
both species favor open areas, the long-eared chipmunk prefers sites with open canopies, cover
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by rocks, and dense saplings. In contrast, the shadow chipmunk also favors open canopies, but
prefers slopes with dense shrubs and avoids ‘ground hugging’ vegetation mats. Similar to deer
mice, chipmunks also appear to benefit from conifer-cone availability, especially true firs and
white pines (publication #5 and see Cone counts: Peromyscus and Tamias, this report; objective
#2). In conclusion, the completion of all objectives within the Mammal module study plan will
provide a greater overall understanding of the ecology of small mammals in the fire adapted
ecosystems of the northern Sierra Nevada; thus providing a suite of findings available to land
managers to help them make informed decisions when working towards management habitat
restoration goals.
Cone counts: Peromyscus and Tamias.— Similar to our findings (Fig. 2), patterns of
population peak-and-crash have been observed in mice and other small mammal species, such as
voles. Immediately following mast peaks, over-winter breeding succeeded by large increases in
abundance the following spring are often observed (Elias et al. 2004; Ostfeld et al. 2001; Pucek
et al. 1993). However, occasionally population levels will fall despite multiple years of high
mast production or remain high for multiple years in the absence of repeatedly high mast
production, and large peaks in abundance are usually accompanied by high mortality rates and
sudden crashes (Elias et al. 2004, 2006; Pedersen and Greives 2008; Pucek et al. 1993).
In 2010, Peromyscus numbers in red-fir habitat fell (Fig. 8), while model predicted numbers
increased. Elevation at red-fir sites is ~400-700m greater than Meadow Valley sites. Therefore
total snowfall was potentially higher and snow-melt occurred much later. Decreased numbers of
Peromyscus at red-fir sites likely reflects their sensitivity to annual snowfall (Table 3a). If
Peromyscus numbers at red-fir sites increased as expected, mean annual Peromyscus abundance
would have potentially reached peak levels similar to those observed in 2004 and 2007.
From a ‘practical information-theoretic approach’ these models identify important and influential
factors responsible for determining annual abundance of Peromyscus and Tamias. However, we
suggest a conservative interpretation of our Peromyscus and Tamias predictive model results.
Although we have successfully modeled Peromyscus and Tamias populations in the short-term,
these models may not hold true over an extended period of time. Because precipitation and cone
abundance levels used in our analysis reflect a relatively short period of time (7 yrs), these
results may not be representative of long-term climatic variations (e.g. >20 years). Typically,
relatively large amounts of variation in a system, as observed in our data, result in the need for
large amounts of data to describe the system with an acceptable level of precision.

COLLABORATION:_____________________________________________________
We have continued to maintain and improve collaborative efforts with other PLS Modules.
Vegetation and Fuels Modules have collected and continue to collect vegetation, fire and fuels,
and microclimate data within some portion of our long-term and land-bird trapping grids. We
look forward to interfacing further with other PLS modules, such as the Landbird Module with
which we anticipate sharing data on small mammal and bird species composition at 74 trapping
transects, and the Spotted Owl Module with whom we may have the opportunity to investigate
predator-prey interactions. We collaborate with the University of Idaho for molecular analyses to
determine chipmunk species identification and worked together with them to secure outside
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funding for these analyses. Lastly, we work closely with the University of California Davis
Museum of Wildlife and Fish Biology to preserve specimens for research and educational
purposes.

PUBLICATIONS:________________________________________________________
Theses
1. Coppeto, S. A. 2005. Habitat associations of small mammals at two spatial scales in the
northern Sierra Nevada, California. M.S. Thesis, University of California, Davis, 39 pp.
2. Innes, R. J. 2006. Habitat selection by dusky-footed woodrats in managed, mixed-conifer
forest of the northern Sierra Nevada. M.S. Thesis, University of California, Davis, 31 pp.
3. Smith, J. R. 2009. Home range and habitat selection of the northern flying squirrel
(Glaucomys sabrinus) in northeastern California. M.S. Thesis, University of California,
Davis, 29 pp.
Peer-reviewed
1. Coppeto, S. A., D. A. Kelt, D. H. Van Vuren, J. A. Wilson, S. Bigelow, and M. L. Johnson.
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Habitat selection by dusky-footed woodrats in managed, mixed-conifer forest of the northern
Sierra Nevada. Journal of Mammalogy 88: 1523-1531.
3. Innes, R. J., D. H. Van Vuren, D. A. Kelt. 2008. Characteristics and use of tree houses by
dusky-footed woodrats in the northern Sierra Nevada. Northwestern Naturalist 89:109-112.
4. Wilson, J. A., D. A. Kelt, and D. H. Van Vuren. 2008. Home range and activity of northern
flying squirrels (Glaucomys sabrinus) in the Sierra Nevada. Southwestern Naturalist 53:2128.
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affecting the distribution and use of dusky-footed woodrat (Neotoma fuscipes) houses. Poster
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Annual Meeting, Springfield, MO.
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relations of dusky-footed woodrats (Neotoma fuscipes) in mixed-conifer forests of the
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Springfield, MO.
7. Wilson, J.A., and K.E. Mabry. 2005. Trap disinfection to reduce Hantavirus risk: does it
also reduce small mammal trapability? Presentation to the American Society of
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8. Wilson, J. A., D. A. Kelt, and D. H. VanVuren. 2005. Effects of maternal body condition on
offspring dispersal in golden-mantled ground squirrels (Spermophilus lateralis). Presentation
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to the IX International Mammalogical Conference, Sapporo, Japan.
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TABLE AND FIGURE LEGENDS:_________________________________________
Table 1. Characteristics of 21 long-term trapping grids in the Plumas National Forest.
Table 2. Mean annual biomass (g) of small mammal species from 2003-2010; summarized
across 4 forest types. PERO=Peromyscus sp., TAMIAS=Tamias sp.; SPERM=Spermophilus
lateralis; GLSA=Glaucomys sabrinus; NEFU=Neotoma fuscipes; MICRO=Microtus sp.;
CLCA=Clethrionomys californicus.
* California spotted owl primary prey species.
Table 3. Results of models to assess factors influencing number of a) deer mice (Peromyscus
maniculatus) and b) chipmunk (Tamias sp.) across study sites. R2 (correlation coefficient),
Akaike information criterion (AIC), ΔAIC (AICi – AICmin), and Wi (AIC weight) values used in
model selection and certainty; along with parameters used to build models.
Figure 1. Map of long-term grids in Plumas National Forest, California with a) locations of 21
long-term grids in 4 forest types and b) trap configuration within a long-term grid.
Figure 2. Overall mean abundance of mice, chipmunks, northern flying squirrels, and duskyfooted woodrats, ground squirrels, and Douglas squirrels regardless of habitat or treatment type
in Plumas National Forest, California, during 2003-2010.
Figure 3. Mean abundance of dusky-footed woodrats (Neotoma fuscipes) across 4 forest types
within the Plumas National Forest, California, during 2003-2010.
Figure 4. Mean abundance of dusky-footed woodrats (Neotoma fuscipes) pre- and posttreatment within the Plumas National Forest, California, during 2003-2010.
Figure 5. Mean abundance of mice (Peromyscus sp.) pre- and post-treatment within the Plumas
National Forest, California, during 2003-2010.
Figure 6. Mean abundance of chipmunks (Tamias sp.) pre- and post-treatment within the
Plumas National Forest, California, during 2003-2010.
Figure 7. Mean abundance of northern flying squirrels (Glaucomys sabrinus) pre- and posttreatment within the Plumas National Forest, California, during 2005-2010.
Figure 8. Mean abundance of mice (Peromyscus sp.) across 4 forest types within Plumas
National Forest, California, during 2003-2010.
Figure 9. Mean abundance of chipmunks (Tamias sp.) across 4 forest types within the Plumas
National Forest, California, during 2003-2010.
Figure 10. Mean abundance of northern flying squirrels (Glaucomys sabrinus) across 4 forest
types within the Plumas National Forest, California, during 2005-2010.
Figure 11. General relationships between mean mouse (Peromyscus sp.) mean abundance, mean
annual cone production, and mean annual snow fall from 2003-2010. Note: lag in response to
mean conifer cone abundance and immediate response to annual snow fall.
Figure 12. General relationship between mean mouse (Peromyscus sp.) abundance and mean
annual cone production by species from 2003-2010.
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Figure 13. Mean annual biomass of a) small mammal species and b) spotted owl principle prey
species from 2003-2010; summarized across 4 forest types (Douglas-fir (DF), Pine/Cedar (PC),
Red-fir (RF), and White-fir (WF)).
Figure 14. Multiple regression model predicted values versus actual observed values of a)
Peromyscus populations during 2004, 2005, and 2007 – 20010 across all long-term grids (n=21),
and b) Tamias populations during 2004, 2005, and 2007 – 20010 across all long-term grids
(n=21).
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TABLES AND FIGURES
Table 1. Characteristics of 21 long-term trapping grids in the Plumas National Forest.

GRID
#

SITE NAME

LOCATION

1

BLACKOAK

2

BOA

3

CABIN

4

DOGWOOD

5

GIMP

6
7

GREENBOTTOM
GULCH

8

MONO

SNAKE LAKE
SCHNEIDER
CREEK
TAMARACK
FLAT
LITTLE
SCHNEIDER
CREEK
DEAN'S
VALLEY
GRIZZLY
MOUNTAIN
BEAN CREEK
GRIZZLY
MOUNTAIN

9

NOGO

10
11

NONAME
OASIS

12

RALPH

13

RIPPER

14

RUTT

15
16

STEEP
SWARM

17

TEEPEE

18

THICK

19

TOAST

20

TRIANGLE

SNAKE LAKE
DEAN'S
VALLEY
BEAN CREEK
GRIZZLY
MOUNTAIN
TAMARACK
FLAT
SNAKE LAKE
TAYLOR
CREEK
BEAN CREEK
DEAN'S
VALLEY
DEAN'S
VALLEY
TAMARACK
FLAT
TAMARACK
FLAT

FOREST
TYPE AS
PRESENTED
IN
COPPETO ET
AL.
MIXEDCONIFER

FOREST
TYPE AS
PRESENTED
IN
WILSON ET
AL.

EXPERIMENT
TYPE*

WHITE FIR

LIGHT THIN

MIXED-FIR

MIXED-FIR

HABITAT

WHITE FIR

WHITE FIR

CONTROL

MIXED-FIR

MIXED-FIR

HABITAT

MIXED-FIR

WHITE FIR

HEAVY THIN

RED FIR
PINE-CEDAR

RED FIR
PINE-CEDAR

HABITAT
HABITAT

RED FIR
MIXEDCONIFER

RED FIR

HABITAT

WHITE FIR

CONTROL

WHITE FIR
PINE-CEDAR

WHITE FIR
PINE-CEDAR

LIGHT THIN
HABITAT

RED FIR

RED FIR

HABITAT

WHITE FIR
MIXEDCONIFER

WHITE FIR

HEAVY THIN

WHITE FIR

GROUP SELECT

MIXED-FIR
PINE-CEDAR

MIXED-FIR
PINE-CEDAR

HABITAT
HABITAT

WHITE FIR

WHITE FIR

CONTROL

WHITE FIR

WHITE FIR

GROUP SELECT

WHITE FIR

WHITE FIR

GROUP SELECT

WHITE FIR
WHITE FIR
LIGHT THIN
MIXED21
VIEW
SNAKE LAKE
WHITE FIR
HEAVY THIN
CONIFER
* treatments include no thinning (Control), light thinning (to xx% canopy cover), and heavy thinning (to xx%
canopy cover); “Habitat” indicates grids established to document habitat associations across major habitat types
in the PNF.
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Table 2. Mean annual biomass (g) of small mammal species from 2003-2010; summarized
across 4 forest types. PERO=Peromyscus sp., TAMIAS=Tamias sp.; SPERM=Spermophilus
lateralis; GLSA=Glaucomys sabrinus; NEFU=Neotoma fuscipes; MICRO=Microtus sp.;
CLCA=Clethrionomys californicus.
* California spotted owl primary prey species.
HABITAT CLCA GLSA* MICRO NEFU* PERO* SPERM TAMIAS TADO
DF
4.49
128.05
0.00
56.94 221.40 381.59 1074.44 163.46
PC
0.00
75.68
0.00
74.89 101.50 273.05
0.00
37.01
RF
1.08
214.21
18.45
0.00
245.67 2334.89 2545.63 35.39
WF
1.17
144.89
2.04
4.61
161.99 120.02
447.25
87.54

Table 3. Results of models to assess factors influencing number of a) deer mice (Peromyscus
maniculatus) and b) chipmunk (Tamias sp.) across study sites. R2 (correlation coefficient),
Akaike information criterion (AIC), ΔAIC (AICi – AICmin), and Wi (AIC weight) values used in
model selection and certainty; along with parameters used to build models.
a)
Peromyscus
model #
4
3
2
1

model selection
2

R
AICc
Δ AICc
0.61696 -10.5374
0
0.59435 -7.56793 2.969482
0.53764 2.067931 12.60534
0.42818 19.09945 29.63687

parameter coefficients
Wi
0.814072
0.184437
0.001491
2.99E-07

Wsnow
-0.68053
-0.82443
-0.86329
-0.82943

SFpre
WPine
Tfir
0.84556 0.15123 0.09384
0.84357 0.15836
0.9051

b)
Tamias
model #
3
4
2
1

model selection
R2
0.47893
0.48251
0.42425
0.34407

parameter coefficients

AICc
Δ AICc
Wi
83.96907
0
0.671704
85.54059 1.571518 0.306145
90.80893 6.839861 0.021975
100.4505 16.48138 0.000177

Wpine
0.54228
0.54779
0.53024
0.56567

Tfir
Wsnow SFpre
0.33591 0.54755
0.33564 0.55743 -0.2410
0.20743

Wsnow=annual (Nov.-Mar.) total snowfall in preceding winter; SFpre=active season (Apr.-Oct.)
precipitation of current year; Wpine=total mean cone abundance for sugar pine (Pinus
lambertiana) and western white pine (Pinus monticola) in preceding year; Tfir= total mean cone
abundance for white and red fir (Abies concolor and Abies magnifica) in preceding year (all
grids); Ypine= total mean cone abundance for y pine (Pinus ponderosa and Pinus jeffreyi) in
preceding year; Ffir= total mean cone abundance for Douglas fir (Pseudotsuga menziesii) in
preceding year.
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Figure 1. Map of long-term grids in Plumas National Forest, California with a) locations of 21
long-term grids in 4 forest types and b) trap configuration within a long-term grid.
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Figure 2. Overall mean abundance of mice, chipmunks, northern flying squirrels, dusky-footed
woodrats, ground squirrels, and Douglas squirrels regardless of habitat or treatment type in
Plumas National Forest, California, during 2003-2010.
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Figure 3. Mean abundance of dusky-footed woodrats (Neotoma fuscipes) across 4 forest types
within the Plumas National Forest, California, during 2003-2010.

Woodrats
5
Doug-fir
Pine-cedar
Red-fir
White-fir

Mean Abundance

4

3

2

1

0
2003

2004

2005

2006

2007

2008

2009

2010

Year

Figure 4. Mean abundance of dusky-footed woodrats (Neotoma fuscipes) pre- and posttreatment within the Plumas National Forest, California, during 2003-2010.
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Figure 5. Mean abundance of mice (Peromyscus sp.) pre- and post-treatment within the Plumas
National Forest, California, during 2003-2010.
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Figure 6. Mean abundance of chipmunks (Tamias sp.) pre- and post-treatment within the
Plumas National Forest, California, during 2003-2010.
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Figure 7. Mean abundance of northern flying squirrels (Glaucomys sabrinus) pre- and posttreatment within the Plumas National Forest, California, during 2005-2010.
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Figure 8. Mean abundance of mice (Peromyscus sp.) across 4 forest types within Plumas
National Forest, California, during 2003-2010.
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Figure 9. Mean abundance of chipmunks (Tamias sp.) across 4 forest types within the Plumas
National Forest, California, during 2003-2010.
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Figure 10. Mean abundance of northern flying squirrels (Glaucomys sabrinus) across 4 forest
types within the Plumas National Forest, California, during 2005-2010.
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Figure 11. General relationships between mean mouse (Peromyscus sp.) mean abundance, mean
annual cone production, and mean annual snow fall from 2003-2010. Note: lag in response to
mean conifer cone abundance and immediate response to annual snow fall.
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Figure 12. General relationship between mean mouse (Peromyscus sp.) abundance and mean
annual cone production by species from 2003-2010.
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Figure 13. Mean annual biomass (g) of a) small mammal species and b) spotted owl principle
prey species from 2003-2010; summarized across 4 forest types (Douglas-fir (DF), Pine-Cedar
(PC), Red-fir (RF), and White-fir (WF)).
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Figure 14. Multiple regression model predicted values versus actual observed values of a)
Peromyscus populations during 2004, 2005, and 2007 – 20010 across all long-term grids (n=21),
and b) Tamias populations during 2004, 2005, and 2007 – 20010 across all long-term grids
(n=21).

Peromyscus and Tamias Population Models
6
Observed
Model Predicted
5

4

a)
3

Mean Abundance

2

1

0
5

4

3

b)
2

1

0
2004

2005

2006

2007

Year
70

2008

2009

2010

Chapter 4:
Terrestrial Bird Module
Ryan D. Burnett, Paul Taillie, Nathaniel Seavy

Executive Summary:________________________________________________
In 2009 the avian module of the Plumas-Lassen Area Study (PLS) expanded to address important
questions related to post-fire habitat and its management. The primary objective of this new part
of the study is to assess the influence of post-fire conditions on spatial and temporal variation in
bird abundance, and to use this information to guide forest management actions that can maintain
avian diversity across multiple spatial scales. In 2010 we continued sampling three areas affected
by fire within the boundaries of the original PLS study: the Storrie, Moonlight, and Cub fires and
40 transects in the adjacent PLS green forest treatment units.

We compared the abundance of 30 species that breed in the study area - representing a range of
habitat types and conditions - between the three fire areas and green forest study sites in the PLS.
When data from all fires were combined, 10 species were significantly more abundant in fire
areas and 11 were significantly more abundant in green forest.

Shannon index of diversity, species richness, and total bird abundance were significantly higher
in PLS green forest in 2010 than any of the three fire areas. Among the three fires, Storrie had
the highest indices for each of these three metrics. All three metrics were significantly lower in
both the Moonlight and Storrie private lands than in the adjoining Forest Service lands. All three
indices were markedly higher in the Moonlight, Storrie, and PLS in 2010 compared to 2009
though indices were similar in both years for the Cub fire.

Burn severity as measured by the Composite Burn Index was a significant predictor of species
richness and total bird abundance in the Moonlight fire, and the effect was curvilinear with
highest values at moderate burn index values. Burn severity was not a significant predictor of
species richness or total bird abundance in either the Cub or Storrie Fires; in the Storrie Fire the
highest values for these metrics were observed in the high severity areas in contrast to the two
younger fires.
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We found and confirmed 180 active nests of 11 cavity nesting species in 2010. Of those 35 were
in Cub, 111 in Moonlight, and 34 in Storrie. We found a total of 54 Hairy Woodpecker nests and
16 Black-backed Woodpecker nests in 2010 –both Management Indicator Species for Sierra
Nevada National Forests. The nest trees selected were quite variable in both size and species.
Most woodpecker species did not show preference for nest tree size but nest tree species did vary
by bird species. The strongest selection was for decay class and top condition with almost all
species selecting for broken top trees with greater decay than those available on the landscape.

Here we present 24 management recommendations; a culmination of our results, scientific
literature, and expert opinion. Many of these should be considered hypotheses that we strongly
recommend be tested to ensure the best possible management practices are being employed to
sustain avian communities in the Sierra Nevada. A list of all outreach associated with this project
(including presentations and publications) is available in Appendix A.

Post Fire Habitat Management Recommendations:_______________________
General
Whenever possible restrict activities that depredate breeding bird nests and young to the
non-breeding season (August - April)
Consider post-fire habitat as important component of the ecosystem necessary for
maintaining biological diversity in the Sierra Nevada
Consider the area of a fire that burned in high severity, as opposed to the area of the
entire fire, when determining what percentage of the fire area to salvage log
Consider the landscape context (watershed, ranger district, forest, ecosystem) and
availability of different habitat types when planning post-fire management actions
Consider that snags in post-fire habitat are still being used by a diverse and abundant
avian community well beyond the 5 to 10 year horizon often suggested
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Snags
Manage a substantial portion of post-fire areas for large patches (minimum of 50 acres)
of high severity habitat
Retain high severity areas in locations with higher densities of larger diameter trees
Retain high severity patches in areas where pre-fire snags are abundant as these are the
trees most readily used in the first five years after a fire
Retain snags in salvaged areas greater than green forest standards and retain some in
dense clumps
Snag retention immediately following a fire should aim to achieve a range of snag
conditions from heavily decayed to recently dead in order to ensure a longer lasting
source of snags for nesting birds
When reducing snags in areas more than five years post fire (e.g. Storrie Fire) snag
retention should favor large pine and Douglas Fir but decayed snags of all species with
broken tops should be retained in recently burned areas
Retain snags (especially large pine trees that decay slowly) in areas being replanted as
they can provide the only source of snags in those forest patches for decades to come
Consider retaining smaller snags in heavily salvaged areas to increase snag densities as a
full size range of snags are used by a number of species from as little as 6 inches
diameter, though most cavity nests were in snags over 16 inches

Early Successional Habitat
Manage post-fire areas for diverse and abundant understory plant community including
shrubs, grasses, and forbs. Understory plant communities provide a unique and important
resource for a number of species in a conifer dominated ecosystem
Most shrub patches should be at least 10 acres and shrub cover should average over 50%
across the area in order to support area sensitive species such as Fox Sparrow
Retain natural oak regeneration with multiple stems (avoid thinning clumps) as these
dense clumps create valuable understory bird habitat in post-fire areas 10 – 15 years after
the fire
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Manage for a mosaic when treating shrub habitats to ensure some dense patches are
retained. In highly decadent shrub habitat consider burning or masticating half the area
(in patches) in one year and burning the rest in the following years once fuel loads have
been reduced.
Maximize the use of prescribed fire to create and maintain chaparral habitat and consider
a natural fire regime interval of 20 - 30 years as the targeted re-entry rotation for creating
disturbance in these habitat types.

