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Abstract
Bate, Lisa J.; Wisdom, Michael J.; Garton, Edward O.; Clabough, Shawn 

C. 2008. SnagPRO: snag and tree sampling and analysis methods for wildlife. 
Gen. Tech. Rep. PNW-GTR-780. Portland, OR: U.S. Department of Agricul-
ture, Forest Service, Pacific Northwest Research Station. 80 p.

We describe sampling methods and provide software to accurately and efficiently 
estimate snag and tree densities at desired scales to meet a variety of research and 
management objectives. The methods optimize sampling effort by choosing a plot 
size appropriate for the specified forest conditions and sampling goals. Plot selec-
tion and data analyses are supported by SnagPRO, a software program designed 
specifically to serve our sampling methods.

We present two sampling methods to estimate density and associated char-
acteristics of snags and trees. The first method requires sampling until a desired 
precision is obtained for a density estimate. The second method compares esti-
mated densities with target densities, such as target snag densities specified under 
a land management plan. 

Our methods of snag and tree sampling are compatible with recently devel-
oped methods of log sampling, thereby improving efficiencies by enabling the 
simultaneous collection of all three habitat components—snags, large trees, 
and logs—to meet research or management objectives for a variety of resource 
disciplines, including wildlife, silviculture, fuels, and soils. Recently developed 
methods of log sampling also use SnagPRO for data collection and analysis. 

Our methods and software are particularly relevant to forest management, 
given that nearly all federal land use plans require monitoring of snag and tree 
densities in relation to management direction for wildlife. Staffing and budgets 
available to estimate snag and tree densities, however, are extremely limited, and 
thus require efficient methods to achieve acceptable accuracy. Our methods are 
an efficient approach for estimating snag and tree densities, particularly when 
combined with use of the supporting SnagPRO software.

Keywords: Cavity nester, density, foraging, large tree, nesting, monitoring, 
sampling technique, snags, SnagPRO, wildlife management, wildlife use, wood-
pecker. 
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Introduction
The ecological roles and importance of dead and dying wood in forest ecosystems 
have been the subject of increasing interest and awareness over the past decades. 
For many vertebrate species, standing dead trees (snags) provide essential habitat in 
the form of cover and food. Snags with internal pockets of decay provide insulated 
and protected nest, roost, or den sites (Bull and others 1997, Laudenslayer 2002, 
Mellen and others 2006, Rose and others 2001). Other types of snags, colonized 
by invertebrates, provide a rich foraging resource (Bate 1995, Bull and Holthausen 
1993). 

Living trees with decay also provide nest, roost, and den sites (Bull and others 
1997). In Oregon, for example, Rose and others (2001) documented a myriad of 
wildlife species associated with tree cavities (51 species), with decayed portions 
of trees (45 species), with hollow trees (28 species), with bark crevices of trees (21 
species), and with mistletoe clumps found in large trees (18 species). In addition, 
large, mature trees provide an essential foraging resource for wildlife in forest 
ecosystems. White-headed woodpeckers (Picoides albolarvatus) and other wildlife 
species depend on the seeds produced by mature ponderosa pines (Pinus ponderosa 
Dougl. ex Laws.) for spring and autumn foraging (Dixon 1995, Ligon 1973). As 
certain tree species age, they develop deep furrows that harbor increased arthropod 
densities for foraging birds (Bull and others 1986, Mariani and Manuwal 1990). 
Live trees with internal pockets of decay may be colonized by ants (for example, 
Formica spp.), which serve as a key food for several vertebrate species (Bull and 
others 1997). Finally, large trees are the pool for recruitment of future snags.

As primary cavity-nesters, the role of woodpeckers is integral to healthy forest 
ecosystems because these species excavate cavities in decayed portions of snags or 
live trees for nest and roost sites. These cavities are subsequently used by secondary 
cavity-nesting or nonexcavating vertebrates. Because of their role in providing cavi-
ties needed by many other vertebrates, woodpeckers often are considered indicator 
species (Brown 1985, Thomas and others 1979). That is, if the needs of woodpeck-
ers are met, then the needs of the larger set of species that depend on the snags and 
live trees that woodpeckers modify also are met (Rose and others 2001). 

Although most federal land use agencies have adopted retention and recruit-
ment standards to maintain adequate densities of snags and large trees for wildlife, 
these structures have declined in abundance for various reasons (Hann and others 
1997). Snags are systematically removed because of their commercial and firewood 
values (Bate and others 2007, Wisdom and Bate 2008) and to reduce estimated risks 
associated with safety, fire, and disease (Dickson and others 1983, Ffolliot 1983, 
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Hann and others 1997, Styskel 1983). Large trees also are targeted for removal dur-
ing timber harvest as well as for firewood. Both snags and dying trees are routinely 
removed during salvage-logging operations (Saab and Dudley 1998). In addition, 
snag retention programs on national forests are hampered by problems with safety, 
funds, and inconsistent standards and guidelines (Hope and McComb 1994). Conse-
quently, the density, size, and condition of snags on national forests often do not 
meet management standards (Bate 1995, Morrison and others 1986).  

Reduced snag densities affect more than the species that depend on snags for 
survival. In addition, the commodity value of timber may be diminished. Most  
cavity-nesters are insectivores, and are instrumental in preventing or retarding 
insect outbreaks (Beebe 1974, Otvos 1979). Some species of woodpeckers are 
known to aggregate in areas of insect outbreaks, helping to accelerate the decline 
of the insect populations (Otvos 1979). Foraging woodpeckers chip and probe at 
the bark of beetle-infested trees, altering the microenvironment of any eggs and 
larvae and increasing beetle susceptibility to mortality from parasites and extreme 
temperature fluctuations. Thomas and others (1979) provided compelling arguments 
and evidence in support of maintaining viable populations of woodpeckers and 
other insectivores to benefit forest-based economies.

Managing densities of snags and large trees is essential for ensuring that the 
needs of cavity-nesting and decay-dependent species are met. Recognizing the 
integral role of woodpeckers in forest ecosystems, Thomas and others (1979) and 
Brown (1985) provided some of the first guidelines for managing snag densities 
for woodpeckers and other snag-dependent wildlife. These guidelines, however, 
focused only on the nesting needs of woodpeckers. Since then, new studies indicate 
that more snags are required than recommended in either of these publications to 
provide for all needs of snag-dependent species (Bull and others 1997, Mellen and 
others 2006, Rose and others 2001). In Oregon, for example, at least 93 vertebrate 
species use snags for nesting, roosting, denning, feeding, or related life functions 
(Rose and others 2001). In addition, foraging structures differ from nesting and 
roosting structures for woodpeckers (Bate 1995, Bull and Holthausen 1993, Caton 
1996, Dixon 1995), and some secondary cavity nesters, such as bats (Betts 1998, 
Campbell and others 1996, Ormsbee and McComb 1998) and Vaux’s swifts (Bull 
and others 1997), use hollow trees or snags for nesting and roosting.

Monitoring snags and large trees can be inherently difficult because their 
densities and distributions differ extensively, as do forest conditions that hamper 
sampling, such as topography, seral stage, and sampling visibility (Bate and others 
2007, Wisdom and Bate 2008). Therefore, to improve the efficiency of snag and 
large-tree monitoring programs, resource specialists must first determine the shape 
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and size of plot that works best in a given area. Bull and others (1990) tested the 
efficiency and accuracy of both fixed- and variable-radius circular plots to deter-
mine snag densities. They found that 1-acre (0.4-ha) fixed and variable plots, with 
a factor-5 prism, worked best for areas with snag densities ranging from 0.7 to 2 
snags per acre (1.7 to 4.9 snags/ha). Although large circular plots may be adequate 
for sampling open forests with relatively low snag densities, it is not possible to 
accurately count snags with plots of this size and shape in areas obscured by veg-
etation or in steep terrain (Bate and others 1999). In addition, where snag densities 
are high, such as in beetle-killed or burned areas, the use of large, circular plots will 
increase sample variance, making it difficult to obtain a precise estimate (Bate and 
others 1999).

Prisms or gauges can also be used to sample snags or trees along a transect line, 
referred to as horizontal line sampling (Husch and others 1972). Ducey and oth-
ers (2002) presented a modification of horizontal line sampling (MHLS) that uses 
shorter segments and then adds one-half of a conventional horizontal point sample 
at the end of each line. Ducey and others (2002) found the modified line sampling 
to be more efficient and precise than traditional line sampling. As with variable-
radius circular plots, however, a small prism usually is required to obtain adequate 
samples when snags are rare. This poses a substantial bias, however, of being 
unable to detect snags often hidden at the longer distances required by the sampling 
method, resulting in underestimation of snag densities (Harmon and Sexton 1996).

Kenning and others (2005) investigated the efficiency and bias of various snag 
inventory methods including fixed circular plots (1/20th acre [0.02 ha]), MHLS 
(Ducey and others 2002), N-tree distance sampling, and distance-limited N-tree 
sampling. The N-tree sampling method measures snag characteristics on a speci-
fied number of snags (N) from a center point. Under N-tree distance sampling, the 
maximum sampling distance was unlimited. In distance-limited N-tree sampling, 
the maximum sampling distance was 8 m. Kenning and others (2005) tested N-tree 
sampling with N = 1, N = 2, and N = 3. They found that small, fixed-area plots were 
most efficient for estimating density and that MHLS was best for estimating basal 
area. 

Bütler and Schlaepfer (2004) tested a new method of quantifying large snags by 
coupling color infrared aerial photographs and a geographical information system 
(GIS) in spruce forests of Switzerland. They were encouraged by their results for 
large snags in these forest conditions, but did observe different degrees of accuracy 
based on tree diameter, treetop condition (intact or broken), and canopy closure. 
Other factors such as aspect, surface slope, weather, and hour of flight also affected 
the snag detection rate.  Consequently, Bütler and Schlaepfer (2004) suggested 
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further testing to obtain the appropriate coefficient to correct for underestimation of 
snag densities when using this method.

As Krebs (1989) documented, most ecologists have found that rectangular or 
other long, thin plots are more accurate and efficient than circular or square plots. 
Forest habitat components are never uniformly distributed, and clumps or patches 
of habitat, such as snags and trees, are common. Rectangular plots are better for 
sampling because they cross more clumps of snags or trees, rather than either encir-
cling or missing them completely. Consequently, use of rectangular or other long, 
thin plots results in lower sample variance, which translates into smaller sample 
sizes required to obtain desired precision. 

Whereas rectangular plots are recognized as the optimal plot shape for sam-
pling in patchy or clumped habitats (Krebs 1989), the optimal plot size differs 
among forest types depending on the abundance and distribution of the snag or tree 
size of interest. The determination of optimal plot size is affected by a variety of 
conditions and objectives, all of which can be efficiently and accurately considered 
with the use of SnagPRO. The SnagPRO program was designed not only to identify 
optimal plot size, but to help users design field surveys, to guide and facilitate data 
collection with use of standard, electronic field forms, to estimate required sample 
sizes needed to achieve desired precision, and to analyze all results in ways that are 
statistically valid and that meet sampling objectives. SnagPRO provides practical 
tutorials with sample data sets to demonstrate use of the software in survey design, 
field sampling, and data analysis.

In the following sections, we describe our sampling methods and provide 
examples with SnagPRO to design surveys, conduct sampling, and analyze data for 
estimating snag and tree densities at desired scales. We provide example tutorials 
and address all aspects of the estimation process.

General Information
Downloading and Installing SnagPRO
Download SnagPRO (version 1.0) from the USDA Forest Service Pacific Northwest 
(PNW) Web site at http://www.fs.fed.us/pnw/publications/tools-databases.shtml.  
SnagPRO installation requires at least 5 MB of space. SnagPRO requires another 
10 to 50 MB of space to operate. Users may choose where to install SnagPRO; the 
default location is C:\Program Files. Once installed, users may create a shortcut to 
SnagPRO for their desktops or Quick Launch bar.  

There will be a Microsoft Excel file—Snag_Tutorial_Data.xls—accompany-
ing the zipped SnagPRO file that needs to be downloaded. This file contains four 
worksheets. Two contain sample snag data sets for use with the tutorials found at 
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the end of this report. One worksheet contains a sample data form for printing and 
hard-copy use in the field. The fourth worksheet is for users who want to enter their 
data directly into a spreadsheet file while in the field. Other electronic formats can 
be used in the field but then need to be formatted as shown in the examples below 
before importing to SnagPRO for analysis.

User’s existing resource data—from spreadsheet or database—must be cor-
rectly formatted as a comma-separated value (CSV) file before importing to Snag-
PRO. For simplicity, this report addresses only spreadsheet examples, and data files 
for the tutorial are in spreadsheet format.

Sampling Applications
Our sampling methods can be used to gain knowledge about snag or tree habitats 
for any wildlife species of interest. For example, knowledge of the difference 
in large (≥16 in [40 cm] diameter at breast height [d.b.h.]) wildlife tree densities 
between two foraging areas for brown creeper (Certhia americana) or red tree 
voles (Arborimus longicaudus) may be of interest. Similarly, a land use plan may 
call for monitoring snag and wildlife tree densities for white-headed woodpecker 
in a landscape dominated by intensive timber production versus another landscape 
dominated by wilderness designation. Or, mitigation of timber harvest practices 
may call for retention of snags >20 in (5.1 cm) d.b.h. that are likely to serve as nest 
structures for pileated woodpeckers (Dryocopus pileatus).

Our methods also are appropriate for other resource disciplines needing statisti-
cally valid estimates of snag and tree densities. Plot sizes can be adjusted easily 
to accommodate small-diameter (for example, saplings) or large-diameter snags 
or large trees as necessary for different resource objectives. The methods may 
also complement the data collected in other projects (for example, project plan-
ning, effects analyses, stand exam or Forest Inventory and Analysis [FIA] data) 
by converting data to similar units of measurement (for example, number/acre 
[number/ha]) to provide additional baseline comparisons for resource planning and 
management.

Methods
General Snag and Large-Tree Sampling Guidelines
A condensed outline of the guidelines for sampling snags and trees can be found in 
appendix 1. A more detailed discussion of topics in the outline follows. 

Sampling Objectives (Step 1)
Most ecological studies are designed to answer some form of the question:  
How many are there? For example, do harvested areas comply with snag density 
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standards of the land management plan? How many large trees are available for 
future snag recruitment? Or, how many large snags suitable for nesting Lewis’ 
woodpeckers (Melanerpes lewis) are available in a burned area? Therefore, the first 
step in any sampling program is to specify the sampling objective(s). The objectives 
ultimately determine the amount of time and resources needed to obtain estimates 
at a desired precision. Answering the following questions will help determine the 
objectives:
1. What snag (tree) size(s) will be surveyed (diameter and height)? 
2. How will data be used? For land use allocation? For compliance monitor-

ing? Or to respond to land use appeals or other legal actions? The purpose 
often dictates answers to the following questions.

3. How precise does the estimate need to be? 
4. Is snag/tree species important? If so, why?
5. Will signs of wildlife use be recorded (for example, woodpecker foraging, 

nest, or roost cavities)?  
6. Are estimates for separate areas needed?

As Krebs (1989) stated, “Not everything that can be measured should be.” It 
is common to collect information on everything possible while in the field. Yet, 
the time spent on extraneous data collection limits sample size and the subsequent 
results. For example, examining each snag for cavities may seem like a simple 
addition to the field protocol. Yet, the time spent examining a tall snag on all sides 
for cavities can substantially increase the amount of time spent surveying a given 
transect length, especially for inexperienced field crews. Therefore, it is important 
to establish clear objectives and explicitly describe how data will be used before 
starting fieldwork. 

Regarding precision levels for most sampling activities, we recommend a 
design to obtain estimates within 20 percent of the true mean 90 percent of the 
time. We have set these values as defaults in SnagPRO. Sampling to achieve a 
higher precision (for example, within 10 percent of the true mean 95 percent of the 
time) would be cost and area prohibitive for habitat components that are relatively 
rare and have clumped distributions. Only when habitat components are relatively 
abundant and randomly distributed would higher precision be manageable.

Landscape Definition and Selection (Step 2)
The second step is to define the landscape, or area of interest, by delineating the 
boundaries. This area is the sampling frame, within which a random sample is 
drawn for the purpose of making inferences to the entire area. Our sampling meth-
ods are designed to be compatible with the snag and large-tree sampling methods 
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previously developed by Bate and others (1999). These methods were based on a 
sampling unit defined as a landscape (sampling frame) ranging from about 3,000 
to 6,900 acres or 1200 to 2800 hectares (Bull and others 1991). These sampling 
methods can also be used on a subwatershed scale with a few modifications. See 
“Establishing Transects” and “Compare to Target” sections for details. Subwater-
sheds within the Columbia River Basin region can be as large as 20,000 acres, or 
8100 hectares (Quigley and others 1996). 

The sample area need not be a delineated subwatershed, but may be a smaller 
area like a research natural area including less than 1,000 acres (400 ha). Whether 
these sampling methods can be used within even smaller areas (<100 acres [40 ha]) 
depends on the density and distribution of snags and trees in the sizes of interest. 
Burned habitats will likely have enough snags to make these sampling procedures 
practical with small plot sizes. To obtain a density estimate of large (>20-in [51-cm] 
d.b.h.) snags in an unburned forest of the same area, a complete count may be more 
appropriate. 

Landscape Stratification (Step 3)
Perhaps the most critical step in snag or tree sampling is the stratification process. 
Although the initial investment of time spent in the stratification process may 
seem large, if done correctly, it should reduce the final requirement of resources 
and provide a more precise estimate (Krebs 1989). Existing stratifications, such 
as those used by silviculturists to conduct stand exams, can be readily adapted for 
stratifications used to sample snags and trees. If snag and tree sampling is to occur 
simultaneously with log sampling, stratification designs based on snag abundance 
are appropriate because obtaining precise estimates of snags is often more difficult 
than for trees or logs, owing to the low abundance and patchy distribution of snags. 

Whether to stratify a landscape before sampling depends on several factors. 
Cochran (1977) identified the three most common reasons.
• Stratification may produce a gain in precision of the estimate. If the land-

scape is heterogeneous (highly variable) in abundance of snags or trees, 
establishing individual strata that are homogeneous (same) within each 
stratum can substantially improve precision.

• Sampling problems can differ for parts of the landscape with different for-
est community types, timber harvest methods, and seral stages; stratifying 
by these conditions will allow appropriate sample size allocation among 
these different conditions, again increasing precision.

• Separate estimates are desired for certain subdivisions of the landscape. For 
example, part of a subwatershed may be managed for timber production, 
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another managed as a research natural area, and a third managed as a wil-
derness area.
If one or more of the above reasons are relevant, it is beneficial to stratify. 

SnagPRO can accommodate up to four strata. We set the limit at four strata because 
it is rare that more than four sampling categories will be used. In particular, with 
increasing number of strata comes the law of diminishing returns. That is, for each 
additional stratum, there needs to be an additional 10 transects (400 ft or 100 m) of 
sampling line. If, however, resource specialists find that they need to divide a land-
scape into five or more strata, they can use the Simple-Random Sampling Equa-
tion page within SnagPRO to obtain their stratum means (equation 2) and variances 
(equation 9) and then calculate a stratified mean estimate and its bound using 
equations 12 through 14. If the landscape is homogeneous throughout in regard to 
snag and tree densities, there is probably little to be gained from stratification.

Use the following steps to stratify your survey area:
1. Visit the area to identify areas with general differences in snag and tree 

densities, vegetation types, and structural conditions. These differences 
should be noted and marked on the map. 

2. Following the initial field visit, obtain more accurate reference maps for 
field use, such as GIS maps, U.S. Geological Survey (USGS) orthoquad 
maps, or both. Make sure that appropriate metadata (data definitions) are 
included for all GIS layers or maps to be used. Maps should include the fol-
lowing information:
a. Road system, road types, and maintenance level of roads. 
b. Polygon or vegetation units and their respective unique numeric identifiers. 
c. Current seral stage of vegetation at a scale of 1:31,680, or better resolution. 

Keep in mind that scale is a ratio or fraction, so polygons mapped at 
1:24,000-scale will appear larger than they do in the 1:31,680-scale map. 
This information may be on one or more maps. 

3. Query the polygon database for detailed information about each polygon 
such as forest type (low versus high elevation, dry versus moist), man-
agement history, seral stage, disturbance history (wind, fire, insects, and 
disease), and any other factors that may affect snag/tree abundance. The 
output of your query will be a simple report of polygon data attributes. 
Ensure that the report includes types of management activities, such as har-
vest method used, slash and burn prescriptions, thinning, and snag and tree 
retention standards that potentially apply to each area or land use allocation.
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4. Ground check the map and polygon data using aerial photographs. 
Generally, the amount of time that must be spent to stratify the polygons 
in the field is inversely proportional to the quality of the GIS layers avail-
able. Carefully review the metadata and discuss any concerns with the GIS 
specialist to ensure that characteristics of the spatial data, particularly its 
accuracy and how it was collected or derived, are well understood.

5. Revisit the survey area with the field maps. Plan to spend at least one day to 
validate the information on the map(s) and in the report from the database 
query.  

6. Assign each polygon to a stratum. Estimate the number of acres (ha) within 
each polygon or stratum.

Most landscapes surveyed for snags/trees have undergone some amount of 
timber harvest. Consequently, depending on the method of timber harvest, the 
placement of each polygon within a stratum may or may not be straightforward. 
For example, if snags are of interest, most unharvested mature/old-growth stands in 
mixed-conifer forests support a high abundance of snags. By contrast, older harvest 
units that have been clearcut may have few snags. Finally, more recent clearcut 
units may have snags distributed throughout the polygon, reflecting more recent 
policy changes. 

For these conditions, combine all unharvested mature/old-growth stands into 
a single stratum. Then determine the time period when snag retention began in 
timber harvest units, and ground check some example units. Combine these stands 
into a stratum. Finally, combine all older harvest units into another stratum. Gener-
ate a new map of all stands categorized as one of three strata: (1) stands that were 
clearcut before adoption of snag retention standards, (2) stands that were clearcut 
since adoption of snag retention standards, and (3) unharvested mature/old-growth 
stands. 

Further designating the individual strata is more time-consuming for areas 
where selection harvest has occurred, especially if GIS stand data are unavailable.  
In this situation, use ocular stratification by tree composition and varying snag 
densities. For example, in a subwatershed composed of a mix of ponderosa pine and 
lodgepole pine (Pinus contorta Dougl. ex Loud.) stands, three strata might be pos-
sible: (1) stands dominated by ponderosa pine with few snags observed; (2) stands 
represented by co-dominance of ponderosa and lodgepole pine trees, usually with 1 
or 2 snags per acre observed; and (3) stands dominated by lodgepole pine with 5 or 
more snags per acre observed. 
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The primary criterion in stratifying a subwatershed is the sampling objective. 
If sampling is intended to estimate the density of large trees only, stratification is 
dictated solely by this variable. If both large trees and snags will be sampled, base 
the stratification on which structure varies most in abundance. The secondary 
criterion is either seral stage or timber harvest technique, which affect not only 
precision but also the level of sampling difficulty during fieldwork. The tertiary 
criterion is forest community type, especially for stands affected by insect- or 
disease-based mortality events. Certain tree species are more susceptible to insects 
or diseases, and these stands will have higher densities of snags, such as mixed 
stands of lodgepole and ponderosa pine. Finally, consider land management use. 
Do you need separate estimates for areas that are managed for different purposes 
(for example, riparian versus timber production areas)?

Establishing Transects (Step 4)
Conducting a pilot survey is one of the most important steps of any snag or tree 
survey. In a pilot survey, there are two primary objectives:
• Collect preliminary data by which to identify the optimal plot size.
• Obtain an estimate of the total number of samples required to meet a user’s 

objectives.  

Pilot data are not extraneous data to be discarded. Rather, they are the first 
samples collected, and are included in the variable estimates for the entire sampling 
area. In areas where snags or trees in the targeted size classes are abundant, the 
pilot survey may provide an adequate number of samples to meet a user’s objec-
tives. By contrast, in areas where snag or tree abundance is low, analyzing the pilot 
data to determine the optimal plot size can minimize the number of samples needed 
to achieve the desired precision. Use the optimal plot size to collect the remainder 
of the data.

We designed the transects for snag and tree sampling to be compatible with 
transects used for log sampling (Bate and others 2008), thus improving the effi-
ciency of the fieldwork by allowing all three structural components to be sampled 
simultaneously. The original snag and large-tree sampling protocol recommended 
800 ft (200 m) within each stand on stratified landscapes (Bate and others 1999); 
however, instead of using the single 800-ft (200-m) transect, split it into two 400-ft 
(100-m)-long sections called transects. These two smaller transects capture more 
of the variability occurring in a single stand and increase compatibility with log 
sampling (Bate and others 2008). Subdivide each transect into smaller increments, 
called subsegments, and sample for the three habitat components of snags, large 
trees, and logs. This standardizes the sampling protocol and allows SnagPRO to 

We designed the 
transects for snag 
and tree sampling 
to be compatible 
with transects used 
for log sampling, 
thus improving the 
efficiency of the 
fieldwork.
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determine the optimal transect length for each variable in relation to the specific 
forest conditions. 

Two options exist for establishing transects: the single-stratum landscape 
method and the stratified method. For the single-stratum landscape method, follow 
these steps to establish transects within a single stand or a nonstratified landscape:
1. Randomly place a grid over the area.
2. Randomly select 10 grid points for sampling.
3. Randomly select compass bearings for each of the 10 transect starting 

points.

For the stratified method on heterogeneous landscapes composed of numerous 
stands or units, it may be more efficient to randomly select stands for sampling. To 
do this:
1. Select stands for sampling by randomly picking stand unit numbers from 

the complete list of stands within that stratum.
2. Place a grid over the stand.
3. Randomly pick two grid points within each stand.
4. Randomly pick compass bearings for each point.

Use a random number generator or random numbers table for either method, or 
generate random numbers for compass bearings using the second hand of a watch. 
If a watch is used to generate random starting direction, multiply the number of 
seconds (60) by six to obtain numbers from 6 to 360 that can be used as compass 
bearings for the starting point.

The pilot survey should include:
• A minimum of two transects per stand (fig. 1) to adequately represent the 

variability in each stand and stratum, providing a better estimate of the 
sample size required to meet objectives. 

• A total of at least eight 400-ft-long transects (English users), or ten 100-m-
long transects (metric users), within each stratum.

When establishing transects, it is important to realize that the equations used 
in SnagPRO assume a normal distribution (Krebs 1989). However, snags are rarely 
normally distributed, instead occurring in clumps. Therefore, a minimum of 60 
samples is usually needed to achieve a normal distribution. Users should consult 
with a statistician if they are unsure as to whether their data are normally distrib-
uted in relation to the number of samples. Avoid overlapping the transects because 
the equations assume that no snags or trees are sampled more than once.

For larger subwatersheds, the stands in the pilot survey should not be close 
together, especially for subwatersheds encompassing several plant communities. 
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In this situation, divide the subwatershed into three sections and equally divide the 
samples throughout the sections.

Field Techniques (Step 5)
Fieldwork requires some or all of the field equipment listed in table 1. Where shrub 
cover is thick, the 100- or 200-ft (English users) or 50-m (metric users) fiberglass 
surveyor’s tape (with a logger’s nail taped to one end) is very efficient for marking 
the center transect line. One person walks the centerline, locating targeted size 
classes of snags or trees, and taking all measurements. The second person ensures 
quality control and records data on field forms.

Quality control is best accomplished by having the data recorder walk some 
distance away from the centerline. This ensures that all snags on the centerline are 
counted (surprisingly, snags on the centerline are the ones most likely to be missed 
because observers look mainly to the side). The data recorder also helps ensure that 
the tape is held perpendicular to the centerline when measuring the distance of a 
snag or tree from the line. Relascopes may also be used to gauge the distance of 
a snag or tree from the transect line. However, a relascope estimates the distance 
from the closest edge of a snag or tree and not to its central axis. Therefore, measur-
ing the actual distance with a logger’s tape is needed for all borderline cases.

Figure 1—Illustration of transect establishment for snag or large-tree 
pilot survey on a landscape with three strata. Five stands within each 
stratum should be selected. Within each stand, two 100-m or 400-ft 
transects are established. Each transect within the entire landscape is 
given a unique numeric identifier and is divided into eight 12.5-m or 
50-ft-long subsegments. Subsegments are numbered from 1 to 8 on each 
transect. 

Quality control is 
best accomplished 
by having the data 
recorder walk some 
distance away from the 
centerline.
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SnagPRO’s standardized field forms include the snag or tree information 
needed for all analyses. Field forms can be customized for each location and survey. 
For simultaneous collection of data on snags, trees, and logs, data are recorded in 
separate files for each component. 

We found that hand-held computers are useful for fieldwork, and SnagPRO is 
designed accordingly. Users can avoid entering data twice by using the Data_entry 
worksheet to enter data directly on a hand-held computer while sampling in the 
field. The Date_entry worksheet is found in the Snag_Tutorial_Data.xls file. If 
hand-held computers are not used for fieldwork, create hardcopy field forms from 
the worksheet labeled “Field form” found within the Snag_Tutorial_Data.xls file. 
Open the Snag_Tutorial_Data.xls file, highlight the entire page that has gridlines, 
and choose Selection, instead of Sheet, under the Print options for a hardcopy form 
with gridlines.

Appendix 2 provides a sampling protocol to collect data for snag and large-
tree habitat. Copy this appendix to a new file and customize it for your fieldwork. 
Customizing options include:
• Defining a qualifying snag or tree by diameter and height.
• Using either numeric or four- to six-letter alpha codes for snag and tree  

species.
• Altering data requirements for each variable to meet sampling objectives, 

such as recording heights to the nearest foot or meter. 
• Defining snag decay classes or tree structural classes.
• Recording wildlife signs, if desired.

Table 1—Field equipment for snag and tree sampling

Item Use

Accurate map of polygon units Record correct stratum number 
  or vegetation cover types
Road map Determine location and access
Aerial photographs Determine stratum and locations
Orthophoto quads Determine stratum and locations
Field data forms (hard or electronic) Record survey information
Engineer’s surveyor tape (50 m Measure transect distances; mark centerline 
  or 100 or 200 ft long) 
Logger’s tape Measure distance of snag or tree from transect or 
   required distance away for heights
Calipers Measure diameter of snags or trees 
Relascope Measure distance of snag or tree from transect or 
   required distance away for heights
Compass Determine bearings 
Pocket knife Determine species and decay class of  snags
Flagging Mark ends of subsegments, if necessary  
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Default plot sizes—
There are four default widths available for both English (fig. 2) and metric systems 
(fig. 3): 33, 66, 99, and 132 ft; and 10, 20, 30, and 40 m. These widths are whole 
widths of the plot, measuring from one side, across the centerline, to the other 
side. In SnagPRO, these plot sizes in English units are labeled Width33, Width66, 
Width99, and Width132. For metric units, they are labeled Width10, Width20, 
Width30, and Width40.

The half-width is half the distance from the centerline in which you count all 
snags or trees, based on the chosen plot width. The half-width distance of these 
plots is 16.5, 33, 49.5, and 66 ft (or 5, 10, 15, and 20 m). When measuring distance, 
be sure to measure all snags and trees to their midpoints, or central axis.  

Four default plot lengths are available: 50, 100, 200, and 400 ft (12.5, 25, 50, 
and 100 m). For studies that use only one transect length such as segments (100-ft 
or 25-m lengths), it is still necessary to assign a transect and subsegment (50-ft or 
12.5-m length) number to each length and keep track of the smallest increments 
(subsegments). Later, users may indicate in SnagPRO that only segment lengths are 
desired.

Custom plot sizes—
Different sampling objectives may require different plot sizes. Remember that for 
optimal transect length analyses, transects should be twice as long as sections; 
sections twice as long as segments; and segments twice as long as subsegments. 
SnagPRO can also accept customized plot widths. Both customized widths and 
lengths are adjusted under Custom Dimensions found under the Plot Dimensions 
menu. 

Survey—
Conduct the pilot survey to determine the optimal plot size with these steps:
1. Use an engineer’s surveying or measuring tape to establish transects, start-

ing each transect from the randomly selected points (described above).
2. Assign a unique numeric identifier to each transect, delineating the subseg-

ment lengths (50 ft [or 12.5 m]) as you walk along the transect (400 ft or 
100 m).

3. Number each transect’s subsegments 1 through 8.
4. Conduct a complete count of all snags or trees of interest within 66 ft (20 

m) of each side of the centerline, using the tape as centerline. A snag or tree 
is “in” if its midpoint is ≤66 ft (20 m), as measured perpendicularly, from 
the centerline.  
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Figure 2—There are 16 default plot sizes available using the English measurement system. During 
the pilot survey, the distance of all qualifying snags or trees is measured in the maximum half width 
(66 ft). Then after the optimal plot size has been determined, this optimal plot width is used for 
the remainder of the survey. The Width33 to Width132 refer to the entire width of the plot (in feet). 
Therefore, only snags or trees whose measured distance (from centerline) is ≤ half of the entire width 
qualify for a specific plot size when determining the optimal plot size. For example, a snag that is 23 
ft from the centerline would be counted in the Width66, Width99, and Width132 plots. It does not 
qualify, however, for the Width33 plot because its distance is more than 16.5 ft (the half width) from 
the centerline.
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Figure 3—There are 16 default plot sizes available using the metric measurement system. During 
the pilot survey, the distance of all qualifying snags or trees is measured in the maximum half width 
(20 m). Then after the optimal plot size has been determined, this optimal plot width is used for 
the remainder of the survey. The Width10 to Width40 plots refer to the entire width of the plot (in 
meters). Therefore, only snags or trees whose measured distance (from centerline) is ≤ half of the 
entire width qualify for a specific plot size when determining the optimal plot size. For example, a 
snag that is 7 m from the centerline would be counted in the Width20, Width30, and Width40 plots. It 
does not qualify, however, for the Width10 plot because its distance is more than 5 m (the half width) 
from the centerline.
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Exceptions—
Modify the plot width when sampling visibility is ≤33 ft [10 m]) or high densities of 
snags or trees result in >15 snags or trees recorded in each plot. In these conditions, 
only count snags and trees out 33 ft (10 m) from either side of the centerline for the 
optimal plot size analysis. See “Presampling plot size selection” below for other 
exceptions.

Occasionally, the random compass bearing for a transect will cause it to 
continue outside the boundary of the sampling area. Use the “bounce back” method 
to keep the transect within the stand. The bounce-back method is similar to hitting 
a billiard ball or racquetball against a sidewall, and having it travel back away from 
the wall at the same angle. In your sample area, determine the angle at which the 
transect hits the edge, then use this same angle to continue (fig. 4) back into the 
sample area. This technique allows resource specialists to determine the optimal 
length and include the edges of the stand in the sampling pool.

Presampling plot size selection—
Rather than conducting the optimal plot size analysis (See Optimal Plot Size in 
the “SnagPRO Analysis” section), it may be more practical to preselect a plot size 
for sampling, based on information gathered during the stratification process. For 
example, in a clearcut stratum where travel is easy and snag density is low (<1 snag 
per acre [0.4 snag/ha]), a statistical review of the data may reveal little about the 
optimal plot size. In such cases, use a wider plot (132 ft or 40 m wide) to collect 
data efficiently on as many snags as possible. For small clumps of snags retained 
within harvest units, recording the distance from the centerline to each snag may 
be advantageous if the variability proves too great with use of the wider plots. This 
will enable you to use only snags in a narrower plot if deemed necessary.

In mature/old-growth forests, 20- by 50-m plots are commonly used to sample 
snags, especially where terrain is steep and rugged, or vegetation is dense. In these 
conditions, the wider plots are inefficient and prone to inaccuracies. By contrast, the 

Figure 4—Illustration of randomly oriented transect hitting the edge and “bouncing” 
back within the sampling area. This ensures edges are included in the sampling popu-
lation, while maintaining the option to analyze data for the optimal transect length.
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narrower plots make it easier to detect snags and large trees within the plot bound-
aries and to measure their distances.

In areas where snag numbers tend to be low, but clumps of snags are present, 
the longer, narrower plots work best to minimize the variance. Burned habitats with 
high densities of evenly distributed snags present a different challenge. Here, the 
shorter plots would likely work best. This is also true for sampling live trees that 
are high in abundance and evenly distributed. 

The advantage of preselecting a sample plot width is that the distance of each 
snag or tree from the centerline does not have to be recorded, saving time in the 
field during the pilot survey. The disadvantage is that users lose the option of 
determining the optimal plot width. Note that once you determine the optimal plot 
width, there is no need to continue measuring distances; enter a “1” in the distance 
column as a placeholder after a plot width is established. 

Postsampling selection—
For many conditions, the optimal plot size for sampling is unknown until a pilot 
sample provides estimates of the density and distribution of the snags or trees in the 
area. This is a key strength of SnagPRO in that it guides users in their selection of 
the optimal plot size that minimizes the sampling effort while attaining the sam-
pling objectives. Once the plot optimal width is identified, the Optimal Plot Size 
option can continue to be used for analysis of optimal length, but without the need 
to measure the distance of each snag or tree from the centerline. See the “Optimal 
Plot Size” section for details.

Distribution and abundance of snags or trees influence the optimal plot size. 
Generally, the more abundant the habitat component of interest, the smaller the plot 
needed. In areas of clumped snags or trees of high abundance, narrower plots are 
the better choice. How narrow can be difficult to ascertain without first collecting 
pilot data. In the pilot survey, collect data for the length and at both the 10- and 
20-m (33- and 66-ft) widths.

Data Collection
The following are mandatory fields requiring information for SnagPRO to operate 
correctly (fig. 5). Refer to appendix 2 for details about each field variable.  

For each qualifying snag or tree (that meets the stipulated criteria) along a 
transect, record the following:
1. Stratum number
2. Transect number
3. Subsegment number

SnagPRO guides users 
in their selection of the 
optimal plot size.
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Figure 5—Example of properly formatted data. This format is required before saving as a comma-separated, .csv file and import-
ing to SnagPRO. Class refers to decay (snags) or structural (trees) stage.
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4. Perpendicular distance of the midpoint of the snag or tree from the center-
line (when using preselected widths just enter “1” as a place holder)

5. Species
6. Decay (snags) or structural (large tree) class
7. D.b.h.
8. Height (for surveys where all snags ≥6 ft (1.8 m) are recorded, record a 

minimum height).  

Optional fields are Location, Cavity, and Forage. Location can correspond to 
(1) the stand number from which the transect originates, (2) the transect starting 
position determined by a global positioning system (GPS), or (3) the universal 
transverse meridian (UTM) coordinates of the transect starting point. 

User-defined fields may also be recorded during surveys, but only include this 
data in columns to the right of those in the CSV file (fig. 5) that are needed for 
importing to SnagPRO. Additional habitat variables can be added, such as seral 
stage of the stand, distance to the nearest edge, and immediate habitat surrounding 
a snag or tree. 

Distance is the most important variable, so take care to record it accurately. 
For cases where snags or trees are not encountered, record “9999” in the distance 
column. This is a critical step; it allows SnagPRO to distinguish plots without 
snags or trees from plots that have snags or trees with a distance of “0” because the 
structures are located directly on the centerline.  

Distance measurements should be checked periodically by the person oversee-
ing the fieldwork. Consistently over- or underestimating this variable will affect 
results. Borderline cases, in which the distance of the surveyed snag or tree falls 
on the edge of a width interval, need to be carefully checked. For example, if you 
estimate a tree to be 33 ft (10 m) away from the line, it is important to measure 
this distance exactly. Recording 33 ft (10 m) when the actual distance is 36 ft (11 
m) biases the accuracy of your data. Estimating the distance by pacing often is 
accurate in open, flat areas, but for borderline cases, measuring the distance with a 
tape is required. In addition, when vegetation or steep terrain make pacing difficult, 
measure rather than estimate the distances to maintain accuracy.

Header row variables may also be recorded for each snag or tree encountered: 
(1) Forest, (2) District, (3) Subwatershed, (4) Observer, (5) Date, and (6) Pages. 
Because the data recorded for each of these variables may be redundant, the 
columns are set to the far right of the data entry spreadsheet. This enables easy 
viewing of the data while providing a permanent record of each of these variables 
for future referencing.   
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As with the log sampling protocol (Bate and others 2008), we recommend 
sampling 10 transects (4,000 ft or 1000 m) within each stratum for a pilot sample. 
For smaller trees and abundant snags, these samples are all that may be needed if 
the snag or tree size of interest is also normally distributed. 

Although results from the pilot survey will identify an optimal plot length, we 
recommend continuing to sample afterwards with 400-ft or 100-m transects rather 
than switching to a shorter length, unless a serial correlation problem is detected 
(See “SnagPRO Analysis” section for more details). There are two reasons for this 
approach. First, snags and trees in different size classes usually differ in abundance 
and distribution; hence the optimal transect length for each differs. Second, most of 
the time required to sample snags and trees is to locate random points and establish 
transects. Transect lengths of 400 ft or 100 m are long enough to be efficient, yet 
short enough to ensure that sampling effort is not concentrated within a small area. 
Make sure to continue sampling with only the recommended width to save time in 
the field. 

SnagPRO Analysis (Step 6)
In this section, we provide the general background, statistics, and discussion of 
each function and page within SnagPRO. Refer to the “Tutorial” section for detailed 
operating instructions and examples. See appendixes 3 and 4 for brief outlines 
of steps needed to conduct analyses on single-stratum and stratified landscapes, 
respectively. 

No two data sets will be the same size. Data sets will differ depending on snag 
or tree characteristics, the abundance of qualifying snags or trees, number of strata, 
and the total number of samples taken. SnagPRO has been designed to accommo-
date these variations.

Data entry—
To prepare for data entry and analysis, follow these steps: 
1. Open the Snag_Tutorial_Data.xls file.
2. Activate the Data Entry sheet.
3. Click on Move or Copy Sheet under the Edit menu.
4. Check the box Create a copy.
5. Under To book click on (new book).
6. Rename the new file, and then use this sheet to make hardcopies for field-

work.

To use hand-held computers during fieldwork, activate the data sheet and com-
plete the process from step 3. Depending on the sampling objectives, not all fields 
on the data form may be necessary during field surveys or data entry, and you may 

SnagPRO has been 
designed to accom-
modate variations in 
data sets including tree 
characteristics and 
abundance, number of 
strata, and number of 
samples.
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choose to hide some columns. All mandatory columns, however, must be present 
(Unhide) in the CSV import file (fig. 5) or the SnagPRO import will fail. 

To save the entered data as a CSV file:
1. Activate the Data Entry sheet.
2. Select Save As from the File menu.
3. Scroll to find CSV (comma delimited) (*.csv).
4. Click Save.

Only the active sheet is saved. This keeps the original file intact, by saving the 
file with a different extension. Figure 5 illustrates the correct formatting needed to 
successfully import to SnagPRO. 

Consecutive plots—
Scroll through the entire data set before importing it to SnagPRO to ensure that 
each transect has a unique numeric identifier and eight subsegment lengths, with 
the first subsegment numbered as “1.” Otherwise, the analysis for optimal transect 
length will join subsegments from different transects. 

Importing files—
To import data to SnagPRO, the application prompts users for some initial informa-
tion. For example, the first message box to appear in SnagPRO asks users to indi-
cate what habitat component will be analyzed:
• Logs
• Snags or Trees

Select Snags or Trees so that SnagPRO will expect the specific field names 
and column arrangement from the import file. SnagPRO opens the Snag and Tree 
Analysis portion. Selecting Logs will cause the SnagPRO import to fail. See Bate 
and others (2008) for correct formatting of log data. 

This opens to a window that says “SnagPRO-Snag and Tree Analysis:” 
1. From the Measurement menu, select Metric or English.
2. From the File menu, select Open.
3. Navigate to the location of the saved CSV data file, and select the file by 

clicking on Open.

Correctly formatted files will open promptly to the Single/Combined page in 
SnagPRO with the message, “Status: Data file read” in the bottom left-hand corner. 
This page is where the entire data set is stored while working in SnagPRO.

If SnagPRO fails to import the file, the message, “An invalid column header 
was found” will appear. If users know they selected the correct file to import the 
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first time, there may be a problem with formatting. Copy the entire data set into a 
new file, including only the rows and columns with data. Then repeat the process 
above.

SnagPRO automatically inserts two “length” columns into the data set after a 
successful import, labeled Section and Segment. SnagPRO combines the subseg-
ments of varying lengths into newly created sections and segments, resulting in 
four transect lengths: 50, 100, 200, and 400 ft, or 12.5, 25, 50, and 100 m. Snag-
PRO also inserts four “width” columns, labeled Width33, Width66, Width99, and 
Width132 for English, and Width10, Width20, Width30, and Width40 for metric 
measurement. These fields are later populated by your choice of formula. See 
“Formulas” below.

Default plot dimensions—
A user’s sampling objectives may require different plot dimensions. To override 
SnagPRO’s defaults, navigate to Plot Dimensions and select Custom Dimensions, 
then place the cursor within each box to enter the correct length(s) and/or width(s). 
Remember that for optimal transect length analyses, transects should be twice as 
long as sections, sections twice as long as segments, and segments twice as long as 
subsegments.

Preselected transect lengths and widths—
For analyses using a single transect length and width, navigate to Settings and 
select Optimal Selection. Check the plot dimension to be included in the analysis. 
Check Automatic to again include all plot sizes in the analysis. If you did not 
collect data using long transects, but wanted only segment lengths, data entry must 
follow the same protocol for SnagPRO analysis. That is, still identify each transect 
with a unique numeric identifier, and then divide into smaller subsegments. During 
the CSV import, SnagPRO creates and populates the Segment column, so users 
only need to check it to include it for the analysis.

Species—
Users may select from three options for analyzing snag or tree data by species: 
1. All species
2. One species, excluding all others
3. Exclude a single species

SnagPRO’s default values include all species in the analysis, providing a choice 
to exclude a single species (Multiple button). For analysis of a single species, select 
Single at the bottom of the screen.

For optimal transect 
length analyses, 
transects should 
be twice as long as 
sections, sections 
twice as long as 
segments, and 
segments twice as long 
as subsegments.
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Formulas
SnagPRO evaluates each snag or tree by using five criteria for data entries before a 
value based on a formula is placed in each of the width columns: 
1. D.b.h.
2. Height
3. Class: decay (snags) or structural (trees) 
4. Species
5. Distance 

The first four criteria are relative fields. The values accepted are those entered by 
the user.

The distance criterion is an absolute field. SnagPRO truncates the distances for 
each snag or tree in 16.5-ft (5-m) intervals from the centerline, creating four plot 
widths. These four plot widths correspond to the four width columns that are blank.

SnagPRO’s formulas are “If, then” statements. If the snag or tree meets all 
criteria specified by the user, plus meets the distance requirement, then a “1” is 
placed in that specific width column. If the snag or tree fails to meet all specified 
criteria, then it places a “0” in the column.  

Only those snags or trees meeting all requirements of the user-created formula 
receive a “1” and are included in the statistical analysis for each plot size. For 
example, if the perpendicular distance (half width) of a snag from the centerline 
was measured at 23 ft (7 m) and it meets all other criteria, the snag qualifies for the 
Width66(20), Width99(30), and Width132(40) columns. The snag is not included 
in the Width33(10) column because it falls beyond that width interval around the 
centerline. The Width33(10) column represents a plot with a 33-ft (10-m) total 
width, or a 16.5-ft (5-m) half width. Only snags or trees ≤16.5 ft (5 m) away from 
the centerline, in either direction, will be accepted within the Width33(10) column. 
See figures 2 and 3 as examples.

SnagPRO evaluates d.b.h. and height characteristics based on the minimum 
value the user provides, and decay or structural classes based on a maximum value 
specified by the user. Decay values are based on Cline and others (1980), who con-
sidered decay classes I through III as hard snags, and decay classes IV and V as soft 
snags, based on their five-decay-class system. If only hard snags are to be included, 
enter a “3” as the maximum value. 

Parks and others (1997) reduced the total number of decay classes to three 
by combining Cline and other’s (1980) decay classes 2 and 3, and classes 4 and 5. 
The division between hard and soft snags therefore remains the same, so the two 
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systems are compatible. Bull and others (1997) also provided descriptions of large-
tree structural variations important to wildlife. For example, hollow trees, trees 
with partial decay, and trees with brooms provide valuable wildlife habitats. Use of 
structural classes can include such important information. 

We recommend referring to Bull and others (1997) before starting a large-tree 
survey to ensure that large-tree structural classes are designed to meet objectives. 
See appendix 2 for an example. Values used for large-tree structural classes should 
be arranged so that with increasing values, the tree is increasingly sound. This is 
the opposite of the decay class values for snags.

Cavity and Foraging Signs
The objectives of snag or tree sampling may include collection of data on wildlife 
use. For example, to determine the snag species in which most of the cavities exist, 
use SnagPRO’s Cavity function. Or, to determine which tree species exhibits the 
most foraging, choose Forage for your analysis.

To determine a value for Percent Use, each function evaluates every snag or 
tree for the following five factors:
1. D.b.h.
2. Height.
3. Class: decay (snag) or structural (tree).
4. Species.
5. Cavity or foraging use.  

Percent Use is calculated by dividing the number of snags or trees with cavities 
or foraging signs by the total number of snags or trees encountered.

  
t

s
u S

S
P =  (1)

where
Pu = percentage of use,
Ss = number of snags or trees with nesting or foraging signs, and
St = total number of snags or trees encountered.

In the field, it is not always possible to determine whether a snag or tree has a 
cavity because the bole is partially hidden. To exclude such snags in the calculation 
of percentage use, leave the cell blank.

Sorting Data Sets
Few subwatersheds will be homogeneous enough to forgo stratification. In addi-
tion, the optimal plot size will likely differ among heterogeneous strata, because of 
differences in the means and variances. Consequently, data need to be separated so 

Few subwatersheds 
will be homoge-
neous enough to 
forgo stratification.
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that each stratum can be analyzed individually. SnagPRO automatically sorts data 
sets into separate strata once the Single or Multiple button is clicked and values are 
placed in the Width columns. The entire data set is retained on the Single/Com-
bined page. 

SnagPRO automatically sorts data into separate strata so that each stratum can 
be analyzed individually. The entire data set remains on the Single/Combined page 
and can be analyzed as a single stratum. This is helpful for situations in which it is 
not certain whether stratification was helpful in increasing precision.

Analysis for Nonstratified Stand or Landscape
Before means, standard deviations, and sample sizes are computed, the values in 
the Width columns need to be summed and subtotaled for each of the four transect 
lengths. The means, standard deviations, current number of samples, and sample 
size required are then calculated from these values. 

Once the Width columns are populated, sum the qualifying snags or trees for a 
nonstratified	stand	or	landscape with these steps:
1. Click on the Optimal tab.
2. Select Single in the “Stratum to Process” section (highlight the circle).
3. Click Compute.

SnagPRO calculates subtotals, displaying the average, standard deviation (std. 
dev.), and current number of samples (N) for each plot size on the Summary Sta-
tistics page. These calculated averages, standard deviations, and current number of 
samples also are copied to the Optimal page.

Analysis	for	individual	strata	on	a	stratified	landscape—
Sum the qualifying snags or trees for each stratum on a stratified landscape with 
these steps:
1. Click on the Optimal tab. 
2. Select Stratum 1 in the “Stratum to Process” section.
3. Click Compute.

SnagPRO prompts users for:
• Number of strata
• Numeric code for the General Cost per Sample Guideline (see the “Optimal 

Plot Size” section for details) for stratum 1
• Size of each stratum (acres or hectares).

Repeat the process above for each additional stratum. Again, the results are 
displayed on the Summary Statistics and Optimal pages. 



27

SnagPRO: Snag and Tree Sampling and Analysis Methods for Wildlife

Averages are calculated by using the equation:
     

x
x

n
i

= ∑
    

(2)

where
x  =  sample mean,
xi   =  value of x observed in sample i, and
n   =  total number of samples.

Standard deviations are obtained by the equation: 
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where
s  =  sample standard deviation.

Optimal Plot Size 
After running the summary statistics, SnagPRO provides the information on the 
Optimal page to aid users in selecting the optimal plot size. The statistics for each 
subsegment, segment, section, and transect within a unique stratum are displayed 
across three consecutive pages. For each stratum, the optimal plot size analysis 
needs to be run separately. The Stratum box immediately above the Optimal tabs 
allows for a text description of the stratum, which is useful when working with 
different size classes and for multiple strata. Users may print these results before 
proceeding to other strata.

There are two options to determine the optimal plot size for a stratum or area. 
The sample size option examines the number of plots required for sampling in 
comparison to the number of acres or hectares that would be sampled using that 
plot size. The second option is Wiegert’s (1962) method, which incorporates a cost 
factor into the analysis. Default settings for both options estimate the number of 
samples needed to obtain a density estimate that is within 20 percent of the true 
mean, 90 percent of the time.

The sample size option considers three factors:
• The sample size required in plots.
• The sample size required in acres (ha).
• Whether the estimated sample size (n) meets the minimum requirements.

The required sample size (Cochran 1977) is determined by:

  n
t s
d

=










2

 (4)

Weigert’s method 
incorporates a cost 
factor into sample size 
analysis.
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where 
n  = sample size required to estimate the mean density,
s  = standard deviation of the mean within each plot size,
tα = student’s t-value for a 90-percent confidence interval (α = 0.10), and
d  = desired absolute error (calculated as 20 percent of the pilot mean).

After selecting Optimal 2 tab, locate the required number of sample plots in 
the Sample Size (plots) column. Then this number is converted to the area require-
ments and reported in the Sample Size (acres [ha]) column.

The optimal plot size typically is one that requires sampling the minimal num-
ber of plots and acres (ha), once the requirements are met, but several sizes may be 
appropriate. Results from the pilot sample should enable users to determine if it is 
more efficient and accurate to use a wider or a narrower plot width, given the forest 
conditions of this stratum. 

Example: Results on the Optimal 2 sheet estimate that a Section length with a 
132-ft (40-m) plot width requires 20 acres (49 ha) more than one that is only 66 ft 
(20 m) wide to obtain the same level of precision. This difference may or may not 
take a considerable amount of time to survey, depending on sampling conditions. 
In areas where snags or trees are present in low densities, and visibility is open 
to 66 ft (20 m) from the centerline, the Section lengths that are 132 ft (40 m) wide 
would probably be the best choice to ensure that every possible snag is surveyed. 
By contrast, if snag or tree densities are moderate or high, narrower plots are likely 
the better choice. This will reduce sampling effort by decreasing the amount of time 
required to complete each plot.

Users also need to consider how difficult it is to see and reach snags or trees out 
to the specified distance. In steep terrain where shorter snags may be obscured by 
vegetation, it is important to select a narrower plot size to maintain accuracy.

The option that incorporates Wiegert’s (1962) method demonstrates that the 
optimal plot size is that which minimizes the product of the Relative Cost and the 
Relative Variance. If both relative costs and variances are available, Wiegert’s 
method is considered preferable (Krebs 1989).

Although it is more accurate to estimate costs by conducting time trials, there 
are some logistical difficulties. Time trials are conducted by surveying one plot 
size at a time, and cannot be conducted simultaneously with the pilot survey, which 
usually requires surveying snags or large trees to 66 ft (20 m) from the centerline. 
Consequently, the time and costs to conduct time trials may quickly offset any 
benefits because of the additional field effort required beyond the pilot survey. 
Therefore, we recommend against conducting time trials. Instead, we suggest using 
the cost factors provided in SnagPRO, which were developed on a relative scale. We 
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have outlined our methods below so that users may understand how the costs were 
derived.

There are six cost scenarios in SnagPRO. Click on Compute and choose the 
category that best describes the forest situation within each stratum to see how the 
relative cost affects the outcome of your decision about the optimal plot size. The 
cost data are transferred to the Optimal page. Try several Costs per Sample catego-
ries if forest conditions are between categories.

We modified Wiegert’s method by calculating the total cost expected for each 
plot size selected.  This is valuable information, because all costs are relative to 
each other within the same area. Total cost also incorporates the minimum sample 
size required. Although the actual cost for sampling will vary for a particular area, 
selecting the plot size that demonstrates the lowest total cost allows users to select 
the optimal plot size for the forest conditions sampled.

Estimating Costs
The cost per plot is mainly a function of three factors: visibility, terrain, and 
density. Visibility is the unobstructed viewing distance from centerline to snags or 
trees for a given stratum. It is most strongly affected by seral stage or young tree 
or shrub cover within a stand. Terrain includes slope, young tree or shrub cover, 
and density of logs, all of which affect difficulty in traversing an area. Density is 
the number of snags or trees per unit area for a given size class of interest. Stands 
of higher density will require substantially more time, and thus higher costs, to 
sample. 

Each survey has an associated fixed cost and a cost estimate for each plot, 
calculated at $10 per observer/hour. Fixed Cost is the time spent selecting and locat-
ing each beginning transect point, including the time spent returning to a vehicle 
upon completion. Costs may be minimal in clearcut areas or quite high in areas 
with difficult terrain. We therefore calculated an average fixed cost for each of the 
four possible plot lengths (transect, section, segment, and subsegment) based on a 
moderate situation with a low snag density.

SnagPRO’s cost estimates were based on time trials conducted in forests in 
northern Idaho, adjusted with cost estimates from a snag study in the central 
Oregon Cascade Range. During the time trials, all snags >10 in (25 cm) d.b.h. were 
surveyed. For each snag, we recorded the following snag characteristics: species, 
d.b.h. (measured with a Biltmore diameter stick), decay class, height (ocular esti-
mate), distance of the midpoint of the snag from the centerline, nesting evidence 
(ocular), and foraging signs (ocular).

In flat, open areas, distances to each snag were either paced or measured with a 
tape. Paced distances were calibrated with a measuring tape to ensure accurate and 

The cost per plot is 
mainly a function of 
three factors: visibility, 
terrain, and density.
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precise estimation of distances. Paced distances, following calibration, were then 
used to count snags that were clearly within the plot width, but snags potentially 
on the boundary, referred to as “marginal,” were always measured with a tape. For 
example, a snag was considered marginal if its distance of 16.5 or 18 ft (5 or 5.5 m) 
away from the line was uncertain. For these cases, all distances were measured. In 
addition, periodic calibration of pacing was conducted. In steep areas, all distances 
>12 ft (3.5 m) were measured.

We developed six hypothetical situations based on three categories of terrain 
and snag visibility coupled with two snag densities. “Easy” refers to an area that is 
relatively flat (<30 percent slope) and where snags or trees are easily observed to 
66 ft (20 m) in both directions. “Moderate” refers to situations where the slope is 
30 to 50 percent and visibility of snags or trees averages 50 ft (15 m). “Difficult” 
describes situations in which a combination of factors makes travel difficult and 
slow and visibility is low. In dense regeneration stands, it is not possible to accu-
rately detect snags beyond a particular distance. Travel could be difficult owing to 
slope, type of seral stage, amount of shrub cover, or density of logs.  

Cost estimates were then developed for each forest situation given two densi-
ties:
• Low—two snags per acre (0.8 snags/ha).
• High—eight snags per acre (3.2 snags/ha) as shown in table 2.

Total time was computed by summing:
• Average time required for an observer to walk a 164-ft (50-m) line while 

looking for snags in the various forest conditions, without encountering any 
snags.

• Average amount of time per snag in the different forest conditions needed 
to record the seven snag characteristics listed above.  

Total time was then multiplied by $10 per hour to obtain the cost estimate 
(table 2). Costs for all other transect lengths were derived either by doubling the 
cost, or dividing by 2, for the shorter lengths. These costs where then placed into 
the General Cost per Sample Guidelines tables found under the View menu in 
SnagPRO for both English (table 3) and metric (table 4) analyses. Note that costs 
jump substantially within the moderate and difficult categories for the Width99(30) 
and Width132(40) plot sizes, owing to the observer having to periodically leave the 
centerline to survey beyond the point of visibility. 

Analysis for independence—
One of the basic assumptions of all analyses presented here is that sampling units 
are independent (Hurlbert 1984, Krebs 1989, Swihart and Slade 1985). This means 

One of the basic 
assumptions of all 
analyses presented 
here is that sampling 
units are independent
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Table 2—Cost estimates based on time trials to conduct snag (≥10-in [25-cm] 
diameter at breast height) surveys in different forest conditions

  Time to  Average
Visibility,a   walk plot  number of  Time 
  terrain,b  length  snags per  per  Total  Total 
  densityc Plot dimensions (no snags) plot snag time costd

 Minutes - - - Minutes - - - Dollars
High, Section33(10) 2 0 .25  2 2.50 0.43
  easy, Section66(20) 2  .50 2 3.00 .51
  low Section99(30) 2  .75 2 3.50 .60
 Section132(40) 2 1.00 2 4.00 .68
     
High, Section33(10) 2 1.00 2 4.00 .68
  easy, Section66(20) 2 2.00 2 6.00 1.02
  high Section99(30) 2 3.00 2 8.00 1.36
 Section132(40) 2 4.00 2 10.00 1.70
     
Medium,  Section33(10) 3  .25  3 3.75  .64
  moderate, Section66(20) 3  .50 3 4.50  .77
  low Section99(30) 4.5  .75 3 6.75 1.15
 Section132(40) 6.75 1.00 3 9.75 1.66
     
Medium,  Section33(10) 3 1.00 3 5.00 .85
  moderate, Section66(20) 3 2.00 3 8.00 1.36
  high Section99(30) 4.5 3.00 3 13.50 2.30
 Section132(40) 6.75 4.00 3 18.75 3.19
     
Low, Section33(10) 6  .25  4 7.0 1.19
  difficult, Section66(20) 6  .50 4 8.0 1.36
  low Section99(30) 24  .75 4 27.0 4.59
 Section132(40) 30 1.00 4 34.0 5.78
     
 Low, Section33(10) 6 1.00 4 10.0 1.70
  difficult, Section66(20) 6 2.00 4 14.0 2.38
  high Section99(30) 24 3.00 4 36.0 6.12
 Section132(40) 30 4.00 4 46.0 7.82
Note: Section33(10) = 33 ft (10 m) wide, section66(20) = 66 ft (20 m) wide, section 99(30) = 99 ft (30 m) wide, 
section132(40) = 132 ft (40 m) wide.
a High is ≥66 ft (20 m);  medium is 49.5 ft (15 m); low is <33 ft (10 m).
b Easy is ≤30 percent slope, moderate is >30 but <50 percent slope; difficult is ≥50 percent slope.
c Low = 2 snags/ac (0.8/ha), high = 8 snags/ac (3.2/ha).
d Cost calculated at $10 per hour per person.
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Table 3—Cost per sample using English-unit plots 

 1 2 3 4 5 6 
 Easy,b		 Easy,	 Moderate,		 Moderate,		Difficult,		 Difficult 
Plot low  high  low  high  low  high 
dimensionsa densityc  density  density  density  density  density

 Dollars per sample
Subsegment33 0.13 0.21 0.20 0.26 0.36 0.52
Subsegment66 0.16 0.31 0.23 0.41 0.41 0.73
Subsegment99 0.18 0.41 0.35 0.70 1.40 1.87
Subsegment132 0.21 0.52 0.51 0.97 1.76 2.38
Segment33 0.26 0.41 0.39 0.52 0.73 1.04
Segment66 0.31 0.62 0.47 0.83 0.83 1.45
Segment99 0.37 0.83 0.70 1.40 2.80 3.73
Segment132 0.41 1.04 1.01 1.95 3.52 4.77
Section33 0.52 0.83 0.78 1.04 1.45 2.07
Section66 0.62 1.24 0.94 1.66 1.66 2.90
Section99 0.73 1.66 1.40 2.80 5.60 7.46
Section132 0.83 2.07 2.02 3.89 7.05 9.54
Transect33 1.05 1.66 1.56 2.07 2.90 4.15
Transect66 1.24 2.49 1.88 3.32 3.32 5.80
Transect99 1.46 3.32 2.80 5.61 11.20 14.93
Transect132 1.66 4.15 4.05 7.78 14.10 19.07
a Dimensions are 33, 66, 99, or 132 ft wide. 
b Easy is ≤30 percent slope; moderate is >30 but <50 percent slope; difficult is ≥50 percent slope.
c Low density = 2 snags/ac, high density = 8 snags/ac.

Table 4—Costs per sample using metric-unit plots

 1 2 3 4 5 6 
 Easy,b		 Easy,	 Moderate,		 Moderate,		Difficult,		 Difficult 
Plot low  high  low  high  low  high 
dimensionsa densityc  density  density  density  density  density

 Dollars per sample
Subsegment10 0.11 0.17 0.16 0.21 0.30 0.43
Subsegment20 0.13 0.26 0.19 0.34 0.34 0.60
Subsegment30 0.15 0.34 0.29 0.58 1.15 1.53
Subsegment40 0.17 0.43 0.42 0.80 1.45 1.96
Segment10 0.22 0.34 0.32 0.43 0.60 0.85
Segment20 0.26 0.51 0.39 0.68 0.68 1.19
Segment30 0.30 0.68 0.58 1.15 2.30 3.06
Segment40 0.34 0.85 0.83 1.60 2.89 3.91
Section10 0.43 0.68 0.64 0.85 1.19 1.70
Section20 0.51 1.02 0.77 1.36 1.36 2.38
Section30 0.60 1.36 1.15 2.30 4.59 6.12
Section40 0.68 1.70 1.66 3.19 5.78 7.82
Transect10 0.86 1.36 1.28 1.70 2.38 3.40
Transect20 1.02 2.04 1.54 2.72 2.72 4.76
Transect30 1.20 2.72 2.30 4.60 9.18 12.24
Transect40 1.36 3.40 3.32 6.38 11.56 15.64
a Dimensions are 10, 20, 30, or 40 m wide.
b Easy is ≤30 percent slope; moderate is >30 and <50 percent slope; difficult is ≥50 percent slope.
c Low density is <0.8 snags/ha, high density is >3.2 snags/ha.
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that whatever length of transect is chosen as optimal (subsegments, segments, or 
sections), the user can assume that the snag density in one sampling unit is not 
predicted by the snag density on the previous sampling unit of the same transect. 
Sampling units that are serially correlated would violate the assumption of sam-
pling independence (Krebs 1989). 

SnagPRO tests for serial correlations between increments of similar length 
along transects. Users will find this function on the Summary Statistics page. To 
conduct the test: 
1. Fill in the Width columns on the Single/Combined page by using the 

appropriate formula (Single or Multiple).
2. Compute statistics on the Optimal page for the stratum of interest.
3. Click Correlation on the Summary Statistics page.
4. Enter the name of the transect length increment to test for serial correlation.
5. Enter the width of the plot size you are interested in testing. 

Results provide a Pearson’s correlation coefficient and the coefficient of deter-
mination. The correlation coefficient (r) estimates the strength of linear association 
between two variables (Sokal and Rohlf 1981). The coefficient of determination 
(r2) is the correlation coefficient squared. It estimates the linear dependence of one 
variable upon another. In this instance, the r2 value indicates how much the density 
in one transect increment is predicted by another transect increment.

The range for correlation coefficients is -1 to +1 (Sokal and Rohlf 1981). A high 
correlation coefficient suggests that adjacent increments along the same transect 
(for example, subsegments, segments, or sections) are correlated with each other 
and cannot be considered independent sampling units.

As a general guide, a correlation coefficient <0.45 (r2 < 0.2) suggests that 
adjacent increments are independent and the increment selected can be used as the 
sampling unit. Values higher than this suggest adjacent increments are correlated. 
In the latter case, alternative transect lengths (combined segments or subsegments) 
must be tested for independence, and this process continued until an optimal 
transect length is identified that is not serially correlated.

Sample Size Determination
The estimated sample size for unstratified subwatersheds is found under Sample 
Size (plots) of Optimal 2 tab. For stratified subwatersheds, go to the Sample Size 
page. SnagPRO provides both the proportional allocation and optimal methods for 
estimating the total sample size required, identified as the number of plots and acres 
(ha) required for sampling within each stratum.

Generally, a correlation 
coefficient <0.45 
suggests that adjacent 
increments are 
independent and the 
increment selected 
can be used as the 
sampling unit.
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The proportional allocation method allocates the samples among the strata 
based on the proportion of the total area in each stratum (weight Wi ). By contrast, 
optimal allocation incorporates both the stratum proportional area (Wi ) and vari-
ance (si

2)  to determine the number of samples required within each stratum (Krebs 
1989). Both methods calculate the number of samples required to obtain a density 
estimate within 20 percent of the true mean 90 percent of the time.

The sample size (Krebs 1989) required by the proportional allocation method is 
determined by the equation:

 n
t W s

B
i i= ∑2 2

2  (5)
where
B  = desired bound for 1 - α (xst · 20 percent),1

tα = student’s t value for 90-percent confidence limits (1 - α),
n  = total sample size required in stratified sampling,
Wi  = stratum weight (Ai/A), and
si

2  = variance in stratum I.
Then the number of samples within each stratum (ni) is determined by multiply-

ing the total number of samples needed (n) by the weight (Wi) of each stratum. 

 n nWi i=  (6)

Sample size for the optimal allocation method (Krebs 1989) is found by using 
the following equation:
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where
A  = total number of acres (ha) in subwatershed, and
si  = standard deviation in stratum i.
Then the number of samples needed within each stratum is estimated by: 
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1 We have substituted the symbol B (to denote bound) for the d listed in Krebs (1989) 
equations.
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where 
Ai  = number of acres (ha) in stratum i, and
ni  = total sample size required in stratum i.
Both allocation methods have advantages and disadvantages. Proportional 

allocation offers the advantage of dropping the strata and combining all samples 
after sampling is done, which is appropriate when there is little or no difference in 
densities among strata. This yields a larger sample size (n) and a smaller variance 
(s2). This option is not available if the optimal allocation method is used. Optimal 
allocation, however, provides the best estimate for the least cost in situations where 
large differences in density exist among strata. With this method, sampling is 
concentrated in the stratum that has highest variance. By contrast, proportional 
allocation concentrates sampling effort in the largest stratum, regardless of the 
variance within each stratum.

Again, remember that the sample sizes given are only estimates of the number 
required to obtain a desired level of precision. Consequently, data should be ana-
lyzed in SnagPRO periodically to gauge the precision of estimates.

Estimating Densities
A minimum of 60 samples for the landscape, or 20 samples from each stratum 
(whichever is higher), are required before the mean density of snags or trees can be 
estimated. At this point, users can decide whether enough samples have been col-
lected to achieve their objectives. See the earlier section, “Establishing Transects,” 
which describes an exception to the above requirements for sample size.

The two density options provided are Estimate Average Density and Compare 
to Target Density. The first allows users to obtain an average snag or tree density 
that is within 20 percent of the true mean at a desired confidence level. The second 
allows users to determine whether the estimated density is significantly different 
from the targeted density. Users may choose both options. Go to the Densities page 
to use the Estimate Average Density option. For the Compare to Target Density 
option, you must first obtain a density estimate from the Densities page, and trans-
fer this information to the Statistical Test page.

Estimate Average Density
The Estimate Average Density option requires one of two equations based on which 
sampling method you use: simple or stratified random sampling. To see these equa-
tions, go to the Densities page. 

For the simple random sampling method, the average is calculated in the 
standard way (equation 2). Then the variance is calculated by:

Estimate Average 
Density allows users to 
obtain an average snag 
or tree density that is 
within 20 percent of the 
true mean at a desired 
confidence level. 
Compare to Target 
Density allows users to 
determine whether the 
estimated density is 
significantly different 
from the targeted 
density. 
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and the standard error of the mean is determined by:

 s s
nx =

2

 (10)
where

x = population mean,
xi   = observed  x value in sample i,
n   =  sample size,
s2  = variance of the measurements, and
s x = standard error of the mean x .

The confidence interval is then calculated using a normal approximation (Krebs 
1989):

 x t sx±  (11)
where
tα  = student’s t value for 90-percent confidence limits (1 - α).
The t-value is preset at 1.67 for a sample size equal to 60 (n = 60) to obtain a 90-

percent confidence interval. If a different level of confidence is desired, the t-value 
may be changed. On the Simple-Random Sampling Equation page, an estimated 
mean is given based on simple random sampling methods.

In the second method, a density estimate with a bound is calculated based on 
stratified random sampling methods. The stratified mean density is computed by the 
following equation:

 x A x
A

st
i
L

i i= =∑ 1  (12)

where
x st = stratified population mean (number per acres [ha]),
x i  = observed mean in stratum i,
Ai  = number of acres (ha) in stratum i,
A  = total number of acres (ha) in subwatershed,
i   = stratum number, and
L   = total number of strata.
To calculate a confidence interval, the stratified variance must first be  

determined:
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where
ni  = number of samples in stratum i,
si

2  = variance in stratum i, and
Wi = stratum weight or proportion of area in stratum i (Ai/A).
Then the confidence interval is calculated by the normal approximation:

 x( )x tst st± var ( )  (14)

Because SnagPRO is designed to accommodate landscapes with different 
numbers of strata, the user must enter the correct number when prompted by the 
“Number of Strata” message box. This tells SnagPRO which equation to use.

Compare to Target Density
The second density option is an informal statistical test that allows users to deter-
mine whether the estimated snag or tree density is significantly different from the 
targeted density, such as a targeted density identified in standards and guidelines 
for land use plans.

A minimum of 60 samples for the landscape, or 20 samples from each stratum 
(whichever is higher), are required. For subwatersheds >7,000 acres (2834 ha), it 
may be necessary to increase sampling effort to compensate for the natural vari-
ability of snags and trees in relation to elevation gradient.

An example is a 20,000-acre (8097-ha) subwatershed that encompasses three 
distinct forest community types; this situation may require about 100 samples to 
adequately conduct the compare-to-target-density test. This represents an increase 
of about three sample plots for every 1,000 acres (405 ha) surveyed above 7,000 
acres (2834 ha). This option is especially useful in situations where densities are 
low and the sampling effort is extremely high to obtain an estimate within 20 
percent of the true mean (90 percent of the time). It is intended for surveys where 
the main objective is to determine whether the subwatershed meets the targeted 
guidelines for retention of snags or large trees.

The t-test is the most common way to test for a significant difference between 
two means. The t-test compares the mean within each plot to the target mean. 
This works well in single-stratum landscapes, but there are some problems using 
this approach on stratified landscapes, where differences among multiple means 
must be tested. Consequently, SnagPRO calculates confidence intervals about each 
estimated mean snag density. 

If the target mean 
falls within the 
confidence interval of 
the estimated mean, 
then the two values 
are not different, 
indicating management 
compliance with the 
target density. 
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If the target mean falls within the confidence interval of the estimated mean, 
then the two values are not different, indicating management compliance with the 
target density. If the target mean is significantly lower than the estimated mean 
density, this situation would also indicate management compliance. That is, the 
observed mean density is higher than the target density for management.   