Shaping Future Forest
Limit replanting of dense stands of conifers in areas with significant oak regeneration and
when replanting these areas use conifer plantings in clumps to enhance the future habitat
mosaic of a healthy mixed conifer hardwood or pine-hardwood stand
Retain patches of high severity fire adjacent to intact green forest patches as the
juxtaposition of unlike habitats is positively correlated with a number of avian species
including declining species such as Olive-sided Flycatcher, Western Wood-Pewee, and
Chipping Sparrow
Incorporate fine scale heterogeneity in replanting by clumping trees with unplanted areas
interspersed to create fine scale mosaics and invigorate understory plant communities and
natural recruitment of shade intolerant tree species
Plant a diversity of tree species where appropriate as mixed conifer stands generally
support greater avian diversity than single species dominated stands in the Sierra Nevada
Consider staggering plantings across decades and leaving areas to naturally regenerate in
order to promote uneven-aged habitat mosaics at the landscape scale
Consider fuels treatments to ensure the fire resiliency of remnant stands of green forest
within the fire perimeter as these areas increase avian diversity within the fire and the
edges between unlike habitats support a number of species (e.g. Olive-sided Flycatcher)
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Introduction:_______________________________________________________
The primary objective of the landbird module of the Plumas-Lassen Administrative Study is to
assess the impact of forest management practices in sustaining a long-term ecologically stable
forest ecosystem at the local and landscape scales. We know the avian community in the Sierra
Nevada is comprised of species that are associated with a wide range of forest seral stages,
vegetative composition, and structures. This vegetation, and hence avian diversity, is constantly
changing as a result of natural disturbances (primarily fire) and forest management activities..
Therefore, it is imperative for managers to consider how natural disturbance events interact
temporally and spatially with management actions, and how ecological integrity can be achieved
in an inherently dynamic system.

In the Sierra Nevada, there is a pressing need to understand the nexus of silvicultural practices,
wildfire, and fuels treatments in order to maintain forested ecosystems that are ecologically
diverse and resilient. In the context of a century of fire suppression, at the core of the debate over
how to manage Sierra forests is how to most appropriately manage areas where natural
disturbance regimes have been disrupted. Land managers need more information about the
suitability of habitat created through fire suppression, fuel treatments (DFPZ, groups,
mastication), and wildfire and post-wildfire management to ensure the goals of maintaining
biological diversity are achieved.

The challenge of integrating wildfire and forest management into wildlife conservation is not
unique to the Sierra Nevada. Because large, infrequent disturbances are responsible for longlasting changes in forest structure and composition (Foster et al. 1998), they are recognized as a
critical element of bird community dynamics (Brawn et al. 2001). In many regions of western
North America, fires burn with considerable spatial and temporal variability (Agee 1993),
creating complex mosaics of vegetation patches. In these systems, changes in bird abundance are
often linked to post-fire vegetation characteristics and landscape composition (Saab et al. 2002,
Huff et al. 2005, Smucker et al. 2005).
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In addition to fire suppression, there are a number of management activities that influence postfire vegetation characteristics and landscape composition in working forests. These activities
include salvage-logging, the mechanical mastication and herbicidal treatments to reduce
broadleaf shrubs, and planting of conifer species that are favored by forestry. As a result,
management activities may have profound influences on post-fire conditions- locally and across
landscapes.

Beginning in 2009 the avian module of the Plumas-Lassen Administrative Study (PLS) expanded
to address important questions related to post-fire habitat and its management. The primary
objective of this part of the study is to assess the influence of post-fire conditions on spatial and
temporal variation in bird abundance, and to use this information to guide forest managers
toward practices that can maintain avian diversity across multiple spatial scales. We began
sampling three areas affected by fire within the boundaries of the original PLS study: the Storrie
Fire that burned in the fall of 2000, the Moonlight Fire that burned in the Fall of 2007, and the
Cub Fire that burned in the summer of 2008. Each of these fires burned at similar elevations and
through primarily mixed conifer and true fir vegetation communities, but with varying severity
patterns. This report provides results from the first two years of fire monitoring and uses ongoing
monitoring of unburned actively managed “green” forest in the study area to provide context.

Methods:__________________________________________________________

Study Location
The Plumas-Lassen Area Study avian module study encompasses portions of the Mount Hough
Ranger District of Plumas National Forest and the Almanor Ranger District of Lassen National
Forest in the Sierra Nevada Mountains of Northeastern California (Figure 1). In 2009 we added
three separate burned areas to our study within this same area. The elevations of sites surveyed
ranged from 1126 – 1998 m with a mean of 1658 in the Cub fire, 1199 – 2190 m with a mean of
1779 in the Moonlight Fire, 1107 – 2011 m with a mean of 1528 m in the Storrie fire, and 1094 –
1902 m with a mean of 1483 m at the existing PLS green forest sites.
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Site Selection
Random starting points for each fire transect were generated in ArcGIS 9.2 within the boundaries
of each fire (ESRI 2004). The original sampling area was limited to forest service land and sites
with a slope of less than 40 degrees to allow access and safe navigation on foot in a timely
manner. We maintained a minimum distance between transect starting points of 1500 m to
ensure transects would not overlap and maximize a spatial balance within the sampling frame of
each fire. Four more points were added to the starting point on a random compass bearing at 250
m spacing resulting in a 1 km long, five-point transect. We minimized the number of point
counts to allow ample time to conduct cavity nest searches during the prime morning hours when
bird activity is greatest.
Even with stratification to eliminate areas with steep slopes we had to drop approximately 10%
of the original transects selected following field reconnaissance due to issues with access, safe
navigation, or noise from nearby streams. We replaced the majority of these transects with new
locations until nearly all surveyable areas in each fire were covered. However, due to steep
topography and large roadless areas in the Storrie fire – and to a lesser degree the Cub fire – our
sampling is not evenly distributed across these fires as it is in the Moonlight.

In 2010 we added an additional ten transects on private land managed by W. M. Beaty &
Associates, Inc; six in the Moonlight Fire, and four in the Storrie Fire. These transects were
selected using the same protocol as described above, but in this case, the sample area was
defined as the private land within the fire boundary, shown in white on the map (Figure 1). We
then selected the maximum number of transects that the sample area size would allow.

A total of 60 transects (300 stations) were surveyed across the three fires in 2010. A total of 32
transects were surveyed in the Moonlight fire (including 6 on private land), 13 in the Cub Fire,
and 15 in the Storrie Fire (including 4 on private land). Snow prevented access to two Storrie
transects (ST04 and ST15) before July, thus they were not surveyed in 2010. Site selection for
PLS green forest study sites followed a similar random selection protocol except each transect
contained 12 points instead of five, and approximately 25% of transects were systematically
established in areas where treatments were planned (many now implemented). The PLS site
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selection protocol for the unburned “green forest” sample is described in detail in the original
PLS study plan and previous annual reports (Stine et al. 2005, Burnett et al. 2009).

Figure 1. The location of PRBO study sites in the Plumas-Lassen study area in 2010.
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Figure 2. Location of PRBO point count locations overlaid on composite burn index fire
severity maps for each of three fires in the study area. Red = high severity, Orange =
moderate, Lime = low severity, and green is unburned.
Storrie
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Moonlight

Bird community surveys
The avian community was sampled using a five minute, exact-distance, point count census
(Reynolds et al. 1980, Ralph et al. 2005). In this method points are clustered in transects, but data
are only collected at the individual point. All birds detected at each point during the five-minute
survey were recorded according to their initial distance from the observer. The method of initial
detection (song, visual, or call) for each individual was also recorded. All observers underwent
an intensive, three week training period focused on bird identification and distance estimation
prior to conducting surveys. Laser rangefinders were used to assist in distance estimation at
every survey point. Counts began around local sunrise, were completed within four hours, and
did not occur in inclement weather. Aside from the two transects that were not accessible for the
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entire season (ST04 and ST15), all but 2 transects were visited twice during the peak of the
breeding season from mid May through the first week of July. Cub 12 and Storrie 12 were only
visited once due to administrative forest closures in those areas. A list of all sites surveyed in the
study area in 2010 and dates surveyed is presented in Appendix B.

Cavity nest surveys
In addition to point count censuses, at each fire transect a 20 ha area (200 x 1000 m rectangle)
surrounding the point count stations was surveyed for nests of cavity-nesting birds following the
protocol outlined in “A field protocol to monitor cavity-nesting birds” (Dudley and Saab 2003).
In order to focus our attention on species of interest we ignored some of the more common
cavity-nesters. Our focal species included both species of bluebird, all woodpeckers, and all
cavity-nesting raptors.

After the point count census was complete, the nest survey was conducted for between two and
four hours depending on the habitat, terrain and time spent waiting to confirm a cavity’s status.
All nest surveys were completed by noon. The primary search method for finding nests was bird
behavior though once suspicious birds were located observers often conducted a systematic
search of snags in the vicinity. Once a potential nest was found, it was observed from a distance
for approximately 20 minutes to confirm the cavity was an active nest. If that cavity was
confirmed active, a variety of characteristics of both the nest tree and the cavity were recorded.
These characteristics included diameter at breast height (DBH), tree height, tree species, cavity
height, tree decay class, and the orientation of the cavity opening. For tree decay, we used a
qualitative scale of decay ranging from one to eight, with one being a live, intact tree and eight
being a severely decayed stump (Appendix C). If the observer was unable to confirm the cavity
was active, its location was recorded to aid nest searchers during the second visit. Only
confirmed active nests were used in analysis presented herein.
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Figure 3. PRBO Northern Sierra post-fire habitat survey plots.

Vegetation surveys
Vegetation data was collected at all post-fire points in 2010. We measured vegetation
characteristics within a 50 m radius plot centered at each point count station following the relevé
protocol outlined in the original PLS bird module study plan (Stine et al. 2005). On these plots
we measured shrub cover, live tree cover, and herbaceous cover as well as the relative cover of
each species in the shrub and tree layers through ocular estimation. We also collected basal area
of live trees and snags using a 10-factor basal area key. To estimate the density of snags across
the plot, we recorded data (e.g. DBH, species, height, decay) on every snag within 11.3 m of the
center of the point count location. In addition to the point count stations, we collected the same
snag data at all active nests, as well as at 5 random locations distributed throughout the 20 ha
nest plot. To select these random points, coordinates were first generated in ArcGIS 9.2 to serve
as a guide (ESRI 2004). Once in the field, the observer navigated to within 10 m of the random
point and then chose the closest tree over 12 cm DBH as the center of the random snag plot. The
83

center trees of these random snag plots were used as a sample of “random nest trees” and all data
collected for active nests were also collected for these random “nests.”
Analysis
A per-point index of abundance (detections within 50 m of observer per visit) at all 798 point
count stations was calculated for 30 species that occurred in at least one of the study areas. The
species selected were comprised of all of the California Partner’s in Flight Coniferous Forest
Focal species(CALPIF 2002), for which we had adequate detections to conduct meaningful
analysis, as well as three woodpecker species, and a suite of other species that were among the
most abundant in the study area and represented a range of habitat conditions.

In order to quantify the overall songbird community in the study areas we used three different
metrics, the Shannon Index of species diversity, species richness, and total bird abundance. The
Shannon index used a transformation of Shannon’s diversity index (or H ' , Krebs 1989) denoted
N1 (MacArthur 1965). The transformation expresses the data in terms of number of species and
thus is more easily interpreted. Expressed mathematically:
i S

N1 = e H ' and H'

( pi)(ln pi)(-1)
i 1

Where S = total species richness and pi is the proportion of the total numbers of individuals for
each species (Nur et al. 1999). High Shannon index scores indicate both high species richness
and more equal distribution of individuals among species. Species richness is defined simply as
the number of species detected within 50m of each point summed across the two visits and total
bird abundance is the sum of all species detected per visit within 50 m. All species that do not
breed or naturally occur in the study area and those that are not adequately sampled using the
point count method including waterfowl, shorebirds, waders, and raptors were excluded from
each calculation. These metrics were investigated for each fire, and the Plumas Lassen
Administrative Study green forest study sites (Figure 4).

We compared the abundance of 30 species between all point count stations on Forest Service
land across all three fires combined and the PLS green forest sample using negative binomial
regression with species abundance as the independent variable and burn status as the dependent
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variable using data combined from 2009 and 2010. We dropped the two transects (ST12 and
CB12) that were only visited once in 2010 from this analysis. We present mean detections within
50 m of observers per point count station per visit with standard error.

To classify fire severity we used the Composite Burn Index (CBI). This index represents the
magnitude of effects caused by the fire and incorporates various strata including changes to soil,
amount of vegetation and fuels consumed, re-sprouting from burned plants, establishment of new
colonizing species, and blackening or scorching of trees (Key and Benson 2005). The values of
CBI were derived from the Relative Differenced Normalized Burn Ratio (RdNBR) which was in
turn derived from Landsat Thematic Mapper imagery, a method discussed by Miller and Thode
(2007). The Landsat data used to derive CBI was collected on 23 July 2008 in the Cub Fire, 7
July 2008 for the Moonlight Fire, and 21 August 2001 for the Storrie Fire (USDA Forest
Service). The values range from zero, representing unburned, to three, representing the highest
severity. We conducted the analysis using continuous values between zero and three but for ease
of interpretation graphs separate CBI into eight discrete intervals.

We investigated the effect of CBI on species richness and total bird abundance across each of the
three fires. We excluded all sites that had been treated (e.g. salvaged or masticated) and all
private lands. After investigating the effect of year, and finding consistent patterns across both
years in all three fires we combined data from 2009 and 2010 and controlled for year in all
models. Thus our sample size for Moonlight was 255 points, for Cub it was 125, and for Storrie
it was 118. We used linear regression with untransformed data to evaluate the effect of CBI on
these metrics. For each metric we ran the models again with a quadratic term and compared the
goodness of fit between the quadratic and linear models using a likelihood ratio test. We ran all
tests using Stata statistical software (Stata Corp. 2007). For each best fit model we present Fstatistics and p-values and for goodness of fit tests we present χ2 likelihood ratio statistics and
associated p-values. We assumed statistical significance at the p < 0.05 level for all statistical
tests.
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Results:___________________________________________________________
Avian Community Composition
A total of 101 species were recorded during point count surveys in the study area in 2010. Once
species not adequately sampled using the point count method were removed (see methods
above), there were 52 species in both the Cub and Storrie Fires and 64 in the Moonlight Fire and
PLS green forest.

We compared the abundance of 30 species that breed in the study area and represent a range of
habitat types and conditions between the three fire areas and green forest in the PLS (Table 1).
When data from all fires was combined, ten species (Hairy Woodpecker, Black-backed
Woodpecker, White-headed Woodpecker, Western Wood-Pewee, Mountain Bluebird, American
Robin, Lazuli Bunting, Chipping Sparrow, Oregon Junco, and Cassin’s Finch) were significantly
more abundant in fire areas and eleven species (Hammond’s Flycatcher, Dusky Flycatcher,
Cassin’s Vireo, Mountain Chickadee, Red-breasted Nuthatch, Golden-crowned Kinglet,
Nashville Warbler, Audubon’s Warbler, Hermit Warbler, Black-headed Grosbeak, and Western
Tanager) were significantly more abundant in the PLS green forest. However, despite being less
abundant in all fires combined, Mountain Chickadee, Black-headed Grosbeak, and Western
Tanager reached their greatest abundance in one of the fires.

The five species with the highest index of abundance (in descending order) in the Cub fire were
Mountain Chickadee, Red-breasted Nuthatch, Oregon Junco, Audubon’s Warbler, and Hermit
Warbler. In the Moonlight they were Oregon Junco, Lazuli Bunting, Dusky Flycatcher, Western
Tanager, and Mountain Chickadee. In the Storrie fire they were Fox Sparrow, Oregon Junco,
Nashville Warbler, Lazuli Bunting, and Spotted Towhee. In the PLS green forest study area they
were Hermit Warbler, Nashville Warbler, Oregon Junco, Red-breasted Nuthatch, and Dusky
Flycatcher. Oregon Junco was the only species among the five most abundant across each of the
three fire areas and the PLS green forest.
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Table 1. An index of the abundance of 30 species in each of three burned areas and the
adjacent unburned Plumas-Lassen Area Study (PLS) in 2009 & 2010 combined. Species
are listed in taxonomic order and means are presented in bold with standard errors (SE).
Mountain Quail
Calliope Hummingbird
Hairy Woodpecker
White-headed Woodpecker
Black-backed Woodpecker
Olive-sided Flycatcher
Western Wood-Pewee
Hammond's Flycatcher
Dusky Flycatcher
Cassin's Vireo
Warbling Vireo
Mountain Chickadee
Red-breasted Nuthatch
Brown Creeper
Golden-crowned Kinglet
Mountain Bluebird
American Robin
Nashville Warbler
Yellow Warbler
Audubon's Warbler
Hermit Warbler
MacGillivray's Warbler
Western Tanager
Black-headed Grosbeak
Lazuli Bunting
Spotted Towhee
Chipping Sparrow
Fox Sparrow
Oregon Junco
Cassin's Finch

Cub
0.01
0.00
0.10
0.10
0.02
0.02
0.03
0.15
0.14
0.02
0.08
0.39
0.37
0.15
0.11
0.02
0.04
0.08
0.03
0.33
0.16
0.06
0.16
0.05
0.02
0.05
0.00
0.08
0.33
0.02

SE
Moonlight SE
Storrie SE
0.01
0.00
0.01
0.01
0.03
0.00
0.01
0.02
0.05
0.05
0.02
0.02
0.01
0.13
0.03
0.03
0.01
0.01
0.05
0.03
0.01
0.01
0.00
0.03
0.00
0.01
0.01
0.01
0.02
0.05
0.01
0.01
0.03
0.06
0.10
0.04
0.02
0.01
0.13
0.04
0.03
0.03
0.03
0.33
0.20
0.11
0.01
0.01
0.02
0.04
0.03
0.02
0.02
0.09
0.04
0.05
0.03
0.03
0.28
0.21
0.04
0.02
0.03
0.12
0.13
0.03
0.02
0.04
0.11
0.14
0.03
0.02
0.02
0.07
0.05
0.01
0.02
0.01
0.08
0.01
0.01
0.02
0.03
0.08
0.09
0.03
0.01
0.06
0.06
0.39
0.01
0.01
0.03
0.02
0.10
0.04
0.02
0.03
0.24
0.14
0.03
0.02
0.03
0.13
0.09
0.02
0.02
0.04
0.13
0.21
0.03
0.03
0.03
0.29
0.09
0.02
0.01
0.03
0.02
0.11
0.02
0.04
0.06
0.34
0.36
0.02
0.01
0.05
0.03
0.28
0.00
0.02
0.03
0.13
0.13
0.02
0.03
0.07
0.25
0.45
0.04
0.04
0.05
0.58
0.39
0.01
0.01
0.02
0.06
0.03

PLS
0.00
0.03
0.02
0.02
0.00
0.02
0.03
0.21
0.38
0.19
0.09
0.38
0.39
0.12
0.30
0.00
0.05
0.43
0.05
0.35
0.70
0.15
0.27
0.09
0.03
0.07
0.03
0.21
0.42
0.01

SE
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.02
0.01
0.01
0.02
0.02
0.01
0.01
0.00
0.01
0.02
0.01
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.00
0.02
0.02
0.00

Comparing only Forest Service land, Shannon index of diversity, species richness and total bird
abundance were all highest in PLS green forest in 2010 (Figure 4). In the PLS Shannon diversity
was 6.53, species richness was 7.32, and total bird abundance was 5.95. Among the three fires,
Storrie had the highest indices for each of these three metrics with Shannon diversity of 5.60,
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species richness of 6.20, and total bird abundance of 5.36. All three metrics were significantly
lower in both the Moonlight and Storrie private lands than in the adjoining Forest Service lands.
All three indices were also considerably higher in the Moonlight, Storrie, and PLS in 2010
compared to 2009.
Effect of Burn Severity on Avian Community Metrics
The effects of fire severity on avian community metrics varied by fire in 2010 (Figure 5).
Species richness was highest for burn severity between 0.5 and 1.0 in the Moonlight fire,
between 1.5 and 2.0 in the Cub fire, and 2.0 – 2.5 in the Storrie Fire. In the Moonlight fire, the
overall effect of burn severity on species richness was significant (F = 11.04, p<0.001) and
negative though a quadratic term significantly improved model fit (LRχ2= 8.12, p=0.004). Burn
severity had a small, non-significant effect in the Cub fire (F = 0.01, p=0.99) and a quadratic
term improved model fit but not significantly so (LRχ2 =1.14, p=0.29). In the Storrie fire burn
severity had a non-significant positive effect on species richness (F=1.52, p=0.22) with little
support for a non-linear relationship (LRχ2=1.26, p=0.26). Total bird abundance showed similar
patterns across the three fires. The effect of burn severity on total bird abundance in the
Moonlight fire was significant (F = 8.70, p<0.001), with a quadratic function a better fit than
linear (LRχ2=5.20, p=0.02). The effect of burn severity on total bird abundance was not
significant for the Storrie fire (F =1.10, p=0.35) and there was little support for a quadratic effect
(LRχ2 =0.07, p=0.79). The burn severity was not a significant predictor of total bird abundance in
the Cub fire either (F = 0.04, p=0.96) and although the graphed data shows some signs of a
quadratic effect, it was not-significantly better than a linear fit (LRχ2 =0.28, p=0.59).
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Figure 4. An index of avian species richness, ecological diversity (Shannon-Weaver index),
and total bird abundance within 50m of point count stations on Forest Service and private
land in the Storrie, Moonlight, and Cub fires in 2010 with 95% confidence intervals.
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Figure 5. The effect of burn severity (Composite Burn Index) on avian community indices
at three fires in 2009 & 2010 with best fit line (based on likelihood ratio test) and 95%
confidence intervals.
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Figure 5. continued
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Private Land Surveys
The private land within both the Moonlight and Storrie fires had lower indices of diversity and
abundance in 2010 than Forest Service land in these fires (Figure 4). In the Moonlight Fire,
species richness on private land averaged 2.4 fewer species and 2.1 fewer total birds per point
than Forest Service land. The pattern was similar for the Storrie fire where private land supported
2.6 fewer species and 2.4 total birds per point compared to Forest Service land in the fire.

Using the same 30 species discussed above, we compared their abundance between private land
and Forest Service land in the Moonlight and Storrie fires (Figure 6). In the Moonlight Fire, 24
of the 30 species were more abundant on Forest Service land with 12 of these differences
statistically significant. Two species - Cassin’s Finch and American Robin - were equally
abundant on private and public land and four species; Black-backed Woodpecker, Dusky
Flycatcher, Mountain Bluebird, and Oregon Junco were more abundant on private land but none
of these differences were statistically significant. In the Storrie Fire, 25 species were more
abundant on Forest Service land – six of which were significantly different. Three species were
equally abundant on Forest Service and private land and two species - Fox Sparrow and Oregon
Junco - were more abundant on private land though neither of those differences was significant.

Nine of the 50 point count stations on private land randomly fell within riparian habitat areas.
Avian species richness and total bird abundance were significantly higher within these
unsalvaged riparian areas across the Moonlight and Storrie fires in 2010 (Figure 7). The values
observed in riparian areas were similar to those found on Forest Service land.
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Figure 6. An index of the abundance (detections <50m of observers per station per visit) for
each of the 30 species investigated that showed a significant difference between Forest
Service and private land in the Moonlight and Storrie fires in 2010. Error bars represent
one standard error.
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Figure 7. Species richness and total bird abundance per point at upland sites and untreated
riparian areas on private land in the Storrie and Moonlight fires in 2010 with 95%
confidence intervals.
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Cavity Nests
A total of 180 active cavity nests of 11 species were located and confirmed active in 2010, of
which 16 were outside the boundaries of the nest plots. 35 nests were found in the Cub fire, 111
in the Moonlight Fire, and 34 in the Storrie fire. In the Cub fire we found more nests for Hairy
Woodpecker (10) than any other species, while we found more nests for Hairy Woodpecker and
Mountain Bluebird (28 each) in the Moonlight Fire, and more for White-headed Woodpecker
and Northern Flicker (9 each) in the Storrie fire (Table 2).

The nest trees selected were quite variable in both size and species. The diameter at breast height
(DBH) ranged from 16 cm (6.6 inches) to 125 cm (49.2 inches) and the height off the ground
ranged from 0.2 -- 29 m. Most woodpecker species did not show preference for nest tree size
with the exception of Northern Flicker and Lewis’ woodpecker which showed some preference
for larger diameter trees. Due to a small sample size for Lewis’ Woodpecker (n = 12) the
difference was only statistically significant for Northern Flicker (Figure 8).

Table 2. Number of cavity nests confirmed by species and fire in the Plumas-Lassen Study
2009 - 2010.

American Kestrel
Black-backed Woodpecker
Hairy Woodpecker
White-headed Woodpecker
Lewis' Woodpecker
Northern Flicker
Pileated Woodpecker
Red-breasted Sapsucker
Williamson's Sapsucker
Mountain Bluebird
Western Bluebird
Total

Cub
Moonlight
Storrie
2009 2010 2009 2010 2009 2010 Total
0
0
0
1
0
0
1
1
8
3
8
0
0
20
5
10
6
28
1
4
54
2
8
6
14
2
9
41
0
0
1
4
2
5
12
3
5
5
14
5
9
41
0
1
0
1
0
0
2
0
0
6
9
1
3
19
0
0
1
1
0
0
2
0
3
9
28
1
2
43
0
0
1
3
3
2
9
11
35
38
111
15
34
244
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There was more evidence for preference for tree decay which is shown by both decay class and
top condition of the nest tree (Figure 9). The vast majority of the nests were in dead trees (decay
class 3 or greater) despite roughly a third of the “available” trees being alive. Hairy Woodpecker,
Black-backed Woodpecker, and Red-breasted Sapsucker chose mostly trees of decay class 3 and
4, while White-headed Woodpecker and Lewis’ Woodpecker chose trees of higher decay classes;
though White-headed Woodpecker choice was extremely variable. Northern Flicker chose
mostly decay class 4 trees. Most Woodpeckers chose nest trees with broken tops with the
exception of Black-backed Woodpecker which chose mostly trees with intact tops. Between
2009 and 2010, the number of Black-backed Woodpecker nests found increased from 4 to 16 and
the percentage of those nests that were found in intact trees increased from zero to 14.

96

Figure 8. Median (dot), 25-75% interquartile range (box), and extremes (bars) in nest tree
diameter at breast height (DBH) and nest tree height for six woodpecker species and
randomly selected trees in the Storrie, Moonlight, and Cub fires in 2009 and 2010.

Nests were found in eight tree species/species groups in 2009 and 2010. However, the majority
of nests were found in five species/species groups: true fir (both red and white), yellow pine
(includes both Ponderosa and Jeffrey), and Douglas-fir. These were some of the most common
tree species available based on our sample of random trees. However, incense cedar was also one
of the more common available trees, though only one nest (White-headed Woodpecker) was
found in a cedar. Black-backed Woodpecker almost exclusively selected true fir and pine
species, while Hairy Woodpecker, White-headed Woodpecker, and Northern Flicker were less
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particular with the relative frequencies of use reflecting what was available. Over a quarter of the
Red-breasted Sapsucker nest were found in quaking aspen despite this tree species having an
extremely small proportion of the available trees. Similarly, Lewis’ Woodpecker chose Douglasfir as a nest tree more than it was available, while none of the nine Lewis’ Woodpecker nests
were in true Fir, the most prevalent tree species (Figure 10).

Figure 9. The decay class and top condition of the nests of 6 woodpecker species compared
to the sample of randomly selected trees across three fires in the Northern Sierra Nevada in
2009 and 2010. BA=Broken After Fire, BB=Broken Before Fire, DT=Dead Top, F=
forked, I= Intact.
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Figure 10. Nest tree species for 6 woodpecker species compared to the sample of random
trees across three fires in the Northern Sierra Nevada in 2009 and 2010. ABISPP = true
fir, CALDEC = incense cedar, PINCON = lodgepole pine, PINLAM = sugar pine,
PINMON = western white pine, PINPON = ponderosa pine, POPTRE = quaking aspen,
PSEMEN = Douglas-fir, QUEKEL = black oak, SEQGIG = giant sequoia.

We compared differences in densities of cavity nests found between public and private land in
the Moonlight and Storrie Fires (Figure 11). Sixteen Black-backed Woodpecker nests were
found on Forest Service land whereas none were found on private land. Hairy Woodpecker and
White-headed Woodpecker were also found nesting in higher densities on Forest Service land.
However, slightly more Northern Flicker nests per transect were found on private land. The nest
density of Mountain Bluebird accurately reflects the point count data, showing a much higher
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abundance on private land. Furthermore, 15 of the 17 Mountain Bluebird nests found on private
land were in the Moonlight Fire.
Figure 11. Comparison of the number of nests confirmed per transect on public versus
private land in the Moonlight and Storrie Fires in 2010.
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Discussion:_________________________________________________________
Avian Community Composition Burned vs. Green Forest
Avian community composition between fires and green forest in the study area varied
substantially when we considered the abundance of 30 species, but 29 of the 30 species did occur
in both green forest and at least one of the fires. The exception was Black-backed Woodpecker
which was not recorded in the green forest in 2010. However, this species does occur in green
forest in the PLS study area outside of areas that have recently burned, but at much lower
densities than within recently burned forest in the Sierra Nevada (PRBO data, Siegel et al. 2010).
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We found higher per point indices of abundance and diversity in green forest than any of the
three fire areas but as a whole the fire areas supported equal or greater total bird abundance per
unit area than the surrounding green forest in 2009 and 2010. Green forest in our study area
likely have greater structural diversity and total foliage volume at the point level (50 m radius),
which can support a greater diversity of species (McCarthur et al. 1966, Verner and Larson
1989), while post-fire habitats in our study area appear more heterogeneous on a landscape scale.
Therefore, whether green forest or post-fire habitat supports greater avian diversity depends on
the spatial scale at which the question is considered.

Our data shows a clear signal of woodpeckers, as well as shrub, ground, and edge-associated
species, being more abundant in fire areas, and foliage-gleaning and open-cup tree-nesting
species being more abundant in green forest habitat; consistent with previous studies in the Sierra
Nevada (Raphael et al. 1987). These patterns appear to get stronger as the time since fire and
burn severity increase such that the most recent and lowest severity Cub fire is most similar to
the green forest community composition and the oldest and high severity Storrie fire is most
different, especially for shrub associated species.

An understanding of the differences in avian community composition and specifically the
relative abundance of species between unburned forest, mechanically treated habitat, and postfire habitats can help guide the management of these areas. With high severity areas of post-fire
habitat having lower densities of late seral associated species these areas might best be
prioritized for sustaining populations of early successional species. Likewise, later seral habitat
areas are probably not the ideal location for creating large quantities of Fox Sparrow habitat.
However, this does oversimplify things as habitat mosaics are also an important part of ensuring
biological diversity in these forests. A better understanding of the landscape patterns and
appropriate scales to manage for habitat mosaics is needed.
Time Since Fire & Burn Severity
The effects of burn severity on the avian community varied across the three fires. Other factors
such as time since fire, landscape patterns of severity, and pre-fire habitat conditions are likely
interacting with severity to influence the avian community at the 50 m scale at which we
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sampled it, as each of the three fire areas showed different patterns. Thus, it is hard to determine
if the increasing linear effect of severity found in the Storrie fire or the curvilinear effect in the
Moonlight fire are a result of time since fire or something more complex such as landscape
patterns of burn severity and pre-existing habitat conditions. Monitoring the two younger fires
for several more years would help answer these questions. Additionally, future analysis of the
effects of severity with co-variates of time since fire, patch size and pattern, and pre-fire habitat
conditions will give us a better understanding of the effects of fire severity on the avian
community and hence more information to help guide both pre-and post-fire habitat restoration
activities.

Despite the limitations of this analysis, there are some interesting findings that merit discussion.
There is some evidence from the Moonlight and Cub -and less so from the much older Storrie
fire - that moderate severity areas support the greatest abundance and diversity of avian species.
Across each of the three fires, the lowest species richness was recorded for the highest severity
class but, for the Cub and Storrie Fires the unburned areas within the fire perimeter also had
relatively low species richness. These results suggest that managing for mixed severity wildfire
with the majority of the landscape burning at moderate severity may maximize local and
landscape level avian diversity. Further investigation of the landscape scale patterns of fire
severity and patch size will help better answer this important question.

The effects of fire severity and time since fire are most apparent when comparing the abundance
of individual species; with those favoring fire killed trees, shrubs, and bare ground most
abundant in high severity areas and foliage gleaning tree nesting species associated with low
severity areas. A number of species were far more abundant in the Storrie Fire than the two
younger fires and in both the Storrie and Moonlight fire compared to the lower severity Cub fire.
Species such as Nashville Warbler which is strongly associated with Black Oak in the region
(Burnett and Humple 2003), are readily using the substantial oak regeneration found throughout
the fire. Two declining species, Olive-sided Flycatcher and Western Wood-Pewee, forage on
flying insects at habitat edges (Bemis & Rising 1999, Altman and Sallabanks 2000). They were
both more abundant in the Storrie Fire than either of the other fires or green forest. The hard
edges created by the Storrie fire along with the substantial patches of green forest (at least in the
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area of the fire we were able to survey) are likely the reasons for their elevated abundance here.
It is not clear what the effect of time since fire is on these two species as there is debate whether
the association these species have with fire areas is due to the physical habitat conditions it
creates or the increase in prey base it brings about (Meehan and George 2003, Roberston and
Hutto 2007).

In 2009, Fox Sparrows were less abundant in the Moonlight Fire than green forest, but rapid
regeneration of the shrub layer between 2009 and 2010 in the Moonlight fire seems to have
promoted a higher abundance of Fox Sparrows than green forest, though time-dependent trends
such as this are difficult to discern with just two years of data. We observed similar patterns for
several other shrub-dependent species including MacGillivray’s Warbler and Spotted Towhee,
which are 1.4 and 4 times more abundant respectively in the Storrie Fire than green forest. These
large patches of dense shrub cover that will develop in high severity patches of the Moonlight
and Cub fires will support a number of species and, when interspersed with areas of green forest,
are a key component for maximizing avian diversity in post-fire environments.

Information about colonization rates and how long after a fire the abundance of these species
persists at maximum levels can be used to determine appropriate re-entry rotations for managing
habitat following fire. Based on our results and observations made of habitat conditions within
the fires, there is a approximately a five year lag before dense shrub habitats form that maximize
densities of species such as Fox Sparrow and MacGillivray’s Warbler. Nine and ten years after
burning the Storrie fire supported nearly double the abundance of Fox Sparrow – the indicator
for montane chaparral habitat in the Sierra Nevada – than the Moonlight fire did 2 to 3 years
after burning. Our results suggest that 10 years after fire the early successional shrub habitats in
the Storrie fire are supporting very high densities of shrub dependent birds and are showing no
sign of senescing. A re-entry rotation of 20 - 30 years for chaparral habitat may maximize
abundance of species such as Fox Sparrow and would mimic the historic fire return interval for
this habitat in the Sierra Nevada (Barbour and Major 1988).

Results from the PLS green forest study suggests the use of prescribed fire has far more positive
effects on the avian community compared to the use of mechanical mastication in shrub habitats
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in the region (Burnett et al. 2009). If mechanical mastication is used, especially in high quality
shrub bird habitat - as currently exists in the Storrie fire – retaining leave islands of very dense
shrubs will help provide nesting habitat and reduce negative impacts to shrub dependent species.
However, best management practices for these species would be to avoid disturbing this habitat
for a number of years beyond the ten since the Storrie fire burned.
Post-fire Cavity Nest Characteristics
In 2010 we found three times as many nests as in 2009 with 20% greater sampling effort. Since
there were similar increases across each of the three fires we are hesitant to assume this
represents a real increase in densities of these species on our plots. We had observers with more
experience finding nests in 2010 with the return of two of our crew members from 2009.
However, previous studies in western U.S. forests have found cavity nesting species densities
were greatest four to five years following fire (Saab and Dudley 1998, Saab et al. 2004). It will
be interesting to compare these nest numbers to 2011 as the Moonlight fire reaches four years
post burn and the Cub three.

The importance of post-fire habitats for cavity-nesting and bark-foraging birds is well established
(Raphael et al. 1987, Hutto 1995, Saab and Dudley 1998). However, little information exists for
the Sierra Nevada describing the important characteristics in post-fire snag-dominated habitats
that determine the density and diversity of cavity nesting species. Our results here provide some
of the only detailed information for a whole suite of cavity nesting species in post-fire habitats in
the Sierra Nevada (also see Raphael and White 1984).

Patterns in nest tree characteristics found in 2010 affirm those found in 2009 with a wide variety
of tree species being used across bird species. Higher decay classes and broken top snags are still
being used more than they are available. Though, in 2010 we started to see more birds using the
fire killed snags for nesting than they did in 2009 suggesting those snags are now becoming
suitable for nesting. Black-backed woodpecker continued to show very little selection for tree
species, size, or decay class in 2010. They readily used what was available on the landscape
suggesting other factors are driving this patchily distributed, relatively uncommon species
occupancy of habitat within these fires. Other studies have suggested that temporally limited
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food resources are the most important factor for determining this species distribution in high
severity fire areas (Saab and Dudley 1998, Dixon and Saab 2000).
Private vs. Public Land
The differences in post-fire management approaches on public and private land within the
Moonlight and Storrie fires is evident from space (Google earth). As of 2010, the majority of
public land had been untouched since the fire, whereas private land has been extensively
salvaged, prepped, and replanted. As such, the differences in the avian community between the
two were considerable.

Salvage logging of areas affected by moderate to high severity fire, as has occurred on private
land in both fires, can substantially reduce the number of snags available for a number of
woodpecker species for both nesting and foraging (Hutto 2006, Saab 2009). Differences in nest
densities of Black-backed Woodpecker, White-headed Woodpecker, and to a lesser extent Hairy
Woodpecker, between public and private land, suggest that management approaches on private
land are resulting in less suitable habitat for a number of cavity nesting species. Interestingly,
Mountain Bluebird appeared to strongly prefer private land in the Moonlight fire. This species
forages primarily on the ground and is found in open country, both features far more common on
private land. Additionally, Lewis’ Woodpecker nests were found almost exclusively on the
boundaries between public and private land or in un-salvaged riparian areas on private land. This
species has been shown to respond positively to moderate levels of salvage (Saab et al. 2007).

Analysis of point count data also suggests that private lands support a significantly less diverse
and abundant avian community than the surrounding Forest Service land that has largely been
left untouched since the fire (at least through spring 2010). Interestingly, a number of foliagegleaning green tree associated species were those found to be significantly less abundant on
private land. This is likely a result of severity being higher on private land but also a result of
private land management practices that err on the side of taking trees that might survive versus
leaving trees that might die. This results in little if any overstory trees left and thus little habitat
for the diverse group of tree-nesting foliage-gleaning species such as Hermit Warbler and Redbreasted Nuthatch.
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The other guild of species significantly less abundant on private land was the shrub associates. It
is not as surprising a result to find species associated with dense patches of shrubs less abundant
on private land. High severity habitat on public land is typically characterized by a dense shrub
layer that regenerates quickly after the disturbance. However, on private land measures have
been taken to reduce shrub regeneration (J. Pudlicki pers. comm.). Shrub dependent species such
as Calliope Hummingbird, Lazuli Bunting, MacGillivray’s Warbler, and Spotted Towhee were
exceedingly rare on the private land sites in 2010. Lazuli Bunting showed the largest differences
and the effect was consistent across the two fires. A lack of suitable dense shrub nesting
substrate along with a lack of herbaceous vegetation - likely a result of the use of herbicides -that
provide seeds and support insect prey for this species are likely the reasons Lazuli Bunting are
scarce on private land in these fires. Additionally, the dense stands of planted conifers now over
2m tall in the Storrie fire is probably not to the liking of this open habitat associated species.

Olive-sided Flycatcher and Western Wood-pewee, two species shown to be declining in the
Sierra Nevada, were not detected on private lands despite being more abundant in post-fire areas.
These birds are not typically associated with one particular habitat, but rather the juxtaposition of
unlike habitats. Management practices that produce homogenous landscapes such as those on
private land in the Storrie and Moonlight fires are unlikely to support these and other species
associated with habitat mosaics. Additionally, as these even-aged stands develop over time they
are unlikely to provide habitat for a wide range of species associated with stand and landscape
level heterogeneity.

The riparian areas within private land were not entered during salvage operations or subsequent
herbicide treatments in both fires resulting in far more snags, live trees, shrubs, and herbaceous
vegetation. These areas supported the greatest number of species and densities of cavity nesting
birds on private land in the two fires. Leaving more patches of un-salvaged habitat on private
land would undoubtedly increase avian diversity in the short term and help promote a more
heterogeneous forest in the future.

106

Conclusions:_______________________________________________________
In the Sierra Nevada, considerable debate surrounds the management of post-fire habitat. After
nearly a century of fire suppression policies in the Sierra Nevada, the area affected by wildfire
each year appears to be increasing back towards pre-suppression levels (Miller et al. 2008).
Thus, there is a growing need to understand the value of the habitats created by wildfire and the
critical elements required by the unique and relatively diverse avian community in the Sierra
Nevada.

Wildfires provide a unique opportunity to mold a landscape into the forest composition that will
exist there for the decades to come. However, post-fire areas are not blank slates or catastrophic
wastelands; they are a unique component of the ecosystem that supports a diverse and abundant
avian community that should be considered in planning post-fire management. The results from
this ongoing study, especially with several more years of monitoring, can provide some
important information on factors influencing the unique bird assemblages in post-fire habitat in
order to ensure their needs are met while meeting other post-fire objectives.

In future years we will use available remotely sensed data on burn severity and possibly LiDAR
data to better understand the importance of severity class, patch size, and snag densities for the
various species associated with post-fire habitat. Finally, we will compare bird assemblages
within fuel reduction treatments in green forest, post-fire treatments, and untreated post-fire
habitat to determine the effects of various management practices on a broad range of avian
species to provide insight for a balanced approach to management of these forest ecosystems.