The Statistical Test page enables users to visually assess whether the estimated 
and targeted densities of a survey are significantly different from each other. Users 
simply enter the targeted density and the estimated density and its bounds from 
the snag or tree survey; results are automatically plotted on a graph. An example is 
a homogeneous 6,044-acre (2447-ha) area of ponderosa pine forest in the Oregon 
Cascade Range. The objective was to determine whether the area supported the 
targeted hard snag densities identified in the forest plan. The forest plan stipulated 
that the area support at least 0.9 hard snags per acre (2.2 hard snags/ha). On this 
site, the estimated (n = 175) hard snag density was 0.11 ± 0.04 snags per acre (0.3 
± 0.1 snags/ha [Bate 1995]). It was obvious that the area did not meet the targeted 
snag densities identified in the forest plan, as demonstrated statistically.

The null hypothesis for this test was: 
Ho: There is no difference between the targeted and estimated hard snag densities. 

To evaluate the results, we checked whether the target value (0.9 hard snags 
per acre [2.2 snags/ha]) fell between the values 0.07 and 0.15 on the Statistical Test 
page in SnagPRO (fig. 6). These values are the upper and lower limits on the mean 
estimate of 0.11 hard snags per acre (0.27 hard snags/ha). In this case, the targeted 
density did not fall within the confidence interval. We therefore rejected the null 
hypothesis. Because the target value was above the upper limit of the confidence 
(higher than the estimated mean density), we also concluded that snag density in 
the area did not comply with management direction.

These are the results when a 90-percent confidence interval is used. That is, 
there is a 90-percent probability that the estimated mean lies within the stated inter-
val. If users want to increase the probability that a given interval will contain the 
true value of the estimated mean density, a 95- or a 99-percent confidence interval 
can be used (resulting in a 95-percent or 99-percent probability that the true value 
of the estimated mean lies within the interval). We recommend consulting with a 
statistician for more details regarding the choice of interval. In general, a 95-percent 
confidence interval is typically used for most analyses and considered appropriate 
for most situations where the cost is not prohibitive.
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Tutorials
Example 1: Snag Density Analysis for Single-Stratum Landscape 
Using Metric Units
Background information—
A 364-ha stand of old-growth ponderosa pine, located on the east side of the central 
Oregon Cascade Range, is to be sampled to determine whether the area meets the 
targeted densities of hard snags dictated by the forest plan. The forest plan defines 
hard snags as those in decay classes I through III [Cline and others 1980]) that also 
are ≥25.4 cm d.b.h. and ≥1.8 m tall.

The forest plan dictates that at least 10 hard snags/ha be maintained to provide 
adequate nesting habitat. Also of interest is the estimated density of all snags in 

Figure 6—Statistical Test page. Results of the statistical test found a difference between the tar-
geted density of 0.9 snags per acre (2.2 snags/ha) and the estimated density of 0.11 snags per acre 
(0.3 snags/ha). Data are from an area of intensive timber harvest in ponderosa pine forest on the 
Deschutes National Forest.
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this same size class, to be used as baseline data for mimicking old-growth char-
acteristics in adjacent areas. Therefore, sampling all decay classes is planned, but 
with hard snags as the primary objective. An additional objective is to estimate the 
percentage of snags (all decay classes) exhibiting new cavities.

Stratification—
Use aerial photographs and vegetation cover maps to determine whether any 
apparent strata can be delineated. The area appears to contain a variety of seral 
stages, owing to a mix of past management activities. Some areas have undergone 
controlled burns and others have not, which could result in different snag densities 
across the landscape. A more thorough ground check, however, reveals a relatively 
homogeneous forest with respect to snag densities based on 0.4-ha ocular estimates. 
Consequently, the area was not stratified. Visibility averages about 15 m, and the 
area is flat and easy to traverse.

Pilot survey—
Ten 100-m-long transects are initially established within the area by placing a 
grid over a map and randomly selecting 10 grid intersection points, which are the 
starting points of each transect. The direction of each transect is then established 
by randomly choosing the compass direction. Each transect is then labeled with 
a unique numeric identifier and delineated into eight 12.5-m subsegments, num-
bered 1 through 8. For transects heading outside the landscape boundaries, use the 
bounce-back method to keep the transect within the sampling area while continuing 
to sample with standardized transect lengths (fig. 4). 

The Dataform sheet found in the file named Snag_Tutorial_Data.xls (fig. 5) is 
used as a hardcopy field form to record field data. See “Field Forms” under “Gen-
eral Surveying Procedures” for complete details. Appendix 2 can be customized 
to further explain to field crews what information and methods are required under 
each field heading.

In the field, all snags 20 m either side of the centerline of specified size are 
tallied within each subsegment. Distance is measured from the centerline to each 
snag’s midpoint (that is, the center of a snag as opposed to the snag’s outer bark area 
that is closest to centerline). For each snag, record:
• D.b.h. (cm)
• Height (m)
• Distance of the snag’s midpoint from centerline (in meters)
• Numeric code for species
• Decay class (Cline and others 1980)
• Numeric codes are assigned to snags that have evidence of nesting. For 
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snags where it is not possible to determine whether a cavity exists because 
of vegetation, the cell is left blank (see app. 2 for details).

Data entry—
For this tutorial, the data are found in the Snag_Tutorial_Data.xls file on the  
Tutorial_data_I_metric page. This file can be found at the PNW Web site at http://
www.fs.fed.us/pnw/publications/tools-databases.shtml. Open this file in the spread-
sheet program Excel2 for Windows. Ten transects of eight subsegments of data are 
available, following the same format provided on the field form (fig. 5).

Consecutive subsegments—
Before starting any analyses, sort transects and subsegments in ascending order 
to ensure that there are eight subsegments for each transect. In Excel, click Data | 
Sort, then select Sort By Transect and Then By Subsegment. Scroll through the 
entire data set to ensure that eight subsegment lengths have been entered for each 
transect, and the beginning subsegment of each transect is numbered “1.” 

Saving	as	a	CSV	file—
SnagPRO imports only CSV files. To create a CSV file, follow these steps:
1. Activate the Tutorial_data_I_metric sheet by clicking anywhere on the 

sheet: Select File | Save As.
2. Click Save as Type at the bottom of the Save As message box.
3. Select CSV (comma delimited) (*.csv).
4. Assign a new file name in the file name box.
5. Click Save. When saved as a CSV file, only the active sheet is retained. 

Saving the file with a different name keeps the original file intact.

Importing to SnagPRO—
Import the CSV file of snag data by using these steps:
1. Launch SnagPRO by double-clicking on the desktop icon or the executable 

file—SnagPRO .exe.
2. Click Snags or Trees.
3. Go to Measurement, and click Metric.
4. Go to File | Open. In the message box “Look in,” browse to the folder con-

taining the CSV data and select the file name.

This should successfully import the CSV file. Note that additional columns 
have been added to your file:

2  The use of trade or firm names in this publication is for reader information and does not 
imply endorsement by the U.S. Department of Agriculture of any product or service.
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• The Segment and Section columns were inserted between Transect and 
Subsegment.

• Width10, Width20, Width30, and Width40 columns have been added.

SnagPRO combined consecutive subsegments (12.5-m lengths) into segments 
(25-m lengths), and segments into sections (50-m lengths). The Width columns are 
populated after you select a formula (see below). 

Formula entry—
Create the appropriate formulas for the Width columns. These formulas determine 
which snags are included in the current analysis. 

First obtain estimates of hard snags only. To do this, locate and click on the 
Multiple button on the Single/Combined page to have SnagPRO include multiple 
species in the analysis. Several input boxes will then appear. 

To create the correct formula, based on your survey objectives, enter:
• “25.4” (cm) for D.b.h.
• “1.8” (m) for Height.
• “3” for Decay Class (hard snags based on Cline and others 1980).
• “9999” for Species (all species are included).

SnagPRO evaluates each snag for the criteria listed above plus its distance from 
the centerline. For snags meeting all criteria, a value of “1” is placed in the cell; 
otherwise, the cell receives a “0.”

Analyzing by plot size—
SnagPRO now calculates means and standard deviations for each plot size, trans-
ferring the results to the Optimal pages. First, review General Cost per Sample 
Guidelines under the View menu to select one of the six cost categories that best 
applies to the forest conditions (see the “Estimating Costs” section for details). For 
this example, choose Code 4 because the forest conditions have moderate visibility 
and terrain, and snag densities appear higher than 3.2 snags per hectare (table 4).

To sum and subtotal the values for each plot size, click the Optimal tab; go to 
Stratum to Process; select Single, and click Compute.

A series of message boxes will appear. Enter:
• “1” for the Number of Strata.
• “4” for the General Cost per Sample code.
• “364” (ha) for the Stratum Size. 

SnagPRO calculates subtotals on the Summary Statistics page and simultane-
ously transfers the results to the Optimal page. On the bottom of the Summary 
Statistics page, you will find the mean, standard deviation, and current sample size 
for each plot size and length.



43

SnagPRO: Snag and Tree Sampling and Analysis Methods for Wildlife

Optimal plot size—
To determine the plot size that optimizes sampling in the current forest condi-

tions, switch to the Optimal page. There are three Optimal sheets. Activate the 
Optimal 1 worksheet by clicking on this tab. Write a brief description of the study 
area in the shaded box labeled Stratum. For example, for this analysis you might 
write: “Old-growth; ≥25.4 cm d.b.h.; ≥1.8 m tall; hard snags.” 

On Optimal 1 tab, the Plot Dimensions column lists the 16 available plot sizes 
(fig. 7). The next column, Plot Size (meters ^2), displays the plot in square meters. 
Mean Density (#/plot) displays the estimated average for the 16 plot sizes, with the 
appropriate standard deviation values in Standard Deviation (#/plot).  

Under Mean Density (#/hectare), the number of snags per plot is converted to 
the number of snags per hectare (fig. 7). Similarly, the standard deviation of each 

Figure 7─Optimal 1 page: first of three optimal pages showing size (m2), mean, standard deviation, 
variance, and relative variance for each plot size for hard snags in a single-stratum ponderosa pine 
landscape.
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plot is squared to get the variance, and then converted to number per hectare in the 
Variance column. The mean snag density ranges from a low of 9.5 in the widest 
plots to a high of 14 in the narrowest plots. If you find that the density varies from 
low to high among plot widths, it is best to select one of the midrange plot widths 
so that you are not over- or underestimating snag densities. The Relative Variance 
column uses the lowest variance calculated among the 16 plot sizes as the divisor 
for all variances to determine the optimal plot size.

The Optimal 2 tab page (fig. 8) repeats the first two columns from Optimal 
1—Plot Dimensions and Plot Size (meters^2). Sample Size (plots) calculates the 
total number of plots and Sample Size (hectares) calculates the number of hectares 
needed to obtain a density estimate within 20 percent of the true mean 90 percent 
of the time, based on the sample mean and standard deviation.

Earlier, we stated that SnagPRO’s equations require a minimum of 60 samples. 
The Minimum Number of Samples Required column represents the minimum 

Figure 8─Optimal 2 page: second of three optimal pages showing sample size (plots), sample size 
(ha), minimum sample required, relative variance, and fixed cost for each plot size for hard snags in a 
single-stratum ponderosa pine landscape.



45

SnagPRO: Snag and Tree Sampling and Analysis Methods for Wildlife

number of plots required for each transect length. See the “Establishing Transects” 
section for more detail on this subject. The final column in Optimal 2 gives the 
fixed cost associated with each plot size. See the “Estimating Costs” section for 
more detail.

The first two columns in Optimal 3 (fig. 9) repeat each plot name and area. The 
Cost per Sample column reports the cost of each sample in addition to the Fixed 
Cost from Optimal 2, providing the Total Cost per Plot Unit. 

SnagPRO calculates Relative Cost in the same way as Relative Variance from 
Optimal 1 and 2, dividing each total cost by the lowest cost in this column. Fol-
lowing Wiegert’s method (1962), SnagPRO multiplies the relative variance by the 
relative cost to get Product. The optimal plot size is the one that minimizes the 
product of these two factors. Finally, the Total Cost column provides users with an 
idea of the costs they could expect for one plot size versus another.

Figure 9─Optimal 3 page: third of three optimal pages showing cost per sample, total cost per plot unit, 
relative cost, product (cost x relative cost), and total cost for each plot size for hard snags in a single-
stratum ponderosa pine landscape. 
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These variables are used in the decisionmaking process regarding sample 
design. On Optimal 2, review the number of plots required in Sample Size (Plots) 
for each Plot Size (meters ^2) (fig. 8). Which plot sizes require the fewest samples?  

Consider the plot size in terms of area, as shown in Sample Size (hectares). 
Note that Transect10 requires the minimal number of plots (25.3) and hectares 
(2.53). Now check the Minimum Sample Size Required. With a sample size of only 
10 it is not possible to assume a normal distribution because SnagPRO’s equations 
work from a minimum of 60 samples.

Switch to Optimal 3 | Total Cost (fig. 9) to check the costs based on the mini-
mum number of required samples. Transect10 plots could cost approximately $97; 
using Segment20 or Subsegment20 plots, the estimated total cost is similar, and 
these plots provide a larger sample size and thus would be a better choice, assum-
ing these shorter transects are independent. To test for independence, switch to the 
Summary Statistics page and run the serial correlation test.

First test the independence of the Segment20 plots. To do this:
1. Click on the Correlation button in the bottom-right corner of the screen.
2. Enter “Segment” when the first message box appears labeled “Correlation 

Length.”
3. Enter “20” into the box labeled “Correlation Width.”

The message box displays the correlation coefficient (r = 0.23) and coefficient 
of determination (r2 = 0.05). The low r2 value (0.05) indicates that the adjacent 20-m 
segments are independent sampling units. 

When this process is repeated for Subsegment20 plots, adjacent plots also 
appear to be independent, with a correlation coefficient (r) of 0.06 and a coefficient 
of determination (r2) of 0.0. Thus, it is acceptable to use either plot size for analysis, 
but Subsegment20 plots appear to be slightly better. Because snags of all decay 
classes also are of interest, running the optimal plot analysis on both hard and soft 
snags may aid the decisionmaking process.

To analyze snags in all decay classes, return to Single/Combined page and 
click on the Multiple button.  Refer to the “Formula Entry” section above and 
enter the same responses, with the exception of the decay class. Enter the value “5” 
instead of “3” to include both hard and soft snags in the analysis.

Go to Optimal 1 and click on Compute | Single. Results show that snag densi-
ties for all decay classes are relatively high, ranging from an estimated 15 to 24 
snags per hectare (fig. 10). In addition, the Sample Size (plots) required is low for a 
number of the plots as shown on Optimal 2 (fig. 11). This suggests a random distri-
bution of snags (low variance) rather than a highly clumped one. For Subsegment20 
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Figure 10─Optimal 1 page: first of three optimal pages showing size (m2), mean, standard deviation, 
variance, and relative variance for each plot size for both hard and soft snags in a single-stratum 
ponderosa pine landscape.
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Figure 11─Optimal 2 page: second of three optimal pages showing sample size (plots), sample size 
(ha), minimum sample required, relative variance, and fixed costs for each plot size for both hard and 
soft snags in a single-stratum ponderosa pine landscape.
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plots, 80 samples have been collected (even though Sample Size (Plots) shows 70). 
This number exceeds the minimum number of 60 samples required to meet the 
assumptions of normality.

On the Optimal 3 page (fig. 12), examine the Total Cost for Subsegment20 
plots and repeat steps described above for Segment20 plots. Lowest cost is the same 
as for the other width 20 plots ($48.40). To check for the independence of these 
plots, repeat steps described above for Segment20 plots. Results for independence 
show that Subsegment20 plots may be considered independent (r = 0.11 and r2 = 
0.01). Consequently, Subsegment20 plots are used for the remainder of the analyses 
and field sampling because this plot size appears best in meeting both objectives.

Figure 12─Optimal 3 page: third of three optimal pages showing cost per sample, total cost per plot 
unit, relative cost, product (cost x relative cost), and total cost for each plot size for both hard and soft 
snags in a single-stratum ponderosa pine landscape.
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Density analysis—
First obtain a density estimate for snags in all decay classes because these are the 
data that currently fill the Optimal page. SnagPRO transfers the density statistics 
from the Optimal page to the Densities page based on which plot has the lowest 
total cost.

Go to Densities | Simple-Random Sampling Equation to obtain a density 
estimate for single-stratum landscapes. Check to ensure that Subsegment20 is 
listed in the box labeled “Plot Dimensions (name)” to verify that the correct data 
have been transferred (fig. 13). Results show that this landscape supports 21 ± 3.93 
snags per hectare. To determine the precision of your estimate, the bound is divided 
by the mean. For this example, the bound 3.93 is divided by the mean of 21, and 
then multiplied by 100. The result is 18.7. This indicates a 90-percent probability 
that the estimated mean density is within 18.7 percent of the true mean.

Figure 13─Densities page. Estimated density results using Subsegment20 plots for single-stratum 
ponderosa pine landscape. Results are for both hard and soft snags from the Tutorial_data_I_metric 
data set.
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Now obtain the density results for hard snags. Based on the previous analysis 
of hard snags, the lowest total cost comes with the Transect20 plots. However, it 
was determined that Subsegment20 plots would likely be best for both categories of 
snags. Consequently, the default Optimal plot selection needs to be overridden. To 
do this, follow these steps:
1. Go to the Single/Combined page.
2. Rerun the Multiple formula just for hard snags (Decay Class = 3).
3. Go to Settings | Optimal Selection, and click on Single Stratum.
4. Select Subsegment20 instead of Automatic.
5. Switch to Optimal, and click Compute in the lower left-hand corner. 

Next, switch back to the Densities page (fig. 14). Results show that data for 
Subsegment20 plots have been transferred and that there are an estimated 13 ± 
3.71 hard snags per hectare on this landscape. The current level of precision is 28.5 
percent, which is less precise than the targeted goal. 

Figure 14─Densities page. Estimated density results using Subsegment20 plots for single-stratum 
ponderosa pine landscape. Optimal plot size was overridden by selecting Segment20 plots from the 
Optimal Selection on the Settings menu. Results are for hard snags from the Tutorial_data_I_metric 
data set.
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Compare to target density—
Assume that you have finished sampling and want to test whether the estimated 
density of qualifying snags meets the targeted density of 10 hard snags per hectare 
reported in the forest plan. Go to Statistical Test page to conduct the test, using the 
following steps:
1. Affirm the null hypothesis for this test: Ho: There is no difference between 

the estimated and the targeted hard snag densities.
2. Enter the targeted density of “10” into the shaded box labeled Target Value.
3. Enter the estimated snag density of “13” snags per hectare into the shaded 

box labeled Estimated Value.
4. Enter the estimated Bound of “3.7” for a 90-percent confidence interval.

Figure 15—Statistical Test page. Graph depicting test for significant difference between estimated 
and targeted densities of qualifying hard snags in single-stratum ponderosa pine landscape. Results 
are from Tutorial_data_I_metric data set.

The graph shows that 
the line representing 
the target density for 
snags falls just within 
the boundaries of 
the upper and lower 
limits of the estimated 
density.
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Results are automatically plotted as a graph (fig. 15). The graph shows that the 
line representing the target density for snags falls just within the boundaries of the 
upper and lower limits of the estimated density. Consequently, the null hypothesis 
of “no difference between the estimated and targeted snag densities” is not rejected. 
The result indicates a 90-percent probability that the snag density on this landscape 
meets forest plan guidelines.

Cavity analysis—
To conduct the cavity analysis, return to the Single/Combined page. The cavity use 
codes are based on definitions described in appendix 2. To calculate the percentage 
of snags containing new cavities, follow these steps:
1. Click Cavity in the bottom-right corner of the Single/Combined page.
2. Enter “25.4” for the D.b.h. message box.
3. Enter “1.8” for Height.
4. Enter “5” for Decay Class.
5. Enter “9999” when prompted for any species to exclude (allows all species).
6. Enter “1” for Cavity Code (new cavity) (see app. 2).

Results show that of 48 available snags, 4 contained a new cavity. That is, 8 
percent of the snags surveyed showed new signs of nesting. Note that several snags 
were excluded from the analysis because it was not possible to view the entire snag 
for signs of cavities, owing to its height or vegetation obstructing the view. In these 
cases, no value was placed in the cell in the Cavity column.

Conclusions for single stratum—
From this analysis, we may conclude:

• The estimated density of hard snags (13 ± 3.71 snags per hectare) on this 
landscape meets or exceeds the targeted densities listed in the forest plan 
(10 snags per hectare). 

• The goal of obtaining an estimate of hard snags within 20 percent of the 
true mean, however, has not been achieved. To obtain this desired level 
of precision would require 83 additional plots. This translates to about 10 
additional 100-m transects of 12.5-m subsegments. 

• To save time in the field, distances will no longer be measured with a tape, 
but instead estimated by pacing because the plot width has been selected. 
Borderline cases, however, will continue to be measured. 

• Snags in all decay classes averaged about 21 snags (± 3.93) per hectare. 
• About 8 percent of all snags exhibit signs of recent use for nesting.
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Example 2: Density Analysis for Subwatershed With Multiple 
Strata Using English Units
Background information—
To conduct forestwide compliance monitoring, a snag survey must be done on a 
representative subwatershed to determine if management activities have maintained 
designated snag densities for woodpeckers and other cavity-nesting species. Stands 
to be monitored are dominated by Douglas-fir/western hemlock communities. 
Owing to limited resources, monitoring will focus on whether the subwatershed 
meets forest plan standards for hard snags. However, data on snags for all decay 
classes will be collected if this does not substantially increase sampling effort. 

Subwatershed	stratification—
Aerial photographs show that the subwatershed is highly fragmented, and geospa-
tial data verify that clearcutting has been the primary method of timber harvest. 
Ten years ago, a retention program was initiated for snags ≥18 in d.b.h., at least 20 
ft tall, and in the decay classes I through III (Cline and others 1980). Owing to the 
timber harvest techniques used and the recent initiation of the snag retention pro-
gram, snag densities are anticipated to be low in second-growth and most clearcut 
stands. In the old-growth stands, high densities of snags are anticipated.

Based on these expected differences, two strata may be sufficient: old-growth 
stands and a combined stratum of second-growth and clearcut stands. A thorough 
ground check, however, suggests that combining the second-growth and clearcut 
stands may not be feasible because the older clearcut stands have a dense under-
story that obstructs viewing. Stands that were clearcut >10 years ago are placed in 
their own stratum labeled “second growth.” All clearcut stands harvested within the 
past 10 years are placed in a stratum labeled “clearcut.”

Three strata have been delineated: clearcut, second growth, and old growth. 
Make a field map of the stand polygons assigned to each stratum. Attribute each 
stand with its number of acres and the total acres for that stratum within the entire 
subwatershed. Strata 1, 2, and 3 have 1,759, 1,381, and 1,243 acres, respectively, for 
a total of 4,383 acres. Spend a day in the field, validating that each stand has been 
placed in the proper stratum.

Pilot survey—
Although topography of the subwatershed ranges from flat benches to steep (>100 
percent) slopes, clearcut harvest has occurred mostly in flat areas. Visibility with- 
in the clearcut stratum is unobstructed, travel is easy, and snag densities appear 
low. Therefore, preselect the widest plot width—132 ft—to maximize sampling 
efficiency.
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A preliminary review of the second-growth stands, however, reveals dif-
ficult travel conditions and low visibility. Few, if any, snags are expected in these 
stands because they were harvested before a snag retention policy was adopted. 
Consequently, choose a narrower plot—66 ft—to ensure that snags are not missed 
because of viewing obstructions.

Snag densities within the old growth are highly variable. Thus, the best choice 
for plot width is not apparent. Visibility averages about 49.5 feet, and travel is mod-
erate to difficult, owing to a large volume of logs and dense patches of understory 
trees and shrubs. Thus, plots 99-ft wide are chosen, allowing a formal optimal plot 
size analysis to be conducted for the stratum.

Across the watershed, five stands of each stratum are randomly selected in 
which two 400-ft-long transects are established. Starting points for each transect 
are selected by placing a grid over each stand and then randomly choosing a grid 
intersection for the starting point (fig. 1). The compass direction also is randomly 
determined.

Each transect is assigned a unique numeric identifier, and divided into eight 
50-ft subsegments, numbered 1 through 8. The bounce-back method is used for any 
transects running into the stand boundaries (fig. 4). In each subsegment, all snags of 
interest are tallied from the center line: 66 ft for stratum 1; 33 ft for stratum 2; and 
49.5 ft for stratum 3. 

Data entry—
Data for all strata within this subwatershed are found in Snag_Tutorial_Data, on 
the Tutorial_data_II_English page, found at the PNW Web site at http://www.fs.fed.
us/pnw/publications/tools-databases.shtml. Data in this MS Excel spreadsheet are 
for 30 transects, each divided into eight subsegments. Data are in the same format 
as the field form (fig. 5), with one exception. An additional column, Plot width, was 
added on the field form to help track sampling within each stratum. This extraneous 
column is not included in the CSV import file, however, because its header informa-
tion is not recognized by SnagPRO. 

Consecutive subsegments—
Before starting the analysis, sort transects and subsegments in ascending order 
to verify that there are eight subsegments for each transect. To do this, go to the 
menu, Data | Sort, and select ascending for both Sort By and Then By. Make sure 
that eight subsegment lengths are entered for each transect, and that the beginning 
subsegment of each transect is numbered “1.”
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Saving	as	a	CSV	file—
SnagPRO imports only CSV files. To create a CSV file, follow these steps:
1. Activate the Tutorial_data_II_English sheet by clicking anywhere on the 

sheet.
2. Select File | Save As.
3. Click Save as Type at the bottom of the Save As message box.
4. Select CSV (comma delimited) (*.csv).
5. Assign a new file name in the file name box.
6. Click Save. When saved as a CSV file, only the active sheet is retained. 

Saving the file with a different name keeps the original file intact.

Importing to SnagPRO—
Import the CSV file of snag data using these steps:
1. Launch SnagPRO by double-clicking on the desktop icon or the executable 

file— SnagPRO.exe.
2. Click Snags or Trees.
3. Go to Measurement, and click English.
4. Go to File | Open. In the message box “Look in,” browse to the folder con-

taining the CSV data and select the file name.

This should successfully import the CSV file. Additional columns have been 
added to your file:
• The Segment and Section columns were inserted between Transect and 

Subsegment.
• Width33, Width66, Width99, and Width132 columns have been added.

SnagPRO combined consecutive subsegments (50-ft lengths) into segments 
(100-ft lengths), and segments into sections (200-ft lengths). The Width columns 
are populated after you select a formula (see below). 

Formula entry—
Create the formulas so SnagPRO places the correct values into the Width columns. 
These formulas determine which snags are included in the current analysis. 

First obtain estimates of hard snags only. To do this, locate and click on the 
Single/Combined page. Then click the Multiple button to have SnagPRO include 
multiple species in the analysis. Several input boxes will then appear. To create the 
correct formula, based on survey objectives, enter:
• “18” for D.b.h.
• “20” for Height.
• “3” for Decay Class (hard snags based on Cline and others [1980]).
• “9999” for Species (all snag species are included). 
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SnagPRO evaluates each snag in each Width column for the criteria listed 
above plus its distance from the centerline. For snags meeting all criteria, a value of 
“1” is placed in the cell; otherwise, the cell receives a “0.” After the formulas have 
been created, SnagPRO will sort the data by stratum and place the appropriate data 
on each stratum page.

Analyzing by plot size—
SnagPRO now calculates averages and standard deviations for each plot size, 
transferring the results to the Optimal pages. First, review General Cost per Sample 
Guidelines under the View menu to select one of the six cost categories that best 
applies to your forest conditions (see the “Estimating Costs” section and table 3 for 
details).

Choose Code 1 for stratum 1 because the clearcut harvesting resulted in open 
conditions and low snag densities. Choose Code 5 in stratum 2 because travel con-
ditions are difficult, visibility is limited, and snag densities are low. Choose Code 6 
for the stratum 3 because of difficult travel conditions, limited visibility, and higher 
snag densities.

To sum and subtotal the values for each plot size in stratum 1:
• Click the Optimal tab.
• Go to Stratum to Process.
• Select Stratum 1.
• Click Compute. 

A series of message boxes will appear.  Enter:
• “3” into the Number of Strata message box.
• “1” into the General Cost per Sample box (this is the code we chose for stra-

tum 1).
• “1759” for Stratum 1 Size.
• “1381” for Stratum 2 Size. 
• “1243” for Stratum 3 Size.

Stratum 1 analysis—
The results on the Optimal page are for hard snags in stratum 1. Write this descrip-
tion in the Stratum box at the top of the page. On the Optimal 1 page (fig. 16), 
the narrower plots (Width33 and Width66) have zeros for Mean Density (#/plot) 
because only one qualifying snag was found in stratum 1, at a distance of 46 ft 
from the centerline (shown on the Summary Statistics page). Mean Density (#/acre) 
for the wider plots is estimated to be about 0.1 snag per acre. 

On the Optimal 3 page, the Transect99 plots have the lowest Total Cost value 
($2,491.68), making this the optimal plot size. This excludes plots without snags 
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in them. The Total Cost is extremely high within this stratum, because SnagPRO 
is currently treating it as a nonstratified landscape and the estimated sample size 
required within this stratum is 696 plots (shown on the Optimal 2 page). If we 
analyze as strata within a subwatershed, however, the sample size required would 
be substantially lower.

Stratum 2—
To sum and subtotal the values for each plot size in stratum 2:
• Click the Optimal tab.
• Go to Stratum to Process.
• Select Stratum 2.
• Click Compute.

Figure 16─Optimal 1 page: first of three optimal pages showing size (m2), mean, standard deviation, 
variance, and relative variance for each plot size for hard snags in a stratified Douglas-fir/western 
hemlock forest landscape. No qualifying snags were found in the two narrowest plots. Therefore, 
these cells only contain “0.”

Total Cost is high 
for the nonstratified 
landscape with 696 
plots required; if we 
analyze strata, the 
sample size required 
would be substantially 
lower.
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Enter “5” when asked for the General Cost per Sample code. Note on the Stra-
tum 2 page that, as in stratum 1, only one snag was encountered. The decay class 
for this snag, however, was “4,” which makes it a soft snag, therefore not qualifying 
in this analysis and making the hard snag density equal to zero.

Stratum 3—
To sum and subtotal the values for each plot size in stratum 3:

• Click the Optimal tab.
• Go to Stratum to Process.
• Select Stratum 3.
• Click Compute.

Enter “6” when asked for the General Cost per Sample code. In contrast to the 
previous analyses, many hard snags were encountered in stratum 3. 

Note the estimated mean snag densities in each of the plot sizes on the Optimal 
1 page. The three narrowest plots are in close agreement with each other (3.52 to 3.8 
snags per acre), whereas for plots that are 132 ft wide, the density drops consider-
ably, to 2.6 snags per acre. In this situation, it is best to select one of the narrower 
plots, because the lower density may have been caused by observers “missing” 
some of the snags on the outer boundaries of plots. 

Looking at the Optimal 2 page for stratum 3, note that Transect66 plots require 
the lowest number of samples (23.7 plots), but when these samples are converted to 
acres, the Section66 plots have the minimum number of acres (13.9 acres), suggest-
ing these as the better plot size. 

Skim the values listed in the Product column on the Optimal 3 page. When 
Relative Cost is multiplied by the Relative Variance, we find the Section66 plots 
have the lowest product (14.5) of all plot sizes. Consequently, based on Wiegert’s 
(1962) method, this is the optimal plot size for sampling snags in this forest stratum. 

Look at Total Cost to see if total costs support the values found in the Product 
column. If so, then this plot size would minimize our costs ($182) and achieve the 
desired precision. Additionally, we would not jeopardize accuracy by sampling 
beyond the point of clear visibility from the centerline. Section66 plots, therefore, 
seem to be the optimal plot size for use within stratum 3, but are these plots inde-
pendent? 

To test for independence, switch to the Summary Statistics page and run the 
serial correlation test for Section66 plots in stratum 3. To do this:
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1. Click on the Correlation button in the bottom-right corner of the screen. 
2. Enter “Section” when the first message box appears labeled “Correlation 

Length.”
3. Enter “66” into the Correlation Width box. 

The message box displays the correlation coefficient (r = 0.0) and coefficient 
of determination (r2 = 0.0). The extremely low r2 value (0.0) verifies that adjacent 
Section66 plots appear to be independent sampling units. Therefore, this plot size is 
used for the remainder of the analyses.

Stratified	density	analysis—
To obtain an estimate of the required sample size for this subwatershed, we first 
need an estimate of the stratified mean density to enter in the sample size equation.  
To do this:
• Click on the Densities page.
• Activate the Stratified-Random	Sampling	Equation page.
• Click the Calculate	Stratified	Values button, toward the bottom of the 

page.

SnagPRO transfers all statistics to the Densities page and fills in the Stratum 
Sizes (acres) with previous entries. If necessary, values in the shaded boxes can 
be changed. It is estimated that there are 1.12 hard snags (± 0.334) per acre in this 
subwatershed (fig. 17) at a 29.8 percent level of precision. Results indicate that the 
estimated hard snag density for this subwatershed is within 29.8 percent of the true 
mean under a 90-percent confidence interval, which is not as precise as desired. 

Sample size determination—
The next step is to determine the sample size needed to achieve the desired preci-
sion. Sample sizes for stratified subwatersheds are calculated on the Sample Size 
page, so activate this page. SnagPRO transferred the statistics to the Sample Size 
page once the stratified density estimate was calculated.

In the lower portion of the Sample Size page (fig. 18), see the output from two 
sample size equations—Optimal Allocation and Proportional Allocation. The 
Optimal allocation method incorporates the strata variances into its calculations, 
estimating that 55.2 samples are required to obtain a stratified mean within 20 
percent of the true mean 90 percent of the time. These 55 samples are then divided 
among the three strata: 7.61 plots in stratum 1 (clearcuts), no plots in stratum 2 (sec-
ond growth), and 47.6 plots in stratum 3 (old growth). With rounding, this results in 
56 total samples required: 8 in stratum 1 and 48 in stratum 3.

To the right of the page is the heading Proportional Allocation. This method 
uses the overall variance of the subwatershed to allocate the samples, based on the 
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Figure 17─Stratified mean density estimate with a 90-percent confidence interval for qualifying hard 
snags for the Douglas-fir/western hemlock landscape. Data are from page labeled “Tutorial_data_II_
English” in the Snag_Tutorial_Data file. 

relative size of each stratum. The results state that 153 samples are needed to obtain 
the same precision (20 percent of the true mean 90 percent of the time), which, after 
rounding to whole numbers for each stratum, yields 61 plots in stratum 1, 48 plots 
in stratum 2, and 44 plots in stratum 3.

Both sample size equations are in agreement regarding the number of samples 
needed for stratum 3. There are large discrepancies however, for stratum 1 and 
stratum 2. The optimal method suggests focusing most of the effort in stratum 3 
(n = 47.6), which has the largest variance relative to the other strata. The optimal 
method recommends no samples in stratum 2, whereas the proportional method 
suggests 48.2 sample plots.

In this situation, it is best to follow the numbers suggested by the optimal 
allocation equation. That is, no additional sampling is needed within strata 1 and 
2, unless it is suspected that encountering such low snag numbers within these 
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stands for the pilot sample was an inaccurate representation of the conditions. 
Instead, focus sampling effort in stratum 3 by surveying 14 additional transects 
(400-ft lengths) to obtain 28 additional Section66 plots. Sampling will proceed 
more quickly now that the optimal plot width has been identified. This eliminates 
the need to measure all the distances of snags from the centerline. After completion 
of these 28 plots, the estimated sample size requirement of 48 will have been met. 
Data can then be analyzed to determine whether to continue sampling to increase 
precision, or to stop because precision meets the sampling objectives.

Again, remember that the sample size equations simply provide an estimate of 
the number of samples required, given current sample data. As additional data are 
collected, entered, and analyzed, the variances and thus the required sample size 
may change within a stratum. This possibility increases if the pilot sample data 

Figure 18─Sample size page. Optimal and proportional sample size calculations for sampling hard 
snags in each of three strata on the Douglas-fir/western hemlock landscape. Data are from page 
labeled ‘Tutorial_data_II_English’ in the file named Snag_Tutorial_Data file. 

As additional data are 
collected, entered, 
and analyzed, the 
variances and thus the 
required sample size 
may change within a 
stratum. 
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are a poor representation of the variation within a stratum. Consequently, the best 
way to avoid oversampling (where large sample sizes are required) is to continually 
enter data in SnagPRO and periodically calculate a mean density and its bound to 
determine the current precision. See the discussion of sample size determination in 
the “SnagPRO Analysis” section for a description of the advantages and disadvan-
tages of optimal and proportional allocation methods for determining sample size.

Compare to target density—
Assume that 60 samples have been collected, and thus it is appropriate to test 
whether the estimated density of snags meets the targeted density identified in 
the forest plan. The bound on the density estimate for the 90-percent confidence 
interval has already been calculated, which is 1.12 ± 0.334 target snags per acre (see 
Data Sheet page). Now activate the page labeled Statistical Test by clicking on this 
tab. To conduct the test, follow these steps:
1. The analysis is based on the null hypothesis: Ho: There is no difference 

between the estimated and the targeted hard snag densities.
2. Assume that the target density for hard snags in this subwatershed is “1.51” 

snags per acre. Enter this value in the shaded Target Value box.
3. Enter the estimated snag density of “1.12” snags per acre into the shaded 

Estimated Value box.
4. Enter the estimated Bound for a 90-percent confidence interval: “0.334.”

Once the necessary information has been entered onto the Statistical Test page, 
a graph depicting the results is automatically created (fig. 19). The graph shows 
that the line representing the target density for snags does not overlap the upper 
and lower limits of the estimated density. Consequently, the null hypothesis of no 
difference between the estimated and targeted snag densities is rejected. These 
test results, however, are inconclusive until we have attained our desired level of 
precision. The 14 additional transects (which contain 28 section samples) in stratum 
3 should meet these requirements. Data from the additional samples can then be 
considered and new results entered on the Statistical Test page.

Conclusions for multiple strata—
• Results suggest that the estimated density of hard snags (1.12 ± 0.334 snags 

per acre) on this landscape fails to meet the targeted densities listed in the 
forest plan (1.51 snags per acre).

• Results also indicate that snags needed to sustain woodpecker populations 
may be inadequate in this subwatershed, because large portions of the sub-
watershed do not contain hard snags. This is a problem because woodpeck-
ers are territorial.
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• These tests are inconclusive, however, until we attain the specified level of 
precision.

• Snags in all decay classes averaged about 2.48 snags (± 0.64) per acre.

Management options include (1) continue sampling to increase the precision of 
estimates and to determine whether results of the analysis will change; (2) sample 
recent clearcut areas for the number and quality of retained snags; (3) increase snag 
retention efforts as part of timber harvest planning, layout, and implementation; and 
(4) initiate snag creation programs to increase the density and improve the distribu-
tion of snags in the subwatershed.

Figure 19—Statistical test page. Graph depicting test for significant difference between estimated 
and targeted densities of qualifying snags on Douglas-fir/western hemlock landscape. Input data are 
from figure 17.
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Metric Equivalents
When	you	know:	 Multiply	by:	 To	find:
Inches (in)  2.54 Centimeters (cm)
Feet (ft)  0.305 Meters (m)
Acres  0.405 Hectares (ha)
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Appendix 1: General Snag and Tree Sampling 
Guidelines
1. Sampling objectives.

a. What snag (tree) size(s) will be surveyed (diameter and height)?
b. What condition (decay class) of snags (trees) will be surveyed?
c. How will the data be used? Baseline data? Compliance data? This often 

dictates answers to the following questions.
d. How precise does the estimate need to be? 
e. Is snag/tree species important? If so, why?
f. Will signs of wildlife use be recorded (for example, woodpecker foraging, 

cavities?)? 
g. Are estimates for separate areas needed?

2. Landscape definition and selection.
a. Define the landscape, or area of interest, by delineating the boundaries. This 

area is the sampling frame, within which a random sample is drawn for the 
purpose of making inferences to the entire area.
3. Landscape stratification. 

a. Visit the survey area first, if it is unfamiliar, with a map delineating the 
boundaries. What differences/similarities are visible in regard to snag/tree 
abundance and/or vegetative structure across the landscape? 

b. Obtain reference maps for field use, such as geographic information system 
maps or U.S. Geological Survey orthoquad maps, or both. Always request 
metadata (data definitions) for the polygon data. Maps should display the 
following information:
i. Road system with difference in road type and maintenance level 

displayed. 
ii. Stand, polygon, or vegetation units and their respective unique numeric 

identifiers. 
iii. Current seral stage of vegetation at a scale of 1:31,680 or better 

resolution. Keep in mind that scale is a ratio or fraction, so polygons 
mapped at 1:24,000 scale will appear larger than they do in the 1:31,680-
scale map. This information may be on one or more maps.

c. Query the polygon database for information about forest type (low versus 
high elevation, dry versus moist), management activities, seral stage, 
disturbance history (wind, fire, insects, and disease), and any other factors 
that may affect snag/tree abundance. Ensure that the report includes types 
of management activities, such as harvest method used, slash and burn 
prescriptions, thinning, and snag/tree retention.



71

SnagPRO: Snag and Tree Sampling and Analysis Methods for Wildlife

d. Check the map and information from the polygon database for general 
agreement with features that can be viewed with aerial photographs of the 
area. The degree to which the map and database information appear similar 
to what is shown on the aerial photographs provides a good indication 
about how much field reconnaissance will be needed for accurate landscape 
stratification.   

e. Revisit the survey area with the field maps. Plan to spend at least one day 
to validate the information on the map(s) and in the report from the query. 
Assign each polygon to a stratum. Estimate the number of acres (ha) within 
each polygon or stratum.

4.  Establishing transects
a. There are two options for establishing transects: the single-stratum 

landscape method, and the stratified method. For the single-stratum 
landscape method, follow these steps to establish transects within a single 
polygon or a nonstratified landscape:
i. Randomly place a grid over the area.
ii. Randomly select 10 grid points for sampling.
iii. Randomly select compass bearings for each of the 10 transect starting 

points.
b. For the stratified method on heterogeneous landscapes composed of 

numerous polygons or units, it may be more efficient to randomly select 
polygons for sampling. To do this:
i. Select polygons for sampling by randomly picking polygon unit numbers 

from the complete list of polygons within that stratum.
ii. Place a grid over the polygon.
iii. Randomly pick two grid points within each polygon.
iv. Randomly pick compass bearings for each point.

5. Plot size selection
a. Based on information gathered during the stratification process, it may 

be beneficial to preselect a plot size for sampling. Wide plots work best in 
areas of low snag densities, unlimited visibility, and easy travel conditions. 
Narrower plots (66 ft or 20 m wide) work best in areas of higher densities or 
clumped distributions or where visibility is limited. The smallest plots work 
best in extremely high-density areas.

b. Postpilot sampling plot size selection. In most forested conditions, the 
optimal plot size for sampling is unknown until the density and distribution 
of the snags or trees can be evaluated.  In these situations:
i. Use pilot sample data to determine which plot sizes minimize sampling 
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effort to obtain your desired objectives. See “Optimal Plot Size 
Analysis” section for details.

ii. Use optimal plot size for remainder of survey.
6. Field surveying techniques

a. Use an engineer’s surveying or measuring tape to establish transects, 
starting each transect from the randomly selected points (described above).

b. Assign a unique numeric identifier to each transect, delineating the 
subsegment lengths (50 ft [or 12.5 m]) as you walk along the transect (400 ft 
or 100 m).

c. Number each transect’s subsegments 1 through 8.
d. Conduct a complete count of all qualifying snags or trees out to 66 ft (20 m), 

using the tape as centerline. A snag or tree is “in” if its midpoint is <66 ft (20 
m) from the centerline (tape).  

7. Data entry
a. Open the Snag_Tutorial_Data.xls file.
b. Activate the Data Entry sheet.
c. Click on Move or Copy Sheet under the Edit menu. 
d. Check the box Create a copy.
e. Under To book click on (new book).
f. Rename the new file, and then use this sheet to make hard copies for 

fieldwork.
8. To save the entered data as a CSV file:

a. Activate the data entry sheet.
b. Select Save As from the File menu.
c. Scroll to find CSV (comma delimited) (*.csv).
d. Click Save.
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Appendix 2: Field Form Explanations
1.  Stratum: Enter the stratum number: 1, 2, 3, or 4.
2.  Location: Enter the polygon number or the geographic coordinates where the 
transect originates.
3.  Transect: Assign a unique numeric identifier to indicate which 100-m or 400-ft 
transect length is being surveyed (for example, 1, 2, 3...). No two transects within a 
survey area should be the same number regardless of the stratum. 
4.  Subsegment: Assign a unique numeric identifier (1 through 8) to indicate which 
12.5-m or 50-ft-long subsegment is being surveyed. The first subsegment of each 
transect should start with “1.” This allows SnagPRO to join consecutive subseg-
ments.
5.  Distance: Enter the distance between the midpoint of the qualifying snag or tree 
and the center of the transect line to the nearest foot (nearest meter). If no snag is 
encountered within the entire subsegment, enter “9999” under distance. It is critical 
to measure distances accurately. If the midpoint of a snag or tree falls directly on 
the boundary, include the first one, exclude the second one, and so on. If a plot 
width has already been selected, enter “1” for distance.
6.  Species: SnagPRO can accommodate either alpha (six characters) or numeric 
data. Listed below are the standardized numeric species codes taken from Stand 
Exam Program in the Pacific Northwest Region [USDA Forest Service 1991]. 
Customize for your own use: 

Douglas-fir/redwoods:
Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) 202
Redwood (Sequoia sempervirens (D. Don) Endl.)    211

True firs:
Pacific silver fir (Abies amabilis Dougl. ex Forbes) 011
White fir (Abies concolor (Gord. & Glend.) Lindl. ex Hildebr.) 015
Grand fir (Abies grandis (Dougl. ex D. Don) Lindl.) 017
Subalpine fir (Abies lasiocarpa (Hook.) Nutt.) 019
California red fir (Abies magnifica A. Murray var. magnifica) 020
Shasta red fir (Abies magnifica A. Murray var. shastensis Lemmon)  021
Noble fir (Abies procera Rehd.) 022

Cedars:
Port-Orford-cedar (Chamaecyparis lawsoniana (A. Murr.) Parl.) 041
Alaska-cedar (Chamaecyparis nootkatensis (D. Don) Spach) 042
Incense-cedar (Calocedrus decurrens (Torr.) Florin) 081
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Western redcedar (Thuja plicata Donn ex. D. Don) 242

Larch:
Western larch (Larix occidentalis Nutt.) 073

Spruce:
Brewer spruce (Picea breweriana Wats.) 092
Engelmann spruce (Picea engelmannii Parry ex Engelm.) 093
Sitka spruce (Picea sitchensis (Bong.) Carr.) 098

Pines:
Lodgepole pine (Pinus contorta Dougl ex. Loud) 108
Jeffrey pine (Pinus jeffreyi Grev. & Balf.) 116
Sugar pine (Pinus lambertiana Dougl.) 117
Western white pine (Pinus monticola Dougl. ex D. Don) 119
Ponderosa pine (Pinus ponderosa Dougl. ex Laws.) 122

Hemlock:
Western hemlock (Tsuga heterophylla (Raf.) Sarg.) 263
Mountain hemlock (Tsuga mertensiana (Bong.) Carr.) 264

Hardwoods:
Bigleaf maple (Acer macrophyllum Pursh) 312
Red alder (Alnus rubra Bong.) 351
Western paper birch (Betula papyrifera Marsh.) 376
Pacific madrone (Arbutus menziesii Pursh)  361
Golden chinkapin (Castanopsis chrysophylla (Dougl.) A. DC.) 431
Oregon ash (Fraxinus latifolia Benth.) 542
Tanoak (Lithocarpus densiflorus (Hook. & Arn.) Rehd.) 631
Quaking aspen (Populus tremuloides Michx.) 746
Black cottonwood (Populus trichocarpa Torr. & Gray) 747
Oregon white oak (Quercus garryana Dougl. ex Hook.) 815
California black oak (Quercus kelloggii Newb.) 818
Oregon myrtle (Umbellularia californica (Hook. & Arn.) Nutt.) 981

Other conifers:
Subalpine larch (Larix lyallii Parl.) 072
Cypress (Cupressus L.) 050
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All junipers (Juniperus L.) 060
Pacific yew (Taxus brevifolia Nutt.) 231
Knobcone pine (Pinus attenuata Lemm.) 103
Limber pine (Pinus flexilis James) 113
Whitebark pine (Pinus albicaulis Engelm.) 101

7.  Class: Enter the numeric code for the appropriate decay or structural class of the 
snag or tree encountered. Snag data should be collected on a data form separate 
from large trees. For snags, the numeric value should increase with increasing 
amounts of decay. For example, Parks and others (1997) have categorized snags into 
three structural classes.

A. Snag classes
1.  Snags that have recently died.
2.  Snags that have been dead several years and have lost some branches and 

bark.
3.  Snags that have been dead more than several years and lack branches and 

bark (except grand fir and Douglas-fir, which tend to retain bark).  
By contrast, numeric codes for the structural class of trees should decrease with 

increasing amounts of decay.  For example:
B. Tree classes

1.  Hollow
2.  Some decay evidence (broken branch or top, fungi, wildlife signs)
3.  Broomed trees
4.  Sound

Refer to Bull and others (1997) for detailed information on establishing catego-
ries and identifying trees useful to wildlife in the field.
8.  D.B.H.:  Enter the diameter at breast height of the snag or tree encountered 
measured with a d.b.h. stick or tape, to the nearest inch (cm). 
9.  Height: Enter the height of the snag or tree to the nearest foot (m).
10. Cavity: Enter the appropriate numeric code to indicate any nesting use of the 
snag or tree under consideration. In cases where it is not possible to determine 
whether any cavities are present, leave the Cavity field blank so that the snag is not 
included in the availability total.

0.  No cavities.
1.  New cavity indicated by one or all of following: fresh wood chips on ground 

below hole, light-colored wood around entrance, bird occupying cavity 
(excavated or natural).

2.  Old cavity: gray-colored chips on ground below hole, gray-colored wood 
around entrance, no sign of bird occupying cavity (excavated or natural). 



76

GENERAL TECHNICAL REPORT PNW-GTR-780

3.   Both old and new cavities
4.   Other wildlife use.

11. Foraging: Enter the appropriate numeric code to indicate any foraging use of the 
snag or tree under consideration. 

1.  New foraging indicated by light-colored wood around foraging sign, recent 
scaling. 

2.  Old foraging indicated by gray-colored wood around foraging sign.
3.  Both old and new foraging.
4.  No foraging signs.
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Appendix 3: General Computer Instructions for Snag or 
Large-Tree Analyses Within a Single Stratum
1.  To get started:

a.  Double click on SnagPRO.exe.
b.  Click on Snags or Trees button under Habitat Component.
c.  From the Measurement menu, select Metric or English.
d.  Open your data file by clicking on Open under the File menu.
e.  Highlight the name of your comma-separated value (CSV) file and click 

Open.
2.  To apply formula:

a.  Notice Segment and Section fields have been added and numbers computed 
for each column.

b.  Notice that four Width columns have been added.
c.  Click on Multiple tab in bottom left of screen for analyses with multiple 

species included; click Single for analysis of only one species.
d.  Enter minimum diameter at breast height in message box labeled “D.B.H.”
e.  Enter minimum height of snags or trees to be considered in message box 

labeled “Height”; enter “0” if all heights will be considered or heights were 
not measured.

f.  Enter maximum value for decay or structural class in message box labeled 
“Decay Class.”

g.  Enter numeric code of snag or tree species you would like to exclude (to 
include, if Single button was clicked) in box labeled “Species.”

h.  From the View menu, decide upon a cost code for each stratum prior to 
initiating next section.

3.  Summarize statistics:
a.  Click on Optimal tab at the top of the screen.
b.  Click on the first of the Optimal pages (Optimal 1).
c.  Check desired level of precision and t-value; if different values are desired, 

enter them and repeat steps 2c through 2g.
d.  Enter brief description of stratum and snag/tree characteristics for your 

records.
e.  In section labeled “Stratum to Process” highlight the Single circle.
f.  Click the Compute button.
g.  Examine Optimal pages for statistics, estimated sample size required, 

sample area required, lowest product and total cost values.
h.  Print copy of page if desired by selecting Print Preview from the File 

menu, then clicking tab labeled Print.
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4.  Conduct serial correlation test:
a.  Switch to Summary Statistics page.
b.  Click on Correlation button. 
c.  Enter optimal transect length (section, segment, or subsegment) into 

“Correlation Length” input box.
d.  Enter optimal transect width into “Correlation Width” input box.
e.  Determine whether chosen plot size can be considered independent.

5.  Density estimate:
a.  Click on Densities tab.
b.  Check to ensure t-value is correct for the analysis.
c.  Select Simple-Random Sampling Equation tab. 
d.  Examine Densities sheet for estimated parameters and current level of 

precision to decide whether an adequate number of samples have been taken. 
Refer back to the Optimal page for additional number of samples needed to 
achieve desired level of precision.

6.  Statistical test:
a.  Enter the target density into the “Target Value” box.
b.  Enter the estimated density into the “Estimated Value” box.
c.  Enter the bound of the estimated density.
d.  If target value (red line) falls within the bounds (green lines) of the 

estimated value (blue line), accept the null hypothesis that there is no 
difference between the estimated and target values for the given variable; 
otherwise, reject the null hypothesis.

e.  For borderline cases, consider additional sampling effort.
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Appendix 4: General Computer Instructions for Snag or 
Large-Tree Analyses on a Stratified Landscape
1.  To get started:

a.  Double click on SnagPRO.exe.
b.  Click on Snags or Trees button under Habitat Component.
c.  From the Measurement menu, select Metric or English.
d.  Open your data file by clicking on Open under the File menu.
e.  Highlight the name of your comma-separated value (CSV) file and click 

Open.
f.  Note that Segment and Section fields have been added and computed for 

each column.
g.  Note that four Width columns have been added.

2.  To apply formula to all strata:
a.  Click on Stratum 1 tab.
b.  Click on Multiple tab in bottom left of screen for analyses with multiple 

species; click Single for analysis of only one species.
c.  Enter minimum diameter at breast height in message box labeled “D.B.H.”
d.  Enter minimum height of snags or trees to be considered in message box 

labeled “Height”; enter “0” if all heights will be considered or heights were 
not measured.

e.  Enter maximum value for decay or structural class in message box labeled 
“Decay Class.”

f.  Enter numeric code of snag or tree species you would like to exclude (to 
include, if Single button was clicked) in box labeled “Species.”

g.  From the View menu, decide upon a cost code for each stratum prior to 
initiating next section.

3.  Summarize statistics:
a.  Click on Optimal tab at the top of the screen.
b.  Click on the first of the Optimal pages (Optimal 1).
c.  Check desired level of precision and t-value; if different values are desired, 

enter them and repeat steps 2b through 2f.
d.  Enter brief description of stratum and snag/tree characteristics for your 

records.
e.  In section labeled “Stratum to Process” highlight the Stratum 1 circle.
f.  Click the Compute button.
g.  Enter a numeric value for total number of strata in this analysis in the 

“Number of Strata” input box.
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h.  Enter one of six available cost codes into “General Cost per Sample” for the 
first stratum.

i.  Enter the area (in hectares or acres) of each of your strata.
j.  Examine Optimal pages for statistics, estimated sample size required, sample 

area required, lowest product and total cost values.
k.  Print copy of page if desired by selecting Print Preview from the File 

menu, then clicking Print tab.
4.  Conduct serial correlation test:

a.  Switch to Summary Statistics page.
b.  Click on Correlation button. 
c.  Enter optimal transect length (section, segment, or subsegment) into 

“Correlation Length” input box.
d.  Enter optimal transect width into “Correlation Width” input box.
e.  Determine whether chosen plot size can be considered independent.
f.  Repeat 3d through 3k and 4a through 4e for all strata.

5.  Density estimate:
a.  Click on Densities tab.
b.  Check to ensure t-value is correct for the analysis.
c.  Select Stratified-Random	Sampling	Equation tab. 
d.  Click Calculate	Stratified	Values button.
e.  Examine Densities sheet for estimated parameters and current level of 

precision to decide whether an adequate number of samples have been 
collected. 

6.  Sample size required:
a.  Click on Sample Size tab.
b.  Examine Optimal and Proportional sections for estimated sample sizes 

required within each stratum. Refer to the “Parameter Estimates for a 
Stratified Landscape” section on differences between two allocation 
methods.

7.  Statistical test:
a.  Enter the target density into the “Target Value” box.
b.  Enter the estimated density into the “Estimated Value” box.
c.  Enter the bound of the estimated density.
d.  If target value (red line) falls within the bounds (green lines) of the 

estimated value (blue line), accept the null hypothesis that there is no 
difference between the estimated and target values for the given variable; 
otherwise, reject the null hypothesis.

e.  For borderline cases, consider additional sampling effort.
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Effects of Stand-Replacement Fire and Salvage Logging on a Cavity-
Nesting Bird Community in Eastern Cascades, Washington

Abstract
\\t moni|orcd thc response of cavily-nesting species to three snag density treatmenls (high = 37 80 snagvha, medium = 15 35
snagsAa. and low = 0 12 snags/ha) during two breeding scasons 4-5 yr post-fire and logging in Douglas-fir- ponderosa pine

fofests in rhe easrem Cascades. Whshinglon. Snag suneys lr,crc used to descfibe habitat, andbothbrccding bird surveys and nest
suneys were used to characterize the bird conmunity. Slands wi!h the medium snag densily treatilenthad the highest abundance,
species richncss. and nesdng popu lation of cavity neslcrs. The reasons for this lnay be: 1) snags wcrc not evenly d istributed within
a siand such tha! both clumped and dispersed snag dcnsit,v habitats \''.ere inierspersedin this trcalmen!. and 2) a greater proponion

ol pondcrosa pine snags ir medium density lreatnrents may have attracted spccics lhar prefer pondefosa pine lbr nesling and
lbraging. Ponderosa pine was pref-erred lbr ncsr sites and large snags (>.18 cmdbh)provided nesling habitatlbrmore species lhan
smallcr snags. Hox'ever. smaller snags $ere uscd tbr nesting and foraging br. somc species.

lntroduction

Snag abundance is a limiting factor fbr primary
cavity excavators because they excavate a nest
cavity each year (McClelland et al. 19'79.7 nowilu
and Manuwal 1985, Bull et al. 1990). Primary
cavity excavators are important members of for-
est ecosystems because the cavities they excavate
may be used by secondary cavity nesters, includ-
ing bats, American mafier' (Martes americand),
many ovl species, and other birds (Bevis 1994,
Strangel 1994, Bull et al. 1997), and because they
influence insect numbers (Mannan et al. 1980).

The snags retained during salvage Jogging fol-
lowing a fire can stongly influence the bird com-
munity (Blake 1982, Medin 1985). Designing
salvage logging for snag retention is especially
important in areas where there has been a stand-
replacement fire. Snags in large bumed areas have
greater exposure to wind. causing them to tall at
high rates. Morison and Raphael (1993) found
an 857c decrease in snag density (from 31.4 to
,1.6 snags/ha) l8 to 23 yr following a llre in the
Sierra Nevada.

The relationship between snag density and bird
populations in areas of stand-replacement fires
has not been well studied. Our objectives in this
study were to:

(l) measure the abundance and species rich-
ness of cavity nesting birds at different levels of
snag retention, and (2) chancterize nesttrees, nest
sites, and estimate the number of nests by pri
mary and secondary cavity nesting birds.

Study Area

The study area was located on the eastem side of
the Cascade Mountains in the Wenatchee National
Forest. The study took place in areas that were
affected by the high intensity stand-replacement
Rat Creek fire of 1994 that bumed on the
Leavenwofth Ranger District and adjacent pri-
vate land. The landscape was dominated by pon-
derosa pine (.Pinus ponderosa) and Douglas-fir
(.Pseudotsugtt menaiesii) plant associations
(Lillybridge et al. 1995). Elevations ranged from
b50 m lo  l J00  m.  A \er rge  annua l  p rec ip i tu t ion
is tiom 25 to 50 cm, falling mostly as snow.

Methods

Stand Se ection

Six stands (two replicates ofthree treatments) that
were salvaged logged in 1996 were selected for
mon i to r ing  o l '  ca \  i r )  -ne : ' r ing  b i rd  communi t ie .
(Figure I ). These stands were selectedbased upon
those available following loggirg and those that
me( inag relenlion and site characteri\ l i( criteriJ.

Northwest Science, Vot.75. No.,1, 2001 387

O2001 b_vrheNonhqeiScientlficA\o.lrtn)n Allrighrr.iricd

iAuthor to whom conespondence should be addressed.



\ N A S H I N G T O N

HDS2 r

6o,,

Figure L Location of nudy sites on the Wcnatchee Narional Foresl (Low Densit], = LD, Medium Dcnsily =
MD, and High Density = HD).

Haggard and Caines388



Retention in the low treatment was 0-12 snags/
ha. Mcdium retention treatment contained l5 35
snags/ha and high was characterized by 37-80
snags,4ra. The six treatcd stands were in ar90s that
bumed with high-intensity stand-replacment firc.
Each stand had a northerly aspect and was about
36.5 ha. with conections made for topographic
features. Slope averaged 40olo. with elevations
ranging 579 732 m.

Distance between stands was maximized to the
ex len l  po \ . ib le .  A l l  bu t  thc  lou  snrg  r len . i t l  t rea t -
nrents were in different drainages to increase the
probability of sampling diff'erent bird populations.
I[ the low snag density treatments, one stand was
picked at the mouth of a canyon and the other
near the top end ofthc same canyon to maxtmrze
the distance between them.

Snag Surveys

Snag density was recorded at cach poinGcount
station in two slag plots. One plot was established
uphill and to the right and the other plot downhill
and to the left of station center. Plot size varied
with snag treatment: plots in low density mea
\ured  -18  r  48  m:  those in  med ium denr i t l  rnca-
sured 30 x 67 m; and those in high density mea-
sured 30 x 30 m. For each snag, tree species, dbh
(diameter brcast height). height, and decay stage
(Cline et al. 1977) was recorded.

Breed ng Bird Surveys

Seven tixed radius point-count stations were set
up in each of the study stands, cxcept fbr one low-
density stand that only llt six stations, for a total
of ,+l stations. The point-count method was cho-
sen because it is efficient and is the preferred
method in rough terain (Ralph et al. l993). The
radius for all point counts was 75 m and point-
count stations were established using a system
atic sampling design. The first station center was
established 100 m from the edge ofthe treatment
stand and subsequent centers werc placed along
a designated compass direction across slope with
iorreclion: for topogrJph). The .t irt ion center.
were a minimum 225 m apart (Hutto et al. 1986,
Ralph et al. 1993). In one high density and one
low density stand a 100-m buffer was placed around
small (<0.1 ha) green islands.

Bird abundance was surveyed using a fixed-
ritdius counting method to provide a relative in-
dcx of abundance of cavity-nestingspecies (Ralph

et al. 1993). Bird counts were conducted during
the breeding season rnid-April June, 1998 and
1999. Suneys were conducted within 30 min of
sunrise and up to -5 hr following sunrise. Surveys
were not conducted during periods ofheavy rains
or high winds. Surueys were a nrinimum of one
week apart. All bird surveyors spent two weeks
pdor to initiation ofpointcourts leaning to identify
birds in the study stands. Surveyors were trained
to rccognize birds visually, by vocalizations and
drumming pattems, and flight characteristics.

Detection of woodpeckers during l0-min in-
teryals at each count station were based on visual
observation and calls (Hutto et al. 1986). For each
point count, birds were classified as those within
the 75 m circle, those beyond the 75-m circle,
and Iho 'e  Je lec led  wh i le  u  a lk ing  bc tween po in t .
(Manuwal and Carey 1991). Birds originally de-
tected outside the 75-m circle that moved inside
the 75-m circle were counted as being within the
75-m circle. Each point-count station was visited
six times during the breeding season

Nest surveys

Cavity nests were located through nest searches.
Transects were walked through the entire stand
and each snag >25 cm dbh was examined for evi-
dence of a cavily. The smallest nest trce reported
to be used by any cavity nester was 25 crn dbh
(Scott 1978, Schroeder 1983). Fresh wood chips
at the base of a cavity, and incubating behavior
of adults or evidence of nestlings, were used as
indicators of an active nest and were used to de-
tectnest cavities (Zarnowitz and Manuwal 1985).

Four attributes ofcavity snags were recorded:
tree species, decay class (Cline et al. 1917), tree
size, and surrounding spatial distribution. We
compared the nest tree with other trees on paired
plots. One plot was cantered on the nest trec and
the other plot was centered on a tree similar to
the nest tree, but without a cavity, and at least 75
m away. The direction and distance liom plot
center, dbh, decay stage, and species ofeach snag
within a 25-m radius of plot center were mea-
sured.

Data Ana yses

All significance levels were set at P = 0.05. A
one-way ANOVA followed by a Tukey test (Zar
1996) was used to evaluate snag densities by size
class among treatments as a way ofvalidating the
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implementation ofthc heatrnents. Snag size classes
used for analyses were; <15 cm, l6-24 cm, and
)25 cm. These sizes classes encompassed a range
of nesting and foraging habitats used by cavity
nestcrs (Bull et al. 1997). A G-test (Zar 1996)
was used to compare the percentage of Douglas
fir and ponderosa pine snags in the different ffeat-
ment areas.

A one-way ANOVA tbllowed by a Tukey test
(Zar 1996:) was used to assess bird abundance
among treatments. A G-test (Zar 1996) was used
to detemine whether cavity nesters were nestlng
in ponderosa pine snags in proportion to their
availability on the landscape. Paired t-tests (Zar
1996) were used to compare site charactenstlcs
of nest trees with non-nest trees in paired plots.
Paired t-tests were conductcd for the following
variables: 7c ponderosa pine and % Douglas-fir
trees within 25 m oftree: mean dbh of surround-
ing trees out to l0 mimean dbh of trees from l0-
25 m: number of trees < and 2 25 cm within l0 m
of plot center: number of trees < and > 25 cm
within 10-25 m of plot center; and number oftees
out to 25 m at the same odentation as the nest
cavity.

Results

Stand Treatment Character stics

The number of snags > 25 cm dbh and snags 16-
24 cm dbh differed significantly (P < 0.001 and
P = 0.(X)58) among the three treamlent areas (Table
1). High standard error values reflect the hetero-
geneity of snags on the landscape.

TABLE L Snag densities in each trealnlenl (lo\l. medium.
high) following stand replacement fire and sal
vagc logging, wenatchee National Foresi, 1998

The distribution of size classes was similar
among treatment areas, although very large snags
(>l00 cm dbh) occurred only in high-density
stands. The mcan dbh oftrees >l5 cm dbh in low-
density was 31 .56 cm t 17.68 cm; in medium-
density 30.77 cm t 7.04 cmt in high-density 37.55
cm t 23.63 cm. Tree height distribution varied
between treatments with the tallgst trecs occur-
ring in stands with the highest densities of snags.
The mean height of rees > 15 crn dbh in low-density
was 16.30 m t 9.75 m; medium-density 17.58 m
t 7.97 m; high-density 2 | .28 m t 8.90 m.

The predominant tree species in the study area
were ponderosa pine and Douglas-fir. The fre-
quency of ponderosa pine and Douglas-fir was
significantJy different among featments for snags
> 25 cm dbh (G = 40.24. DF= 2, P < 0.001), and
snags betwcen 16 and 2,1 cm dbh (G = 114.6.
DF= 2, P < 0.001). The percentage of ponderosa
pine snags was lower than the percentage ofDou-
glas-fir snags in all sites fbr snags >15 cm dbh.
High density had l0% ponderosa pine and 897e
Douglas-fir, medium density had 357c ponderosa
pine and 627r Douglas-fu, and low density had l3ol.
ponderosa pine and 8770 Douglas-fir (Table 2).

Stage of snag decay did not vary among ffeat-
ments since most trees were killed during the fire
and case hardened. Snags in stages 3 or '1 would
have been present before the fire; all others were
classified as decay stage 2.

B rd  Abundance and Spec es  R ichness

Thirteen cavity-nesting species were observed
u n  l h e  s l u d )  p l o t s  a n d  \ p e c i e s  ( u m p o \ i t i o n

TABLE 2. Relarive frequencies ofsnag species ineach study
stand. wNF. 1998. Olhcr trees include alder and
big leaf  maple.  PP = ponderosa Pine.  DF =

Douglas tir

Snag Size

Treiuncni and <15 cnl dbh 16 24 cm dbh

Plot Nunrbef Mcan SE Mcan SE

Treatment Snag Size

and Plot 16-24 cm dbh > 25 cm dbh

Number %PP 7.DF '/.Other q.'PP c/.DF q.Othcr
> 25 cm dbh
Mean SE

l,ow Densit),
LDS1 118.9 2.85 9.0 0.72
LDS2 65.6 0.78 8.2 0.44

\'Icdiun Densi!y
MDS1 220.4 3.3.1 39.8 1.8: l
MDS2 138.7 2.90 28.2 1.37

High Densit]
HDSI 782.4 2.31 11.1 2.49
HDS2 130.6 1.95 28.9 L3l

9 .0  1 .58
7.0 0.65

28.9 0.62
29.3 0.71

82 .8  1 .13
75 .5  L l3

Low Density
LDSI IO
LDS2 8

Medjum Densit)
MDS1 35
MDS2 28

High Densrty
H D S ]  1

HDS2 1

90
92

53
'72

1 2 8 8 0
23 1',7 t)

53  1 /  0
2 1  T 6 0

90

12
0

3
1

23
93
11

t ,
0
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TA B LE 3 . The mean number of b irdvpoml count stalion ir each of the treamen|s. Wenalchcc N alional Forcst. ( | 99 8 I 999
averaged). Numbers in bold show signilicant diftercnces (P = 0.05). P= primdy ca!ily ncslcr. S = sccondary cat'ity

Species

Low Density
LDS1 LDS2

Mediun Density High Densitv
MDS1 MDS2 HDSI HDS2

white-headed woodpecket (Picoides albolatrdn6) - P

Lewis' woodpecker (Mekurcrp(s le]l'is) P

Black-backed woodpeckcr (Picoil(s afttidt\) P

Hairy uoodpecker (1'[ridex t'illosu, -P

Nofthem flicker (Crl.Jpres aurutus) P

westem bluebird (.t;zrlla nericana) - S

Mountain bluebird (Srdlia currucoides) S

Red-breaned nulhalch (Sitt/l &rnadensit) S

Housc wrcn (Ir?glrr./r1?r aerld) - S

European starling (.t/rr.ra.! fll/gdr.,r) - S

Anerican kesrrel (Fdl.., rp.Jn.,r.irj) S

Bro$n preeper (C?rlria drr. ricdnn)

NortherD Pygm,,- owl (Clauddium snoma)

0.09

1.84

0 7 5

1 . 7 5

2 .33
0.09
0.92
0.09
0.1,1

L)

r . :9
0

2.09
2.84
1.92
1 .59
0 . l 7
1 .50
0.92
r .09
u

t)
l)

0.25
2.50
4.25
0.75

0.1,1
2.00

0
0.50
0.09
u

u. l l
] , 1 )
0.75
2.50
3.92
1 .50

0.75
] 92
1 .11
1 .84

0

0 0
0 0

1 .3 ' 1  0 .17
3.09 1.83
3.00 2.00
0.67 0
1.25 0.61
0.25 0
1.25 0.,12
0  0 . 1 7
0  0 . 1 7
[J 1.25
0 0.09

varied with snag density (Table 3). Species such
as Lewis' woodpecker and western bluebird
were most abundant in stands with low snag
density. Northem fl icker and mountain blue-
bird occurred in highest numbers in stands with
medium density. Black-backed and hairy wood-
pecker were most common in stands with high
rnag den. i t y .  Spec ies  r i chness  o I  car  i t5  -ner t -

ing species was highest in the medium-density
tfeatment.

The mean number of cavity nesters was sig-
nificantly diff'erent among treatments in 1998 (F
= 5.08. P = 0.033), with the mean number ofcav
ity nesters in medium snag density sites being
higher than in the other sites. The number ofcav-
ity nesters did not differ significantly among the
treatment areas in 1999 (F = 3.75, P = 0.065) al-
though the trend was the same, with the highest
number ofbirds in the medium-density treatment
(Figure 2). In tems of individual species, the

Figure 2. Mean nunber ofcavity nening birds in the thrcc trcatment arcasrlo\r,. medium, and high snag densit,v.
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*,cstern bluebird was nore abundant in lo$ den-
sity treatrnents in l99lJ (F = ,1.08, P = 0.03.) and
the mountain blucbird occurred mostoften in stiinds
with medium snag density in 1999 (F = 6.92. P <
0.005). No other signiticant differences in indi-
vidual species abundaDce between trcatments were
obseNed.

Nest Slte Characterlstics

We found a total of 114 nests. Nofthem flicker
\ \e re  lhc  mos l  comtnot t  p r imarS cJ \ i l )  e \ca \a-
tors, while mounlain bluebird were the most com-
mon secondary cavity ncsters to nest on all sites.
Nofthcm flicker, u,estem bluebird, mountain blue-
bird and Anrerican kestrel nested in all ffeatment
areas. but had the most ncsts in stands with me-
dium snag density. Hairy woodpecker also nested
in all treatment areas. but had feu'est nests in the
low snag density. Black-backed woodpecker and
house wren nested only in treatments wlth me-
dium and high snag densities. Lewis'woodpecker
was the only species to ncst most olten in low
density trcatments and did not nest in treatments
with the high snag densities. Overall, medium snag
density had the highest number ofnests with eight
species and -56 total nests (Table 4).

{ppror imate l l  6b l  o fa l l  ne \ l \  ! \e re  in  pon-
derosa pine snags (Table 5). Cavity nesters used
ponderosa pine snags tbrnesting signiticantly morc
otten than expected (G = 216, DF = 1, P < 0.001).
Secondur) clr it1 ne.ters had I higher pr,rportion
of nests in Douglas-fir than the primary cavity
excavators (woodpecker species).

TABLE ,1. Number of active caviry nesls of bird species in
the l reatmenls.  wNF. 1998 1999 combined.

Speci( !

Tree Densit!
Low Medium High

Nofihem llicker
Hairy \rLrodpccker
Black backcd woodpecker

Le$is woodpecker

Mountain blucbird

TOTAL

3
l ,

t 0
5
1
0

l0

l 2
6
I

1
T2
l 2
2

56

Thc mean dbh of nest trees was smaller 1br
sccondar l  car i t1  nes ters  lhan fo r  p r imar l  Lar i t5
excavato$. Northern flicker nested in large trees
(mean dbh of64 cm) andAmerican kestrel nested
in small trees (mean dbh of 2,1 cm).

The height of nest trees and cavities ranged
widely lbr all species. Mean tree height was 20.0
m (range =2.2-37.5 m) and mean nestcavity height
was 8.8 m (range = 1.5-25 m) for all nests. Sixty-
nine percent of the nest trees had a broken top.
Sample sizes were adequate to compare tree den-
sities surrounding the nest tree with those ofnon-
nest paired plots for the northem 11icker, hairy
woodpecker, and Lewis' woodpecker Plots around
nodhem flickernestfees (N = 17) contained luger
trees (mean dbh = 19.5 cm) within l0 m than in
the plots surrounding the non-nest fees (mean
dbh = 10 cm, P = 0.011). Areas within l0 m of
northern flicker nest trees had more trees > 25

6

I

u
2
5
1

28

TABLE 5. Characteristics of snags used as ncst sites by sevcn species of cavily nesting birds il1 ponderosa pine,Douglas tir

tbrests, wNF. olhcr (O) nest trees include cottonwood and alder'

Slre(ies

Tree sfecres

# SnagsL PP DF O

Snag dbh
(cml

Mean Rrnge

Broken Tree heigh! Cavity heighl

Mean Range
Iop

(c,)
{m)

Nlean Range

Nofihem llicksr

Hairy \\'oodpecker

Lewis '  woodpecker

Black-backed woodpecker

lvl0untain blLrebird

House \rcn

Tolal or Grand Nlean

t '7

13

l 0

2

20

1 1

t 8

95

l l

6

2

t 2

5

8

2

-l

I

3

8

6

I

l l

65

62

80

50

90

61

l5

69

9.2

5 .9

9 .3

3.u
1.O

10 .2

8 .5

11.5

8 .8
I

l

64  38 - l 17

56 28 86

58 38-99

50 .18-51

36  15  7 l
.12 18 7,t
,12 18-93

2,1 lE-30

46 .5  15 ,117

t9.3 2.4 31 .2

19.8 7.3-3?.5

18.3 8.2 27.,1

2t . t  t9 .2-23 .5

14.5 2. |  35.7

19.1 ,1.6 31.5

18.9 ,1.3 15.,1

29.0 23.0-36.0

20.0 2.1 37.5

1.8-23.9

2 .0  r3 .7

1.6,20.4

2.3-3.',7

1 . 5  r  r . 6

1 .5  15 .2

1.5 25.0

5.2-23.9

1 .5  25 .0

LNunbers may not agree with those in Table'1 because some Desl lrccs were used more than once
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cm dbh (mean = 2.5) than in non-ncst plots (meal]
= 0.6. P = 0.008). The number oftrees l6 24 cm
dbh at a distance of 10-25 m from hairv wood-
pecker nest trees (mean = 52.4) was greater than
for paired trccs (mean = 28.2, P = 0.03,1). No
signiticurt differences between nesttrees and paired
non-nest trees were found for the number oftrees
< 25 cm within l0 m, the mean dbh of sunound-
ing trees, the number of trecs > 25 cm dbh l0-25
m fiom the trce. or the percentage of ponderosa
pine or Douglas-fir within a 25 m radii.

We examined nests ofwoodpecker species and
found no significant difltrcnce between the den
sity of trees in the same orientation as the cavity
opening and the density of trees elsewhere around
the nest tree for northem flicker hairy and Lewis'
woodpecker Hairy woodpecker nest trees had
signitlcantly more snags from 10-25 m in the same
or ien ta t ion  as  Ihe  c i r \  i r )  lhdn  lhe  pa i red  l ree  l  =
2.99, DF= 12, P = 0.005). There werc no signifi-
cant differences between the nest hee and the paired
r r e e  l b r L e \ \ i \ '  u o o d p e c k e r r t  =  l . l  J .  D F = q . P -
0 .1 ,15r  o r  nonhern  l l i c l ' e r  1 t  =  o .  D l -=  l6 -  P  -
0.s).

Mountain bluebird nested in cavitics previously
occupied by hairy woodpccker (4), northem flicker
(4). and black-backed woodpecker (1). In three
known cases, mountain bluebird nested in the same
cavity in both 1998 and 1999. Western bluebird
nested in cavities previously occupied by hairy
woodpecker (5), northcm f'licker (l). mountain
bluebird (3;. and house wren (l). In only onc in-
stance did westem bluebild occupy the same nest
in both 1998 and 1999. House wren nested in hairy
woodpecker (7) and black-backed woodpecker
cavities (2). Two house wren pairs occupied the
same cavil ies in both 1998 and 1999. American
kestrel nested in old nofihem flicker cavities (2).
In  tuo  ins t : rnce . .  a  c r \  i l )  had  th ree  occupan l \  in
thetwo years. The occupants ofonecavity changed
from black backed woodpecker to mountain blue
bird to house wren. The occupants of the other
cavity changcd from hairy woodpeckel to wes!
ern bluebird to house wren.

Discussion

Species composition varied among treatments
(Tables 3,,1). Specifically, Lewis' woodpeckers
occurred primarily in stands with 1ow snag den-
sity, but aiso occurred in stands with a medium
snag density. Black-backed woodpecker and brown

creeper occurred in both high and mediunr snag
densitjes, but neither was present in the low den-
sity. Mounlain bluebird, northem flicker, and house
wren occurred throughout, but were in greatest
abundance in the stands with medium snag dcn-
sit ies. Saab and Dudley (l998) studied stand-re
placement fire and salvage logging and also re-
ported changing species composition in stands
wilh varying snag densities, howcver, overall den
sities of cavity-nesting birds were similar

The density of cavity-nesting birds was not
positively associated with the number of snags )
25 cm dbh in this system. Evidence from other
studies suggests that cavity nesting birds select
for more than the snag tree itself and avian as-
semblages may change in relation to the struc
ture of the stand of snags (Raphael and Whitc
l984, Shackelfbrd and Conner 1997.1. Forexample.
hairy woodpecker were closely associated with
the presence of large-diameter snags and logs, wh ile
nonhern l l icker were a.:ociated u ith increasing
numbers of small-diameter snags (Shackelford and
Conner 1997). Both small snags (<l-5 cm dbh)
and large snags are impofiant for foraging (Horton
and Mannan 1988). Extcnsive fbraging on small
snags occurcd in all treatment areas in this study.

The spatial structure of snags can also influ-
ence bird communities. Bird species composition
may be determined by the degree of openness of
a habitat. Logging can cause changes in bird spe-
cics composition (Hagar 1960) bccause the open
ness presents new opponunities for aerial forag-
ers (Franzreb and Ohmart 1978). Firc-altered
habitat also leads to an incrcase in species that
forage in low brush or open ground (Bock and
Lynch 1970).

The size and distribution of snags in medium
density treatments were conducive to a higher
abundance of cavity-nesting species (Tablc 4).
Medium densitv also had a greater number of
ponderosa pine snags than the other treatments.
The high proportion ofponderosa pine compared
to Douglas-fir may have inlluenced the prcsence
of species that prefer ponderosa pine for both
nesting and foraging. However. the occurrence
ofunused large ponderosa pine snags in both low
and high density treatments suggests that thc pres-
ence ofponderosa pine snags alone may not result
in an increased abundance of cavity-nesting birds.

The number of nests u,as highest in thc me-
dium snag density tr€ahrent (Table4). We speculate
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that mcdium snag densities provided habitat for
species that preftr opcn ncsting habitat and those
that prefer to nest in highcr trce dr:nsities. For
example. Lewis' woodpecker and American kestrel
nestin open or semi-open sites;hairy woodpecker,
black-backed woodpecker and house wren nest
in more dense tree stands (McClelland et al. 1979.
Saab and Dudley 1998). Yet, all specres were
observed in the medium snag density treatments.
Ponderosa pine was the prefened tree species for
primary cavity nesters. Nests in Douglas-fir were
most often occupied by secondary neste$ rurd mlLny
Douglas-fir nest snags had old cavitres or were
dead before the fire.

In burned forests, large snags are otien used
fbr nesting (Raphael and White 1984, Hutto 1995,
Saab and Dudley 1998) and cavity nesters chose
large nest snags in this study as well (Table 5).
Primary cavity-excavator species used larger-di-
Jmeler nesl tree:\ lhun \e\ondarl ear it1 nerter'.
The difference night be because secondary cav
ity nesters typically nested in Douglas-fir snags,
which had a smaller mean dbh than the ponde-
rcsa pine snags. The high number of small Dou-
glas fir trees in this study was due to several de-
cades of fire exclusion (Hanod et al. 1999).

In this study. as in several others (McClelland
et al. 1979. Mannan et al. 1980, Zarnowitz and
Manuwal 1985. Welsh and Capen 1992, Bevis
199:1, Hutto l995, Saab and Dudley 1998), most
nests were in broken top snags (Table 5). A bro
ken top provides an avenue for heart rotting fungi.
which makes the snag more suitable for cavity
excavation (McClelland et al. l979). Broken top
trees are especially impofiant in bums because
they provide nest sitcs for the tirst few years fol-
lowing a high-intensity fire when other trees are
not casily excavated due to case-hardening (Saab
and Dudley 1998).

Factors other than the suitability of the tree
itseJf may play important roles in selection ofthe
nest site (Welsh lnd Capen 1992, Vierl ing 1997).
Forest stand characteristics are sometimes a bet-
ter predictor ofbird use than individual snag char-
acteristics (Swallow et al. 1986). Saab and Dudley
(1997) showedthatthe density of trees surounding
the nest tree of cavity-ncsting birds was higher
than the density of trees at random sites. ln con-
ffast. Lewis' woodpeckers avoid nesting in dense
tree stands (Vierling 1997). In this study nofth-
em flickers chose nest tlees with atleast two large-
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diameter snags () 25 cm) within 10 m, and hairy
woodpeckers chose nest tees surrounded by a
high density of small snags.

We found a number of unoccupied cavities
suggesting that the availability of suitable nest
sites may not be the only factor limiting popula-
tions of cavity-nesting birds (Ingold and Ingold
198,1, Peterson and Gauthier 1985. Rendell and
Robertson 1989). Cavities can remain unused if
they fall witlin the teritory ofanother individual
or brccding pair that defends more than one cav-
ity 1br roost sites (Peterson and Gauthier 1985,
Rendell and Robertson 1989). Unused cavities
may also be the resultofa surplus ofcavities rather
than the result of interspecific or intraspecific
competit ion (lngold and Ingold 1984). In addi-
tion, the cavity entrance size or volume may make
it unsuitable for some secondary-ncsting species
(Rendell and Robertson 1989). Even though there
were  unoccup ied  ca \ i l i e . .  \ome ne: l  car i l ie \
changed occupants three times during two years
of obseNation. This pattern may be the result of
temporal breeding differences between species and
not the result ofinterspecific competition fbr nest
sites (Ingold and Ingold 1984). For example.
mountain bluebirds commonly used old hairy
woodpecker cavities alier hairy woodpecker young
were fledged. lt would be worthwhile to investi-
gate this trend further by measuring specific cav-
ity parameters and habitat variables between used
and unused sites.

IVlanagement lrnplicat ons

The reru l t .  o f  th i '  s tuJ l  hare  munugemenr  im
plications for retaining snag habitat during sal-
vage logging in dry forcsts on the east side ofthe
Cascades following stand-replacement lire. Snag
densities of l5-35 snags 2 25 cm dbh per hectare
provided the highest abundance, species richness,
and nesting populations of cavity nesters. Snags
> ,18 cm dbh provided nesting habitat for more
species. An average of2l snags > 48 cm dbh per
hectare yielded highest nesting populations, sup-
ported multiple cavities, and were important fbr
fbraging. Smaller snags provided foraging and
nesting habitat for some species. The treatment
with highest bird abundance had 3,1 snags,4ra in
16-2,1 cm dbh size class and l80 snags,4ra in the
< 15 cm dbh size class. Treatments with snags
distributed in clumps and individually dispersed
had the highest abundance and species richness
of cavity nesting species.



This study also poses new questions. The high-
est bird abundance occurred in medium density
stands, which were not only different in snag den-
sity, but also had the highest percentage of pon-
derosa pine. a lavored nest tree. Future studies
designed to look at the relationship between the
availability of ponderosa pine and the breeding
bird population would help to separate snag den-
sity effecfs and tree species effects. In addition,
long term monitoring is necessary to understand
the dynamics between snag deterioration rates and
changes in bird assemblagcs lbllowing stand-re
placement flres and salvage logging
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Chapter 11 

Conservation Status of Boreal Owls in the United States 

Gregory D. Hayward, USDA Forest Service, 
Rocky Mountain Forest and Range Experiment Station, Laramie, WY 82070 

INTRODUCTION 

Previous chapters outlined the biology and ecol- 
ogy of boreal owls as well as the ecology of impor- 
tant vegetation communities based on literature 
from North America and Europe. That technical re- 
view provides the basis to assess the current conser- 
vation status of boreal owls in the United States. By 
conservation status, we mean the demographic con- 
dition of the species as it relates to the likelihood of 
local and national persistence of wild populations 
over the long term. Are populations of boreal owls 
in the United States currently threatened? Are cur- 
rent land management practices likely to lead toward 
the peril of local or regional populations? 

Like any scientific story, our understanding of bo- 
real owl ecology is incomplete. In the face of incom- 
plete knowledge, I will evaluate the status of boreal 
owls by asking a series of critical questions about 
the species and its habitat. My goal is to synthesize 
evidence necessary to build a case for one of the fol- 
lowing conclusions: 1) populations of boreal owls 
in the United States are secure and will likely remain 
so given current land management practices; 2) 
populations of boreal owls are in peril (declining or 
experiencing some demographic trauma) or are 
likely to be in peril in the future given current land 
management practices; or 3) there is insufficient evi- 
dence to determine the species' conservation status. 

Populations of boreal owls differ in biology and 
ecology depending on geographic setting 
(Korpimaki 1986, Hayward et al. 1993). Therefore, 
for this assessment, when answering the critical 
questions, I rely first on investigations from North 
America and use European studies to a lesser ex- 
tent. A minimum of references are presented here as 
the literature was thoroughly reviewed in the pre- 
vious chapters. 

Is the Distribution and Abundance of the 
Boreal Owl Declining in All or Part 

of Its Range? 

Distribution 
The boreal owl is broadly distributed in North 

America, and its distribution likely has remained the 
same over the past few decades. The extensive geo- 
graphic range of the species contributes toward spe- 
cies persistence. 

During the past 15 years, numerous published re- 
ports have extended the recognized range of boreal 
owls in western North America. In 1980, the south- 
ern extent of the species' breeding range was thought 
to end in Canada. Today, evidence exists for breed- 
ing populations throughout the Rocky Mountains 
south to southwestern Colorado and northern New 
Mexico. Breeding boreal owls have also been docu- 
mented in northern Minnesota. Do these records 
indicate an extension of the species' range? 

The weight of evidence suggests that the actual 
distribution of boreal owls has not changed recently; 
rather, our knowledge of the species has changed 
radically. Several indirect lines of evidence support 
the contention that the extension of the species' rec- 
ognized range stems from an increase in survey ef- 
fort. First, historical records indicate that boreal owls 
were recorded in the western United States but not 
recognized as breeding. A close look at the litera- 
ture indicates that boreal owls were documented as 
far south as Colorado for nearly 100 years (see Ryder 
et al. 1987). Historical records of boreal owls in Wyo- 
ming, Idaho, and Colorado were thought to repre- 
sent nonbreeding "visitors." Despite the occurrence 
of boreal owls in the western United States, check- 
lists and field guides did not list the species, even 
after breeding populations were documented in 
1983. 

Second, human use of boreal owl habitat has in- 
creased recently, raising the probability of document- 
ing existing breeding populations. Winter recreation 
in high mountain lands has increased since the 
1970 '~~  bringing more people into boreal owl habi- 
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tats during the owls' most vocal period. Coincident 
with increased interest in winter sports (cross coun- 
try and downhill skiing) has been an increase in 
roads in high mountain areas. Furthermore, biolo- 
gists working with land management agencies have 
conducted surveys directed toward finding boreal 
owls. An increase in roads accessing high elevation 
forests and interest in the owl have facilitated loca- 
tion of breeding owls. In 1984 alone, during the first 
extensive surveys in the Northern Rocky Mountains, 
agency personnel found boreal owls on nine west- 
ern national forests where the owl was not recog- 
nized previously. 

Third, biologists in Europe have also located new 
populations of boreal owls and attributed these to 
increased interest in the species. Cramp (1977) de- 
scribes extensions of the recognized range in Europe 
but does not believe the species has actually broad- 
ened its distribution. 

Abundance 
Local and regional trends in boreal owl abundance 

cannot be assessed with available data. Breeding 
populations of boreal owls were only recently docu- 
mented throughout most of the species' range in the 
United States. In most cases, estimates of density or 
an index to abundance have not been made, preclud- 
ing any assessments of trend in the near future. I am 
aware of only two populations (one in Idaho and 
one in Montana) that have been sampled using meth- 
ods that will facilitate assessment of trend within 
the next 5 years (see Hayward et al. 1992). 

Do Habitats Vary in Their Capacity to 
Support Boreal Owl Populations or to 

Support Particular Activities of the Owl? 
What Are the Important Characteristics 

of Those Habitats? 

Study of boreal owl habitat use is limited. Investi- 
gators in Europe who have studied boreal owls for 
2 decades have not focused on habitat use. In North 
America, only three studies have intensively exam- 
ined habitat use. Despite this limited knowledge, the 
evidence supports the contention that boreal owls 
favor particular habitat characteristics at a variety 
of geographic scales. Consistently occupied habitat 
generally is mature or old spruce or spruce-fir for- 
est. 

The combined results of three, multiyear studies 
of boreal owls in North America indicate that bo- 
real owls choose sites for nesting, roosting, and for- 
aging nonrandomly (Bondrup-Nielsen 1978, Palmer 
1986, and Hayward et al. 1993). Knowledge of habi- 

tat use in North America stems largely from these 
studies. Studies from Europe corroborate the con- 
clusion that boreal owls choose specific habitats at a 
variety of spatial scales. In general, habitat studies 
were observational, rather than experimental, and 
suffered from small sample sizes. Furthermore, none 
of the North American studies compared the rela- 
tive fitness or productivity of individuals using vari- 
ous habitats. Despite these shortcomings (which are 
the norm in vertebrate ecology) these investigations 
were sound mensurative studies that showed bo- 
real owls use habitats differentially for important life 
functions. 

Regional 
At the regional scale, knowledge of boreal owl dis- 

tribution indicates particular habitat associations. 
Boreal owls occur only in subalpine forest habitats 
in the western United States (e.g., Hayward et al. 
1993). Breeding populations have not been found 
more than 100 m below the spruce-fir zone in the 
Rocky Mountains. East of the Rocky Mountains, 
boreal owls do not occur south of boreal and transi- 
tion boreal-temperate forests. These distributional 
boundaries suggest strong physiological, behavioral, 
or ecological barriers limiting the boreal owl. What 
characteristics of these forests are important in de- 
termining the broad distribution pattern of boreal 
owls is unknown but reasonable hypotheses were 
outlined in Chapters 9 and 10. 

Landscape 
At the landscape and home range scales, limited 

evidence indicates boreal owls use sites with par- 
ticular forest characteristics (e.g.,Sonerud 1986, 
Korpimaki 1988, Hayward et al. 1993). In both Eu- 
rope and North America, quality foraging habitat is 
characterized as mature and older spruce or spruce- 
fir forest. During prey population declines in Fin- 
land, owl home ranges with a high proportion of 
spruce forest are consistently occupied while other 
ranges are only used during prey peaks. The regu- 
larly occupied home ranges also produce more fledg- 
lings than other sites, indicating a match between 
preferred habitat and productivity (Korpimaki 1988). 
In Idaho, nest sites of radio-marked owls occurred 
in the lowest elevation portion of home ranges (edge 
of elliptical home ranges) indicating the spatial seg- 
regation of habitats used for nesting vs. foraging and 
roosting (Hayward et al. 1993). Nest sites occurred 
in old aspen and old, mixed-conifer stands while 
roost and foraging sites were often in mature and 
older spruce-fir forest. 



Microhabitat 
At the microhabitat scale, boreal owls appear to 

use a nonrandom subset of sites for nesting, roost- 
ing, and foraging. The strength of evidence for habi- 
tat choice varies among investigations, each of which 
was conducted in a very different geographic set- 
ting. In some studies, selection was not demon- 
strated, while in others, used habitat was simply 
described. 

Boreal owls are obligate cavity nesters. One study 
suggests that boreal owls select among available nest 
sites when a range of sites is available. In an experi- 
mental study in Idaho, suitable nest sites in lodge- 
pole pine forest were not used when alternates were 
available in the old mixed-confer forest (Hayward 
et al. 1993). In the same study an analysis compar- 
ing 28 nest sites and 101 random sites indicated the 
owls used forests with multiple canopy layers, large 
diameter trees, and high basal area. 

Although boreal owls have been shown to choose 
particular forest habitats for nesting, the species will 
accept a broad range of nest sites. Simple descrip- 
tive studies demonstrate this range. Nests have been 
found almost exclusively in aspen in Canada and 
Minnesota, in spruce and lodgepole in Colorado, and 
lodgepole and spruce-fir forest in Montana. Nest 
boxes placed in clearcuts in Idaho and Sweden have 
been used. In these cases, spruce or spruce-fir forest 
occurred nearby. 

The importance of specific roosting habitat seems 
to vary depending upon the threat of predation and 
degree of thermal stress. In Canada, owls did not 
select particular sites for roosting. In Idaho, boreal 
owls exhibited symptoms of summer heat stress and 
were shown to choose cool microsites for roosting. 
Mature and old spruce-fir forest was chosen for sum- 
mer roosts. These stands had higher basal areas, 
higher crown closures, and higher tree densities than 
random sites. During winter, these same owls were 
less selective in roost choice. 

Microhabitat characteristics of boreal owl forag- 
ing habitat have not been studied. Therefore, despite 
evidence for foraging habitat choice at broader 
scales, the microhabitat characteristics of quality for- 
agng habitat have not been identified. 

Do Habitats Vary in Their Capacity to 
Support Principal Prey Species? 

Primary prey of boreal owls in North America in- 
clude red-backed voles (Clethrionomys spp.), field 
voles (Microtus spp.), deer mice, shrews, flying squir- 
rels (Glaucomys sabrinus), and pocket gophers 
(Thomomys talpoides). Most important among these 

are red-backed voles and field voles, both of which 
occur in specific habitats. In the western United 
States and Canada, red-backed voles are most abun- 
dant in old spruce-fir forests and rarely occur in 
unforested habitats. Major foods of red-backed voles 
in the western United States are scarce in young for- 
est stands. In contrast, red-backed voles in the east- 
em United States occur in a variety of forest age 
classes but (similar to western areas) are most com- 
mon in mesic forest. Field voles rarely occur in for- 
est stands and are most abundant in mesic mead- 
ows. Forest management practices significantly in- 
fluence the abundance of these and other small mam- 
mal prey species (Campbell and Clark 1980, Ramirez 
and Hornocker 1981, Halvorson 1982, Scrivner and 
Smith 1984). Although the outcome of particular 
management practices is poorly understood, stand 
replacement treatments (e.g., clear cut harvests) lead 
to the most dramatic changes. 

If the Boreal Owl or Its Prey Select 
Particular Habitats, Are These Habitats 

Declining or Being Stressed 
by Current Management? 

Studies from a few geographic areas indicate bo- 
real owls and their prey demonstrate selection for 
particular habitats. The paucity of research on this 
owl and its prey makes the geographic extent of this 
pattern unclear. Furthermore, the characteristics of 
high quality habitat for the owl's prey are not known 
sufficiently to set management guidelines. 

The available evidence (see Chapter 9 concerning 
nesting, roosting, and foraging habitat) does suggest 
that mature and older forest in the spruce-fir zone 
provides the highest quality habitat for boreal owls 
and their prey. These forests occur as the upper for- 
ested zone on mountains in the western United 
States. As such, if global climate change shifts life- 
zones upward in elevation (as is predicted to hap- 
pen), these habitats will decline (see Chapter 10). 

Climate change portends consequences beyond a 
potential future change in the elevation of life zones. 
The mature and older forests used by boreal owls 
today became established centuries ago, under dif- 
ferent climatic circumstances. As pointed out by 
Knight (Chapter lo), "Conceivably climatic condi- 
tions now are less favorable for seedling establish- 
ment than they were two or three centuries ago, 
when the harvested forest became established. At 
high elevations it may not be possible to count on 
clearcut or burned forests eventually growing back 
to the kind of old forests that boreal owls currently 
use." If timber harvest and other land management 
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practices are accelerating the rate of stand replace- 
ment and changing the distribution of forest age 
classes, the abundance of old forest stands may be 
declining faster than under a natural disturbance 
regime dominated by gap forming disturbance such 
as disease and blowdown. 

Compared to recent historic times, old spruce-fir 
forests are likely less abundant (Chapter 10). While 
fire suppression has promoted an increase in older 
successional stages, timber harvest, using even-aged 
methods, has reduced the area of old forest. A long- 
term consequence of fire suppression, however, is 
fuel build-up that may lead to larger, more inten- 
sive fires, ultimately reducing the area of old forest. 
Overall, in the western United States, where most is 
known of boreal owl biology, the area of high qual- 
ity habitat is likely declining and will continue to 
decline as forest management is carried out as cur- 
rently outlined in forest plans. A review of 14 Na- 
tional Forest plans from Regions 1 and 4 indicated a 
reluctance to initiate uneven-aged management in 
many spruce-fir stands (Hayward ef al. 1993). Our 
interpretation of 14 plans in 1989 indicated even- 
aged management would dominate on all but one 
forest. 

The quality of habitats used by the owls and pri- 
mary prey is likely declining as well as the area. 
Alexander (1987) indicated that spruce now leads 
all species except ponderosa pine in annual volume 
cut in the central and southern Rocky Mountains. 
Current knowledge is not sufficient to quantify the 
rate or extent of habitat decline. Patterns of subal- 
pine forest dynamics described in Chapter 10 indi- 
cate some potential consequences of timber harvest 
dominated by large clearcuts. While insects and 
wind were the most frequent disturbance agents in 
subalpine forests prior to European settlement, the 
effects of clearcuts are similar to fire, which was a 
less common disturbance agent. Tree mortality due 
to insects and wind lead to gap processes that sup- 
port the boreal owl food web. Natural disturbance 
patterns also resulted in a more heterogeneous for- 
est than occurs with prolonged fire suppression and 
clearcut harvesting. The mosaic forest would sup- 
port a variety of small mammal species and abun- 
dant red-backed voles (Chapter 9). The loss of large 
snags and large downed logs associated with stan- 
dard forest practices likely lowers habitat quality for 
the owl and its prey. Forest practices that reduce ar- 
boreal lichen, particularly Bryoria spp., also likely 
reduce habitat quality. 

Do the Life History and Ecology of the 
Boreal Owl Suggest That Populations Are 

Vulnerable to Habitat Change? 

Cavity Nesting 
Boreal owls require large tree cavities or artificial 

nest structures to breed. This is the most obvious 
habitat requirement of the species and one that has 
important consequences. Unless artificial structures 
are provided, boreal owls will not persist in land- 
scapes where trees are too small to produce the large 
cavities required by the owl where primary cav- 
ity excavators are missing. Natural tree cavities (pro- 
duced by branch loss or other breakage) are used 
occasionally by boreal owls but unlikely to be com- 
mon enough to support a population of owls. Rota- 
tions of 70-120 years will not produce the size class 
of trees necessary for natural nest sites. 

Information is not available indicating in what 
geographic areas boreal owls may be cavity limited. 
Owl populations in regions south of the breeding 
range for pileated woodpeckers (D yocopus pileatus) 
are more likely candidates for cavity limitation. 

Changes in cavity availability have likely occurred 
during the past century due to forest management. 
The extent of these changes and their consequences 
have not been documented. Timber harvest prescrip- 
tions that removed all trees, or all large trees and 
snags, have eliminated existing cavities and pre- 
cluded new cavities on the site for up to two centu- 
ries depending on tree growth. Harvest rotations that 
prevent the development of snags >38 cm dbh per- 
manently preclude nesting from the site. In contrast 
to the consequences of timber management, in the 
short term fire suppression has likely increased the 
availability of large cavities by reducing the loss of 
old forest through fire. The long-term consequence 
may be different, however, if fire suppression leads 
to larger, higher intensity fires that burn stands on 
mesic and moist microsites that were less likely to 
burn under the natural fire regime. 

Changes in forest conditions that lead to reduc- 
tions in large diameter snags or large live trees with 
heart-rot will lead to cavity limitation. Similar con- 
sequences will occur with changes that reduce habi- 
tat quality for primary cavity nesters. 

Productivity 
Boreal owls in the western United States exhibit 

variable year-to-year productivity and appear to 
have relatively low average clutch sizes. These fac- 
tors have been associated with decreased probabili- 
ties of population persistence (Goodman 1987, 
Pimm, et al. 1988). Variable productivity in boreal 



owls stems largely from year-to-year variation in 
available prey. In Europe, extreme variation in the 
number of breeding pairs and clutch size have been 
documented. In North America few investigators 
have documented productivity over multiple years 
but variation due to changing prey populations has 
been reported. Variation in winter and spring 
weather may also lead to variation in productivity. 
Small, isolated populations of owls would be most 
susceptible to a series of years with extremely low 
reproduction. 

The average and maximum productivity of boreal 
owls recorded in the western United States are much 
lower than records from Europe. This suggests that 
populations studied in the United States may pro- 
duce fewer surplus individuals even in good breed- 
ing years. The ability of source populations to 
supplement less productive populations therefore 
may be less than in Europe. Our understanding of 
the comparative demography of boreal owls is not 
sufficient to assess the influence of productivity on 
the relative stability of various populations. 

The degree to which productivity is density de- 
pendent, especially at low population densities, is 
important in assessing boreal owl demography. We 
do not know to what extent productivity is density 
dependent or whether boreal owls are likely to ex- 
perience an Allee affect (Allee 1931) at modest popu- 
lation sizes. A strong Allee affect could result if bo- 
real owls experience difficulty in locating mates at 
low population densities. 

Survival 
Limited information on boreal owl annual survival 

gives an unclear picture of the impact this life his- 
tory parameter may have on population growth. The 
few estimates of adult and juvenile survival have 
potential for bias and are imprecise. Estimates range 
from about 45 to 80% adult survival and 20-50% for 
juveniles. Both year-to-year variability and average 
survival rates are important in assessing the status 
of boreal owl demography. Furthermore, the degree 
of inverse density dependence in this parameter is 
important. Neither is known for any population. In 
populations where average survival is high and not 
variable, concern over low relative productivity is 
reduced. Low survival rates, however, would lead 
to greater concern over the relatively low clutch sizes 
recorded in the western United States. 

The environment occupied by boreal owls is vari- 
able and harsh. Therefore, the probability for cata- 
strophic events leading to increased mortality may 
be high. The nomadic nature of boreal owls is a tes- 
tament to this variability (Andersson 1980). During 

periods of environmental stress, boreal owls move 
to new locations. These movements could contrib- 
ute to periodic extinction within local habitats. It is, 
unknown, however, whether nomadism increases or 
decreases persistence among linked small popula- 
tions. 

Home Range Size 
Home range sizes of boreal owls in the western 

United States are large; winter and summer ranges 
both average over 1,000 ha and home ranges as large 
as 3,390 ha have been estimated. These areas are large 
for a medium size predator. Boreal owl home ranges 
are comparable to those used by the much larger 
spotted owl (Strix occidentalis) . Whether large ranges 
are the norm for the species in the United States is 
unknown. 

Several factors likely contribute to large boreal owl 
home ranges. In some regions, no single vegetation 
type provides optimum nesting, roosting, and for- 
aging habitat, and these vegetation types are geo- 
graphically disjunct. Therefore, geographic features 
may lead to a broad dispersion of resources, forcing 
the owls to move long distances to fulfill life require- 
ments. In addition, low productivity of small mam- 
mals may also contribute to large owl ranges. 
Lindstedt et al. (1986) showed that home range size 
among carnivores is related to prey production. 

In any case, large home ranges lead to high en- 
ergy expenditure during daily movements. Boreal 
owls in some areas appear to need large areas to meet 
seasonal needs. Hirons (1985) has shown that, at least 
for the tawny owl (Strix aluco), clutch size is limited 
by energy available to the female prior to laying. The 
large home ranges and low clutch sizes observed in 
boreal owls in the western United States seem to fit 
this pattern. 

The use of large home ranges by boreal owls is a 
conservation concern for two reasons. Populations 
of individuals requiring large ranges may be ener- 
getically stressed and less resilient to further stress. 
Also, land management must provide habitat within 
large areas to meet individual as well as population 
needs. 

Trophic Position 
Boreal owls are likely the most important avian 

predator of small mammals in subalpine forests in 
the western United States As such, they rely on the 
integrity of 2-3 trophic levels. As described in Chap- 
ter 9, the boreal owl's food web in subalpine forests 
is linked strongly to the detritus system and involves 
many direct and indirect linkages among trees, in- 
sects, pathogens, fungi, and vertebrates. This sys- 



tem appears to support larger prey biomass in older 
forests (Hayward et al. 1993). The food web is poorly 
understood but the boreal owl certainly occupies a 
top trophic position. The probability for persistence 
of species at higher trophic levels is thought to be 
less than for primary producers or primary consum- 
ers. 

Metapopulation Structure 
Boreal owls in western North America occur in 

relatively small, semi-isolated populations (see fig- 
ure 1 in Chapter 9) and therefore, individual popu- 
lations are vulnerable to extinction due to demo- 
graphic and environmental stochasticity (Pimm et 
al. 1988). Therefore, the natural distribution pattern 
of the species south of the boreal forest places indi- 
vidual populations at risk due to their relative small 
size. Why is this the case? 

Boreal owls are the only Strigiform in the western 
United States that occurs almost exclusively in sub- 
alpine forest. Because these forests occur only in high 
mountain areas, populations exist in patches limited 
by the extent of subalpine forest, separated from 
other patches by montane forest and nonforested 
habitats (see figure 1, Chapter 9 for an example). For 
example, within USDA Forest Service Region 1, -9% 
of the forested land supports spruce-fir forest 15 cm 
dbh or larger (J. W. ~ a u x  pers. comm.). On seven 
forests in Idaho south of the Salmon River, spruce- 
fir forest covers -7% of the forested landscape (H. 
A. Cheatham, pers. commun.). These figures dem- 
onstrate the limited extent of boreal owl populations 
despite their broad geographic range. Demographic 
linkage among patches likely depends on long-dis- 
tance juvenile dispersal and adult emigration. The 
nomadic nature of boreal owls should facilitate this 
linkage. The degree of connectivity, characteristics 
of the demographic relationships, and processes that 
control the connectivity, however, are not known. 

Small isolated populations of any organism are 
expected to experience lower persistence probabili- 
ties than larger or more linked populations 
(MacArthur and Wilson 1967, Pimm et al. 1988). This 
is hypothesized to occur for several reasons. Small 
populations may drift to extinction due to random 
demographic events (demographic stochasticity; 
e.g., Shaffer 1981). Similarly, an environmental ca- 
tastrophe affecting a relatively small area (eg., stand 
replacement fire) is more likely to influence a large 
proportion of individuals in a small, rather than 
large, population. Isolated populations are also less 
likely to experience demographic rescue than con- 
nected groups (Brown and Kodric-Brown 1977). 
Therefore, compared to other owl species, individual 

boreal owl populations may have lower persistence 
probabilities due specifically to natural distribution 
patterns. 

Any environmental change that reduces the aver- 
age size of habitat islands occupied by boreal owls 
is likely to decrease the probability of population 
persistence in the larger boreal owl metapopulation. 
An increase in fire frequency in subalpine forests, or 
reduction in forest area through timber harvest, 
could lead to reduced habitat area. Our understand- 
ing of owl-habitat and prey-habitat relationships is 
not sufficient to adequately predict what range of 
habitat alterations (e.g., silvicultural prescriptions) 
lead to reduced habitat area; however, short rota- 
tion, even-age management will clearly be detrimen- 
tal. We also do not understand how large boreal owl 
populations must be before stochastic events become 
less of a concern. 

Similarly, environmental change that reduces the 
linkage among populations is likely to decrease the 
probability of population persistence in the larger 
boreal owl metapopulation (due to demographic and 
genetic problems). Habitat conditions in the matrix 
surrounding occupied owl habitat will influence the 
probability of successful dispersal among popula- 
tions. Furthermore, the productivity of individual 
populations will influence the number of individu- 
als dispersing to other groups. What factors control 
successful dispersal and how those factors interact, 
however, is unknown. 

WHAT IS THE CURRENT AND PROJECTED 
CONSERVATION STATUS 
OF THE BOREAL OWL? 

The current conservation status of boreal owls is 
unknown. Knowledge of the species in North 
America is far from sufficient to adequately assess 
the species' status. Fifteen years ago, the owl was 
not recognized as a breeding resident of the lower 
48 states. To date, only three studies have examined 
the species' habitat and/or demography; each of 
these were small, short-term investigations. Based 
on existing information, however, I tentatively con- 
clude that except in local situations, boreal owls are 
currently secure but are likely to be in peril in the 
future given current land management practices. 
Therefore, I suggest that a conservation strategy is 
needed for boreal owls. These conclusions are based 
on the following points. 

Boreal owls currently are well distributed across 
a large geographic range and therefore the species 
is not in any immediate peril in the United States or 
worldwide. Furthermore, based on the only two 



populations where nest occupancy and productiv- 
ity is being monitored in the United States, nest oc- 
cupancy and productivity are remaining constant. 

Populations of boreal owls in Fennoscandia have 
persisted and appear to be demographically vigor- 
ous despite human disturbance and a long history 
of forest management. These populations rely on 
artificial nest structures and exist in a very different 
ecological setting (boreal forest) than most popula- 
tions in the United States. Still, the persistence of 
these populations suggests that, with proper forest 
management, boreal owls can co-occur with resource 
development including timber harvest. This state- 
ment must not be taken to indicate that all popula- 
tions of boreal owls will respond similarly to envi- 
ronmental change. Boreal owls use habitat differ- 
ently and have different demographic characteris- 
tics, throughout their range. Therefore, the response 
to forest management must be expected to differ in 
different ecological settings. Populations in the 
southern portion of the species' range have lower 
productivity and appear to use old forest habitats 
that are declining in aerial extent. 

In productive forest habitats, boreal owls have a 
high potential rate of population growth based on 
their dramatic numeric and functional response to 
changing prey populations. Therefore, populations 
can recover following declines if habitat is intact and 
prey are abundant. 

Conservation concerns for boreal owls arise 
when one considers long term persistence and/or 
focuses on individual populations. These concerns 
are based on the available information on boreal owl 
habitat use, the dynamics of those habitats, trends 
in forest management, and the species' life history. 
Specifically: 
- The available data indicate that boreal owls, 

in at least some populations in the United States, 
use mature and older forest for foraging, roosting, 
and nesting. Primary prey of boreal owls also are 
more abundant in mature and older forests. The 
relative abundance of mature and older forest de- 
clines under traditional forest management pro- 
grams as demonstrated in the Pacific Northwest 
and Northern Rockies. Therefore, habitat that pro- 
vides necessary life requisites (food, thermal cover, 
and nesting substrate) has been declining and will 
continue to do so under current management 
plans, jeopardizing the long-term persistence of 
boreal owls in the United States. 
- Habitats used by boreal owls develop slowly 

after deforestation due to the short growing sea- 
son in subalpine environments. Therefore, forest 
stands may require several centuries to become 

quality foraging or nesting habitat after stand re- 
moval; recovery of degraded habitat will be an 
extremely long-term process. As outlined in Na- 
tional Forest plans, clearcutting is the dominant 
management direction in subalpine forests in the 
northern Rockies. Development of mature and old 
forest from this management is questionable and, 
to date, has not been observed (see Chapter 10). If 
timber harvest decreases in the Pacific Northwest 
and shifts to the northern Roclues the threat to 
boreal owl habitat will increase. 
- Populations of boreal owls studied in the 

western United States are less productive than 
most of those documented in Europe. Further re- 
ductions in productivity due to declines in habitat 
quality will reduce the average persistence time 
for populations. 
- Individual populations of boreal owls in the 

United States are relatively small and dispersed 
due to the naturally patchy distribution of subal- 
pine and boreal forest habitats. The populations 
have lower individual persistence probabilities 
than would larger populations. The persistence of 
individual populations, then, will be influenced 
by relatively small land management activities. 
- Because of the high temporal variability in 

boreal owl productivity and the nomadic nature 
of the species, persistence of individual popula- 
tions may rely heavily on neighboring populations. 
Due to this metapopulation structure, the persis- 
tence of individual populations and (potentially) 
large segments of the metapopulation could rest 
on particular key populations that provide surplus 
dispersing individuals or act as stepping stones 
for exchange among populations. The identity or 
even existence of such key populations is unknown 
and therefore their protection is not assured. 

-Land management in the matrix of habitat sur- 
rounding subalpine forests will influence the suc- 
cess of dispersing owls. Therefore management 
outside the species' primary habitat will have con- 
sequences for the owl. 

WHAT ARE THE MANAGEMENT 
CONSIDERATIONS? 

A thorough discussion of management consider- 
ations of this assessment would be largely redun- 
dant with previous sections. A brief outline of the 
most relevant considerations follows. 

Boreal owls occupy forest habitat. The future con- 
dition of forest structure will influence populations 
of this avian carnivore. The link between forest struc- 
ture and composition and the status of boreal owl 
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populations is strong but indirect. Forest structure 
influences the availability of suitable cavities, the 
quality of roost sites, the foraging movements of in- 
dividual owls, and prey availability. Landscapes 
without forest cannot support boreal owls; in for- 
ested lands, forest structure influences owl popula- 
tion status. Management of forest structure from the 
stand to landscape scale in subalpine and boreal to 
boreal-transition forest, then, will influence the long- 
term conservation status of this species. Because for- 
est succession is slow in spruce-fir and boreal for- 
ests, management must acknowledge that clearcut 
sites will remain unsuitable for roosting or foraging 
for a century or more and new nest trees will not 
develop in some situations for two centuries or 
longer. Scientific understanding of boreal owl habi- 
tat relationships has not advanced sufficiently to 
devise sophisticated habitat management guidelines 
for any region. It is clear, however, that large clearcuts 
eliminate boreal owl habitat for many years and that 
clearcutting does not mimic the dominant natural 
disturbance agents in this system. Modification of 
these forests in ways that remove characteristics of 
mature and old forests should be done with caution. 
Monitoring the consequences of forest change at the 
stand and broader scales will be important in im- 
proving management (i.e., adaptive management 
involving researchers and managers). 

Management of forest structure for any single life 
requisite (nesting, roosting, or foraging) will not as- 
sure suitable habitat to conserve boreal owl popula- 
tions. Therefore, management should not be framed 
in terms of "management for nesting habitat" or 
another life requisite. Instead, management for bo- 
real owls will be most successful if placed in an eco- 
system context. The boreal owl depends on a 
plethora of other forest organisms: primary cavity 
nesters, small mammals, fungi, lichen, insects, and 
the dominant forest trees to name just a few (see fig- 
ure 5, Chapter 9). Therefore, boreal owl management 
is a component of ecosystem management in subal- 
pine forests in the western United States and boreal/ 
boreal-transition forests in the east. 

Conservation of boreal owls will require a regonal 
approach to habitat management. Because popula- 
tions of boreal owls in the United States likely occur 
in a complex metapopulation structure, the status 
of any single population is determined in part by 
many other populations. Management of individual 
populations outside the context of the larger 
metapopulation ignores the fact that most boreal owl 
populations are small and therefore have low prob- 
ability of persistence in isolation. Even if high qual- 
ity habitat remains within any small owl population, 

the population is likely to become extinct without 
dispersal from other groups. Identification and 
maintenance of source populations within a region 
will be a key to boreal owl management. 

Finally, the knowledge necessary to build a con- 
servation strategy is lacking and without a conser- 
vation strategy, persistence of this owl over the long 
term is questionable. Many key aspects of boreal owl 
demography, habitat use, and the owl's relationship 
with the forest system (primary cavity nesters, prey, 
predators, etc.) have not been investigated for any 
population. Most of the links represented in figure 
5 (Chapter 9) are inferred and not backed by direct 
empirical information. Much of what we do know 
results from investigations in Europe. How this 
knowledge relates to particular populations in North 
America is unknown. Therefore, anything but the 
most general analysis of management impacts will 
not be possible without further knowledge. 
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Chapter 9 

Review of Technical Knowledge: Boreal Owls 

Gregory D. Hayward, Rocky Mountain Forest and Range Experiment Station, Laramie, WY 82070 

INTRODUCTION 

The boreal owl (Aegolius funereus), known as 
Tengmalm's owl in Eurasia, occurs throughout the 
holarctic in boreal climatic zones. This medium-size 
owl (100-170 g) occupies boreal and subalpine for- 
ests in an almost continuous circumboreal distribu- 
tion that extends from Scandinavia eastward across 
the northern forests of Siberia and from Alaska across 
Canada to the Atlantic (Dement'ev and Gladkov 
1954). On each continent, disjunct populations oc- 
cur in mountains south of the broad transcontinen- 
tal boreal forest populations (Cramp 1977, Voous 
1988). Boreal owls in the mountain regions of Eu- 
rope and Asia have long been recognized as isolated 
resident breeding populations, whereas in North 
America, breeding status was only recently docu- 
mented in the mountains of the western United 
States (Hayward and Garton 1983, Palmer and Ryder 
1984, Hayward et al. 1987a, Whelton 1989). 

In-depth study of boreal owl biology and ecology 
in North America is limited to four, short-term in- 
vestigations (Bondrup-Nielsen 1978, Meehan 1980, 
Palmer 1986, and Hayward et al. 1993). As an ex- 
ample of the lack of attention paid this species, prior 
to 1979 the USDI Fish and Wildlife Service had no 
records for banded boreal owls west of the Missis- 
sippi (W. Martin, pers. comm.). Knowledge of the 
species' biology and ecology comes mostly from 
Fennoscandia where Aegolius funereus may be the 
most studied owl. Many investigations in Europe 
are long-term efforts. Franz et al. (1984), Sonerud 
(1989), Schelper (1989), and Korpimaki (1992) each 
report studies lasting over 15 years. Korpimaki, who 
initiated investigations in 1966, continues work on 
the same sites today. Ecolog~sts in Fennoscandia and 
eastern Europe have emphasized study of breeding 
biology, productivity, movements, food habits, and 
relationship with prey populations. These studies 
stem largely from examination of populations that 
breed almost exclusively in nest boxes. Results from 
studies in the Old World indicate that the biology 
and ecology of boreal owls vary geographically and 

are strongly related to local forest conditions and 
prey populations. 

In contrast with studies in Europe, habitat use has 
been emphasized in the few investigations in North 
America. Studies on the two continents have gener- 
ated few data with which to contrast the biology of 
the species between continents. Therefore, the basis 
for inferring North American biology and ecology 
based on European results is unclear. The variabil- 
ity witnessed in Europe suggests caution. However, 
to the degree that variation in Europe follows geo- 
graphic, climatic, or habitat gradients, a more sound 
basis upon which to build inferences for North 
America is possible. 

The paucity of scientific knowledge from North 
America necessitates reliance on the extensive 
knowledge accumulated in Europe for portions of 
the assessment. Ignoring that knowledge would be 
careless. However, we cannot directly infer ecologi- 
cal patterns in North America based on the Euro- 
pean knowledge. Therefore, I have been careful to 
point out the geographical source of knowledge, and 
where appropriate, describe ecological patterns for 
Europe that have been related to environmental gra- 
dients. By doing so, I seek to describe patterns rec- 
ognized in Europe that may relate to populations in 
North America. 

Note: Throughout this paper, measures of varia- 
tion are 95% bounds on estimates unless otherwise 
indicated. 

SYSTEMATICS 

Ford (1967) associated the genus Aegolius with 
Surnia and Ninox (northern and southern hawk owl 
genera) based on osteology of 75 owl species. Aside 
from the boreal owl, the genus Aegolius includes 
three species: the northern saw-whet owl (A. 
acadicus), unspotted saw-whet owl (A. ridgwayi), and 
buff-fronted owl (A. harrisii), which all occur only in 
the New World. The largest species of the genus, A. 
funereus occurs north of the others and is more 
widely distributed. Norberg (1987) speculates that 
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the genus originated in the New World and only the 
boreal owl expanded its range beyond the Ameri- 
cas. The more northern distribution and larger size 
of A. funereus likely facilitated range expansion via 
the Bering Strait. 

Boreal owls in North America represent a homog- 
enous taxonomic group and are recognized as a 
single subspecies, A. funereus richardsoni. Six subspe- 
cies are recognized in Eurasia. Abrupt distinctions 
are apparent in only A. f. beickianus and caucasicus, 
which are southern, more isolated populations. Oth- 
erwise, A. f. funereus - north and central Europe; A. 
f. sibiricus - north and central Asia; A. f. magnus - 
northeast Siberia; and A. f. pallens - west and cen- 
tral Siberia vary as a cline across Eurasia (Dement'ev 
and Gladkov 1954). Generally the largest and light- 
est forms are found in northeast Siberia, with a size 
reduction and darkening westward and southward 
(Dement'ev and Gladkov 1954). A. f. richardsoni is 
among the darkest forms. 

DISTRIBUTION 

Species Range 

Boreal owls occupy boreal forests throughout the 
northern hemisphere forming an almost continuous 
band across North America and Eurasia. In Europe, 
scattered populations extend south of the 
circumboreal range in the Pyrenees, Alps, and 
Caucasus mountains and in Asia along Tarbagatai, 
Tien Shan, and Zervshan ranges (see maps in 
Dement'ev and Gladkov 1954:436 and Cramp 
1977:607, 608 for worldwide distribution). Similar 
southern populations occur in North America as 
described below. 

Recently the species' documented range has ex- 
panded in Europe like in North America. Most new 
records are from mountainous locales (see Cramp 
1977:607 and Hayward et al. 1987a). Rather than a 
recent range expansion, these records likely repre- 
sent increased interest in owls and increased human 
recreation in mountain areas during winter. 

North America 

Within North America, boreal owls occur in a con- 
tinuous band concurrent with the boreal forests of 
Alaska and Canada (see Johnsgard 1988 for conti- 
nental distribution). The breeding range extends 
from northern treeline southward in forested regons 
of Canada to the extreme northern United States in 
Minnesota (Eckert and Savaloja 1979, Lane 1988) and 
likely Wisconsin (Erdman 1979), Michigan, and 

Figure 1 .-Example of the patchy nature of boreal owl 
distribution in the western United States based on the species' 
estimated distribution in Idaho. Owl distribution inferred from 

distribution of forest vegetation types. Potential habitat is 
defined as forested sites in the subalpine-fir zone throughout 

the state and Douglas-fir woodland in southeastern Idaho. Other 
montane forests are not considered potential habitat. 

Data taken from Idaho gap analysis project 
(adapted from Hayward et a/. 1993). 

Maine (Catling 1972). East of the Rocky Mountains, 
breeding has been confirmed only in Minnesota. In 
western North America the species' range extends 
southward beyond 38" N latitude (Map 2). South of 
the continuous transcontinental band, populations 
are restricted to subalpine forests in the Rocky Moun- 
tains, Blue Mountains, and Cascade Ranges (Palmer 
and Ryder 1984, Hayward et al. 1987a, Whelton 
1989). The southernmost records occur in mountains 
of northwestern New Mexico (Stahlecker and 
Rawinski 1990). 

Due to the species' association with high eleva- 
tion forests in the western United States (discussed 
in-depth under Habitat Use), populations may oc- 
cur as geographic isolates dispersed throughout the 
western mountains (for an example see figure 1). As 
a result of the naturally fragmented nature of boreal 
owl habitat in the western mountains, the species is 
distributed in North America in two contrasting 
patterns. In the north, populations of interacting in- 



dividuals may extend for hundreds of miles, while 
in the south, numerous breeding populations occur 
as islands of habitat linked only through long-dis- 
tance dispersal through extensive areas without 
breeding habitat. 

Although boreal owls are thought to breed in much 
of the forested portion of Alaska, surveys have been 
conducted in few portions of the state (see 
Gabrielson and Lincoln 1959, Armstrong 1980). Lit- 
erature documentation for boreal owls in Alaska 
extends from the Brooks Range (Campbell 1969), to 
the Pribilof Islands (Evermann 1913), and to the 
north Gulf Coast (Isleib and Kessel 1973). Recent 
surveys document singng boreal owls in southeast 
Alaska on the mainland and a number of islands 
(draft agency report, Suring 1993; see Map 2 in sleeve 
of this book). 

The recognized distribution of boreal owls has 
changed yearly since 1979 as interest in the owl de- 
veloped and efforts to locate breeding populations 
increased. Prior to 1979, breeding populations of 
boreal owls were not thought to occur south of 
Canada. The 1983 American Ornithological Union 
checklist of North American birds described the 
southern extent of western boreal owl populations 
as south-central Canada, although it also recorded 
breeding populations in Colorado and northwest- 
ern Wyoming. In 1985, Idaho, Washington, and 
Montana were added (data reported in Hayward et 
al. 1987a) but populations were recognized in only 
isolated locales in each state. By 1987, biologists re- 
alized that populations occurred throughout the 
northern Rockies in high elevation conifer forests 
south to northern New Mexico. I expect the docu- 
mented range to continue to expand as previously 
unsurveyed regions receive attention. In Idaho and 
Montana, where surveys have been conducted for 
over a decade, our understanding of boreal owl dis- 
tribution will become more refined. In regions where 
few surveys were conducted in the past, such as 
Utah, Alaska, northern Wisconsin, northern Michi- 
gan, and northern New England, I expect signifi- 
cant changes in the recognized distribution. 

Map 2 depicts the estimated breeding range of the 
species based on reports from the literature and re- 
cent surveys conducted largely by state and federal 
agencies. Reports from the technical literature are 
acknowledged separately from agency surveys, be- 
cause these records have undergone greater scrutiny. 
I recognize that individual records may be suspect. 

Some surveys were conducted by inexperienced 
persons and the level of training and experience of 
personnel conducting surveys varied. Because the 
majority of survey personnel received some train- 
ing and discussed their observations with owl ex- 
perts, however, I believe the estimated distribution 
to be reliable. 

Species Status and Trend 

Direct measures of population status or trend are 
not available for populations in North America. In 
contrast with Europe, investigations of boreal owls 
in North America have been short term and have 
not emphasized study of productivity or 
demography. Due to the paucity of historical infor- 
mation, direct estimates of status and trend will be 
difficult in the near future. Currently, I am aware of 
only one effort, begun in 1988, to intensively moni- 
tor population trend in North America (Hayward et 
al. 1992). 

The boreal owl's range in North America is exten- 
sive. In northern Canada, it occurs in many areas 
where land management currently does not alter 
natural vegetation patterns. Recent surveys indicate 
the species also occupies an extensive geographic 
range south of Canada. Populations in this region 
occur on lands where human impact is greater. The 
potential influence of land management on owls 
across these lands will be discussed later in this docu- 
ment. Since direct measures of trend are not avail- 
able, and the species occupies a large geographic 
area, any inferences to population trend must be in- 
ferred indirectly by linking the species' ecology and 
observed patterns of landscape change. 

In Fennoscandian forests, boreal owls are consid- 
ered the most abundant Strigform (Merikallio 1958, 
cited by Korpimaki 1984). Despite long-term inves- 
tigation of the species, however, reliable indication 
of long-term trends are unavailable due to the diffi- 
culty in surveying and censusing nocturnal owls 
(Lundberg 1978). Short-term fluctuations in breed- 
ing populations are evident from nest box surveys 
(e.g. Franz et al. 1984, Lofgren et al. 1986, Schelper 
1989, Sonerud 1989, and Korpimaki 1992), but sta- 
tus and long-term trends have not been reported. 
Significant reduction in natural breeding cavities in 
Scandinavia resulting from removal of old forest 
(Korpimaki 1981 and others) would imply reduced 
populations and potentially restricted distribution. 



MOVEMENTS: ANNUAL, SEASONAL, 
AND DAILY 

Annual Movements and Site Tenacity 
of Adults 

Annual movement patterns of boreal owls are 
poorly understood in North America but have re- 
ceived considerable attention in Fennoscandia and 
Germany. Trapping stations at Whitefish Point, 
Michigan, and Hawk Ridge Research Station, Min- 
nesota, and records of owl sightings by birders rep- 
resent the majority of data on boreal owl movements 
in North America (Kelley and Roberts 1971, Catling 
1972, Evans and Rosenfield 1977 and references 
therein). Trapping observations are difficult to in- 
terpret, and conclusions drawn from these observa- 
tions must be regarded as hypotheses. 

Based on the periodic sightings of boreal owls 
(1922, 1954, 1962,1965, 1968) south of the species' 
range in eastern North America, winter irruptions 
have been hypothesized by Catling (1972) and Evans 
and Rosenfield (1977). Reported irruptions extend 
from Maine through Michigan and Minnesota 
(Catling 1972). Periodic observations of boreal owls 
have been documented in Illinois (Coale 1914, 
Wyman 1915), Minnesota (Evans and Rosenfield 
1977), Wisconsin (Erdman 1979), and New York 
(Yunick 1979) and frequently coincide with increased 
observations of northern saw-whet, great gray (Strix 
nebulosa), and northern hawk owls (Surnia ulula). 
Sightings and captures are concentrated in autumn 
(late October-mid November) and late winter (Feb- 
ruary-April). The age and sex composition of the ir- 
ruptive populations are poorly understood. Further- 
more, whether individuals observed during these 
irruptions attempt to breed in southern areas, return 
to breeding areas in the north, or represent a popu- 
lation sink, is unknown. Catling (1972:223) suggests 
that a return flight occurs in April and May. Specu- 
lation concerning direction of movements appears 
to be based on little empirical evidence. 

In Idaho, during a single week in February 1986, 
two radio-marked males left home ranges occupied 
for more than a year (a third male died during the 
same period). One male was relocated in May 80 km 
away. Three radio-marked females in Idaho left their 
former home ranges within 2 weeks of ceasing 
brooding young in July. One moved 4 7  km while 
the others moved greater distances and could not 
be relocated (Hayward et al. 198%). Although these 
owls were documented making nomadic-like move- 
ments, other radio-marked owls in the study re- 

mained sedentary. These observations are very lim- 
ited but suggest nomadic behavior. 

In contrast with limited information in North 
America, extensive European studies suggest a corn- 
plex pattern of nomadism and site tenacity that var- 
ies geographically and differs among sex and age 
classes. In general, the species is characterized as 
nomadic, at times exhibiting year-round residence 
within a stable home range but dispersing in years 
of poor prey populations (Mysterud 1970, Wallin and 
Andersson 1981, Lofgren et al. 1986, Korpimaki et al. 
1987, Sonerud et al. 1988, Schelper 1989). Korpimaki 
(1986b) recognized a trend of increased population 
fluctuations in more northern populations associated 
with a greater degree of nomadism. He related the 
pattern to winter snow depth and range of prey 
available to the owls in winter. 

In Scandinavia where year-to-year movements 
were studied using band recoveries from long-term 
site specific studies employing nest boxes, a unique 
pattern of residency and nomadism was first recog- 
nized by Mysterud (1970). Mysterud (1970) sug- 
gested that nomadic behavior in the Fennoscandian 
population is adapted to the 3-4 year microtine cycle 
and regional variability in microtine abundance. 
Lundberg (1979) refined the model and hypoth- 
esized that the conflicting pressures of food stress 
favoring nomadism and nest site scarcity favoring 
site tenacity result in different movement patterns 
in males and females; females exhibit nomadism 
while males exhibit greater site tenacity. Lofgren et 
al. (1986), Korpimaki et al. (1987), and Sonerud et al. 
(1988) confirmed the mixed pattern of male resi- 
dency and irregular female dispersal in adult 
Tengmalm's owls. Korpimaki's review (1986b) fur- 
ther refined the understanding of nomadism in the 
species, suggesting that sexual differences in resi- 
dency vary geographically. In central Europe both 
sexes appear to be largely site tenacious, but young 
owls are nomadic (Franz et al. 1984). In southern 
Fennoscandia males are resident and females and 
juveniles nomadic. In northern Sweden, both adults 
and juveniles exhibit nomadism (Korpimaki 1986b). 

In addition to the influence of snow conditions, 
geographic setting, and prey conditions mentioned 
above, nest predation and nesting success have been 
shown to influence dispersal in adult female boreal 
owls (Sonerud et al. 1988). Adult females whose nests 
are unsuccessful have an increased probability of 
dispersing long distances. Predation of nestlings 
further increases the probability of long dispersal 
(figure 2). 
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Figure 2.-Distance moved and time elapsed between ringing 
and recovery of female Tengmalm's owls ringed in Norway while 

breeding. Open circles denote dispersals occurring within a 
microtine peak (high prey availability), and filled circles denote 
dispersals involving a microtine decline (low prey availability). 

Dispersals following nest predation are indicated by a P. 
Dispersals made by the same female are indicated by numbers 

(from Sonerud et a/. 1988). 

Dispersal Frequency 
Interpopulation movements are extremely impor- 

tant in metapopulation (population of populations) 
dynamics. Therefore it is important to determine 
rates of immigration and emigration among com- 
ponent populations. Estimating the portion of a 
population involved in nomadic or dispersal move- 
ments is difficult, however. For instance, most re- 
coveries of banded birds are from nesting birds re- 
trapped by the original bander. Therefore, estimates 
of dispersal will be biased toward documenting site 

- 

tenacity or short-distance movements. 
Despite these shortcomings, studies of boreal owls 

in Fennoscandia and Germany have estimated emi- 
gration rates that follow the north-south geographic 
gradient described earlier (more nomadic move- 
ments in northern populations). After successfully 
nesting, 0% and 8% of adult females dispersed far- 
ther than 20 km from two populations in Germany 
(central Europe) (Franz et al. 1984 and Schwerdtfeger 
1984, both according to Sonerud et al. 1988). Corre- 
sponding proportions for central Norway, Finland, 
and northern Sweden were 14%, 31%, and 33%, re- 
spectively (Lofgren et al. 1986, Korpimaki et al. 1987, 
and Sonerud et al. 1988). The proportion of adult fe- 
males dispersing farther than 100 km in central Nor- 
way Finland, and northern Sweden were 13%, 17%, 

and 17%. In all cases dispersal over 100 km took place 
between microtine peaks. 

Proportions of males dispersing is more poorly 
documented because of the greater difficulty in trap- 
ping nesting males. In one Finnish study (Korpimaki 
et al. 1987), all retrapped males (n = 23) were caught 
within 5 km of the origmal banding site. Of 170 males 
recovered in Finland, only two have been recovered 
far from their original breeding site (97 and 180 km). 

Based on these patterns, I suggest that boreal owls 
in the United States likely occur in a metapopulation 
structure. The nomadic nature of the species, fre- 
quent movements by adults and young, and the abil- 
ity of individuals to disperse long distances indicate 
the species' behavior facilitates a metapopulation 
distribution. Furthermore, suitable habitat in the 
United States occurs in numerous patches separated 
by tens to hundreds of km (figure 1, also see Move- 
ments as Related to Demography and Metapop- 
ulation Structure later in this chapter). The habitat 
distribution, then, provides a landscape that will 
support small populations each separated by dis- 
tances greater than the normal daily movement and 
normal yearly movement distances of individual 
owls. Linkage among populations, then, results from 
the nomadic movement of adults or exceptional 
long-distance dispersal of some young owls. 

Dispersal Distances 

Adults who disperse over 20 km from a breeding 
site may frequently move long distances as nomads. 
Documenting long movements is difficult, however. 
Lofgren et al. (1986) reported females breeding 550, 
308,289,220,70, and 70 km from their original breed- 
ing site in northern Sweden. In the same study, 
Lofgren et al. (1986) reported males breeding 21 and 
115 km from their original breeding site. Sonerud et 
al. (1988) reported dispersal distances for breeding 
adult females first banded in southeastern or cen- 
tral Norway (figure 2) while Korpimaki et al. (1987) 
summarized dispersal distances for Finland (figure 
3). In Germany, based on owls banded at nest boxes, 
Franz et al. (1984) found 5% of females nesting in 
the same box as the previous year and that the short- 
est 93% (left side of the distribution) of all dispersal 
movements averaged 9.3 km. Of the 2% of females 
who dispersed long distances, the maximum was 
194 km. Other maximum distances include 728 km 
for Norway (Sonerud et al. 1988), 550 km for Swe- 
den (Lofgren et al. 1986), and 550 km for Finland 
(Korpimaki et al. 1987). 



Annual Movements and Site Tenacity 
of Juveniles 

Young boreal owls frequently disperse long dis- 
tances from natal sites but have been recorded breed- 
ing within 0.5 km of their natal site (Hayward, G. D. 
and P. H. Hayward unpublished data from Idaho). 
Korpimaki et al. (1987) reported median distances 
of 88 and 21 km between juvenile male and juvenile 
female banding sites and later at two breeding sites 
in Finland (figures 3 and 4). In Norway, 3 males 
banded as juveniles were recaptured breeding 5-11 
km from the natal site while 9 females had moved 
2-239 lun (Sonerud et al. 1988). Twenty percent of 
recoveries for owls marked as nestlings exceed 100 
km in West Germany (Franz et al. 1984) and 51% in 
Finland (Korpimaki et al. 1987). 

Seasonal Movements 

Patterns of movements associated with seasonal 
cycles have been studied in only one locale (Hay- 
ward et al. 1993). Patterns observed during this study 
in the wilderness of central Idaho may be unique to 
the geographic characteristics of the study area. Win- 
ter and summer home ranges of individual owls 
overlapped extensively but centers of activity for 12 
radio-marked owls shifted. Average elevation of 
roosts used by the owls was 186 (+105) m lower in 
winter than summer. Despite this shift, areas used 
in winter had complete snow cover exceeding 0.5 m 
each winter and the owls frequently used areas with 
1.5-2.0 m of snow accumulation. Snow-free slopes 
occurred within 2 km of most owls' ranges during 
most winters, but owls were not observed using 
these areas. 

Movements Within the Home Range 

Burt (1943:351) defined home range as the area tra- 
versed by an individual in its normal activities of 
food gathering, mating, and caring for young. For 
boreal owls, these movements define how individu- 
als use space during periods when they are not no- 
madic or dispersing. Except during periods of no- 
madism, boreal owls are resident within and be- 
tween years. 

Boreal owls studied in the western United States 
use large home ranges. In Colorado, home ranges of 
two males located on daytime roosts (9 locations 
for each owl spanning 252 and 173 days) encom- 
passed 1,395 and 1,576 ha and overlapped one an- 
other by >90% (Palmer 1986). In central Idaho, nest 
sites occurred in lower portions of home ranges (few 

Figure 3.-Dispersal distances (km, log scale) between ringing 
and recovery sites of Tengmalm's owls ringed as breeding 

females (upper chart) or nestlings (lower charts) and retrapped 
in later years when breeding. Medians (4 km, 88 km, and 21 km) 

are indicated by arrows. N = number of recoveries (from 
Korpimaki et a/. 1987). 

cavities were found at higher elevations) while roost- 
ing and foraging occurred throughout the range. 
Winter ranges covered 1,451 ha (2522; n = 13, range 
320-3390 ha), and summer ranges covered 1,182 ha 
(B34; n = 15, range 229-2386 ha). These estimates of 
home range size are based on modest sample sizes 
and therefore should be considered minimum use 
areas. Harmonic mean estimates (which were used 
in this case) tend to be biased low with small sample 
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size (E. 0. Garton; pers. comm.). 
Boreal owls are very mobile predators; the owls 

frequently traverse much of their home range in the 
course of 2-3 days or weeks (Hayward et al. 198%). 
In spruce-fir forests of Colorado, roosts used on con- 
secutive days averaged 708 m apart (n = 113) (Palmer 
1986). In Idaho, distance between consecutive roosts 
of 14 owls (150 locations of consecutive roosts) av- 
eraged 1,540 m (+446) in winter and 934 m (+348) in 
summer (Hayward et al. 1993). 

Daily Movements 

Diurnal Period 
Boreal owls move little during the day; they gen- 

erally remain within the same forest stand during 
daylight. These owls frequently change roost trees 
but rarely fly over 40 m when changing roosts (Hay- 
ward et al. 1993). Based on studies in Idaho (Hay- 
ward et al. 1993), during daylight boreal owls perch 
quietly with eyes closed a majority of the time (77% 
based on 46 hours of observation on 16 days). Peri- 
ods of sleep rarely exceed 40 minutes and are bro- 
ken by 2-5 minute periods of preening (6% of time) 
and looking about (10% of time). Eating (4%), day- 
time hunting (1 %), and moving among roost perches 
(el  %) are other important daily activities. I observed 
owls hunt during daylight in winter at 2.9% of roost 
locations (n = 448) and in summer at 7.4% (n = 446) 
of roost locations (Hayward 1989). 

Figure 4.-Distance moved and time elapsed between ringing 
and recovery of female Tengmalm's owls ringed as nestlings in 

Norway. Open circles denote dispersals occurring within a 
microtine peak (high prey availability), while filled circles denote 
dispersals involving a microtine decline (low prey availability). 
Males recaptured while breeding are indicated by M, females 
recaptured while breeding by F (from Sonerud et a/. 1988). 

Nocturnal Period 
Nocturnal activity is poorly studied, especially 

outside the breeding season. Boreal owl foraging 
activity is concentrated after dark except in north- 
ern latitudes during summer. During periods of 24- 
hour light, foragng is concentrated between sunset 
and sunrise. 

Event recorders have been employed at nest cavi- 
ties to infer foraging activity patterns of male owls 
provisioning nests. In Finland, during the incuba- 
tion period, prey deliveries generally began 1 hour 
14 minutes after sunset and ended 49 minutes be- 
fore sunrise based on records for 6 years (Korpimalu 
1981). Depending upon latitude and phase of nest- 
ing cycle, night-time activity follows a bimodal pat- 
tern with peaks in nest deliveries during the first 
hours after sunset and again prior to sunrise (Klaus 
et al. 1975, Korpimaki 1981, Hayward 1983). This 
pattern is most apparent in southern latitudes (i-e., 
East Germany, Idaho) and early in nesting. In north- 
ern Scandinavia, a bimodal pattern appears early in 
incubation but the two peaks fuse as daylength in- 
creases and night-time foraging period decreases 
(Korpimaki 1981). The foraging activity period also 
varies depending on phase of the vole cycle. In peak 
vole years, activity lasted longer each night, the 
peaks in activity were more pronounced, and prey 
deliveries after sunrise were more frequent 
(Korpimaki 1981). 

Night-time foraging can be very intense, especially 
when nestlings near fledging. In Idaho, records from 
four nests suggest that females leave the nest once 
each night during incubation (for evacuation) and 
usually twice after the young hatch (Hayward, G. 
D. and P. H. Hayward, unpubl. data). Assuming that 
all records other than for the female's evacuation 
were prey deliveries, deliveries averaged 3.5 (+ 0.33 
SD, n = 84, range = 0-9) during incubation and 5.0 (2 

0.61; SD, n = 6, range = 0-12) during brooding. 
Clutches at the four nests were 2,2, 3, and 3; each 
fledged two young. In Finland, Korpimaki (1981) 
estimated 9.8 deliveries /night during brooding pe- 
riod and 8.0 after the female left the nest. 

Norberg (1970), Bye et al. (1992), and Hayward et 
al. (1993) documented hunting movements of boreal 
owls. Based on these observations, the owls can be 
classified as sit-and-wait predators or searchers (as 
opposed to pursuers) but are very active while hunt- 
ing. During a foraging bout, the birds move through 
the forest in an irregular or zigzag pattern, flying 
short distances between perches (Hayward 1987). 
They spend a majority of time perched; little time is 
spent actively pursuing prey. While perched, the owl 
constantly looks about with rapid head movements, 



apparently responding to forest sounds. 
When foraging, owls usually fly 10 to 30 m be- 

tween hunting perches (Norberg 1970, Hayward 
1987). In Idaho, over 75% of all flights were 25 m or 
less. Although the pattern of flights varied, owls 
observed foraging in Idaho doubled back frequently 
and, thus, covered a relatively small area within sev- 
eral forest stands rather than a long narrow path. 
While searching for prey, boreal owls perch on low 
branches. Perches used during foraging observations 
in Idaho averaged 4 t 0.6 m high (n = 114). Similarly, 
average perch height for 17 owls monitored in Nor- 
way ranged from 1.7 to 8.7 m (Bye et al. 1992). 

Boreal owls may traverse several km during a noc- 
turnal foraging bout. Because daytime roosts appear 
to represent the end of nighttime foraging bouts, 
locations of consecutive daytime roosts suggest the 
magnitude of minimum travel distances (Hayward 
et al. 1987b). Distances between consecutive day 
roosts of 14 owls (7 females and 7 males) on 150 oc- 
casions over 4 years in Idaho ranged from 0-6935 m. 
Mean distances did not differ significantly between 
winter and summer (winter 1540 [+446] m, summer 
934 [*348] m). During nesting, five males roosted 
over 1000 m from their nests 85% of the time (aver- 
age 1729 [kt3311 200-5600 m) (Hayward et al. 1993). 

HABITAT USE 

Broad Habitat Use Patterns 

As year-round residents, boreal owls use similar 
habitats during all seasons. They occur only in for- 
ested landscapes where they nest exclusively in tree 
cavities or artificial nest structures (Mikkola 1983). 
The few studies documenting nesting habitat indi- 
cate the species uses a range of vegetation types de- 
pending on geographic region (e.g., Bondrup- 
Nielsen 1978, Eckert and Savaloja 1979, Palmer 1986, 
Korpimaki 1988a, Hayward et al. 1993). In northern 
portions of their range in North America (Alaska and 
Canada) the owls breed in boreal forest character- 
ized by black and white spruce (Picea mariana, l? 
glauca), aspen (Populus tremuloides), poplar (P. 
balsamea), birch (Betula papyrifera), and balsam fir 
(Abies balsamea) (Bondrup-Nielsen 1978, Meehan and 
Ritchie 1982). In northern Minnesota and Michigan, 
singing sites and nests have been documented in old 
aspen and mixed-forest sites (Eckert and Savaloja 
1979, Lane 1988). In the southern portions of their 
range in North America (Rocky Mountains, Blue 
Mountains, and Cascades) published research docu- 
ments boreal owls in subalpine forest habitats char- 
acterized largely by subalpine fir (Abies lasiocarpa) 

and Engelmann spruce (Picea engelmannii) and tran- 
sition forests within 100 m of this elevation (Palmer 
1986, Hayward et al. 1987a). Because of changes in 
life zones with latitude, an elevation range cannot 
be specified for the entire western region of the 
United States. However, extensive surveys in Idaho 
and Montana in 1984 and 1985 found no owls be- 
low 1,292 m elevation, and 75% of the locations were 
above 1,584 m (Hayward et al. 1987a). Less exten- 
sive surveys in northern Colorado found most loca- 
tions above 3050 m (Palmer 1986). 