107

Literature Cited:____________________________________________________
Agee, J.K. 1993. Fire ecology of Pacific Northwest Forests. Island Press. Washington, D.C.
Altman, Bob and Rex Sallabanks. 2000. Olive-sided Flycatcher (Contopus cooperi), The Birds
of North America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the
Birds of North America Online: http://bna.birds.cornell.edu/bna/species/502
Barbour, M.G. Major, J., 1988. Terrestrial Vegetation of California, expanded edition. California
Native Plant Society Special Publication 9. Sacramento,California, pp. 3–10. Summarized in
Stephens,S.L., R.E. Martin, and N.E. Clinton. 2007. Prehistoric fire area and emissions from
California forests, woodlands, shrublands, and grasslands. Forest Ecology and Management 251:
205-216.
Bemis, Carrie and James D. Rising. 1999. Western Wood-Pewee (Contopus sordidulus), The
Birds of North America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved
from the Birds of North America Online: http://bna.birds.cornell.edu/bna/species/451
Brawn, J.D., S.K. Robinson, and F.R. Thompson. 2001. The role of disturbance in the ecology
and conservation of birds. Annual Review of Ecological Systems 32, 251-276.
Burnett, R.D. and D.L. Humple. 2003. Songbird monitoring in the Lassen National Forest:
Results from the 2002 field season with summaries of six years of data. PRBO Conservation
Science, Petaluma, CA. Contribution # 1069.
Burnett, R.D., D. Jongsomjit, and D. Stralberg. 2009. Avian Monitoring in the Lassen and
Plumas National Forests: 2008 Annual Report. PRBO Conservation Science, Petaluma, CA.
Contribution Number 1684.
CalPIF (California Partners in Flight). 2002. Version 1.0. The draft coniferous forest bird
conservation plan: a strategy for protecting and managing coniferous forest habitats and
associated birds in California (J. Robinson and J. Alexander, lead authors. PRBO Conservation
Science, Petaluma, CA. http://www.prbo.org/calpif/plans.html.
Dixon, R.D., and V. A. Saab. 2000. Black-backed Woodpecker (Picoides arcticus). In: The Birds
of North America. No. 509. (Poole, A. and Gill, F. eds.). The Academy of Natural Sciences,
Philadelphia, PA, and The American Ornithologists' Union, Washington D.C.
Dudley, J. G., and V. Saab. 2003. A field protocol to monitor cavity-nesting birds. in RMRSRP-44. Fort Collins, Colorado.
ESRI. 2004. ArcMap [GIS software]. Version 9.2. Redlands, CA: Environmental Systems
Research Institute, 1992-2005.

108

Foster, D.R., D.H. Knight, and J.F. Franklin. 1998. Landscape patterns and legacies resulting
from large, infrequent forest disturbances. Ecosystems 1: 497-510.
Hunter, M.L. Wildlife, Forests, and Forestry: Principles of Managing Forests for Biological
Diversity. Prentice Hall, Englewood Cliffs, NJ.
Huff, M.H., N.E. Seavy, J.D. Alexander, and C.J. Ralph. 2005. Fire and birds in maritime pacific
northwest. Studies in Avian Biology 30:46-62.
Hutto, R.L. 1995. Composition of bird communities following stand-replacement fires in
Northern Rocky Mountain (U.S.A.) conifer forests. Conservation Biology 9:1041-1058.
Hutto, R.L. 2006. Towards meaningful snag management guidelines for postfire salvage logging
in North American conifer forests. Conservation Biology 20: 984-993.
Key, C. H., & Benson, N. C. 2005. Landscape assessment: ground measure of severity, the
Composite Burn Index. In D. C. Lutes (Ed.), FIREMON: Fire effects monitoring and inventory
system. General Technical Report, RMRSGTR-164, Ogden, UT: USDA Forest Service, Rocky
Mountain Research Station.
Krebs, C.J. 1989. Ecological Methodology. Harper and Row Publishers, New York, New York:
654 pp.
MacArthur, R.H. 1965. Patterns of species diversity. Biological Reviews 40:510-533.
MacArthur, R., H. Recher, and M. Cody. 1966. On the relation between habitat selection and
species diversity. Amer. Natur. 100: 319-332.
Meehan, T.D. and T.L. George. 2003. Short-term effects of moderate to high-severity wildfire on
a disturbance-dependent flycatcher in northwest California. Auk 120: 1102-1113.
Miller, J.D. and A.E. Thode. 2007. Quantifying burn severity in a heterogenous landscape with a
relative version of the delta Normalized Burn Ratio (dNBR). Remote Sensing of Environment
109: 66-80.
Miller, J.D., H.D. Safford, M. Crimmins, and A.E. Thode. 2008. Quantitative evidence for
increasing forest fire severity in the Sierra Nevada and southern Cascade mountains, California
and Nevada, USA. Ecosystems 12: 16-32.
Nur, N., S.L. Jones, Geupel, G.R., 1999. Statistical guide to data analysis of avian monitoring
programs. U.S. Fish & Wildlife Service, Biological Technical Publication R6001-1999.
Ralph, C.J., S. Droege, and J.R. Sauer. 1995. Managing and monitoring birds using
point counts: standards and applications. In C. J. Ralph, J. R. Sauer and S. Droege (eds.),
Monitoring Bird Populations by Point Counts. USDA Forest Service Publication, Gen. Tech.
Rep. PSW-GTR-149, Albany, CA .
109

Raphael, M. G., and M. White. 1984. Use of Snags by Cavity-Nesting Birds in the SierraNevada.
Wildlife Monographs:1-66.
Raphael, M.G., M.L. Morrison, and M.P. Yoder-Williams. 1987. Breeding bird populations
during twenty five years of post-fire succession in the Sierra Nevada. The Condor 89, 614-626.
Reynolds, R.T., J.M. Scott, and R.A. Nussbaum. 1980. A variable circular plot method for
estimating bird numbers. Condor 82:309:313.
Roberston, B.A. and R.L. Hutto. 2007. Is selectively harvested forest an ecological trap for olivesided flycatchers? The Condor 109: 109-121.
Saab, V. A. and J.G. Dudley. 1998. Responses of cavity-nesting birds to stand replacement fire
and salvage logging in ponderosa pine/Douglas-fir forests of southwestern Idaho. Res. Paper
RMRS-RP-11. Ogden, UT: Rocky Mountain Research Station, Forest Service, U.S. Department
of Agriculture; 17 p.
Saab, V., A. Brannon, J. Dudley, L. Donohoo, D. Vanderzanden, V. Johnson, and H. Lachowski.
2002. Selection of fire-created snags at two spatial scales by cavity-nesting birds. Gen. Tech.
Rep. PSW-GTR-181. http://www.fs.fed.us/psw/publications/documents/gtr-181/062_Saab.pdf
Saab, V.A. , J. Dudley, and W. Thompson. 2004. Factors influencing occupancy of nest cavities
in recently burned forests. The Condor 106: 20-36.
Saab, V.A., R.E. Russell, and J.G. Dudley. 2007. Nest densities of cavity-nesting birds in
relation to postfire salvage logging and time since wildfire. The Condor 109: 97-108.
Saab, V. A. Russell, and J. Dudley. 2009. Nest-site selection by cavity-nesting birds in relation to
postfire salvage logging. Forest Ecology and Management 257: 151-159.
Siegel, R.B., J.F. Saracco, and R.L. Wilkerson. 2010. Management Indicator Species (MIS)
Surveys on Sierra Nevada National Forests: Black-backed Woodpecker: 2009 Annual Report.
The Institute for Bird Populations, Point Reyes Station, CA.
http://www.birdpop.org/DownloadDocuments/2009_MIS_report_for_BBWO.pdf
Smucker, K.M., R.L. Hutto, and B.M. Steele. 2005. Changes in bird abundance after wildfire:
importance of fire severity and time since fire. Ecological Applications 15:1535-1549.
Stata Corp. 2007. Stata/IC 10.0 for Windows. StataCorp LP. College Station, TX. USA
Stine, P., Landram, M., Keane, J., Lee, D., Laudenslayer, B., Weatherspoon, P., and Baldwin, J.
2002. Fire and fuels management, landscape dynamics, and fish and wildlife resources: An
integrated research plan for the Herger-Feinstein Quincy Library Group Pilot Study Area.
http://www.fs.fed.us/psw/programs/snrc/forest_health/pls_studyplan.pdf
110

Verner, J. and T.A. Larson. 1989. Richness of breeding bird species in mixed-conifer forest of
the Sierra Nevada, California. Auk 106:447-463.

111

Appendix A. Outreach and Publications:__________________________
Published
Nesting Ecology of Yellow Warblers in Montane Chaparral Habitat in the Northern
Sierra Nevada – Western North American Naturalist 70(3):355-363
In prep
Short-term response of avian species to fuel treatments in the Sierra Nevada – draft
submitting for publication spring 2011.
Black-backed Woodpecker nest tree selection in the Sierra Nevada, California – draft
submitting for publication February 2011
Woodpecker nest tree selection in Sierra Nevada post-fire environments: Is there
evidence for spatial or temporal heterogeneity? – draft submitting for publication March
2011.

Presentations
Managing Post-fire Habitat for Birds in the Sierra Nevada – oral presentation at the
Annual PLS symposium Quincy, CA April 2010
Managing post-fire habitat for birds in the Sierra Nevada – poster presentation – Pre and
Post-Wildfire Forest Management for Ecological Restoration and Fire Resiliency
Conference –Sacramento, CA 2/10/10.
PRBO’s Sierra Nevada Program – Management Indicator Species Online Tools –
Regional Biologist Training – Susanville, CA. 2/2/10

Other Outreach
“Birds in the Park” – presentation on managing coniferous forest for birds and bird
banding demonstration in collaboration with Lassen Volcanic National Park – over 200
park visitors participated 7/18/10.
“Habitat for Birds and Humanity” – Sierra Institute for Community and Environment
sponsored field trip. – 6/26/2010
Participated in several Lassen National Forest field trips to discuss fuel reduction projects
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Attended the Lassen National Forest Storrie Fire Science symposium – Susanville, CA
March 2010

Appendix B. PRBO’s Plumas-Lassen Study sites with dates surveyed in 2010.

Transect Name
213
214
222
224
313
322
413
414
422
423
424
Blackhawk Creek 1
Butt Valley Reservoir 3
Caribou 2
Caribou Transect 3
Cub 1
Cub 10
Cub 11
Cub 12
Cub 13
Cub 14
Cub 2
Cub 3
Cub 4
Cub 5
Cub 7
Cub 8
Cub 9
DFPZ - TU4
DFPZ - TU4
DFPZ - TU4
DFPZ - TU4
DFPZ - TU4

Transect Short
Name
213
214
222
224
313
322
413
414
422
423
424
BLH1
BVR3
CAR2
CAR3
CB01
CB10
CB11
CB12
CB13
CB14
CB02
CB03
CB04
CB05
CB07
CB08
CB09
D401
D402
D403
D404
D405
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Visit 1
6/2/2010
6/5/2010
6/6/2010
5/18/2010
6/3/2010
6/3/2010
6/20/2010
5/19/2010
6/2/2010
5/16/2010
5/19/2010
5/16/2010
6/3/2010
6/6/2010
6/6/2010
5/28/2010
6/6/2010
6/23/2010
5/21/2010
5/21/2010
5/21/2010
5/25/2010
6/8/2010
5/25/2010
6/22/2010
6/29/2010
6/29/2010
6/6/2010
6/14/2010
5/18/2010
5/19/2010
5/19/2010
5/15/2010

Visit 2
6/17/2010
6/22/2010
6/24/2010
6/8/2010
6/18/2010
6/18/2010
6/28/2010
6/15/2010
6/18/2010
5/16/2010
6/9/2010
6/15/2010
6/24/2010
6/23/2010
6/23/2010
6/14/2010
7/1/2010
7/1/2010
N/A
6/14/2010
6/14/2010
6/14/2010
6/17/2010
6/22/2010
7/1/2010
7/1/2010
6/30/2010
6/23/2010
6/25/2010
6/7/2010
6/7/2010
6/9/2010
6/8/2010

DFPZ - TU4
DFPZ - TU4
Halstead Valley3
Lower Knox Flat
Transect 1
Lower Knox Flat
Transect 3
Meadow Valley 1
Meadow Valley 2
Meadow Valley Owl
Miller Fork 1
Miller Fork 2
Miller Fork 3
Moonlight 1
Moonlight 10
Moonlight 11
Moonlight 12
Moonlight 13
Moonlight 14
Moonlight 15
Moonlight 16
Moonlight 17
Moonlight 18
Moonlight 19
Moonlight 2
Moonlight 20
Moonlight 21
Moonlight 22
Moonlight 23
Moonlight 24
Moonlight 26
Moonlight 27
Moonlight 3
Moonlight 4
Moonlight 5
Moonlight 6
Moonlight 7
Moonlight 25
Moonlight 28
Moonlight 29
Moonlight 30
Moonlight 31
Moonlight 32

D407
D408
HAL3

6/1/2010
6/19/2010
5/27/2010

6/26/2010
6/28/2010
6/13/2010

LKF1

5/19/2010

6/13/2010

LKF3
MVY1
MVY2
MVYW
MIF1
MIF2
MIF3
ML01
ML10
ML11
ML12
ML13
ML14
ML15
ML16
ML17
ML18
ML19
ML02
ML20
ML21
ML22
ML23
ML24
ML26
ML27
ML03
ML04
ML05
ML06
ML07
ML25
ML28
ML29
ML30
ML31
ML32

6/2/2010
5/18/2010
6/18/2010
6/18/2010
6/14/2010
6/19/2010
6/20/2010
5/20/2010
6/20/2010
5/21/2010
6/6/2010
5/21/2010
6/19/2010
5/24/2010
5/29/2010
6/20/2010
5/31/2010
6/19/2010
5/29/2010
5/30/2010
5/31/2010
5/31/2010
5/29/2010
5/24/2010
5/29/2010
5/20/2010
5/31/2010
5/21/2010
5/20/2010
5/20/2010
6/6/2010
6/5/2010
5/30/2010
5/30/2010
5/30/2010
5/30/2010
6/5/2010

6/18/2010
6/8/2010
6/29/2010
6/29/2010
6/25/2010
6/28/2010
6/28/2010
6/20/2010
6/27/2010
6/9/2010
6/24/2010
6/9/2010
6/26/2010
6/10/2010
6/13/2010
6/29/2010
6/25/2010
6/25/2010
6/26/2010
5/30/2010
6/24/2010
6/24/2010
6/26/2010
6/10/2010
6/13/2010
6/10/2010
6/25/2010
6/13/2010
6/10/2010
6/13/2010
6/24/2010
6/20/2010
6/16/2010
6/16/2010
6/16/2010
6/16/2010
6/21/2010
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Moonlight 33
Moonlight 9
Ohio Creek 2
Pine Leaf Creek Transect
1
Seneca 1
Silver Lake 1
Silver Lake 2
Silver Lake 3
Silver Lake Owl Transect
Snake Lake 2
Snake Lake 3
Snake Lake Owl Transect
Soda Creek Transect 1
Soda Creek Transect 2
Spanish Creek 2
Storrie 1
Storrie 10
Storrie 11
Storrie 12
Storrie 2
Storrie 3
Storrie 4
Storrie 5
Storrie 6
Storrie 7
Storrie 9
Storrie 13
Storrie 15
Storrie 16
Storrie 17
Storrie 18
Storrie 19

ML33
ML09
OHC2

6/5/2010
5/30/2010
6/2/2010

6/21/2010
6/26/2010
6/17/2010

PLC1
SEN1
SIL1
SIL2
SIL3
SILW
SNK2
SNK3
SNKW
SOD1
SOD2
SPC2
ST01
ST10
ST11
ST12
ST02
ST03
ST04
ST05
ST06
ST07
ST09
ST13
ST15
ST16
ST17
ST18
ST19

5/18/2010
5/18/2010
6/22/2010
6/22/2010
5/16/2010
6/1/2010
5/15/2010
5/15/2010
5/19/2010
6/2/2010
6/2/2010
6/1/2010
5/25/2010
5/24/2010
5/25/2010
5/31/2010
5/24/2010
5/24/2010
N/A
6/23/2010
6/29/2010
6/23/2010
5/24/2010
5/25/2010
N/A
6/1/2010
6/1/2010
6/1/2010
6/1/2010

6/7/2010
6/8/2010
6/30/2010
6/30/2010
6/8/2010
6/26/2010
6/7/2010
6/7/2010
6/7/2010
6/15/2010
6/15/2010
6/15/2010
6/16/2010
6/11/2010
6/11/2010
N/A
6/10/2010
6/10/2010
N/A
7/1/2010
7/1/2010
6/30/2010
6/22/2010
6/11/2010
N/A
6/17/2010
6/17/2010
6/16/2010
6/18/2010

Appendix C. Visual representation of qualitative scale used for categorizing tree/snag
decay (from Hunter 1990).
1

2

3

4

5

115

6

7

8

Chapter 5:
Spotted Owl Module
Dr. John Keane, Claire V. Gallagher, Dr. Ross A. Gerrard, Gretchen Jehle, Paula A. Shaklee

Executive Summary:
Our efforts from 2003-2010 have focused on monitoring California spotted owl (CSO)
distribution, abundance and demographics to address our primary research objectives and
provide the baseline data for assessing the effects of HFQLG implementation. In
conjunction with the now fully integrated Lassen Demographic Study we have collected
landscape-scale information on the distribution and abundance of CSOs across
approximately 650,000 acres of land. Determining the accurate number and distribution
of CSO sites requires multiple years of survey and marking of individual CSOs to
delineate separate territories and identify individual birds that move among multiple sites
within and across years. These baseline data are fundamental for developing empiricallybased habitat models for understanding CSO habitat associations and developing adaptive
management tools and models. The completion of the Meadow Valley area projects in
2007-2008 marked the first landscape series of HFQLG treatments to be implemented
within the study area, providing the first opportunity to address treatment effects within a
case study. Additionally, we assessed CSO distribution and abundance in response to
high-intensity (Moonlight-Antelope Complex Wildfire) and low/moderate-intensity
(Cub-Onion Complex Wildfire) wildfire during 2008-2010. Our baseline information on
landscape CSO distribution and habitat associations, coupled with our 2007-2008 radiotelemetry work, will allow us to assess associations between CSOs and vegetation
changes resulting from fuels and forest management treatments, and from wildfire.
In 2010 we completed our third year of monitoring CSO distribution and abundance in
the Meadow Valley Project Area. Our short-term results to date suggest that CSOs are
able to persist in this treated landscape, although we have observed territory-specific
responses in both areas that have experienced treatments and sites where little treatment
has occurred. Our assessment of CSO response to wildfire suggests that CSO are able to
persist in landscapes that experience primarily low/moderate severity wildfire, whereas
landscapes that experience primarily high-severity do not support comparable numbers or
distribution of CSOs. Our radio-telemetry worked completed in 2010 has provided
insight into how individual owls respond to treatments within the first 1-2 years
following implementation. Results suggest that CSOs avoid use of Defensible Fuel
Profile Zone treatments. We completed analysis of the demographic data from the 20year long demographic study of CSOs on the Lassen Demographic Study Area embedded
within our overall study. These results suggest that CSOs on the study area have
experienced a long-term population decline with an estimated annual population growth
rate (lambda) of 0.979 (SE = 0.0097) with 95% confidence intervals ranging of 0.9590.999. Our biggest challenge to date has been the lack of accurate vegetation information
to develop predictive habitat models and to document changes in vegetation due to
treatment or disturbance. In 2010 we were able to initiate efforts to develop vegetation
maps that will support development of predictive habitat models and be sufficient to
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document changes in vegetation over space and time that can be used to understand CSO
response to vegetation change. In summary, we are working towards being able to
broadly address CSO management questions across a gradient of landscape conditions
ranging across untreated landscapes, landscapes treated to meet desired fuels/vegetation
conditions, and landscapes that have experienced wildfire in order to address primary
management issues.

Introduction:
Knowledge regarding the effects of fuels and vegetation management on California
spotted owls (Strix occidentalis occidentalis; CSOs) and their habitat is a primary
information need for addressing conservation and management objectives in Sierra
Nevada forests. The specific research objectives of the California spotted owl module as
identified and described in the Plumas-Lassen Study (PLS) Plan are:
1) What are the associations among landscape fuels treatments and CSO density,
distribution, population trends and habitat suitability at the landscape-scale?
2) What are the associations among landscape fuels treatments and CSO reproduction,
survival, and habitat fitness potential at the core area/home range scales?
3) What are the associations among landscape fuels treatments and CSO habitat use and
home range configuration at the core area/home range scale?
4) What is the population trend of CSO in the northern Sierra Nevada and which factors
account for variation in population trend?
5) Are barred owls increasing in the northern Sierra Nevada, what factors are associated
with their distribution and abundance, and are they associated with reduced CSO territory
occupancy?
6) Does West Nile Virus affect the survival, distribution and abundance of California
spotted owls in the study area?
7) What are the effects of wildfire on California spotted owls and their habitat?
Our focus in 2010 was to conduct landscape inventories of CSO distribution and
abundance, and continue banding to provide the required data and baseline information to
meet the objectives of Research Questions 1-4 identified above. Current information on
the distribution and density of CSOs across the HFQLG study area is required to provide
the data necessary to build predictive habitat models and provide baseline population
information against which we will assess post-treatment changes in CSO populations and
habitat. Continued monitoring on the Lassen Demographic Study Area is critical for
estimating CSO population trends and status. Complete landscape inventory surveys were
conducted across 9 of the 11 original project survey areas in 2010 (Figure 1). Surveys
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were not conducted in 2 survey areas in 2006-2010 (SA-5, SA-7, Figure 1); sufficient
data for determining the number and distribution of CSO sites for initial habitat modeling
efforts was collected in these areas from 2004-2005. In 2010, we conducted a second year
of surveys in two proposed project areas on the Lassen NF (Scotts John) and Plumas NF
(Empire). We added these two new survey areas to the project in 2009 to bring our
sample size of survey areas slated for treatment to four (Meadow Valley, Creeks, Scotts
John, Empire).
Details on survey methods are described in the study plan. Efforts were made to monitor
the pair and reproductive status of each owl, and to capture, uniquely color-mark, and
collect blood samples from each individual owl across the study area. Capture and colormarking is necessary to estimate survival and population trend, and to assess exposure to
West Nile Virus (WNV) (Research Question #5). We also recorded all barred and hybrid
barred-spotted owls encountered in the study area and synthesized all existing barred owl
records for the northern Sierra Nevada to address Research Question #6. Additionally,
we completed a radio-telemetry study on CSOs within SA-4 in the Meadow Valley
project area to document home range size and configuration, and to assess habitat
associations relative to the recently implemented treatments. In response to a need for
information on the association between CSOs and wildfire we conducted a second year of
surveys to assess CSO distribution, abundance and habitat associations in the Cub Onion
Complex fire area (COCFA) on the Lassen NF. The information from the COCFA
complements our data from the Moonlight-Antelope Complex fire area (MACFA)
collected in 2008-2009. The MACFA fires burned in 2007 and we conducted surveys in
2008 and 2009 to assess the immediate post-fire response of CSOs. The COCFA burned
in 2008 and we conducted surveys in 2009 and 2010. For both study areas, we surveyed
for CSOs in the first and second years immediately post-fire. Finally, we completed an
analysis of the demographic data from the Lassen Demographic Study area collected
through 2010 to provide the most current information on the status, demography and
population trend of CSOs in the northern Sierra Nevada.