In USDA Forest Service Regons 1,2,4, 6,9, and 
10, biologists have documented boreal owls occur- 
ring (but not confirmed breeding) on 26 National 
Forests and confirmed breeding on 11 other Forests 
(Chapter 8, table 2). We asked these biologists for an 
indication of the forest types where boreal owls have 
occurred. Spruce-fir forest was reported more than 
any other type (45% of forests with documented 
breeding). Other forest types in decreasing order of 
frequency were lodgepole pine (Pinus contorta), 
mixed-conifer, Douglas-fir (Pseudotsuga menziesii), 
aspen (Populus tremuloides), black spruce (Picea 
mariana), red-fir (Abies magnifica), and western hem- 
lock (Tsuga heterophylla). 

In Europe, descriptions of breeding habitats have 
included conifer and deciduous forest types. In 
Scandinavia, studies report nests in artificial struc- 
tures hung in pine (Pinus spp.), spruce (Picea spp.), 
and birch (Betula spp.) forest (Norberg 1964, 
Korpimaki 1981, Solheim 1983~). In France, "moun- 
tain pine" (Pinus uncinata and P. sylvestris) forest and 
old forest stands with beech (Fagus spp.) were used 
by owls located by Dejaifve et al. (1990:267) and 
Joneniaux and Durand (1987), respectively. In Ger- 
many, conifer forest with old trees were used for 
nesting (Konig 1969, Jorlitschka 1988). 

Landscape Scale Habitat Use 

Published accounts of boreal owl habitat use from 
North America do not directly address patterns of 
habitat use at the landscape scale. Studies have not 
compared density, productivity, frequency of breed- 
ing attempts, or other measures indexing habitat 
suitability among landscapes with different mixes 
of forest cover. Neither have studies directly exam- 
ined patterns of foraging habitat use across land- 
scapes. 

Indirect evidence from Europe and North America 
does suggest that boreal owls differentiate among 
forest habitats at the landscape scale. Evidence pre- 
sented below supports the general statement by 
Konig (1969) that "in certain parts of [the study] area 



the density of Tengmalm's owls was rather high, 
while in other ... forests no Aegolius existed." 

Studies by Hayward et al. (1993) in Idaho provide 
some indirect information on landscape scale habi- 
tat use patterns. Nest sites and singing sites (con- 
sidered representative breeding habitat) were not 
distributed randomly throughout the study area. 
Nesting was concentrated in mixed-conifer and as- 
pen forests with no nesting in lodgepole pine forest 
and infrequent nesting in spruce-fir forests. In con- 
trast, summer roost sites and foraging sites were 
concentrated in spruce-fir forests. Due to the natu- 
ral segregation of forest types used for nesting and 
those used for roosting and foraging, habitat used 
for different ecological functions was segregated in 
the landscape. All the resources used by the owls 
were not provided by any single vegetation type 
leading to a complex pattern of habitat use. Spruce- 
fir forest in this study area had few potential nest 
cavities but small mammal sampling documented 
that this type supported the most abundant prey 
populations. In contrast, nest cavities were abundant 
in mixed conifer forest that supported few prey. Our 
discussion of microhabitat later provides some in- 
sight into landscape patterns through the examina- 
tion of differences in habitat quality at the stand 
scale. 

Korpimaki (1988a) provides a more direct exami- 
nation of differences in habitat quality at the land- 
scape scale from his studies in Finland. He rated ter- 
ritory quality of 104 nest sites based on frequency of 
use over 10 years. Territory occupancy varied from 
0 to 9 nestings in 10 years. Poor territories (never 
occupied) occurred in extensive, uniform forests 
dominated by pine (Pinus sylvestris). These territo- 
ries had little spruce forest and a high proportion of 
marshland. The proportion of pine forest decreased 
and the proportion of spruce forest (Picea abies) and 
agriculture land increased with increasing grade of 
territories (those with more frequent nesting). The 
conclusion that territories with spruce forest and 
agricultural land (in small patches) were the high- 
est quality habitat was corroborated by evidence 
beyond the frequency of nesting. High quality sites 
supported breeding during prey crashes, mean 
clutch size was higher (P < 0.05), and number of 
fledglings was generally greater (P c 0.05) than other 
sites. Poor territories (occupied O,1, or 2 times) sup- 
ported breeding only during peaks in the well-docu- 
mented vole cycle (Korpimaki 1988a and references 
therein). 

Korpimaki (1988a) explained this pattern based on 
variation in the abundance and stability of small 
mammal populations across the vegetation catego- 

ries. Spring and fall densities of Clethrionomys 
glareolus, a major small mammal prey, were three 
times higher in spruce than pine forests (Korpimaki 
1981). The mean densities of small birds, important 
alternative prey, were also higher in spruce forests 
than in pine (331 versus 260 pairs/ krn2) (Korpimaki 
1981). Furthermore, small mammal populations 
were more stable in the spruce forests than other 
types (Korpimaki 1988a). Korpimaki (1988a) pointed 
out that the pattern of habitat occupancy (virtually 
all habitats used in vole peaks but only "good" ter- 
ritories occupied during cyclic lows) fit the Fretwell 
and Lucas (1969) "ideal free" model of habitat use. 
Thus the size of the breeding population strongly 
influenced the pattern of habitat use at the landscape 
scale. 

Home Range Scale Habitat Use 

Home range size and movements within boreal 
owl home ranges was discussed in the Movements 
Within the Home Range section. Research in North 
America has not directly examined patterns of habi- 
tat use within individual home ranges except at the 
microhabitat scale which is discussed below. Patricia 
Hayward and I are currently analyzing data col- 
lected during the study reported in Hayward et al. 
(1993) at the home range scale but results are not yet 
available. 

Sonerud et al. (1986) provide some data at this scale 
based on observations of a single radio-marked male 
owl followed on five nights. Because the results stem 
from observations of a single bird during a single 
week, general patterns cannot be inferred. The re- 
sults are important, however, because they are the 
only data currently available and the pattern ob- 
served corroborates results reported throughout this 
section. The owl used an area of 205 ha during the 5 
nights (based on 107 nocturnal locations using a 
minimum convex polygon estimator). Nightly use 
areas ranged from 40-78 ha and the maximum dis- 
tance between foragng areas and the nest for each 
night varied from 1030-1320 m. While foraging, the 
owl favored old forest and avoided clear cuts and 
young plantations in spite of lower prey densities 
in the former (Sonerud et al. 1986:105). 

Microhabitat 

Nest Sites 
A majority of nest site locations described in the 

literature have not resulted from efforts designed to 
survey a range of habitats to determine both habi- 
tats used and those not used. The results, then, can- 



not be interpreted as an indication of selection but 
rather to describe some subset of used habitats. In 
Alaska, eight nests located near Fairbanks occurred 
in closed-canopy deciduous or mixed forest; none 
occurred in uniform conifer forest (Meehan and 
Ritchie 1982). Of five nests in natural cavities, four 
occupied flicker holes and one a natural cavity. In 
Canada, Bondrup-Nielsen (1978) located 6 nests, all 
in aspen-3 in live trees, 3 in snags. Minnesota nests 
have been documented in old aspen clones inter- 
mixed with conifers (Eckert and Savaloja 1979 and 
Lane 1988). In a more extensive investigation involv- 
ing 9 National Forests in Montana and Idaho, 76% 
of 49 boreal calling sites (recognized as potential 
breeding sites) occurred in mature and older forest 
stands (Hayward et al. 1993). The exceptions were 
locations in lodgepole pine (Pinus contorta) stands 
in drainages where lodgepole was the only forest 
type. The majority (88% of 49 observations) of owls 
were located in stands on subalpine-fir habitat types. 
Proportions for other habitat types included Engel- 
mann spruce (3%), Douglas-fir (6%), and western 
hemlock (3%). 

During 4 years of study in the wilderness of cen- 
tral Idaho, Hayward et al. (1993) documented nests 
in stands of old mixed-conifer (ll), old Engelmann 
spruce (7), old aspen (5), and old Douglas-fir (5) for- 
est. A nest box experiment in the same area sug- 
gested that owls avoided nesting in forests lacking 
the structural features of mature and old forest when 
alternate sites in old forest were available (Hayward 
et al. 1993). This study did examine available forest 
structure and compared used sites with a sample of 
available sites. Forest structure at nest sites differed 
from the random sample (101 sites) of available for- 
est. Used sites occurred in more complex forest, with 
higher basal area, more large trees, and less under- 
story development than available sites. The forest 
immediately around nest trees had an open struc- 
ture. Density of trees 2.5 to 23-cm-dbh (diameter at 
breast height) in a 0.01-ha plot around the nest tree 
averaged 398 2 162/ha (range 0-1,482). The density 
of trees at nests was three times lower than the aver- 
age at winter roost sites. Nest sites averaged 57 (216) 
trees/ha over 38 cm dbh, 17.8 (23.1) m2/ ha basal 
area, and 30 % (k4.3) overstory (> 8 m above ground) 
canopy cover (this is not total canopy cover but cover 
of upper canopy). Stands used for nesting supported 
an average of 9 (k6.0) snags per ha over 38 cm dbh. 
Size of the stand containing the nest ranged from 
0.8-1.3 ha in aspen and 1.6-14 ha in conifer forest. 

The range of sites used by boreal owls is quite 
broad despite the evidence that the species chooses 
particular forest structures when a variety of nest 

sites are available. In Idaho and Norway nest boxes 
in clearcuts have been used (see Sonerud 1989 and 
Hayward et al. 1992). The use of these sites, how- 
ever, does not indicate that this is high quality habi- 
tat. 

Nest Tree and Cavity Characteristics 
Boreal owls are secondary cavity nesters and nest 

primarily in cavities excavated by pileated wood- 
pecker (Dryocopus pileatus) and northern flicker 
(Colaptes auratus) in North America, and black wood- 
pecker (Dryocopus martius) cavities or nest boxes in 
Europe. In central Idaho 18 of 19 nests were attrib- 
uted to pileated woodpeckers; a northern flicker 
probably excavated the other. Cavity dimensions 
averaged 31 cm (27.61; n=19, range 7-50) deep and 9 
cm (22.11 range 15-26) horizontally. Cavity entrances 
measured 102 mm (212.41 range 64-150) high and 
95 mm (211.89 range 56-148) wide (Hayward et al. 
1993). 

Nests located in Idaho were generally in large trees 
or snags. Tree diameter at the cavity averaged 41 -. 
5.21 cm (range 26-61 cm) and tree dbh averaged 64 
+ 11.02 cm (range 33-112 cm). The smallest of these 
were all aspen and, therefore, still larger trees grew 
in the nest stand. Ten (of 19) nests occupied snags, 
including eight ponderosa pine, one aspen, and one 
Douglas-fir. Snag condition included 3 old branch- 
less snags A1 m tall, 2 hard snags with sloughing 
bark and only large branches remaining, and 5 
young snags with bark and complete limbs (Hay- 
ward et al. 1993). 

In contrast with nest conditions in the United 
States, over 90% of some Scandinavian populations 
nest in artificial structures. This pattern is attributed 
to the scarcity of primary cavity nesters and paucity 
of large old trees (Korpimaki 1981,1985). 

Roost Sites 
Three studies in North America addressed roost- 

ing habitat: one in Canada by Bondrup-Nielsen 
(1978), one in Colorado by Palmer (1986), and one 
in Idaho by Hayward and Garton (1984) and Hay- 
ward et al. (1993). These studies demonstrate that, 
unlike many forest owls, individual boreal owls roost 
at many different sites and choose roosts dispersed 
widely throughout their home range. The available 
evidence suggests that under some circumstances 
(see below) the owls select particular forest condi- 
tions for roosting but much of the time are 
unselective. 

In Canada, 30% of 30 roosts located in spring and 
summer were in aspen or birch; the remainder were 
in conifers (Bondrup-Nielsen 1978). Based on com- 



parison with paired random sites, Bondrup-Nielsen 
(1978) concluded that the owls were not selective in 
roost choice. In Colorado, 174 roosts located in win- 
ter and summer did not differ significantly between 
seasons although low statistical power may have led 
to this conclusion. It was not clear from the analysis 
whether forest structure at roosts differed from 
paired random sites. Combining seasons, roost sites 
averaged 14.7 trees/ ha >39 cm dbh, 6 snags / ha, and 
44% canopy cover (Palmer 1986). Average species 
composition of roost stands were 42% Engelmann 
spruce, 42% subalpine fir, and 6% lodgepole pine 
suggesting that the owls choose late successional 
stands for roosting. 

In Idaho, based on habitat measurements from 430 
roosts used by 24 radio-marked owls, habitat type 
(as defined by Steele et al. 1981) and forest structure 
differed between roosts used in winter and summer 
(P < 0.001, Hayward et al. 1993). Forest stands used 
for winter roosts averaged 58% canopy cover, 26 m2/ 
ha basal area, 1,620 trees/ ha with 2.5-23 cm dbh, and 
165 trees/ ha over 23.1 cm dbh. Summer roosts aver- 
aged 63% canopy cover, 30 m2/ha basal area, 2,618 
trees/ ha with 2.5-23 cm dbh, and 208 trees/ ha over 
23.1 cm dbh. Winter and summer roosts differed in 
all aspects of forest structure measured. All roosts 
(n=882) were in conifers; the owls were never ob- 
served roosting in cavities as is reported in Europe 
(Korpimaki 1981). 

In the same study, roost sites were compared with 
paired random sites using a paired Hotelling's T2 
(189 winter, 241 summer sites). The results provided 
strong evidence for selection in summer, but results 
for winter also suggested selection (winter P = 0.021; 
summer P < 0.0001). Summer roosts occurred at cool 
microsites with higher canopy cover, higher basal 
area, and greater tree density than paired random 
sites (Hayward et al. 1993). When the authors com- 
pared temperature at the roost and in the nearest 
opening (both temperatures taken in the shade while 
the owl was roosting), roost sites where significantly 
cooler when ambient temperatures exceeded 4" C 
(P < 0.001). The difference in temperature increased 
with increasing ambient temperature and the owls 
gullar fluttered when temperatures were as mild as 
20" C. The authors concluded that in summer, the 
owls chose cool microsites for roosting to avoid heat 
stress. In winter, the owls did not appear to be ther- 
mally stressed and used a wider variety of roost con- 
ditions. 

Foraging Sites 

The nocturnal foraging pattern of boreal owls has 
hampered attempts to study foraging habitat use 

(Hayward 1987). Therefore, the inferences concern- 
ing foraging habitat are largely based on indirect 
evidence. 

Studies in Idaho (Hayward 1987, Hayward et al. 
1993) based on roost locations (assumed to repre- 
sent the end of a foraging bout) suggest that mature 
and older spruce-fir forests were important for for- 
aging. Owls were observed successfully foraging in 
these forests and the locations of radio-tagged birds 
also indicated male owls were hunting in these for- 
ests while feeding young at nests located at lower 
elevations. Data on prey distribution and food hab- 
its further supported this contention (Hayward et 
al. 1993). ~almer 's  (1986) observations in Colorado 
also indicated older spruce-fir forest was used for 
hunting. 

Studies in Norway also noted the importance of 
mature spruce forest for foraging (Sonerud 1986, 
Sonerud et al. 1986). Direct observations and diet 
indicated that during winter and summer the owls 
foraged primarily in older forest sites. In early 
spring, immediately following snowmelt, owls 
hunted clearcuts for a short period until lush veg- 
etation developed. Owls favored mature forest dur- 
ing winter because snow conditions (uncrusted 
snow) facilitated access to prey. In summer, mature 
forest sites had less herbaceous cover than open sites 
that allowed greater access to prey. Following spring 
thaw, before herbaceous vegetation became dense, 
owls shifted to openings where densities of voles 
exceeded densities in forested stands. 

In his 1987 address to the Northern Owl Sympo- 
sium, Norberg (1987) highlighted the morphologi- 
cal adaptations of Aegoliusfunereus that facilitate for- 
aging in forest stands at night. He noted the extreme 
skeletal asymmetry that facilitates ocular prey de- 
tection and localization under dark forest conditions. 
The short, broad, rounded wings of the boreal owl 
facilitate silent, agile flight in tight forest conditions. 
These morphological characteristics open up possi- 
bilities for exploiting habitat types unavailable to 
species lacking the traits. He also noted that the light 
wing-loading of boreal owls allow individuals to 
efficiently forage among habitat patches dispersed 
throughout their home ranges without expending 
excessive energy commuting between patches. Fur- 
thermore, the light wing-loading reduces the cost of 
foraging at distant sites and transporting prey back 
to the nest. This line of reasoning corroborates the 
limited observations that suggest that small, dis- 
persed patches of high quality foragng habitat (high 
prey availability) are hunted by boreal owls who use 
large home ranges. 



Morphology, of course, is not the only potential 
explanation for observed habitat use patterns. Preda- 
tors and competitors may also influence foraging 
habitat use. 

FOOD HABITS 

Foraging Movements 
Boreal owls hunt primarily after dark except in 

northern regions without summer darkness 
(Norberg 1970, Mikkola 1983). In southern areas the 
species exhibits a biphasic rhythm with peaks of 
activity 2000-2200 h and 0200-0500 h (Mikkola 1983). 
Prey deliveries at monitored nests in Idaho (Hay- 
ward, G. D. and P. H. Hayward, unpubl. data) never 
occurred between sunrise and sunset; however, owls 
observed on daytime roosts (n = 882) occasionally 
hunted in daylight (13 observations in winter, 33 
observations in summer) (Hayward et al. 1993). On 
10 occasions the author observed owls capture prey 
from daytime roosts. 

Boreal owls forage using sit and wait tactics (as 
opposed to pursuit). Four owls observed foraging 
on 13 occasions in Idaho moved through the forest 
in a zigzag pattern, flying short distances (2 = 25 28 
m; n = 123) between perches. Perch heights aver- 
aged 4 (20.6 n = 114) m, and owls watched for prey 
for less than 5 minutes on 75% of 150 perches (Hay- 
ward et al. 1993). Norberg (1970) recorded perch 
heights averaging 1.7 (0.5-8) m (n = 154) and flight 
distances of 17 (2-128) m, and Bye et al. (1992) re- 
corded similar observations. 

Prey Capture 
Boreal owls observed in Idaho usually attacked 

prey within 10 m of their hunting perch (Hayward 
et al. 1993). In Norway, Bye et al. (1992) reported at- 
tack distances (direct distance between the owl and 
the prey) from 2.2 to 12.6 m. Successful attacks aver- 
aged 5.3 m (n = 10) and unsuccessful attacks 6.1 m 
(n = 10). Norberg (1970) describes pouncing and kill- 
ing behaviors in detail. He (Norberg 1970, 1987) 
notes observations of boreal owls capturing prey 
either under the snow surface (plunge diving) or 
obscured by vegetation. The ability to locate prey 
aurally is attributed to the extreme asymmetry of 
the owl's skull (Norberg 1978,1987), which permits 
localization of sounds in vertical, as well as horizon- 
tal, directions. 

In North America, usual prey species are voles, 
particularly red-back voles (Clethrionomys gapperi), 
heather voles (Phenacomys intermedius), northern bog 
lemming (Synaptomys borealis), and Microtus spp.; 
mice, including deer mice (Peromyscus spp.) and 
jumping mice (Zapus princeps); shrews, (Sorex spp .); 
northern pocket gophers (Thomomys talpoides); squir- 
rels, including northern flying squirrels (Glaucomys 
sabrinus) and chipmunks (Tamias spp.); birds, espe- 
cially thrushes (Catharus spp.), warblers, dark-eyed 
junco (Junco hyemalis), red crossbill (Loxia curvirostra), 
American robin (Turdus migratorius), mountain 
chickadee (Parus gambelz], common redpoll (Carduelis 
flammeus), kinglets, and woodpeckers; and insects, 
especially crickets (Bondrup-Nielsen 1978, Palmer 
1986, Hayward and Garton 1988, Hayward et al. 
1993). Weasel (Mustela spp.), woodrat (Neotoma 
cinerea), juvenile snowshoe hare (Lepus americanus), 
and pica (Ochotona princeps) represent unusual prey. 

Within North America, little difference in diet is 
apparent between studies in Alaska (T. Swem, pers. 
comm.), Canada (Bondrup-Nielsen 1978), and the 
Rocky Mountains (Palmer 1986, Hayward et al. 1993). 
In each locale, red-backed voles (Clethrionomys spp.) 
and Microtus spp. were dominant prey. 

Boreal owl food habits have been studied more 
thoroughly in Europe; for a summary see Cramp 
(1977). The results are surprisingly similar to North 
America. Clethrionomys sp. and Microtus sp. domi- 
nate the diet in most cases. Results suggest, how- 
ever, that in Scandinavia, boreal owls consume more 
voles associated with open habitats than are re- 
corded in the Rocky Mountains of North America. 
This could be due to differences in habitat charac- 
teristics in particular study areas, in the owls forag- 
ing behavior, in predation risks, or in competitive 
interactions. 

Quantitative Analysis 
Most samples of boreal owl prey in North America 

are small. Bondrup-Nielsen (1978) reported 58 indi- 
vidual prey from his two study sites in Canada, 
Palmer (1986) recorded 72 prey found in 4 years in 
Colorado, and Hayward et al. (1993) reported 914 
prey identified from 4 years in Idaho (table 1). These 
data are not sufficient to make in-depth compari- 
sons between geographic areas, examine functional 
or numeric responses to changes in prey popula- 
tions, or predict changes in diet or owl demography 
in response to changes in prey populations. As a 
group, however, these investigations cover a broad 
geographic area and provide a sound basis for gen- 



eralizations concerning boreal owl diet in North 
America. 

The breadth of prey represented in the boreal owl 
diet contrasts with the narrow range of prey taken 
frequently. The data suggest that the boreal owls are 
vole specialists under most circumstances. Microtus 
and Clethrionomys constituted 45 and 31% (by fre- 
quency) of prey identified from the two study sites 
in Canada (Bondrup-Nielsen 1978). In Colorado, 
Clethrionomys and Microtus were 54 and 25% of the 
diet (Palmer 1986). In Idaho, red-backed voles were 

the most frequent prey in summer (35% by fre- 
quency) and winter (49% by frequency) (32 owls over 
4 years). In terms of prey biomass, red-backed voles 
accounted for 37% of the annual prey. Northern 
pocket gophers (26%) and Microtus spp. (11%) were 
the only other species accounting for over 10% of 
the annual prey biomass (Hayward et al. 1993). 
Northern flying squirrels were captured by female 
owls in winter and accounted for 45% of winter prey 
biomass. Overall, small mammals accounted for 79% 
of prey (95% of estimated biomass). 

Table 1. - Diet of boreal owls in Idaho (Hayward et al. 1993), Colorado (Palmer 1986), and Canada (BondrupNielsen 1978) based on pellets 
and prey identified from nests. 

Idaho Colorado Canada 
% of prey Biomass1 % of prey % of prey 

Prey items (%) items items 

Mammals 
Red-backed vole 36 37 54.2 31 

(Clethrionomys spp.) 
Northern pocket gopher 10 26 

(Thomomys talpoides) 
Unidentified shrews 11 3 

(Sorex spp.) 
Unidentified voles 9 11 

(Microtus spp.) 
Deer mouse 6 5 

(Perom yscus manicula tus) 
Heather vole 4 3 

(Phenacomys intermedius) 
Northern flying squirrel 1 7 

(Glaucomys sabrinus) 
Chipmunk 2 3 

(Tamias spp.) 
Jummping mouse 2 1 

(Zapus princeps) 
Woodland jumping mouse 

(Napaeozapus insignis) 
Pica tr2 tr 

(Ochotona princeps) 
Woodrat tr tr 

(Neotoma cinerea) 
Unidentified weasel t r tr 

(Mustela spp.) 
Water vole tr tr 

(Microtus richardsoni) 
Birds 5 3 7 5 
Insects 13 1 

Total count 914 - 72 58 

Biomass calculated using values from Hayward et a/. (1993). 
tr indicates <I %. 
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Quantitative results from Europe demonstrate a 
similar pattern. Microtus and Clethrionomys dominate 
the diet in most locales but a more varied diet is evi- 
dent in more southern populations (Korpimaki 
1986b). In an 8 year study documenting contents of 
67 owl nests in central Finland, Jaderholm (1987) 
found Clethrionom ys spp. and Microtus agestis to- 
gether accounted for 80% of Tengmalm's owl prey 
biomass. Shrews were the next most important prey, 
accounting for 18% of individual prey and 8% of the 
biomass. Korpimaki's (1986~~ 1988b, Korpimaki and 
Norrdahl 1989) work in western Finland reveals a 
similar pattern. Microtus spp. were the most abun- 
dant prey in nests (45% by frequency), followed by 
Clethrionomys spp. (32%), shrews (15%~)~ and birds 
(5%). Values for prey identified from pellets differed 
in that shrews dominated the sample (33% by fre- 
quency), followed by Microtus spp. (27%), 
Clethrionomys spp. (24%), and birds (12%). 

In Czechoslovakia, mice (especially Apodemus spp. 
and Muscardinus avellanarius, together 18% of prey 
biomass) were more important in the diet than in 
more northern populations and the diet included 
more species of mammals (24 species) (Kloubec and 
Vacik 1990). Microtus spp., Sorex spp., and 
Clethrionomys spp. were still major prey, together 
accounting for 39% of prey biomass. This study sum- 
marized information from 11 sites distributed 
throughout Czechoslovakia. Schelper (1989) summa- 
rized information from another southern population, 
in Germany. Apodemus spp. dominated the prey 
(39%) followed by Microtus spp. (25%), Clethrionomys 
spp. (14%), Sorex spp. (12%), and birds (6%). 

Marti et al. (1993) summarized results of 20 papers 
from Europe and 4 from North America and found 
the geometric mean weight of prey for 4 regions in 
Europe, moving northward, to be 14.7,17.6,15.0, and 
19.9 g; and 19.2 and 22.2 g for the Rocky Mountains 
and Alaska, respectively. In Europe, food-niche 
breadth declined from southern to northern popu- 
lations while in North America food-niche expanded 
in northern populations (Marti et al. 1993). 

Seasonal Variation 
Boreal owl diets differ from winter to summer due 

to the natural variation in availability of prey due to 
snow cover and the hibernation of some small mam- 
mal prey. In Idaho, northern pocket gophers (one of 
the most frequent summer prey), western jumping 
mice, and yellow-pine chipmunks were all unavail- 
able in winter. The owls relied on southern red- 
backed voles for nearly 50% of winter prey. Flying 
squirrels were captufed far more frequently in win- 
ter than summer. Of 12 recorded flying squirrel prey, 

11 were captured during winter, 10 of these by fe- 
males. The squirrels represented 45% of prey biom- 
ass recorded for female owls during winter, indicat- 
ing the importance of these prey when other p ~ y  
are less available. During summer, southern red- 
backed voles continued to be the most frequent prey 
and accounted for 31 % of prey individuals. The owl 
summer diet was diverse compared to winter with 
the addition of chipmunks, jumping mice, and crick- 
ets. The relative importance of birds in the diet did 
not change between seasons (5% by frequency). 

In Finland, the owl's diet shows a marked seasonal 
pattern that varies depending on the stage of the 
multi-year vole cycle (tables 2 and 3). This study cov- 
ered the period January-June from 1973-1985 and 
included four peak vole phases. In all years, birds 
were important from January through mid-March 
(24-24% of diet by frequency) and in late May and 
June (8 - 27%) while shrews increased in the diet as 
they matured in late April. In good vole years, 
Microtus spp. were taken most frequently in late 
March and April (7444% of diet) and formed 35- 
49% of the diet in other months. During the high 
vole years, Clethrionomys captures increased in late 
April as Microtus became less important. In poor vole 
years the frequency of Clethrionomys in the diet in- 
creased earlier in March, when they accounted for 
51% of the diet; Clethrionomys captures remained 
high through May. 

Yearly Variation 
In Idaho, Clethrionomys gapperi varied from 26 to 

45% of the annual diet (by frequency) over 4 years 
(Hayward et al. 1993). Deer mice, pocket gophers, 
and heather voles (Phenacomys intermedius) increased 
in years when Clethrionomys was less frequent. Years 
with a low proportion of Clethrionomys were poor 
breeding years for the owl. The frequency of Microtus 
spp. remained relatively constant during this study 
and averaged 11%. The frequency of shrews and 
birds also remained relatively constant. 

In Finland, the owl's diet varied sharply among 
years in response to the well documented (e.g., 
Hansson and Henttonen 1985) vole cycle (Korpimaki 
1988b). The proportion of Microtus in diet correlated 
positively (Spearman rank correlation: r = 0.86, P < 
0.001) with the abundance of these voles in spring 
trapping samples and varied from 6 to 71 % of the 
diet (Korpimaki 1988b). Proportions of shrews and 
birds in the diet varied inversely with the numbers 
of Microtus. The proportion of Clethrionomys in the 
diet correlated positively with the proportion of 
Microtus (rs = 0.46, P < 0.10) and varied from 3 to 
45% of prey. 



Table 2.-The seasonal changes in the food composition (as percentages by number) of the Tengmalm's owl during the first half of the year 
in peak vole years (pooled data from 1973, 1977,1982, and 1985). The statistical significance of the differences between consecutive time 
periods was examined using chi-square tests. From Korpimaki (1 986~). 

Time periods Total 

1 Jan.-15 16-31 1-15 16-30 1-15 16-31 1-30 
Prey groups March March April April May May June 

Shrews 17.3 2.4 4.6 15.9 10.5 15.8 20.0 11.8 
Water vole - - - - 0.2 - - 0.1 
Bank vole 17.3 11.2 15.5 34.0 34.1 27.2 20.0 27.7 
Microtus spp. 34.7 84.0 74.0 46.6 49.0 45.1 48.0 52.4 
Murids 6.7 2.4 5.5 2.8 5.6 - - 4.1 
Birds, adults 24.0 - 0.5 0.7 0.7 12.0 8.0 3.9 

nestlings and young - - - - - 4.0 0.1 
total birds 24.0 - 0.5 0.7 0.7 12.0 12.0 4.0 

No. of prey items 150 125 219 427 602 184 25 1732 
Diet width 9.04 2.49 3.12 4.02 3.98 5.15 4.25 
X2 45.80 26.38 65.39 13.64 54.80 5.49 
df 4 4 5 5 5 4 
PC 0.001 0.001 0.001 0.05 0.001 ns 

Table 3.-The seasonal changes in the food composition (as percentages by number) of the Tengmalm's owl during the first half of the 
year when vole populations were not at a peak (pooled data from 1974-76,1978-81, and 1983-84). Statistical analysis same as in table 1. 
From Korpimaki (1 986~). 

1 Jan.-15 16 March- 16-30 1-15 16-31 1-30 
Prey groups March 15 April April May May June Total 

Shrews 11.9 17.1 26.0 24.0 36.8 45.8 25.2 
Red squirrel - 0.3 - - - - 0.0 
Water vole - 0.3 0.3 0.2 - 0.6 0.2 
Bank vole 
Microtus spp. 
Murids 
Birds, adults 

nestlings and young 
total birds 

No. of prey items 
Diet width 

Energetics which is similar to Korpimaki's estimate for a 29-30 
day nestling period. Prey biomass provided for each 

During the nestling period, young owls in Finland nestling changed little for broods from 2-7 nestlings 
consume an average of 21 g per bird per day and but was higher when only one nestling was present 
captive adults 65 g /day  (Korpimaki 1981). (about 1,600 g) (Jaderholm 1987:Fig 3). 
Jaderholm (1987) calculated that during nesting, As an indirect measure of prey consumed in Idaho, 
young boreal owls are provided about 650 g of prey, Patricia Hayward and I monitored four nests with 
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mechanical event recorders triggered by a perch 
mounted at the cavity. These records suggested that 
the female left the nest once each night during incu- 
bation (for gut clearing) and usually twice after the 
young had hatched. Assuming that all records other 
than female gut clearing were prey deliveries, de- 
liveries averaged 3.5 (k0.33; n = 84 nights of records; 
range 0-9) during incubation and 5.0 (k0.61; n = 76 
nights; range 0-12) during brooding. Clutches at the 
four nests were 2, 2, 3, and 3; each fledged two 
young. Korpimaki (1981) estimated 9.8 deliveries/ 
night during brooding period and 8.0 after the fe- 
male left the nest. 

Temperature Regulation 

No data have been published on thermal neutral 
zone, basal metabolic rate, and metabolism while 
active. Winter and summer roost characteristics in- 
dicate boreal owls in central Idaho were not stressed 
by winter conditions but chose roosts to reduce sum- 
mer heat stress (Hayward et al. 1993). Gullar flutter- 
ing was noted only in summer but occurred when 
temperatures at roosts were as mild as 18°C and 23"C, 
suggesting the owls are easily heat stressed. 

Food Caches 

Immediately prior to nesting (1-2 weeks) and dur- 
ing nesting, prey are cached in the nest cavities 
(Norberg 1987). In Finland (13-year study Korpimaki 
1987a), the size of nest caches was related to phase 
of the vole cycle. During peak phase, caches aver- 
aged 6.9 itemslnest weighing 89.3 g; in low phase, 
1.5 items/ nest weighing 19.6 g. Clethrionomys 
glareolus were the most common cached prey. Prey 
are also cached at roosts. In Idaho, owls were ob- 
served retrieving cached prey or caches were ob- 
served near roosting owls at 17% of summer and 
4% of winter roost locations (n = 882). 

ECOLOGY OF PRINCIPAL PREY 

Forest dwelling small mammals dominate boreal 
owl diets in most regions (see previous Food Habits 
section). In North America, important species in- 
clude red-backed voles, flying squirrels, deer mice, 
shrews, and pocket gophers. Microtine voles are also 
important throughout the species' range and seem 
to increase in importance in more northern latitudes. 
In this section I will briefly review the ecology of 
several prey species that occurred frequently in bo- 
real owl diets in the United States: red-backed vole, 
deer mouse, flying squirrel, and other voles (Palmer 

1986, Hayward et al. 1993). This review is intended 
only to give the reader a preliminary understand- 
ing of small mammal prey as a background for the 
remainder of the conservation assessment. I concen- 
trate on habitat use and food habits of the selected 
prey species. 

Red-Backed Vole 

The genus Clethrionomys, or red-backed voles, oc- 
curs throughout the range of boreal owls and repre- 
sents an important prey genus in all populations 
studied. These 20-30 g voles are active year-round 
and their circadian activity pattern includes periods 
of foraging throughout the 24 hour cycle (Stebbins 
1984). Red-backed voles do not form colonies but 
nest singly or in family groups in natural cavities, 
abandoned holes, or nests of other small mammals 
near the ground surface. During winter they spend 
most of their time at the snow-ground interface. 

The genus occurs almost exclusively in forest habi- 
tats although Whitney and Feist (1984) describe 
populations occurring in grassland habitats in 
Alaska. Merritt (1981:4) characterizes their habitat 
as "chiefly mesic habitats in coniferous, deciduous, 
and mixed forests with abundant litter of stumps, 
rotting logs, and exposed roots." In Idaho, red- 
backed voles were most abundant in mature and 
older spruce-fir forest where they were the most 
abundant small mammal (Hayward et al. 1993). The 
relationship between forest successional stage and 
red-backed vole abundance appears to vary geo- 
graphically. In the western and northeastern portions 
of North America, red-backed voles are most abun- 
dant in mesic, mature conifer forest, particularly 
spruce-fir forests (Brown 1967, Scrivner and Smith 
1984, Millar et al. 1985, Raphael 1988). In these re- 
gions red-backed voles decline sharply after 
clearcutting (Campbell and Clark 1980, Ramirez and 
Hornocker 1981, Halvorson 1982, Martell 1983a, 
Medin 1986). Martell (1983b) showed that the loss 
of red-backed voles from clearcuts may lag 2-3 years, 
but the voles were still rare after 13 years. In con- 
trast to the radical population changes observed af- 
ter clearcutting, red-backed vole populations re- 
mained abundant after patch cutting (3 acre 
clearcuts) and selection harvest in several locales 
(Campbell and Clark 1980, Ramirez and Hornocker 
1981, Scott et al. 1982, Martell 1983b). Wywialowski 
(1985), using voles caught in Utah and placed in an 
artificial experimental arena, showed that the voles 
preferred areas with greater overstory cover. 

Observations in the central and southeastern por- 
tion of the speciesf range suggest a more varied pat- 



tern of habitat use (see references in Merritt 1981). 
In Minnesota, Michigan, Maine, and Nova Scotia 
red-backed voles were common, or in some cases, 
most. abundant in clearcut sites or sapling stages fol- 
lowing cutting (Swan et al. 1984, Probst and Rakstad 
1987, Clough 1987). The pattern seems to be associ- 
ated with moist deciduous forests where sites remain 
mesic after deforestation. 

Food habits of red-backed voles fit their associa- 
tion with forest habitats. Hypogeous 
ectomycorrhizal and surface fruiting fungi are domi- 
nant foods in many regions (see references in Merritt 
1981 and Ure and Maser 1982). These fungi are as- 
sociated with tree roots, rotting logs, and litter on 
the forest floor in mesic forest stands. Fruticose li- 
chen, particularly the arboreal Bryoria spp., are im- 
portant food across the species' range, especially in 
winter (Martell and Macaulay 1981, Ure and Maser 
1982). In Ontario, lichen and fungi together formed 
80-89% of the diet across four study sites (Martell 
and Macaulay 1981). Ure and Maser (1982) noted 
that lichen is especially important to voles at higher 
elevations where the fruiting season for fungi is brief. 
Other foods include green vegetation (e.g. leaves of 
Vaccinium spp.), seeds, berries, and some insects in 
summer and autumn. 

Non-Forest Voles 

Voles in the genus Microtus are consumed by bo- 
real owls throughout the owl's range in North 
America (table 1). Predation on Microtus is especially 
significant because these 25-40 g rodents occur most 
commonly in nonforested habitats. Microtus are ac- 
tive year round; they nest on the ground surface in 
grass nests and live at the snow-ground interface 
during winter. Microtus feed almost exclusively on 
leafy vegetation and the inner bark of small trees 
and shrubs (Vaughan 1974). Numerous studies dem- 
onstrate that, aside from dispersing individuals, 
these voles do not occur in forest stands (see refer- 
ences in Johnson and Johnson 1983). Populations will 
occur in small (several acres) grassland or shrub 
openings in otherwise forested landscapes. 

Deer Mouse 

Deer mice (Peromyscus spp.) are eaten frequently 
by boreal owls throughout North America but never 
are the dominant prey. These 20-30 g mice are highly 
nocturnal (Stebbins 1984) and active year-round. 
Deer mice are partially arboreal (Getz and Ginsberg 
1968). Their diet is omnivorous, being dominated 
by seeds (Martell and Macaulay 1981). Compared 

with other small rodents their population densities 
are relatively stable (Van Horne 1982). 

Deer mice occupy both forested and open habi- 
tats from desert to temperate rain forest. Within the 
geographic range and life zone used by boreal owls, 
deer mice occupy most habitats. In the mountains 
of Colorado deer mice were captured in a wider va- 
riety of montane habitats than other rodents (Will- 
iams 1955). In Idaho, deer mice were captured in 
spruce-fir forests, Douglas-fir forests, lodgepole pine 
forests, ponderosa pine forests, and sagebrush- 
bunchgrass openings. Wet meadows were the only 
habitats where the mice did not occur (Hayward et 
al. 1993). In most locales these mice increase or re- 
main equally abundant with disturbance or defor- 
estation (Campbell and Clark 1980, Ramirez and 
Hornocker 1981, Van Horne 1981, Halvorson 1982, 
Martell 1983a, Buckner and Shure 1985, Medin 1986). 
Deer mice tend to be more abundant than red-backed 
voles in drier, rockier, forested habitats that are domi- 
nated by pines rather than spruce or firs (Millar et 
al. 1985, Raphael 1988). 

Northern Flying Squirrel 

Northern flying squirrels have been identified as 
important prey in only a single study in North 
America (Hayward et al. 1993); however, in this 
study, northern flying squirrels represented 45% of 
the prey biomass for female owls during winter. 
These -140 g squirrels are highly nocturnal and ac- 
tive year-round (Wells-Gosling and Heaney 1984). 
Their diet is poorly understood, but fungi and li- 
chens are thought to be the major foods in areas with- 
out substantial mast crops. Other foods include buds, 
catkins, fruits, tree sap, and insects (Wells-Gosling 
and Heaney 1984). Lichen is also important to the 
squirrels as a winter nesting material (Hayward and 
Rosentretter 1994). As with diet, habitat relationships 
are poorly understood. Across their extensive range, 
northern flying squirrels are found in conifer, hard- 
wood, and mixed forests (Wells-Gosling and Heaney 
1984). Squirrel densities in Douglas-fir forests of the 
Oregon Cascade Range were not correlated with 
habitat characteristics (Rosenberg and Anthony 
1992). The only substantial published study linking 
flying squirrels with older forest has been questioned 
(see Rosenberg et al. in press concerning Carey et al. 
1992). It is therefore interesting that mature and older 
forests provide necessary foods such as fungi, lichen, 
and large mast crops that do not occur commonly in 
younger forests. 



Phenology of Courtship and Breeding 

Data on the phenology of courtship and breeding 
for populations in North America stem from a hand- 
ful of studies that were not designed to address this 
topic per se. 

Courtship 
In Colorado, singing began by mid-February, early 

March, late March, and mid-April in 4 years. Court- 
ship singing by individual owls lasted up to 102 days 
with an average of 26 (4-59, n = 4) days for success- 
ful males (Palmer 1986). In Idaho, during 3 good 
breeding years, males were heard on 27 January, 30 
January, and 16 February (each within 2 days of be- 
ginning field-work). During a poor breeding year, 
calling was first heard 9 February, 16 days after field- 
work was begun. At a similar latitude in Europe 
(Germany), singing begins around the first of Janu- 
ary (Schelper 1989). In Sweden, Carlsson (1991) 
found individual males began singing on some suc- 

1 cessful territories over 2 months after the first males 
began singing. Late singers tended to be younger 
and may have immigrated into the area. Daylength, 
prey availability and nightly minimum tempera- 
tures (Bondrup-Nielsen 1978, Korpimaki 1981) are 
purported to determine onset of the courtship pe- 
riod. The variation observed in courtship activity 
suggests that prey availability weather conditions, 
and resident status interact to modify the influence 
of daylength, which likely acts as the primary fac- 
tor. 

During courtship, displays are limited to flights 
by the male between perches near the female and a 
potential nest cavity accompanied by vocalization 
of the "prolonged song" or extended singing from 
the nest cavity. Courtship feeding may begin 1-3 
months prior to nesting. The female occupies the nest 
up to 19 days and usually 1 week prior to laying 
(Hayward 1989) and is fed nightly by the male. 

Nest Occupancy 
Courting owls rendezvous nightly at the poten- 

tial nest site toward the end of the courtship period 
where the male displays and presents food. Late in 
the courtship season, prior to laying, the female oc- 
cupies the cavity day and night for 1-19 (usually -6) 
days where she is fed by her mate. Over 4 years, 
known first day of occupancy ranged from 13-30 
April for seven owls in Idaho (Hayward 1989). 

Egg Laying 
In Minnesota, clutches were initiated by 30 March 

and 12 April (Lane 1988). In Colorado, laying dates 
were estimated from 17 April to 1 June with half the 
known nests being initiated by 10 May (R. Ryder, 
Colo. State Univ., Ft Collins Co). In the central Idaho 
wilderness, initiation dates extended from 12 April 
to 24 May with half the nests begun by 1 May (5 
years, 13 nests; Hayward 1989). Near Anchorage, 
Alaska, nests located in nest boxes were initiated 
from 27 March to 5 May with a median date of 10 
April (T. Swem, U.S. Fish & Wildl. Serv., Fairbanks, 
AK). A population in Germany began laying as early 
as February in good vole years but more often in 
April (Schelper 1989). Finnish nests were initiated 
from 8 March to 15 May with over half begun before 
10 April; nests were initiated earlier in good prey 
years (12 years; Korpimaki 1981). Studies in Nor- 
way suggest that second clutches of biandrous fe- 
males were laid 50-64 days following the first 
(Solheim l983a). 

Fledging 
The nestling period extends from 28-36 days (av- 

erage 31.7) (Korpimaki 1981). First-hatched young 
stay in the nest an average of 2.3 days longer than 
the last hatched because adults feed young in the 
nest less when siblings beg outside the nest. In Idaho, 
the older nestlings left 27-32 days after hatching 
(Hayward 1989). 

Mating System and Sex Ratio 

The boreal owl's mating system has not been stud- 
ied thoroughly in North America. Therefore, the dif- 
ferences in mating systems described for the New 
and Old Worlds may be artifacts of research empha- 
sis rather than true biological differences. Boreal owls 
are considered monogamous for the duration of a 
breeding season in North America. The pair bond 
lasts only a single season; most individuals nest with 
a new mate each year. Extra-pair copulations have 
not been observed. In Europe, polygymy has been 
observed in most regons and is recognized as an 
important aspect of the species' mating system 
(Solheim 1983a, Schelper 1989, Korpimaki 1991). In 
Scandinavia and Germany bigyny (male mated to 
two females), trigyny (male mated to three females), 
and biandry (female mated to two males) coincide 
with vole peaks (Solheim 1983a, Schelper 1989, 
Korpimaki 1991). An estimated 10-67% of males are 
polygynous in good years but polygamy was never 
recorded in poor years (Carlsson et al. 1987). In two 
good vole years, bigynous males reared an average 



of 7.8 and 9.5 fledglings compared to 4.2 and 5.1 for 
monogamous males. Males achieve polygamy 
through polyterritorial behavior, advertising at mul- 
tiple (up to 5) cavities within the home range 
(Carlsson 1991). Primary and secondary females 
were separated by an average of 1,050 m (median, n 
= 17) (Korpimaki 1991). Bigynous males feed pri- 
mary and secondary females equally during laying 
but favor primary females during the brooding pe- 
riod (Carlsson et al. 1987). Secondary females pro- 
duce fewer young than their primary counterparts 
(2.8 vs. 5.1 and 3.3 vs. 6.2 in two years, Carlsson et al. 
1987). Biandrous females (multiple broods with the 
same male not recorded) cease caring for the first 
brood about three weeks after the young hatch (nor- 
mal end of brooding) and may begin a second clutch 
with a new mate prior to departure of the first brood 
(Schelper 1989). The interval between clutches 
ranges from 50-64 days, the distance between nest 
sites ranges 0.5-10 krn, and there is no significant 
difference in the number of eggs or mortality of 
young for biandrous vs. monogamous females 
(Solheim 1983a). 

The sex ratio of adult boreal owls has not been es- 
timated in North America. In Europe, where long- 
term studies of population ecology are more com- 
mon, sex ratio of breeding individuals was estimated 
as 8:10,0:10,5:10, and 4.3:10 (females to males) dur- 
ing 4 years in northern Sweden using autumn play- 
back and mist-net trapping (Carlsson 1991). These 
estimates may be biased, however, by sexual differ- 
ences in response to playback of primary song. 

Nest Site 

Nest 
Boreal owls nest exclusively in secondary tree 

cavities-in North America primarily pileated 
woodpecker, common flicker, or natural tree cavi- 
ties or in artificial nest boxes. Boreal owl popula- 
tions are likely limited in portions of their range by 
availability of cavities. 

Maintenance or Re-Use of Nests 
In Colorado, 2 (of 6 observed) nests were used 2 

years in succession (R. Ryder, Colo. State Univ., Ft. 
Collins, CO). Both instances were in natural cavities 
in lodgepole pine. The owls were not captured so 
whether the same or different birds used the nests 
was unknown. Natural nest cavities were never used 
2 years in succession in Idaho and rarely used again 
by the same individual (Hayward and Hayward 
1993). Nest cavities may be reused by different indi- 
viduals but generally after a "rest" period of more 

than one year. Nest boxes in Idaho have been occu- 
pied in successive years but only by new individu- 
als and after the box was cleaned. In Europe, where 
cavities are more limited, repeated use of nest boxes 
is more frequent (Sonerud 1985, Korpimaki 1988a). 

Nesting 

Egg Laying and Care of Young 
Clutches in Idaho were begun 1-19 (usually about 

6) days after the female occupied the cavity. In Fin- 
land, eggs were laid at intervals of 48 hours but var- 
ied from 0.3 to 0.7 eggs per day (Korpimaki 1981). 
The female does all incubation. There are no reports 
of egg dumping. 

Brooding is performed exclusively by the female 
- - 

beginning immediately after hatching and lasting 
until the oldest nestling reaches 20-24 days. During 
the first 3 weeks the male brings all food to the nest 
for the female and young and the female feeds the 
young. The male continues to provide for the young 
throughout the nestling stage and the female sup- 
plies food to nestlings after ceasing brooding at some 
nests. After fledging the young are dependent on 
the adults for food for over a month. 

Growth and Development 
Variation in clutch size is reported under 

Demography, below. During the nestling period, 
which lasts 30 days for most young, nestlings gain 
about 5.2 g per day with the greatest absolute gains 
from 8-13 days (10 g /  day). Young reach adult mass 
by 14-17 days; at 30 days nestlings average 156 
(~21.3; n = 5; range 130-174 g) (Hayward and Hay- 
ward 1993). 

DEMOGRAPHY 

Life History Characteristics 

Age of First Reproduction 
Banding records in the northern Rocky Mountains 

indicate that boreal owls breed the year after hatch- 
ing. More intensive study in Finland indicates that, 
except in years of reduced food availability, both 
sexes can breed the year after hatching, but a larger 
proportion of females than males breed their first 
year (Korpimaki 1988~). Over an 8-year period, 16% 
of first-year males and 65% of second-year males 
bred (Korpimaki 1992). Both sexes are capable of 
breeding each year, but prey availability determines 
individual status year-to-year (Korpimaki 1988~). 
Second broods are not reported in North America; 



see the Mating System and Sex Ratio section under 
Breeding Biology. 

Clutch 
Variation in clutch size is one of the most studied 

aspects of the species' biology, particularly in Eu- 
rope. These studies have established that the num- 
ber of eggs laid by boreal owls varies in relation to 
environmental conditions, particularly prey avail- 
ability. Clutch size varies among geographic regions, 
among years, and among individuals within years. 
In both Europe and North America, northern popu- 
lations that prey on fluctuating vole populations 
display the greatest variation in clutch size and have 
the largest potential clutches (Bondrup-Nielsen 1978, 
Korpimaki 1 986a, Hayward et al. 1993) (table 4). Over 
17 years, mean clutch size varied from 4.3 to 6.7 in 
western Finland (Korpimaki and Hakkarainen 1991) 
and over 4 years in Idaho from 2.5 to 3.5 (Hayward 
et al. 1993). The dramatic variation in clutch size 
within and among years is further shown in table 4. 

Korpimaki (1987b, 1989) and Hornfeldt and 
Eklund (1990), using experimental and observational 
studies, demonstrated the direct link between vole 
abundance and clutch size in Finland. Further sup- 
port for this pattern comes from observational stud- 
ies in Norway (Lofgren et al. 1986), Sweden (Sonerud 
1988), Germany (Schelper 1989), France (Joneniaux 
and Durand 1987), and Idaho (Hayward et al. 1993). 
Each of these studies reported larger clutches in years 
when indices of small mammal abundance, based 
on snap or live-trapping, were high. 

To further demonstrate the variation in clutch size 
that has been observed I provide additional sum- 
mary statistics from a sample of studies. Clutch size 
for separate populations in Idaho averaged 3.25 (2 
0.42 SD, n = 11, range = 2-4) and 3.57 (+ 0.34 SD, n = 
31, range = 2-5) (Hayward et al. 1993, Hayward, G. 
D. and P. H. Hayward, unpubl. data) (table 4). From 

a similar latitude in Europe (Germany), Schelper 
(1989) reported clutches of 3-4 eggs with larger 
clutches in years when voles dominated the diet. An 
earlier study in Germany  ported 34 nests averaged 
3.8 eggs (Konig 1969). In Finland, pooling results 
from 2 areas over 12 years shows clutches averag- 
ing 5.6 (+ 0.13 SD, n = 412, range = 1-10) (Korpimaki 
l987b). 

Fledging Success and Population 
Productivity 

Patterns of fledging success reported for boreal 
owls in Europe and North America reflect the pat- 
terns reported for clutch size. Experimental and ob- 
servational results strongly support the contention 
that prey availability influences fledging success and 
overall population productivity (e.g., Korpimaki 
1 987b, 1989, Hornfeldt and Eklund 1990). Therefore 
this section will not repeat results that simply du- 
plicate those reported but will note important dif- 
ferences. Representative fledging rates include: 2.3 
(2 0.54 SD, n = 6, range = 2-3) fledglings/ successful 
nest in Idaho (Hayward 1989); 3.4 young/nest in 
Germany (Konig 1969); and 3.2 fledglings/nest and 
3.9 fledglings/ successful nest over a 14-year period 
in Finland (Korpimaki 1987b). 

Korpimaki's (1988d) studies in western Finland 
suggest that fledging success is more strongly influ- 
enced by prey availability during decrease and low 
phases of the vole cycle. Clutch size, in contrast, is 
more sensitive to prey availability during the in- 
crease phase. 

Korpimaki (1988~) has also shown that breeding 
performance in Tengmalm's owl is dependent on the 
experience of both members of the breeding pair; 
pairs of older birds experience the highest produc- 
tivity. These data suggest that annual reproductive 
success increases over time, within individuals. 

Fledging success is usually reported as the mean 

Table 4.-Summary of reproductive statistics for boreal owls from sites in North America and Europe. 

Median Range Mean Mean no. 
Location1 laying date laying dates clutch size young fledged2 

Colorado 10 May 17 Apr-1 Jun 
Idaho 1 May 12 Apr-24 May 3.25 2.3 
Minnesota 30 Mar-12 Apr 
Alaska 10 Apr 27 Mar-5 May 
Finland 3 Apr 23 Feb-7 Jun 5.6 3.9 
Germany 3.8 3.4 

'Sources of information: Colorado (Palmer 1986), Idaho (Hayward 1989), Minnesota (Lane 1988), Alaska (T. 
Swem, U.S. Fish & Wildl. Sew., Fairbanks, AW, Finland (Korpimaki 1987b), and Germany (Konig 1969). 
2Calculated only for successful nests. 
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number of fledglings per successful nest. Produc- 
tivity however, is strongly influenced by nesting 
success (rate of unsuccessful nests). In some years, 
the small proportion of the population breeding has 
a greater impact on productivity than reduced clutch 
size or fledgng success. 

In central Idaho, 10 of 16 nests produced no young 
in a study where all but one nest was a natural cav- 
ity (Hayward 1989). In Norway, during a 13-year 
study employing nest boxes, 48% of 101 clutches 
were lost to predation (Sonerud 1985). A nest box 
study in Finland reported 85% of eggs hatched and 
53% of the eggs laid (n = 890) produced a fledgling, 
averaging 3.2 fledglings / nest and 3.9 fledglings / 
successful nest over 14-year period (Korpimaki 
198%). 

The influence of owl density on reproduction has 
not been directly addressed in the literature. The 
patterns described above do not suggest strong in- 
verse density dependent reproduction. Clutch sizes 
and fledging rates tend to be highest in years when 
prey is abundant and the greatest number of owls 
are breeding. These results, however, do not preclude 
the potential for density dependent limitation of 
population growth. Perhaps density dependence is 
determined by the number of adult owls breeding 
per 1000 voles per km2. Because prey availability is 
a primary factor influencing reproduction, and bo- 
real owls consume up to 17% of available Microtus 
(Korpimaki and Norrdahl1989), a feedback loop is 
available to self-limit population growth to some 
degree. As discussed below, however, territoriality 
is not likely to be a mechanism for density depen- 
dent self-limitation. 

Lifetime Reproductive Success 
Lifetime reproductive success is difficult to study 

in any mobile vertebrate. No studies in North 
America have examined this topic. Based on 11 years 
of data, lifetime reproduction (LR) of 141 males in 
Finland varied from 0-26 fledglings (mean 5.2); 21 % 
of males reared 50% of all fledglings (Korpimaki 
1992). Among males hatched in a given year, 5% 
produced 50% of fledglings in the next generation. 
Offspring survival from egg to fledgling, lifespan of 
individual, clutch size of nests, and phase of the vole 
cycle at which an individual entered the populations 
were important components of LR for individual 
males. Offspring survival (as represented by the 
number of fledglings per nest) varied from 0 to 7. 
Most males breed for only a single season but the 
number of seasons ranged from 1-7 years (2 = 1.5). 
Clutch sizes varied from 2-8. Finally, the temporal 
variation in habitat quality due to fluctuating vole 
abundance was the most important environmental 

determinant of LR. Males entering the population 
in the low and increase phases of the cycle had larger 
LR than those entering in decrease or peak (indi- 
viduals raised in the low and increase phases had 
better food conditions in their first 1-2 years of breed- 
ing). The extreme variation among individuals in life- 
time reproductive success is expected because prey 
availability varies greatly among years and within 
years among breeding sites in Finland. Other verte- 
brates exhibit similar patterns (e.g., Clutton-Brock 
et al. 1982, Grant and Grant 1989). 

Proportion of Population Breeding 
Sound estimates of the number of non breeding 

individuals are not available. Indirect evidence from 
North America and Europe, however, demonstrates 
extreme yearly variation in breeding attempts; eg., 
in Sweden, nest box occupancy in one area varied 
from 0.8% to 40.2% in 1980-81, and 39.4%,0.8%, and 
23.8% in 1982-84 (Lofgren et al. 1986). In Idaho, the 
number of calling males heard per kilometer sur- 
veyed varied from 0.02 to 0.24 from 1984 to 1987 and 
some radio-marked individuals did not breed even 
in good breeding years (Hayward 1989). 

The most direct estimates come from Korpimaki's 
studies based on 10 years of monitoring his smaller 
study area (100 km2, Korpimaki and Norrdahl1989). 
The number of non breeding males (based on sing- 
ing males who did not nest) varied from 0 to 66% of 
the population and averaged 47%. 

Survivorship 
In Idaho, adult annual survival estimated from 

25 radio-marked birds was 46% (95% confidence 
interval 23-91%) (Hayward et al. 1993). In Finland, 
based on 281 banding recoveries, first-year male 
annual survival was 50% (95% confidence interval 
43-57%) and adult male annual survival was 67% 
(95% confidence interval 61-75%). Based on retrap- 
ping birds for 11 years in an intensive study area, 
78% of fledgling males died before their first breed- 
ing attempt (Korpimaki 1992). In Germany, results 
of a long-term banding study in an area with natu- 
ral and artificial nest sites suggested juvenile sur- 
vival of 20% and adult survival of 72% (Franz et al. 
1984). In Norway Sonerud et al. (1988) estimated 62% 
adult annual survival. 

Breeding males remain in the breeding population 
an average of 1.5 (range = 1-7) years (Korpimaki 
1988c) with an average life span of 3.5 (range = 2-11) 
years (E. Korpimaki, pers. comm.). In Germany, fe- 
males in a nest box study were documented living 8 
(n = 6), 9 (n = 5), and 10 (n = 1) years (Franz et al. 
1984). 



Ecological factors influencing survival have not 
been explored in any detail. Korpimaki (1992) es- 
tablished that owls in his population survived in the 
breeding population longer during increase than 
decrease phases of the vole cycle. Although starva- 
tion is often presumed to be a major mortality fac- 
tor, direct and indirect causes of mortality have not 
been identified for any populations. 

Movements as Related to Demography 
and Metapopulation Structure 

As described earlier, boreal owls usually remain 
resident within a multiannual home range but are 
capable of moving long distances between breed- 
ing sites. In Sweden, young females that bred the 
year after fledging moved 24 km (median) from their 
natal territory while males moved less far (median 
4.5 km). In Finland, adult females disperse up to 580 
km (median 4 krn) between successive breeding sea- 
sons while males rarely move more than 5 km (me- 
dian 1 km; Korpimaki et al. 1987). During prey de- 
clines, more than half of females in Sweden were 
nomadic (Lofgren et al. 1986). Adult nomadism oc- 
curs in response to prey shortage, which may be 
more acute and regular in northern geographic ar- 
eas. Juvenile boreal owls frequently remain within 
the same breeding population but also have been 
documented moving long distances. Research meth- 
ods are biased toward detecting residency, however, 
so movements between populations may be quite 
common. Both adult and juvenile movements have 
not been studied carefully in North America so in- 
ferences concerning the influence of movements on 
demography stem from European studies. 

The nomadic life history of boreal owls and the 
capacity for juveniles to disperse long distances may 
result in a strong metapopulation structure within 
North America. Suitable habitat in the western 
United States occurs in numerous patches separated 
by tens to hundreds of km (figure 1). The habitat 
distribution, then, provides a landscape that will 
support small populations each separated by dis- 
tances greater than the normal daily movement and 
normal yearly movement distances of individual 
owls. Linkage among populations, then, results from 
the nomadic movement of adults or exceptional long 
distance dispersal of some young owls. Subpopula- 
tions of boreal owls that occur in disjunct locales may 
be linked through nomadic movements and juve- 
nile dispersal. These movements are potentially im- 
portant in the species' population dynamics. Indi- 
vidual populations may act alternately as sources 
and sinks depending on the status of prey, cavity 

availability, weather events, predators, and competi- 
tors. The long-term persistence of individual popu- 
lations may be determined in large part by the res- 
cue effect (Brown and Kodric-Brown 1977) result- 
ing from interpopulation movements of owls, par- 
ticularly experienced breeding adults. 

Local Densities 

There are no reliable estimates of population den- 
sity for boeal owls in North America. Estimates from 
Europe all refer to breeding season populations, 
rarely include estimates of non-breeding individu- 
als (Korpimaki and Norrdahl 1989), and most fre- 
quently refer to calling male owls. Korpimaki and 
Norrdahl(1989) for the period 1977-1987 reported a 
minimum of 1 breeding pair and 2 non-breeding 
males, and a maximum of 26 breeding pairs and 8 
non-breeding males within a 100 km2 study area in 
western Finland. 

Indices of density based on calling surveys or num- 
ber of active nests exhibit extreme yearly variation 
that corresponds with fluctuating indices of rodent 
abundance. Density estimates include: 0.6-1.3 nests/ 
km2, averaging 0.25 / km2 in France (Joneniaux and 
Durand 1987); 0.05-0.46/kmz with some small areas 
as high as 4/km2 in Southern Lower Saxony 
(Schelper 1989); and 0.19 to 0.48/km2 in Sweden 
(Kallander 1964). 

Spacing and Population Regulation 

Behavioral interactions, particularly territoriality, 
function to limit population size in many bird spe- 
cies (e.g., Hensley and Cop 1951, Krebs 1971, Watson 
and Moss 1980). Studies in Europe and North 
America suggest that under most circumstances, ter- 
ritoriality has no influence on abundance of boreal 
owls. The direct effects of prey abundance and cav- 
ity abundance are the most likely factors influenc- 
ing population size; however, the links between 
these and other proximate factors are not established. 
Figure 5 displays the array of environmental factors 
thought to affect boreal owls based on the studies 
discussed in this report. 

Spacing 
Individuals, including mated pairs, are seldom 

found together except during courtship rendezvous 
at the nest site. Five mated pairs radio-marked prior 
to nesting in Idaho roosted within 150 m of one an- 
other on 7 occasions (n = 121) (Hayward et al. 1993); 
1 pair accounted for 4 of these observations. Loca- 
tions where paired individuals roosted together oc- 
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curred up to 6.5 km from the nest and never at the 
nest (Hayward et al. 1993). Unmated owls were lo- 
cated within 150 rn of one another on 2 occasions: 2 
males in May and an unmated male and a female 
caring for young in June. 

Although individual owls rarely interact closely, 
home ranges of individuals living in the same drain- 
age overlap extensively. In Colorado, Palmer (1986) 
observed > 90% overlap in ranges of two males. In 
Idaho, ranges of 13 owls monitored in two adjacent 
drainages overlapped another owl's by at least 50% 
and the degree of overlap was not dependent upon 
sex (Hayward et al. 198% and Hayward et al. 1993). 

Territoriality 
Boreal owls do not exhibit strong territorial behav- 

ior. Males sing to maintain a territory only in the 
immediate vicinity of potential nest cavities. Terri- 
tory defense is confined to the nest site and seems 
to include less than a 100-m radius around the nest 
(Mikkola 1983). Carlsson (1991) reports a male call- 
ing within 200 m of another male's nest. The paired 
male flew within 50 m of the calling bird and ut- 
tered a "screech" call but did not pursue the caller. 
Minimum distances reported between nests were 
100 m (Mikkola 1983) and 0.5 krn (Solheim 1983b). 
The distance between territories depended on prey 
abundance (Schelper 1989, Korpimaki and Norrdahl 
1989). How factors other than prey abundance (e.g., 
cavity availability, habitat structure) influence tern- 
torial spacing has not been studied. 

Territorial behavior is thought to be confined to 
the courtship and breeding period (January - July), 
but Kampfer-Lauenstein (1991) reported warning 
calls and direct flight attacks (suggesting territorial 
behavior) in response to playback from August-No- 
vember. This suggests that the autumn territory is 
within the year-round home range but may not co- 
incide with breeding territory. 

Population Regulation 
The availability of nest cavities and prey are the 

most likely environmental factors to limit popula- 
tions of boreal owls (when populations are limited). 
The role of prey availability in observed nomadic 
movement patterns and the yearly variation in pro- 
ductivity suggests that food may regulate boreal owl 
abundance at times in some locales. The mechanism 
of limitation by food is not completely understood; 
but prey available to the female prior to nesting may 
be a critical factor in laying date and clutch size. Prey 
availability during the nestling period strongly in- 
fluences the number of young fledged (Korpimaki 
1989, Hornfeldt and Eklund 1990). Large clutches 

have been shown to produce more young leaving 
the nest (Korpimaki 1989). In his 1989 paper, 
Korpimaki reported an experiment in which he 
manipulated the abundance of food available to fe- 
males prior to laying during a peak in the vole cycle. 
Despite the abundance of natural prey, females pro- 
vided additional prey laid earlier, laid larger 
clutches, and fledged more young than control in- 
dividuals. 

Other investigators, using nonexperimental ap- 
proaches, have concluded that prey availability has 
a direct positive correlation with boreal owl produc- 
tivity ( e g  Lofgren et al. 1986, Sonerud et al. 1988, 
Hayward et al. 1993). The number of owls nesting 
(Lofgren et al. 1986), laying date (Hornfeldt and 
Eklund 1990), clutch size (Lofgren et al. 1986), nest 
abandonment (Hayward et al. 1993), number of 
fledglings (Hayward et al. 1993), and movements of 
individuals following nesting (Sonerud et al. 1988) 
have all been linked with abundance of small mam- 
mals. Prey limitation leads to nomadic movements 
and likely results in higher mortality. 

These demographic data have not been incorpo- 
rated into a model (verbal or quantitative) describ- 
ing population growth. Whether the absolute abun- 
dance or changes in prey populations is more im- 
portant has not been pursued. Neither have the links 
between prey availability and changes in other en- 
vironmental features been explored. And finally, the 
role of stochastic events in the pattern of population 
change has not been addressed. 

In some areas of Europe, natural cavity availabil- 
ity is thought to limit population size and distribu- 
tion (Korpimaki 1981, Franz et al. 1984). In North 
America, in regions with few (or no) pileated wood- 
pecker or flicker cavities, nest site availability may 
limit boreal owl abundance. Within the geographic 
range of pileated woodpeckers, the absence of the 
woodpeckers at higher elevations may limit abun- 
dance (Hayward et al. 1993). 

Cavity availability and abundance of prey likely 
interact to influence boreal owl population growth. 
Tree cavities occur nonrandomly across the land- 
scape as do small mammal populations. The spatial 
arrangement of cavities and prey (in relation to one 
another) are important in determining boreal owl 
abundance. 

Other factors potentially play a role in boreal owl 
population growth but research has not addressed 
these possibilities. Indirect evidence suggests that 
the owl's southern distribution and its lower eleva- 
tion range in montane areas may be related to sum- 
mer heat stress (Hayward et al. 1993). Boreal owls 
are easily heat stressed and seek cool roost locations 



in summer. The owl's physiological response to heat 
stress has not been measured, however. 

COMMUNITY ECOLOGY 

Predation on Boreal Owls 

Marten (Martes spp.) are the most important preda- 
tor of owlets and adult females at the nest site. Over 
13 years, 48% of clutches were preyed upon in Nor- 
way, most by marten (Sonerud 1985). In Idaho, loss 
of nests are also most frequently attributed to mar- 
ten; red squirrel (Tamiasciurus hudsonicus) predation 
upon eggs is also suspected (Hayward, G. D. and P. 
H. Hayward, unpubl. data). Aside from predation 
by marten at the nest, Cooper's hawk (Accipiter 
cooperi), northern goshawk (Accipiter gentilis), great- 
horned owl (Bubo virginianus or Bubo bubo), Ural owl 
(Strix uralensis), and tawny owl (Strix aluco) are the 
most important predators of young and adults 
(Herrera and Hiraldo 1976, Mikkola 1983, Reynolds 
et al. 1990). Research has not examined the impact 
of predation away from nests on population dynam- 
ics. 

Relationship With Prey Populations 
As described earlier, small mammal abundance 

has a direct and significant impact on boreal owl 
movements, reproduction, and survival. This rela- 
tionship between prey abundance and boreal owl 
demography has been studied by several scientists 
in Europe (e.g., Korpimaki 1984, 1987a, Lofgren et 
al. 1986, Sonerud 1986) and to a lesser extent in North 
America (Hayward et al. 1993). In contrast, the in- 
fluence of boreal owls on the dynamics of their prey 
populations has not been studied. 

Korpimaki and Norrdahl(1989) provide the only 
focused discussion of this topic based on a 10 year 
study in western Finland. This work combined 
monitoring of owl breeding activity, owl breeding 
success, owl diet, and small mammal abundance in 
a 100 km2 area. The results suggested that 
Tengmalm's owls had a direct effect on Microtus and 
to a lesser extent Clethrionomys populations. Preda- 
tion by boreal owls likely dampens fluctuations in 
vole populations through the combined influence of 
the numerical and functional response of the owls 
to changng vole abundance. 

Korpimaki and Norrdahl(1989) reported up to a 
21-fold year-to-year variation in the number of 
Tengmalm's owls. Breeding population size was 
correlated with vole abundance (r = 0.80, P < 0.01). 
The nomadic nature of the owls in Finland, their 
potential to produce large clutches, and a breeding 

system that promotes bygamy and biandry in good 
prey years accounted for the dramatic numeric re- 
sponse that showed no time lag with the vole fluc- 
tuations. The owls exhibited a type 1 linear func- 
tional response with respect to vole (Microtus and 
Clethrionomys) abundance with no leveling off in 
capture rate even at the highest vole densities. The 
proportion of Microtus in the diet varied from 049%. 

Combining the observed numeric and functional 
response of the owl population revealed that the 
proportion of available Microtus and Clethrionomys 
captured was higher in years when voles were most 
abundant (11 and 8% of the respective mammal 
populations) than in other years (4 and 5% of the 
respective mammal populations). Korpimaki's argu- 
ment that Tengmalm's owl directly impacts the dy- 
namics of its primary prey stems from his data on 
the owls' demographics and behavior. As a nomadic 
vole specialist, which can rapidly switch prey, the 
owl responds rapidly to changes in vole abundance. 
The owl's functional response indicates a lack of sa- 
tiation at high vole densities which, when combined 
with the numeric response, leads to increased pre- 
dation with increased prey abundance. 

South of Finland, Tengmalm's owl is characterized 
as a resident-generalist, rather than a nomadic-spe- 
cialist. Korpimaki and Norrdahl (1989) argue that 
these two life histories lead to similar impacts on 
fluctuating prey. Therefore, although the results can 
not be directly generalized to other regions, the evi- 
dence suggests that boreal owls may influence prey 
populations elsewhere. 

Competitors 
The influence of competitors on boreal owl popu- 

lations has not been studied. Hayward and Garton 
(1988) described the pattern of resource partition- 
ing among montane forest owls in central Idaho, and 
Korpimaki (1987~) described community dynamics 
in Finland. 

Korpimaki (1987~) indicated that boreals were the 
most numerous species in a spruce forest in loca- 
tions where populations of Ural owl were scarce. He 
suggested that Ural owls may limit the density and 
distribution of boreal owls. In North America, in 
sympatric situations, there is a potential for exploit- 
ative competition (when prey is limited) with saw- 
whet owls (Hayward and Garton 1988), great gray 
owls, and maybe most important, American marten 
(Martes americana). The degree to which this compe- 
tition limits the distribution or abundance of boreal 
owls is unknown. 

Potential competition for nest cavities may have 
the most direct influence on boreal owl distribution 



and abundance. Northern flying squirrel, roosting 
pileated woodpeckers, northern hawk owl, and saw- 
whet owl are the most likely competitors. Again 
these relationships have not been examined. 

BOREAL OWL RESPONSE 
TO FOREST CHANGE 

Individual and population response of boreal owls 
to forest change has not been studied directly using 
either experimental or observational studies. Below 
I interpret the results of studies examining habitat 
use and population dynamics as they relate to this 
question. Because much of the knowledge necessary 
to infer the owl's response has been described in 
earlier sections, this section is brief in relation to its 
importance. 

Nesting Habitat 

As an obligate cavity nester, boreal owl popula- 
tions may be-influenced by changes in cavity avail- 
ability resulting from changes in snag abundance or 
woodpecker populations. The strength of the rela- 
tionship is dependent on the relative abundance of 
nest sites. Changes in forest structure that reduce 
the number and dispersion of trees larger than -45 
cm dbh could limit the owls. Similarly, changes in 
forest structure that alter woodpecker prey availabil- 
ity or the foraging ability of flickers and pileated 
woodpeckers will affect boreal owl nest site avail- 
ability. Finally changes in tree species composition, 
regardless of tree size class, could influence nest site 
availability as tree species differ in their longevity 
as a snag and in suitability for cavities (McClelland 
1977). 

Because nest cavities are a species requirement, the 
function relating cavity availability to boreal owl 
breeding population density is likely a complex 
curve. In landscapes where nest sites are not limit- 
ing a steady linear reduction in cavities may initially 
have no impact on the owls. As cavities become less 
abundant, breeding owls may decline initially, not 
due to an absolute lack of nest sites but due to the 
imperfect ability of the owls to locate suitable cavi- 
ties or due to the juxtaposition of cavities and forag- 
ing habitat and their dispersion. As cavities become 
still more scarce, breeding owl abundance will de- 
cline in direct, linear response to the decline in cav- 
ity abundance. 

Franz et al. (1984) demonstrated that cavities were 
limiting for boreal owls on their study site in Ger- 
many. Nest box studies in Sweden, Norway, and Fin- 
land also suggest that natural cavities were limit- 

ing. Biologists suggest that the long history of forest 
management that has removed old forest and large 
trees from Fennoscandia has led to significant natu- 
ral nest site limitation. Up to 90% of the owls in these 
studies rely on nest boxes for nesting structures. 

Changes in forest structure may also impact as- 
pects of nest quality rather than nest site availabil- 
ity. Nests may become more vulnerable to preda- 
tion or owls may have more difficulty locating suit- 
able cavities under various forest structures. Results 
of a small nest box experiment in Idaho (Hayward 
et al. 1993) suggested that the owls prefer old forest 
sites for nesting. The results were not conclusive, 
however, and other studies of nesting habitat have 
been strictly observational (Bondrup-Nielsen 1978, 
Palmer 1986). The pattern of nest site use does indi- 
cate that older forest sites are used for nesting by 
these owls and therefore nesting opportunities may 
decline if the distribution of forests change toward 
younger age classes. 

Roosting Habitat 

The elimination of forest from a portion of an in- 
dividual owl's home range will reduce roosting op- 
portunities. The impacts of less dramatic changes in 
forest structure are not so clear. Observational stud- 
ies of roosting habitat in Canada and Idaho led to 
different conclusions regarding the.potentia1 impact 
of forest change. A small sample of roosts and paired 
random forest sites in Canada did not differ from 
one another, implying the owls were not selective 
among the range of available sites (Bondrup-Nielsen 
1978). In Idaho, owls did select forest with particu- 
lar structural features, especially during summer 
(Hayward et al. 1993). Results from this study sug- 
gest that a reduction in the abundance or distribu- 
tion of mature and old spruce-fir forest sites could 
limit roost sites during summer. Because cool roost 
locations dispersed throughout the home range may 
be important in boreal owl thermoregulation, a re- 
duction in the quality of roost sites may influence 
owl survival rates. 

Forest change involving type conversion (shift in 
tree species composition) could similarly influence 
roosting habitat. Old spruce-fir forest would provide 
a greater degree of microhabitat amelioration than 
old lodgepole pine forest. 

Foraging Habitat 

Changes in forest structure and/or species com- 
position will influence boreal owls by changing prey 
abundance or availability. Prey availability will be 



influenced by changing the dispersion of hunting 
perches or the owls' access to prey. Because boreal 
owls hunt from perches, forest removal affecting 
patches larger than several hectares will always 
eliminate foraging habitat even if prey populations 
are increased. Dense ground vegetation or crusted 
snow will reduce access to prey. 

Sonerud (1986) described the importance of old 
spruce forest as f o r a p g  habitat for boreal owls in 
Norway despite the lower abundance of small mam- 
mals in this habitat. In winter, uncrusted snow fa- 
cilitated the movement of prey to the snow surface 
providing the owls access to prey. In summer, the 
lack of dense forest-floor vegetation provided the 
owls clear access to small mammals. These results 
stress the importance of conifer canopy cover in 
maintaining small mammal availability. 

Red-backed voles represent important prey for 
boreal owls in much of North America (Bondrup- 
Nielsen 1978, Palmer 1986, Hayward et al. 1993). 
Changes in forest structure or composition that in- 
fluence red-back vole populations will likely influ- 
ence boreal owl populations. The effect of forest 
structure and composition on red-backed vole popu- 
lation dynamics is not well known aside from the 
decline in red-backed vole populations usually ob- 
served following forest removal. Similar knowledge 
for other prey species (northern flying squirrels, 
northern pocket gophers, heather voles, etc.) is also 
lacking. 

Broad-Scale Habitat Change 

As the reader can well imagne, the influence of 
regional changes in habitat conditions on boreal owl 
populations is unknown. Changes at this scale will 
influence metapopulation structure through dis- 
persal and local extinction. Changes in the size of 
subpopulations, distance between neighboring sub- 
populations, changes in productivity of source popu- 
lations, and characteristics of habitat separating sub- 
populations likely influence metapopulation stabil- 
ity and would be important to manage on a regional 
scale. 

BOREAL OWL RESPONSE TO HUMAN OR 
MECHANICAL DISTURBANCE 

Boreal owls tolerate human and machine noise. In 
Colorado, owls have nested within 30 m of a major 
highway (R. A. Ryder; pers. comm.). In Europe, nests 
have been located within farmsteads and are asso- 
ciated with agriculture (Korpimaki 1981). Owls tol- 
erate frequent (every 4-5 days) direct nest inspec- 

tion (except during laying) and will deliver prey to 
the nest while humans observe from several meters 
away. There is no evidence that disturbance is an 
important factor in nest loss or owl movements. 

ASSESSMENT OF SCIENTIFIC BASIS FOR 
PARTICULAR MANAGEMENT TOOLS 

Monitoring 

Intensive management of wildlife populations, 
particularly threatened, endangered, and sensitive 
species, requires information on population trend 
of the target species and on habitat trend. Monitor- 
ing regonal trends in boreal owl populations may 
be approached intensively or extensively. An inten- 
sive approach involves tracking a measure of abun- 
dance for sample populations within the target re- 
gion over time. An extensive approach tracks pres- 
ence / absence for a large sample of populations over 
time. 

These approaches differ in method and objective. 
The intensive approach facilitates examination of 
environmental features associated with trends in 
individual populations but requires a large field ef- 
fort, as described below. The extensive approach 
costs less and tracks the "winking" on and off of 
populations throughout the region, but it provides 
no insights into the causes of population changes. 

Methods for monitoring boreal owl populations 
have received little attention. Playback surveys have 
been used extensively to determine the geographic 
distribution of the species (Palmer and Ryder 1984, 
Hayward et al. 1987a) and have been promoted as a 
promising monitoring technique for other owls 
(Johnson et al. 1981, Forsman 1983, Smith et al. 1987). 
Playback surveys cannot be considered the best tech- 
nique to assess trends in boreal owl populations, 
however, because many factors influence calling rate. 
Lundberg (1978) suggested that the number of bo- 
real owls singing may be inversely related to breed- 
ing success. He found that "territorial and breeding 
pairs were more silent than non-territorial individu- 
als" and concluded that "censuses made at roadside 
stops gwe unacceptable results for population stud- 
ies of both the Ural owl and Tengrnalm's [boreal] owl" 
(Lundberg 1978971). 

Although Lundberg's (1978) results suggest that 
playback surveys should not be used for intensive 
population monitoring, playback could be useful in 
developing methods of presence1 absence monitor- 
ing. Playback methods seem to be the most efficient 
method to determine the occurrence of boreal owls 
in an area. These provide the basic data necessary in 



a presence/ absence sampling design. Research to 
date has not explored the potential of these tech- 
niques for monitoring owls on a regional basis. These 
methods would fit well into a scheme designed to 
approach management in a metapopulation frame- 
work. 

Some work has been done to develop more inten- 
sive population level monitoring. Hayward et al. 
(1992) examined the sampling efficiency of employ- 
ing nest boxes to monitor response of boreal owls to 
changes in foraging habitat. The results suggest that 
when boreal owls are moderately abundant (nest box 
occupancy >7%), modest changes in clutch size and 
occupancy rate could be detected with a system of 
350 nest boxes. When owls are less abundant, the 
number of nest boxes necessary to detect modest 
changes would be prohibitively large. Research has 
not addressed the underlying assumptions of the 
methods suggested in this study (Hayward et al. 
1992). 

An understanding of boreal owl vocalizations is 
necessary in designing surveys to determine distri- 
bution or to develop a presence / absence monitor- 
ing program. Difficulties observing behaviors asso- 
ciated with vocalizing boreals and problems inter- 
preting phonic representations of calls have led to 
some confusion in describing the array of sounds 
produced and the function of various vocalizations. 
Authors within the United States and in Europe have 
used a variety of names to describe vocalizations and 
no one set of names is preferable. Meehan (1980) and 
Bondrup-Nielsen (1984) provide the most complete 
vocal analysis for the boreal owl. Cramp (1977) and 
Johnsgard (1988:221) summarize information for 
North America and Eurasia. Throughout this dis- 
cussion I refer to Meehan (1980) as RHM and 
Bondrup-Nielsen (1984) as SBN. 

The call most important in terms of management 
is the primary song (staccato song--SBN, song-- 
RHM). This is the call that can be attributed most 
certainly to boreal owls and is the call most fre- 
quently elicited in springhme playback surveys. The 
primary song is uttered loudly only by males from 
a perch near a potential nest cavity, is not commonly 
used outside the breeding season, and isn't used 
during antagonistic encounters among individuals. 
It is presumed to function in mate attraction as a 
long distance advertisement song. The call is a loud 
vocalization uttered as a series of trills consisting of 
11-23 notes at -0.74 H z  that increase in volume 
during a trill lasting 1.8 (1.32-2.32) seconds (SBN). 
The trill is repeated after a silence of 1 to several sec- 
onds; singing bouts frequently last 20 minutes but 
may extend 2-3 hours with infrequent pauses of sev- 

eral minutes. The song is frequently heard by hu- 
mans over 1.5 krn and up to 3.5 km. 

Singing in Idaho began by 20 January, reached 
greatest intensity by late March, and became uncom- 
mon by late April (Hayward 1989). In Colorado, 
Palmer (1987) reported singing 18 February - 21 June; 
singing peaked in late April and a lull followed in 
early May with renewed frequency late May through 
June. Palmer (1987) speculated that calling in June 
resulted from first-time breeders and unmated 
males. In Alaska, singing peaked by mid-February 
to March (RHM). 

See Hayward and Hayward (1993) for a summary 
of the characteristics of other songs. 

Viability Analysis 

Biologists working with land management agen- 
cies are often asked to evaluate the impact of man- 
agement activities on sensitive plants and animals. 
Biologists must document their judgments about 
whether or not a proposed management action will 
increase the likelihood of sensitive species becom- 
ing threatened or endangered. The basis for the "de- 
termination of effect" necessarily involves some kind 
of population viability analysis (PVA). Gilpin and 
Soule (1986) described PVA as a complex process of 
considering all factors that affect the processes of 
species extinction or persistence while Boyce (1992) 
discussed both theoretical and practical aspects of 
PVA. 

Tools necessary to conduct PVA for boreal owls 
are not available. Neither mathematical nor word 
models linking the relevant factors have been de- 
veloped. Furthermore, the ecological understanding 
of the owl's ecology in North America has not 
reached the level of maturity necessary to conduct 
formal viability analyses. The biological and ecologi- 
cal information summarized in this chapter, how- 
ever, could provide the background necessary to 
structure assessments for individual impact analy- 
ses until more general guidelines for PVA are devel- 
oped. Further ecological research will be necessary, 
though, before developing any formal analysis tools. 

Effects Criteria Identification 

Although PVA is an important tool for impact 
analysis, the identification of criteria upon which to 
base statements of effects is important in most envi- 
ronmental assessments. Therefore, guidelines from 
which to build effects criteria are important for re- 
source managers. These types of guidelines are not 
currently available to managers. The paucity of in- 



formation on boreal owl ecology and life history 
specific to different management regions precludes 
development of elaborate criteria. Based on the eco- 
logcal relationships depicted in figure 5, however, 
some basic guidelines can be outlined. These will be 
stated generally here but could be elaborated for 
particular regions: 

(1) Large trees are required for nesting boreal owls. 
(2) Primary cavity nesters (e.g., pileated wood- 

peckers, common flickers) provide a majority of nest- 
ing sites in most areas and the status of populations 
of these birds is important to the productivity of bo- 
real owls. 

(3) The availability of small mammals limits popu- 
lations of boreal owls in many areas; therefore, fac- 
tors that influence small mammal abundance and 
availability will directly influence the abundance of 
boreal owls. 

a) Red-backed voles are important prey for boreal 
owls everywhere the owl has been studied. In the 
western United States the abundance of red-backed 
voles is related, at least in part, to forest age, fungi 
abundance, and lichen abundance. 

b) Prey availability is related to forest structure 
characteristics as the structure influences mobility 
of boreal owls. Dense shrub cover or high tree den- 
sity will limit the access of boreal owls to small mam- 
mals. Conditions that promote snow crusting (large 
openings) will also reduce small mammal availabil- 
ity. 

(4) In the western United States, boreal owl distri- 
bution may be limited, in part, by warm summer 
temperatures. Cool microsites for daytime roosts 
may be important in determining the species' cur- 
rent distribution. In Idaho, old forest sites provided 
cool microsites used for roosting (Hayward et al. 
1992). 

Stand and Watershed Scale Silviculture 
Prescriptions 

Guidelines with which to develop specific stand 
and watershed scale silviculture prescriptions are not 
published. Knowledge of boreal owl ecology and 
habitat choice limits the specificity of any guidelines. 
As shown above, some general statements can be 
made with certainty. 

Current understanding of boreal owl habitat use 
suggests that the maintenance of forested landscapes 
is required for boreal owls. Furthermore, silvicul- 
tural prescriptions must provide for large diameter 
trees well dispersed over space and time. The roost- 
ing, nesting, and foraging ecology of boreal owls in 
the western United States also suggests that mature 

and older forest must be well represented in the land- 
scape to support a productive boreal owl popula- 
tion. In most cases, uneven-aged management or 
other silvicultural practices that maintain canopy 
structure and forest floor moisture will maintain 
boreal owl nesting, roosting, and foraging habitat. 
Forest clearcuts provide little or no habitat for bo- 
real owls for two to several decades after disturbance 
and may not provide high quality habitat for one to 
two centuries. 
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RESPONSE OF BOREAL OWL TO EPIDEMIC 
MOUNTAIN PINE BEETLE-CAUSED MORTALITY 

UNDER A NO-ACTION ALTERNATIVE 

GREGORY D. HAYWARD1 

INTRODUCTION 

Boreal owls (Aegolius funereus) occur throughout the boreal forests of Canada and Alaska and in subalpine 
forests of the Rocky Mountains north of central New Mexico (Hayward and Hayward 1993).  Throughout this 
range, they occupy an array of forest types but in the central Rocky Mountains are restricted to subalpine 
aspen or conifer forests.  In Colorado and Wyoming the owl is restricted to forest habitats within the forested 
life-zone supporting lodgepole pine and above.  Quality boreal owl habitat is characterized by landscapes of 
mature and older forest stands – forest structure influences availability of suitable cavities for nesting, quality 
of roost sites especially during summer heat, foraging movement of the owls, and prey availability (Hayward 
et al 1993, Hayward and Varner 1994).  Predicting the response of individual owls and populations to 
extensive forest mortality from mountain pine beetles requires an understanding of limiting factors and the 
ecological relationship between boreal owls and habitat conditions.  In this brief introduction I review 
understanding of habitat associations of boreal owls at multiple spatial scales, examine limiting factors, and 
describe the consequences of changes that will occur following pandemic beetle induced mortality in 
lodgepole pine forest. 

Nesting Habitat.  Boreal owls are the largest secondary cavity nesting bird in subalpine forests of 
Colorado and Wyoming.  Large aspen as well as conifer trees are used for nesting by boreal owls.  Suitable 
nest cavities are rare; cavity entrances excavated by woodpeckers smaller than northern flicker (Calaptes 
auratus) must be enlarged by squirrels, or other means, to be used by boreal owls.  The distribution and 
abundance of suitable cavities likely limits populations of boreal owls throughout much of this Region 
(Hayward 1997).  Therefore, factors that increase or decrease the distribution and abundance of suitable 
cavities will influence both distribution and abundance of boreal owls (see section below on prey populations 
for more complete understanding).  Evidence from experiments in Idaho suggest that nest cavities in forest 
stands with mature and old forest structure are preferred by boreal owls but successful nesting can occur when 
cavities are available in younger forests (Hayward et al 1993).  Thus, watersheds that do not support snags or 
dead-top trees large enough for a cavity (approximately 13” dbh) are unlikely to provide habitat for boreal 
owls. 

Home Range.  The spatial distribution of suitable cavities will influence broad scale abundance of boreal 
owls differently than Strix owls such as spotted owls (Strix occidentalis).  Boreal owls have large home 
ranges (summer home range x = 1,182 ha in Idaho) but do not defend a large territory (Hayward and Hayward 
1993).  Therefore, several individuals may nest within one km2, and occupy overlapping territories in the 
surrounding landscape.  Although little empirical evidence is available to determine densities, long-term 
studies in Finland found maximum densities of 26 nests /100 km2.  This figure likely exceeds densities in the 
Rockies by 2-3 times because of the influence of vole cycles on Aegolius abundance and reproduction 
                                                   

1 For review, contact information is:  USDA Forest Service, Rocky Mountain Region, 740 Simms St., Lakewood CO  
80401 (303-275-5022, ghayward01@fs.fed.us) or Department of Zoology and Physiology, University of Wyoming, 
Laramie WY (307-766-2839; ghay@uwyo.edu) 

mailto:ghayward01@fs.fed.us
mailto:ghay@uwyo.edu
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(Hayward 1997).  Furthermore, any suitable foraging habitat further than 5 km from suitable nest sites is 
unlikely to be used. 

Foraging Habitat.  Boreal owls are forest hunting owls.  Southern red-backed voles (Clethrionomys 
gapperi) are the primary prey for boreal owls throughout the central Rocky Mountains.  Investigations in a 
variety of settings demonstrate that red-backed voles (and small mammal biomass), is highest in mature and 
old forest stands within the subalpine zone (Hayward and Hayward 1995, Hayward et al. 1999).  Mature and 
old forest habitats are an important component of foraging habitat but are not necessarily a habitat 
requirement (see definition Peek 83:1986).  Observations of foraging boreal owls demonstrate that they forage 
in a range of forest structures.  Seedling, sapling, and dense pole stands are generally unsuitable for foraging 
and observations suggest the owls forage most effectively in mature and older forests.  Maybe most 
important, forest canopy may be critical in mid to late winter for suitable foraging habitat.  These mid-size 
forest owls occupy landscapes with winter snow depths over 1 m and often much deeper.  Meadows and 
forest openings will develop crusted snow during the course of the winter.  Therefore, during mid and late 
winter, boreal owls favor foraging in forests where canopy conditions lead to less snow crusting and greater 
access to prey (prey moving to the surface and the opportunity for shallow plunge diving) (Sonerud 1986). 

Broad-scale Habitat.  The extent of mature and old forest habitat providing quality foraging habitat 
likely interacts with nest cavity abundance to determine the abundance of boreal owls at spatial extents of 
10,000’s of ha.  Scott (2004) examined nesting success of boreal owls in landscapes that varied significantly 
in the arrangement and amount of forest in different seral stages.  Her results suggest that the arrangement of 
forest patches (e.g., patch size, amount of edge, and patch location) was not important.  However, landscapes 
with less than 23% mature and old forest were unlikely to support successful nesting boreal owls.  This 
information along with an understanding of boreal owl nesting behavior suggests that boreal owls are likely to 
occupy subalpine forest watersheds if land units of approximately 2,000 ha support both large nest cavities 
and at least 20-25% of the area is occupied by living, mature and older forest. 

The response of boreal owls to broad scale disturbance such as fire and beetle kill has not been investigated.  
However, unpublished monitoring results from a system of over 450 nest boxes in central Idaho provides 
some insights.  Boreal owl breeding abundance was monitored from 1988 – 2000 using the system of nest 
boxes (see initial pattern in Hayward et al. 1992) in a setting of mixed subalpine forest types (aspen, 
lodgepole, and spruce/fir) that experienced a large fire in 1994.  The populations exhibited a delayed response 
– the number of breeding owls declined by over 50% two years later and by almost 95% after 3 years in 
response to approximately 50% of the landscape being burned.  During the next 3 years owl nesting 
abundance appeared to stabilize at about half the pre-fire level. 

Assumptions Regarding Tree Mortality 

This document currently assumes that lodgepole pine mortality will be close to 100% for trees over 6 “ DBH. 
Lodgepole pine mortality is assumed to extend from central Colorado to northern Wyoming (Figure 12).  
Nearly 1.6 million acres of forest formerly dominated by lodgepole pine will begin various succession 
pathways as a result of the disturbance.  Throughout the paper I also assume that spruce beetle will not 
expand, and therefore I address mortality in lodgepole pine alone.  The paper also assumes that wildfire will 
occur in some locations but the spatial extent and location of those fires can not be predicted and will be 
strongly influenced by weather events.  Therefore, in terms of predictions regarding the no-action-alternative, 
I assume that fire will not occur in project areas being evaluated and the immediate area.  When fires occur, 

                                                   

2 The figure information will be provided in next draft. 
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depending on extent and intensity, a changed condition should be assumed and analyses adjust to those 
specific changes. 

Assumptions Regarding Climate Change 

At this time I am unaware of climate change response information providing predictions of future distribution 
and composition of forests in the current subalpine life zone within Region 2.  Therefore, predictions outlined 
below assume that the match between climate and regeneration niches for lodgepole, aspen, Englemann 
spruce, and subalpine fir will be similar during regeneration after the pandemic as in the previous sere. 

EXPECTED RESPONSE TO NO-ACTION ENVIRONMENT 

This section describes the predicted response of individuals and populations of boreal owls to beetle induced 
lodgepole pine tree mortality.  Empirical investigations provide little insight into the pattern of response; 
therefore, predictions are based largely on ecological insights based on owl life history and an understanding 
of the pattern of forest change described in …3. 

Short-term Effects (1-5 years) 

Fine-scale:  Pure Lodgepole.  (Gradual decline in habitat quality especially after 3 years).  
Landscapes without significant spruce-fir forest will support limited numbers of boreal owls prior to, and 
immediately following forest mortality.  The response by boreal owls to beetle infestation during the initial 
stage of mortality will be gradual.  Individual owls will likely continue to occupy the same home ranges the 
first 3 years, adult owl mortality will remain similar to pre-disturbance levels the first 3 years, and 
reproduction will begin to decline about 3 years after widespread tree death.  Winter foraging conditions will 
begin to decline dramatically after 3 years and changes in winter home ranges may be dramatic or individuals 
will focus foraging on those stands with sufficient canopy to shade the snow late in the winter when snow 
crusting becomes an important factor influencing prey availability.  Breeding cavities will gradually increase 
in abundance over time but this increase in availability will not lead to increased owl numbers because winter 
prey will become increasingly limited.  [High certainty] 

Prey population levels will likely remain at pre-disturbance levels until 3 years following initial mortality.  At 
this point, seed rain will have declined significantly and the forest floor will begin to become more xeric.  
Access to prey will change dramatically in winter as canopy shading declines with loss of dead needles and 
fine limbs.  This loss of shading will allow more snow crusting to occur in late winter.  [Moderate certainty] 

Fine-scale:  Lodgepole with Spruce-Fir.  (Potential improvement in habitat quality).  The response 
of boreal owls to forest mortality in landscapes with lodgepole pine mixed with spruce-fir will be directly 
related to the proportional representation of spruce-fir forest.  In areas where lodgepole pine occupies less 
than 25% of a watershed, the short-term response will likely be immeasurable.  In landscapes with less 
spruce-fir forest, negative influences on boreal owls will increase in proportion to the representation of 
spruce-fir forest.  [High certainty] 

                                                   

3 Plan to cite Regan et al (2008). 



 Boreal owl – No Action Alternative Ver. 1.0 

  Page 4 of 9 

In mixed landscapes, lodgepole pine represents secondary foraging habitat.  If patches of lodgepole pine are 
small (approximately 4 ha), the results of beetle mortality will be similar to patch cutting and could represent 
POSITIVE effects for the owls if diversity of prey increases in small openings.  [Moderate certainty] 

Before and after lodgepole mortality, most nesting will occur in spruce or aspen.  Therefore the disturbance is 
unlikely to significantly influence nest site availability.  Similarly, boreal owls will roost in remaining spruce-
fir (thus little negative effect).  Effects then, will result largely from foraging habitat loss and will be 
proportional to the loss of foraging habitat, in this case the inferior, secondary habitat represented by 
lodgepole pine.  [High certainty] 

Broad-scale.  (Variable: stationary population to decline depending on amount of spruce-fir forest).  As 
described above, the influence of lodgepole mortality on boreal owls depends critically on the proportion of 
the landscape supporting spruce-fir and aspen forest.  Because, lodgepole pine is secondary nesting, foraging, 
and roosting habitat for boreal owls, landscapes over 10,000 acres with over 50% spruce-fir forest will 
experience little change in boreal owl abundance following bark beetle mortality over the short-term.  The 
remaining spruce-fir will continue to provide adequate, quality suitable habitat in these areas.  [High 
certainty] 

In contrast, landscapes dominated by lodgepole pine will begin to experience declines in abundance and 
distribution of boreal owls by the end of 5 years, post beetle-induced mortality.  Major changes in owl 
abundance should not be expected for the first 3 years while trees retain needles (providing shade on winter 
snow).  However, after needle drop, rapid decline, especially in winter foraging habitat quality, is likely and 
the suitability of these lodgepole pine landscapes will decline.  Aspen provides potential nesting habitat but, 
like dead lodgepole does not provide winter foraging.  Therefore, landscapes dominated by lodgepole pine 
and aspen will experience similar response by boreal owls in winter.  Because the owls are year- round 
residents, the change in winter foraging habitat influences breeding densities, and ultimately population size.  
Since these habitats are secondary in quality and do not support high populations of owls, overall large scale 
population losses are not expected to be significant.  [Modest certainty] 

Region-wide.  (Decline in abundance and distribution).  Within the area currently influenced by mountain 
pine beetle, lodgepole pine represents about 40% of the landscape in the subalpine zone.  Throughout much of 
the region, lodgepole pine occurs in large patches immediately below spruce-fir forest.  Near this transition, 
lodgepole pine and spruce-fir forest are intermixed.  Even where lodgepole pine dominates watersheds, small 
inclusions of spruce-fir forest occurs.  Therefore, although lodgepole pine is marginal (rather than high 
quality) habitat for boreal owls, these forests provide some resources for the owl.  As the bark beetle 
pandemic moves through the region in a wave from south to north, measurable but small declines in boreal 
owl abundance are likely. 

Mid-term Effects (6-20 years) 

Fine-scale:  Pure lodgepole.  (Decline in habitat quality).  Within 6 years of forest mortality, boreal 
owls are likely to cease using lodgepole forest for winter foraging.  Because trees will be available for 
perching, owls are likely to use these forests for summer foraging habitat through 10-15 years post-mortality.  
However, by the end of 20 years, the loss of branches and the falling of snags will reduce summer foraging 
habitat to near zero except along the edges of spruce-fir or aspen stands.  Nesting cavity availability will 
increase through the first 20 years however the extent of use by woodpeckers will depend on rot 
characteristics.  In any case, the in crease in nesting habitat is unlikely to be used because foraging habitat will 
be limiting.  [Moderate to high certainty] 
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Fine-scale:  Lodgepole with Spruce-Fir or Aspen.  (Potential improvement in areas dominated by 
spruce-fir).  As described for short-term effects, the response of boreal owls to lodgepole pine mortality in 
landscapes with spruce-fir will be directly related to the proportional representation of spruce-fir forest.  In 
areas where lodgepole pine occupies less than 25% of a home range, the mid-term response will likely be 
immeasurable or could be a positive response due to the high quality mature spruce-fir and aspen remaining.  
Increased herbaceous cover is likely to result in small-mammal population changes in pine mortality stands.  
This change will add to prey diversity (beta diversity when considering neighboring spruce-fir and aspen 
forests).  Spruce-fir forest will provide nesting habitat, foraging perches, and winter foraging habitat.  In 
landscapes with less spruce-fir forest, negative impacts on foraging habitat quality will dominate because 
lodgepole pine forest represented a large proportion of the initial foraging habitat.  [Moderate to high 
certainty] 

Regeneration of aspen during the first 20 years will have little influence on boreal owls.  Regenerating aspen 
will begin to provide foraging structure toward the end of this period but is unlikely to influence habitat 
quality significantly.  [High certainty] 

Broad-scale.  (Depends on proportion of other forest types).  In landscapes dominated by lodgepole pine, 
significant declines in boreal owl habitat will be observed from 6-20 years post-mortality [because of spatial 
extent of LP and virtual complete loss of function as habitat].  By the end of this period, large patches of 
former lodgepole pine will be non-habitat for any life function and both distribution and abundance of boreal 
owls will decline.  [High certainty].  In landscapes with higher proportions of spruce-fir and aspen forest, the 
decline in boreal owls will be proportionally less and at the extreme, when lodgepole pine represented patches 
of forest within a larger matrix of spruce-fir forest, boreal owl populations may be more stable as a result of 
greater diversity of prey.  [Moderate to high certainty] 

Region-wide.  (Decline in distribution and abundance).  By the end of 20 years post-mortality, a majority 
of the 1.6 million acres of lodgepole pine forest in beetle affected portions of Colorado and Wyoming will be 
non-habitat for boreal owls.  The primary exception to this is along the edges of mature spruce-fir stands 
where owls will persist and will forage in the edges of the openings created by the dead LPP.  Assuming that 
at least 75% of the spruce-fir forest and at least 60% of the mature aspen forest in this region is alive, boreal 
owls will decline by approximately 10-15%.4  This is based on the assumption that a unit area of lodgepole 
pine forest provides 25% of the value of a unit area of spruce-fir forest for foraging.  Boreal owls will be 
absent from areas larger than 2000 ha that formerly were 85% or more lodgepole pine. 

Long-term Effects (21-80 years) 

Fine-scale:  Pure lodgepole.  (Non-habitat through 40 years with gradual increase in foraging habitat 
quality thereafter).  Seedling, sapling, and dense pole stands will provide no nesting habitat, limited roosting 
habitat especially during summer, and very limited foraging habitat.  As stands begin to self-thin, or in stands 
that are more open grown with space between crowns, boreal owls may begin to forage during summer.  
However stands are unlikely to provide measurable foraging habitat value prior to 50 years post-mortality and 
the baseline foraging value is unlikely to be restored till 80-100 years post-mortality (and recall that the 
baseline foraging value in lodgepole pine is not high compared to spruce-fir forest).  [Low to moderate 
certainty because these conditions have not been examined.] 

                                                   

4 Note that these ## are simply an educated guess based on the assumptions set up in this paper.  We will modify this 
estimate in the winter if we can exercise a model for the region. 
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Fine-scale:  Lodgepole with Spruce-Fir or Aspen.  (Declining conditions through 40-50 years 
post-mortality and improving conditions thereafter for home ranges dominated by spruce-fir). In areas where 
lodgepole pine occupies less than 25% of a home range, foraging habitat conditions will decline from 21-40 
or 50 years as the lodgepole stands become dense stands of regeneration.  As these stands self-thin, or in open 
stands, foraging conditions will improve from 40/50 years through 80 years.  The lodgepole component will 
not provide nesting habitat or quality roosting habitat through this time period.  [Moderate to high certainty] 

Regeneration of aspen on stands formerly dominated by lodgepole pine will provide limited summer foraging 
habitat, no winter foraging habitat, no roosting habitat, and no nesting habitat through 40 years post-mortality.  
From 40 – 80 years summer foraging habitat will increase in quality but winter foraging habitat remain poor 
because of snow crusting.  Aspen may begin to provide nesting habitat from 60-80 years post-disturbance.  
[Moderate certainty] 

Broad-scale.  (Depends on proportion of other forest types).  In landscapes dominated by lodgepole pine, 
boreal owl habitat will not be available through 40/50 years post-mortality.  Foraging and roosting habitat will 
gradually improve from 50 – 80 years returning to pre-disturbance levels somewhere between 80 and 120 
years.  However, nesting habitat will be limited during this period.  [Moderate to high certainty]  In 
landscapes with higher proportions of spruce-fir and aspen forest, the condition for boreal owls will depend 
on the proportion of lodgepole pine in the former forest.  Stands of primarily LPP will remain secondary 
habitat.  In all cases, however, habitat quality will improve from 40/50 years through 80 years.  [Moderate to 
high certainty] 

Regeneration of aspen on stands formerly dominated by lodgepole pine will provide beta diversity and 
therefore potentially greater stability in prey populations compared to pre-disturbance conditions.  
Regenerating aspen will provide improving summer foraging habitat throughout this period but little winter 
foraging, roosting, or nesting habitat.  From 60 to 80 years post pandemic, aspen will begin to provide nesting 
habitat.  [Moderate certainty] 

Region-wide.  (Stable habitat and populations with improvement in habitat and increases in populations  
toward end of period – populations below pre-pandemic levels).  Through a majority of the period from 20-80 
years post-pandemic, boreal owl populations are likely to remain at reduced distribution and abundance 
similar to levels experienced following the loss of canopy within a decade of beetle attack.5  By the end of 
this period, however, regenerated aspen and lodgepole stands will be providing foraging habitat and 
contributing to recovery of regional boreal owl populations.  [Moderate certainty] 

Very Long-term Effects (81-200 years) 

During this timeframe, in the absence of widespread disturbance events such as fire or mountain pine beetle, 
or if climate change has not substantially changed the distribution of lodgepole pine, habitat conditions will 
become similar to those experienced immediately prior to the mountain pine beetle pandemic as the landscape 
develops more advanced seral stages. 

Fine-scale:  Pure lodgepole.  (Foraging habitat quality will continue to improve and nesting habitat 
develop – conditions will begin to approach the quality of mature spruce-fir forest).  Foraging habitat quality 
will improve throughout the period as stands become more mesic, fine-scale diversity increases through gap 
                                                   

5 Would like to add some quantitative statement here regarding the % reduction since pre-beetle, but will need to wait to 
conduct some modeling. 
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processes, multi-storied stands develop, and a variety of course woody debris conditions develop.  Trees will 
reach size and stage to facilitate suitable cavity development providing breeding opportunities.  For the later 
third of this period, habitat conditions are likely better than prior to stand mortality.  [Moderate certainty.] 

Fine-scale:  Lodgepole with Spruce-Fir or Aspen.  (Steady improvement and continuing  excellent 
habitat conditions). These stands will have supported high quality habitat since the mountain pine beetle 
epidemic and will continue to support excellent habitat.  Furthermore, habitat quality will continue to improve 
as stands become older.  [Moderate to high certainty] 

Broad-scale.  (Foraging, roosting and nesting habitat improve and become very high quality).  In 
landscapes dominated by lodepole pine, boreal owl habitat will be present at 80 years and develop to very 
high quality by 150 years.  This will include foraging, roosting and nesting habitat and conditions will be 
superior to pre-pandemic conditions (assuming these stands are older and more diverse than pre- pandemic 
stands).  [Moderate to high certainty]  In landscapes with higher proportions of spruce-fir and aspen forest, 
the condition for boreal owls will also improve but the degree of improvement will be less than in lodgepole 
dominated landscapes because there is less room for improvement.  In any case, these landscapes will provide 
superior habitat.  [Moderate to high certainty] 

Regeneration of aspen on stands formerly dominated by lodgepole pine will provide beta diversity and 
conditions superior to those experienced prior to forest mortality.  These stands will provide nesting, foraging 
and roosting habitat as a result of the mixed deciduous/conifer characteristics.  Toward the end of this period 
(150-200 years), aspen may be lost from the stands reducing their quality for boreal owls because of the loss 
of habitat diversity and loss of cavities represented by the aspen.  If aspen snags persist, nesting habitat will 
be improved.  [Moderate certainty] 

Region-wide.  (Habitat quality and boreal population abundance will likely exceed those experienced 
prior forest mortality (because of aspen)).  Through the first 50 to 70 years of this period, owl habitat will be 
high quality but still improving.  Habitat quality will remain high through the remainder of the period with the 
potential for slight declines in quality in areas with aspen, if the aspen begins to decline significantly.  Owl 
populations will be at or exceed pre-pandemic levels by 120 to 150 years post-mortality, and remain high 
throughout.  [Moderate certainty] 

SUMMARY 

Short-term Response (1-5 years) 

Boreal owl populations will exhibit a delayed response to forest mortality.  Population declines are unlikely to 
be observed until 4-5 years after stand mortality, 1-2 years after red-needle fall.  Region-wide, populations 
will decline only slightly within the first 5 years. 

Mid-term Response (6-20 years) 

The most important declines in boreal owl populations will be observed during this period.  Owl populations 
will decline rapidly beginning 4-6 years post mortality and continue to decline through the period.  However, 
because spruce-fir forest represents the most important boreal owl habitat, declines will be limited to areas 
dominated by lodgepole pine and Region-wide the decline will not be large.  Boreal owls will become absent 
from home ranges and watersheds that were largely lodgepole pine forest but persist at levels similar to before 
the beetle pandemic in areas dominated by spruce-fir forest.  [Need modeling to give a sense of overall 
decline] 
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Long-term Response (21-80 years) 

Boreal owl populations in areas dominated by lodgepole pine will remain low through the first half of this 
period and begin to increase gradually there-after.  The most rapid changes will occur in landscapes formerly 
dominated by lodgepole pine where aspen regenerate mixed with conifer.  Throughout the region, increases 
will be slow throughout the last 1/3 of this period.  [Need modeling to give a sense of overall decline] 

Very Long-term Response (81-200 years) 

Habitat conditions will continue to improve during this period becoming superior to those present prior to the 
pandemic as old forest conditions develop and aspen regeneration provides increased nesting habitat. 

Unique Circumstances and Dominant Uncertainties 

Predictions regarding the response of boreal owl to widespread mortality of lodgepole pine are based largely 
on intensive studies of boreal owl ecology in central Idaho.  Limited investigations on the Arapahoe and 
Grand Mesa National Forests provide more local information that corroborates the investigations from Idaho.  
The response of boreal owls to regenerating aspen forest is particularly difficult to predict. 

The influence of climate change on patterns of vegetation development, on small mammal populations, and 
on boreal owls is also unknown.  Boreal owls are easily heat stressed.  Therefore, rising summer temperatures 
may force the owls to higher elevations or to rely on cool forest micro-sites to a greater extent.  Extending the 
snow-free period may reduce small mammal populations.  Red-backed voles seek the sheltered climate 
conditions in the subnivian environment during winter and some evidence suggests the voles experience 
increased mortality during years of late snowfall.  Finally, the influence of climate change on seed production, 
fungi production, and Vaccinium, all important foods for red-backed voles, is unknown. 

Acknowledgments.  Early drafts of this manuscript and the project outline were reviewed by Wendy 
McGwire, Lynn Dieble, Keith Giezentanner and Robert Skorkowski.  Each improved the work significantly.  
Claudia Regan, Jim Thinnes, Robert Cain, and Susan Gray provided insights into forest dynamics 
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 FRONTISPIECE. Radio-marked male boreal owl (Aegolius funereus) in spruce fir forest of central Idaho (photo by Patricia H.
 Hayward). The owl holds a recently captured southern red-backed vole (Clethrionomys gapper8, which was the most frequent
 prey species for both male and female owls.
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 ECOLOGY OF BOREAL OWLS IN THE
 NORTHERN ROCKY MOUNTAINS, USA

 GREGORY D. HAYWARD
 Department of Fish and Wildlife Resources, University of Idaho, Moscow, ID 838431

 PATRICIA H. HAYWARD
 Department of Fish and Wildlife Resources, University of Idaho, Moscow, ID 838431

 EDWARD O. GARTON
 Department of Fish and Wildlife Resources, University of Idaho, Moscow, ID 83843

 Abstract: We studied habitat use by boreal owls (Aegolius funereus) in the northern Rocky Mountains
 from January through August during 1984-88. Habitat use was examined at several spatial scales. The
 geographic distribution and range of life zones used by boreal owls were documented in western Montana,
 Idaho, and northwestern Wyoming. Habitat use, at the level of the home range, and microhabitats used for
 nesting, roosting, and foraging were observed in the Frank Church River of No Return Wilderness (RNRW)
 of central Idaho.

 Boreal owls inhabited forests within the spruce-fir (Picea spp.-Abies spp. ) life zone throughout the mountains
 of Montana, Idaho, and northern Wyoming. Nearly 90% of breeding territories located throughout this region
 were in subalpine fir (Abies lasiocarpa) habitat types (based on Steele et al. 1981), and no owls were detected
 below 1,292 m. Within the RNRW, owl breeding sites occurred (n = 28) in mixed-conifer (39%), spruce-fir
 (25%), Douglas-fir (Pseudotsuga menziesfi) (18%), and aspen (Populus tremuloides) (18%) stands. Lodgepole-
 pine (Ptnus contorta) forest, which was the most common vegetation type in the area, was not used for
 nesting. Nest sites were restricted to mature and old forest stands with complex physical structure. Roosting
 habitat differed between winter and summer. Winter roosts differed little from available forest cover whereas
 summer roosts had greater canopy cover, higher tree density, and higher basal area than paired random
 sites. During summer, the owls used cool microsites for roosting; during hot weather, boreal owls frequently
 exhibited symptoms of heat stress by gullar fluttering and perching with wings lowered. The best foraging
 habitat was associated with older spruce-fir stands. These sites had prey populations 2-10 times greater than
 other sites and provided open forest structure that facilitated hunting. Because of the wide geographic
 dispersion of suitable nesting, roosting, and foraging habitat, the owls used large home ranges; ranges averaged
 1,451 + 552 ha in winter (n = 13) and 1,182 + 335 ha in summer (n = 15).

 Boreal owls at our intensive study site fed primarily on small mammals in both winter and summer. During
 both seasons, southern red-backed voles (Clethrionomys gapperi) were the most frequent prey, composing
 36% of all prey items. In winter, northern flying squirrels (Glaucomys sabrinus) were captured by females
 (14% of prey items) but not males. During snow-free seasons, boreal owls captured northern pocket gophers
 (Thomomys talpoides), yellow-pine chipmunks (Tamias amoenus), and western jumping mice (Zapus prin-
 ceps) that were unavailable when the ground was snow covered.

 The size of breeding populations and breeding success varied from year to year. During 1 of 4 years, few
 owls attempted to breed, and we knew of none that raised young. Estimates of demographic characteristics
 of boreal owls suggest that the population declined during our investigation. We estimated annual adult
 survival as 46% (95% CI = 23-91So), and production by nesting females averaged 2.3 (+0.542) young per
 successful nest. We documented long distance movements by adult owls, which support the contention that
 immigration of nomadic owls may help maintain populations that would otherwise face local extinction.

 These results suggest that conservation of boreal owls will require forest management that maintains the
 distribution and abundance of mature and older forest stands. Because boreal owls in the northern Rocky
 Mountains occur in a narrow life zone, populations exist in isolated patches that cover a relatively small
 portion of the landscape. To maintain quality habitat at any given site will require snag retention and timber
 harvest practices that retain forest structure. A shift to uneven-age management or modifications of even-
 age systems that retain particular old forest characteristics in spruce-fir forest should meet the owls' needs
 for nesting structures and roosting sites while maintaining prey populations.

 WILDL. MONOGR. 124, 1-59

 l Present address: Rocky Mountain Forest and Range Experiment Station, 222 South 22nd Street, Laramie,
 WY 82070.
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 resident breeding populations, whereas in
 North America, breeding status was only
 recently documented in the mountains of
 the western United States (Hayward and
 Garton 1983, Palmer and Ryder 1984,
 Hayward et al. 1987a, Whelton 1989).
 Studies of this species, mainly in Scandi-
 navia, Germany, and France, indicate that
 the biology and ecology of boreal owls var-
 ies geographically and is strongly related
 to local forest conditions and prey popu-
 lations.

 Boreal owls inhabit forested habitats
 where they nest exclusively in tree cavities

 INTRODUCTION

 Boreal owls (aegolius funereus) re-
 ferred to as Tengmalm's owl outside North
 America, occur throughout the holarctic
 in boreal climatic zones. On each conti-
 nent, disjunct populations occur in moun-
 tains south of the broad transcontinental
 boreal forest populations, which extend
 from Scandinavia eastward across Asia and
 from Alaska through Canada to the Atlan-
 tic (Cramp 1977, Voous 1988). Boreal owls
 located in mountain regions of Europe and
 Asia have long been recognized as isolated
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 BOREAL OWL ECOLOGY Haytvard et al.  7

 or artificial nest structures (Mikkola 1983).
 Nesting habitat includes a range of vege-
 tation types depending on geographic re-
 gion. In Scandinavia, studies report nests
 in artificial structures hung in pine (Pinus
 spp.), spruce (Picea spp.), and birch (Bet-
 ula spp.) forest (Norberg 1964, Korpimaki
 1981, Solheim 1983a). In France, "moun-
 tain pine" (Pinus uncinata and P. sylves-
 tris) forest and old forest stands with beech
 (Fagus spp.) trees were used by owls lo-
 cated by Dejaifve et al. (1990:267) and
 Joneniaux and Durand (1987), respective-
 ly. In Germany, conifer forest with old
 trees was used for nesting (Konig 1969,
 Jorlitschka 1988). Nest sites in Canada and
 Colorado have occurred mainly in spruce,
 aspen (Populus tremuloides), and mixed
 forests (Bondrup-Nielsen 1978, Palmer
 1986). Although foraging habitat has not
 been studied extensively, observations in
 Scandinavia suggest that old spruce forest
 is important, especially during winter.
 Clearcuts and cultivated fields are used for
 hunting only in early spring before vege-
 tation becomes dense (Sonerud 1986, Kor-
 pimaki 1988a).

 Small mammals, particularly voles
 (Clethrionomys spp. and Microtus spp.),
 are primary prey of boreal owls through-
 out their geographic range. Voles fre-
 quently account for over 75% of prey items
 identified in pellets and prey remains at
 nests (Klaus et al. 1975, Korpimaki 1981).
 Other prey include shrews, mice, birds,
 and insects (Cramp 1977). The range of
 prey consumed increases in southern
 regions of Europe where the owls are con-
 sidered generalist predators (Solheim
 1983a; Lofgren et al. 1986; Korpimaki
 1986, 1987a). In northern regions with
 pronounced vole cycles, boreal owls func-
 tion as microtine specialists and exhibit ex-
 treme fluctuations in breeding parameters
 (Korpimaki 1986). Breeding population
 size, laying date, clutch size, fledging suc-
 cess, and the frequency of bigyny and
 biandry all vary among years and geo-
 graphically, corresponding to variation in
 prey availability (Carlsson et al.1987, Kor-
 pimaki 1987b). Local breeding densities
 during good prey years exceed 4 pairs/

 km2 whereas in poor years few owls initiate
 nesting (Lofgren et al. 1986, Schelper
 1989). These studies demonstrate how geo-
 graphic variation in prey populations in-
 Suence local boreal owl populations.

 The influence of prey populations on
 boreal owl ecology extends from popula-
 tion dynamics, mating system, and habitat
 use to yearly movement patterns (Myste-
 rud 1970, Lundberg 1979, Lofgren et al.
 1986). Korpimaki (1986) hypothesized that
 conflicting selective pressures of nest site
 scarcity favoring site tenacity and fluctu-
 ating prey availability favoring nomadism
 have resulted in a variety of movement
 patterns in boreal owl populations. Where
 boreal owls consume a varied diet and prey
 availability fluctuates little, populations are
 resident. Under conditions of reduced prey
 diversity and moderate prey fluctuations,
 populations exhibit a strategy of partial
 migration (males are resident and females
 nomadic) whereas in areas with pro-
 nounced vole cycles, adults are nomadic
 (Korpimaki 1986, Lofgren et al. 1986). Mi-
 gratory status in lforth America has not
 been systematically investigated. In east-
 ern and central North America, irruptions
 are evident (Catling 1972, Evans and Ro-
 senfield 1977) but the phenomenon has not
 been noted in the West.

 Based on the variety of ecological pat-
 terns described for boreal owls in Europe,
 it is difflcult to predict the ecological char-
 acteristics of populations in western North
 America. The relationship among boreal
 owls, forest habitat, and small mammal
 populations, however, suggests that un-
 derstanding patterns of habitat use and
 prey relationships will be central to the
 formulation of conservation programs and
 to understanding the owl's ecology (Scott
 et al. 1987).

 In this study, we investigated habitat use
 by boreal owls in the northern Rocky
 Mountains of the United States. We ap-
 proached the study of habitat from a broad
 perspective by investigating natural his-
 tory and by examining habitat use on sev-
 eral scales (i.e., several levels of resolution
 from a regional to microhabitat scale). Pri-
 or to our investigation, information on bo-
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 real owl habitat use in North America was
 limited to a study in Canada (Bondrup-
 Nielsen 1978) and a concurrent investi-
 gation in Colorado (Palmer 1986). Estab-
 lished breeding populations of boreal owls
 had been observed in central Idaho and
 Colorado (Hayward and Garton 1983,
 Palmer and Ryder 1984); otherwise, the
 extent of the species' distribution south of
 Canada was completely unknown.

 Our goal was to describe habitat use by
 boreal owls at several scales emphasizing
 regional distribution and microhabitat use.
 We also sought to describe population
 characteristics (e.g., population trend, pro-
 ductivity), both to place the habitat data
 in an ecological context and to assess the
 species' current status. To meet these goals
 we pursued 5 specific objectives: (1) to es-
 timate the geographic extent of boreal owl
 populations in the northern Rocky Moun-
 tains within the United States, (2) to esti-
 mate breeding habitat associations and life
 zone of boreal owls in this region, (3) to
 describe habitat use for nesting, roosting,
 and foraging in 1 local population of boreal
 owls, (4) to estimate seasonal and yearly
 movement patterns of boreal owls in 1 lo-
 cal population, and (5) to describe demo-
 graphic characteristics of boreal owls in 1
 local population.

 Acknowledgments. We appreciate the
 assistance of L. Flaccus, A. L. Wright, and
 D. Zebley who worked tirelessly collecting
 data. R. Ryker helped secure initial fund-
 ing. R. J. Gutierrez, R. L. Hutto, M. G.
 Raphael, and A. L. Wright graciously re-
 viewed the manuscript and offered in-
 sights. We thank the biologists who co-
 operated in regional surveys for owls in
 Montana, Idaho, Wyoming, and Utah. The
 U.S. Forest Service Intermountain and
 Rocky Mountain Forest and Range Ex-
 periment Stations, Idaho Department of
 Fish and Game, University of Idaho vVil-
 derness Research Center, University of
 Idaho Forest, Wildlife, and Range Experi-
 ment Station (contribution no. 666), Max
 McGraw Wildlife Foundation, North
 American Bluebird Society, TDK Elec-
 tronics Corporation, Duracell Corpora-
 tion, Richland Washington Audubon So-

 ciety, Susan Hurd family, and the Robert
 Hayward family provided funding and
 support; we thank each of them.

 STUDY AREA
 To examine habitat use at multiple geo-

 graphic scales, we examined broad pat-
 terns through extensive field studies at a
 regional scale (covering several states in
 the northern Rocky Mountains) and ex-
 amined fine scale patterns on a local scale
 (including 2 study areas, each encompass-
 ing over 6,500 ha, in the wilderness of
 central Idaho). We allocated our effort dis-
 proportionately, emphasizing field work at
 the intensive study site.

 Our broad scale surveys for boreal owls
 included portions of the northern Rocky
 Mountains from northern Idaho and Mon-
 tana to northern Wyoming and Utah. Co-
 operators throughout this region surveyed
 for owls on 13 national forests, including
 the Idaho Panhandle, Kootenai, Flathead,
 Lolo, Lewis and Clark, Beaverhead, Nez
 Perce, Payette, Salmon, Boise, Caribou,
 Bridger-Teton, and Fishlake national for-
 ests. Owl surveys were restricted to conif-
 erous forest but extended from lower co-
 nifer tree line (Ponderosa pine, Pinus
 ponderosa, forests) to upper timberline.
 Our investigation in this broad geographic
 region was limited to areas that had roads
 providing winter access to the higher el-
 evation forests.

 Our intensive investigation was in the
 mountains of central Idaho in the northern
 portion of the 956,515-ha Frank Church
 River of No Return Wilderness (RNRW)
 (Fig. 1). The study area extended from
 1,580 to 2,400 m elevation in a high, dis-
 sected plateau surrounded on 3 sides by
 deep, rocky canyons that plunge to 700 m
 elevation along the Salmon River. The en-
 tire area is mountainous but lacks steep
 jagged peaks; few slopes exceed 50%.

 Climate in the RNRW has a strong Pa-
 cific coastal influence during winter but
 follows continental patterns in summer
 (Finklin 1988). At 1,700 m elevation,
 Chamberlain Basin Guard Station receives
 76 cm of precipitation per year (50% as
 snowfall). Snow depths reach 50-90 cm at

This content downloaded from 132.236.27.217 on Fri, 15 Jul 2016 07:59:02 UTC
All use subject to http://about.jstor.org/terms



 BOREAL OWL ECOLOGY Hayward et al.  9

 Chamberlain Study Site

 mml Hot Springs Study Site
 _

 _ Cold Meadows Study Site

 Ez Frank Church Wilderness

 1 <
 I f
 I U

 11 Y
 /

 l

 l

 I

 Fg. 1. Location of Chamberlain, Cold Meadows, and Hot Springs Meadow study sites in the 956,500-ha, Frank Church River

 this elevation. At 2,150 m, 70% of precip-
 itation is snowfall, and snow depths exceed
 150 cm. The frost-free period at 1,700 m
 lasts 35-40 days. In July, maximum tem-
 peratures averaged 28 C with average
 minimums of 5 C; in February, daily tem-
 perature extremes averaged 5 C maximum
 and-20 C minimum at 17700 m.

 We established 3 study sites in the north-
 ern mountains of the RNRW hereafter
 referred to as Chamberlain, Cold Mead-
 ows, and Hot Springs Meadow (Fig. 1).
 The Chamberlain site, where 90% of our
 field effort was centered, included a 35,000-
 ha portion of Chamberlain Basin, partic-
 ularly the basin upstream from the junc-
 tion of the West Fork and Chamberlain
 Creek. Cold Meadows included about 9,000
 ha within 5.5 km of Cold Meadows Guard
 Station. This site is 30 km east of Cham-

 berlain Basin Guard Station at 2,130 m
 elevation and provided access to lodge-
 pole-pine (Pinus contorta) and spruce-fir
 forests. Hot Springs Meadow site, 8 km
 northeast of Chamberlain Basin Guard
 Station, included about 6,000 ha surround-
 ing the Hot Springs Meadow cabin at 2,160
 m and also provided access to spruce-fir
 forest.

 The landscape of all 3 study sites within
 the wilderness study area was dominated
 by coniferous forest (Fig. 2). Prior to the
 initiation of the study, most forest stands
 in the area exceeded 125 years old except
 for a 2,225-ha area that burned in 1966.
 Lodgepole pine dominated the forest, es-
 pecially in cold-air drainages where mono-
 specific stands of this species covered areas
 exceeding 300 ha. Southern slopes below
 1,825 m supported open forest of 60-130-
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 .

 Fig. 2. Contrasting structure of 4 major conifer vegetation types that dominate the landscape of the Frank Church River of No
 Return Wilderness study sites. Stands shown here include (upper left) old mixed conifer forest dominated by ponderosa pine
 on southeast exposure of Flossie Creek drainage; (bwer left) old Douglas-fir forest on northeast exposure of Hotzel Creek
 drainage; (upper right) mature lodgepole-pine forest in frost pocket along Chamberlain Creek; and (lower right) mature spruce fir forest on west exposure near top of Trout Creek drainage.

 cm Ponderosa pine and Douglas-Sr (Pseu-
 dotsuga menziesfi). These forests are called
 mixed conifer throughout this text. On
 cooler aspects up to 2,000 m, Douglas-Sr
 dominated unless recent fire had produced
 a lodgepole-pine forest. Douglas-fir forests
 were mixed with subalpine fir (Abies la-
 siocarpa) and Engelmann spruce (Picea
 engelmannfi) up to 2,200 m. Above 2,000
 m, spruce-Sr forest occupied sites without
 recent Sre.

 Meadows and open shrub fields covered
 <3% of the area. Sagebrush-bunchgrass
 (Artemisia spp.-Festuca idshoensis) slopes
 were the most common open habitat below
 1,850 m whereas Carex meadows and wil-
 low (Salix spp.) bogs occurred at higher
 elevations. Aspen occurred in small clumps
 (usually <0.5 ha) below 2,100 m and cov-
 ered < 1% of the landscape.
 For the Chamberlain study site, we clas-
 sified the landscape by dominant overstory
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 vegetation using color 1:5800 aerial pho-
 tographs. Rank order of landscape cover-
 age from most to least dominant were
 lodgepole pine, Douglas-fir, mixed coni-
 fer, spruce-fir, meadow and shrub-field
 openings, and aspen. Lodgepole-pine for-
 est covered over 50S of the Chamberlain
 site.

 Other species of owls that were heard
 calling each year in the RNRW included
 northern pygmy owl (Glaucidiumgnoma),
 northern saw-whet owl (Aegolius acadi-
 cus), great horned owl (Bubo virginianus),
 and great gray owl (Strix nebulosa). Barred
 owls (S. varia) called each year after 1984.
 Long-eared owls (Asio otus) were seen oc-
 casionally but may not nest in the area,
 whereas flammulated owls (Otus ffZam-
 meolus) were heard during 3 years in the
 mixed-conifer stands. Two important pri-
 mary excavators, pileated woodpecker
 (Dryocopus pileatus) and northern flicker
 (Colaptes auratus), breed in the area but
 are most abundant in the lower elevations.

 DEFINITIONS

 Several terms used loosely in the eco-
 logical literature are defined below to clar-
 ify our use of the terms:

 1. A forest stand is a homogeneous portion
 of forest that can be differentiated from
 surrounding units by age, composition,
 structure, or geography (Daniel et al.
 1979).

 2. Microhabitat refers to conditions within
 an area smaller than a forest stand-a
 site where an individual owl performs
 a single activity such as roosting, nest-

 r

 lng, or toraglng.
 3. Macrohabitat refers to characteristics of

 the environment in an area large enough
 to include an individual's seasonal home
 range. For boreal owls, forest stands are
 convenient elements to measure for
 macrohabitat description because home
 ranges are composed of numerous for-
 est stands. Macrohabitat, then, gener-
 ally includes several vegetation types
 and land forms and is quantified by the
 proportion of area covered by each.

 We believed that existing definitions of

 forest age and structure, especially defi-
 nitions of old growth, were not adequate
 for the forests of central Idaho:(Hayward
 1991). Here we apply the following work-
 ing definitions of stand age (see Hayward
 1991 for more details):

 1. Young forest forest with few or no
 seed-producing trees, where seedling
 establishment is common and leaf area
 is increasing. Structurally, a young for-
 est stand is dominated by small trees
 that are growing vigorously.

 2. Aggradation stage forest a forest stand
 in which tree establishment is signifi-
 cantly reduced and competition has re-
 sulted in tree mortality, but stand struc-
 ture is primarily a result of the major
 disturbance that created the stand. Ag-
 gradation stage forest, then, has trees
 of a single age class, new snags, and few
 seedlings.

 3. Mature forest a stand that has devel-
 oped long enough since catastrophic
 disturbance that mortality and regen-
 eration are prominent processes and re-
 generation results from parent trees in
 the stand. The mature stand has tree-
 fall gaps created after stand establish-
 ment and an uneven-age tree diameter
 distribution.

 4. Old forest a stand whose age and
 physical structure is currently influ-
 enced by processes within the stand
 rather than the last catastrophic distur-
 bance. Old forest will have a wide va-
 riety of tree sizes and ages and a patchy
 structure resulting from tree mortality
 and regeneration.

 FIELD METHODS

 We conducted field work from 26 Jan-
 uary to 28 September 1984, 26 January to
 28 August 1985, 14 January to 12 October
 1986, 16 February to 2t3 August 1987 and
 for 2 weeks in both February and May
 1988.

 Locating and Capturing Owls

 Extensive Surveys in the Northern
 Rockies.-We estimated the regional dis-
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 tribution of boreal owls from winter sur-
 veys conducted in the northern Rockies
 (the Rocky Mountains south of Canada and
 north of 42°N). We divided the region in-
 cluded in these surveys into 2 groups based
 on differences in climate that result in dif-
 ferent forest structures. The northern group
 included the Flathead, Idaho Panhandle,
 and Lolo national forests. This region ex-
 periences abundant rain and snowfall and
 moderate temperatures from maritime air
 masses (Arno 1979). Stands on the Bea-
 verhead, Salmon, Caribou, and Payette na-
 tional forests experience a continental cli-
 mate with cooler winter temperatures and
 less summer moisture. These more south-
 ern forests support smaller trees and a less
 developed shrub layer.

 lDuring February-April 1984-86, per-
 sonnel from 13 national forests, Grand Te-
 ton National Park, Wyoming Game and
 Fish, and the Garnett District of the Bu-
 reau of Land Management searched for
 boreal owls by foot, car, and snowmobile
 using playback of tape-recorded boreal owl
 staccato song (Bondrup-Nielsen 1978). Bi-
 ologists were recruited for the survey with
 the understanding that our objective was
 to estimate the geographic extent and el-
 evation range of the species in the northern
 Rockies. Therefore, biologists were not in-
 structed to concentrate surveys in certain
 habitats or particular geographic locations.
 Surveys were conducted from 500 to 3,050
 m elevation with over 80S being over 1,280
 m. No explicit effort was made to repeat
 survey routes during any year; however,
 biologists did resurvey some areas.

 Playback surveys began in evening when
 darkness permitted viewing the first stars.
 Biologists traveled forest roads stopping
 every 1-2 km, depending on terrain, to
 call for owls. At each calling stop, the bi-
 ologist played 3 series of owl calls of
 2-minute duration and listened for a re-
 sponse for 2 minutes after each series.
 Playback tapes for the geographic survey
 were compiled by G D. Hayward using 3
 source recordings, and duplicates were dis-
 tributed to 60 cooperators. The master re-
 cording included boreal owl songs record-
 ed in Alberta Canada, a recording from

 Cornell Laboratory of Sound and a re-
 cording from the Soviet Union supplied by
 R. A. Ryder (Colo. State Univ.). These 3
 recordings were segregated on the tape
 into 3 segments approximately 6 minutes
 long Songs recorded from 1 of these geo-
 graphic localities were broadcast at each
 playback station. Cooperators were ad-
 vised to conduct surveys during good lis-
 tening conditions (low wind, no rain, no
 heavy snowfall).

 Locating Potential Nest Sites in the
 RNRW.-We used similar playback sur-
 veys to estimate the elevational distribu-
 tion of boreal owls and to locate individual
 breeding sites in the RNRW. All wilder-
 ness surveys were conducted on skis from
 January through April in 1984-87. Begin-
 ning when the first stars became visible,
 we played tape recordings of the boreal
 owl staccato song at 0.5-1-km intervals
 along trails and ridge lines. We remained
 at each calling station 10-12 minutes play-
 ing 3 series of staccato song with 2 minutes
 of silence after each series. In addition to
 time spent listening for owls at each calling
 station, we paused for 1 minute at least
 once between stations. We sampled avail-
 able habitat along survey routes radiating
 10 km from field lodgings at Chamberlain
 and about 5 km from Cold Meadows and
 Hot Springs Meadow. Some survey routes
 followed existing trails radiating from each
 study site whereas others followed ridge
 lines and stream courses. Routes at Gham-
 berlain and Cold Meadows were laid out
 to access at least 80% of the landscape
 within 5 km of the camp. At Chamberlain,
 routes extended up to 10 km from the
 camp, but coverage of the landscape in the
 outer 5-km "donut" was less complete. Be-
 cause Hot Springs Meadow was surveyed
 less intensively and in only 1 year, cov-
 erage was limited to about 50S of the area
 within 5 km of the camp.

 At Chamberlain and Cold Meadows,
 each route was surveyed 2-5 times a year.
 When we heard owls during a survey, we
 skied toward the singing male in an at-
 tempt to locate the potential nest site. Lo-
 cations were not considered potential
 breeding sites for habitat analysis unless
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 they met 1 of 3 criteria: (1) we located an
 active nest, (2) we heard both a male and
 female boreal owl courting at the site (Bon-
 drup-Nielsen 1978), or (3) a male was heard
 singing at the site more than once during
 a year.

 Capture and Radio Tagging. We
 captured and radio tagged boreal owls at
 the Chamberlain site to study movements,
 habitat use, food habits, and survival. We
 trapped owls during January-May at po-
 tential breeding sites located during play-
 back surveys. After locating a site with a
 singing-male boreal owl, we returned to
 the site 1-15 nights later and set 10 bal-
 chatri traps and a mist net within 100 m
 of the singing location (Bull 1987). We
 hung the mist net in an aisle in the forest
 along the contour. Bal-chatri traps baited
 with a live vole (Microtus spp.) or deer
 mouse (Peromyscus maniculatus) were
 placed 5-60 m from the mist net. Begin-
 ning at dark, a recorded staccato song was
 played for 20 minutes each hour from be-
 neath a tree about 3 m from the net. Cap-
 tured owls were retrieved immediately
 from the net and traps were checked each
 hour. This method was effective for cap-
 turing both male and female boreal owls.

 Captured owls were weighed and mea-
 sured to determine sex (Hayward and
 Hayward 1991), and, beginning in 1986,
 wing-molt pattern was recorded to deter-
 mine age (R. Solheim, Zool. Inst., Oslo,
 Norway, pers. commun.). We radio
 marked the owls with 6-g, backpack-
 mounted radio transmitters (Wildlife Ma-
 terials, Inc., Carbondale, Ill., model MPB-
 1220-LD) with an expected battery life of
 150 days (Hayward 1987). The backpack
 harness that held the transmitter on the
 owl's back was made of 4-mm-wide elastic
 webbing. The elastic webbing was sewn
 together with upholstery thread to assure
 permanent attachment. Each harness was
 individually fitted so that the tip of a per-
 son's little finger could slip between the
 owl's back and the transmitter.

 Radio-marked owls were recaptured and
 outfitted with a new transmitter after ap-
 proximately 140 days or when abnormal-
 ities in the radio signal indicated potential

 transmitter failure. We recaptured owls
 from their daytime roosts with a dip net
 on a 5.5-m fiberglass-extension pole or a
 miniature mist net (2.5 m long and 1.5 m
 tall) as we described in Bull (1987).

 Microhabitat Measurements

 Breeding Habitat. We characterized
 the structure of forest stands at confirmed
 nest sites and potential breeding sites (male-
 singing locations) by measuring forest veg-
 etation, topographic features, and habitat
 type on a plot within the nest or singing
 stand. We considered singing sites that met
 the criteria defined above for potential
 breeding sites as representative breeding
 habitat. Our observations of radio-marked
 owls and observations by Bondrup-Nielsen
 (1978) and Palmer (1986) all indicate that
 boreal owls do not sing from sites through-
 out their home range. Rather, they con-
 sistently sing within 100 m of a potential
 nest cavity.

 Forest structure was measured in a 30-
 by-125-m plot centered on the nest or sing-
 ing location but within a single forest
 stand the plot was not bisected by any
 abrupt ecotone. In cases where a nest or
 calling site lay near an ecotone, we placed
 the plot in the stand in which the nest or
 calling tree was rooted. If we had mea-
 sured a combination of both forest stands
 at an ecotone, the resulting vegetation de-
 scription would not have typified either
 forest stand, but rather some average stand
 that did not exist (Mueller-Dombois and
 Ellenberg 1974). Within the forest stand,
 structure was quantified by density of trees
 and by percent cover of trees, shrubs,
 grasses, and forbs.

 Cover of trees and shrubs was sampled
 along 8 30.5-m-parallel transects placed
 perpendicular to the slope within the plot
 (Bonham 1989). Transects were randomly
 spaced 6-30 m apart. Intercept measure-
 ments along these transects provided shrub
 cover estimates (all shrubs were < 1 m high)
 and tree cover estimates in 5 height cat-
 egories (canopy cover layers) (0-1 m, 1.1-
 2 m, 2.1-4 m, 4.1-8 m, >8 m) (Bauer 1943,
 Borman and Buell 1964, Hayward and
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 Garton 1988). We recorded the dominant
 tree species and number of trees and snags
 in 6 diameter-at-breast-height (dbh) class-
 es (2.5-7.6 cm, 7.7-15 cm, 15.1-23 cm,
 23.1-38 cm, 38.1-53 cm, and >53 cm)
 within 16 systematically located 83-m2-
 circular plots, 2 per transect (modified from
 James 1971, Hayward and Garton 1988).
 Cover of forbs, grasses, and subshrubs (any
 woody plant species commonly under 15
 cm tall) was estimated on 16 0.1-m2-rect-
 angular quadrats (I)aubenmire 1959), 2
 quac rats per transect.

 Because the small (83-m2), circular tree
 plots would underestimate numbers of
 large diameter trees, variable-radius-plot
 tree samples were measured from 4
 points-1 point along each of transects 2,
 4, 6, and 8. We used a relaskop (Spiegel,
 Inc., Germany) with a 10-factor prism and
 30-cm-dbh lower limit to count trees. Den-
 sities and basal area were calculated as
 described by Avery (1975:170).

 In addition to measuring forest struc-
 ture, we recorded topographic variables
 (aspect, slope, topographic position, and
 distance to water) and classified the forest
 vegetation within the nest stand or poten-
 tial breeding site by habitat type (to the
 level of phase) (Steele et al. 1981). '4Habitat
 type" as used by Steele et al. (1981) refers
 to a particular method of vegetation clas-
 sification based on potential forest vege-
 tation and environmental conditions. Hab-
 itat type differs from vegetation type in
 that vegetation type is defined by vege-
 tation currently on a site and habitat type
 is determined by vegetation potential.
 Throughout this text '4habitat type' will
 refer to forests classified using this method.

 We measured forest structure using these
 procedures at owl locations in the RNRW
 and sites located throughout the northern
 Rockies. For sites outside the RNRW, how-
 ever, we used only 4 transects and mea-
 sured all variables with half as many sub-
 samples.

 Available Breeding Habitats.-Four
 cover types (lodgepole pine, spruce-fir,
 mixed conifer, and Douglas-fir) together
 represented over 99% of the forest cover
 in the study area. We chose 25 random

 points in each of the 4 types from through-
 out the study area (26 in mixed conifer by
 accident) using a random-number table
 and map-grid overlay. Random sites were
 classified into 1 of the 4 types based on
 overstory species composition. At each site
 we measured forest structure to define the
 physiognomy of the stand. Methods fol-
 lowed those described above for breeding
 habitat except that we used only 4 line-
 intercept transects and all variables were
 measured with half as many subsamples.

 We chose to select a stratiSed random
 sample because a strictly random sample
 wou c zave been dominated by lodgepole-
 pine forest, a vegetation type in which the
 owls did not nest. Instead we sought to
 obtain a sample that would adequately de-
 scribe the full range of forest physiognomy
 of each cover type occupying 5% or more
 of the study area. Sample size was deter-
 mined using data from our earlier studies
 (Hayward and Garton 1988). We calcu-
 lated the minimum adequate sample nec-
 essary to reduce the coefficient of variation
 (CV) to 30-70% for measurements of tree
 density and cover in Douglas-fir forest and
 used this sample size for all vegetation
 types. The sample for each forest cover
 type also was similar in magnitude to our
 sample of owl nest locations.

 Nest Tree and Site Characteristics.-
 At each nest site, we recorded character-
 istics of the nest cavity, nest tree, and forest
 immediately around the nest. Nest cavity
 measurements included entrance diame-
 ter (vertical and horizontal), cavity depth
 (vertical from base of cavity to bottom of
 entrance hole), cavity width, tree diameter
 at cavity, cavity aspect, and cavity height
 above the ground.

 Forest structure immediately adjacent
 to the nest was described by measuring
 tree density, canopy cover, and ba<,al area.
 We collected tree density data within a
 5.2-m-circular plot and an outer donut
 (5.3-11.4 m) both centered on the nest tree.
 Trees were counted in 7 diameter classes:
 2.5-7.6-cm, 7.7-15-cm, 15.1-23-cm, 23.1-
 38-cm, 38.1-53-cm, 53.1-68-cm, and >68-
 cm dbh (modified after James 1971). We
 also counted the number of snags in the
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 same diameter classes on the combined
 plots and estimated the height of the tallest
 tree in each plot. We measured overstory
 canopy cover using a modified, concave,
 forest densiometer (Lindsey 1956, Strick-
 ler 1959). Holding the densiometer at waist
 height, the number of 17 points obscured
 by foliage was counted 5 paces from the
 nest tree in each of 4 cardinal directions
 and while facing the tree 3 paces to the
 north. Percent canopy cover was calculat-
 ed as the proportion of 85 points obscured
 by foliage. We measured basal area of trees
 > 15-cm dbh using a relaskop and 20 factor
 angle centered at the nest tree. The nest
 tree was excluded from basal area calcu-
 lations. We also recorded dominant tree
 species, canopy height, distance to nearest
 opening, distance to ecotone, and habitat
 type to phase (Steele et al. 1981).

 Roostxng Habitat. We located owls on
 their daytime roosts through radio track-
 ing. We tried to locate each owl twice each
 week during our field seasons. Measure-
 ments taken at each roost were designed
 to quantify the degree of cover provided
 by the roost tree and surrounding vege-
 tation, to record site characteristics that
 would influence microclimate, and to clas-
 sify the forest stand by habitat type (Steele
 et al. 1981).

 While observing the roosting owl, we
 recorded compass aspect, slope (using a
 clinometer), topographic position, snow
 depth, dominant tree species (i.e., the most
 abundant species), and height to forest
 canopy. qor t ne roost tree, we recorded
 roost tree species, dbh (measured with a
 reach stick Uames 1971]), height of lowest
 foliage, tree crown diameter, tree height,
 perch height, and roost tree structure (open,
 closed, dense, or witch's broom [abnor-
 mally dense growth of foliage]). In addi-
 tion, we recorded aspect of perch from
 bole, aspect the bird was facing, direction
 of wind (using a hand-held compass), wind
 speed at roost and in the open (using a
 hand-held anemometer), temperature at
 the roost and in the closest opening (both
 recorded 1.t3 m above ground level, in
 shade, using a pocket thermometer accu-
 rate at 0.5 C), distance from the owl to the

 bole, distance to nearest foliated branch
 above, below, and to the side of the owl,
 percent of cloud cover, and percent of snow
 cover in the open and under the canopy.
 Unless otherwise indicated, measurements
 were ocular estimates by trained observers
 (crew leaders worked with new techni-
 cians on at least 5 sites). We marked the
 tree so that it could be located for further
 habitat measurements.

 In summer we returned to approxi-
 mately 67% of the roost trees located dur-
 ing winter and summer to measure veg-
 etation structure. To gather a sample from
 approximately 200 winter and 200 sum-
 mer roosts, we systematically eliminated
 every third roost (ordered chronologically)
 for structural measurements. We collected
 tree density data within 2 concentric cir-
 cles centered on the roost tree as described
 above (see Nest Tree and Site Character-
 istics). Tree size classes were modified by
 changing the 2 largest classes to 38.1-68
 cm and >68 cm.