Results:
CSO Numbers, Reproductive Success, Density and Population Trends:
A total of 71 territorial CSO sites were documented across the core PLS study area in
2010 (Figure 2). This total consisted of 58 confirmed pairs, 3 unconfirmed pairs (i.e., one
member of pair confirmed as territorial single plus single detection of opposite sex bird),
and 10 territorial single CSOs (single owl detected multiple times with no pair-mate
detected). Thirty-one pairs successfully reproduced in 2010 (50.8% of
confirmed/unconfirmed pairs). Of these 31 pairs, 18 were located on the Lassen Study
Core Area and 13 were located on the Plumas NF. A total of 54 fledged young were
documented in 2010 (1.74 young per successful nest) (Table 1). Across the last seven
years of the study, CSO reproduction has been highest in 2004, 2007, 2009 and 2010 in
terms of the percent of CSO pairs that successfully reproduced, and in terms of the
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number of young fledged per successful nest. Approximately 50% of CSO pairs
successfully reproduced in 2004, 2007, 2009 and 2010 whereas the proportion of pairs
successfully reproducing ranged between 14%-18% in 2005, 2006 and 2008. The number
of young produced per successful nest was more similar across years, ranging between
1.47 -1.81. Our second year of surveys conducted in 2010 within two project areas
yielded 4 pairs (2 pairs present in 2009) of CSOs in the Empire project area and 2 pairs (3
pairs present in 2009) in the Scotts John project area. Two pairs in the Empire project
area reproduced in 2010 producing 3 fledglings, whereas neither pair reproduced in the
Scotts John project area.
CSO reproduction is known to vary with spring weather: precipitation patterns were more
similar in 2004 and 2007, with total precipitation relatively low during March-April of
2004 and 2007 as compared to 2005 and 2006 (Figure 3). From 2004 through 2007, CSO
reproduction was high in years of low spring precipitation and low in years with high
spring precipitation. However, this pattern between spring precipitation and reproduction
varied during 2008-2010. In 2008 spring precipitation was low in March-April, yet CSO
reproduction was also low. In contrast, during 2009 spring precipitation was high in
February-March, low in April, and CSO reproduction was high on the Lassen portion of
the study area and low on the Plumas portion of the study area. In 2010, precipitation was
moderate and consistent over the February-May period and CSO reproduction was high.
These patterns indicate that additional factors influence CSO energetics and are
associated with annual variation in CSO reproduction. Potential factors include
elevational variation in cold and hot temperatures, precipitation, duration of
spring/summer and snowpack, in addition to annual variation in prey populations.
The Lassen Demographic Study Area (SA-1A, SA-11, SA-12, SA-13, SA-14, SA-15)
and Plumas NF Survey Areas (SA-2, SA-3, SA-4, SA-5, SA-7) were fully integrated in
2005 to define the overall Plumas-Lassen Study project area and provide consistent CSO
survey effort across the project area (Figures 1 & 2). We estimated the crude density of
CSOs based on the number of territorial owls detected across 9 survey areas during 2010
at the Survey Area spatial scales (Tables 2 and 3). The estimated crude density across the
overall study area in 2010 was 0.070 territorial owls/km2. Overall study area crude
densities are not directly comparable across years because different total areas were
surveyed in each year. However, crude density estimates within individual Survey Areas
indicate similar densities and number of territorial sites (pair sites plus territorial single
sites) between 2004-2010 for the survey areas on the Plumas NF (SA-2, SA-3, SA-4).
while numbers have declined somewhat on the Lassen survey areas (SA-1A, SA-11, SA12, SA-13, SA-14, SA-15) between 2005-2007 and then stabilized or slightly increased
between 2008-2010 (Tables 2 and 3).
We conducted a 5-year update and re-analyzed the demographic data through 2010
following the methods described in Blakesley et al. (2010). These data continue to
provide the best estimates of CSO population trends. The Lassen Demographic Study
Area is contained within the overall PLS study area and consists of survey areas SA-1A,
SA-11, SA-12, SA-13, SA-14 and SA-15 in Figure 1. The estimated mean lambda for the
Lassen Demographic Study between 1990-2010 was 0.979 (SE = 0.0097), with 95%
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confidence limits ranging from 0.959-0.999 (Scherer et al 2010). There was no evidence
of linear, quadratic or pseudo-threshold trends in lambda, rather the means model was
strongly supported by the data. These results suggest a decline in the CSO population
within the Lassen study area over the 20-year study period. Annual lambda estimates
from the best model ranged between 0.87-1.13. Estimates of realized population change
based on the time series of lambda estimates generated from our modeling suggests that
there have been declines in the number of territory holding CSOs within the study area
(Scherer et al. 2010). These updated results are similar to the findings reported for the
the 1990-2005 period reported in Blakesley et al. (2010).

Habitat Assessment – Nest/Roost Plot Scale
We documented a total of 103 CSO territorial sites between 2004-2006. We overlayed
the primary nest/roost locations for each of the 103 CSO sites with the CWHR vegetation
classes available within the VESTRA photo-interpreted vegetation map for the PLS to
examine nest/roost-site habitat association patterns. Approximately 53% of the nest sites
were located within CWHR 5M, 5D and 6 size classes (Table 4, Figure 4). An additional
37% of the sites were located within CWHR size class 4M and 4D polygons. CWHR size
class 4 is defined as stands with average tree sizes of 12-24 inch diameter-at-breastheight (dbh) trees. Of the 38 sites located in size class 4 polygons, 25 (66%) were in size
class 4 polygons with a large tree component (i.e., presence of >24 inch dbh trees).
Overall, about 90% of the sites were located within CWHR 4M, 4D, 5M, 5D, and 6 size
classes. The remaining 10 sites were located in more open, smaller-tree size polygons,
with nests or roosts located within remnant, scattered larger trees (Table 4, Figure 4).
While the distribution of nest site locations relative to broad vegetation classes provides
insight into patterns of nest-site habitat, we also conducted vegetation sampling at nest or
primary roost sites to describe vegetation structure and composition. Vegetation plot
sampling was conducted at 80 CSO territories across 2005-2007. Vegetation plots were
centered on CSO nest trees, or on a primary roost tree for sites where no nest has been
documented, and were measured using the national Forest and Inventory Assessment
(FIA) protocol. The FIA protocol is used nationally by the USDA Forest Service for
inventorying and monitoring vegetation. FIA sampling consists of measuring vegetation
structural and compositional variables within a 1-ha plot centered on a CSO nest or roost
tree. Only one plot was collected from each CSO territory, with the most frequently used
nest tree serving as the plot center location, or the most recent nest tree used at sites
where no nest tree was used more frequently than another. CSO nest sites were
characterized by mean total basal areas of 260.8 ft2/acre, 7.4 snags (>15 inch dbh)/acre,
and 10.7 trees (>30 inch dbh)/acre (Table 5). Under the FIA protocol, canopy cover is
modeled based on the tree inventory list. The modeled canopy cover for these plots
averaged 64.1%. Shrub cover averaged 7.7%. Fuel loads averaged 0.75 tons/acre for 1-hr
fuels, 4.0 tons/acre for 10-hr fuels and 4.44 tons/acre for 100-hr fuels (Table 5). Use of
the FIA sampling protocol will facilitate monitoring of vegetation and development of
CSO habitat models that can be used as adaptive management planning tools. Habitat
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models are currently being evaluated that can be used to assess projected changes in CSO
nesting habitat suitability under varying fuels and vegetation treatment scenarios.

Habitat Assessment – Core Area/Home Range Scale
Core area habitat associations around 102 CSO nest and roost sites was assessed by using
a Geographic Information System (GIS) and the VESTRA photo-interpreted vegetation
map to determine the vegetation patterns within a 500 acre (201 ha) circle centered on
each of the CSO territory sites. To compare the CSO sites with the general availability of
habitat across the study area we also assessed the same vegetation patterns around 130
points determined by placing a systematic grid across the study area. For this summary
we assessed vegetation using the USDA Forest Service Region 5 classification system.
Overall, CSO core areas averaged 75.7% suitable habitat (classes 3N, 3G, 4N, 4G)
whereas the grid points averaged 61.9% (Table 6, Figure 5). Approximately 32% of CSO
core areas was composed of large tree polygons (>24inch dbh, >=40% canopy cover)
compared to 19.6% of the grid points (Table 6, Figure 6).

Meadow Valley Project Area Case Study
The Meadow Valley Project Area (MVPA) is the first area within the PLS where the full
implementation of HFQLG treatments has occurred. Treatments were implemented on
the ground within this project area during 2001-2008, with primarily light-thinning and
underburning occurring in 2001-2005, and Defensible Fuel Profile Zones and Group
Selections implemented during 2005-2008. The MVPA corresponds closely with the
boundaries of SA-4 of the PLS (Figure 7).
We began monitoring CSOs SA-4 in 2003 and have annually monitored the distribution,
abundance and reproduction of CSOs within SA-4. Additionally, we have color-banded
all individuals within this area, with the exception of one male who could not be
captured. Full survey methods are described in detail in our study plan (available from
field project leaders) and are consistent with USDA Forest Service R5 survey methods.
Briefly, we conduct 3 nocturnal broadcast surveys during the breeding period (AprilAugust) across a network of survey points to detect CSOs. When a CSO is detected we
then conduct dusk status surveys to pinpoint roost and nest locations for each bird. Status
surveys are used to determine the social status of each bird (pair or single), nesting and
reproductive status (breeding, non-breeding, unknown), and to identify color-banded
individual birds.
In general, in years of higher CSO reproduction, such as occurred in 2004 and 2007, it is
easier to establish pair and reproductive status and to identify individual birds as they are
more vocal and exhibit stronger ties to their core areas. In years of lower reproduction,
such as occurred in 2005, 2006, 2008, and 2009 (reproduction was low on the Plumas
NF, while high on the Lassen NF portion of the study area in 2009) it is more difficult to
determine the status of birds as they tend to range more widely and are not as vocal and
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territorial, particularly the females. Based on our cumulative survey results, we then use
accepted, standardized methods for estimating the overall number of territorial sites
(confirmed pairs, unconfirmed pairs and territorial singles) for each year. Confirmed
pairs consist of a reproductive pair of CSOs or, at non-reproductive sites, the detection of
a male and female on more than one occasion within 1/2-mile of each other across the
breeding period. Unconfirmed pairs consist of at least two sightings of one sex but only
one detection of the opposite sex within 1/2-mile of each other across the breeding
period. Territorial singles are considered to be individuals that are detected on at least 2
occasions within a 1/2-mile distance across the breeding period without a detection of the
opposite sex. Birds detected on only a single occasion across the breeding period are not
considered to be territorial.
Figure 7 illustrates treatment project areas and the cumulative number and distribution of
CSO territorial sites across the seven years between 2003-2010. The number of territorial
sites across SA-4 varied annually between 6-9 (Table 7, Fig. 8a&b). Overall, the
numbers of territorial sites was fairly similar with 7 sites documented between 20042006, an increase to 9 territorial sites during the high reproductive year that occurred in
2007, decreasing to 6 territorial sites in both 2008 and 2009, with 7 sites documented in
2010.
Whereas we have not detected much change in the number of CSO territorial sites across
SA-4, we have documented changes in occupancy status and spatial movements of
individual sites that may be associated with treatments. The Maple Flat site, located in the
NW corner of SA-4 was occupied from 2004-2007, not occupied in 2008 following
treatments in autumn 2007, and was colonized by an unconfirmed pair of new CSOs who
were present in the area during 2009 and 2010. Whether or not the treatments caused the
site to be unoccupied in 2008 is uncertain as the male also died during the winter of
2007-2008 (determined by radio-telemetry). The female from 2007 visited the site in
early 2008 then moved and summered 14.5 km (9 miles) from Maple Flat near Seneca in
early June 2008. She remained in this area through October 2008 when she was
recaptured and the radio-transmitter was removed. No new CSOs were detected or
colonized the Maple Flat site in 2008.
We also observed movement of a site in the SW corner of SA-4 that corresponded to the
timing of treatments in the nest core. This site (Miller Fork) was occupied by CSO pairs
in 2003-2005, a single male in 2006 following treatments in 2005-2006, and then was not
occupied between 2007-2009. However, a new CSO pair established a site (Big Creek) in
2007 about 2km to the NW of this site. This new site has been occupied by a pair from
2007-2010.
Changes in occupancy status were recorded at a third site that coincided with the timing
of treatments. A pair of CSOs occupied Whitlock Ravine from 2003-2008. Treatments
were implemented near the core area during 2008. The female CSO was found with a
broken wing alongside a road in November 2008. In 2009, the historic male occupied the
site as a single male. No CSOs occupied the site in 2010; the male was located 8.1 km (5
mi) southwest of Whitlock Ravine.
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CSO pairs were present at Deer Creek from 2003-2007 and fledged triplets in 2007. The
female died during the winter 2007-2008 and the site was not occupied from 2008-2010.
Treatments had been conducted to the south of the core area of this pair in 2006 and the
female was observed to forage in this area in 2007.
We also documented changes in occupancy at 1 site in the eastern portion of SA-4 that
were outside the area of treatments. Slate Creek was occupied by a male in 2003 and a
pair in 2004, yet has not been occupied since. The female from 2004 was detected on the
Lassen NF, and then she was back on the Plumas in subsequent years. This female was
not detected in 2009 but was again observed in 2010.
We documented the colonization of a new site (Pineleaf Creek) during and following
treatments in the north portion of SA-4. A single territorial male was present in this area
in 2006, with a pair of CSOs then present from 2007-2010. This pair successfully
reproduced in 2009.
To date, we have not observed dramatic changes in the numbers of territorial CSO sites
within SA-4 as an immediate acute response to treatments. These initial findings should
be tempered by the need to assess possible chronic, or longer-term, responses by CSOs.
Of importance, 2008 and 2009 were low reproductive years on the Plumas NF, with only
2 nests in 2008 and 7 nests in 2009 documented across all of the Plumas NF sites. The
conditions leading to the low reproductive activity in 2008 and 2009 may have resulted in
a low probability of recruitment and occupancy of sites in both years. For example, a
higher number of territorial sites (9) were documented within SA-4 in the higher breeding
year of 2007 as compared to the 7 territorial sites documented in the low reproductive
years of 2005-2006. Also, higher CSO reproduction in 2007 may result in increased
number of recruits available to colonize sites in 2009-2010. In 2010, we again
documented 7 territorial sites. Thus far in our study, this landscape has supported 6-7
CSO territorial sites in each year, except for the high reproductive year in 2007 when 9
territorial sites were documented. We recommend that monitoring be continued to
assess: (1) long-term occupancy, abundance and distribution of CSOs across the project
area to document longer-term responses to address concerns that site fidelity in such a
long-lived species may obscure possible negative effects of habitat change over the short
term; and (2) to continue to monitor color-banded birds to assess longer-term associations
between CSO survival, reproduction, and recruitment related to changes in habitat. Each
of the pieces of above information is necessary to fully assess the potential acute and
chronic responses of CSOs to landscape treatments.
Whereas we have not observed dramatic short-term changes in CSO numbers across the
broader MVPA in response to treatments, we have documented some changes in the
distribution and occupancy of CSO territories where treatments have occurred within SA4 that may be associated with treatments. Accurate spatial post-treatment maps for the
MVPA have been recently completed (March 1, 2010) documenting: (1) the specific
locations where treatments were actually implemented on the ground; (2) the specific
site-specific treatments that were implemented on a piece of ground; and (3) when the
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treatments were implemented on the ground (which year at minimum). Unfortunately,
significant errors in the classification of canopy cover within base vegetation maps were
discovered in 2010 while conducting habitat analyses and modeling exercises designed to
explore the association between CSOs, their habitat, and treatments. This resulted in the
need to recreate an updated landscape vegetation map for the project area. This updated
vegetation map for MVPA is scheduled to be completed by March 2011. Understanding
the what, where, when, and effects of treatments is the foundation on which subsequent
adaptive management assessments will be constructed. This information has been
difficult to obtain and is required to be able to explore the associations between
treatments and CSO responses at the landscape and home range spatial scales, in addition
to relating within home range habitat use through our telemetry studies.

Radio-Telemetry – Meadow Valley Project Area
Our landscape-scale research in the MVPA provides insight into CSO response at
population and territory spatial scales. Within home ranges, CSOs may also respond to
treatments in terms of selection of foraging habitat. To evaluate spotted owl foraging and
home range characteristics in a landscape recently modified by fuels-reduction
treatments, we radio-marked and tracked 9 CSOs in the MVPA area from April 2007October 2008. Prior to this study, spotted owl foraging patterns in post-treatment
landscapes had not been well-described. This telemetry study was designed to explore
initial behavioral responses of California spotted owls to fuels treatments by
characterizing home range configuration and foraging site selection immediately
following treatment installation.
We gathered 446 owl foraging locations across 2 breeding seasons, and categorized fuels
treatments into 4 types: Defensible Fuel Profile Zones (DFPZs), understory thin (removal
of trees <10-inches diameter); group selection (removal of all trees <30-inches diameter
in <0.8-ha patches); and understory thin followed by underburn. We estimated owl home
ranges from 30-60 owl locations per home range, using a fixed kernel density estimator;
only owl locations with an error ellipse <1.5 ha were used in analyses. We evaluated
spotted owl home range size and composition using repeated measures analysis of
variance (ANOVA) and resource selection functions. To analyze owl foraging patterns
within home ranges, we evaluated a priori hypotheses using an information-theoretic
approach and Akaike’s Information Criterion corrected for small sample sizes.
During the 2007 season, we gathered 236 nocturnal use locations across all individuals,
with 4 locations occurring within fuels treatments. In 2008, we gathered 210 nocturnal
use locations, and 32 of these locations occurred within fuels treatments. Spotted owls
used all treatment types for nocturnal activities on at least one occasion; 51% of withintreatment locations were accounted for by one spotted owl foraging repeatedly in
underburn.
At the landscape scale, owl home ranges contained fuels treatments in proportion to their
availability on the landscape. Owl home ranges contained 7-35% fuels treatments (X=
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16%), with home range size positively correlated with the total amount of fuels treatment
within the home range (p=0.049). Spotted owls selected against DFPZs (p=0.006), but
not other fuels treatments, for nocturnal activities; we hypothesize that the habitat
character of DFPZs may be unfavorable for common spotted owl prey species (Figure 9).
One owl strongly selected underburn treatments over untreated forest for foraging;
limited availability of underburn within the study area prevents further extrapolation of
this result. Spotted owls foraged much closer to their site center than expected by
chance; because fuels treatments are not permitted within PACs (located at most owl site
centers), the required travel distance between the site center and fuels treatments
complicates result interpretation. Conclusions from this study are exploratory and are
intended to provide a baseline for further research (Gallagher 2010).
Our next action, scheduled for completion in 2011, is to use a detailed landscape-scale
habitat map to incorporate habitat metrics into home range and foraging analyses. The
plot-scale vegetation structure and composition will also be analyzed at a subsample of
CSO radio-telemetry locations. Eighty-seven vegetation plots were measured to the
standard FIA protocol between August-November 2008, and forty-five additional
vegetation plots were measured to the same protocol in September-October 2009.
We recommend further exploration of spotted owl use of fuels treatments, particularly
underburn, across multiple time periods and at patch, home range, and landscape spatial
scales. Additionally, considerations should be given to the design and implementation of
rigorous experimental studies to address the effects of fuels treatments on spotted owl
nesting and foraging habitat. A repeat of this study in 4-5 years, coupled with a study of
spotted owl population dynamics, would provide a comprehensive assessment of owl
response in the MVPA area. Evaluation of long-term effects is critical for long-lived
species such as the spotted owl (Blakesley et al. 2010); effects of fuels treatments on the
owl may manifest after short and long time periods, each with ramifications for
ecological understanding in the Sierra Nevada.