 At 120 winter roosts and 123 summer
 roosts, we collected the same forest struc-
 ture, topographic and lloristic data for a
 paired random tree. To locate the paired
 tree, we first spun a compass dial while
 looking away to determine the number of
 paces to travel (constrained to 3()-180). A
 second compass spin indicated direction.
 After pacing off the distance in the des-
 ignated direction, the closest tree >5-cm
 dbh became the new plot center.

 Nest Box Experiment

 We examined the relative importance
 of vegetation structure and cavity avail-
 ability to nest site selection by boreal owls
 with a nest box experiment. Forty-five
 wooden nest boxes hung by the authors irl
 July 1984 within a 9-km2 portion of the
 Chamberlain study area provided suitable
 nest structures in all forest vegetation types
 other than riparian forest stands (15 in
 mixed conifer, 11 in Douglas-fir, and 19
 in lodgepole pine). Nest boxes (constructed
 from 2-cm-thick lumber) measured 44-cm
 high, 25-cm widen 18-cm deep, and had a
 9-cm-diameter entrance (modified from

This content downloaded from 132.236.27.217 on Fri, 15 Jul 2016 07:59:02 UTC
All use subject to http://about.jstor.org/terms



 16  WILDLIFE MONOGRAPHS

 R. A. Ryder, Colo. State Univ., pers. com-
 mun.). The boxes were hung in a rectan-
 gular grid with 500 m between grid points.
 Boxes were paired at each grid intersection
 to increase the probability that 1 box at
 each grid would be suitable for nesting
 each year. The paired boxes were placed
 100 m apart and hung 4-15 m high. Boxes
 were placed on north or east sides of the
 tree bole unless overstory canopy would
 shade the box from afternoon sunshine.
 We checked and cleaned boxes of debris
 each year during June.

 Three broad forest categories dominat-
 ed the experimental area: old mixed-co-
 nifer forest (dominated by ponderosa pine),
 mature and older Douglas-fir, and mature
 lodgepole pine. Availability of natural cav-
 ities suitable for boreal owls varied in these
 types (G. D. and P. H. Hayward, pers. obs.)
 and in physiognomy. At Chamberlain,
 during 5 years of field work, we never saw
 a large cavity in lodgepole-pine forest and
 saw < 10 in Douglas-fir stands. The paucity
 of cavities in Douglas-fir may result from
 the pattern of decay in Douglas-fir trees
 in this region (McClelland 1977). In con-
 trast, a single hectare of mixed-conifer for-
 est contained over 9 pileated woodpecker
 cavities in 1 instance. Our playback sur-
 veys throughout the experimental area also
 indicated significant differences in boreal
 owl nesting across the 3 forest vegetation
 types. Within the experimental area, we
 never observed nesting or a potential nest-
 ing attempt by boreal owls in lodgepole-
 pine forest and observed only a single nest
 site in Douglas-fir forest. In contrast nest
 trees and calling sites were located 6 times
 in mixed-conifer forests.

 By hanging nest boxes in these 3 forest
 vegetation types (which differed in forest
 structure and cavity availability), we sought
 to differentiate the influence of cavity
 availability from forest structure in the
 choice of nest sites by boreal owls. If forest
 structure dominated the choice of nest site,
 we expected nest-box use to differ between
 lodgepole pine and the other forest vege-
 tation types. If cavity availability (regard-
 less of forest structure) was important to
 the owls, we expected to observe similar

 use of nest boxes among the forest vege-
 tation types.

 In our experimental design, each forest
 vegetation type represented a treatment
 and each nest box was considered an in-
 dependent observation repeated over a
 4-year period (1985-88). An optimum lev-
 el of interspersion among treatments was
 not possible because of the natural distri-
 bution of vegetation within the study area.
 Each forest vegetation type was distrib-
 uted across the study area in large blocks.
 Therefore, nest boxes within a treatment
 (e.g., lodgepole-pine forest) were not com-
 pletely interspersed with boxes in other
 treatments (this is a problem in any field
 experiment of this type) (Hurlbert 1984).

 Food Habits

 We sampled prey being captured by bo-
 real owls at Chamberlain each year during
 winter and summer by collecting regur-
 gitated pellets at daytime roosts, identi-
 fying prey cached with roosting owls, and
 by identification of prey at nest sites. We
 thoroughly searched for regurgitated pel-
 lets under each roost tree while the bird
 was on the roost and again when we visited
 the site for vegetation measurements. Be-
 cause boreal owls used different roosts each
 day, regurgitated pellets found beneath
 roost trees located through radio tracking
 could be assigned to individual owls and
 specific dates. Similarly, prey identified
 from nests while the female was incubat-
 ing or brooding were attributed to the male.
 When the female ceased nest attendance,
 we used radiotelemetry to determine
 whether she was delivering prey to the nest
 and thereby assigned the prey to the ap-
 propriate owl.

 Prey samples were recorded from nest
 sites by visiting nests weekly to identify
 fresh prey and collect prey remains. Fresh
 prey were identified at the nest and left
 for the owls to consume. Nest debris that
 included regurgitated bones, fur, feather,
 and insect chitin was collected during the
 visit for later identification. After air dry-
 ing, the debris was carefully sorted by hand
 and all bones and feathers removed for
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 identification. Mammals were identified
 by dentition using reference collections of
 mammals captured on the study area and
 specimens at the University of Idaho, lDe-
 partment of Zoology, Museum. To avoid
 duplicate counting of fresh prey and de-
 bris, prey identified fresh was subtracted
 from those identified in the laboratory from
 debris before recording the total. Prey from
 pellets collected at roost sites were enu-
 merated by dissecting the pellets and iden-
 tifying prey as described for nest contents.

 Frequency of occurrence for particular
 taxa in the diet of male and female owls
 was tallied within seasons by combining
 samples across years and owls using col-
 lections from roosts and nest sites. We ex-
 amined differences among years and
 among individuals, but present the results
 elsewhere (Hayward 1989). To estimate
 the proportional biomass represented by
 each prey taxa, we multiplied prey fre-
 quency by estimated prey mass. Repre-
 sentative prey mass was determined by
 calculating the average mass of each mam-
 mal species captured during our small
 mammal investigations at Chamberlain.
 Estimates for northern pocket gophers
 (Thomomys talpoides) and northern fly-
 ing squirrels (Glaucomys sabrinus) were
 taken from Hall (1946).

 Small Mammal Habitat Use and
 Relative Abundance

 To estimate the relative abundance and
 species composition of small mammals and
 to discern any trend in small mammal
 abundance between years, we sampled
 small mammals at Chamberlain from 1984
 to 1988 using methods similar to those em-
 ployed in long-term studies of boreal owls
 in Scandinavia (Korpimaki 1984, Lofgren
 et al. 1986, Korpimaki and Norrdahl 1991).
 Samples consisted of snap-trapping grids
 run each spring and pit-trap sets estab-
 lished during spring 1985 and monitored
 through August 1988. The methodology
 was chosen to minimize time invested but
 provide an index of year-to-year popula-
 tion trends and an indication of habitats
 used by each small mammal species.

 Rectangular 9 x 10 trapping grids of
 museum special traps spaced 15 m apart
 and baited with peanut butter and rolled
 oats were checked daily for 7 days each
 spring. The first trap grid was begun 19
 May in 1984 and 1985, 26 May 1986, 22
 May 1987, and 23 May 1988. In 1984, 1
 grid was placed in each of 4 vegetation
 types: sagebrush-bunchgrass, Carex wet
 meadow, lodgepole-pine forest, and old
 mixed-conifer forest. We placed trapping
 grids in forest stands at least 30 m from
 an ecotone. In 1985, the same sites were
 trapped in the same order with 1 excep-
 tion. The Carex wet meadow (a pasture
 used by U.S. Forest Service stock) was re-
 placed with an adjacent, less disturbed
 meadow that was trapped each of the next
 3 years. A second lodgepole-pine stand and
 a mature Douglas-fir forest site were add-
 ed in 1985. All sites trapped in 1985 also
 were trapped in 1986 plus an additional
 old spruce-fir stand. These same 7 sites
 were trapped in 1987.

 Pit-trap sets established on 18 sites in
 1985 and 2 additional sets established in
 1986 permitted sampling of numerous plots
 with a minimum investment of time. Each
 pit-trap set consisted of 4 cone-shaped,40-
 cm-deep pits placed along a 3-m-long,
 15-cm-high, sheet metal, drift fence (Wil-
 liams and Braun 1983). One pit was lo-
 cated at the ends of the fence and 1 on
 either side at the center. Each pit was cov-
 ered with sheet metal held 5 cm above the
 ground by corner stays. This cover pre-
 vented sticks, rain, and snow from entering
 the pit. Each metal pit contained 8 cm of
 50% ethanol topped with mineral oil to
 preserve captured specimens. Traps were
 checked once each month from May to
 August and left functional through the
 winter.

 Sites for pit-trap sets were chosen sub-
 jectively to distribute the traps throughout
 the Chamberlain study area and to sample
 6 vegetation types: wet meadow, sage-
 brush-bunchgrass, subalpine-fir forest,
 lodgepole-pine forest, Douglas-fir forest,
 and mixed-conifer forest. Pit-trap sets
 sampled 3 stands in each of the 6 vege-
 tation categories, except we placed 5 sets
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 in spruce-fir forest (2 in wet, old-spruce
 bottoms and 3 in mesic spruce-fir). Veg-
 etation was measured at each site using
 methods described for owl breeding hab-
 itat. One pit-trap set was paired with each
 of the 6 snap-trap grids. The paired pit-
 trap sets were placed 30-70 m from the
 snap-trap grid within the same vegetation
 type.

 STATISTICAL ANALYSIS

 Throughout our analysis, we divided
 each year into 2 periods (snow free and
 snow covered), which we refer to as sum-
 mer and winter. The period of snow cover
 each year was defined as the period from
 January (when we began held work) until
 over 50% bare ground was exposed on level
 ground at 1,800 m (about 1 May). When
 reporting averages, confidence limits (CL)
 represent the 95% margin of error unless
 otherwise specified, and for hypothesis tests
 P < 0.05 was considered significant unless
 otherwise noted.

 We examined the pattern of population
 growth at the Chamberlain study site dur-
 ing 1984-87 using simple matrix projec-
 tion models (Leslie 1945, Caswell 1989:15-
 26). Parameters for the models were esti-
 mated using vital rates from nests and ra-
 dio-marked owls at Chamberlain.

 Boreal Owl Habitat Analysis

 Nesting Habitat RNRW. We com-
 pared the structure of forest vegetation in
 101 stratified random forest stands with 33
 boreal owl nesting or calling sites using
 Principal Component Analysis (PCA)
 (Stauffer and Peterson 1985, Digby and
 Kempton 1987). Prior to analysis, we plot-
 ted the frequency distributions of each
 structural variable at random sites and bo-
 real owl use sites separately. Few ap-
 proached a normal distribution and trans-
 formations of several variables failed to
 achieve normality. We calculated princi-
 pal components without transforming
 variables, however, because Johnson and
 Wichern (1982:362) indicated that ordi-
 nation by PCA does not require a multi-

 variate normal assumption. Because we
 measured different characteristics of forest
 structure in different units (e.g., cover in
 %, density in no./ha), we transformed all
 variables to Z scores prior to analysis (Pie-
 lou 1984). We entered the 21 habitat vari-
 ables measured on 101 stratified random
 forest sites into PCA. This analysis defined
 the principal component axes describing
 primary gradients of the forest habitats of
 the Chamberlain site. We then used the
 eigenvectors from this analysis to calculate
 principal component scores for boreal owl
 use sites. Finally, we plotted random and
 use sites along the gradients defined by the
 original PCA. The pattern was analyzed
 descriptively comparing the distribution
 of random sites and owl locations.

 Roost Habitat.-To test for differences
 in forest structure between winter and
 summer roosts, we cast a 2-way MANO-
 VA, blocking by owl. Through this analysis
 we controlled for the effect of individuals
 and could test for interactions among sea-
 sons and owls.

 To test whether boreal owls chose roost
 sites with different microhabitat structure
 than forests in the vicinity of roosts, we
 used a multivariate paired-T test (Hotel-
 ling's T2, Mendenhall et al. 1971, Johnson
 and Wichern 1982). The test was calcu-
 lated separately for winter and summer.
 To do so, we subtracted the value for each
 of 20 structural variables measured at the
 roost from the corresponding values at the
 paired random site. We then tested wheth-
 er the resulting mean vector differed sig-
 nificantly from a vector of zeroes. A sig-
 nificant result was used as justification to
 explore which individual structural vari-
 ables differed between roosts and random
 sites (Johnson and Wichern 1982).

 Home Range and Owl Movements

 Seasonal home range size and bound-
 aries were calculated by the harmonic
 mean method using the program HOME
 RANGE (Samuel et al. 1985). We also cal-
 culated home range areas using a more
 conventional kernel method (Worton
 1989), which employed an adaptive kernel
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 estimator (Silverman 1986). Although the
 adaptive kernel has desirable properties
 relative to the harmonic mean method
 (Worton 1989), it did not perform well
 with multimodal distributions. We consid-
 ered the adaptive kernel estimates for sev-
 eral owls unrealistically large based on plots
 (over an order of magnitude greater than
 harmonic mean estimates) and therefore
 base our interpretations on the harmonic
 mean estimates. However, means for both
 estimators are reported.

 Prior to home range analysis, we ex-
 amined the input data for outliers (e.g.,
 observations representing distant excur-
 sions from an owl's normal activity areas)
 (Samuel et al. 1985) and tested the influ-
 ence of sample size on area estimates (see
 Hayward et al. 1987b). Extreme obser-
 vations inevitably plague home range
 studies (Schoener 1981). Outliers in a bi-
 variate test (Samuel et al. 1985), defined
 as those points with bivariate normal
 weights lower than 0.6, were considered
 for removal. If the point represented a
 movement to an area over 2 km from the
 owl's normal use area and was used for <3
 days, the point was removed.

 To describe daily movements and vari-
 ation in seasonal movements, we calculat-
 ed the distance between roost sites used on
 consecutive days and roost-to-nest distanc-
 es. The sampling units were mean dis-
 tances for individual owls during a season.
 The measurements of distances between
 roosts were considered subsamples, and
 mean distance between consecutive roosts
 (within seasons) was calculated from these
 values.

 RESULTS

 Regional Habitat Use

 Outside the RNRW, 49 boreal owl nests
 or singing male owls were found during
 130 surveys covering nearly 1,300 km of
 transect from 500 to 3,050 m elevation.
 Forest cover in survey areas ranged from
 ponderosa pine at the lower elevations
 to lodgepole pine and spruce-fir at the
 highest sites. All owl locations were in sub-

 alpine-fir, Engelmann spruce, western
 hemlock (Tsuga heterophylla), and Doug-
 las-fir habitat types (Steele et al. 1981)
 within the subalpine-fir life zone or within
 100 m elevation of the subalpine-fir zone
 (Hayward et al. 1987a). Forest cover at
 owl locations outside the RNRW included
 lodgepole pine, Douglas-fir, western hem-
 lock-western larch-subalpine fir, Engel-
 mann spruce, and mixed spruce-fir.

 The majority (88% of 49 observations)
 of owls were located in stands on subal-
 pine-fir habitat types. Proportions for oth-
 er habitat types included Engelmann
 spruce (3%), Douglas-fir (6%), and western
 hemlock (3%). Boreal owls were not heard
 below 1,292 m elevation, and 75% of the
 locations were above 1,584 m. Topograph-
 ic position of owl locations ranged from
 bottoms to upper slopes.

 Biologists classified 76S of the sites,
 where they heard boreal owls and could
 locate the stand the owl was using, as ma-
 ture or older. The exceptions were lodge-
 pole-pine stands on the Beaverhead Na-
 tional Forest in drainages where lodgepole
 was the only coniferous vegetation type.
 These lodgepole sites supported the largest
 trees in the area. On 1 lodgepole site, 404
 trees/ha exceeded 23.1-cm dbh and 15/
 ha exceeded 53-cm dbh. Boreal owls were
 never heard singing in even-aged, young
 forest stands in drainages where mature
 forest stands were available. Over 50% of
 the boreal owl locations we visited outside
 the RNRW were marked for timber sale.

 Regional Microhabitat Vse. We mea-
 sured stand structure at 21 owl sites located
 by cooperating biologists in the region-wide
 survey. The sample included all sites lo-
 cated prior to August 1985 where the sing-
 ing site could be assigned to a specific for-
 est stand. Stands used by boreal owls in
 forests within the northern portion of the
 survey region had higher basal area and
 more large trees than stands used in the
 southern forests (Table 1). In both northern
 and southern areas, owls occurred pre-
 dominantly in multistoried, old forest
 stands. On the Beaverhead National Forest
 where multistoried forest was not avail-
 able, owls sang in even-age lodgepole-pine
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 Table 1. Charactenstics of forest structure measured at boreal owl singing sites located throughout the northern Rocicies,
 198F85. We summarized northern forests (Mantime) separately from southem, dryer sites (Continental). Canopy cover is
 recorded in height categories above ground.

 :

 Mantime (n = 12) Continental (n = 9)
 Structural
 feature x +95% CL Range CV (%) £ +95% CL Range CV (%)

 Tree density (No./ha)

 2.5-7.6-cm dbh 740 476.5 30-2,543 102 387 164.7 156793 56
 7.7-15-cm dbh 298 149.7 15-853 80 284 59.7 164-419 28
 15.1-23-cm dbh 101 52.3 0-314 82 204 104.6 75-478 68
 23.1-38-cm dbh 131 54.2 4S-329 66 176 87.5 0-374 66
 38.1-53-cm dbh 62 19.9 25-125 51 43 23.4 6-94 72
 >53-cm dbh 43 27.3 0-137 102 11 12.3 0-49 145
 2.5-38-cm-dbh snags 118 96.7 0-464 129 111 79.8 0-314 98
 >38-cm-dbh snags 35 20.3 6112 92 13 9.9 0-80 205

 Basal area (m2/ha)

 Trees >30.5-cm dbh 29.7 11.35 7.3-68.5 61 14.7 6.57 3.7g34.2 59

 Tree canopy cover by height category (%)

 W1 m 16 3.8 4-37 52 8 6.3 0-21 1()7
 1.1-2 m 16 3.2 5-33 47 8 4.5 1-17 75
 2.1-4 m 19 2.6 8-34 32 12 5.4 2-22 57
 4.1-8 m 25 3.3 7-45 30 22 5.5 11-32 33
 >8 m 30 6.0 7-52 46 28 12.7 12-65 58

 Shrub canopy cover (%) 43 16.6 0-76 61 14 12 7 S44 118

 Ground cover (%)

 Forb 27 12.4 2-65 73 7 4.9 0-21 95
 Grass 8 7.6 0-31 134 14 8.0 1-28 75
 Subshrub 2 1.9 0-9 185 7 11.6 S46 205
 . .
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 forest. These lodgepole stands were open
 and included large trees (>38-cm dbh).
 Density of trees over 23-cm dbh on 3
 lodgepcyle-}?irse sites averaged 260/ha with
 778 trees '23-cm dbh/ha. Aside from these
 lodgepole-pine sites, boreal owls were
 heard calling only from stands with com-
 ponents of old forest (more than 1 canopy
 layer, large trees, or more than 2 size class-
 es of trees).

 Nesting Habitat Use in the RNRW

 Available Forest Structure.--- Prior to
 sampling stand structure, we subjectively
 classified forest vegetation within the study
 area into 4 cover types based on dominant
 overstory tree species lodgepole pine,
 Douglas-fir, mixed conifer, and spruce-hr.
 Each type exhibited some distinct struc-
 tural characteristics, whereas other struc-
 tural features are not correlated with the
 overstory species (Table 2). For instance,
 overstory canopy cover did not vary across
 cover types, but basal area differed be-

 I tween oc gepole pine and other cover
 types. Thus, sites could not be adequately
 described simply through classification by
 overstory (Table 2). These results indicate
 that an analysis that relied only on classi-
 fication of habitat (Alldredge and Ratti
 1986) would ignore important variation.

 Principal components analysis (PCA) of
 101 stratiffed random stands produced a
 description of the structural gradients
 available in the study area (Table 3). F rom
 21 simple structure variables, PCA defined
 6 components with eigenvalues >1, ac-
 counting for 75S of the overall variance.
 The seventh component accounted for less
 variance (4.75%) than would be expected
 for any one of the original variables,

 We interpreted the principal compo-
 nents as gradients in vegetation structure
 and plotted sample sites along these axes
 (Fig. t3).

 1. Component 1 describes a complex gra-
 dient from highly structured, mature
 and older forest with many canopy lay-
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 Table 2. Structural charactenstics of 4 forest vegetation types in Chamberlain Basin, Idaho, measured on 25 randomly selected
 macroplots for each vegetation type, 1984 86. Vegetaffons were defined by dominant overstory trees.

 Forest type

 Lodgepole pine Mixed conifer Douglas-fir Sprucfir
 Structural
 feature i +95% CL x +95% CL i +95% CL i +95% CL

 Tree canopy cover by height category (%)

 0-1 m 2 1.2 3 0.7 6 1.4 16 3.5
 1.1-2 m 2 1.3 6 1.3 10 1.5 15 3.0
 .2 1-4 m 5 1.8 12 2.5 16 2.7 19 2.5
 4.1-8 m 13 3.7 25 4.0 28 3.5 25 3.1
 >8 m 33 4.9 30 4.1 32 5.0 30 5.6

 Shrub caxlopy cover (%) 1 1.1 1 0.6 4 3.1 6 3.2

 Tree density (No./ha)

 2.5-7.6-cm dbh 387 150.2 308 162.0 1,040 361.5 935 212.4
 7.7-15-cm dbh 284 54.5 255 72.2 443 171.6 530 115.3
 15.1-23-cm dbh 204 95.4 147 40.6 178 30.1 337 79.4
 23.1-38-cm dbh 176 79.9 77 24.2 111 25.6 193 34.2
 38.1-53-cm dbh 4 4.0 17 5.5 28 13.6 32 10.1
 >53-cm dbh 25 6.6 16 5.4 12 0.4
 2.5-38-cm-dbh snags 111 74.7 73 30.1 211 136.8 194 31.5
 >38.1-cm-dbh snags 7 6.4 2 1.4 12 8.3

 Basal area (m2/ha)

 Trees >30.5-cm dbh 2.0 1.0 15.8 2.8 12.7 3.5 13.1 4.01

 BOREAL OWL ECOLOGY Hayward et al.  21

 ers to young or aggradation stage forest
 with little vertical diversity. This com-
 ponent describes the overall physiog-
 nomy of the stand whereas subsequent
 components relate to individual fea-
 tures of forest structure (i.e., understo-
 ry, overstory).

 2. Component 2 is a gradient with dense
 cover 0-2 m above the ground, nu-
 merous 2.5-15-cm-dbh trees and few
 large trees describing the positive end.

 3. Component 3 defines a cline in occur-
 rence of large trees (>53-cm dbh), high
 basal area, and upper canopy cover.

 4. Component 4 defines a gradient in trees
 15.1-38-cm dbh with a strong upper
 canopy.

 5. Component 5 includes stands with large
 snags (>38-cm dbh) and little grass cov-
 er.

 6. Component 6 is a gradient in forb
 ground cover.

 A combination of principal Components
 1 and 2 separates spruce-fir, lodgepole-
 pine and mixed-conifer stands (Fig. 3).
 The simple structure of lodgepole-pine
 stands (compared to other types) is evident
 in Component 1, whereas spruce-fir and

 mixed conifer differ most in understory
 cover (Component 2). Douglas-fir forest is
 dispersed throughout the gradient occu-
 pied by spruce-fir and mixed conifer. The
 striking differences between lodgepole-
 pine stands and other forests is lost when
 viewed along gradients defined by Com-
 ponents 3 and 4. Unlike some regions of
 the Rockies, multiple-canopy-layered
 lodgepole-pine forest is common in the
 study area.

 Relationship of Owl Use to Available
 Forest Structure. In this analysis, we ex-
 amined whether boreal owls in the RNRW
 showed evidence of nonrandom use of
 nesting habitat. We analyzed the results of
 vegetation measurements at 21 nest sites
 and 12 calling sites to determine whether
 the owls restricted nesting to particular
 habitats. Boreal owl breeding locations
 were found in mixed-conifer (39.4%),
 spruce-fir (18.2%) Douglas-fir (21.2%),
 and aspen (21.2%) stands. Lodgepole pine,
 which covers over 50S of the study area,
 was the only abundant vegetation type not
 used for nesting. The proportion of use in
 each type, however, could not be com-
 pared to the available proportion because
 owl surveys were not designed to sample
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 Fig. 3. Relationships among 4 vegetation cover types and boreal owl nest sites as defined by principal components analysis
 (PCA) of 21 forest structure variables. Each plot depicts the placement of 101 random plots and 33 boreal owl nest sites on 2
 gradients defined by PCA. (A) Principal component 1 on Y-axis; principal component 2 on X-axis. (B) Principal component 3 on
 Y-axis; principal component 4 on X-axis.
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 Principal component
 Structural
 feature 1 2 3 4 5 6

 Basal area 0.668 - 0.452 0.478
 Density trees 2.5-7.6-cm dbh 0.687
 Density trees 7.7-15-cm dbh -0.733 0.481
 Density trees 15.1-23-cm dbh -0.513 0.501
 Density trees 23.1-38-cm dbh 0.722
 Density trees 38.1-53-cm dbh 0.553
 Density trees >53-cm dbh 0.514 - 0.487 0.477
 Density snags 2.5-38-cm dbh -0.767
 Density snags >38-cm dbh 0.588
 Conifer cover 0-1 m 0.544 0.634
 Conifer cover 1.1-2 m 0.666 0.607
 Conifer cover 2.1-4 m 0.763
 Conifer cover 4.1-8 m 0.596
 Conifer cover >8 m 0.720 0.480
 Horizontal cover diversity 0.812
 Low conifer vertical diversity 0.605 0.745
 High conifer vertical diversity -0.479 0.604
 Subshrub cover 0.467
 Grass cover - 0.555
 Forb cover 0.685

 Eigenvalue 5.839 3.771 2.037 1.743 1.223 1.104
 % variance explained 27.8 18.0 9.7 8.3 6.1 5.3
 Cumulative % 27.8 45.8 55.5 63.8 69.9 75.2
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 Table 3. Six principal components derived from analysis of structural features measured at 101
 vegetation types at Chamberlain Basin, Idaho, in 1985. Zero loading was 0.45 throughout.

 random plots in 4 general

 types in proportion to their availability.
 Despite this problem, the high use of as-
 pen, which accounted for <1% of forest
 vegetation cover, suggests strong selection
 for some components of aspen stands. The
 lack of nests in lodgepole-pine forest, which
 was surveyed more than other types, dem-
 onstrates avoidance of the most abundant
 vegetation type in the basin.

 To compare vegetation structure at po-
 tential breeding sites and our random sites,
 we plotted boreal owl singing locations and
 nest sites with the stratified random sites
 on the first 4 principal components de-
 scribed above (Fig. 3). Owl sites were giv-
 en a score on each principal component
 based on the vegetation analysis. The owl
 sites were then plotted in the space defined
 by the first 4 principal components of the
 vegetation analysis. The first 4 components
 accounted for 64% of the variance and
 were used to compare used sites with ran-
 dom sites. The resulting pattern indicates
 that boreal owls used structurally complex
 stands (Component 1) with less understory
 development than many available sites

 (Component 2) (Fig. 3). The nonrandom
 pattern of owl use on axes 1 and 2 contrasts
 with the pattern observed on subsequent
 axes. Owl sites included stands with a range
 of overstory cover and large tree densities
 (Component 3) closely matching the full
 range of available types. Likewise, owl use
 sites were scattered across the gradient de-
 scribing large tree density (Component 4)

 (Fig. 3).
 Descrtption of C3wl Breeding Sites in

 RNRW.-The above analysis suggests that
 boreal owls choose nest sites in a nonran-
 dom manner; the physiognomy of owl use
 sites did not encompass the full range of
 available types. Nesting and calling sites
 never occurred in dense, even-age forest,
 and boreal owls never nested in lodgepole-
 pine forest the most abundant cover type
 in the study area. Relative to stratified ran-
 dom sites, the most characteristic struc-
 tural features of 33 nesting and calling sites
 were a high density of large trees (>38-
 cm dbh), open understory, and a multi-
 layered canopy (Table 4).

 All but 2 of 23 nests were in trees within
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 Table 4. Characteristics of forest structure measured at 33 boreal owl calling and nest sites in the Frank Church River of No
 Return Wilderness dunng 1984 88. Canopy cover is recorded in layers above the ground.

 feature x +95% CL Range CV (%)

 Tree density (No./ha)

 2.5-7.6-cm dbh 450 140 29-1,795 91
 7.7-15-cm dbh 298 86 82-1,226 85
 15.1-23-cm dbh 162 40 15-434 72
 23.1-38-cm dbh 126 31 15-320 72
 38.1-53-cm dbh 34 10 0-141 86
 >53-cm dbh 23 6 0-64 76
 2.5-38-cm-dbh snags 115 49 0-763 126
 >38-cm-dbh snags 9 6 0-91 202

 Basal area (m2/ha)

 Trees >30.5-cm dbh 17.8 3.1 3.7-40.9 51

 Tree canopy cover by
 height category (%)

 0-1 m 6 1.7 1-2 84
 1.1-2 m 8 1.3 1-16 47
 2.1-4 m 13 2.1 5-27 47
 4.1-8 m 22 3.2 2-41 43
 >8 m 30 4.3 4-5 42

 Ground cover (%)

 Forb 12 4.0 1-55 73
 Grass 8 3.1 4-50 50
 Subshrub 7 27.0 W26 111
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 a forest stand. One unusual nest occupied
 a lone spruce in a small boulder field. An
 extensive stand of large spruce and fir trees
 lay 16 m to the south of the 71-cm-dbh
 spruce. This nest failed 15 days after
 hatching 3 young. The second unusual nest
 was in a Douglas-fir snag in a 0.5-ha island
 of mature trees 20 m from extensive
 spruce-fir forest.

 To describe forest stand sizes chosen for
 nesting, we estimated the area of the nest
 stand from the size of the area surrounding
 the nest tree that was characterized by ho-
 mogeneous tree species and tree size class.
 Nest stands ranged from 0.8 to 14.6 ha and
 averaged 7.6 + 3.96 ha. All 5 aspen nest
 stands ranged between 0.8 and 1.3 ha,
 whereas the smallest coniferous-forest nest
 stand covered 1.6 ha. All of these stands
 were surrounded by forest.

 Nest Box Experiment. During 4 years,
 owls were observed courting or nesting at
 only 3 nest boxes in the experiment. Al-

 though radio-tagged boreal owls frequent-
 ly foraged and roosted near boxes in lodge-
 pole pine, none nested there. In 1987, a
 pair of radio-marked owls fledged 2 young
 from a box in mixed conifer. A second box
 in mixed conifer fledged 2 young in 1988.
 In 1987, boreal owls nested in a box in
 Douglas-fir forest.

 Nest Tree Characteristics. During in-
 tensive studies in the RNRW, we found 23
 boreal owl nests. Locating nests other than
 those used by radio-marked females was
 difficult. We found 6 nests occupied by
 unmarked owls, 2 of these in nest boxes.
 We found 3 nests when only the male
 member of the pair was radio marked and
 failed to find a nest for 6 radio-marked
 males. For the remaining 14 nests, either
 the female or both owls were radio marked.

 We attributed the excavation of 18 of
 19 natural nest cavities to pileated wood-
 peckers; a northern flicker probably ex-
 cavated the other. Boreal owl nest-cavity
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 Table 5. Forest structure at 19 different nest trees used by

 boreal owls in the Frank Church River of No Retum Wildemess
 during 1984 88. Tree densities are reported for 2 concentnc
 circular plots-an inner circle 5.2-m radius and an outer "do
 nut" extending from 5.2 m to 11.4 m.

 Site
 characteristic x +95% CL

 Tree density (No./ha)

 Inner plot
 2.5-7.6-cm dbh 174 111.9
 7.7-15-cm dbh 98 48.1
 15.1-23-cm dbh 114 60.1
 23.1-38-cm dbh 136 73.7
 38.1-68-cm dbh 60 42.5
 >68-cm dbh 11 15.6

 Outer plot
 2.5-7.6-cm dbh 242 107.3
 7.7-15-cm dbh 178 70.1
 15.1-23-cm dbh 124 49.5
 23.1-38-cm dbh 130 56.6
 38.1-68-cm dbh 51 25.0
 >68-cm dbh 10 7.8

 Snag density (No./ha)

 2.5-38-cm dbh 79 42.2
 >38-cm dbh 10 11.5

 Basal area (m2/ha) 33.7 3.62

 Canopy cover (%) 55 7.7

 Topographic features

 Distance to water (m) 201 98.9
 Slope (%) 28 5.8
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 entrances averaged 102 + 12.41 mm high
 (range 64-150 mm) and 95 + 11.89 mm
 wide (range 56-148 mm). Nest cavity con-
 dition ranged from recently constructed
 cavities without a feces layer (indicating
 no prior nesting by woodpeckers or other
 birds) to old cavities with a deep layer of
 dried feces, cone scales, and other debris.
 Inside, the cavities ranged from 7 to 50
 cm deep (* = 31 + 7.61 cm) and from 15
 to 26 cm diameter (x = 19 + 2.11 cm).
 The tree diameter at the cavity averaged
 41 + 5.21 cm (range 26-61 cm). Tree dbh
 averaged 64 + 11.02 cm (range 33-112
 cm).

 Excluding nests in nest boxes, owls nest-
 ed in ponderosa pine 10 times (53%), aspen
 7 times (37%), and once each in Douglas-
 fir (5%) and Engelmann spruce (5%). Ten
 nests occupied snags, including 8 ponder-
 osa pine, 1 aspen, and 1 Douglas-fir. Snag
 condition included t3 old branchless snags
 >11 m tall, 2 hard snags with sloughing
 bark and only large branches remaining,
 and 5 young snags with bark and complete
 limbs. Among nests in live trees, all but 2
 cavities occurred in an open area on the
 tree bole; distance to foliage above the cav-
 ity averaged 3.8 + 1.67 m (minimum 0.3
 m). Over 75S of the cavities in live trees
 had no foliage below the cavity. For those
 that did, the minimum distance to foliage
 below was 0.6 m.

 The owls chose relatively high cavities,
 averaging 12.7 + 2.98 m and ranging from
 6 to 25 m. Cavity height averaged 51S of
 tree height. Boreal owl nests in snags or
 trees with multiple cavities always occu-
 pied 1 of the uppermost cavities suggesting
 a preference for high nest sites.

 The forest immediately around nest trees
 had an open structure. Density of 2.5-23-
 cm-dbh trees within a 0.01-ha plot around
 the nest tree averaged 398 + 162/ha (range
 0-1,482) (Table 5). The density of trees at
 nests was 3 times lower than the average
 at winter roost sites. Density of trees larger
 than 23.1-cm dbh averaged 212 + 86/ha,
 similar to average- densities measured at
 winter roost sites.

 Nest sites occupied forest stands in 3

 habitat series (based on Steele et al. 1981).
 We found 17S of nest sites in Engelmann
 spruce (Picea engelmannfi) series, specif-
 ically the Engelmann spruce-common
 horsetail (Equisetum arvense) habitat type;
 39S in the subalpine-fir series, specifically
 subalpine fir-twisted stalk (Streptopus
 amplexifolius), subalpine fir-bluejoint
 (Calamagrostis canadensis), subalpine fir-
 beargrass (Xerophyllum tenax), and sub-
 alpine fir-grouse whortleberry (Vaccin-
 ium scoparium) habitat types; and 44Wo in
 the Douglas-fir habitat series, specifically
 Douglas-Sr-common snowberry (Sym-
 phoricarpos albus), Douglas-fir-pinegrass
 (Calamagrostis rubescens), and Douglas-
 fir-elk sedge (Carex geyeri) habitat types.
 The slope at the nest ranged from nat to
 49%, averaging 28 + 6%. Nest trees were
 distributed relatively evenly from bottoms
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 Table 6. Habitat types (Steele et al. 1981) of 194 winter and 342 summer roost sites used by boreal owls at Chamberlain Basin, Idaho, during 1984 87. We combined rare habitat
 types with those of similar moisture and structural characteristics.

 -

 Roost sites

 Winter Summer

 Habitat types No. % No. %

 ' Represents sum of habitat types listed immediately below.

 Douglas-fir-blue huckleberry (Pseudotsuga menziesfi-Vaccinium globulare)

 Douglas-fir-warm sites with ponderosa pine (Pinus ponderosa) codominant in the overstorya
 Douglas-fir-pinegrass (Pseudotsuga menziesii-Calamagrostis rubescens)
 Douglas-fir-white spirea (Pseudotsuga menziesfi-Spitaea betulifolia)
 Douglas-fir-Oregon grape (Pseudotsuga menziesfi-Berberis repens)

 Subalpine fir-hydric sites with lush understory of herbs and grassesa
 Subalpine fir-twisted stalk (Abies lasiocarpa-Streptopus amplexifolius)
 Subalpine fir-bluejoint (Abies lasiocarpa-Calamagrostis canadensis)
 Subalpine fir-Canby's ligusticum (Abies lasiocarpa-Ligusticum canbyi)

 Subalpine fir or Douglas-fir-cold air drainage sites with a sparse understory of short shrubsa
 Subalpine fir-dwarf huckleberry (Abies lasiocarpa-Vaccinium caespitosum)
 Douglas-fir-dwarf huckleberry (Pseudotsuga menziesfi-Vaccinium caespitosum)

 Subalpine fir-twinflower (Abies lasiocarpa-Linnaea borealis)

 Subalpine fir-mesic sites with tall shrubsa
 Subalpine fir-Sitka alder (Abies lasiocarpa-Alnus sinuata)
 Subalpine fir-menziesia (Abies lasiocarpa-Menziesia ferruginea)

 Subalpine fir-high elevation mesic sitesa
 Subalpine fir-beargrass (Abies lasiocarpa-Xerophyllum tenax)
 Subalpine fir-blue huckleberry (Abies lasiocarpa-Vaccinium globulare)
 Subalpine fir-white spirea (Abies lasiocarpa-Spiraea betulifolia)

 Subalpine fir-harsh, high elevation, mesic sites with understory of short shrubs and grassesa
 Subalpine fir-grouse whortleberry (Abies lasiocarpa-Vaccinium scoparium)
 Subalpine fir-elk sedge (Abies lasiocarpa-Carex geyeri)
 Subalpine fir-heartleaf arnica (Abies lasiocarpa-arnica cordifolia)

 Subalpine fir-pinegrass (Abies lasiocarpa-Calamagrostis rubescens)
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 Season

 Winter (n = 189) Summer (n = 241)

 Variable x +95% CL X +95So Cl

 Canopy cover (%) 58.5 1.91 63.5 1.54

 Basal area (m2/ha) 26.0 2.03 29.8 1.87

 Roost tree dbh (cm) 27.7 2.21 25.7 1.65

 Tree density (No./ha)

 2.5-7.6-cm dbh inner 797 120.5 1,380 142.4
 2.5-7.6-cm dbh outer 864 119.6 1,233 98.6
 7.7-15-cm dbh inner 561 81.3 897 78.8
 7.7-15-cm dbh outer 641 74.5 869 66.5
 15.1-23-cm dbh inner 261 32.0 341 33.5
 15.1-23-cm dbh outer 287 26.3 359 23.2
 23.1-38-cm dbh-inner 130 20.2 181 21.3
 23.1-38-cm dbh-outer 156 16.4 199 13.9
 >38-cm dbh inner 35 11.5 27 7.1
 >38-cm dbh outer 38 7.9 34 67.2

 Snag density (No./ha)

 2.5-15-cm-dbh snagsa 305 53.0 269 44.5
 15.1-38-cm-dbh snags 37 7.9 49 8.8
 >38-cm-dbh snags 2 1.2 8 2.4

 a Snags measured in 0.04-ha-circular plot.

 BOREAL OWL ECOLOGY Hayward et al.  27

 Table 7. Seasonal boreal owl roost characteristics measured at Chamberlain Basin, Idaho, during 1984 87. Tree densities were
 sampled from 2-concentric circular plots around the roost site. The inner circle was 0.0084 ha and outer "donut" was 0.0321
 ha.

 to upper slope positions (27S bottoms, 18S
 lower third, 14% midthird, 41% upper
 third). We failed to locate any nests on
 ridges.

 Roost Habitat and Roosting
 Behavior

 Unlike many species of owls, boreal owls
 roost at sites throughout their home range;
 rarely do they roost in the same stand on
 consecutive nights. We located consecu-
 tive daytime roosts of 14 owls on 159 oc-
 casions. In only 8 cases did owls use the
 same tree on consecutive days.

 Pattern of Roost Habitat Use During
 Winter and Summer. Habitat type of
 roost stands differed between seasons (x2
 = 167.6, df = 7, P < 0.001) (Table 6)
 reflecting the use of more moist, higher
 elevation sites in summer. The topograph-
 ic position of roost sites also differed be-
 tween seasons (x2 = 63.7, df = 6, P <
 0.001). Boreal owls roosted in bottoms sig-
 nificantly more often in winter (27 vs. 9%)
 than in summer and on mid- and upper

 slopes significantly more often in summer
 (12 vs. 26So midslopes, 29 vs. 41Fo upper
 slopes) than in winter.

 We measured habitat structure at 430
 roost sites of 24 radio-marked owls. Typ-
 ical forest stands used for winter roosts had
 nearly 60S canopy cover, 26 m2/ha basal
 area,1,620 trees/ha having 2.5-23-cm dbh,
 and 165 trees/ha over 23.1-cm dbh (Table
 7). Although similar to winter roosts, sum-
 mer roosts (on average) occurred in more
 dense forest with greater cover. Micro-
 habitat at roosts in winter and summer was
 different (MANOVA Wilks' F = 5.2; df =
 7, 378; P = 0.0001) mainly due to differ-
 ences in density of trees 2.5-23-cm dbh
 (Table 8). Winter and summer roosts dif-
 fered in all aspects of forest structure mea-
 sured. Individual boreal owls also differed
 significantly in roost habitat (MANOVA
 Wilks' F = 2.34; df = 154, 2,544; P =
 0.0001) although the smaller F value in-
 dicates less evidence for an effect than the
 difference in seasons (Table 8). Individual
 owl roost sites differed most in the density
 of large trees, canopy height, and basal
 area. The effects of individual owl and
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 Table 8. Multivanate analysis of variance examining seasonal differences in boreal owl roost site charactenstics measured at
 Chamberlain Basin, Idaho, dunng 1984 87. Sites from individual owls are treated as blocks and the interaction (season x owl)
 is included in the model. Univanate F and P values (based on type 1 sums of squares) suggest the roost charactenstics most
 responsible for the significant seasonal effect (the "season" F and P values are included for the univanate summary). Tree
 density is estimated from an inner circle of 0.0084 ha and an outer "donut" of 0.0321 ha.

 -

 Source of variation F df P

 MANOVA (Wilks')

 Season 5.201 7; 378 <0.001
 Owl 2.338 154; 2,544 0.001
 Season x owl 1.145 119; 2,474 0.139

 ANOVA for individual variables

 Canopy height 30.74 1 <0.001
 Canopy cover (%) 16.96 1 <0.001
 Basal area (m2/ha) 8.30 1 0.004
 Tree density (No./ha)
 2.5-23-cm dbh inner 47.70 1 <0.001
 2.5-23-cm dbh outer 33.28 1 <0.001
 23.1-68-cm dbh inner 6.76 1 0.009
 23.1-68-cm dbh outer 13.91 1 90.001

 Table 9. Multivariate analysis of vanance examining seasonal differences in paired-random roost-site characteristics. Random
 sites from individual owls are treated as blocks and the interaction (season x owl) is included in the model. Univanate F and P
 values (based on type 1 sums of squares) suggest the roost characteristics most responsible for the significant seasonal effect
 (the "season" F and P values are included for the univariate summary). Tree density is estimated from an inner circle of 0.0084
 ha and an outer "donut" of 0.0321 ha.

 Source of variation F df P

 MANOVA (Wilks')

 Season 1.630 7, 198 0.129
 Owl 1.652 133; 1,318 0.001
 Season x owl 1.162 56; 1,071 0.198

 ANOVA for individual variables

 Canopy height 1.36 1 0.245
 Canopy cover (%) 2.59 1 0.109
 Basal area (m2/ha) 0.01 1 0.912
 Tree density (No./ha)
 2.5-23-cm dbh inner 6.56 1 0.011
 2.5-23-cm dbh outer 19.03 1 <0.001
 23.1-68-cm dbh inner 0.65 1 0.420
 23.1-68-cm dbh outer 3.35 1 0.068

 .

 28
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 season did not interact (P = 0.139) indi-
 cating that the owl population as a whole
 consistently shifted roost habitat between
 seasons.

 Unfortunately, finding an unequivocal
 answer to the question, "Does roost habitat
 differ between seasons?" is not straight-
 forward. As we will show later, owls shift-
 ed home range slightly between winter and
 summer. Therefore, differences between
 seasons in roost habitat structure could re-
 sult from changes in the range of available
 sites. To test whether shifts in home range

 would confound any conclusions about mi-
 crohabitat use, we evaluated seasonal dif-
 ferences in the paired random sites mea-
 sured in conjunction with the owl roost
 sites. This analysis included only the ran-
 dom, not the used sites. Any difference in
 microhabitat resulting from seasonal shifts
 in home range also should be apparent in
 the paired random plots. The random plots,
 then, act as a control for the confounding
 variable, home range shift.

 The results support the assertion that
 owl roost habitat differs between summer
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 Table 10. Companson of vegetation charactenstics at roost sites at Chamberlain Basin, Idaho, with paired-random sites in
 winter (n= 120) and summer (n= 123) during 1984 87. Mean difference expressed as roost minus paired-random site. Trw
 density is estimated from an inner circle of 0.0084 ha and an outer "donut" of 0.0321 ha.

 Winter Summer

 Variable f difference SE P f difference SE P

 Canopy cover (%) 6.05 1.704 <0.001 7.59 1.503 <0.001

 Basal area (m2/ha) 12.20 6.774 0.07 11.80 5.801 0.04

 Tree density (No./ha)

 2.5-7.6-cm dbh inner 0.62 0.824 0.46 2.88 0.778 0.01
 2.5-7.6-cm dbh outer 2.52 2.902 0.39 -0.54 2.591 0.8t3
 7.7-15-cm dbh inner 0.68 0.529 0.21 1.20 0.545 0.03
 7.7-15-cm dbh outer 1.63 1.764 0.36 0.28 1.759 0.88
 15.1-23-cm dbh-inner -0.15 0.242 0.54 0.21 0.261 0.42
 15.1-23-cm dbh outer -0.97 0.648 0.14 0.51 0.751 0.50
 23.1-38-cm dbh inner 0.21 0.159 0.19 0.44 0.142 <0.001
 23.1-38-cm dbh-outer 0.55 0.404 0.18 0.82 0.321 0.01
 38.1-53-cm dbh-inner 0.06 0.054 0.29 0.01 0.049 0.87
 38.1-53-cm dbh outer 0.18 0.166 0.30 0.07 0.132 0.62
 53.1-68-cm dbh- inner 0.08 0.037 0.05 0.00 0.028 1.00
 53.1-68-cm dbh outer 0.08 0.051 0.15 0.00 0.057 1.00
 >68-cm dbh inner 0.03 0.021 0.10 -0.02 0.011 0.16
 >68-cm dbh outer -0.06 0.054 0.29 -0.05 0.025 0.06

 Snag density (No./ha)

 2.5-7.6-cm-dbh snagsa 0.09 1.432 0.95 1.76 1.293 0.18
 7.7-15-cm-dbh snags -0.55 0.327 0.10 -0.35 0.313 0.27
 15.1-23-cm-dbh snags -0.39 0.177 0.03 -0.24 0.246 0.34
 23.1-38-cm-dbh snags 0.28 0.114 0.01 -0.04 0.171 0.81
 38.1-53-cm-dbh snags 0.00 0.031 1.00 0.07 0.068 0.34
 53.1-68-cm-dbh snags 0.05 0.026 0.06 0.02 0.025 0.53
 > 68-cm-dbh snags -0.02 0.021 0.42 0.01 0.008 0.32

 a Snags measured in 0.04-ha-circular plot.

 BOREAL OWL ECOLOGY Hayward et al.  29

 and winter (Table 9). No seasonal effect
 (MANOVA Wilks' F = 1.63; df = 7, 198;
 P = 0.129) or significant interaction be-
 tween season and owl (MANOVA Wilks'
 F = 1.16; df = 56, 107; P = 0.198) appeared
 among random plots. The influence of in-
 dividual owls was still apparent in the
 paired random plots (MANOVA Wilks' F
 = 1.65; df = 133, 1,318; P = 0.0001) but
 was rather weak judging by the low F val-
 ue. An unbalanced sample across individ-
 uals may have contributed to the low F;
 however, the large number of degrees of
 freedom in this analysis suggests good
 power to detect even small differences in
 season-thus, we are confident in con-
 cluding that random plots showed no sea-
 sonal effect.

 Roost Habitat Selection. We located
 882 roost sites from 1984 to 1987 and mea-
 sured forest structure at 430 sites (Table
 7). In both winter and summer, roost sites

 differed significantly from paired random
 sites (Hotelling's T2; winter F-2.04; df
 = 120, 106; P = 0.021; summer F = 3.75;
 df = 120, 106; P < 0.0001). Winter roosts
 had significantly greater canopy cover,
 more 23.1-38-cm-dbh snags in the inner
 plot, and fewer 15.1-23-cm-dbh snags than
 paired random sites (Table 10). Summer
 roosts had greater canopy cover, higher
 basal area, denser 2.5-15-cm-dbh trees in
 the inner plot, and denser 23.1-38 cm trees
 in both plots than paired random sites (Ta-
 ble 10).

 Thus, we have stronger evidence for se-
 lection in summer than winter. Charac-
 teristics of summer roosts indicate the owls
 choose dense, shaded sites compared to
 paired random locations. When we com-
 pared temperature at the roost and in the
 nearest opening (both temperatures taken
 in the shade while the owl was roosting),
 roost sites were significantly cooler when
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 Table 11. Temperature dmerences between roost site and a
 nearby opening by temperature class for sites located in Cham-
 berlain Basin, Idaho, during 1984 87. The negative mean dif-
 ference indicates the roost was cooler than the paired reading.

 Tempera-
 ture in i SE of
 open (C) n difference mean ta p

 1-4 80 -0.07 0.04 1.69 0.10

 4. 1-10 101 -0. 18 0.07 2.62 0.010

 10.1-15 99 -0.39 0.09 4.13 <0.001

 15. 1-21 125 -0.56 0.09 5.82 <0.001

 >21 80 -0.98 0.12 7.93 <0.001

 a Student's t.
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 they perched quietly with eyes closed 77%
 of the time. Periods of sleep rarely lasted
 more than 40 minutes before being inter-
 rupted by brief (2-5 min) periods of preen-
 ing or actively looking about. The owls
 spent 6% of the observation period preen-
 ing. The birds preened plumage and feet,
 stretched wings, and on some occasions
 shook the entire plumage. Except for the
 extended preening bout of 20-30 minutes,
 which always preceded leaving the roost
 to begin foraging at night, the owls preened
 only a small portion of the plumage during
 a preening bout.

 In addition to preening and sleeping,
 owls spent 10% of the day actively looking
 around and 4% of the time eating. Hunting
 during daylight (1% of observation period)
 and simply moving from 1 roost perch to
 another (1%) encompassed only a short
 portion of the daytime activity but may
 be important. Owls exhibited gullar Slut-
 tering during 1% of the 46 hours of ob-
 servation (occurred only on warmer days).

 Boreal owls frequently consumed prey
 during the daytime. Our observations sug-
 gest that few (see below) of the prey eaten
 at the daytime roost were captured from
 the roost. We saw owls retrieve cached
 prey and eat some portion of the prey on
 63 occasions, and we noted prey cached
 near roosting owls on 20 other occasions.
 Cached prey was usually stored in the fork
 of a tree branch.

 Boreal owls tended to eat or possess
 cached prey more frequently in summer
 than winter. We observed owls with cached
 prey at 17% of summer roosts and 4% of
 winter roosts (X2 = 56, df = 1, n = 822, P
 = 0.00001). During summer the owls ate
 cached prey most frequently between 1200
 and 1400 hours; 65% of observations of
 owls consuming cached prey occurred be-
 tween 1120 and 1330 hours. In winter, we
 observed boreal owls eating prey through-
 out the day, although 66% occurred after
 noon. The distribution of observed feeding
 times differed from the distribution of our
 observed roost (radio tracking) location
 times for both winter and summer (winter
 X2 = 6.3, df = t3, P = 0.097; summer x2 =
 7.7, df = 5, P = 0.176). For both tests we

 ambient temperatures exceeded 4 C. The
 difference in temperature increased with
 increasing ambient temperature (Table
 11).

 Roost Perch Characteristics. During
 winter, boreal owls typically perched 7.2
 + 0.21 m high in a 27 + 0.9-cm-dbh tree
 (n = 261). The ratio of perch height to the
 tree height averaged 0.4 (75% of winter
 roosts occurred in the lower half of the
 tree, 25S in the lowest quarter). Only 25%
 of the time did owls roost at or below the
 height of the lowest foliage. Seventy per-
 cent of roosts occupied the dominant tree
 species in the stand. When the owl had
 cover within 5 m of the perch, the distance
 to foliage above the owl averaged 0.8 +
 0.15 m, distance to foliage below averaged
 0.7 + 0.15 m, and distance to foliage at
 the side averaged 0.3 + 0.06 m.

 In summer, boreal owls continued to
 roost in the dominant tree species of the
 stand (66S of 378 roosts were in dominant
 tree species). Birds perched at a mean
 height of 5.9 + 0.16 m in 25 + 0.7-cm-
 dbh trees. Fifty percent of roosts occurred
 in the lower third of the roost tree. As in
 winter, 25S of the summer roosts occurred
 at or below the height of the lowest foliage.
 When the owl had cover within 5 m of the
 perch, the distance to foliage averaged 1.1
 + 0.14mabovetheowl,0.7 + 0.10m
 below, and 0.4 + 0.06 m to the sides.

 Roosting Behavior. Daytime was a
 period of reduced activity for boreal owls.
 During daylight the owls spent the major-
 ity of time perched, eyes closed. On 16
 occasions when we watched owls during
 daylight for 2 hours or more (total 46 hrs)
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 BOREAL OWL ECOLOGY Hayward et al.  31

 chose cz - 0.20, which is conventional for
 goodness-of-fit tests (White et al. 1982).

 When feeding on prey at the roost, bo-
 real owls rarely consumed prey whole. In
 fact, over half of cached prey observed at
 roosts were headless. The owls often con-
 sumed the forward half of the prey in piec-
 es. On 4 occasions we saw the owl extract
 the intestines from the abdominal cavity
 and discard them before proceeding to
 consume the rear half of the prey. The
 rear half of mice and voles were then con-
 sumed whole.

 Boreal owls seldom foraged for an ex-
 tended period during daylight. On only 1
 of 16 days (46 hrs), when we watched
 roosting owls for over 2 hours at their roost,
 did an owl begin hunting. The owl foraged
 for 15 minutes. In conjunction with our
 ordinary roost observations, we observed
 the owls on 882 occasions. On 13 days
 (2.9%) in winter and 33 days (7.4%) during
 summer, the owl began foraging in day-
 light during the normal 1-hour obser-
 vation period at the roost. We observed
 owls attack prey from their roost tree (ex-
 cluding instances of extended daytime for-
 aging) on 7 occasions.

 Boreal owls moved to a different roost
 tree more frequently than they hunted
 during daylight. Owls moved during our
 roost observations on 16% of the days dur-
 ing summer and 8% in winter. These roost
 changes were distinguished from foraging
 by the lack of rapid head turning after the
 move and frequently by the owl closing
 its eyes soon after the fiight. Most often
 the owl moved to an adjacent tree and
 rarely flew over 40 m.

 Boreal owls normally roost alone and, as
 discussed in the section on movements,
 usually roost far from the nest and their
 mate. Although we radio marked both
 members of 5 mated pairs prior to nesting,
 we observed the owls roosting within 150
 m of one another during the prenesting
 period on only 5.8% of the occasions (n =
 121). One pair was found roosting together
 4 times. On 14 March they roosted in ad-
 jacent trees 6.5 km from a nest site at which
 they had been courting since early Feb-
 ruary. The next day they again roosted

 within 30 m of each other, but this time
 about 200 m from the nest. On 18 March
 they roosted together 2.6 km from the nest
 although they had not been together the
 previous day or early the previous evening.
 On 27 March the pair roosted within 30
 m of each other 3 km from the nest and
 were together near the nest by 2145 hours.
 This behavior suggests that these 2 owls
 traveled together during some nighttime
 movements, remaining together during
 journeys as far as 6.5 km.

 We found unmated radio-marked owls
 roosting together twice. On 1 May 1986,
 2 males roosted 120 m from each other on
 a hillside used often by both owls. On 29
 June 1987, a female who was caring for
 nestlings roosted within 150 m of a male
 who had not bred that year. Within 5 days
 the 2 owls' roosts were no closer than 10
 km.

 Movements and Home Range Use

 Daily Movements and Distance Cov-
 ered. Boreal owls lead a very mobile ex-
 istence during both winter and summer.
 Although the limitations of travel within
 the wilderness prevented us from effec-
 tively following radio-marked owls during
 their foraging (Hayward 1987), locations
 of daytime roosts suggest the magnitude
 of the owls' daily movements. We used
 locations of consecutive daytime roosts and
 roost-to-nest distances as indications of the
 minimum travel distances. Although both
 measures certainly underestimate daily
 movement (Laundre et al. 1987), these in-
 dices do provide insight into the pattern
 of owl movements by describing mini-
 mum distances traversed.

 We recorded distances between consec-
 utive daytime roosts of 14 owls (7 females
 and 7 males) on 150 occasions over 4 years.
 Distance between roosts on consecutive
 days ranged from 0 to 6,935 m. Mean dis-
 tances did not differ significantly between
 winter and summer (winter x = 1,540 +
 446 m, summer x = 934 + 348 m). For
 this comparison we treated each radio-
 marked owl as a sample and consecutive
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 40  Nesting males rarely roosted within 500
 m of the nest, and over 85% of roosts were
 over 1,000 m from the nest (some up to
 5,600 m away). The average roost-to-nest
 distance of 5 owls over the 4-year study
 was 1,729 + 831 m.

 Night radiotelemetry (triangulation) in-
 dicated that the roost-to-nest distances were
 accurate estimates of foraging distances.
 Following prey deliveries at the nest, 1 owl
 on 3 nights returned to the area of its day
 roost several kilometers from the nest. Four
 other males also left the nest stand im-
 mediately after prey deliveries to forage
 in areas distant from the nest.

 Daily Movements and Foraging.-Bo-
 real owls can be classified as sit-and-wait
 predators or searchers (as opposed to pur-
 suers), but are very active while hunting.
 During a foraging bout, the birds move
 through the forest in an irregular or zigzag
 pattern, flying short distances between
 perches (Hayward 1987). They spend a
 majority of time perched; little time is spent
 actively pursuing prey. While perched, the
 owl constantly looks about with rapid head
 movements, apparently responding to for-
 est sounds. We distinguished hunting ac-
 tivity from roosting by the rapid, jerking
 head movements of the bird and the bird's
 intense, wide-eyed appearance.

 To quantify the strategy employed by
 boreal owls during foraging, we recorded
 flight distance between perches, time spent
 on each perch, and perch height during
 diurnal and nocturnal foraging bouts (Fig.
 4). We observed hunting owls on 16 nights
 and recorded quantitative data on 10 oc-
 casions for 5 owls. These observations
 spanned 31.25 hours. After dark, the owl
 often was seen only intermittently despite
 our use of night vision goggles and beta-
 lights (Hayward 1987). We watched owls
 hunt during daytime 13 times and record-
 ed quantitative results on 8 days for 4 owls.
 Diurnal observations spanned 7.2 hours.
 All quantitative results refer to foraging
 during summer (snow-free conditions) al-
 though we did pursue foraging birds in
 winter.

 Owls flew an average of 25 + 8 m be-
 tween hunting perches in 123 recorded

 5 15 25 35 45 55 65 75 85 95 >95

 Flight Distances (m)

 0-1.5 1.6-3.0 3.1 4.6 4.7-6.1 6.2-7.6 7.7-9.1

 Foraging Perch Height (m)

 1 2 3 4 5 6 7 8 9 10 ,10

 Time Perched (min)

 Fig. 4. Foraging behavior of boreal owls described by the
 distribution of flight distances, perch heights, and duration of
 search times for owls recorded during 18 foraging bouts in
 Chamberlain Basin, Idaho.

 roost locations for an individual as subsam-
 ples.

 The distance between male owl daytime
 roosts and nests also provides some insight
 on the magnitude of daily movements.
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 Each of 12 owls radio marked during both
 winter and summer used summer roost sites
 with a higher average elevation. The dif-
 ference in average seasonal roost elevation
 was 186 + 105 m (n = 12). Three owls (2
 mates and a female) used roosts during
 summer that averaged over 335 m higher
 than winter roosts.

 Although the owls demonstrated a con-
 sistent tendency to concentrate use at high-
 er elevations in summer, the range of el-
 evations used in winter and summer
 overlapped completely. During winter,
 owls spent some time in the highest por-
 tions of the study area despite snow depths
 over 2 m. Likewise, in summer, owls roost-
 ed on some occasions in the lowest portion
 of their home range The major difference
 in seasonal use was the proportion of time
 that birds spent in each elevation zone.

 Female movements after the brooding
 period (nestling age of 20-26 days) were
 variable. During incubation and brooding,
 8 radio-marked females were never found
 over 200 m from the nest tree. When the
 young reached 20-26 days old, females
 ceased occupying the cavity. We moni-
 tored 6 radio-marked females immediate-
 ly following the brooding period. In 2 cases,
 females left the study area within 3 days
 of leaving the nest cavity. In both cases,
 the young fledged successfully. In 2 cases,
 females occupied the home ranges used
 prior to nesting and assisted in feeding the
 young at the cavity and after fledging. One
 female assisted feeding young at the nest
 and remained within 3 km of the nest for
 2 weeks. She then moved 17 km within 3
 days and settled in an area of <4()0 ha that
 she oecupied for at least the next 2 months.
 In a final case, the nesting male abandoned
 the nest 1-3 days prior to the normal date
 for the female to leave the nest. She left
 the nest 1 day later on 10 July. Marks on
 an event recorder at the nest and fresh
 prey in the cavity on 15 and 19 July sug-
 gested that the female fed the young on 2
 nights. By 22 July, however, she began
 using an area 4.5 km from the nest where
 she remained for 2 months.

 Year-to-year Movements. Movements
 of radio-marked owls provide some indi-

 flight distances for 8 owls. The median
 distance between perches was 17 m, and
 over 90% of recorded flights were esti-
 mated to be <40 m (Fig 4). In the forest
 environment we were unable to record long
 flights; therefore, our sample has a nega-
 tive bias. We feel this bias influenced the
 observations only slightly. Over 75% of all
 flights were 25 m or less. Most often when
 we lost contact with an owl, the radio sig-
 nal suggested that the bird made several
 fights with only brief perching periods.

 Although the pattern of foraging flights
 varied, the owls often concentrated their
 activity in a relatively small area com-
 pared to the total length of all flights in a
 foraging bout. The owls we followed dou-
 bled back frequently and thus covered a
 relatively small area within several forest
 stands rather than a long narrow path.

 While searching for prey, boreal owls
 perch on low branches. Perches during for-
 aging observations averaged 4 + 0.6 m
 high (n - 114). Seventy-five percent of 114
 perches were <5.5 m and ranged from 0.5
 to 9 m (Fig. 4).

 Boreal owls search briefly from each
 hunting perch, but, as shown above, hunt
 a forest stand intensively by moving short
 distances between perches. We measured
 the duration of 150 hunting perches dur-
 ing 18 foraging bouts of 8 owls. Over 78%
 of perches were occupied <5 minutes, 64%
 for <3 minutes, and 27% for 1 minute or
 less (Fig. 4). Four percent of hunting
 perches were used > 10 minutes. If an owl
 used a perch for >10 minutes, it either
 ceased foraging or was intently listening
 to a potential prey. One owl, observed
 hunting at night, watched a tight clump
 of branches in a lodgepole for 12 minutes
 prior to llying 2 m to attack a roosting
 passerine. Another owl, hunting during
 daylight, flew approximately 4 m to catch
 a southern red-backed vole (Clethriono-
 mys gapperi) deep in a clump of common
 beargrass (Xerophyllum tenax ) after
 watching the spot for 10 minutes.

 Seasonal Movements. Boreal owl ac-
 tivity shifted in elevation between summer
 and winter, but the change in activity did
 not involve a complete shift in home range.
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 34  WILDLIFE MONOGRAPHS

 Fig 5. Seasonal 95% utilization distributions of 4 boreal owls based on daytime roost locations in Chamberlain Basin, Idaho
 dunng winter 1987. Owls 104 and 105 nested at the southern (lower on figure) site, and owls 76 and 107 initiated a nest at the

 cation of the degree of site tenacity in the
 RNRW. We gathered evidence suggesting
 boreal owls in RNRW exhibit both year-
 to-year site tenacity and nomadic emigra-
 tion. In late summer or autumn 1984-87,
 we placed new radio transmitters on 4, 5,
 2, and 5 owls, respectively, in an effort to
 relocate the birds the following winter (4
 months later). We observed male and fe-
 male boreal owls who stayed in the basin
 for > 1 year and used the same home range.

 We also documented emigration of adults
 from the population.

 Using evidence from both radio-marked
 birds and banded individuals, we found 6
 males and 4 females that remained in the
 basin for >1 year. The 6 radio-marked
 males each used portions of their original
 home range in the second year. For 2 males
 monitored through both winter and sum-
 mer in 2 years (-20 locations/season), sea-
 sonal home ranges from the 2 years
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 Table 12. Seasonal home range size (ha) for boreal owls in Chamberlain Basin, Idaho, dunng 1984 87. Areas are 95% utilization
 distributions calculated using the hamonic mean method (Samuel et al. 1985).

 Home range area

 Winter Summer Combined

 No. of No. of No. of
 Year Owl Sex Size locations Size locations Size locations

 1984 33 M 814 13
 34 F 320 10 607 20
 37 F 1,504 16 4,127 24
 42 M 610 16 1,166 24

 1985 43 M 1,411 19 530 14 2,341 33
 76 M 1,282 24 229 19 2,581 43
 77 M 2,359 31 1,265 14 2,360 45
 84 M 946 12 1,421 17 2,141 29

 1986 95 F 1,832 12

 96 M 1,100 53 1,438 58
 97 M 2,001 13 2,386 27 6,876 40
 55 F 1,448 40

 1987 96 M 261 21 797 37 911 58
 76 M 2,259 28 1,520 45 1,761 73
 104 M 473 22 884 38 1,019 60
 105 F 826 17 747 21 1,122 38
 107 F 3,390 30 2,037 17 3,517 47
 117 M 1,884 20 1,161 26
 133 F 874 18

 -
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 matched closely. One of the males nested
 in cavities 1.3 km apart in consecutive
 years. Home range information was not as
 complete for the 4 females that were radio
 marked for more than 1 year; however, all
 4 remained within the Chamberlain study
 area.

 Each year we checked most nest cavities
 used by owls in previous years (n = 23).
 Although 2 nest trees were reoccupied, we
 never located an individual female in the
 same cavity she used previously. Nest sites
 of 2 individuals were known for 2 years.
 One female nested with different mates in
 1984 and 1986 in cavities 1.4 km apart.
 The second female used cavities 7.6 km
 apart in 1987 and 1988.

 In view of the evidence for year-round
 residency, several observations of emigra-
 tion are important. As presented earlier, 2
 females emigrated immediately after nest-
 ing and a third moved 17 km 2 weeks after
 nesting. We also witnessed the emigration
 of 2 males during a 2-week period in early
 February 1986. During the same 2-week
 period, another male died (1986 marked
 the low point in breeding effort and breed-
 ing success during the study). Both emi-

 grating males wore new radio transmitters.
 Neither owl was relocated in the study area
 during repeated ground and air searches
 that winter. One of the males, first cap-
 tured in February 1985 and monitored un-
 til February 1986, was relocated on 7 May
 1986 near Upper Payette Lake, Valley
 County, Idaho, 80 km to the west of its
 former home range. The other male, first
 captured in February 1984, was monitored
 moving south from its home range and left
 the basin after living there at least 2 years.

 Home Range Area.- We estimated the
 area used by boreal owls at Chamberlain
 during winter and summer from radio-
 marked owls in 1984-87 (Fig. 5). Mean
 winter home ranges averaged 1,451 + 552
 ha (adaptive kernel estimate 2,487 + 1,218
 ha) for 13 owls (5 females, 8 males) over
 the 4-year study. Summer ranges generally
 covered smaller areas; they averaged 1,182
 i 335 ha (adaptive kernel estimate 2,269
 + 1,644 ha) for 15 owls (4 females, 11
 males). Year-round ranges averaged 2,048
 + 818 ha (adaptive kernel estimate 3,750
 + 1,645 ha) for 17 owls (4 females, 12
 males) (Table 12). These values must be
 considered minimum home ranges. Our
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 Percent of prey items Year-round

 Winter Summer % of
 prey Biomassa

 Male Female Total Male Female Total items (%)

 Mammals

 Southern red-backed vole 49 49 49 34 13 31 36 37
 (Clethrionomys gapperi)

 Northern pocket gopher 8 6 7 10 16 11 10 26
 (Thwomomys talpoides)

 Unidentified shrews 15 6 12 11 10 11 11 3
 (Sorex spp.)
 Unidentified voles 12 7 11 8 12 8 9 11

 (Microtus spp.)
 Deer mouse 6 10 7 5 5 5 6 5

 (Peromyscus maniculatus)

 Heather vole 2 0 2 5 2 4 4 3
 (Phenacomys intermedius)

 Northern flying squirrel 1 14 5 0 trb tr 1 7
 (Glaucomys sabrinus)
 Yellow-pine chipmunk 2 0 1 2 2 2 2 3

 (Tamias amoenus)

 Western jumping mouse O O 0 3 0 2 2 1
 (Zapus princeps)
 Pika O O O tr 1 tr tr tr

 (Ochotona princeps)
 Bushy-tailed woodrat O O O O 1 tr tr tr

 (Neotoma cinerea)
 Unidentified weasel O 1 tr O O O tr tr

 (Mustela spp.)
 Water vole O O tr O tr tr tr tr

 (Microtus richardsoni)

 Birds 4 6 5 6 1 5 5 3

 Insects 1 0 1 16 37 18 13 1

 Total count 144 69 242 572 93 672 914 26,162

 a Biomass calculated using values in Table 14.
 b tr indicates <1%.

 Table 14. Mean mass of small mammals used to calculate biomass of prey consumed by boreal owls. Measurements from
 individuals trapped in Chamberlain Basin, Idaho, 1984 87, except noflhem pocket gopher and noWlhern flying squirrel values
 from Hall (1946).

 Mass
 Species Age (g) +95So CL Sample size

 Southern red-backed vole Adult 26.5 0.74 1OO
 Southern red-backed vole Juvenile 12.2 0.67 48
 Deer mouse Adult 24.2 1.15 32
 Deer mouse Juvenile 11.5 2.16 6
 Heather vole Adult 22.7 3.47 9
 Heather vole Juvenile 13.8 5.01 3
 Unidentified voles Adult 30.0 3.01 12
 Unidentified voles Juvenile 12.2 2.11 9
 Unidentified shrews 6.10 0.58 18
 Western jumping mouse Adult 20.81 2.57 14
 Yellow-pine chipmunk 50.8 2.30 24
 Northern pocket gopher 101.2
 Northern llying squirrel 140

 . .
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 Table 13. Diet of boreal owls at Chamberlain Basin, Idaho, estimated from pellets, cached prey, and nest contents of 31 owls
 in 1981 and 1984 88.
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 BOREAL OWL ECOLOGY - Hayward et al.  7

 sample of each owl's activity was small,
 and (similar to other kernel estimators) the
 harmonic mean is biased low with small
 samples. Home range estimates, however,
 did not increase with sample size (see Hay-
 ward et al. 1987b for further discussion of
 seasonal home range use).

 Home Range Overlap. Our observa-
 tions indicated that boreal owls did not use
 exclusive home ranges. Home ranges over-
 lapped considerably regardless of owl sex
 (e.g. Fig. 5). All of the owls we monitored
 in Ranch Creek or Flossie Creek drainages
 (where our sample was largestX n - 13)
 had a home range that overlapped some
 other monitored owl by >50Fo. Because
 they are most likely to defend a nesting
 territory, overlap of male home ranges is
 of greater interest (Lundberg 1979). In any
 year male owls inhabiting the same drain-
 age used the same forest stands intensively.
 During winter, when males establish small
 nesting territories (Mikkola 1983), dis-
 tances between harmonic mean centers of
 activity (Samuel et al. 1985) were as low
 as 840 m. During summer, harmonic mean
 centers of activity were as close as 1,450
 m and neighboring nest sites were within
 700 m. We found males roosting within
 200 m of one another in both winter and
 summer. On 2 nights we captured 2 and
 3 males at a single trapEring site indicating
 common use of the site.

 Food Habits

 Boreal owls at Chamberlain killed a wide
 range of prey including small mammals
 small birdsv and insects (Table 123). The list
 of small mammals in the diet includes all
 species of mammals smaller than 50 g
 known to inhabit the basin except the wa-
 ter shrew (Sorex palustris). Because of in-
 complete skulls, bones of several large
 shrews found in pellets could not be iden-
 tified but were probably water shrews.
 Avian prey included 7 passerines and 1
 Piciformes (Hayward 1989:46). Crickets
 numerically dominated insect remains.

 The breadth of species represented in
 owls' diets contrasted with the narrow
 range of prey taken frequently. Small

 mammals accounted for 79.4% of 914 prey
 identified and over 95% of the biomass
 estimated from pellets and nest sites of t32
 owls (Tables 13, 14). Southern red-backed
 voles and pocket gophers together ac-
 counted for over 63% of estimated prey
 biomass, underscoring the limited number
 of prey species important to the owls.
 Southern red-backed voles alone account-
 ed for 36% of individual prey in our sam-
 ple from winter and summer.

 Diets of individual male owls differed
 significantly in both winter and summer
 (summer x2 = 55, df = 25, P < 0.01; winter
 x2 = 20, df = 10, P = 0.025). In our test
 of heterogeneity among individuals, we
 considered only those owls for whom we
 recorded 30 or more prey items in 1 season
 (6 males in summer, 3 males and 1 female
 in winter). We eliminated the single fe-
 male from the winter sample because we
 wished to determine whether individuals
 of the same sex fed similarly within a sea-
 son. In these tests we included only the 5
 most common small mammal prey.