Wildfire –California Spotted Owl Case Studies
A primary source of uncertainty regarding the effects of fuels treatments is an assessment
of risk to CSOs and their habitat from treatments versus the risk from wildfire that occurs
across untreated landscapes. Prior to 2008 our PLS work had focused on assessing CSO
distribution, abundance and habitat associations across the untreated overall project area
landscape and being in position to monitor effects as treatments are implemented within
specific project areas, as illustrated by the MVPA case study described above. Beginning
in 2008 we were fortunate to have the opportunity and funding support from the Plumas
and Lassen National Forests to extend our work to inventory CSO distribution,
abundance, and status across the Moonlight and Antelope Complex fire area (MACFA)
that burned on the Plumas National Forest in 2007. In 2009 we conducted a second year
of surveys in the MACFA and also conducted the first year of similar surveys in the CubOnion Complex fire area (COCFA) that burned on the Lassen National Forest in 2008.
As described below, the MACFA was largely a high severity wildfire while the COCFA
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burned primarily at low-moderate severity. In 2010 we conducted a second year of
surveys in the COCFA. Incorporating these two study areas which differ in wildfire
severity allow us to directly assess response of CSOs to landscapes that burned with
different severities.
The MACFA consists of two fires burned adjacent to each other in 2007 and both were
primarily high severity fires (Fig. 10). The MACFA covers approximately 88,000 acres.
The COCFA consist of two low-moderate severity fires that burned adjacent to each
other during June 2008 over approximately 21,000 acres (Fig. 10). About 52% of the
MACFA burned at high severity whereas only 11% of the COCFA burned at high
severity (Fig. 11).
In both wildfire study areas we conducted CSO surveys during the breeding period across
the entire landscape and within a 1.6 km (1 mile) unburned buffer surrounding the fire
perimeter. We used our standardized survey protocol and conducted 3 nocturnal surveys
across the landscape with follow-up visits to attempt to located nest/roost locations for
birds detected on nocturnal surveys. These methods are described in the section above
and fully in protocol described in the study plan.
The high-severity fires that burned in the MACFA resulted in significant changes to the
vegetation (Fig. 12 & 13). The amount of suitable CSO habitat (CWHR classes 4M, 4D,
5M, 5D) within the 88,000 acre MACFA decreased from 70.1% of the pre-fire landscape
to 5.8% of the landscape following the fires. The largest increase in the post-fire
landscape occurred in the CWHR classes <= 2D which increased from 8.2% to 64.9%.
The remaining forested areas across the post-fire landscape were predominantly classified
as either 4P (18.5%) or 4S (7.9%).
We are still in the process of synthesizing all of the pre-fire CSO survey information for
the MACFA as there is not a solid baseline of consistently collected survey information
prior to the fire such as exists for our core PLS project area. Nevertheless, this synthesis
may provide us with a reasonable estimate of the pre-fire distribution and abundance of
CSO sites across the MACFA. All or parts of at least 23 PACs were located within the
pre-fire MACFA. Given the lack of continuous annual CSO survey effort we are
uncertain what proportion of those PACs were occupied in 2007 prior to the fires.
During our 2008 surveys we documented a single confirmed pair of CSOs (non-breeding)
within the MACFA, with the female from this pair being the only female we detected
within the fire area (Fig. 14). We had 10 single detections of male CSOs across the
burned area. In each of these ten cases we were not able to locate the birds at nests or
roosts on follow-up status surveys. Each of these ten locations occurred primarily in the
middle of the night when birds are out foraging and none of the detections occurred
within 1/2-mile of each other as required to classify these individuals as territorial birds
under currently accepted protocols. Within the unburned 1-mile buffer area surrounding
the burned area we documented 5 confirmed pairs, 1 unconfirmed pair, 1 territorial male
single, and 6 single detections (4 males, 2 sex unknown). Thus, in the immediate
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unburned buffer area we observed territorial sites whereas we only were able to
document the single confirmed territorial pair within the burned area.
During our 2009 surveys within the MACFA we documented a single confirmed pair of
CSOs in the same location as the pair documented in 2008 (Fig. 14). Within the 1-mile
buffer area we documented 7 confirmed pairs, 0 unconfirmed pairs, 2 territorial single
males, and 3 single detections. In contrast to 2008, in 2009 we did not record single
detections of apparently non-territorial single birds within the fire perimeter across the
MACFA landscape. Rather, we only recorded 3 detections of CSOs near the perimeter of
the fire in the vicinity of confirmed pairs located within the buffer around the fire.
In our two years of work we were able to document significant changes to the vegetation
and amounts and distribution of CSO habitat within the MACFA as a result of the highseverity wildfires. Our CSO survey work suggests that the immediate post-fire landscape
may not support territorial CSO sites as evidenced by the single confirmed pair of owls
that we documented in 2008 in 2009. In 2009 we did not document single male CSOs
across the burned landscape, suggesting that the apparently non-territorial single males
observed in 2008 may have been present because of previous site fidelity or were perhaps
opportunistically utilizing a flush of prey in the first year following the fire. In both years,
territorial CSOs were present in similar numbers and distributed at expected spacing
within the buffer area surrounding the fire. Thus, our results from our 2 years of work
suggest that the primarily high-severity MACFA does not support CSOs other than a
single pair that is using the landscape. Further, territorial CSO sites are well-distributed
within the buffer area outside of the fire perimeter. Our 3 detections of individual CSOs
just within the perimeter of the burned areas suggest that some CSOs are able to exploit
the edge between the burned and unburned areas for foraging.
In our first year of surveys during 2009 in the COCFA we documented 3 confirmed
territorial pairs, 1 unconfirmed territorial pair, and 2 territorial single male CSOs, for a
total of 6 territorial CSOs sites within the fire perimeter (Fig. 15). Additionally, we had 6
single detections (3 male, 3 unknown sex) of individual CSOs within the fire perimeter.
Within the buffer area we documented 3 confirmed pairs and 3 single detections (2 male,
1 female). These results and distribution patterns suggest that CSOs were able to persist
in the post-fire COCFA landscape with similar abundance and spacing as has been
observed in unburned forests outside the burned areas.
In 2010 we attempted to repeat the complete landscape survey coverage of the COCFA.
However, we were precluded from accessing the entire landscape area by law
enforcement restrictions due to safety concerns for field crews. Extensive, illegal
marijuana growing operations were distributed widely across the COCFA landscape.
Due to this limitation we instead conducted focused surveys within approximately 1-2
miles surrounding each of the sites that were occupied by CSOs in 2009. Although we
may have missed new sites colonized in 2010 outside our focused survey areas, our
efforts allowed us to determine if the 2009 sites were still occupied in 2010. In 2010 we
documented 2 confirmed territorial pairs and 1 unconfirmed territorial pair of CSOs
within the fire perimeter, and 2 confirmed territorial pairs and 1 unconfirmed territorial
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pair within the 1-mile buffer. Overall, in 2009 there were 7 pairs (6 confirmed and 1
unconfirmed) within the fire plus the 1-mile buffer. In 2010, there were 6 pairs (4
confirmed and 2 unconfirmed) in this same area. These results suggest that CSOs are able
to persist within landscapes that experience predominantly low-moderate severity
wildfire.
It is important to determine both the acute and chronic responses of CSOs and their
habitat to wildfire as it is unknown if CSOs can persist over both the short-term and longterm in these areas. Whether a post-fire landscape can support CSOs likely depends on
the pre-fire habitat suitability and variable fire severity patterns both within individual
fires and across different fires. Largely low-moderate severity fires may have positive or
neutral effects on CSOs and their habitat while high severity fires may result in greater
negative effects. Our results into the acute, short-term response of CSOs to wildfire from
the primarily high-severity MACFA and primarily low-moderate severity COCFA
support this hypothesis. Additionally, information on the pre- and post-fire vegetation,
location of salvage logging, and habitat conditions are needed to fully assess the response
of CSOs and their habitat to wildfire in the MACFA and COCFA wildfire landscapes.

Banding, Blood Sampling, West Nile Virus Monitoring
Sixty-three owls were captured and banded in 2010. Blood samples were collected from
11 individuals that will be screened at the University of California, Davis for West Nile
Virus (WNV) antibodies. None of the 141 individual blood samples collected from the
northern Sierra Nevada from 2004-2008 have tested positive for WNV antibodies (Hull et
al. 2010). The 2009 and 2010 samples have not been analyzed to date.

Barred and Sparred (Spotted x Barred hybrid) Distributional Records
We detected 7 barred owl and 3 sparred owls during 2010 surveys within our PLS study
area. This result represents the highest number of barred and sparred owls that we have
detected in any year during our study from 2004-2010. Our synthesis and update of
barred-sparred owl records through 2010 based on Forest Service and California
Department of Fish and Game databases indicates that there are a minimum of 44
individual site records across the broader HFQLG Project Area and a minimum total of
57 across the Sierra Nevada (Figure 16). This includes a minimum total of 24 records that
have been documented within our intensively surveyed PLS study area. The first barred
owl in the region was reported in 1989. The first documented breeding in the PLS survey
area was in 2007 and consisted of a sparred owl paired with a CSO. In 2010, we
documented the first barred-barred owl nest record for the northern Sierra Nevada to the
best of our knowledge. Despite several surveys, the outcome of this barred-barred owl
nesting attempt is uncertain, as the pair was non-responsive during the fledgling period.
The pattern of records suggests that barred/sparred owls have been increasing in the
northern Sierra Nevada from 1989-2010 and are now present in low, stable numbers over
the past 4-5 years on our study area. This pattern is consistent with that observed in other
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areas as barred owls have expanded their range in western North America. Initially barred
owls colonize an area and persist at low population numbers, during this period they may
hybridize with spotted owls. At some threshold population size or when ecological
conditions allow they are then poised for, and capable of, exhibiting exponential
population growth. Notably, we detected an increase in barred numbers in 2010. This
situation requires further monitoring and we recommend that an inventory of barred owls
be conducted using barred owl-specific survey methods to document the distribution and
status of barred owls in the northern Sierra Nevada.

California Spotted Owl Diet
A single diet survey plot was established at a CSO nest or roost location at each CSO
territory on the Plumas National Forest during 2003-2007. Systematic searches for
pellets and prey remains were conducted in each plot during each year. A total of
approximately 3398 pellets have been collected during 2003-2007 (2003 = 606; 2004 =
807; 2005 = 838; 2006 = 516; 2007 = 552). We completed sorting of all pellets and
identification of all prey remains in January 2010. All prey items are identified to species,
or taxonomic group when species identification could not be ascertained. A total of 8,595
prey items have been recorded from the pellets. Mammals are the dominant taxonomic
group and comprise of 96.5% of the total biomass identified in the diet. Across years the
highest biomass contributions were from the dusky-footed woodrat (contributed 45% of
the estimated total biomass) and northern flying squirrel (10.8%). Our objective has been
to sample over several years to assess temporal variation in diets and possible
relationships to variation in CSO reproduction, and to sample widely over space in order
to investigate potential variation in CSO diets associated with elevation and vegetation
conditions. We will now be able to address these questions given completion of the
sorting and prey identification from the pellet samples.

Summary 2003-2010:
Our efforts from 2003-2010 have focused on monitoring CSO distribution, abundance
and demographics to address our primary research objectives and provide the baseline
data for assessing the effects of HFQLG implementation. In conjunction with the now
fully integrated Lassen Demographic Study we have collected landscape-scale
information on the distribution and abundance of CSOs across approximately 650,000
acres of land. Determining the accurate number and distribution of CSO sites requires
multiple years of survey and marking of individual CSOs to delineate separate territories
and identify individual birds that move among multiple sites within and across years.
These baseline data are fundamental for developing empirically-based habitat models for
understanding CSO habitat associations and developing adaptive management tools and
models. The completion of the Meadow Valley area projects in 2007-2008 marked the
first landscape series of HFQLG treatments to be implemented within the study area,
providing the first opportunity to address treatment effects within a case study
framework. Our baseline information on CSO distribution and habitat associations,
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coupled with our 2007-2008 radio-telemetry work, will allow us to assess associations
between CSOs and vegetation changes. In 2009-2010 we were now able to monitor posttreatment CSO distribution and abundance in the Meadow Valley project area, providing
the first empirical data from a treated landscape. Our short-term results to date suggest
that CSOs are able to persist in this treated landscape, although we have observed
territory-specific responses in both areas that have experienced treatments and sites
where no treatments have occurred. In 2010, we also completed the analysis of the radiotelemetry work which has provided insight into how individual owls respond to
treatments within the first 1-2 years following implementation.
Additionally we were able to expand our work to address the effects of wildfire and
CSOs and their habitat through our 2008-2010 survey work in the Moonlight-Antelope
Complex and Cub-Onion Complex fire areas. In summary, we are working towards
being able to broadly address CSO management questions across a gradient of landscape
conditions ranging across untreated landscapes, landscapes treated to meet desired
fuels/vegetation conditions, and landscapes that have experienced wildfire in order to
address primary management issues.
Dedicated monitoring of CSOs on the Lassen Demographic study continues to provide
critically valuable demographic and population trend information for determining the
status of CSOs. Our analyses of the demographic data through 2010 continue to suggest
that the CSO population on study area declined over the 20-year study period, similar to
the results through 2005 reported in Blakesley et al. (2010). These results warrant close
continued monitoring of the status of CSOs within the study area, along with continued
management focus on providing high-quality CSO habitat during the planning and
implementation of HFQLG treatments. We lack similar long-term demographic data for
the Plumas NF study areas, but our baseline information on CSO distribution and
abundance suggests that numbers of territorial CSOs and sites have been fairly consistent
from 2004-2010.
Our focused diet analyses have broadened and deepened our understanding of CSO diets
and sources of variation in CSO diets among pairs and across environmental gradients.
Monitoring of WNV exposure coupled with demographic monitoring has provided an
opportunity to assess if WNV may ultimately be a factor influencing CSO viability. We
have provided the first information investigating evidence for CSO exposure to West Nile
Virus in the Sierra Nevada (Hull et al. 2010). To date we have not had a positive
detection for WNV within CSOs. Through our research into historical and current
occurrence records, in conjunction with our field surveys, we have been able to document
the colonization of the northern Sierra Nevada by barred owls. Our results indicate that
barred owls are increasing in the northern Sierra Nevada and may become an increasing
risk factor to CSOs.
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Current Research: 2011:
In 2011 we will continue monitoring owl distribution, abundance, demography, and
population trend across the core PLS study area, including post-treatment monitoring in
the Meadow Valley Project area. Additionally, we will continue monitoring within the
Creeks Project Area on the Lassen NF, as this area is projected to receive forest and fuels
treatments in the near future. In 2011 we will also initiate surveys in suitable CSO habitat
within the Storrie Fire footprint to collect information on CSO response to this wildfire
following 10-11 years of post-fire vegetation change. These data will also be used to
inform restoration efforts within the Storrie Fire landscape. Together this work will
contribute to our efforts to build a more comprehensive base of knowledge regarding
CSO habitat associations and the effects of treatments and wildfires.
In addition to continuing field surveys designed to address our seven research questions,
we have broadened our emphasis on the development of predictive habitat relationship
models as described in the module study plan. We have continued to work closely with
biologists on the Plumas and Lassen National Forests, and the R5 Regional Office, to
identify and define the types of analyses and tools that would best address management
needs. Baseline information collected during this study forms the foundation for this
phase of the research. The combination of broad-scale landscape CSO distribution data,
in conjunction with detailed demographic information available from the Lassen
Demographic Study, will facilitate exploration and development of predictive habitat
models for use in an adaptive management framework and to directly monitor
implementation of the HFQLG project. The greatest challenge and obstacle to this
research has been the lack of accurate pre- and post-treatment vegetation information and
accurate spatial locations of treatments. Significant progress has been made in these 2
areas over the past year. Efforts to address vegetation and treatment mapping
information needs for habitat modeling are underway and accurate vegetation maps are
projected to be completed in 2011. Completion of the needed vegetation maps will
facilitate completion of the primary research objectives for this project.
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Table 1. California spotted owl reproduction on the Plumas and Lassen National Forests
2004-2010.
Year
2004
2005
2006
2007
2008
2009
2010

Percent of confirmed/unconfirmed pairs
with successful nests
49.4%
17.7%
13.8%
55.4%
16.4%
47.6%
50.8%
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Young fledged per
successful nest
1.68
1.47
1.50
1.81
1.70
1.57
1.74

Table 2. Crude density of territorial California spotted owls across survey areas on the Plumas and Lassen National Forests 20042010. Locations of survey areas are identified in Figure 1.
Crude Density of Territorial Owls (#/km2)
Survey Area
SA-2
SA-3
SA-4
SA-5
SA-7
SA-1A
SA-1B**
SA-11
SA-12
SA-13
SA-14
SA-15
Total Study
Area

Size
(km2)
182.4
214.4
238.2
260.2
210.3
190.4
130.3
179.4
215.8
152.9
318.7
196.8

2004*

2005*

0.126
0.075
0.059
0.069
0.071
NI***
NI
NI
NI
NI
NI
NI

0.143
0.093
0.050
0.069
0.062
0.042
0.023
0.045
0.097
0.105
0.053
0.086

2489.8

0.078

0.073

2006*

2007*

2008*

0.115
0.115
0.132
0.089
0.103
0.098
0.046
0.071
0.046
NS**** NS****
NS****
NS
NS
NS
0.042
0.053
0.042
NS
NS
NS
0.033
0.033
0.045
0.070
0.074
0.070
0.085
0.065 0.050*****
0.044
0.035
0.047
0.036
0.056
0.081
0.060

0.066

0.067

2009*

2010*

0.121
0.089
0.046
NS****
NS
0.058
NS
0.033
0.074
0.099
0.044
0.076

0.132
0.079
0.050
NS****
NS
0.053
NS
0.039
0.102
0.099
0.035
0.076

0.069

0.070

*Total Area surveyed each year: 2004 = 1,106 km2; 2005 = 2,490 km2; 2006 = 1,889 km2; 2007 = 1,889 km2; 2008 = 1,877 km2; 2009
= 1,889 km2; 2010 = 1,889 km2
**NI = not included. Project level area surveyed only in 2005. Included for comparative purposes.
***The Lassen Demographic Study Area (SA-1A, SA-1B, SA-11 through SA-15) was incorporated into the overall study in 2005.
****Survey areas not surveyed in 2006-2010.
*****This survey area was not completely surveyed during 2008 because of wildfire activity in the area. Two CSO territories within
the study area could not be surveyed.
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Table 3. Number of pairs (confirmed and unconfirmed) and territorial single California spotted owls across the Plumas-Lassen Study
survey areas on the Plumas and Lassen National Forests, California, 2004-2010. Locations of survey areas are identified in Figure 1.

Survey
Area
SA-2
SA-3
SA-4
SA-5
SA-7
SA-1A
SA1B**
SA-11
SA-12
SA-13
SA-14
SA-15

2004
Pairs/ TS*

2005
Pairs/TS*

2006
Pairs/TS*

2007
Pairs/TS*

2008
Pairs/TS*

2009
Pairs/TS*

2010
Pairs/TS*

11/1
7/2
7/0
8/2
7/1
NI***
NI

12/2
10/0
5/2
9/0
6/1
4/0
3/0

10/1
9/1
4/3
NS****
NS
4/0
NS

10/1
11/0
8/1
NS****
NS
5/0
NS

12/0
9/3
5/1
NS****
NS
4/0
NS

11/0
9/1
5/1
NS****
NS
5/1
NS

10/2
8/1
5/2
NS****
NS
4/2
NS

NI
NI
NI
NI
NI

4/0
10/1
8/0
8/1
8/1

3/0
1/7
6/1
7/0
3/1

3/0
8/0
5/0
5/1
4/3

3/0
8/0
7/0
7/0
7/1

3/1
10/2
7/0
5/1
7/1

3/2
7/1
3/1*****
7/1
8/0

*TS = Territorial Single.
**NI = not included. Project level area surveyed only in 2005. Included for comparative purposes.
***Lassen Demographic Study Area – incorporated into the overall study in 2005.
****Survey areas not surveyed in 2006-2010.
***** This survey area was not completely surveyed during 2008 because of wildfire activity in the area. Two CSO territories within
the study area could not be surveyed.
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Table 4. Distribution of California spotted owl nest/primary roost sites (n = 103) across
CWHR tree size classes within the Plumas-Lassen Study on the Plumas and Lassen
National Forests, 2004-2006.
CWHR
CWHR Size Class Description
Number Percent
Size
of Nests
Class*
Barren Open, sparse tree coverage
1
1.0
3S
6-12 inch dbh, ,20% CC
1
1.0
3M-LT 6-12 inch dbh, 40-60% CC, large trees recorded
1
1.0
3D
6-12 inch dbh, >60% CC
4
3.9
4P
12-24 inch dbh, 20-40% CC
3
2.9
4M
12-24 inch dbh, 40-60% CC
3
2.9
4M-LT 12-24 inch dbh, 40-60% CC, large trees recorded
12
11.7
4D
12-24 inch dbh, >60% CC
10
9.7
4D-LT 12-24 inch dbh, >60% CC, large trees recorded
13
12.6
5M
>24 inch dbh, 40-60% CC
25
24.3
5D
>24 inch dbh, >60% CC
9
8.7
6
>24 inch dbh, >60% CC, multi-layer canopy
21
20.1
*defined by average tree size (dbh = diameter at breast-height) and average percent
canopy cover (CC).
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Table 5. Nest-site (1 ha (2.47 acres)) habitat characteristics collected using the Forest
Inventory and Analysis sampling protocol at California spotted owl nest sites (n = 80) on
the Plumas and Lassen National Forests, California, 2005-2006.
Variable
Mean
SE
Total Basal Area (ft2/acre)
260.8
6.47
# Trees >= 30 inch dbh (#/acre)
10.7
0.58
2
Basal Area Trees >= 30 inch dbh (ft /acre)
96.0
5.70
# Trees >= 24 inch dbh (#/acre)
19.9
0.90
2
Basal Area Trees >= 24 inch dbh (ft /acre)
131.7
6.29
# Trees <12 inch dbh (#/acre)
383.5
26.36
Basal Area Trees , <12 inch dbh (ft2/acre)
50.1
2.71
# Snags >=15 inch dbh (#/acre)
7.4
0.80
Mean Duff Depth (inches)
3.0
0.16
Duff (tons/acre)
67.4
3.64
Mean Litter Depth (inches)
2.3
0.18
Litter (tons/acre)
23.7
1.81
1 Hour Fuels (tons/acre)
0.75
0.03
10 Hour Fuels (tons/acre)
4.0
0.21
100 Hour Fuels (tons/acre)
4.4
0.28
Shrub Cover (%)
7.7
1.16
Canopy Cover (%)*
64.1
1.24
* estimated through Forest Vegetation Simulator modeling of plot-based tree lists.
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Table 6. Distribution of USDA Region 5 vegetation classes (Mean (SE)) within 500 acre
(201 ha) circles centered on California spotted owl (CSO) territories (n = 102) and
systematic grid (Grid) points (n = 130) within the Plumas-Lassen Study on the Plumas
and Lassen National Forests, 2004-2006.
R5 Size
Class*
Non-forest
Total Size 1

R5 Size Class Description

CSO

Grid

Sum of non-forest land types
Sum of 1G,1N, 1P, 1S: <6 inch dbh,
all %CC classes
6-12 inch dbh, 10-39% CC
6-12 inch dbh, 40-69% CC
6-12-24 inch dbh, >=70% CC
12-24 inch dbh, >10-39% CC
12-24 inch dbh, 40-69% CC
12-24 inch dbh, >=70% CC
>24 inch dbh, >10-39% CC
>24 inch dbh, 40-69% CC
>24 inch dbh, >=70% CC
Sum of 4N & 4G: >24 inch dbh, >=
40% CC
Sum of classes 3N, 3G, 4N, 4G =
>12 inch dbh, >40% CC