 Major differences in diet among indi-
 viduals involved unusual numbers of un-
 common prey taken by particular owls.
 Although samples from some boreal owls
 included no avian prey, the diet of 1 male
 included 10% birds during summer (41%
 of all avian prey taken by 8 males during
 summer). This same male captured 54%
 of the chipmunks (Tamias amoenus) taken
 by males during summer. Two other in-
 dividuals captured many western jumping
 mice (Zapus princeps) and crickets. De-
 spite these differences, southern red-
 backed voles were the most frequent prey
 for all individuals in both winter and sum-
 mer.

 Seasonal Prey Use. During winter,
 owls relied on southern red-backed voles
 for nearly 50% of prey (Table 13). The
 number of prey taxa available in winter is
 less than in summer and is reflected in
 fewer species in the winter diet. Northern
 pocket gophers (1 of the most frequent
 summer prey), western jumping mice, and
 yellow-pine chipmunks are all unavailable
 during the period of winter snow pack.
 (During early and late winter when snow
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 cover is patchy, these species are captured
 and, therefore, are reported in the winter
 diet.) In spring, the earliest recorded dates
 for chipmunks or jumping mice in pellets
 or nest material were 14 March and 22
 May, respectively. Pocket gophers were
 recorded in pellets by 15 March. Once
 available, pocket gophers were taken often
 and accounted for 15% of overall winter
 prey biomass (7% by frequency) despite
 the limited period they were available.
 Based on skeletal measurements (Janes and
 Barss 1985) of a sample of pocket gopher
 remains in pellets (n = 17), 41% of pocket
 gophers captured were 30 days old or
 younger.

 Flying squirrels were the only prey taken
 much more often in winter than summer.
 Of 12 recorded flying squirrels, 11 were
 captured during winter, 10 of these by
 females. The squirrels represented 45% of
 prey biomass recorded for female owls
 during winter, indicating the importance
 of these prey during a period when other
 prey are less available.

 During summer, southern red-backed
 voles continued to be the most frequent
 prey and accounted for 29% of biomass
 consumed. The owl summer diet was di-
 verse compared to winter with the addi-
 tion of chipmunks, jumping mice, and
 crickets. Crickets may be more important
 to owls than our sample suggests. We rare-
 ly found crickets during searches at nests
 for prey, but photographs of prey deliv-
 eries showed several crickets. Also, pellets
 composed largely of insects break apart
 more quickly and, therefore, are less likely
 to be found at roosts.

 Yearly Variation.-The frequency of
 southern red-backed voles in prey samples
 was lower in 1986 (the year of poor owl
 breeding) than in other years. In 1986,26S
 of prey were southern red-backed voles
 compared to 38,44, and 45% in 1984,1985,
 and 1987, respectively. As a result, deer
 mice (Peromyscus maniculatus), pocket
 gophers, and heather voles (P7xenacomys
 intermedius) increased in pellets in 1986
 compared with other years. The frequency
 of Microtus spp. remained relatively con-
 stant from 1984 to 1987 and averaged 11%.
 The frequency of the other common prey,
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 Table 16. Frequency of capture for small mammals in pit traps set year-round at Chambenain Basin, Idaho, during 1984 87
 in 7 vegetation types deffned by dominant overstory. Three sites were trapped for each vegetation type except spruce bottom,
 where only 2 sites were trapped. Trap days in thousands are recorded in parentheses.

 Mixed Douglas- Spruce Spmce
 Salte Wet meadow Lodgenole conifer fir bottom Er

 Small mammal species (2.B) (2.8) (3.34 (33) (30) (2.3) (2.4)

 Southern red-backed vole O 0 9 5 25 32 52
 Unidentified shrews 25 45 19 28 16 77 45
 Deer mouse 11 0 5 10 2 5 3
 Unidentified voles 23 5 0 0 0 0 0
 Western jumping mouse 4 1 1 0 0 1 0
 Heather vole O 0 2 1 0 0 3
 Yellow-pine chipmunk 6 0 9 18 6 0 0
 Northern pocket gopher 4 3 5 0 1 0 1
 r

 BOREAL OWL ECOLOGY Haytvard et al.  39

 shrews, and birds also remained relatively
 constant.

 Small Mammal Habitat Use Com-
 parison of Sampling Methods. Because
 small mammals accounted for 80% of the
 boreal owl diet at Chamberlain, we used
 snap and pit trapping to determine habitat
 associations of small mammals (Tables 15,
 16). Neither method can give a completely
 accurate ranking of species abundance
 within various habitats. By using both
 methods we sought to sample a broad range
 of mammal species and rank the impor-
 tance of various vegetation types for each
 prey species.

 Southern red-backed voles, shrews, and
 deer mice were the most frequently cap-
 tured species by both methods (Tables 15,
 16). To compare the 2 trapping methods,
 we examined capture rates for these 3 small
 mammals across 6 vegetation types using
 the 2 trapping methods. Capture rates of
 southern red-backed voles in pit and snap
 traps were strongly related (Spearman rank
 correlation, rS = 0.94). The 2 trapping
 methods also resulted in similar ranking
 for shrew abundance (rS = 0.75). Capture
 rate for deer mice differed (rS < 0.10)
 mainly because pit traps in Douglas-fir for-
 ests captured few mice, whereas the num-
 ber of snap-trapped mice was highest for
 this habitat. Otherwise the rank order of
 the habitats was similar for snap- and pit-
 trap samples of deer mice.

 An important difference in pit-trap and
 snap-trap samples was the frequency of
 pocket gophers in the pit-trap sample (Ta-
 bles 15, 16). Pit traps captured pocket go-

 phers on 5 sites, whereas snap traps did
 not capture gophers.

 Vegetation Association of Small Mam-
 mals. Southern red-backed voles were
 captured in both pit and snap traps more
 frequently in spruce-fir forest than other
 types (Tables 15, 16). Average pit-trap
 capture rates across all years and sites were
 2.4 times greater in upland spruce-fir than
 other types. Snap trapping indicated even
 larger differences in vole abundance be-
 tween spruce-fir and other types. Average
 capture rates in spruce-fir exceeded all
 other forests by an order of magnitude.
 Southern red-backed voles occurred in all
 forest vegetation types but capture rates
 were low in lodgepole-pine and dry mixed-
 conifer forests. In both spruce-fir and
 Douglas-fir forests the biomass of southern
 red-backed vole captures exceeded that of
 other small mammals. We did not capture
 southern red-backed voles on nonforested
 sites.

 We combined Sorex vagrans and S. ci-
 nereus for discussion of distribution and
 abundance. We captured shrews at all pit-
 trap sites, and variation in capture rates
 among habitats was lower for shrews than
 other small mammals (Table 16). Shrews
 were captured by both trapping methods
 most frequently in spruce-fir forests, in-
 cluding both spruce bottoms and upland
 spruce-fir forests. Using pit traps, more
 shrews than other mammals were cap-
 tured in lodgepole-pine, mixed-conifer,
 and unforested habitats.

 We captured deer mice in all vegetation
 types except wet meadow. Pit- and snap-
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 Table 17. Trend in boreal owl populations at Chamberlain Basin, Idaho, during 1984 87.

 s

 Survey period

 1984 1985a 1986 1987
 Survey effort and results 18 Jan-23 Apr 25 Jan-2 May 14 Jan-7 May 16 FeS27 Apr

 No. surveys 13 29 32 36
 No. listening nights 5 16 5 19
 Kilometers surveyed 64 195 217 218
 % surveying or trapping nights males heard 56 51 8 49
 % surveying nights calling males heard 62 48 6 53
 No. calling males heard per survey km 0.24 0.07 0.02 0.14
 No. owls captured

 winter 9 5 3 7
 year 9 6 4 8

 a Four people worked in 1985 and 1987; 2 people in 1984 and 1986.

 WILDLIFE MONOGRAPHS 40

 trap results, however, differed in the rank
 order of deer mice captures across habitats.
 In pit-trap samples, deer mice were most
 frequently captured in sagebrush-bunch-
 grass habitats where they were the most
 frequently captured mammal. Deer mice
 also were captured often in mixed conifer
 by pit traps, but rarely in Douglas-fir. Snap-
 trapping results showed I)ouglas-fir as the
 most important habitat for deer mice fol-
 lowed by mixed conifer, lodgepole, and
 sagebrush-bunchgrass. During 2 years of
 snap trapping in the spruce-fir grid, no
 deer mice were captured.

 We found chipmunks in all habitats ex-
 cept spruce-fir bottoms and spruce-fir up-
 lands. Capture rates were the highest in
 the drier habitats sagebrush-bunchgrass
 (snap trapping) and mixed conifer (pit
 trapping).

 Montane voles (Mtcrotus montanus) and
 long-tailed voles (M. Iongicaudus) used
 narrower ranges of habitat than other com-
 mon small mammal species. Using both
 the pit and the snap traps, we caught Mi-
 crotus spp. only in nonforested habitats.
 Microtus capture rates were higher at
 sagebrush-bunchgrass sites than in wet
 meadow.

 Pocket gophers, jumping mice, and
 heather voles were caught in several hab-
 itats, but less frequently than the species
 discussed above. Dirt mounds and "soil
 ropes" seen throughout the study area sug-
 gested that pocket gophers used all but the
 most rocky habitats. Pit-trap capture rates
 of pocket gophers were highest in sage-

 brush-bunchgrass and lodgepole habitats.
 Jumping mice were found in a variety of
 forested and nonforested habitats, but were
 never captured at our Douglas-fir or
 spruce-fir sites (Table 16). Heather voles
 were rarely captured (8 individuals in pit
 and snap traps combined), yet they were
 found in all forest vegetation types. These
 voles did not occur in any of the nonforest-
 ed types.

 The water shrew was captured with a
 pit trap on a single site in a wet meadow.
 This site was inundated for several weeks
 each spring.

 Owl Population Characteristics

 Yearly Variation in Owl Abundance.
 During the study, we recorded data that
 may be used to form several crude indices
 to breeding abundance and breeding pro-
 ductivity each year. Together these mea-
 sures provide evidence of the minimum
 number of breeding owls and year-to-year
 changes in breeding effort or productivity
 at Chamberlain and Cold Meadows. Each
 of the indices discussed below is untested
 and, therefore, has unknown bias.

 Nighttime surveys using playback of
 taped boreal owl calls during each winter
 show the yearly variation in breeding pop-
 ulation abundance from 1984 to 1987 at
 Chamberlain and 1984 to 1986 at Cold
 Meadows (Tables 17,18). At Chamberlain,
 2 related indices show a slight decline in
 1985 followed by a substantial decrease in
 breeding activity in 1986. The proportion
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 Table 18. Trend in boreal owl populations at Cold Meadows, Idaho, during 1984 86.

 Survey periods

 1984 1985
 19 FeS4 Mar 25 FeS7 Mar 1986

 Survey effort and results 3 Apr-ll Apr 6 Apr-18 Apr 27 Mar-ll Apr

 No. surveys 17 20 ll
 Kilometers surveyed 74 100 70
 % surveying nights calling males heard 40 20 18
 No. calling males heard per survey km 0.20 0.07 0.09
 . .
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 of survey nights on which we heard boreal
 owls differed significantly among years (X2
 = 20.2, df = 3, P < 0.0001). The low num-
 ber of successful nights in 1986 contrib-
 uted most to the difference (cell X2 = 8 54,
 P = 0.0035). If instead, we look at the
 number of male owls heard singing per
 mile surveyed, the same pattern is appar-
 ent-owl calling rate dropped from a high
 in 1984 to a low in 1986 with a recovery
 in 1987 (Table 17). This result suggests that
 differences between years in the number
 of miles surveyed in a given night or the
 total number of survey nights was not re-
 sponsible for the observed trend. Each year
 of the study some new routes were sur-
 veyed, which added to the total survey
 mileage. Routes surveyed in earlier years
 were always resurveyed.

 Survey results at Cold Meadows showed
 a similar pattern. The proportion of survey
 nights that we heard boreal owls was twice
 as large in 1984 as in 1985 or 1986, but
 the difference was not significant (X2 =
 2.65, df = 2, P = 0.265). The number of
 calling males heard per survey mile was
 higher in 1984 (Table 18) than in either
 of the following years.

 The pattern of declining breeding pop-
 ulations of boreal owls from 1984 to 1986
 before rebounding in 1987 also was re-
 flected in our winter trapping success at
 Chamberlain. We captured 9 boreal owls
 in 1984, 5 in 1985, 3 in 1986, and 7 in
 1987. Trapping effort for each year is dif-
 ficult to quantify because our trapping
 strategy differed among years. The num-
 ber of nights we trapped at sites where we
 had little confidence of capturing an owl
 differed among years. Using the number
 of trapping nights as an imperfect measure

 of effort, catch per unit effort during win-
 ter equaled 1.8 for 1984, 0.29 for 1985,
 0.60 for 1986, and 1.67 for 1987. Again,
 1985 and 1986 showed the lowest values.

 As a final index to breeding population
 trend at Chamberlain, we used a method
 similar to spot mapping. Our earlier in-
 dices using number of mates heard per
 mile surveyed or per survey night included
 owls heard calling from the same site dur-
 ing different surveys. We sought to remove
 this bias by defining the number of male
 territories located each year by assigning
 singing males heard in 1 forest stand on
 different surveys to 1 territory. We found
 12 territories in 1984,14 in 1985,3 in 1986,
 and 19 in 1987. During the study, the area
 surveyed increased each year. An imper-
 fect way of standardizing the number of
 territories is to divide by the number of
 kilometers surveyed. Territories located per
 kilometer surveyed equaled 0.65 in 1984,
 0.24 in 1985, 0.04 in 1986, and 0.26 in
 1987.

 Yearly Variation in Productivity.-
 Productivity at nest sites was not constant
 from year to year. At Chamberlain we lo-
 cated 3 nests in 1984,2 in 1985,3 in 1986,
 and 8 in 1987. The number found was
 related to the owl breeding effort, the
 number of radio-marked owls, and our ex-
 perience locating nests. From this small
 sample, we observed the rate of nest aban-
 donment, clutch size, and number of young
 Hedged per nest that fledged young.

 In all but 2 cases, we observed the clutch
 size during incubation or at hatching, so
 we can only estimate minimum clutch size.
 During 1984-87, boreal owl clutches
 ranged from 2 to 4 eggs and averaged 3.3,
 2.5,2.5, and 3.5 eggs for each year 1984-
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 87, respectively. Only 2 nests during this
 period fledged 3 young (1 nest in 1984 and
 1 nest in 1987); for the remaining nests,
 those which Xledged young each produced
 2 owlets. Clutch size and fledging rate,
 then, both indicated that 1984 and 1987
 were more productive than the interven-
 ing 2 years.

 Although clutch size and the number of
 fledglings per successful nest were higher
 in 1984 and 1987, complete nest failure
 appeared to contribute most to variation
 in productivity. Nests failed due to paren-
 tal abandonment, nest predation, and death
 of an adult. The pattern of nest failure
 across years appeared to follow the other
 measures of breeding activity (calling) and
 productivity. During 1984-87v nest histo-
 ries included complete success of 3 nests
 in 1984, abandonment of 1 of 2 nests in
 1985, loss of all 3 nests in 1986, and loss
 of 6 of 8 nests in 1987. The timing and
 reasons for nest failure each year is im-
 portant in evaluating trends in productiv-
 ity In years when other measures of pro-
 ductivity were low (1985, 1986), 3 of 4
 nests that failed were abandoned early in
 the nesting cycle. The other nest failed due
 to predation. In good years (1984, 1987)
 predation was responsible for all nests that
 were lost.

 Annual Survival. During 1984-88, we
 monitored 24 adult boreal owls from late
 January through August using radiotelem-
 etry. Each autumn we placed a fresh radio
 on any marked birds in an effort to recover
 the birds the following January. Ten owls
 were followed during more than 1 year.
 Records from the radio-marked owls give
 some insight into mortality rates and em-
 igration from the population.

 Radio packages certainly increase en-
 ergy expenditure of the owls and may in-
 crease risk of predation. The extent to
 which radio packages reduced survival of
 marked owls cannot be assessed with our
 data. The longevity we witnessed in sev-
 eral marked owls suggests that the impact
 was not severe. One male and 1 female
 wore radio tags for 916 and 824 days re-
 spectivelyS and were still alive at the end
 of the monitoring period. More impor-

 tantly, we weighed each marked owl upon
 initial capture and at each recapture. Av-
 erage recapture weights exceeded initial
 capture weights for 4 of 7 individuals who
 were weighed on 4 or more occasions. For
 owls recaptured on fewer occasions, body
 mass showed no trend. These results sug-
 gest that the radio transmitters did not pre-
 vent the owls from maintaining normal
 body mass. Whether the owls were forced
 to actively forage for longer periods, ex-
 posing themselves to predation, cannot be
 addressed.

 t)uring the study, 6 owls (3 males and
 3 females) died. Two owls that died during
 winter (a male and a female) appeared to
 have starved; they showed no sign of in-
 jury. The male who had been monitored
 for 201 days was found within hours of his
 death and had lost 23 g (20S of body
 weight) in 12 days. Three birds (2 females
 and a male) were consumed in part or
 entirely by predators. Another male died
 of unknown causes.

 A minimum of 5 marked owls (2 males
 and 3 females) was lost from the popula-
 tion through emigration. In 3 cases, we
 monitored the owls as they left the basin;
 1 was relocated 80 km west, near Upper
 Payette Lake, Valley County, Idaho. Be-
 havior prior to loss of contact led us to
 conclude that 2 other owls also emigrated.

 We used information from the radio-
 marked owls to estimate survival of adult
 boreal owls (Heisey and Fuller 1985). Our
 analysis assumes that adult male and fe-
 male boreal owls experience equal survival
 and that survival rate during any given
 year can be treated as constant throughout
 the year but that survival may differ be-
 tween years. Because of relatively small
 samples within any year, estimates of year-
 ly survival include extreme confidence in-
 tervals; therefore, we consider estimates
 for the entire study period only.

 Because we monitored owls from mid-
 winter through summer in most years, es-
 timates of survival restricted to this period
 are most legitimate. Our analysis, then,
 treats only the fate of owls during this
 monitoring period. For instance, an owl
 that was remarked in autumn but could
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 not be located the next year was not con-
 sidered a loss because it survived during
 the monitoring period. If an owl was ob-
 served emigrating from the area, it was
 included in the analysis as described be-
 Iow.

 It could be argued that owls who emi-
 grate are rarely recruited to a new popu-
 lation. If we assume that all birds that em-
 igrated during the monitoring period died
 and that no adult owls successfully im-
 migrated into the population, then all em-
 igration can be treated as a loss from the
 adult breeding population. These assump-
 tions provide a conservative estimate of
 survival for adulty radio-marked owls dur-
 ing our investigation. Under these as-
 sumptions, finite survival from midwinter
 through summer, expressed as a yearly rate7
 averaged 20S (95% CI = 7-55%).

 A liberal estimate of survival for adults
 in the owl population could be formed by
 assuming that all emigrating owls survived
 and that immigration into the population
 equals the emigration we observed. Under
 this assumption, only direct mortality is
 considered a loss. Finite survival from
 midwinter through summer expressed as
 a yearly rate averaged 46Fo (95% CI-23-
 91%).

 Breeding Chronology: Courtship.-At
 Chamberlain7 male boreal owls began
 courtship singing by late January in most
 years. In 1984 and 1985, we began surveys
 during the last week of January and heard
 owls on the first or second night in both

 r n .

 cases. ze ca . 1ng rate, measurec as t. ze
 number of owls heard per survey night,
 increased from January through March.

 Female owls were observed at male call-
 ing sites early in the courtship period. On
 5 February 1984, we captured a female at
 a calling site while a male called 10 m
 away. The same year, we heard a male
 and female together on 7 February. In
 1987, we heard both members of a mated
 pair on 16 February (our first night sur-
 veying the route) and captured both owls
 on 20 February. The owls repeatedly vis-
 ited the site to court throughout the winter
 and began nesting 20 April in a snag about
 40 m from the capture site. In 1986 both

 members of a pair were heard calling at
 a nest cavity 2 months prior to egg laying.

 Throughout courtship7 the birds associ-
 ated with one another mainly during
 nighttime rendezvous at the potential nest
 site; members of radio-marked mated pairs
 rarely roosted together during daytime.
 Our observations suggest that pairs do not
 rendezvous at the nest every night during
 courtship (Hayward 1989:56-57). On
 nights when the owls do rendezvous7 they
 meet at any time through the night rather
 than consistently meeting shortly after
 sundown.

 Our observations suggest that at night,
 during the courtship period, male boreal
 owls sing most often within 150 m of a
 selected nest cavity, an exception being
 unmated owls early in the courtship pe-
 riod. During observations at nests of 4 ra-
 dio-marked males on 14 nights prior to egg
 laying, the males never called farther than
 150 m from the nest site. Usually the male
 sang from a tree adjacent to the nest tree
 or from inside the nest cavity. Because we
 were not following these males during for-
 aging, however, these observations were
 not sufflcient to determine if the males
 were singing at sites out of our hearing
 range. Other observations do suggest that
 early in the courtship period unmated owls
 call from several widely dispersed loca-
 tions and that males visit stands where oth-
 er males are singing. Even these dispersed
 singing locations were later determined to
 be sites used by boreal owls for nesting
 sometime during the study. On 14 Feb-
 ruary 1984, we captured 3 males while we
 played the boreal owl song at 1 site. One
 of the owls nested at the capture site that
 year, and 1 of the others moved about 6
 km before the nesting season. On 18 Feb-
 ruary 1985, we captured 2 males when we
 played the courtship call at 1 site. One of
 these owls (BO77) nested in a stand 1.6 km
 from the capture site, and the other did
 not breed. The capture site had been used
 for nesting the previous year by a different
 male. Finally, on 31 March 1985, a male
 (BO84) was captured arld radio tagged in
 the stand used by BO77 for nesting that
 year. BO84 was heard calling in the stand
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 Table 19. Nesting chronology of boreal owls at Chamberlain Basin, Idaho. In most cases laying date is estimated by aging
 nestlings found 14 days after hatching. We assumed in all cases that incubation lasted 29 days (Korpimaki 1981). First visit
 refers to the first time we observed eggs or young at the nest.

 Year Owl Occupancy Laying date Hatching date Fledging date Female off First visit

 1984 34 17 May 15 Jun 7-12 Jul Youngest 1 day old
 55 14 May 14 Juna 15 Jul 4-6 Jul Third egg laid
 58 18 Apr 7 May 5 Jun 2-8 Jul 22-26 Jul Youngest 1 day old

 1985 86 23 Apr 15 May 13 Jun 15 Jul 5 Jul Youngest 1 day old
 87 20 May 18 Jun Youngest 2 day old

 1986 95 18 Apr by 30 Aprb
 55 24 May 22 Jun During laying

 1987 105 13-14 Apr 21 Apr 20 May 16-18 Jun 9 Jun Youngest 2 days old
 107 16 Aprc

 107 26-30 Apr 1 May 29 May Youngest 4 days old
 115 12 Apr 11 May Youngest 12 days old
 128 16 Aprd

 133 17 Apr 16 May 14-15 Jun 6 Jun Youngest 6 days old

 1988 134 14 Apr 13 May Unhatched egg
 135 17 Apr 18 May Two unhatched eggs

 a The date the third egg was laid and the date the first egg hatched were both known for this nest. The female had abandoned the nest for 2
 days (between the second and third egg), which likely accounts for the long incubation period.

 b Female abandoned the nest on 30 April without being disturbed, and 2 eggs had been laid.
 c Female abandoned her first nest due to disturbance and initiated a second nest by 30 April.
 d Female was killed by a predator away from the nest before laying.
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 on 7 April, but he failed to breed that year.
 On 24 March, when we played a tape-
 recorded boreal owl song at a calling site,
 4 radio-marked owls, including the pair
 that nested at that site, moved to the stand.

 Breeding Chronology: Nesting.-The
 end of courtship and beginning of nesting
 is not well defined because female boreal
 owls begin occupying the nest cavity prior
 to egg laying. We observed both the onset
 of nest occupancy and egg laying dates for
 3 female owls. These birds began roosting
 in the nest cavity 10, 19, and 22 days prior
 to egg laying (Table 19). Early in this pe-
 riod, the female may spend some time
 away from the cavity foraging at night.
 Also the female may occupy the cavity
 intermittently. In 1987, a female occupied
 the cavity every other day for the first
 week of nest occupancy before spending
 consecutive days on the nest. On the other
 hand, in 1984, another female began roost-
 ing in the nest cavity on 18 April and ap-
 peared to occupy the site continuously for
 16 days before egg laying. The use of the
 nest cavity for roosting demonstrates an
 important change in behavior associated
 with nesting. Other than female owls oc-

 * * *

 cupy1ng cav1tzes ( ur1ng nestlng, we never
 found a boreal owl roosting in a cavity in
 882 roost locations.

 Females consistently occupied the nest
 cavity in mid-to-late April (Table 19). Six
 recorded occupancy dates over 4 years
 ranged from 13 to 23 April. In 1987, 1 bird
 laid eggs by 12 April indicating an earlier
 occupancy date. Recorded laying dates
 ranged from 12 April to 24 May. Although
 our sample is extremely small, there is some
 suggestion that laying dates are rather con-
 sistent within years and vary more be-
 tween years (Table 19). A majority of our
 data on laying dates came from radio-
 marked birds, so we know these observa-
 tions do not represent renesting dates.

 Females occupy the nest cavity day and
 night through incubation and most of the
 nestling period. We recorded the date
 when females ceased occupying the nest
 cavity with their young for S owls over 4
 years. Four of these owls raised 2 nestlings
 each and left the nest when the oldest nest-
 ling was 20-22, 17-21, 22, and 20 days
 old. The other female raised 3 nestlings
 and left the cavity when the oldest was 21
 days old. At 4 nests where we recorded
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 fledging dates, the oldest owlet Sledged at
 31, 32, 27-29, and 29-30 days old (Table
 19).

 DISCUSSION

 Habitat Use

 Nesting HaNtat. Our observation of
 nesting habitat demonstrated that boreal
 owls in the RNRW used sites that were not
 randomly chosen from among atailable
 habitats. Compared to available vegeta-
 tion, breeding habitat use was concentrat-
 ed in 2 types, mixed conifer and aspen.
 Forest structure at breeding sites also dif-
 fered from the range of structures avail-
 able. Furthermore, although not conclu-
 sive, a nest-box experiment implied
 avoidance of potential nest sites in lodge-
 pole-pine stands when cavities were avail-
 able elsewhere.

 Boreal owl breeding habitat has not been
 studied quantitatively in Europe. Quali-
 tative descriptions, however, include a wide
 range of habitats. In Germany, Jorlitschka
 (1988) noted breeding activity in old forest
 but not young forest. In Finland, Korpi-
 maki (1981,1988a) recorded nests in Nor-
 way spruce (Picea abies) and Scotch pine
 (Pinus sylvestris) forests, edges of bogs and
 lake shores, and in boxes on hay barns in
 mowed pastures. In Norway, boreal owls
 also nested in "areas dominated by culti-
 vated land," bogland, and mixed Scotch
 pine and Norway spruce forest (Solheim
 1983a:81). When suitable cavities are
 available (usually in artificial structures),
 boreal owls nest in forest clearcuts and for-
 est with simple canopy structure (Sonerud
 1986; H. Stein, Univ. of Oslo, Oslo, Nor-
 way, pers. commun.).

 The relatively narrow range of breeding
 habitat use we observed contrasts with the
 variety of sites described in Europe. Sev-
 eral hypotheses could explain the differ-
 ences in range of breeding sites used.
 Abundance and productivity differ be-
 tween owl populations in Fennoscandia
 and the RNRW (Solheim 1983b, Korpi-
 maki 1987c, this study). Theory (Fretwell

 and Lucas 1969) and empirical results (e.g.,
 Alatalo et al. 1985) suggest that the range
 of habitats used is related to population
 abundance. If owl populations are more
 dense in Fennoscandia, some individuals
 may be forced to use suboptimal breeding
 habitat (thereby expanding the range of
 sites used) especially in peak breeding
 years. Alternatively, breeding-site use may
 differ between Fennoscandia and the
 RNRW largely due to the distribution of
 available cavities among habitats. In Fen-
 noscandian study sites, a majority of boreal
 owls nest in artificial structures and biol-
 ogists note the paucity of natural cavities
 (Korpimaki 1981, Lofgren et al. 1986). The
 distribution of available nest sites is largely
 dictated by human placement of nest
 structures, and, in peak years, over 40% of
 available nest boxes may be used (Lofgren
 et al. 1986). Therefore, in Fennoscandia,
 nest-site use likely reRects nest-site avail-
 ability rather than preference. In the
 RNRW, our nest-box experiment suggest-
 ed that nest cavities were not limited. Use
 of a restricted range of vegetation condi-
 tions for breeding, then, may reSlect pref-
 erence; however, the availability of cavi-
 ties was not the same across sites, and
 vegetation types with numerous cavities
 were used most frequently. Finally, com-
 pared to Europe, few breeding sites have
 been located in the northern Rockies.
 Therefore, sampling considerations alone
 could explain the differences.

 We speculate that the consistent use of
 mature forest for breeding in the RNRW
 does not result from preference for mature
 forest structure per se. Rather, the owls
 may key on forests with this structure when
 searching for cavities because the proba-
 bility of encountering suitable nest cavities
 is highest in forest with this structure. Ma-
 ture and older conifer forest and aspen
 stands both have high densities of large
 diameter cavities. We believe the density
 of suitable cavities was much lower in oth-
 er forest vegetation types. Although we did
 not measure cavity density, based on our
 observations during 4 years of field work,
 we believe density of large cavities may
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 be nearly 2 orders of magnitude greater
 in mixed-conifer and aspen forests (the
 vegetation types used for nesting) than in
 lodgepole or spruce-fir forests.

 The mixed-conifer forest and aspen
 stands used by boreal owls at Chamberlain
 were unique forest sites. Both occurred in
 relatively small stands within the extensive
 lodgepole-pine, Douglas-fir, and spruce-
 fir forests. The occurrence of ponderosa
 pine within the subalpine-fir life zone is
 not common, and therefore the abundance
 of nest sites at Chamberlain may have been
 higher than is found in other areas of the
 northern Rockies. Aspen stands with large
 diameter individuals also are not common
 in the northern Rockies. At Chamberlain
 these stands generally occur on unique soil-
 topographic sites and exist as almost pure
 aspen.

 Roosting Habitat. Roost sites differed
 from breeding habitat and from paired
 random locations in the RNRW. Our ob-
 servations showed that winter roosts dif-
 fered only slightly from random sites,
 whereas the evidence for differences was
 greater for summer roosts. Site choice ap-
 pears most critical in summer. Tempera-
 ture measurements at roost sites and ob-
 servations of owls gullar fluttering while
 roosting suggest that moderation of high
 summer temperatures may be an impor-
 tant function of summer roosts. We ob-
 served owls exhibiting gullar fluttering only
 during summer. On 2 occasions when we
 observed resting owls exhibiting gullar
 fluttering, the air temperature was only 18
 and 23 C indicating that the birds can be
 heat stressed at moderate ambient tem-
 peratures.

 Normal winter temperatures in the
 RNRW may not stress boreal owls, which
 are well adapted for cold (Mikkola 1983).
 The thermal neutral zone of the owl may
 encompass a majority of the temperatures
 experienced during winter in this region.
 Warm summer conditions, however, ap-
 peared to stress boreal owls. Behaviors to
 ameliorate warm conditions may involve
 roost stand selection.

 Roost habitat characteristics have not
 been reported for European populations.

 Palmer (1986) measured habitat at 174
 roosts of 3 boreal owls in Colorado during
 1 year. He noted a difference in roost char-
 acteristics and random sites but did not
 examine this pattern by season.

 Foraging Habitat. Our direct obser-
 vations of foraging owls were insufficient
 to describe patterns of foraging habitat use.
 Observations of roost sites and food habits,
 however, provide empirical information
 that can be used to make inferences con-
 cerning foraging habitat use.

 If roost sites represent the end of a for-
 aging bout as we suspect from our obser-
 vations of foraging owls, we may use our
 sample of roost locations as a preliminary
 sample of foraging sites. Data from 257
 winter and 376 summer roost sites indicate
 frequent use of spruce-fir forests. In sum-
 mer, 67% of all roosts were in spruce-fir
 forest and 26% in lodgepole. Winter roosts
 occurred in spruce-fir forest 35S of the
 time and in lodgepole forests 38S of the
 time. In both seasons, spruce-fir stands used
 by owls were usually mature or older forest
 sites. The frequent use of spruce-fir forest
 contrasts with the availability of spruce-
 fir in the area. Spruce-fir covers <10% of
 the study area, whereas lodgepole covers
 >50%.

 Owl food habits and data on habitat use
 by small mammals support the contention
 that spruce-fir forest is important foraging
 habitat. During both winter and summer,
 southern red-backed voles were the most
 frpquently captured prey (Table 13), es-
 pecially in years when the owls bred most
 successfully. Spruce-fir forest supported
 the greatest number of southern red-
 backed voles and highest small mammal
 biomass. Southern red-backed voles were
 more abundant in spruce-fir forests than
 any other habitat we trapped. We cap-
 tured 9 times as many southern red-backed
 voles in an old spruce-fir forest than we
 captured in any other vegetation type.
 Spruce-fir forests used by boreal owls in
 the RNRW were also generally old forest
 stands.

 Palmer's (1986) observations of boreal
 owls in Colorado suggest that older spruce-
 fir forest is used for hunting. Studies in
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 er species. Thomas et al. (1990) reported
 median home ranges of spotted owls (Strix
 occidentalis) from studies in California,
 Oregon, and Washington that ranged from
 571 to 4,021 ha; Forsman et al. (1984) re-
 ported home ranges <2,000 ha for spotted
 owls in Oregon; Hirons (1985a) reported
 Tawny owl (Strix aluco) territories <100
 ha in England; Bull et al. (1988a) mea-
 sured great gray owl (Strix nebulosa) home
 ranges that averaged 67730 ha in Oregon;
 and Smith and Gilbert (1984) calculated
 home ranges for Eastern screech-owls
 (Otus asio) of under 150 ha. Boreal owl
 home ranges fell within the range reported
 for the largest owl, the eagle owl (Bubo
 bubo) of Europe (Mikkola 1983).

 Several factors likely contribute to large
 boreal owl ranges. As noted above, no sin-
 gle vegetation type provides optimum
 nesting, roosting, and foraging habitat, and
 these vegetation types are geographically
 disjunct. Therefore, geographic features
 lead to a broad dispersion of resources
 forcing the owls to move long distances.
 In addition to the geographic distribution
 of habitats, low productivity of small
 mammals also may contribute to large owl
 ranges. Lindstedt et al. (1986) showed that
 home range size among carnivores is re-
 lated to prey production. Results of our
 small mammal studies suggest that abun-
 dance of mice and voles is quite low com-
 pared to regions inhabited by boreal owls
 in Scandinavia. On our most productive
 snap-trap grid (an old spruce-fir forest),
 we caught an average of 8.3 voles/100 trap
 nights during a week of trapping each
 spring for 2 years. We also caught 5.6
 shrews/100 trap nights, or 13.9 small
 mammals/100 trap nights. On the next
 most productive forest site, an old Doug-
 las-fir forest, we caught 0.9 mammals/100
 trap nights; this sample did not include any
 shrews. Our trapping rate at the spruce-
 fir site was less than snap-trap capture rates
 reported by Lofgren et al. (1986) and Kor-
 pimaki (1987a,c) during vole peaks during
 their studies of boreal owls in Europe. Lof-
 gren et al. (1986) captured 16.6 voles/100
 trap nights during vole peaks and 1.4 dur-
 ing low years when boreal owls failed to

 Norway also have noted the importance
 of mature spruce forest for foraging (So-
 nerud 1986, Sonerud et al. 1986). Based
 on direct observations and composition of
 diet, the authors suggested that during
 winter and summer boreal owls foraged
 primarily in older forest sites. In early
 spring, immediately following snow melt,
 however, the owls hunted clearcuts. So-
 nerud (1986) speculated that the owls fa-
 vored mature forest during winter because
 snow conditions (uncrusted snow) facili-
 tated access to prey. In summer, mature
 forest sites had less herbaceous cover than
 open sites, which allowed greater access to
 prey. During the short period following
 spring thaw, before herbaceous vegetation
 became dense, the owls shifted to openings
 where densities of voles exceeded densities
 in forested stands.

 Home Range Area

 Integrating our results concerning nest-
 ing, roosting, and foraging habitat use in-
 dicates that resources used by owls are not
 all provided by any single vegetation type.
 Because of the natural segregation of veg-
 etation types in the landscape, habitat
 components used on a daily basis, especial-
 ly in the courtship and breeding seasons,
 were dispersed geographically. Mixed co-
 nifer and stands used for nesting lie on the
 eastern side of the study area at lower el-
 evations as do aspen stands that contain
 many potential nest cavities. Spruce-fir
 forests used for roosting and foraging, es-
 pecially during summer, are concentrated
 at high elevations to the west. The geo-
 graphic dispersion of habitats used for
 nesting, roosting, and foraging may be re-
 sponsible, in part, for the large home rang-
 es used by boreal owls in the RNRW.

 The average winter and summer ranges
 for boreal owls compare with those cited
 by Lindstedt et al. (1986) for coyote (Canis
 latrans), red fox (Vulpes vulpes), fisher
 (Martes pennanti), and American marten
 (Martes americana), all of which feed on
 similar prey. Among owls, our estimates
 of boreal owl ranges compare to, and in
 some cases exceed, those reported for larg-
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 breed. Similarly, Korpimaki (1987a,c)
 captured up to 18 voles/100 trap nights in
 Finland during peak vole years. During all
 years, our trapping rates in habitats other
 than spruce-fir were lower than those ob-
 served by Lofgren et al. (1986) during low
 prey years. The habitats with low abun-
 dance of small mammals dominate the
 landscape at Chamberlain. Spruce-fir for-
 est covered about 6% of our study area,
 and old stands that may support the great-
 est abundance of small mammals consti-
 tute only a portion of the spruce-fir forest.
 These results imply that small mammals
 are not abundant across much of the study
 area.

 Further evidence of low prey availabil-
 ity comes from our observations of boreal
 owl courtship feeding. Courtship for some
 boreal owls lasted for over 3 months. Dur-
 ing much of this period the pair met at
 the nest site several times a week. We sus-
 pect that males provided courtship food
 during these encounters. Beginning up to
 2 weeks prior to laying, the female occu-
 pied the nest cavity continuously, receiv-
 ing prey from her mate. Apparently the
 female requires an extended period of in-
 activity to accumulate reserves for egg lay-
 ing. Hirons (1985b) has shown that female
 weight prior to egg laying in the tawny
 owl is strongly related to nesting success.
 The small clutches laid by boreal owls at
 Chamberlain after such lengthy courtship
 reinforces our contention that boreal owls
 do not easily obtain sufficient prey from
 habitats at Chamberlain.

 In addition to low abundance of prey in
 most habitats, the few productive, old
 spruce-fir stands are relatively small and
 dispersed. The broad dispersion of good
 foraging sites could force the owls to use
 large home ranges. Because of long travel
 distances between old spruce-fir patches,
 the owls may hunt extensive areas of poor-
 er forest rather than moving directly from
 1 spruce-Sr stand to the next.

 Population Status

 Reproduction and Survival. Obser-
 vations of low reproduction and survival

 for boreal owls over 4 years in the RNRW
 contrast with estimates of demographic
 characteristics for populations in Europe.
 In the RNRW, completed clutches aver-
 aged 3.1 eggs (range 2-4, n = 11), and
 fledging rate for nests that fledged young
 averaged 2.33 young (range 2-3, n = 6).
 Nest failure was an important component
 of low production; 10 of 16 nests failed.
 In Europe, boreal owls produce far more
 young. In Finland, during a 13-year study,
 Korpimaki (1987a) observed an average
 clutch of 5.6 (n = 412) and a fledging rate
 for successful nests of 3.9 (n = 445). He
 observed clutches as large as 10 and fledg-
 ing rates up to 8 young/nest. Nest failure
 averaged 23%. Solheim (1983b) reported
 an average fledging rate of 4.8 young from
 first nests of polygamous boreal owls in
 Europe and biandrous females produced
 up to 12 young in a year. In Germany,
 Konig (1969) reported fledging rates of 4
 young/nest in good vole years and 2.3 in
 poor years. His results suggest that German
 boreal owls produce as many young in poor
 years as the average production we ob-
 served on our study area.

 Adult survival in Europe also exceeds
 estimated adult survival in the RNRW, al-
 though estimates for both regions are based
 on limited data. Our most liberal assump-
 tions lead to an annual survival estimate
 of 465to. Franz et al. (1984) as cited by
 Korpimaki (l988b) reported female adult
 survival as 78S, and Sonerud (1988:180)
 referred to his own unpublished data to
 estimate survival of 62%.

 Population Grotsth. Interpreting the
 consequences of the demographic char-
 acteristics in terms of population growth
 is difflcult without combining reproduc-
 tion, mortality, and age of first reproduc-
 tion in a model to examine population
 trend. Therefore, we used simple Leslie
 matrix projection models (Leslie 1945) to
 examine population status during our
 4-year study. These projections suggest po-
 tential patterns of population growth for
 the population studied but must be viewed
 as hypotheses rather than statements of ac-
 tual trend.

 To examine a range of potential sce-
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 on the survival estimates used in the other
 simulations. Fecundity for all age classes
 was set at the average for all nests moni-
 tored at Chamberlain.

 Using the upper limit on survival (91%)
 and assuming juvenile survival is half the
 adult rate results in slight positive growth
 (A = 1.02). When survival is set at 23% (the
 lower limit) and juvenile survival at half
 the adult rate, population growth is strong-
 ly negative (A = 0.28).

 Although these analyses are based on
 limited demographic information from
 only 4 years, the pattern of population
 growth is supported by other information.
 Throughout their range, boreal owls prey
 almost exclusively on small mammals
 (Klaus et al. 1975, Korpimaki 1981, Schel-
 per 1989), and breeding populations are
 limited by small mammal abundance
 (Lofgren et al. 1986, Korpimaki 1987a).
 During our investigations, small mammal
 populations were low relative to produc-
 tive owl sites (Lofgren et al. 1986, Kor-
 pimaki 1987c). Furthermore, home range
 areas used by boreal owls were extremely
 large, implying limited prey availability
 (Lindstedt et al. 1986) and high energy
 expenditure.

 Local and Regional Viability. From
 these simulations, we suggest that if con-
 ditions during our study were represen-
 tative of long-term patterns, and if our
 estimates of demographic parameters are
 accurate, the RNRW population may not
 be self-sustaining. We hypothesize that
 during good breeding years the population
 experiences modest positive growth, but,
 during poor years, population decline is
 significant. Under this hypothesis, the bo-
 real owl population we studied, which oc-
 curs in a biological reserve (wilderness
 area), is a sink population, relying on im-
 migration for continued existence (rescue
 effect, Brown and Kodric-Brown 1977).

 On a broader scale, boreal owls may
 experience positive growth during most
 years in subpopulations that are more pro-
 ductive. Our current studies of boreal owls
 80 km west of Chamberlain demonstrate
 higher mean clutch size over a 3-year pe-
 riod (3.6 + 0.34) (G. D. and P. H. Hay-

 narios, we examined 4 models based on
 our estimates of demographic parameters
 for owls at Chamberlain. Each model in-
 cluded 9 age classes (Korpimaki 1988b)
 with complete mortality at age 9. Using
 this model structure, age class 7 includes
 <1% of the population in all scenarios.

 We first assumed all nests fledge 2.33
 young/year, no nests failed, and all fe-
 males breed each year raising 1 brood/
 year and fledge 50% female offspring. We
 also assumed all females breed in the spring
 following birth. Adult survival was set at
 46% (see Reproduction and Survival) as-
 suming all emigration observed during the
 study was complemented by equal im-
 migration. Finally, juvenile survival was
 assumed equal to our estimated adult sur-
 vival. This model led to a stable population
 (A = 0.99). The model assumed all nest
 failures observed during the study were
 human caused and, therefore, not repre-
 sentative of the population (we actually
 believe only 1 of 10 failures was human
 caused).

 A more realistic model assuming some
 nest failure and higher juvenile mortality
 suggested negative population growth ()
 = 0.65). Juvenile survival was set at half
 the adult rate and nest failure at 2:3So as
 measured by Korpimaki (1988b) rather
 than the higher failure rate we actually
 observed. For this model all other popu-
 lation parameters were set as in the first
 example.

 These 2 models suggested that lambda
 (finite rate of increase) approaches 1 only
 when demographic characteristics of the
 population are assumed to be more favor-
 able to population growth than estimates
 from Chamberlain during our 4-year-study
 period. Fecundity was higher than we ob-
 served in this study. Fecundity rates esti-
 mated for the RNRW do not include radio-
 marked females that did not attempt to
 mate. Therefore, these are optimistic es-
 timates.

 Our estimates of survival have broad
 confidence intervals, and, therefore, we
 cannot place too much certainty on the
 mean value. We, therefore, ran 2 more
 models using the 95% confidence intervals
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 Fig. 6. Distribution of potential boreal owl habitat in Idaho based on results of regional owl surveys. Potential habitat is defined
 as forested sites in the subalpine-fir zone throughout the state and Douglas-fir woodland in southeastern Idaho. The map is
 based on data compiled by the Idaho Cooperative Fish and Wildlife Research Unit, University of Idaho, gap analysis program.

 Therefore, the impact of silvicultural prac-
 tices in productive spruce-fir forest may
 influence not only the local boreal owl pop-
 ulation but also distant populations, in-
 cluding those in "biological reserves." Sub-
 populations of boreal owls throughout the
 northern Rockies may be linked in a loose
 metapopulation (Opdam 1991) through

 ward, unpubl. data). These more produc-
 tive sites generally produce larger tree
 biomass and, therefore, are-commercial
 forest lands where active forest manage-
 ment can be expected. Populations of bo-
 real owls in wilderness, such as the RNRW,
 then, may in some situations depend on
 managed forest for long-term viability.
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 juvenile dispersal and nomadic move-
 ments of adults.

 Year-to-year movement patterns of bo-
 real owls observed in the RNRW and in
 Europe would facilitate the dispersal re-
 quired for the metapopulation dynamics
 we hypothesize. Wallin and Andersson
 (1981), Solheim (1983a), Lofgren et al.
 (1986), and Korpimaki (1986) have dem-
 onstrated that boreal owls in Europe ex-
 hibit both site tenacity and nomadic ten-
 dencies. In the most intensive investigation,
 Lofgren et al. (1986) showed that males
 were site tenacious throughout a prey cy-
 cle, whereas females were tenacious only
 during prey peaks. At Chamberlain, boreal
 owls showed a mixed strategy of site te-
 nacity and nomadism (Hayward et al.
 1987b). Clearly the owl's life history would
 facilitate recolonization of locally extinct
 habitats or the addition of individuals to
 sink populations through immigration.
 Production in some populations, however,
 must be sufficient to produce high net em-
 igration rates.

 Regional Population Perspectives

 Our sample of owl breeding sites
 throughout the northern Rockies suggests
 that boreal owls occur primarily in high-
 elevation (1,480-3,100 m) coniferous for-
 est, especially spruce-fir. These forests
 cover only a small portion of the landscape
 and occur as isolates in the expanse of for-
 ested land (Fig. 6). Therefore, even in the
 absence of forest fragmentation from de-
 forestation, subpopulations of boreal owls
 exist as geographic isolates potentially con-
 nected through movements of adult owls
 or dispersal of juveniles.

 Information from U.S. Forest Service
 (USFS) timber database suggests the lim-
 ited extent of potential boreal owl habitat
 in the northern Rockies. Although the ac-
 curacy of this database has not been val-
 idated, it provides a first approximation
 from which to draw general patterns.
 Within USFS Region 1, 9S of the forest
 land supports spruce-fir forest 15-cm dbh
 or larger (J. W. Laux, Timber Manage.

 Planner, Reg. 1, USFS, pers. commun.).
 On 7 forests in Idaho south of the Salmon
 River, spruce-fir forest covers 7% of the
 forested landscape (H. A. Cheatham, Tim-
 ber Manage., Reg. 4, USFS, pers. com-
 mun.). The spruce-fir forest within the re-
 gion occurs in patches of varying extent
 separated from neighboring patches by
 landscapes supporting a range of vegeta-
 tions (Fig. 6). The value of individual is-
 lands of spruce-fir forest to boreal owls
 will likely depend on the patch size, dis-
 tance to nearest neighbor, vegetation (ma-
 trix) surrounding the patch, and the qual-
 ity of habitat within the patch (MacArthur
 and Wilson 1963, Diamond 1975, Pimm
 et al. 1988).

 How these landscape patterns interact
 to influence long-term viability of boreal
 owl populations is unknown. The limited
 extent of potential spruce-fir habitat sug-
 gests, however, that populations in this re-
 gion may be vulnerable to reduction in
 suitable habitat (Stacey and Taper 1992).
 Loss of spruce-fir forest will reduce patch
 size, eliminate some habitat patches en-
 tirely, and increase the distance between
 suitable forest habitat. These processes have
 been linked to increased rates of local ex-
 tinction (Connor and McCoy 1979, Burley
 1989, Pimm and Gilpin 1989). Reductions
 in the size of forest habitat patches will
 likely reduce the numbers of owls in
 breeding populations. Because boreal owl
 populations inherently exist at low density
 (relative to passerines) and in this region
 may have low productivity and low sur-
 vival, reduction in population size could
 lead to demographic instability and ex-
 tinction due to stochastic events (Pimm
 and Gilpin 1989). Reductions in patch size
 also could lower the rate of immigration
 from neighboring populations, reduce the
 demographic linkage between popula-
 tions, and potentially increase the rate of
 subpopulation turnover (Brown and Ko-
 dric-Brown 1977, Smith 1980). As pointed
 out by Stacey and Taper (1992), even sub-
 optimal habitats may be important in
 maintaining persistence of a metapopu-
 lation. These habitats play a role in dis-
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 persal among subpopulations and as sites
 where floaters may exist prior to dispersal.

 CONCLUSIONS

 Prior to this investigation, little was
 known of the biology of boreal owls in
 North America. Several results appear most
 important. Those include the following:

 1. Boreal owls in the northern Rocky
 Mountains occur in a relatively narrow
 life zone, breeding predominantly in
 forests of the spruce-fir zone at eleva-
 tions from 1,400 to 3,100 m. Regional
 geography and the species' limited el-
 evation distribution together result in a
 natural distribution pattern with nu-
 merous breeding populations isolated
 on patches of high-elevation forest.
 Metapopulation dynamics, therefore,
 may largely inlEluence local and region-
 al dynamics and have important im-
 plications for management. Forest
 fragmentation and removal of mature
 forest habitats on a regional scale may
 harm boreal owl populations.

 2. Although we could not directly study
 foraging habitat, evidence suggests that
 mature and older spruce-fir forest is
 important for foraging. The impor-
 tance of these forests is especially sig-
 nificant considering the fluctuations in
 prey populations experienced in the life
 zone occupied by boreal owls. Based on
 our data, however, it is difficult to sep-
 arate selection for roosting and foraging
 habitat.

 3. In the RNRW, no single forest habitat
 provides optimum conditions for nest-
 ing, roosting, and foraging. The owls
 selected habitat that differed in struc-
 ture from stratified random locations
 for nesting and paired random sites for
 roosting. Forests chosen for nesting and
 roosting provide different resources,
 each meeting special needs of the owls.

 4. Local geography and habitat hetero-
 geneity strongly influenced the daily
 and seasonal movements of boreal owls.
 Habitats with abundant cavities that
 provided optimum nesting habitat were

 confined to low elevations on the east-
 ern edge of the study area, whereas
 spruce-fir forest, which supported the
 highest prey populations and cool sum-
 mer roosts, occurred at high elevations
 in the west. Therefore, resources used
 daily were not interspersed but segre-
 gated geographically.

 5. Owls in the RNRW maintained large
 seasonal home ranges and moved long
 distances from day to day. The exten-
 sive movements result from several fac-
 tors: the general low productivity of
 small mammals; dispersed distribution
 of habitats with abundant small mam-
 mals; and the distribution of habitats
 suitable for nesting, roosting, and for-
 aging.

 6. Boreal owl breeding populations and
 breeding success fluctuated during the
 study. These fluctuations may be tied
 to availability of small mammals, es-
 pecially southern red-backed voles. The
 nature of fluctuations in demographic
 parameters has implications for assess-
 ing population viability and setting
 management guidelines.

 7. Productivity of boreal owls in the
 RNRW is low compared to populations
 in Europe, and adult mortality may be
 high. Similar to populations in Europe,
 breeding populations and breeding suc-
 cess fluctuated during our study. Based
 on these demographic characteristics
 and results of Leslie projections, we sug-
 gest that this population is not self-sus-
 taining. We hypothesize that the
 RNRW population may, in the long
 term, persist only because of linkage
 with a larger metapopulation.

 MANAGEMENT
 RECOMMENDATIONS

 Results of our study should not be used
 to make inferences to boreal owls outside
 the populations sampled. We measured
 nesting habitat at sites in Idaho and Mon-
 tana, but the majority of our results come
 from owls in the RNRW. Boreal owls in
 the RNRW appear to occupy unproduc-
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 tive habitat, and the patterns observed may
 or may not apply to populations through-
 out the northern Rocky Mountains. In an
 academic sense, then, until we investigate
 other populations in the region and ex-
 amine boreal owl ecology in managed for-
 est, we are uncertain how the owls will
 respond to changing environments in the
 region. The need for further research is
 obvious and we discuss priorities below.

 The manager, however, must make de-
 cisions regarding forest management de-
 spite our limited understanding of boreal
 owl ecology. In the comments that follow,
 we have not attempted to develop a con-
 servation plan but rather present basic
 management ideas based on the boreal owl
 populations we studied.

 Distribution and Abundance

 Biologists should consider all forested
 sites in the spruce-fir zone (Abies lasio-
 carpa) as potential boreal owl habitat. For-
 ests within 100-200 m elevation below this
 zone also will support breeding boreal owls
 and may be the most important nesting
 habitats. Playback surveys conducted from
 January to April offer the most efflcient
 means of determining general geographic
 distribution patterns. A single year of neg-
 ative results, however, does not constitute
 evidence that a site is not occupied. Ab-
 sence can never be established, and the
 yearly variation in calling rates we ob-
 served suggest that several years of surveys
 will be necessary to establish presence or
 absence.

 Any attempt to monitor trends in abun-
 dance or productivity will require devel-
 opment of specific monitoring methods.
 Playback survey methods developed for
 spotted owls (Forsman 1983, Thomas et al.
 1990) should not be used to monitor boreal
 owl population trend. Spotted owls and
 boreal owls have different territorial sys-
 tems (Mikkola 1983, Forsman et al. 1984)
 and, therefore, have different singing be-
 havior. Because we do not understand what
 factors (aside from breeding density) in-
 fluence singing rates in boreal owls, play-

 back surveys are not a suitable intensive
 monitoring tool. The probability of an in-
 dividual responding to playback depends
 on the time of night, current weather con-
 ditions, past weather conditions (that in-
 fluence snowpack, plant phenology, and
 small mammal availability), the individual
 owl's physiological condition, degree of
 competition for nest sites from other male
 owls, and whether the owl has attracted a
 mate. Lundberg (1979) suggested that the
 number of boreal owls singing may be in-
 versely related to breeding success. De-
 spite problems in using playback surveys
 to monitor abundance of individual pop-
 ulations, playback surveys conducted each
 year, over a large region, may be useful
 in detecting regional trends by assessing
 population presence in numerous subpop-
 ulations. We are currently exploring the
 use of nest boxes to monitor owls on a local
 scale (Hayward et al. 1992). An acceptable
 monitoring scheme will require a valid
 sampling design conducted at a scale that
 matches the goals of the monitoring plan.

 Habitat Management

 Nesting Habitat. Management of
 nesting habitat will largely involve snag
 management, management of large wood-
 peckers, and aspen management. Main-
 tenance of mature aspen stands dispersed
 across the landscape can be important in
 managing boreal owl nesting habitat. Even
 aspen stands that cover small areas are im-
 portant because of the high use of aspen
 by primary cavity nesters including pile-
 ated woodpeckers (G. D. and P. H. Hay-
 ward, pers. obs.). Aspen should exceed 33-
 cm dbh, however, to support a cavity large
 enough for a boreal owl. In conifer forest,
 potential nest snags should be >38-cm dbh
 and part of a forest stand. Our evidence
 suggests that small stands, less than a hect-
 are, are suitable. Snags in mature or older
 conifer forest or aspen stands should be
 retained. We recommend leaving clumps
 of trees around large snags within clearcut
 units in landscapes where timber harvest
 is extensive. Leave-strips along stream cor-
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 ridors should not be viewed as the major
 element of a network for potential boreal
 owl nesting habitat; few nest sites located
 in our studies were in low topographic po-
 sitions. Because the owls do not defend
 large nesting territories, potential nest
 stands may be under 1 km apart.
 In Europe nearly 90% of some popula-

 tions nest in nest boxes (Lofgren et al. 1986).
 This proven tool may be necessary to
 maintain boreal owls on some forests. Be-
 fore adopting boxes as standard manage-
 ment tools for degraded forest landscapes,
 however, we must evaluate how box dis-
 persion, density, and other factors influ-
 ence boreal owls and other members of
 the forest community. In Europe, preda-
 tion at nest boxes is not uncommon (So-
 nerud 1985), and our experience with nest
 boxes indicates American marten preda-
 tion at nest boxes can be high (G. D. and
 P. H. Hayward, pers. obs.). In any case,
 because nest-box programs ignore require-
 ments of species other than the target spe-
 cies, nest boxes should not be considered
 a desirable mitigation tool for future tim-
 ber-harvest operations but may be useful
 in mitigating past mistakes.

 Roosting and Foraging Habitat.
 Roosting habitat can be maintained
 through management of foraging habitat.
 Suitable winter roosting habitat appears to
 be met by any sawtimber or older conif-
 erous forest. For summer roosts the owls
 need cool sites found most commonly in
 mature and older spruce-fir forests. Sum-
 mer roosting habitat must be well dis-
 persed because the owls use large home
 ranges and roost throughout their home
 range.

 Managing foraging habitat will be the
 most important challenge to the forest
 manager. Boreal owls are food limited
 (Lofgren et al. 1986, Korpimaki 1987a),
 and reductions in prey availability would
 have negative consequences for popula-
 tions in marginal habitat. Silvicultural pre-
 scriptions should be designed to maintain
 stands with abundant small mammals and
 stand structure that permits owl foraging
 flights. Clearcuts, large meadows, and
 young forest stands are not quality for-
 aging habitat.

 A variety of silvicultural treatments
 could maintain suitable foraging habitat.
 In each case, several objectives should be
 pursued: maintenance of some forest struc-
 ture to facilitate hunting; prevention of
 dense thicket-like timber that inhibits owl
 mobility; and maintenance of a microen-
 vironment suitable for small mammal pop-
 ulations, especially southern red-backed
 voles. Slash treatment should assure that
 large woody debris is maintained in the
 system for small mammals (Fogel and
 Trappe 1978, Maser et al. 1978, Martell
 1981).
 In cases where current stand structure

 and silvicultural objectives dictate an even-
 aged system, we suggest either an irregular
 shelterwood or group shelterwood system.
 In both systems, clumps of overstory trees
 are left after the preparatory and seed cuts.
 To promote owl foraging habitat, some of
 the clumps should be retained after the
 overstory removal. During the rotation, in-
 termediate treatments that open the re-
 generating stand will facilitate develop-
 ment of suitable hunting conditions. In
 lodgepole-pine forest, where a shelter-
 wood is not feasible, small-patch clearcut-
 ting is recommended using patch sizes that
 approach group selection techniques.

 In older spruce-fir forest, uneven-aged
 forest management (such as group selec-
 tion) would provide for owl foraging hab-
 itat and permit timber harvest. On spruce-
 fir land units allocated to timber produc-
 tion, some form of partial cutting is desir-
 able from the perspective of many re-
 sources, including boreal owl habitat
 management. Although wood-fiber pro-
 duction in spruce-fir forest is low relative
 to other coniferous forests, watershed and
 aesthetic values are high. Partial cutting
 maintains these values and protects soil
 productivity (Alexander 1987).A wide va-
 riety of wildlife, including American mar-
 ten (Buskirk et al. 1989), fisher (Jones 1991),
 and great gray owls (Bull et al. 1988b) also
 would benefit directly or indirectly from
 maintenance of forest cover.

 "Although uneven-aged cutting meth-
 ods individual tree and group selec-
 tion have seldom been used in spruce-
 fir forests, they appear to simulate the nat-
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 ural dynamics of these forests" (Alexander
 1987:59). Group selection systems are eas-
 ier to design and therefore may be pref-
 erable, especially in stands that are natu-
 rally patchy. All tree sizes, including some
 very large trees, should be represented in
 the postharvest stand. This will assure pro-
 duction of large snags for nesting, large
 woody debris for small mammals, and
 clumps with high canopy cover for roost-
 ing.

 A review of 14 national forest plans from
 Regions 1 and 4, however, demonstrates a
 reluctance to initiate uneven-aged man-
 agement in many spruce-fir stands. Our
 interpretation of 14 plans in 1989 indicat-
 ed even-aged management would domi-
 nate on all but 1 forest.

 An acceptable alternative to group se-
 lection, which may be easier to administer
 and design, is small-patch or strip clear-
 cutting. To maintain forest structure suit-
 able for owl foraging habitat, a portion of
 any harvested watershed (including areas
 outside the riparian area) should be man-
 aged on a long rotation. Mature stands
 should be well distributed through the wa-
 tershed.

 Landscape Scale Perspective. Be-
 cause boreal owls use large home ranges,
 population densities are low, and patches
 of suitable habitat are relatively small (Fig.
 6), immigration is likely important to
 maintain individual populations (Stacey
 and Taper 1992). To facilitate movement
 between subpopulations, quality habitat
 must be well distributed throughout the
 species' geographic range. The area nec-
 essary to support a population is unknown
 but likely exceeds 1,000 km2. Throughout
 the landscape, only a modest (unknown)
 percent of the area must remain high qual-
 ity foraging habitat, but quality stands must
 be well dispersed. In areas managed to
 support boreal owls, we recommend that
 a portion of a watershed be maintained in
 mature or older forest and over half be
 forested with stands older than saplings.

 Many individual boreal owl populations
 must be maintained because of the small
 area occupied by each and, therefore, the
 potential probability for local extinction.
 Because spruce-fir forests are naturally

 limited due to geography and fire history,
 the manager will be challenged to main-
 tain suitable habitat to support the species
 in regions with high timber harvest.

 Research

 An outline of research priorities must
 recognize that prior to our investigation
 only 2 ecological studies (Bondrup-Nielsen
 1978, Palmer 1986) addressed boreal owl
 habitat use in North America. As a major
 avian predator of small mammals in
 spruce-fir forests of the northern Rocky
 Mountains, boreal owls play an important
 role in these forests. Study of small mam-
 mal habitat use and population dynamics
 should be a high priority. A wide range of
 predators (American marten, fisher, coy-
 ote, and forest owls) rely on relatively few
 small mammal species in spruce-fir forest.
 But, how Clethrionomys and Phenacomys
 populations can be managed through sil-
 vicultural treatments is unknown. The lit-
 erature on habitat use by Phenacomys, in
 particular, is limited (McAllister and Hoff-
 mann 1988).

 Foraging habitat use by boreal owls must
 be investigated in managed forest to un-
 derstand how the species uses stands of
 differing structure. We suggest an exper-
 imental approach that creates landscape
 level treatments on managed forest lands.
 Treatments should include even- and un-
 even-aged management systems compar-
 ing foraging behavior and productivity of
 owls using alternate treatments.

 To assess the regional status of boreal
 owls, basic population demography must
 be studied. The goal should be a database
 sufficient to build demographic models of
 owl populations from several sites with
 varying productivity and survival. To build
 a reliable metapopulation model, infor-
 mation must be obtained on the extent of
 adult and juvenile movements. The ulti-
 mate goal must be a spatially-explicit re-
 gional metapopulation model. We are cur-
 rently working on such an approach.

 Finally, alternative methods to monitor
 populations and habitat must be explored.
 It may be impractical to monitor popu-
 lation trend for a species that naturally
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 exists at low densities in inaccessible hab-
 itat. Therefore, methods to efflciently
 monitor presence or absence and some
 measures of habitat quality may be most
 desirable.
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Abstract

Maintaining healthy ecosystems is a prerequisite for conserving biodiversity. The complex nature of ecosystems often necessitates
the use of indicator taxa to monitor ecosystem health. However, ambiguous selection criteria and the use of inappropriate taxa have

brought the utility of indicator taxa under question. This review compiles existing selection criteria from the literature, evaluates
inconsistencies among these criteria, and proposes a step-wise selection process. In addition, 100 vertebrate and 32 invertebrate taxa
documented in the conservation science literature as indicators of ecosystem health are examined to assess how well they adhere
to the referenced criteria. Few vertebrate taxa ful®ll multiple criteria, as most are highly mobile generalists that lack established

tolerance levels and correlations with ecosystem changes. Most suggested invertebrate taxa also lack correlations to ecosystem
changes, but satisfy other selection criteria. However, invertebrate taxa are often suggested at high taxonomic levels, encompassing
many species, making it di�cult to measure speci®c attributes, and potentially including many unnecessary and even inappropriate

species. # 2000 Elsevier Science Ltd. All rights reserved.

Keywords: Conservation; Guidelines; Monitoring; Vertebrates; Invertebrates

1. Introduction

The complexity of ecosystems has forced conservation
biologists to develop alternative methods to monitor
change that would be too costly or di�cult to measure
directly (Landres et al., 1988; Me�e and Carroll, 1997).
One such method is the use of indicator taxa, which
are species or higher taxonomic groups whose para-
meters, such as density, presence or absence, or infant
survivorship, are used as proxy measures of ecosystem
conditions. For example, indicator taxa have been used
to evaluate toxicity levels, abundance of speci®c resour-
ces, levels of biodiversity, target taxa status, endemism
levels, and ecosystem health (Temple and Wines, 1989;
Wilcove, 1989; Croonquist and Brooks, 1991; van Fra-
neker, 1992; Kremen et al., 1993; Kushlan, 1993; Maho
et al., 1993; Bortone and Davis, 1994; Anderson-Car-
nahan et al. 1995; Louette et al., 1995; Cherel and Wei-
merskirch, 1995; Harris, 1995; Nyholm, 1995; Faith and
Walker, 1996).

This paper focuses on utilization of taxa as appro-
priate indicators for assessing general ecosystem health.
This use of indicator taxa is important to biological
conservation yet lacks well-established methodologies.
The goal of monitoring ecosystem health is to identify
chemical, physical and/or biological changes due to
human impacts (Hughes et al., 1992). The term ecosys-
tem health has been hotly debated in the literature
(Jamieson, 1995; Lackey, 1995; Rapport, 1995a; Wick-
lum and Davies, 1995; Callicott and Mumford, 1997;
Simberlo�, 1998). While some condone complete abdi-
cation of the term, ecosystem health remains a widely
used concept and many papers reviewed here used the
term. We prefer Rapport's (1995a,b) de®nition which
states ecosystem health as the absence of signs of eco-
system distress, an ecosystem's ability to recover with
speed and completeness (resilience), and/or a lack of
risks or threats pressuring the ecosystem composition,
structure, and/or function. Kolasa and Pickett (1992)
also suggest that measures of ecosystem health should be
based on a pre-de®ned scale using a baseline condition.
Multiple monitoring methods are usually required to

address complex ecosystems (Soule, 1985). The index of
biotic integrity (Karr, 1981), developed to assess degra-
dation in streams, uses an array of ecological measures,
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one of which is indicator taxa (Fausch et al., 1990). If
selected correctly a set of complementary indicator taxa
may provide early warning of problems and help monitor
change over large temporal and spatial scales (Rapport,
1992; Harris 1995).
While use of indicator taxa has become integrated

into many ecosystem health monitoring programs, the
appropriateness of using indicator taxa has been ques-
tioned. Simberlo� (1998), for example, proposes focus-
ing on keystone species rather than indicator taxa
because of concern about the true utility of indicator
taxa. Unclear guidelines, dubious assumptions about
the ability of indicator taxa to represent other ecosystem
trends, and di�culties in di�erentiating human impact
and non-human related changes have led indicator taxa
to be the subject of much debate (Rosenberg et al.,
1986; Landres et al., 1988; Fausch et al., 1990; Pearman
et al, 1995; Taper et al., 1995; Simberlo�, 1998).
The objectives of this review are: (1) to evaluate var-

ious criteria that have been proposed by others in the
conservation science literature for selecting indicator

taxa, (2) to o�er a step-wise process for indicator taxa
selection, and (3) to test the criteria against the indicator
taxa that biologists and natural resource managers are
currently using to monitor ecosystem health.

1.1. Review of the suggested criteria for selecting
indicator taxa

We found nine articles published in the last 13 years
that outline criteria for selecting indicator taxa (Soule,
1985; Hellawell, 1986; Landres et al., 1988; Kelly and
Harwell, 1990; Noss, 1990; Regier, 1990; Pearson and
Cassola, 1992; Johnson et al., 1993; Kremen, 1994). The
indicator selection criteria reviewed applied to conser-
vation-oriented e�orts but not necessarily to indicators
of ecosystem health. However, signi®cant overlap in
criteria of reviewed papers suggests that indicator taxa
for ecological monitoring share the same basic require-
ments. We focus on 13 selection criteria mentioned in
more than one reference. These criteria fall into four
general categories (Fig. 1): (1) baseline information, (2)

Fig. 1. Suggested criteria for selecting indicator taxa of ecosystem health and attributes used to assess if taxa ful®ll the criteria are in columns 1 and

2, respectively. Columns 3 and 4 include summary results of measured attributes for 100 suggested vertebrate and 32 suggested invertebrate taxa.

Where percents do not add up to 100, not all taxa were categorized.
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location information, (3) niche and life history attri-
butes, and (4) other. Except where discussed, the
reviewed criteria apply to both single species and higher
level taxon. Not all useful indicator taxa will necessarily
®t all criteria, but each taxon, selected as part of a
complementary set, should satisfy multiple criteria.
Adequate baseline information means the biology, tax-

onomy, and tolerance of a taxon's measurable character-
istics should be understood (Hellawell, 1986; Landres et
al., 1988; Kelly and Harwell, 1990; Regier, 1990; Pearson
and Cassola, 1992; Johnson et al., 1993; Kremen, 1994).
Studies asserting cause and e�ect assure that observed
changes in the characteristics measured for the indicator
taxa are induced by human actions (Landres et al.,
1988). In addition, clear correlation between the taxon's
response to impacts and ecosystem changes should be
established (Landres et al., 1988; Kelly and Harwell,
1990; Pearson and Cassola, 1992; Kremen 1994).
Location information is also important in selecting

indicator taxa. Reviewed literature indicate that selected
taxa should have a cosmopolitan distribution to assist in
cross-comparisons of sites (Hellawell, 1986; Noss, 1990;
Regier, 1990; Pearson and Cassola, 1992; Johnson et al.,
1993). An indicator taxon should also have limited
mobility, so that the taxon is less likely to be able to
avoid disturbances (Landres et al., 1988; Johnson et al.,
1993). For example, changes in a population of migra-
tory birds could be due to impacts in any part of their
migratory route, not just at the study site.
Speci®ed niche and life history characteristics should

also be considered for each indicator taxon. A taxon
should have low variability both genetically and ecolo-
gically, so neither random ¯uctuations in populations
nor species adaptations hinder detection of impacts
(Hellawell, 1986; Landres et al., 1988; Noss, 1990;
Johnson et al., 1993). In addition, the life history of the
selected indicator taxa should be such that it will both
be able to provide early warning and be e�ective over a
wide range of stress (Soule, 1985; Kelly and Harwell,
1990; Noss, 1990). Finally, the life history characteristic
specialized/endemic is a debated criterion in the litera-
ture review (Landres et al., 1988; Pearson and Cassola,
1992; Johnson et al., 1993; Kremen, 1994).
Other considerations proposed for selecting indicator

taxa include cost e�ectiveness, ease of detection and
mensuration, and ability to detect and quantify changes
(Hellawell, 1986; Kelly and Harwell, 1990; Noss, 1990;
Regier, 1990; Pearson and Cassola, 1992; Johnson et al.,
1993; Kremen, 1994). Inadequate sample size, lack of
statistical power, or inability to detect the di�erence
between environmental variation and changes induced
by human impacts can prevent e�ective hypothesis test-
ing. Another proposed criterion is the selection of taxa
that serve other agendas, such as social, political or
economic priorities. Using species at risk, ¯agship spe-
cies, or otherwise prioritized species also as an indicator

taxon is controversial and debated in the literature
(Soule, 1985; Hellawell, 1986; Landres et al., 1988; Kelly
and Harwell, 1990; Pearson and Cassola, 1992). Finally,
use of a set of complementary indicator taxa where each
selected taxon can satisfy multiply criteria is critical
(Soule, 1985; Landres et al., 1988; Kelly and Harwell,
1990; Noss, 1990).