4.4 (1.0)
1.7 (0.3)

8.4 (1.2)
1.6 (0.3)

2P & 2S
3.4 (0.4)
4.1 (0.5)
2N
3.8 (0.6)
4.4 (0.9)
2G
1.6 (0.5)
0.5 (0.1)
3P&3S
9.2 (0.8)
16.1 (1.3)
3N
37.2 (2.4)
38.5 (1.8)
3G
6.2 (1.0)
3.8 (0.7)
4P&4S
1.0 (0.3)
2.1 (0.4)
4N
25.8 (2.0)
17.3 (1.6)
4G
6.5 (0.1)
2.4 (0.8)
Total 4N &
32.4 (2.3)
19.6 (1.8)
4G
Total
Suitable
75.7 (2.19)
61.9 (1.75)
habitat
*defined by average tree size (dbh = diameter at breast-height) and average percent
canopy cover (CC).
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Table 7. Annual number of California spotted owls documented during the breeding
period (April-August) in SA-4 (Meadow Valley Project Area), Plumas National Forest,
California, 2003-2010.
Year
2003
2004
2005
2006
2007
2008
2009
2010

Confirmed
Pairs
7
7
4
3
8
5
5
5

Unconfirmed
Pairs
0
0
1
1
0
0
0
0
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Territorial
Singles
1
0
2
3
1
1
1
2

Total Territorial
Sites
8
7
7
7
9
6
6
7

Figure 1. (A) Location of California spotted owl (CSO) Survey Areas surveyed 20042010. (B) Example of original survey plot consisting of multiple Cal-Planning
watersheds. (C) Example of Primary Sampling Units for surveying for CSOs. See text
and study plan for further details.
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Figure 2. Distribution of California spotted owl territories within the study survey area
across the Plumas and Lassen National Forests, 2010.
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Figure 3. Monthly precipitation totals for Quincy, California, during January-May, 2004-2010
(data from Western Regional Climate Center).
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Figure 4. Distribution of California spotted owl (n = 103) nest sites by California Wildlife
Habitat Relationship (CWHR) database vegetation classes on the Plumas and Lassen National
Forests, California, 2004-2007. Descriptions of the CWHR classes are provided in Table 5
within the text of this document.
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5M

5D

6

Figure 5. Percent suitable habitat (>=12 inch dbh trees with >=40% canopy cover) within 500
acre (201 ha) circles centered on California spotted owl (CSO, n = 102) and systematic grid
points (Grid, n = 130) on the Plumas and Lassen National Forests, California, 2004-2007.
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Figure 6. Percent large tree habitat (R5 classes 4N &4G: >=24 inch dbh trees with >=40%
canopy cover) within 500 acre (201 ha) circles centered on California spotted owl (CSO, n =
102) and systematic grid points (Grid, n = 130) on the Plumas and Lassen National Forests,
California, 2004-2007. Descriptions of R5 classes are provided in Table 7 within the text of this
document.
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Figure 7. Distribution of proposed Meadow Valley Project Area forest management treatments
and cumulative distribution of California spotted owl territorial sites between 2003-2009 in
Survey Area-4 of the Plumas-Lassen Study, Plumas National Forest, California.
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Figure 8a. Annual summary distribution of California spotted owl territorial sites across
Survey Area-4 (Meadow Valley Project Area) of the Plumas-Lassen Study, Plumas National
Forest, California, 2007-2010.
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Figure 8b. Annual summary distribution of California spotted owl territorial sites across
Survey Area-4 (Meadow Valley Project Area) of the Plumas-Lassen Study, Plumas National
Forest, California, 2003-2006.
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Figure 9. Average California spotted owl use locations compared with random for four fuels
treatment types in the Meadow Valley Project area, Plumas National Forest, California, 20072008.a
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Individual owls were considered the sample unit and not all treatment types were available to
each owl: Defensible Fuel Profile Zone (DFPZ; n = 9); understory thin (n = 5); group selection
(n = 9); and understory thin followed by underburn (n = 4).

148

Figure 10. Maps of fire severity in the: (a) Moonlight-Antelope Complex fire (88,000 acres) of 2007; and (b) the CubOnion Complex fire (21,000 acres) of 2008, on the Plumas and Lassen National Forests, California.
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Figure 11. Distribution of the post-fire landscape by fire severity class for the MoonlightAntelope Complex Fire Area (MACFA) and Cub-Onion Complex Fire Area (COCFA) on the
Plumas and Lassen National Forests, California.
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Figure 12. Distribution of pre- and post-fire California Wildlife Habitat Relationship vegetation
classes within the Moonlight-Antelope Complex fire areas on the Plumas and Lassen National
Forests, California, 2008.
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Figure 13. Maps of (a) pre-fire and (b) post-fire California Wildlife Habitat Relationship
vegetation classes within the Moonlight-Antelope Complex fire areas on the Plumas and Lassen
National Forests, California, 2008.
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Figure 14. Distribution of California spotted owls within the Moonlight-Antelope Complex fire
area and a 1.6 km buffer on the Plumas and Lassen National Forests, California, 2008-2009.

153

Figure
Figure15.
15.Distribution
DistributionofofCalifornia
Californiaspotted
spottedowls
owlsdetected
detectedinin (a) 2009 and (b) 2010 within four wildfire burn severity classes in
(a)
2009
and
(b)
2010
within
the
Cub-Onion
Complex
FireLassen National Forest, California.
the Cub-Onion Complex Fire Area with a 1.6 km buffer,
Area and a 1.6 km buffer and wildfire burn severity classes on
the Lassen National Forest, California.
(a)

(b)

154

Figure 16. Distribution of Barred and Sparred (Spotted-Barred Hybrid) Owls within the
HFQLG Project area, 1989-2010.
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Plumas-Lassen Administrative Study:
Implication of Research Finding for Ecological
Restoration
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Plumas Lassen Administrative Study
Nexus with the Storrie Fire and Restoration of a Severely Burned Landscape
The five modules of the Plumas Lassen Administrative Study (PLS) have been dedicated to
understanding the relationship between forest management strategies and an array of elements of
the forest (response variables) with which managers and the public are concerned. Spotted owls
and their habitat are a major management priority and often the fulcrum of legal challenges to
proposed forest management projects. When we began the PLS program we decided to take a
landscape view of this problem and address a number of ecological issues that revolve around
the conflict between managing forest to promote resilience and sustaining spotted owl
populations. The specific elements we decided to examine were: 1) spotted owl populations, 2)
small mammals (prey items of spotted owls) 3) terrestrial bird (both for biodiversity assessment
and as prey for spotted owls, 4) vegetation dynamics (including habitat structure), and fire, the
most profound threat to the forest in general. Thus the five modules of the PLS program were
established to provide an integrated understanding of forest ecology and responses to diverse
management practices.
Principal among the several purposes of forest management in this area is reducing fuels to
prevent large, severe fires. Large fires, like the Storrie fire of 2000, burn uncharacteristically
large expanses of forests at high severity. The resulting landscape has a host of disrupted forest
functions that persist for years to decades, especially with respect to habitat for species that
require dense forest and large trees. With this purpose in mind managers are challenged with
how to manage forests to minimize the likelihood of such a fire while simultaneously preventing
and/or ameliorating any significant effects on the very resources they are attempting to conserve.
The PLS program has a two-fold purpose that explicitly intersects with the objectives of the
Storrie Fire restoration program. First, PLS research addresses the question of “how do
managers manage landscapes to restore the resiliency of the forest to the inevitable wildfire
while preventing any significant short-term effects on sensitive natural resources such as spotted
owl populations? “ Restoration is expensive, slow, and long term success is fraught with
imprecision and uncertainty. Far more desirable is the prevention of such occurrences. This
includes, in part, management of landscapes so that they can withstand wildfires when they
occur. PLS research examines numerous facets of this challenge for land managers and is
providing data on consequences of different strategies.
The second line of PLS research addresses both learning what the response is of assorted
biological/physical elements to fires of various intensities and the efficacy of various remedial
actions. Once a fire has occurred managers have to weigh a range of restoration options. The
goal of managers is restoring the landscape and the ecological balance, but the appropriate
response depends on conditions of the fire and many other ecological factors. PLS research is
looking at response of vegetation, and several different groups of wildlife to varying intensities
of wildfire.
To adequately address these objectives it is important to be able to begin gathering data within
the first year after a fire has occurred. Although wildlife and vegetation response within the
post-fire recovery period progresses through a sequence of phases, the initial trajectory is often
set by immediate post-burn conditions. In particular, restoration ecology research has found that
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legacy structures (i.e., the number, size, and distribution of live trees, snags, and large downed
logs) strongly influence forest seral development and habitat conditions for decades.
Understanding the consequences of varying degrees of fire severity requires knowledge from all
phases of the post fire period. Given that the Storrie Fire occurred 11 years ago it is impossible
to examine the early phases of post-fire recovery on that fire. However we can examine early
post-fire response on other fires that have occurred in the region more recently such as the
Moonlight fire, Antelope complex, and the Cub complex, all of which occurred within the last
three to four years. By examining different locations immediately after the fire has occurred
rather than go into a ten plus year old fire (i.e. substituting space for time) we have gained
valuable insight into what happens to the wildlife and vegetation in the early years of post-fire
recovery. Investigating the Storrie Fire directly can then augment these studies of early post-fire
responses to gain an understanding of post-fire development/recovery over time. This
knowledge can, in turn, be applied to management and recovery strategies that have relevance to
the Storrie Fire as well as many other burned landscapes. Our research objectives with this line
of research are to collect data and understand post fire response over time and also across levels
of fire severity. This information can provide valuable insight into restoration strategies for all
fires on the west slopes of the northern Sierra.
The following provides a brief summary of what each of the five PLS modules is learning related
to restoration of landscapes. When we refer to restoration we mean that this applies to both
landscapes that, due to decades of fire suppression and other land management practices, are
vulnerable to large, high intensity fires or landscapes that have been significantly altered due to
high severity fires. We will continue to report our results with a special section devoted to how
our findings inform management interests related to restoration.
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USDA Forest Service Storrie Fire Restoration Program:
Fire and Fuels Module
Assessing effectiveness of a landscape fuel treatment strategy: avoiding future Storrie-like
fires by learning from a completed fuel treatment network in an adjacent landscape
The impacts of 2001 Storrie fire on forest structure and ecosystem processes were largely
destructive. These impacts were a direct result of exacerbated fire behavior that was driven by
the interaction between extreme fire weather and altered forest structure (i.e., high tree densities,
elevated surface fuel pools). The extensive nature of these destructive effects, and those of other
large fires, emphasize the need to ‘scale-up’ mitigation efforts (fuel treatments) and to coordinate
them across entire landscapes. An example of a coordinated landscape fuel treatment effort is the
Defensible Fuel Profile Zone (DFPZ) networks implemented as part of the Herger-Feinstein
Quincy Library Group (HFQLG) Pilot Project.
The Meadow Valley project area, which is separated from the Storrie fire perimeter by just over
two miles at the nearest point, has a fully implemented DFPZ network. Recently, we completed
an assessment of this DFPZ network within the Meadow Valley area (see Moghaddas et al.
2010). In this study we demonstrated that HFQLG treatments were effective in reducing overall
probability of burning throughout the Meadow Valley landscape, as well as reducing potential
fire behavior under a ‘problem fire’ weather scenario similar to that experienced during the
Storrie fire. This study was the first to analyze a landscape fuel treatment network that was
actually implemented (as opposed to modeled treatments).
Currently we are augmenting this effort by: 1) modeling this ‘treated’ Meadow Valley landscape
over time and comparing predicted burn probabilities to that for an ‘untreated’ landscape, and 2)
partitioning burn probabilities by likely fire behavior to separate out potential for hazardous, or
crown fire. We used plot data that we collected in 2004 and 2005, along with plot data from the
HFQLG monitoring program, to populate individual stands across the entire Meadow Valley
landscape. Our initial results indicate a reduction in probability of potential crown fire that was
most noticeable within and adjacent to treatment units. These reductions are evident across the
Meadow Valley landscape for approximately 20 years; after which the probability of potential
crown fire over the entire landscape approaches the level of the initial untreated landscape. These
results and those from our previous study (Moghaddas et al. 2010) suggest that a fully
implemented landscape fuel treatment network can substantially reduce the potential for
extensive crown fire. In other words, a properly implemented DFPZ network can prevent the
large-scale destructive effects that resulted from the 2001 Storrie fire. In order to minimize
further forest damage to the larger Storrie fire landscape from future wildfires
continued/augmented DFPZ implementation will likely be an effective approach.
Our results also suggest that a fuel treatment network has a ‘life span’, even if the fuel treatment
network is maintained over time (i.e., prescribed burning of treatment units on 10-20 year
intervals). This emphasizes that crown fire hazard continues to develop in untreated areas and
can eventually override the reductions brought about by the initial fuel treatment network. For
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managers, this means that over time more new treatments will need to be installed across the
larger Storrie fire landscape, in addition to maintaining existing treated areas. We are working on
a manuscript that details these results, along with the specific methodologies used. We plan on
submitting the manuscript to a journal for peer-review during the 2011 fiscal year.
Forest stand development within stand-replacing fire patches resulting from Storrie and
nearby fires
Over one-third of the Storrie fire area was classified as high severity, or stand replacing fire.
Using the methodology to delineate stand-replacing patches detailed in Collins et al. (2010) 75%
of the stand-replacing area was aggregated in three large patches. These patches were 3000,
4900, and 5300 acres. Based on numerous studies of reconstructed historical fire occurrence
throughout the northern Sierra Nevada contiguous stand-replacing fire patches of this magnitude
are historically unprecedented. Due to the absence of mechanisms to respond to extensive standreplacing fire (e.g., re-sprouting or serotinous cones) the mixed conifer forests in the larger
Storrie landscape have limited capacity to recover naturally. We designed a study to investigate
‘natural’ forest recovery, specifically conifer establishment, in these stand-replacing patches
resulting from the 2001 Storrie fire and other nearby fires. The other fires sampled (and year)
were: Pigeon (1999), Lookout (1999), Bucks Complex (1999), and Rich (2008). We intended to
sample areas that had minimal post-fire management (i.e., salvage harvesting, planting). Our
specific goals were to investigate the both the spatial and temporal dynamics of ‘natural’ forest
development within stand-replacing patches.
Our initial results, which are based on averages for all sampled stand-replacing patches within a
particular fire, indicate high levels of shrub cover for the four older fires, ranging from 62 to 81
% cover (Table 1). Conifer sapling density in these stand-replacing patches was low, ranging
from 3 to 64 per acre (Table 1). In three of the four older fires saplings were predominantly
ponderosa pine (Pinus ponderosa). Seedling density was quite variable, ranging from100 to 2900
per acre (Table 1). Seedlings were predominately white fir (Abies concolor).. Although
ponderosa dominates the sapling class the density is generally low, suggesting that species
composition of the resulting forest is likely to be shifted towards white fir. These initial results
demonstrate that trees are regenerating in these stand-replacing patches and forests are likely to
return at some point in the future. However, given that even 10-11 years after fire there continues
to be high shrub cover and low sapling densities, the amount of time it will take for mature
forests to develop will likely be considerable. If rapid establishment of mature forests is a
primary objective, restoration efforts can be focused on reducing shrub cover to allow for
increased growing space for recently established trees. Furthermore, if desired conditions are to
have more pine-dominated forests planting may be necessary.
We will be performing more in depth analysis to attempt to explain tree establishment using site
and environmental factors as explanatory variables. The intent of this analysis is to provide
information to Silviculturists on forest recovery following stand-replacing fire in the absence of
intensive management. In other words, what will the pattern of forest development be and in
what timeframe can forests be expected to return in these severely burned areas.
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Table 1. Averages for all sampled stand-replacing patches within identified fires
Storrie
(2000)

Pigeon
(1999)

Lookout
(1999)

Bucks
Comple
x (1999)

Rich
(2008)

62

81

80

77

25

221

105

2901

2000

101

17

8

33

55

0

Shrub cover
(%)
Conifer seedling density
(< 1cm dbh trees/ac)
Conifer sapling density
(>1 cm and <5 cm dbh trees/ac)
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Major accomplishments:
Evaluation of landscape fuel treatment network impacts on potential fire occurrence and
behavior
o We published a paper in the Canadian Journal of Forest Research demonstrating that
HFQLG treatments were effective in reducing overall probability of burning
throughout the Meadow Valley landscape, as well as reducing potential fire behavior
under a ‘problem fire’ weather and ignition scenario.
o We completed modeling for a more intensive evaluation of fuel treatments effects
over time and will be writing the results up in FY 2011.
Forest development in stand-replacing fire patches
o We sampled 286 field plots in which we sampled tree regeneration and shrub cover
across stand-replacing patches within five different fires. We will be performing
GIS/geostatistical techniques to attempt to explain tree establishment using site and
environmental factors as explanatory variables.
Applicability to landscape restoration
Although much of our work has existed outside of the Storrie fire footprint, we believe it has
relevance to restoration of the broader landscape of which the Storrie fire footprint is a part of.
Our fire modeling across the Meadow Valley landscape serves as one of the only studies
to investigate an actual implementation of a landscape fuel treatment project. The
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information from this work will provide important insights for avoiding the extensive
stand-replacing fire effects resulting from future Storrie and other similar fires.
The data collected on stand-development within large stand-replacing patches will
provide information on the likelihood and type of forest recovery for these areas in
absence of post-fire management. Storrie is one of several fires sampled in the project.
Based on the results for this work managers can determine whether forest recovery 10-11
years following fire is within desired and/or acceptable ranges.
Our proposed work on both fuel treatment longevity and spotted owl/fuel treatment
effectiveness tradeoffs relates to Storrie in a manner similar to our first bulleted item, i.e.,
assessing effects of strategies for mitigating future Storrie-like fires.
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Plumas-Lassen Vegetation Module: Restoration Implications
The vegetation module’s work has been to develop tools to assist restoration of historic tree
species composition and structure in northern Sierran Forests. Such restoration is essential to
improve resilience to, and recovery from, the large wildfires that have become the dominant
disturbance regime in these forests.
The first step towards restoration of mixed conifer forests is often to confer resistance to wildfire
by fuels-reduction thinning; ideally such thinning should also create opportunities for
regeneration of desired species. Creating opportunities for restoration of these species is a forestwide vegetation management direction emphasized in the 2004 Record of Decision for the Sierra
Nevada. Heretofore it has been difficult to determine whether thinning is creating adequate light
for regeneration of the shade-intolerant, fire-and-drought-tolerant species that confer resilience to
climate change. The vegetation module has published light/growth curves for saplings of the six
most-common tree species of Sierran mixed-conifer, and a second manuscript, now in review,
shows height-growth curves for seedlings of the same species. These show, quantitatively, how
much light is required to achieve accelerated growth of ponderosa and Jeffrey pine compared to
more shade-tolerant tree species. Our work also shows how managers can derive point estimates
of light using a spherical densiometer, how to use canopy cover to estimate ground area available
for regeneration of ponderosa and Jeffrey pine, and how much light changes after fuels-reduction
thinning and group selection treatments.
Restoration of historic structure and species composition by silvicultural treatments also affects
the microclimate in ways that are relevant to fire behavior, i.e., the fire climate. Our research on
fire climate shows that wind gust speed is elevated after treatments, though probably not enough
to greatly affect rate of fire spread. Higher mid-canopy wind speeds may actually be beneficial
for prescribed burning on calm days, because the breezes disperse the heat plumes and prevent
crown scorch. Our research also shows that the duff layer becomes drier after canopy-opening
treatments, and this is particularly important for maintenance of large-diameter trees on the
landscape. Such trees have been shown to be vulnerable to cambium death due to heating by
smoldering duff even under low-intensity prescribed fires, and duff consumption is directly
linked to duff moisture. Our findings imply that managers may want to consider applying
prescribed fire before thinning in cases where there are many large trees in long-unburned
systems.
Maintenance and recruitment of large trees (e.g., > 30”DBH) on the landscape are crucial for
wildlife habitat and for ecosystem services such as carbon sequestration. Such trees have been
intensively harvested and there are many fewer on the landscape than in earlier decades. Our
work on neighborhood and historic climate factors affecting growth of large trees has not
revealed strong effects of neighboring tree density on growth rate of big trees, but we do see
significant correlations between growth rate and climate. There is a significant positive
correlation between annual precipitation and growth rate of large trees on the Plumas and Lassen
National Forests over the past 100 years. All the typical tree species of mixed conifer forest were
also sensitive to temperature, but the response differed according to summer or winter. Warmer

163

winters were correlated with higher growth in the shade-tolerant conifers, but all species were
adversely affected by higher summer temperatures. Our findings will help managers predict large
tree growth (and recruitment) rates under current conditions, and allow projection of how these
will change under contrasting climate change scenarios.
Seedling dispersal and establishment is a cornerstone process in forest restoration which defines
the future forest. We have been studying the distance and direction of dispersal of seedlings from
parent trees in group selection openings and conditions of high and low severity burns. Our work
shows the expected seedling establishment rates, by species, under these conditions, with respect
to density and size of potential parent trees.
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Plumas-Lassen Study Small Mammal Module:
Relevance of Data from the Small Mammal Module to
Ecological Restoration
The Study Module on Small Mammal Distribution, Abundance, and Habitat Relationships
has collected data on the habitat associations, population dynamics, and spatial ecology (e.g.,
home ranges, territories) of key small mammal species in the Plumas National Forest and is
applying these to provisional management recommendations. Our efforts have emphasized
multiple approaches to understanding mammalian responses to habitat variation, and in
associated studies we have focused out attention on particular species or species groups that are
particularly important to the food web of this system.
Long-term live-trapping grids. In 2003 we established 18 live-trapping grids on which we
proposed to monitor small mammal populations annually to quantify temporal patterns in
numbers and productivity. Trapping grids were large (100 Sherman live traps + 72 Tomahawk
live traps over 2.25 ha) and were established in forest dominated by white fir (Abies concolor; n
= 9), red fir (Abies magnifica; n = 3), Douglas fir (Pseudotsuga menziesii; n = 3), and mixed
pine-cedar (n = 3). In 2005 we established an additional 3 sampling grids in “group select”
treatments located in stands dominated by white fir. Forest treatments (controls plus two levels
of canopy thinning) were applied in 2006 and 2007; as such, we have sampled these grids for 4
years pre-treatment, and another 2-3 years after implementation of treatments. We have
documented tremendous annual variation in certain species, but much more tempered variation
in others. Perhaps most notably, deer mice (Peromyscus maniculatus) have varied greatly in
mean abundance. To exemplify this, their numbers on Douglas fir grids declined from ca. 40
individuals / ha in 2004 to roughly 2-3 individuals / ha in 2005. In general, numbers were very
high in 2004 and 2007, low in 2003, 2005, 2006, and 2008, and increased through 2009 and into
2010. Linear modeling of Peromyscus numbers as a function of winter severity (annual snow
fall) and annual conifer cone production suggests that population size is strongly influenced by
both factors – mild winters following years of high cone productivity appear to result in very
high deer mouse numbers. This is important to managers because deer mice are key vectors for
hantavirus pulmonary syndrome, and they appear to be important prey species for California
spotted owls. Hence, this species plays important epidemiological roles as well as a key trophic
link in this system. Additionally, early work by one Masters student (Ms. Stephanie Coppeto) on
this study quantified habitat characteristics at every trapping point, and developed models to
relate the spatial distribution of small mammals to habitat features at both the scale of trapping
points and the broader scale of trapping grids.
This module provides essential insight to the habitat requirements of constituent species
and to the extent of annual variability in these species. Knowledge of such habitat
associations and requirements is critical for goal-based restoration. Because the species
studied include key prey species for California spotted owls as well as various other
raptors and mesocarnivores, it is imperative that restoration efforts target viable
populations of these taxa. For some species (e.g., deer mice and chipmunks) we continue
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to refine predictive models of the relationship between population sizes and environmental
drivers such as temperature, annual snowfall, etc.
“Songbird transects”. In a parallel research effort we have surveyed small mammal numbers at
74 linear transects that were established by the Songbird Module of this research program
(hence, we refer to these as the songbird transects). These transects were arrayed across the
Plumas National Forest in a stratified random manner, and we have now sampled all transects
that are logistically feasible in terms of access and/or topographic structure. Because of the
stratified random distribution of these transects they provide a statistically defensible survey of
habitats (and associated small mammal species) in proportion to their availability within the
PNF. Additionally, these span a greater range of habitats than are available in the long-term livetrapping grids, and consequently also sample additional species of small mammals. Most
analyses for a first publication on spatial patterns in community structure were completed during
summer 2010, and we anticipate drafting a manuscript once the current academic year is
completed.
This research provides a broad spatial “snapshot” perspective of habitat associations and
ecological distribution over a randomized sample of the National Forest. As such, this will
yield more robust habitat association models than have the live-trapping grids.
Importantly, these models should allow for a more comprehensive understanding of the
spatial distribution of these species as a function of habitat structure and composition; in
the context of environmental/habitat restoration, these should provide targets for
restoration efforts.
Research on Focal Species. Reflecting the importance of California spotted owls in this system,
we targeted research efforts on two key prey species – northern flying squirrels (Glaucomys
sabrinus) and dusky-footed woodrats (Neotoma fuscipes). These species became the research
focus of two Masters students. Both students applied focal trapping (typically around known
dens) and extensive radiotelemetry to characterize home range size and composition for
woodrats, overlap among individuals (both same-sex and opposite-sex dyads).
Dusky-footed woodrats. Ms. Robin Innes studied the spatial ecology and habitat associations of
this species. Her studies revealed a strong positive relationship between woodrat density and the
number of large California black oaks (Quercus kelloggi), as well as a strong association
between the distribution of woodrat houses and large logs and stumps. Somewhat surprisingly,
arboreal houses are prevalent in the PNF, and also appear more common in large California
black oaks and snags.
Northern flying squirrels. Mr. Jaya Smith studied this species and his publications are currently
in review. This was the first research of its kind in Sierra forests, and our results suggest that the
autecology of this species here differs in some important ways from populations in more mesic
forests of Oregon and Washington. Unlike many other species, home ranges of male and female
flying squirrels were similar in size, but the resources that they emphasize when establishing
home ranges may be different. Habitat selection for both sexes was scale-independent; home
ranges included disproportionate cover by large mixed-conifer stands, and habitat use
(movements) within home ranges also favored use of areas with large mixed-conifer stands.
Squirrels selected large conifers and hardwoods for den sites preferentially over smaller conifers
and saplings. These results suggest that retention of viable populations of this key prey species
would be facilitated by active retention of stands of large mixed conifers as well as hardwoods.
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Finally, this research documented that overlap of home ranges among females was much greater
than that between sexes (we lacked sufficient data to assess male-male overlap), suggesting that
males and females are defending very different resources. Of interest, females of this highly
social species appeared to segregate from other females and to defend territories when with
young, but not once young have become independent; further research on this would be
profitable.
These results suggest that promotion of viable populations of these key prey species would
be facilitated if forest managers could manage for stands of large mixed conifers as well as
hardwoods. We suspect that hardwoods are more important to northern flying squirrels in
the relatively xeric Sierra forests than in more mesic forests of the Pacific Northwest,
although further work should be pursued to further refine this association. Restoration
efforts should emphasize both large mixed conifers and hardwoods, and post-fire salvage
operations should strive to retain hardwoods as foundations to the more rapidly growing
(softwood) elements of these forests. We note that the importance of hardwoods may be
an increasing theme in Sierra Nevada mammal ecology, as similar results have obtained for
some mesocarnivore species as well.
Additionally, both woodrats and northern flying squirrels, as well as deer mice, appear to
dominate the diets of spotted owls in the Plumas National Forest (J. Keane, pers. Com.),
and deer mice in particular may be important in supporting years of high fledgling success
by spotted owls. As such, our data on the spatial ecology and distribution of these will be
fundamental in developing restoration strategies to assure a dietary foundation for this
important avian predator.

167

Plumas-Lassen Study Terrestrial Bird Module: Restoration
Implications
Overview
In 2010, PRBO’s avian module of the Plumas-Lassen Administrative consisted of three
components: continued monitoring of three fire areas, continued monitoring of our long-term
study of the effects of fuel treatments in the Mt. Hough Ranger District, and dissemination of
information through direct interactions with F.S. staff, report and presentation development, and
producing publications. We conducted point counts to quantify landbird abundance and nest
searching to quantify the density and habitat use of cavity nesting birds in each fire. We
conducted a total of 300 point counts across 60 plots in the Storrie, Moonlight, and Cub fires in
2010. We surveyed 10 new plots on private land in the Storrie and Moonlight fires in 2010 but
dropped two sites surveyed in 2009 due to access and safety issues. We sampled 484 points
across 40 transects in the PLS study area in Treatment Units 2, 3, and 4. Field work also included
vegetation and habitat surveys within each of the 60 fire transects. A total of six field crew based
out of Meadow Valley from April 26 – August 7 conducted all field work. We published one
manuscript and made progress on two others. We presented results at the Fire and Fuels
Conference in Sacramento and the PLS Symposium and attended several F.S. field trips.

Application to Storrie Fire Restoration
The avian module of the PLS study directly answers questions relating to current and future
management of the Storrie Fire landscape. Using birds as ecological indicators, PRBO biologists
are studying the Storrie Fire and two adjacent fires in order to understand how wildfire and postfire management influence wildlife habitat. This information is already being used to guide postfire restoration activities in the Storrie fire and elsewhere (see below).
In addition to extensive work within the Storrie Fire, we are also studying the effects of fuel
treatments on the avian community in green forest habitats adjacent to the Storrie Fire. This work
contributes to our work within the Storrie Fire perimeter in several specific ways. First, these
data provide a measure of the background changes in baseline bird populations that would have
been expected in the absence of the Storrie Fire. Such information is critical for accurately
estimating and interpreting the impact of the Storrie Fire on wildlife habitat. Second, information
from the green forest study is being used to develop recommendations for planting densities,
species composition, and landscape configurations that can be used in restoration activities to
promote the future desired conditions within the Storrie fire and other post-fire environments.
Finally, our work in green forests is designed to identify green forest treatment prescriptions that
are effective at reducing fuels and enhancing wildlife habitat. Developing these prescriptions will
guide the application of mastication, pre-commercial thinning, and shaded fuel breaks in the
next 10 to 20 years within and adjacent to the Storrie Fire.
Given that the goal of Storrie Fire restoration is to restore a resilient, ecologically diverse, and
healthy ecosystem, an understanding of the needs of the avian community in both burned areas
and green forest are critical. Not only will this information help us understand how the Storrie
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Fire impacted wildlife habitat, it will guide restoration and fuel treatment prescriptions that
create future forests that are ecological resilient and fire-safe.

Results
We compared the abundance of 30 species that breed in the study area - and represent a range of
habitat types and conditions - between the three fire areas and green forest in the PLS. When data
from all fires were combined, 10 species were significantly more abundant in fire areas and 11
species were significantly more abundant in the PLS green forest.
Shannon index of diversity, species richness, and total bird abundance were significantly higher
in PLS green forest in 2010 than any of the three fire areas. Among the three fires, Storrie had
the highest indices for each of these three metrics. All three metrics were significantly lower in
both the Moonlight and Storrie private lands than in the adjoining Forest Service lands. All three
indices were also considerably higher in the Moonlight, Storrie, and PLS in 2010 compared to
2009 though indices were similar in both years for the Cub fire.
Burn severity as measured by the Composite Burn Index was a significant predictor of species
richness and total bird abundance in the Moonlight fire and the effect was curvilinear with
highest values at moderate burn index values and lower at both high and low severity. Burn
severity was not a significant predictor of species richness and total bird abundance in either the
Cub or Storrie Fires; in the Storrie Fire the highest values for these metrics were observed in the
high severity areas in contrast to the two younger fires.
We found and confirmed 180 active nests of 11 cavity nesting species in 2010. Of those 35 were
in Cub, 111 in Moonlight, and 34 in Storrie. We found a total of 54 Hairy Woodpecker nests and
16 Black-backed Woodpecker nests in 2010 –both Management Indicator Species for Sierra
Nevada National Forests. The nest trees selected were quite variable in both size and species.
Most woodpecker species did not show any significant preference for nest tree size but there was
for nest tree species and it varied by bird species. The strongest selection was for decay class and
top condition with almost all species selecting for broken top trees with greater decay than those
available on the landscape.

Manuscripts
In 2010 a manuscript entitled, “NESTING ECOLOGY OF YELLOW WARBLERS
(DENDROICA PETECHIA) IN MONTANE CHAPARRAL HABITAT IN THE NORTHERN
SIERRA NEVADA” was published in Western North American Naturalist. This paper describes
the nesting ecology of this California Bird Species of Special Concern in montane chaparral with
direct implications for how to manage for this species in this habitat which is abundant in postfire environments. We are preparing two more manuscripts this winter directly related to post fire management. The first one entitled, “WOODPECKER NEST TREE PREFERENCES IN
SIERRA NEVADA POST-FIRE ENVIRONMENTS: IS THERE EVIDENCE FOR SPATIAL
OR TEMPORAL HETEROGENEITY?” will provide information about nest site use across
different fire intensities and fire age that can help managers make decisions on quantities,
species, and decay classes of snags to leave for this group of bird species. The second paper
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entitle, “HABITAT SUITABILITY MODELS FOR WOODPECKER SPECIES IN POST-FIRE
ENVIRONMENTS IN THE SIERRA NEVADA” will provide information about the key local
and landscape level habitat components, including pre-fire habitat conditions and post-fire snag
densities, at varying scales to provide for a range of cavity nesting species. This paper will also
provide a spatially explicit model that can be used in future fires to help guide salvage and save
areas to maximize benefits to cavity nesting species while meeting other post-fire management
objectives.

2011 and Beyond
This project is collecting valuable information to help elucidate sound post-fire management
strategies in the Sierra Nevada and to specifically provide information to help guide Storrie fire
restoration activities. By collecting information for three more years we will be able to provide a
chronosequence of post-fire ranging from 1 – 6 years and 9 – 13 years using data from all three
fires. This time series will allow us to gain larger sample sizes for cavity nesting species but also
track the changes in cavity use and changes in species abundance community dynamics over
time in relation to natural post-fire succession and those mediated by post-fire management
actions. As these fire areas are undergoing rapid change in the first 10 years following a fire, this
information will be invaluable to determining how to approach post-fire management based on
the time since fire and local and landscape patterns of burn severity. In addition, three additional
years of funding for our green forest fuel treatment study will allow us to provide information
about a community of organisms’ response to fuel treatments in up to 10 years post-treatment.

Post Fire Habitat Management Recommendations
General
Whenever possible restrict activities that depredate breeding bird nests and young to the
non-breeding season (August - April)
Consider post-fire habitat as important component of the ecosystem necessary for
maintaining biological diversity in the Sierra Nevada
Consider the area of a fire that burned in high severity, as opposed to the area of the
entire fire, when determining what percentage of the fire area to salvage log
Consider the landscape context (watershed, ranger district, forest, ecosystem) and
availability of different habitat types when planning post-fire management actions
Consider that snags in post-fire habitat are still being used by a diverse and abundant
avian community well beyond the 5 to 10 year horizon often suggested
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Snags
Manage a substantial portion of post-fire areas for large patches (minimum of 50 acres)
of high severity habitat
Retain high severity areas in locations with higher densities of larger diameter trees
Retain high severity patches in areas where pre-fire snags are abundant as these are the
trees most readily used in the first five years after a fire
Retain snags in salvaged areas greater than green forest standards and retain some in
dense clumps
Snag retention immediately following a fire should aim to achieve a range of snag
conditions from heavily decayed to recently dead in order to ensure a longer lasting
source of snags for nesting birds
When reducing snags in areas more than five years post fire (e.g. Storrie Fire) snag
retention should favor large pine and Douglas Fir but decayed snags of all species with
broken tops should be retained in recently burned areas
Retain snags (especially large pine trees that decay slowly) in areas being replanted as
they can provide the only source of snags in those forest patches for decades to come
Consider retaining smaller snags in heavily salvaged areas to increase snag densities as a
full size range of snags are used by a number of species from as little as 6 inches
diameter, though most cavity nests were in snags over 16 inches

Early Successional Habitat
Manage post-fire areas for diverse and abundant understory plant community including
shrubs, grasses, and forbs. Understory plant communities provide a unique and important
resource for a number of species in a conifer dominated ecosystem
Most shrub patches should be at least 10 acres and shrub cover should average over 50%
across the area in order to support area sensitive species such as Fox Sparrow
Retain natural oak regeneration with multiple stems (avoid thinning clumps) as these
dense clumps create valuable understory bird habitat in post-fire areas 10 – 15 years after
the fire
Manage for a mosaic when treating shrub habitats to ensure some dense patches are
retained. In highly decadent shrub habitat consider burning or masticating half the area
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(in patches) in one year and burning the rest in the following years once fuel loads have
been reduced.
Maximize the use of prescribed fire to create and maintain chaparral habitat and consider
a natural fire regime interval of 20 - 30 years as the targeted re-entry rotation for creating
disturbance in these habitat types.

Shaping Future Forest
Limit replanting of dense stands of conifers in areas with significant oak regeneration and
when replanting these areas use conifer plantings in clumps to enhance the future habitat
mosaic of a healthy mixed conifer hardwood or pine-hardwood stand
Retain patches of high severity fire adjacent to intact green forest patches as the
juxtaposition of unlike habitats is positively correlated with a number of avian species
including declining species such as Olive-sided Flycatcher, Western Wood-Pewee, and
Chipping Sparrow
Incorporate fine scale heterogeneity in replanting by clumping trees with unplanted areas
interspersed to create fine scale mosaics and invigorate understory plant communities and
natural recruitment of shade intolerant tree species
Plant a diversity of tree species where appropriate as mixed conifer stands generally
support greater avian diversity than single species dominated stands in the Sierra Nevada
Consider staggering plantings across decades and leaving areas to naturally regenerate in
order to promote uneven-aged habitat mosaics at the landscape scale
Consider fuels treatments to ensure the fire resiliency of remnant stands of green forest
within the fire perimeter as these areas increase avian diversity within the fire and the
edges between unlike habitats support a number of species (e.g. Olive-sided Flycatcher)

Plumas-Lassen Study: California Spotted Owl Module –
Restoration Implications
The primary goal of the California spotted owl (CSO) module is to address key information
needs and increase the knowledge base regarding how forest management affects CSOs and their
habitat. As restoration of forest structure and function becomes a guiding concept in the
evolution of forest management, the fundamental questions of how forest restoration treatments
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and wildfire affects CSOs and their habitats remain relevant. Information is required on how
restoration or fuels treatments versus how wildfire affects CSOs and their habitats. This
information is needed to guide restoration efforts in the Storrie Fire area.
The CSO module is designed to provide baseline information on CSO distribution, abundance
and habitat associations against which the effects of forest restoration or fuels treatments can be
evaluated. Over the last two years the CSO module has expanded the focus of the research to
encompass the response of CSOs and their habitat to wildfire. Specifically we are investigating
CSO response to high-severity wildfire versus CSO response to low-moderate severity wildfire.
Thus, we are positioned to assess CSO responses across a gradient of forest management
conditions that ranges across: (1) untreated forest conditions; (2) forests treated for fuels or
restoration goals; (3) landscapes that experience low-moderate severity wildfire; and (4)
landscapes that experience high-severity wildfire.
To date we have annually monitored baseline CSO distribution, abundance and habitat
associations across 1,889 km2 the Plumas and Lassen National Forests between 2003-2010.
Additionally the Lassen Demographic Study provides information back to 1990 on the Lassen
National Forest. This data provides a rich baseline against which to assess treatment and wildfire
affects. To date, only one series of landscape fuels treatments has been implemented in the
Meadow Valley Project on the Plumas National Forest. Our results based on three-years posttreatment monitoring suggests that CSOs are distributed in similar numbers as compared to the
pre-treatment landscape.
In 2009 we completed the second year of post-fire monitoring in the Moonlight-Antelope
Complex Fire Area on the Plumas-Lassen National Forests. This 88,000 acre fire was primarily a
high-severity fire and only a single pair of CSOs is present in the post-fire landscape. In contrast,
during our second year of surveys (2010) on the 21,000 acre Cub-Onion Complex Fire Area on
the Lassen National Forest, which burned primarily at low-moderate severity, we documented 6
territorial CSO sites distributed across the post-fire landscape at similar spacing to that we
observe in unburned forest landscapes.
In summary, our results to date are providing empirical support that CSOs can persist in
landscapes treated for fuels or restoration treatments. Further, wildfire effects can vary
depending on fire severity patterns and the resulting post-fire vegetation conditions. Our results
suggest that CSOs are able to persist in landscapes that experience primarily low-moderate
severity wildfires. In contrast, high severity wildfires appear to have negative effects on CSOs
and their habitat.
In 2010 we completed our radio-telemetry study of CSO habitat use in the post-treatment
landscape of the Meadow Valley Project. At the landscape scale, owl home ranges contained
fuels treatments in proportion to their availability on the landscape. Owl home ranges contained
7-35% fuels treatments (X= 16%), with home range size positively correlated with the total
amount of fuels treatment within the home range (p=0.049). Spotted owls selected against
DFPZs (p=0.006), but not other fuels treatments, for nocturnal activities; we hypothesize that the
habitat character of DFPZs may be unfavorable for common spotted owl prey species. One owl
strongly selected underburn treatments over untreated forest for foraging; limited availability of
underburn within the study area prevents further extrapolation of this result. These results
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provide empirical information on how CSO respond to the immediate post-treated landscape and
can inform management on the potential effects of various treatment types on CSO habitat use.
The design of our study, and our results to date, are useful for: (1) assessing CSO response
across a gradient of forest management conditions; (2) informing future forest restoration
objectives; and (3) positioning us to be able to directly monitor how CSOs and their habitat
respond to restoration prescriptions at the plot, stand, and landscape spatial scales. Our results to
date suggest that CSOs are able to persist in at least some treated landscapes and persist in
landscapes that experience low-moderate severity wildfire. Hence, carefully designed future
experiments or treatments that address restoration objectives for restoring vegetation structure
and the function of wildfire as the primary natural disturbance agent in Sierra forests may be
viable management approaches for restoring forests and conserving CSOs. Further, our current
habitat modeling efforts at plot, home range, and landscape spatial scales will prove valuable
tools for predicting the affects of restoration treatments and wildfire on CSOs and their habitat.
The greatest challenge to developing predictive habitat models has been the lack of spatially and
temporally accurate vegetation maps of the pre and post-treated landscapes. Joint efforts
between PSW and Region 5 are attempting to fill this critical missing data gap so that the effects
of wildfire and treatments on CSOs can be fully documented and defensible habitat models can
be developed. Once completed, predictive habitat models can be used to guide management and
restoration of the Storries Fire area, and more broadly to assist in management planning and
project evaluation across NFS lands.
In 2011 we will conduct our first CSO surveys in suitable habitat remaining within the Storrie
Fire footprint. These data will allow us to test our model predictions for how CSOs respond to
wildfire. Further, the results from our habitat analyses and telemetry studies will allow us to
provide direct management recommendations to forest managers on treatments to benefit CSOs
within the context of the Storrie Fire area. Further, our survey results will establish a baseline to
determine if management and restoration is successful in maintaining existing owls and
increasing CSO numbers and habitat suitability over time within the Storrie Fire area.
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