1.2. Critique of suggested criteria

The criteria outlined above su�er from several pro-
blems. Some of the criteria are unclear, con¯ict with one
another, or are disputed among authors. Also, these cri-
teria have never been prioritized in order of importance,
and most of the criteria are di�cult to determine for
most taxa because there are few measurable attributes
associated with the suggested criteria.
The criterion, cosmopolitan, con¯icts with the

recommendation for endemic and specialized taxa
because no one taxon can be both endemic and cosmo-
politan at the same taxonomic level. While one possible
solution is to select higher ranking taxa; thereby asses-
sing their distribution at the taxonomic level suggested
and evaluating their level of endemism at the species
level, use of higher taxonomic levels is not necessarily
appropriate. Instead, use of low ranking taxa is impor-
tant to minimize the possibility of including inap-
propriate species. Selection of high taxonomic level taxa
is also problematic because species within a taxon can
vary dramatically across sites making comparisons dif-
®cult, and a taxon may only be an appropriate indicator
in part of its range (Landres et al., 1988). Given that
cosmopolitan can con¯ict with the criterion of speciali-
zation and endemic, and that cross-site comparisons are
potentially limited even with cosmopolitan distribution
of a taxon, we recommend that cosmopolitan be con-
sidered a secondary criterion to be considered after the
other criteria have been satis®ed (Table 1).
Two other criteria, early warning and low variability,

are both important but can also be con¯icting. For
example, large bodied, high trophic level, generalist
vertebrates with low reproductive rates are indicative of
taxa that have low population variability, but these
same characteristics imply limited ability to provide
early warning of impacts. We suggest that indicators
should be selected in such a way that early warning
detection is maximized while minimizing unpredictable
¯uctuations in populations (Table 1). Some inverte-
brates, such as Collembola and Odonata, satisfy both
the early warning and low variability criteria (Brown,
1991).
The criterion, specialization, is disputed in the litera-

ture. While specialists are argued to be more information
rich (Pearson and Cassola, 1992), there is concern that
they may not adequately represent ecosystem complexity
(Landres et al., 1988). We believe that specialization
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should be considered an important criterion because
generalists, like more mobile species, can potentially
avoid impacts by switching food sources or altering
their habitat use, thereby failing to respond to the
impact. For example, coyotes (Canis latrans) rely on
di�erent prey items depending on land use patterns,
allowing them to persist in areas of human development
where eradication programs no longer exist (Quinn,
1997). A set of complementary specialist indicator taxa
representing a spectrum of ecosystem niches would
potentially allow for detection of ®ne scale impacts and
earlier detection, while use of multiple generalists is
unlikely to lead to enhanced ®ne scale or early detection.
The importance of selecting indicator taxa that also

ful®ll political, economic or social agendas is also a cri-
terion of contention. Simultaneously servicing other
agendas may increase support for the project (Pearson
and Cassola, 1992), but attempts to address more than
one agenda with the same taxon too often pre-empts the
selection of more appropriate indicators that would
satisfy the recommended criteria (Landres et al., 1988).
In addition, use of taxa servicing other agendas opens
the door to a host of other problems. Economically
important taxa, such as harvested or hunted species, are
a�ected by o�-take that can confound data collected for
detecting changes in ecosystem health (Merenlender et
al., 1998).
Similarly, use of taxa identi®ed at risk of extinction as

indicators of ecosystem health can be problematic.
First, species at risk are often di�cult to study because
the precarious status of the taxon prohibits further dis-
ruption, impeding necessary studies to establish baseline
information. Second, endangered populations are often
at low densities or have restricted distributions, which
result in reduced sampling size and statistical power for
trend analyses. Third, taxa at risk may not function as
an indicator of ecosystem change over a range of human

impacts. Given the potential pitfalls, selection of indi-
cator taxa that represent other agendas should be sec-
ondary to the other criteria. To improve the indicator
taxon selection process and prioritization of criteria, we
provide a step-wise process to select the best available
indicator taxa in Table 1.
Another potential problem with the compiled criteria

is that the concepts are not easily translatable to land
managers. In other words, many of the criteria are con-
ceptual and often lack easily measurable attributes, so it
is di�cult for practitioners to make unbiased evalua-
tions of potential indicator taxa. We identi®ed attri-
butes for which information is relatively easy to gather
to determine if a particular taxon meets each suggested
selection criteria. A list of these identi®ed attributes are
described in the methods section and are cross refer-
enced to the published suggested selection criteria in
Fig. 1. The cost of using a particular taxon is not inclu-
ded because cost is dependent on the location, circum-
stances, and resources available. Many of the attributes
collected are not independent variables, but instead
serve together to provide evidence as to whether the
taxa satisfy suggested selection criteria. We used these
attributes to examine how indicator taxa found in the
literature satis®ed the suggested selection criteria.

2. Methods

2.1. Literature search and restrictions

A literature search was conducted focusing on the
primary biological literature published in English in the
past 10 years that explicitly identi®ed taxa as indicators
of ecosystem health. The phrases bio-indicators and
management indicator species were accepted only when
authors explicitly stated that a taxon was used for
assessment, management, or monitoring of ecosystem
health. Terms considered equivalent to ecosystem health
when discussed in the context of monitoring human
impacts include: water quality, disturbance, impacts,
landuse change impacts, health of ecosystem, health
condition, ecosystem deterioration, forest health, eco-
system, state of ecosystem, ecosystem degradation,
intact ecosystem, and the e�ects of land management.
Only indicator taxa suggested for or used in the ®eld
were analyzed, and studies referring solely to a speci®c
impact of ecosystem health such as of the e�ect of
building a road, were not included because we focused
on indicator taxa that potentially address multiple
impacts.
Papers that referred to high level taxonomic groups

such as birds, ®sh, or macroinvertebrates as indicators
(e.g. Hocutt, 1981; Morrison, 1986; Adamus, 1995) had
to be excluded because analysis of all of the species
falling into such a high taxonomic level would prove

Table 1

Step-wise decision-making framework for selecting indicator taxaa

Step 0 Decide what ecosystem attribute(s) indicator taxa

should re¯ect.

Step 1 Make a list of all species in the area that best

satisfy the baseline information criteria.

Step 2 From this initial list, retain species that best meet

the suggested niche and life history criteria.

Step 3 Remove species that may respond to changes

occurring outside the system of interest.

Step 4 Use only those species that can be easily detected

and monitored with available funds.

Optional step Reduce the list further by selecting taxa in the list

with cosmopolitan distributions and/or that

represent other agendas of interest.

Step 5 Select a set of complementary indicator taxa from

di�erent taxonomic groups so that all selection

criteria are met by more than one taxon.

a See Fig. 1, column 1 for a detailed list of criteria.
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unwieldy. We also did not analyze biotic indices or simi-
lar procedures because our analysis required a concrete
list of species, and we wanted to focus on indicator taxon
selection and not the host of other techniques included in
these methods. Finally, we did not include ¯ora in the
review because life history characteristics of plants can
not be directly compared with those of animals.
Information for attributes associated to the list of

criteria (Fig. 1) was collected from a number of sources.
When available, data were collected from the reference
in which the indicator taxon was suggested. Other
sources were consulted to obtain information on con-
servation status and life history attributes (Appendixes
A and B). When a suggested taxon included multiple
species, the characteristics of the majority of the group
were considered to hold true for the entire taxon.
Details on the attributes collected for each identi®ed
indicator taxon are listed below.

2.2. Baseline information and research

2.2.1. Taxonomic status
When neither the author nor other sources reviewed

claimed the suggested indicator to be taxonomically
unclear at the taxonomic level used, the taxonomy was
recorded as established.

2.2.2. Estimation of information from primary literature

We conducted a keyword search in Biosis (1997) for the
common and scienti®c names of each taxon. We tabu-
lated the relative number of citations as an estimate of the
amount of primary literature available on each indicator
taxon used. Any search result of greater than 30 refer-
ences was considered to re¯ect adequate baseline infor-
mation, regardless of the applicability of the references to
ecosystem health.

2.2.3. Tolerance

This category re¯ects an indicator taxon's ability to
withstand a broad range of human impacts. A more tol-
erant taxon would not show any measurable change as a
result of small or medium impacts. If the author(s) sug-
gesting the indicator taxa tested or cited studies testing
the tolerance, the tolerance was considered addressed.
Adequacy of the studies was not examined. If tolerance
had been established in previous studies but was not cited
by the author, it would not have been recorded.

2.2.4. Correlation to other biota

Similar to tolerance, this category addresses whether
changes in each indicator taxon have been correlated
with ecosystem changes. The suggested taxon satis®ed
this criterion if the author performed or cited studies
that established this correlation. Adequacy of studies
was not examined, and studies not cited by the author
went undetected.

2.3. Locational information

2.3.1. Distribution
Three categories were used to de®ne the taxon's dis-

tribution: local, regional, and global. Local was de®ned
as a biogeographic unit (e.g. mountain range) or speci®c
local habitat type (e.g. California redwood forest) and
regions as entire continents or sub-continent (e.g. Mon-
golia, North India, or North America). Global classi®-
cation required presence of the taxon on multiple
continents.

2.3.2. Migratory

Any taxon that had a de®ned seasonal shift in non-
contiguous habitats in any part of the taxon's range was
classi®ed as migratory.

2.3.3. Home range

Range was considered only for terrestrial mammals
because the migratory criteria covered invertebrates,
herps, birds, and aquatic mammal mobility. All inver-
tebrates reviewed in this paper are classi®ed as having
small home range because their home ranges are small
compared to the extent of most ecosystem health study
sites. The median of nineteen randomly selected terres-
trial mammals, 700 ha, served as a rough division point
between large and small home ranges (van Gelder,
1982).

2.4. Niche and life history characteristics

2.4.1. Trophic level
Low trophic level taxa included only herbivorous

species of which the adults were potentially prey for
other species. Medium trophic level included omnivor-
ous and carnivorous taxa of which the adults were also
potential prey to other species. High trophic level was
de®ned as carnivorous taxa of which adults were not
actively hunted by any non-human species. For exam-
ple, lake trout are terminal predators in the Great Lakes
system and therefore classi®ed as high trophic level
(Marshall et al., 1987).

2.4.2. Specialist vs generalist

Vertebrate habitat specialists include all species
de®ned as such by authors or other references, or any
taxon found in only one habitat type as de®ned by
Miller (1951). Invertebrate taxa were classi®ed as specia-
lists if authors or others de®ned them as such, or if they
utilized only one substrate type (Merrit and Cummins,
1996). Food specialists were de®ned as monophagous or
oligophagous.

2.4.3. Reproductive rates

As all invertebrates, ®shes, and amphibians reviewed in
this paper fall into the life history strategy of producing
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many young, these animals were all classi®ed as having
high reproductive rates. To separate di�erent reproduc-
tive strategies among birds and mammals, the median of
19 randomly selected mammals and birds, 5.5 per year,
served as a division point between high and low repro-
ductive rates (Burt and Grossenheider, 1980; van
Gelder, 1992).

2.4.4. Damped ¯uctuations

This category was only applied to invertebrate taxa
where authors categorized taxa as having low or high
population ¯uctuations. Such ¯uctuations in popula-
tions might be the consequence of environmental factors
such as resource availability or weather or a result of
population densities.

2.4.5. Body size

The median length of 19 randomly selected mammals
and birds, 29 cm, served as a rough division point
between large and small body sizes for mammals and
birds. Whereas bird and mammal body size is indicative
of life history strategies, this is less well-established for
amphibians, ®shes, and invertebrates, so these groups
were not classi®ed by body size.

2.4.6. Easy to ®nd

Some authors suggesting invertebrate indicator taxa
classi®ed the taxa as easy or di�cult to ®nd, so we
included their classi®cations in the compilation of data.

2.5. Other agendas served by suggested indicators and
implementation

2.5.1. Taxon at risk
The vertebrate taxon was considered at risk if it was

listed in IUCN red data list, in state, federal, or other
countries' listings.

2.5.2. Economic value

If stated by author or other references, or there is a
known market for the taxon, it was included in this
category. Hunting was considered an economic value.

2.5.3. Other indicators used or suggested

The author(s) suggested or used multiple indicator
species.

3. Results and discussion

Appendixes A and B list the 100 vertebrate and 32
invertebrate indicator taxa reviewed. The results for
whether or not each taxon met the attributes and cor-
responding selection criteria are summarized in Fig. 1.
Baseline information for suggested indicator taxa is
generally inadequate. The taxonomy is the only baseline

information criterion that appears to be well-established
for almost all of the taxa at the taxonomic level sug-
gested, although taxonomy may not be clear at the spe-
cies level. Forty-four percent of reviewed vertebrates
and 25% of reviewed invertebrates failed the biology
and life history criteria, based on apparent lack of pri-
mary references. Studies of physical tolerance levels of
the vertebrate taxa were only executed or referred to 8%
of the vertebrate articles. In contrast, authors cited or
completed physical tolerance studies on invertebrate
indicators 84% of the time. In both vertebrates and
invertebrates only 1 and 3% of the taxa, respectively,
referred to studies correlating changes in the indicator
status with changes to the ecosystem. While such
research may be di�cult, establishing tolerance levels
and correlating changes of the indicator with the eco-
system is critical for indicators to be informative about
ecosystem health. Otherwise, determining the magni-
tude of an impact and how the ecosystem health is
a�ected when a taxon indicates an impact remains
unclear.
Not all of the proposed indicator taxa satis®ed the

locational criteria either. Only 54% of the vertebrates
and 69% of the invertebrates reviewed have a global
distribution, although this criterion, as discussed earlier,
should be of secondary importance. More importantly,
many suggested vertebrate taxa are highly mobile. Fifty-
nine of the 67 avian taxa and three of the 16 mammalian
taxa migrate, and seven of the 11 suggested terrestrial
mammals fall into the large home range category. If
mobile taxa are used, characteristics monitored should
re¯ect conditions of the study site. For example, nestling
success in the study area of some migratory birds is the
type of data that may be attributed more easily to local
conditions, despite their migratory status. Invertebrates
reviewed in this paper are, for the most part, unable to
move long distances, and their inability to escape adverse
local conditions contributes to their potential value as
indicators.
Vertebrate taxa also fared poorly in ful®lling sug-

gested niche and life history criteria. Eighty-®ve percent
of the vertebrates are generalists, failing the specialist
criterion. In contrast, all of the invertebrate taxa are
specialists and have high reproductive rates, and only
16% are categorized as high trophic level, attributes
associated with biota that are likely to satisfy the early
warning criterion. These same attributes, however,
are also often indicative of populations that tend to
¯uctuate, failing the low variability criterion. This
can make it di�cult to di�erentiate between natural
population ¯uctuations (noise) and population decline
due to human impacts (signal). Only ®ve of 17 inverte-
brates classi®ed have populations that ¯uctuate in
number.
In contrast to invertebrates, 72% of the vertebrates

have low reproductive rates, 24% are large-bodied, and
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36% are high trophic level taxa. These attributes sug-
gest that these taxa, while their populations do not
¯uctuate much, may not be useful early warning detec-
tors because longevity and low reproductive rates of
these taxa make for slow changes in population struc-
ture and number. Large bodies and high trophic level
status also indicate that such taxa are probably found at
low densities (Blueweiss et al. 1978) and more suscep-
tible to local extinction (Sha�er, 1981). Susceptibility to
local extinction means that these taxa may also fail to
ful®ll the criterion of monitoring a wide range of stres-
ses. In addition, low-density taxa can prove to be more
di�cult to ®nd and quantitatively assess. Although no
authors recommending vertebrate taxa classi®ed taxa by
ease of ®nding, 18 of 22 invertebrates are categorized as
easy to ®nd.
A number of suggested indicator taxa are also prio-

rities on political, social, or economic agendas. Thirty
percent of vertebrate taxa and 19% of invertebrate taxa
include at least one species considered at risk. Addi-
tionally, 18% of the vertebrates have some economic
value compared to only one invertebrate taxon.
Reviewed taxa may also serve other agendas such as
¯agship (Dietz et al., 1994; Hunter and Sulzer, 1996) or
umbrella species (Clark et al., 1996), but we only quan-
tify at risk and economically valuable taxa making this
estimate very conservative. As many of these taxa fail to
satisfy the other criteria, selection of taxa servicing
other agendas may be inhibiting selection of taxa that
would be more appropriate as indicators of ecosystem
health.
Finally, use of multiple indicator taxa is suggested for

91% of the vertebrate indicator taxa; all of the proposed
invertebrate taxa are suggested as part of a set of com-
plementary indicator taxa. That no single taxa can
accurately re¯ect ecosystem health is well understood.
Poor selection of multiple indicator taxa, however, will
still lead to poor monitoring of ecosystem health.
Each indicator should embody as many of the cri-
teria as possible to create the most e�ective set of
complementary indicator taxa.
While it may appear that invertebrates satisfy more

criteria, this result is confounded by the higher level
taxonomy of most suggested invertebrates as compared
to vertebrates. All but four vertebrates reviewed were
suggested at the species level, while the suggested inver-
tebrates represented seven orders, 12 families, four sub-
families, and nine species. This di�erence in the level of
taxonomy makes direct comparisons between inverte-
brates and vertebrates di�cult. High taxonomic level
suggestions such as beetles or birds may lead to inclu-
sion of inappropriate taxa as indicators and unclear
outcomes. In addition, the analysis of high level taxon
may not reveal inclusion of poor indicator taxa because
of generalizations made for each taxon at the level
suggested.

Despite the limitations of most indicators reviewed,
several proposed indicator taxa ful®ll important multiple
criteria that might make themmore appropriate for future
use. For example, Coleoptera: Cicindelidae (Pearson and
Cassola, 1992), Lepidoptera: Morphinae and Satyrinae
(Brown, 1991), Hymenoptera: Apoidae, Vespidae, and
Sphecidae (Brown, 1991) are easy to ®nd specialists. They
are also relatively immobile, have detectable trends, and
baseline studies examining tolerance levels and correlation
of the taxa changes in the ecosystem are available. Few
suggested vertebrate taxa satisfy multiple criteria. How-
ever, the spring peeper (Pseudacris crucifer) (Hecnar and
M'Closkey, 1996), a vertebrate specialist, has limited
mobility and adequate baseline information, and has
shown detectable changes in local abundance. Few nega-
tive indicators, taxa that may increase in abundance with
increased levels of human disturbance, were suggested.
Yet negative indicators, such as Diptera, brown-headed
cowbirds, and Norway rats, are potentially easier to ®nd,
quantitatively measure, and manipulate. Negative indica-
tors might also provide data over a larger range of stress
although, as with all indicator taxa, changes in the taxa
need to be correlated to changes in the ecosystem (Land-
res et al., 1988).

4. Conclusion

This review demonstrates that there is room for
improvement in selecting both vertebrate and inverte-
brate taxa that better satisfy the criteria put forth in the
conservation science literature for identifying useful
indicator taxa. The major shortcomings of the inverte-
brates reviewed include failure to establish correlation
between changes in the indicator taxa and the ecosystem
and selecting taxa at high taxonomic level, which
potentially increases the number of inappropriate spe-
cies and noise in the data. In general, the vertebrates
reviewed lack established tolerance levels and correla-
tion with changes in the ecosystem. Most suggested
vertebrates are also low density, highly mobile general-
ists, and service other agendas while lacking other
characteristics desirable for indicator taxa.
Our e�orts revealed that published criteria for selec-

tion of indicator taxa are often unclear and con¯icting
in many cases. Failure of proposed indicator taxa to
adhere to suggested criteria may be, in part, due to
unclear criteria. Our step-wise framework clari®es and
prioritizes selection criteria and assures that each taxon
in a complementary set ful®ll a majority of the criteria.
This framework could eliminate the shortcomings asso-
ciated with past selection of indicator taxa, so that a set
of complementary indicator taxa may better serve as a
tool for conservation of biological resources. Moving
toward clear and objective selection of indicator taxa is
one way to enhance the utility of indicator taxa. However,
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successful use of indicator taxa also depends on clear
and established understanding of what indicator taxa will
indicate, and on establishment of objective metrics of eco-
system health that can be associated to indicator taxa.
Our e�orts revealed that published criteria for selec-

tion of indicator taxa are often unclear and con¯icting
in many cases. Failure of proposed indicator taxa to
adhere to suggested criteria may be, in part, due to
unclear citeria. Our step-wise framework clari®es and
prioritizes selection criteria and assures that each taxon
in a complementary set ful®ll a majority of the criteria.

This framework could eliminate the shortcomings
associated with past selection of indicator taxa, so that
a set of complementary taxa may better serve as a tool
for conservation of biological resources.
Moving toward clear and objective selection of indi-

cator taxa is one way to enhance the utility of indicator
taxa. However, successful use of indicator taxa also
depends on clear and established understanding of
what indicator taxa will indicate, and on establishment
of objective metrics of ecosystems health that can be
associated to indicator taxa.

Appendix A

Table A1

List of vertebrate indicator taxa reviewed

Suggested vertebrate taxaa Reference

Chaetodontidae Butter¯y®shes Hourigan et al., 1988

Micropterus dolomieu Small-mouth bass Ecosystem Objectives Committee, 1990

Salvelinus namaycush Lake trout Marshal et al., 1987; Ecosystem Objectives Committee, 1990

Stizostedian vitreum Walleye Ecosystem Objectives Comittee, 1990

Ambystoma maculatum Spotted salamander Hecnar and M'Closkey, 1996

Notophthalmus viridescens Fire salamander Hecnar and M'Closkey, 1996

Bufo americanus American toad Hecnar and M'Closkey, 1996

Bufo boreas Western toad Kiester and Eckhardt, 1994

Hyla versicolor Grey tree frog Hecnar and M'Closkey, 1996

Rana sylvatica Wood frog Hecnar and M'Closkey, 1996

Rana pipiens Northern leopard frog Hecnar and M'Closkey, 1996

Rana pretiosa Spotted frog Kiester and Eckhardt, 1994

Rana catesbeiana Bull frog Hecnar and M'Closkey, 1996

Rana clamitans Green frog Hecnar and M'Closkey, 1996

Rana palustris Pickerel frog Hecnar and M'Closkey, 1996

Pseudacris crucifer Spring peeper Hecnar and M'Closkey, 1996

Pseudacris triseriata Western chorus frog Hecnar and M'Closkey, 1996

Histrionicus histrionicus Harlequin duck Kiester and Eckhardt, 1994

Pelecanus occidentalis californicus California brown pelican Davis, 1989

Phalacrocorax auritus Double-crested cormorant Davis, 1989

Ardeidae Herons Spalding and Frederick, 1995

Ardea herodias Great blue heron Kiester and Eckhardt, 1994

Ardea cinerea Grey heron Bharucha and Gofte, 1990

Ardea purpurea Purple heron Bharucha and Gofte, 1990

Egretta Egrets Spalding and Frederick, 1995

Egretta garzetta Smaller egret Bharucha and Gofte, 1990

Ciconia ciconia White necked stork Bharucha and Gofte, 1990

Mycteria leucocephela Painted stork Bharucha and Gofte, 1990

Anastomus oscitans Asian open-billed stork Bharucha and Gofte, 1990

Phoenicopterus ruber Lesser ¯amingo Bharucha and Gofte, 1990

Threskiornithinae Ibises Spalding and Frederick, 1995

Plegadis falcinellus Glossy ibis Bharucha and Gofte, 1990

Plataleinae Spoonbills Spalding and Frederick, 1995

Platalea leucorodia Eurasian spoonbill Bharucha and Gofte, 1990

Anthropoides virgo Demoiselle crane Bharucha and Gofte, 1990

Grus grus Eurasian common crane Bharucha and Gofte, 1990

Anas penelope Eurasian wigeon Bharucha and Gofte, 1990

Anas crecca Common teal Bharucha and Gofte, 1990

Anas clypeara Northern shoveller Bharucha and Gofte, 1990

Anas acuta Northern pintail Bharucha and Gofte, 1990

Gallinago stenura Painted pintail Bharucha and Gofte, 1990

Aythya ferina Common pochard Bharucha and Gofte, 1990

Aythya australis White-eyed pochard Bharucha and Gofte, 1990

continued on next page
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Table A1 (continued)

Suggested vertebrate taxaa Reference

Aythya fuligula Tufted pochard Bharucha and Gofte, 1990

Tadorna ferruginea Ruddy shelduck Bharucha and Gofte, 1990

Porphyrio porphyrio Purple moorhen Bharucha and Gofte, 1990

Fulica atra Common coot Bharucha and Gofte, 1990

Himantopus himantopus Black-winged stilt Bharucha and Gofte, 1990

Charadrius alexandrinus Snowy plover Davis, 1989

Charadrius dubius Little-ringed plover Bharucha and Gofte, 1990

Charadrius alexandrinus Kentish plover Bharucha and Gofte, 1990

Limosa limosa Black-tailed godwit Bharucha and Gofte, 1990

Numenius arquata Eurasian curlew Bharucha and Gofte, 1990

Tringa nebularia Common greenshank Bharucha and Gofte, 1990

Tringa achropus Green sandpiper Bharucha and Gofte, 1990

Actitis macularia Spotted sandpiper Bharucha and Gofte, 1990

Actitis hypoleucos Common sandpiper Bharucha and Gofte, 1990

Calidris temminckii Temminck stint Bharucha and Gofte, 1990

Larus argentatus Herring gull Bharucha and Gofte, 1990

Larus brunnicephalus Brown headed gull Bharucha and Gofte, 1990

Larus occidentalis Western gull Davis, 1989

Synthliboramphus hypoleuca Xantu murrelet Davis, 1989

Ptychoramphus aleuticus Cassin auklet Davis, 1989

Haliaeetus leucocephalus Bald eagle Kiester and Eckhardt, 1994; USDA, 1996; Suring and Sidle, 1987

Harpia harpyja Harpy eagle Albuquerque, 1994

Aquila pomarna Spotted eagle Bharucha and Gofte, 1990

Circus cyaneus Northern marsh harrier Bharucha and Gofte, 1990

Accipiter gentilis Northern goshawk Suring and Sidle, 1987; Rissler, 1995; AFSEE, 1996

Pandio haliaetus Osprey Bharucha and Gofte, 1990; Suring and Sidle, 1987

Falco sparverius American kestrel Davis, 1989; Johnson-Duncan et al., 1986

Dendragapus obscurus Blue grouse Suring and Sidle, 1987;Kiester and Eckhardt, 1994

Strix occidentalis caurina Northern spotted owl Doak, 1989; Rissler, 1995 Foster, Thomas, Korth, Bowmer, 1995

Otus kennicotti Western screech owl Johnson-Duncan et al., 1986

Micrathene whitneyi Elf owl Johnson-Duncan et al., 1986

Glaucidium brasilianum Ferruginous pygmy-owl Johnson-Duncan et al., 1986

Aegolius funeleus Boreal owl Kiester and Eckhardt, 1994

Athene cunicularia Burrowing owl Johnson-Duncan et al., 1986

Chaetura vauxi Vaux swift Kiester and Eckhardt, 1994

Sphyrapicus ruber Red-breasted sapsucker Kiester and Eckhardt, 1994; USDA, 1996

Picoide villosus Hairy woodpecker Kiester and Eckhardt, 1994; USDA, 1996

Certhia americana Brown creeper Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Ixoreus naevius Varied thrush Kiester and Eckhardt, 1994

Melospiza melodia Song sparrow Davis, 1989

Loxia sp. Crossbill Kiester and Eckhardt, 1994; USDA, 1996

Ursus americanus Black bear Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Ursus arctos Brown bear Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Canis lupus ligoni Alexander archipelago wolf Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Martes americana Marten Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Lutra canadensis River otter Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Urocyon littoralis Island fox Davis, 1989

Zalophus californianus California sea lion Davis, 1989

Callorhinus ursinus Northern fur seal Davis, 1989

Phoca vitulina richardsi Harbor seal Davis, 1989

Pagophilus groenlandicus Harp seal Timoshenko, 1995

Mirounga angustirostris Northern elephant seal Davis, 1989

Tamiasciurus hudsonicus Red squirrel Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Glaucomys sabrinus Northern ¯ying squirrel Kiester and Eckhardt, 1994

Peromyscus maniculatus Deer mouse Davis, 1989

Odocoileus hemionus sitkansis Sitka black-tailed deer Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Oreamnos americanus Mountain goat Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

a Additional sources were used to gather information on life history and conservation status, including Stebbins, 1962; Stebbins, 1985; Herald,

1972; Breen, 1974; Carlander, 1977; Burt and Grossenheider, 1980; Lee et al., 1980; Terres, 1980; Frost, 1985; Perrins and Middletin, 1985; Wheeler,

1985; National Geographic Society, 1987; Ehrlich et al., 1988; Capulo, 1989; Dubois, 1990; Parker, 1990; Sibley and Monroe, 1990; Nowak, 1991;

del Hoyo et al., 1992; van Gelder, 1982; Witt, 1992; Frtjord, 1993; Weigant and Steinhaus, 1993; Brauning et al., 1994; Kostyushin, 1994; Maedlow

and Mayer, 1996; Ogilvie, 1996; Ranner et al., 1995; Garrison et al., 1996; Rasmussen, 1996; Rodger, 1996; USFWS, 1996; WCMC, 1997.
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Toward Meaningful Snag-Management Guidelines for
Postfire Salvage Logging in North American Conifer
Forests

RICHARD L. HUTTO

Avian Science Center, Division of Biological Sciences, University of Montana, Missoula, MT 59812, U.S.A, email hutto@mso.umt.edu

Abstract: The bird species in western North America that are most restricted to, and therefore most dependent
on, severely burned conifer forests during the first years following a fire event depend heavily on the abundant
standing snags for perch sites, nest sites, and food resources. Thus, it is critical to develop and apply appropriate
snag-management guidelines to implement postfire timber harvest operations in the same locations. Unfortu-
nately, existing guidelines designed for green-tree forests cannot be applied to postfire salvage sales because the
snag needs of snag-dependent species in burned forests are not at all similar to the snag needs of snag-dependent
species in green-tree forests. Birds in burned forests have very different snag-retention needs from those cavity-
nesting bird species that have served as the focus for the development of existing snag-management guidelines.
Specifically, many postfire specialists use standing dead trees not only for nesting purposes but for feeding
purposes as well. Woodpeckers, in particular, specialize on wood-boring beetle larvae that are superabundant
in fire-killed trees for several years following severe fire. Species such as the Black-backed Woodpecker (Picoides

arcticus) are nearly restricted in their habitat distribution to severely burned forests. Moreover, existing postfire
salvage-logging studies reveal that most postfire specialist species are completely absent from burned forests that
have been (even partially) salvage logged. I call for the long-overdue development and use of more meaningful
snag-retention guidelines for postfire specialists, and I note that the biology of the most fire-dependent bird
species suggests that even a cursory attempt to meet their snag needs would preclude postfire salvage logging
in those severely burned conifer forests wherein the maintenance of biological diversity is deemed important.

Keywords: Black-backed Woodpecker, cavity-nesting birds, crown fire, mixed-severity fire, Picoides arcticus,
salvage logging, stand-replacement fire

Hacia Directrices Significativas para la Gestión de Raigones en la Cosecha de Salvamento en Bosques de Cońıferas

de Norte América

Resumen: Las especies de aves en el oeste de Norte América que están restringidas a, y por lo tanto más
dependientes de, bosques de conı́feras severamente quemados durante los primeros años después de un in-
cendio dependen en alto grado de la abundancia de raigones en pie para sitios de percha, sitios de anidación
y recursos alimenticios. Por lo tanto, el desarrollo y aplicación de directrices apropiadas para la gestión de
raigones es cŕıtico para la implementación de operaciones de cosecha posteriores al fuego en las mismas local-
idades. Desafortunadamente, las directrices existentes diseñadas para bosques verdes no se pueden aplicar a
la venta de salvamento post fuego porque las necesidades de las especies dependientes de raigones en bosques
quemados no son similares a las necesidades de las especies dependientes de raigones en bosques verdes. Las
aves en bosques quemados tienen necesidades de retención de raigones muy diferentes a las de especies de aves
que anidan en oquedades que han fungido como el centro para el desarrollo de las directrices de gestión de
raigones existentes. Espećıficamente, muchos especialistas post fuego utilizan árboles muertos en pie no solo
para propósitos de anidación sino también para propósitos alimenticios. En particular, los pájaros carpin-
teros se especializan en larvas de escarabajos perforadores de madera que son superabundantes en árboles
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muertos por fuego durante varios años después de un incendio severo. Especies como Picoides arcticus están
casi restringidas a bosques severamente quemados. Más aun, los estudios de cosecha de salvamento post fuego
revelan que la mayoŕıa de los especialistas post fuego están completamente ausentes de bosques quemados
con cosecha de salvamento (aun parcial). Hago un llamado para el desarrollo y utilización de directrices de
retención de raigones más significativas para especialistas post fuego, y noto que la bioloǵıa de la mayoŕıa de
las especies de aves dependientes de fuego sugiere que aun un intento apresurado de satisfacer sus necesidades
de raigones excluiŕıa la cosecha de salvamento post fuego en estos bosques de conı́feras severamente quemados
en los que se considera importante el mantenimiento de la diversidad biológica.

Palabras Clave: aves andantes en oquedades, cosecha de salvamento, fuego de dosel, fuego de reemplazo de

árboles, fuego de severidad mixta, Picoides arcticus

Density and Temporal Dynamics of Snags in
Conifer Forests

Snags are standing dead trees from which most leaves and
limbs have fallen (Thomas 1979; Thomas et al. 1979) and
are usually the result of death due to lightning, fire, wind,
disease, or insects. The U.S. Forest Service (USFS), Forest
Inventory and Analysis program, defines a snag as a dead
tree that is at least 22.5 cm dbh and 2 m tall. However
defined, snags occur naturally in forests and play a crucial
role in the ecology of forested ecosystems. A given snag
will persist in the forest for years and will provide nest-
ing, foraging, and roosting habitat for numerous species
(Thomas et al. 1979; Harmon et al. 1986; Bull 2002).

Snag densities and characteristics vary significantly
with forest type (Scott et al. 1980; Harris 1999) and for-
est age (Cline et al. 1980; Spies et al. 1988; Ohmann et
al. 1994; Flanagan et al. 2004). Nevertheless, the focus of
discussion about snags and other kinds of coarse woody
debris has been tied strongly to the issue of old-growth
rather than young, postdisturbance forests. If one focuses
on North American conifer forests born of fire, one real-
izes that snag densities are uniquely high in forests re-
cently disturbed by stand-replacement fire (Harmon et
al. 1986; Everett et al. 1999). Indeed, in burned forest
1 year after a fire, the mean basal area of snags has been
predicted (Spies et al. 1988) and observed (Drapeau et al.
2002) to be four times that in burned forests more than 1
year after a fire. Nearly 70% of all snags in landscapes dom-
inated by stand-replacement fires occur in forests that are
<20 years old (Lehmkuhl et al. 2003).

The main source of recruitment of snags also varies
with forest type and stage of succession. Specifically, dis-
ease, beetles, and lightning probably account for the cre-
ation of snags in most forest types of advanced ages (Spies
et al. 1988). In contrast, most of the snags that occur in
early postdisturbance forest conditions are created by the
disturbance event itself (Drapeau et al. 2002). As a con-
sequence of these differences in the way snags are cre-
ated, relatively few snags are at advanced decay stages in
early postfire forests, whereas the reverse is true in older
forests, where most snags show more advanced stages

of decay (Drapeau et al. 2002). Even though advanced-
decay-stage snags may be relatively rare in early post-
disturbance forests, such forests still harbor some snags
produced by disease, insects, or lightning before the dis-
turbance event, and they constitute some of the most im-
portant wildlife snags therein. Regardless of origin, all the
snags in early postdisturbance forests represent important
legacies that are passed from one forest generation to the
next by virtue of having survived the disturbance event
as standing organic structures (Franklin et al. 2000).

Snags as Important Wildlife Resources

Remarkably, at least one fourth of all bird species in west-
ern forests (McClelland et al. 1979) and perhaps even
as much as 45% of native North American bird popula-
tions (Balda 1975; Scott et al. 1980) are snag-dependent;
that is, they require the use of snags at some point in
their life cycle. Of the 102 terrestrial vertebrate species
that occur in Washington State, over half (56) nest or den
only in (require) the boles of dead or dying trees (Wil-
here 2003). Moreover, an astounding two thirds of all
wildlife species use deadwood structures or woody debris
for some portion of their life cycles (Brown 2002). Such
facts are clearly the driving force behind the development
of snag-retention guidelines for managed lands. For birds
in severely burned forests, the importance of snags goes
well beyond the nesting needs of cavity-nesting species.
By my own calculations (Hutto 1995), at least 60% of the
species that nest in severely burned conifer forests use
snags as nest sites, and virtually all those species nest
only in or on snags.

The most valuable wildlife snags in green-tree forests
are relatively large, as evidenced by the disproportionate
number of cavities in larger snags (Lehmkuhl et al. 2003),
and are relatively deteriorated (Drapeau et al. 2002).
In burned conifer forests, the most valuable wildlife
snags are also significantly larger than expected owing
to chance, and are more likely to be thick-barked (pon-
derosa pine [Pinus ponderosa P.& C. Lawson], western
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larch [Larix occidentalis Nutt.], and Douglas-fir [Pseu-
dotsuga menziesii (Mirb.) Franco]) than thin-barked (En-
glemann spruce [Picea engelmannii Parry ex Engelm.],
true firs [Abies sp.], and lodgepole pine [Pinus contorta
Dougl. ex Loud.]) tree species (Hutto 1995; Saab & Dud-
ley 1998; Kreisel & Stein 1999; Powell 2000; Haggard &
Gaines 2001). In addition, broken-top snags (trees that
were already snags before the fire event) are used as nest
sites in recently burned conifer forests disproportionately
often by both primary and secondary cavity-nesting bird
species (Hutto 1995; Saab & Dudley 1998; Haggard &
Gaines 2001).

The high value of large, thick-barked snags in severely
burned forests has as much to do with the feeding oppor-
tunities as it does the nesting opportunities they provide
birds. The phenomenal numerical response of woodpeck-
ers of numerous species (Fig. 1a) that occupy recently
burned conifer forests during both the breeding (Har-

Figure 1. (a) Marks on burned trees left by
woodpeckers that fed extensively on wood-boring
beetle larvae in the snags. (b) Clark’s Nutcracker
(Nucifraga columbiana), a postfire specialist that has
evolved a sublingual seed pouch that can hold more
than 100 seeds, is extracting seeds from an
underappreciated seed source—severely burned
ponderosa pine.

ris 1982; Murphy & Lehnhausen 1998; Powell 2000) and
nonbreeding (Kreisel & Stein 1999) seasons is most cer-
tainly associated with the dramatic increase in availability
of wood-boring beetle larvae (Muona & Rutanen 1994;
Rasmussen et al. 1996; Saint-Germain et al. 2004) that
serve as a superabundant food resource for woodpeck-
ers. A marked increase in numbers of seed-eating bird
species after crown fires is also undoubtedly related to
the increased availability of seed resources after cones
of blackened pine, fir, and spruce species open in re-
sponse to fire (Fig. 1b). This helps explain why, in contrast
with snags in green-tree forests, valuable wildlife snags
in burned conifer forests include not only relatively soft
snags (used for nesting by both cavity-nesting and open-
cup-nesting species) but also snags that are at the sounder
end of the snag decay continuum because the latter are
what both beetles and birds require for feeding purposes
(Nappi et al. 2003) and what many bird species use for
nesting purposes. Consequently, burn specialists such as
the Black-backed Woodpecker (Picoides arcticus), which
depends on snags for both feeding and nesting, settle in
areas with higher snag densities than expected owing to
chance (Harris 1982; Saab & Dudley 1998; Kotliar et al.
2002).

Broader Ecological Context for Snags in Severely
Burned Conifer Forests

Uniquely high snag densities characterize severely bur-
ned conifer forests, and that makes for unique ecolog-
ical conditions as well. But to what extent do severely
burned forests occur naturally in western North Ameri-
can landscapes? Some (e.g., Skinner 2002) argue that the
snag densities in postfire conifer forests are unnaturally
high or that crown fires themselves are an unnatural prod-
uct of our well-intentioned but misguided fire suppres-
sion policies of the past. Most conifer forest types, how-
ever, include crown-fire events as part of their natural fire
regimes, and most are well within the natural range of
variation (Romme 1982; Johnson et al. 2001; Johnson et
al. 2003). Even low-elevation ponderosa pine forests are
typified by an unspecified amount of mixed-severity fire
(Arno 2000; Arno & Allison-Bunnell 2002), and at least
some crown-fire events are perfectly natural, if rare, oc-
currences in those forest types as well (Agee 1993; Brown
& Sieg 1996; Shinneman & Baker 1997; Brown et al. 1999;
Veblen 2000; Ehle & Baker 2003; Schoennagel et al. 2004).

Even if the spatial scale over which stand-replacement
fires occur in the lower-elevation conifer forest types is
greater now than in the historic past, that is not to say
that the presence of crown fires represents a process
that is unnatural. Severe fires are clearly natural, and they
constitute an important part of the fire regimes associ-
ated with most western conifer forest types (Arno 1980;
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Heinselman 1981; DeByle et al. 1987; Arno 2000). Never-
theless, because severe fires are infrequent and numeri-
cally rare relative to the number of low-severity fire events
that occur in the lower-elevation conifer forests of the
West, the presence and importance of severe fires is cur-
rently underappreciated (Shinneman & Baker 1997; Baker
& Ehle 2001; Ehle & Baker 2003; Baker & Shinneman
2004). This failure to appreciate the natural role of severe
events may lead to well-intentioned but misguided man-
agement. Specifically, although detailed descriptions of a
given fire regime might acknowledge the presence of fre-
quent to infrequent occurrences of severe events, a given
regime (i.e., low-severity regime) tends to be labeled by
the most frequent kind of fire instead of by what might
be a less frequent but biologically important component
of the regime. Consequently, fire management tends to
be focused primarily on restoration of the more com-
mon and not the least common type of fire in a given
system. Heinselman (1981, 1985) anticipated this prob-
lem more than 20 years ago, when he argued strongly
that restoration efforts should include the maintenance of
stand-replacement regimes and stand-replacement events
within low-severity regimes in at least the more remote
portions of our public lands.

Besides the growing body of evidence that large, in-
frequent events are ecologically significant and not out of
the range of natural variation (Foster et al. 1998; Turner &
Dale 1998), an evolutionary perspective also yields some
insight into the “naturalness” of severely burned forests.
Specifically, there are unique biological and physical at-
tributes that are relatively restricted to severely burned
forests, indicating that infrequent events are not only nat-
ural, but biologically important as well. In a review of all
published information on the effects of fire on forest birds
of western North America, Kotliar et al. (2002) found that
nine bird species are typically more abundant in burned
than in unburned forests, as evidenced by a meta-analysis
of results involving species that occurred in at least three
studies prior to 2002. That number of species grows to 14
if one considers data from species that occurred in fewer
than three studies, and that number more than doubles if
fire severity is taken into account in the analysis (Smucker
et al. 2005). Earlier studies of severely burned conifer
forests throughout western Montana (Hutto 1995) sug-
gest that as many as 15 species are nowhere more abun-
dant than in recently and severely burned conifer forest.
Some of these species (Black-backed Woodpecker, Amer-
ican Three-toed Woodpecker [Picoides dorsalis], Olive-
sided Flycatcher [Contopus cooperi], Clark’s Nutcracker
[Nucifraga columbiana], and Mountain Bluebird [Sialia
currucoides]) are even relatively narrowly restricted in
their habitat distributions to, and presumably relatively
dependent on, burned forest conditions (Hutto 1995;
Hobson & Schieck 1999; Nappi 2000; Kotliar et al. 2002).

The life cycles of most wood-boring beetle species are
2–3 years, so the window of opportunity for many bird

species that use recently burned forest is extremely nar-
row. Indeed, populations of timber-drilling woodpeckers
peak at perhaps 4 years after a burn and then decline
to near zero another 6 years after that (Taylor & Bar-
more 1980; Hoyt & Hannon 2002; Kotliar et al. 2002).
These bird responses are unique to severe fires. There-
fore, although less severe understory fires may be more
frequent, they may also be less critical to the maintenance
of some bird populations. The naturalness and impor-
tance of crown fires is reinforced by the fact that the bird
species that are always more common in burned than
in unburned forests are also more common in the more
severely than in the less severely burned portions of those
forests (Kotliar et al. 2002; Smucker et al. 2005).

Information on bird response to severe fire represents
only a fraction of the biological uniqueness associated
with recently burned conifer forests in western North
America, as indicated by the large number of additional
examples (Agee 1993; Whelan 1995; Brown & Smith
2000; Smith 2000; Arno & Allison-Bunnell 2002; Fisher &
Wilkinson 2005) of positive responses of both plants (e.g.,
various Pinus, Ceanothus, Arctostaphylos, Ribes, Dra-
cocephalum, Corydalis, Geranium, morel mushroom)
and animals (e.g., numerous beetle species, boreal toad
[Bufo boreas], spotted frog [Rana pretiosa], deer mouse
[Peromyscus maniculatus], moose [Alces alces]) to what
continues to be labeled “catastrophic” fire. The dramatic
positive response of so many plant and animal species
to severe fire and the absence of such responses to low-
severity fire in conifer forests throughout the U.S. West
argue strongly against the idea that severe fires are unnatu-
ral. The biological uniqueness associated with severe fires
could emerge only from a long evolutionary history be-
tween a severe-fire environment and the organisms that
have become relatively restricted in distribution to such
fires. The retention of those unique qualities associated
with severely burned forest should, therefore, be of high-
est importance in management circles. Yet, everything
from the system of fire-regime classification, to a preoc-
cupation with the destructive aspects of fire, to the mis-
application of snag-management guidelines have led us to
ignore the obvious: we need to retain the very elements
that give rise to much of the biological uniqueness of a
burned forest—the standing dead trees.

Postfire Salvage Logging and Its Effect on
Snag-Dependent Species

So what happens if all snags are removed from a recently
burned forest (Fig. 2a)? Research results on the ecological
effects of a complete salvage harvest are consistent and
overwhelmingly negative (McIver & Starr 2000). With re-
spect to the avifauna, data suggest that there is no way
to conduct a complete salvage harvest and retain suitable

Conservation Biology

Volume 20, No. 4, August 2006



988 Snag Guidelines for Salvage Logging Hutto

Figure 2. Burned forests that were (a) completely and
(b) partially salvage logged.

conditions for species that would otherwise have occu-
pied that patch of burned forest (Kotliar et al. 2002). This
is especially true for bird species that depend on snags.

What about a less intensive, incomplete harvest (Fig.
2b)? The answer undoubtedly depends on the extent of
harvest under consideration, and we currently lack data
from a broad range of salvage intensities to be able to
plot the precise relationship between snag density and
bird density. Nonetheless, it is clear from existing data that
incompletely logged burned forests still decrease the suit-
ability of those forests for most cavity-nesting bird species
(Kotliar et al. 2002). Most important, all existing studies
of the effects of partial salvage logging on bird commu-
nities (Caton 1996; Hitchcox 1996; Saab & Dudley 1998;
Haggard & Gaines 2001; Morissette et al. 2002) show neg-
ative effects on species that are most restricted to burned
forests. For example, Black-backed and American Three-
toed Woodpeckers are not only more abundant in un-
cut burned forests than in salvage-logged forests, they are
frequently entirely absent from burned forests that have
been incompletely salvage logged. The only bird species
that may benefit from partial salvage logging (American
Kestrel [Falco sparverius], Lewis’s Woodpecker [Melan-

erpes lewis] and Western Bluebird [Sialia mexicana]) are
not nearly as restricted in their distributions to burned for-
est conditions; they commonly occur in naturally open,
unburned, low-elevation conifer forests as well (Saab &
Dudley 1998; Haggard & Gaines 2001; Saab & Vierling
2001). Thus, it may be possible to develop methods of
harvest that will mitigate negative effects on a handful of
cavity-nesting bird species, but apparently not the most
fire-dependent ones. In general, the very bird species that
are most restricted to postfire conditions appear to be af-
fected most negatively by postfire fuel-reduction logging
or salvage logging (Kotliar et al. 2002; Morissette et al.
2002).

Perhaps there is a way to retain some of the ecologi-
cal value associated with a burned forest in the face of
partial salvage, and the finding that at least some species
may benefit from partial salvage some of the time (Saab
& Dudley 1998; Haggard & Gaines 2001; Kotliar et al.
2002) is encouraging. Nonetheless, the implementation
of an adaptive-management cycle that is tightly coupled
with a solid monitoring program will be needed to deter-
mine whether any level of salvage logging is compatible
with the retention of the unique ecological values associ-
ated with severely burned forests (Robichaud et al. 2000;
Hutto & Young 2002; Hutto 2004). So far, there are prac-
tically no data bearing on the effects of alternative styles
of partial salvage logging because there has been neither
the will nor the financial support needed to gain such
knowledge.

Inadequacy of Current Snag Guidelines

Current snag-retention guidelines for most North Ameri-
can plant community types fall between 1 and 8 snags/ha.
These guidelines emerged primarily from a consideration
of the nesting requirements of cavity-nesting vertebrate
species in the now classic Blue Mountains book (Thomas
1979). The retention of 8 snags/ha was judged to sup-
port 100% of the maximum population density of any of
the woodpecker species that occur in the Blue Moun-
tains area (Thomas 1979: Appendix 22). Bull et al. (1997)
concluded that about 10 snags/ha in ponderosa pine and
mixed-conifer forests should support viable populations
of cavity-nesting birds. Thus, most current U.S. National
Forest guidelines generally converge on the recommen-
dation to retain 6–10 trees/ha, as do guidelines for Wash-
ington State, the Ontario Ministry of Natural Resources,
the U.S. Army Corps of Engineers, and many other land-
management agencies.

It has been acknowledged that snag guidelines should
be sensitive to forest type and forest age because “the
wildlife species that use snags are influenced by the stage
of forest succession in which the snag occurs” and by the
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breakdown stage of the snag (Thomas et al. 1979). More-
over, snag types, sizes, and densities vary significantly
with vegetation type (Harris 1999; Harmon 2002; White
et al. 2002). Therefore, it follows necessarily that the de-
sired snag types and densities will differ with both plant
community type and successional stage and that we need
as great a variety of guidelines as there are community
types and successional stages (Bull et al. 1997; Everett et
al. 1999; Rose et al. 2001; Kotliar et al. 2002; Lehmkuhl
et al. 2003). Unfortunately, we have generally failed to
adjust snag-retention recommendations to specific forest
age, and nowhere is that failure more serious than for
those special plant community types that were ignored
in the development of the generic guidelines—recently
burned conifer forests. Such forests are characterized by
uniquely high densities of snags (Angelstam & Mikusin-
ski 1994; Hutto 1995; Agee 2002; Drapeau et al. 2002),
and snag use by most woodpeckers in burned forests re-
quires high snag densities because they nest in and feed
from burned snags.

These facts have been overlooked in the development
and implementation of meaningful snag-management
guidelines. Indeed, these guidelines have generally con-
verged toward an average of 6–7 trees/ha because that
number was deemed more than adequate to meet the
nesting requirements of cavity-nesting wildlife species
(Thomas et al. 1979:69). Snag guidelines were not origi-
nally developed with an eye toward non-nesting uses of
snags or from an attempt to mirror snag densities that typ-
ically occur on unmanaged reference stands. Snag guide-
lines are still much narrower than numerous authors have
suggested they ought to be, and we currently run the risk
of managing coarse woody debris with uniform standards
across historically variable landscapes, which is entirely
inappropriate. Instead, we should be managing for levels
of coarse woody debris that more accurately mirror lev-
els characteristic of the natural disturbance regime (Agee
2002). Clearly, we need more data on what might con-
stitute meaningful snag targets for all forest types and
successional stages, and those targets should be set on
the basis of reference conditions from natural postdistur-
bance forests, not from managed forest stands and cer-
tainly not from consideration of only a single aspect of an
organism’s life history.

Newer guidelines that are appropriate for snag-
dependent species that occupy standing dead forests at
the earliest stage of succession are beginning to trickle in
(Saab & Dudley 1998; Haggard & Gaines 2001; Saab et al.
2002; Kotliar et al. 2002), and authors suggest that 200–
300 snags/ha may better address the needs of wildlife
in burned forests. The issue has yet to receive the se-
rious management attention it deserves, but the com-
prehensive review of habitat needs of vertebrates in the
Columbia River Basin (Wisdom et al. 2000) and the re-
cently developed DecAID modeling effort in Washington

and Oregon represent important efforts toward providing
that kind of management guidance (Marcot et al. 2002).

Current Postfire Management Decisions Related to
Snag Retention

The following points regarding management decisions ap-
ply to western forest types that experience crown fire as
at least a minor component of their fire regimes (and that
is virtually all western forest types).

(1) The USFS uses fire as a motivation to harvest trees.
This is evident because in most cases where post-
fire logging is proposed they had not already sold
green-tree harvests in those particular areas prior to
the time of fire disturbance. Even though land man-
agers are becoming more aware of the overwhelm-
ingly negative ecological impacts of postfire salvage
logging, the management has not shifted correspond-
ingly toward less salvage harvesting. Instead, the
most common justification for such harvests seems
to have shifted recently from “salvaging” what eco-
nomic value there might be to preventing another
catastrophic fire (McIver & Starr 2000). Recent mod-
ifications of legislation and regulations by provincial
governments in Canada (cited in Nappi et al. 2003)
and by the U.S. government as well (Healthy Forests
Restoration Act) expedite or even provide incentives
for salvage logging. Such legislation provides no com-
mitment to meaningful snag retention on burned
forest lands. This failure to appreciate the value of
burned forests to ecosystem sustainability is exacer-
bated by the fact that industrial lands (and most state
lands) are, and probably always will be, completely
salvage logged after fire because the value of those
lands to those landowners lies entirely with the po-
tential for short-term economic gain. The onus lies
squarely on public land managers to provide the nec-
essary protection of snag resources on burned forest
land, and that has yet to happen.

(2) The usual agency response to questions about the
amount or kind of burned trees to leave is that it does
not really matter because they propose taking only a
small proportion of what burned, so there must be
plenty left for wildlife. Although that could be true,
there is no scientific basis for such a conclusion. The
volume of burned timber needed to enable popula-
tions to expand enough so that they can weather
the next hiatus without fire in a particular area is
unknown.

(3) If a partial salvage is proposed, the level of snag re-
tention is generally based on a gross misapplication
of current snag guidelines. In short, meaningful snag-
management guidelines for burned forests are lacking
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because the general public and the land manage-
ment agencies that act on behalf of the public do
not recognize the biological value of snags in burned
conifer forests.

Toward Solutions

Any postfire salvage logging operation that requires a con-
sideration of the maintenance of biological diversity will
have to deal with the facts associated with salvage logging,
which are unprecedented in terms of how consistently
negative the ecological effects of salvage logging are. Be-
cause postfire bird communities soon after fire are biolog-
ically unique and the most unique elements are lost after
any kind of salvage harvest, postfire salvage logging (espe-
cially a complete harvest; illustrated in Fig. 2a) is clearly ill
advised. Even though existing science-based data suggest
that very little, if any, salvage logging should be conducted
in burned forests, salvage logging will not cease any time
soon. So what guidelines should be followed in the mean-
time until education about the benefits of burned forests
takes a greater hold on the public psyche? As a general
guideline for any kind of timber harvesting (green-tree
or salvage harvesting), public land managers should al-
ways strive to emulate natural processes with harvesting
that occurs on public lands (Hejl et al. 1995; Hobson &
Schieck 1999; Hejl et al. 2002; Kotliar et al. 2002; Arno &
Feidler 2005). Thus, snag-retention guidelines for salvage
sales should be no different; they should be based on an
explicitly identified postharvest emulation target that re-
flects the kind of natural disturbance process and stand
structure that one hopes to emulate through the harvest
process.

On patches that are harvested, cutting should either be
intense enough that the result will emulate a later stage
of succession that corresponds with the proposed level
of snag retention or cutting should be low enough in in-
tensity that there will be no significant ecological effect.
Clearly, the only way to extract higher wood volumes from
salvage timber sales would be to claim to be mimicking
not the earliest stage of succession but something more
like a forest 10 years after a fire, where natural snag at-
trition due to blowdown might be used to justify a much
smaller snag-retention target. In no case would a com-
plete salvage harvest mimic any stage of natural forest
succession.

Even if managers take relatively few trees and do a good
job of mimicking the numbers and kinds of snags in, say,
a forest 10 years after a fire, it should be clear that if the
naturally occurring earliest stage of succession (a forest
0–5 years after a fire, which normally contains hundreds
of burned snags per hectare) is not managed for, then
managers will have failed to maintain an important com-
ponent of biological diversity: all the unique plants and

animals that depend on those first few years of natural
(postfire) succession. The retention on the landscape of
some burned forest 0–5 years after a fire at any one point
in time should be a management priority because that
is the narrow window of time during which the biologi-
cally unique early postfire conditions become established
and persist. And because there is less of that forest age
than what was historically available due to successful fire
suppression during the past half century (Gruell 1983;
Hessburg et al. 2000), these forests should be valued at
least as much as the small amounts of old-growth that
are left. These facts alone seem justification enough to
remove all burned forests from consideration for harvest,
but the opposite tendency currently prevails.

An alternative strategy might be to salvage harvest only
that number of snags that would still allow the special
ecological conditions (such as those that I have described
herein for birds) to be retained. Unfortunately, the only
way to mimic natural snag densities for harvests that seek
to mimic the very earliest stage of succession (immedi-
ately after a fire) would be to leave close to the same
number of burned trees per unit area that would occur
through a stand-replacement disturbance event. The num-
bers of standing dead trees per hectare immediately fol-
lowing stand-replacement fire number in the hundreds,
of course (Everett et al. 1999), so snag guidelines should
recommend perhaps 50 times the number currently rec-
ommended in the most commonly used guidelines. On
top of that, the densities of snags in patches used by
birds for cavity nesting (Harris 1982; Saab & Dudley 1998)
and feeding (Kreisel & Stein 1999) are significantly higher
than what is randomly available in early postfire forests, so
even if guidelines were built on “average” snag densities
associated with recently burned forests, they might still
fall short of the densities actually needed by these birds. I
hasten to add that I am only scratching the surface of this
issue by concentrating my attention on the needs of birds.
Even more stringent guidelines might follow from a con-
sideration of the needs of snag-dependent, pyrophilous
insects and spiders, for example (Nappi et al. 2004).

A partial salvage harvest that produces little or no eco-
logical damage will be difficult to achieve because of the
sensitivity of early postfire specialists to any disturbance,
as described earlier. Unfortunately, we currently have no
data on the relationship between levels of harvest and
ecological consequences, as measured by birds, plants,
or whatever ecological response variable one wishes to
use. This lack of information led me to suggest earlier
(Hutto 1995) that the safest strategy (if salvage logging
must occur) may be to take some and leave some large
patches of untouched burned forest across the landscape.
As others (Hannon & Drapeau 2005) have noted, the un-
known with this approach, however, lies with the mys-
tery of how much to leave. In response to this question,
Nappi et al. (2004) make it clear in their recent paper
dealing with the effects of salvage logging in the boreal
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forest that it is dangerous to rest the maintenance of bio-
diversity on the assumption that the unharvested portion
may compensate adequately for the intensively salvaged
portion of burned forests.

Conclusions

The ecological cost of salvage logging speaks for itself,
and the message is powerful. I am hard pressed to find
any other example in wildlife biology where the effect of
a particular land-use activity is as close to 100% negative
as the typical postfire salvage-logging operation tends to
be. If input from biologists is ever to have an influence
on policy, this should certainly be one of those instances.
Yet largely economic interests have apparently compelled
legislators to ignore such facts and pass recent legislation
in the United States and Canada that will serve to expedite
salvage logging. Existing science-based data suggest that
there is little or no biological or ecological justification for
salvage logging. McIver and Starr (2000) note that because
of this, the justification for salvage logging has begun to
shift toward arguments related to rehabilitation or restora-
tion, but those sorts of justifications also reflect a lack of
appreciation that severe fires are themselves restorative
events and that rehabilitation occurs naturally as part of
plant succession (Lindenmayer et al. 2004). Interference
with the natural process of plant succession by planting
or spraying to speed the process of succession toward nar-
row timber-producing or old-growth goals, as some sug-
gest (e.g., Sessions et al. 2004), is also incompatible with
a holistic public-land-management goal of working within
the constraints of a natural system. All things that charac-
terize a severe disturbance event, including soil erosion
and sometimes insufferably slow plant recovery, are pre-
cisely the things that constitute “rehabilitation” for those
organisms that need those aspects of disturbance events
at infrequent intervals to sustain their populations.

The profound failure of many decision makers to ap-
preciate the ecological value of burned forests stems from
their taking too narrow a view of what forests provide.
The general belief that “dead and dying timber ought to
be harvested and put to use” (Schwennesen 1992) pre-
vailed prior to the infamous salvage rider of 1995 (U.S.
Congress 1995), and it apparently still prevails today in
many management circles. Land managers, politicians,
and the public-at-large need to gain a better appreciation
of the unique nature of burned forests as ecological com-
munities, how sensitive the process of succession is to
conditions immediately following the disturbance event
(Platt & Connell 2003), and how important the legacy
of standing deadwood is to the natural development of
forests (Franklin et al. 2000). Nowhere are soils, special
plants, or wildlife more sensitive to the proposition of
tree harvesting than in a burned forest. And nowhere is
the consideration of ecology more blatantly absent than

in decisions to salvage log. Education to these facts is
needed at all levels.

It is time for conservation biologists and enlightened
land managers to educate others to the fact that there is an
ecological benefit in staying out of forests that have been
recently restored by natural stand-replacement fire. There
are plenty of green-tree forest stands to harvest in a sus-
tainable fashion while offering boons to local economies
(especially in the urban interface), so economic argu-
ments should not interfere with the responsible decision
to celebrate the benefits of a natural restoration event
when it happens and to harvest timber outside the bio-
logically unique and rare severely burned forests.
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THE EFFECTS OF POSTFIRE SALVAGE LOGGING ON
CAVITY-NESTING BIRDS

RICHARD L. HUTTO
1,3

AND SUSAN M. GALLO
2

1Avian Science Center, Division of Biological Sciences, University of Montana, Missoula, MT 59812
2Maine Audubon, Falmouth, ME 04105

Abstract. We investigated the effects of postfire salvage logging on cavity-nesting birds
by comparing nest densities and patterns of nest reuse over a three-year period in seven
logged and eight unlogged patches of mixed-conifer forest in the Blackfoot-Clearwater
Wildlife Management Area, Montana. We found 563 active nests of 18 cavity-nesting
birds; all species were found nesting in the uncut burned forest plots, but only eight nested
in the salvage-logged plots. All except one species nested at a higher density in the
unlogged areas, and half of the species were significantly more abundant in the unlogged
plots. Every timber-drilling and timber-gleaning species was less abundant in the salvage-
logged plots, including two of the most fire-dependent species in the northern Rocky
Mountains—American Three-toed (Picoides dorsalis) and Black-backed (P. arcticus)
Woodpeckers. Lower abundances in salvage-logged plots occurred despite the fact that
there were still more potential nest snags per hectare than the minimum recommended
number needed to support maximum densities of primary cavity-nesters, which suggests
that reduced woodpecker densities are more related to a reduction in food (wood-boring
beetle larvae) than to nest-site availability. Because cavities were present in only four of
244 randomly selected trees, and because frequency of cavity reuse by secondary cavity-
nesters was higher in salvage-logged than in unlogged plots, nest-site limitation may be
a more important constraint for secondary cavity-nesters in salvage-logged areas. These
results suggest that typical salvage logging operations are incompatible with the
maintenance of endemic levels of most cavity-nesting bird populations, especially
populations of primary cavity-nesting species.

Key words: Black-backed Woodpecker, cavity-nesting birds, fire, healthy forests, salvage
logging.

Efectos de la Extracción Forestal Post-Incendio sobre las Aves que Anidan en Cavidades

Resumen. Investigamos los efectos de la extracción forestal post-incendio sobre las
aves que anidan en cavidades por medio de una comparación de la densidad de nidos y los
patrones de su reutilización. El estudio se realizó durante un periodo de tres años, en
fragmentos de bosque mixto de conı́feras quemados con y sin extracción forestal (siete y
ocho fragmentos, respectivamente) en el Área de Manejo de Fauna Silvestre Blackfoot-
Clearwater, Montana. Encontramos 563 nidos activos pertenecientes a 18 especies; todas
las especies se registraron anidando en los fragmentos de bosque quemado sin extracción,
pero sólo ocho de ellas anidaron en los fragmentos quemados con extracción. Con sólo
una excepción, la densidad de nidos de todas las especies fue mayor en los fragmentos
quemados sin extracción forestal y la mitad de las especies fueron significativamente más
abundantes en los fragmentos sin extracción. Todas las especies que obtienen su alimento
perforando la corteza o buscando en ella fueron menos abundantes en los fragmentos con
extracción, incluyendo dos de las especies más dependientes de los incendios en las
Montañas Rocallosas—Picoides dorsalis y P. arcticus. Las abundancias fueron menores en
los fragmentos con extracción post-incendio, a pesar de contar con un número mayor de
troncos por hectárea con potencial para construir nidos, en relación con el número
mı́nimo recomendado para mantener densidades máximas de aves que anidan en
cavidades. Esto sugiere que la disminución de las densidades de los pájaros carpinteros
está más relacionada con una disminución en su alimento (larvas perforadoras de
escarabajos), que con la disponibilidad de sitios de anidación. Ya que se detectaron
cavidades en sólo cuatro de los 244 árboles seleccionados al azar, y dado que la tasa de
reutilización de cavidades por parte de las especies de anidación secundaria fue mayor en
los sitios con extracción que en sitios sin extracción, la restricción de sitios de anidación
puede ser un factor limitante más importante para las especies de anidación secundaria en
los sitios con extracción forestal post-incendio. Estos resultados sugieren que las
operaciones tı́picas de extracción son incompatibles con el mantenimiento de los niveles
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endémicos de la mayorı́a de las poblaciones de aves que anidan en cavidades,
especialmente para poblaciones de especies de anidación primaria.

INTRODUCTION

Severe, stand-replacing fire is arguably the most
ecologically important disturbance agent in
conifer forests of the northern Rocky Moun-
tains (Gruell 1983, Pierce et al. 2004). These
fires generally leave a mosaic of green, un-
burned areas interspersed with large areas of
standing dead trees, or snags (Turner and
Romme 1994, Turner et al. 2003). The ecolog-
ical importance of this type of forest habitat is
reflected in the fact that the avian community
found in forests following stand-replacing fires
is comprised, in part, of species (e.g., Black-
backed Woodpecker [Picoides arcticus], Amer-
ican Three-toed Woodpecker [Picoides dorsalis],
Olive-sided Flycatcher [Contopus cooperi], and
Mountain Bluebird [Sialia currucoides]) that are
not only relatively abundant in, but are also
relatively restricted to, severely burned forest
patches (Hutto 1995, Hutto and Young 1999,
Kotliar et al. 2002, Smucker et al. 2005). These
species depend heavily on the abundant stand-
ing dead trees associated with severely burned
forests because they provide: (1) perches from
which foraging sallies are initiated, (2) food for
specialized beetle larvae, which themselves serve
as prey for numerous woodpecker species
(Powell 2000), and (3) nesting sites (Hutto
1995).

In unburned forest, the importance of snags
to cavity-nesting birds has been clearly demon-
strated (Dickson et al. 1983, Marcot 1983, Scott
and Oldemeyer 1983, Zarnowitz and Manuwal
1985, Schreiber and deCalesta 1992) and
recommendations for snag retention during
timber harvests have been incorporated into
current management plans (Thomas 1979,
Raphael and White 1984, Zarnowitz and
Manuwal 1985, Morrison and Raphael 1993).
In burned forests, however, there are still no
generally accepted snag retention guidelines for
postfire conditions, even though the needs of
snag-dependent species in burned forests are
not the same as the needs of snag-dependent
species in unburned forests (Hutto 1995, 2006).
The lack of snag retention guidelines for burned
forests is undoubtedly a reflection of the
prevailing view that forest fires are ‘‘environ-
mental disasters’’ (Taylor 1995) and that such

fires leave behind fire-damaged timber that,
other than as salvaged wood, lacks value.
Consequently, salvage logging is a common
management practice in the western United
States after high-severity, stand-replacing fires,
as it is elsewhere in the world after severe
disturbance events (Lindenmayer et al. 2004).

Because burned forests are valuable to snag-
dependent wildlife (and other plants and
animals), and because some of these species
appear to be nearly restricted in their distribu-
tion to such conditions (Hutto 1995, Hobson
and Schieck 1999, Nappi 2000, Kotliar et al.
2002), managers should be especially concerned
about mitigating possible negative effects of
salvage logging on fire-dependent plants and
animals. We need information on the effects of
different levels of salvage logging to be able to
assess whether any level of salvage logging is
compatible with wildlife needs and, if so, which
kinds and minimum numbers of snags are
needed to support fire-dependent species after
stand-replacing fires (Hutto 1995, 2006, Nappi
et al. 2004).

Unfortunately, given the inherent danger
associated with severe forest fires, the prospects
of obtaining information on the effects of
salvage logging from multiple, independently
created experimental treatment and control
plots will always be limited (Hargrove and
Pickering 1992, Whelan 1995, Andersen et al.
1998, van Mantgem et al. 2001). Therefore,
generalizations are most likely to emerge from
meta-analyses of individual studies conducted
when opportunities for study after unplanned
fire events presented themselves (Kotliar et al.
2002). We capitalized on one of these rare
opportunities to obtain empirical data on the
effects of salvage logging when a large fire
burned most of the Blackfoot-Clearwater Wild-
life Management Area in western Montana. By
working with the State Department of Fish,
Wildlife and Parks and a local timber company,
we were able to design a study that included
a series of otherwise similar treatment (cut) and
control (uncut) plots that allowed us to: (1)
assess and compare breeding, cavity-nesting
bird abundance in salvage-logged vs. unlogged
burned forest patches, (2) assess and compare
characteristics of nest trees and randomly
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selected trees from salvage-logged and unlogged
plots, and (3) document the reuse of cavities
over a three-year period.

METHODS

STUDY AREA

This study took place on the Blackfoot-Clear-
water Wildlife Management Area, which is
located 80 km east of Missoula, Montana, at
an elevation of approximately 1200 m. A severe
fire in October of 1991 burned approximately
1600 ha of grassland and mixed-conifer forest.
The burned forest areas consisted mainly of 50-
to 150-year-old second-growth conifers (Dou-
glas-fir [Pseudotsuga menziesii], western larch
[Larix occidentalis], and ponderosa pine [Pinus
ponderosa]) with occasional pockets of broad-
leafed deciduous trees (Populus spp.). Approx-
imately 275 ha were salvage-logged in the
winter following the fire (1991–1992) in a pat-
tern in which seven salvage-logged plots (total-

ing approximately 134 ha) were interspersed
with eight unlogged control plots (totaling
approximately 148 ha; Fig. 1). The individual
plots averaged 23.9 6 11.7 SD ha in size (range
5 7–36 ha), and were delineated either on the
basis of isolation of the unit or on the basis of
road locations and timber harvest prescriptions
provided by Champion Timber Company. The
extent of salvage logging varied among plots,
but in most cases all merchantable (.15 cm
dbh, .4.5 m tall) fire-killed timber was re-
moved. Most unlogged and salvage-logged
forest plots were surrounded by grasslands.

NEST ABUNDANCE AND CAVITY REUSE

We located active cavity nests by searching the
15 forest plots during the breeding season from
mid-May through mid-July of 1993, 1994, and
1995. We walked parallel transects (spaced at
20 m intervals) through the plots to systemat-
ically search the plots for active nests. Plots
were of a size that required between one and
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FIGURE 1. Map of the field plots used to study the effects of postfire salvage logging on cavity-nesting birds
in the Blackfoot-Clearwater Wildlife Management Area, Montana. The fire boundary is indicated by the
dotted line. Most of the area between plots is grassland, and MT83 and MT200 are state highways.
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two days’ search time to cover the entire plot.
We searched plots at least twice during each
breeding season, and walked transects in
opposite directions from visit to visit to
maximize our chances of finding all active
nests. Nests were located by finding cavities
directly and observing subsequent activity,
following adult birds to nests, or hearing young
birds in the nest. We recorded activity of adult
birds at the nest (building, incubating, or
feeding) at the time the nest was found and
the type of cavity used (excavated or natural).
The first time an active nest was found, it was
considered a new nest. In subsequent years, the
same nest cavities were checked for activity.
Cavities active in subsequent years were con-
sidered reused nests, and cavities harboring
a second pair of breeding birds of the same or
a different species in a single year were classified
as repeat nests.

VEGETATION AND TREE MEASUREMENTS

To characterize vegetation structure associated
with the two treatments, we measured vegeta-
tion characteristics surrounding 132 randomly
located trees in unlogged plots and 112
randomly located trees in salvage-logged plots.
Sample trees were selected by locating random
grid points on high-resolution aerial photos. If
a random point fell on a tree, that tree was
selected as a sample tree; otherwise the point
was discarded. Random points were generated
until all sample trees had been identified.
Sample trees were located on the ground with
the aid of aerial photos.

We recorded several characteristics associat-
ed with, and vegetation conditions surrounding,
nest trees and randomly selected trees. Tree
characteristics included size (diameter at breast
height, measured with a dbh tape), height
(measured with a clinometer), species, status
(live or dead; intact or with a broken or dead
top), percent bark remaining (estimated visual-
ly), and presence of a nest cavity. To assess
vegetation characteristics surrounding focal
trees, stakes were placed 15 m from the tree in
the four cardinal directions. We made ocular
estimates of the percent of bare ground (bare
soil), ground cover (herbaceous plants ,25 cm
tall), low shrub cover (herbaceous plants
.25 cm tall plus woody plants ,0.5 m), and
tall shrub cover (woody plants .0.5 m tall)
in each quarter and then averaged the four

estimates. These estimates were made from
above, so the four estimates summed to 100%.
Burn severity of the vegetation within 50 m of
a sample tree was estimated using a subjective
scale of one to five (after Hutto 1995), with 1 5

100% of the trees with green foliage or needles,
2 5 most (.60%) trees with green foliage or
needles, and most of the rest with brown
needles, 3 5 40%–60% of the trees brown-
needled, and the rest either green- or black-
needled, 4 5 most (.60%) trees black-needled,
and the rest with brown needles, and 5 5 all
trees blackened. All vegetation measurements
(including fire severity) on logged plots re-
flected conditions after cutting, so it was not
possible to compare preharvest conditions on
treatment and control plots.

STATISTICAL ANALYSES

We compared vegetation characteristics associ-
ated with the two treatments using Mann-
Whitney U-tests for numerical data and chi-
square likelihood ratios for categorical data. A
Bonferonni correction for experiment-wise er-
ror was applied to adjust the P-value for
multiple simultaneous tests. We tested for
a difference in the distribution of nest abun-
dance across species by treatment type using
a chi-square likelihood ratio after combining
numbers of nests across plots. Nest abundance
was converted to nest density by averaging the
number of nests per plot for each year of the
study. We tested for differences in nest density
over the three years of our study using repeated
measures ANOVA. Nest densities were trans-
formed by the inverse of the square root to
achieve normality.

For each species with a minimum of nine
nests, we compared characteristics of nest trees
and randomly selected trees in both the
unlogged and salvage-logged plots. Differences
in numerical variables were tested with Mann-
Whitney U-tests, and differences in distribu-
tions of categorical variables were tested with
chi-square likelihood ratios. A Bonferonni
correction for experiment-wise error was ap-
plied to all univariate tests for each species.
When the same species nested in the same cavity
in two or more years, the characteristics
associated with that nest tree were included
only once in the analysis.

For each primary cavity-nesting species, the
suitability of randomly selected trees for nesting
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was assessed by first calculating the range of
each of five characteristics associated with nest
trees. If the value of a characteristic associated
with a random tree fell within the range of
values obtained for nest trees, that random tree
was considered ‘‘suitable’’ for that characteris-
tic. Overall suitability was then determined by
combining suitability information from all the
individual tree characteristics. If values of all
characteristics of a random tree fell within the
range of values from nest trees, that random
tree was considered ‘‘suitable’’ for that species.
The proportion of random trees classified as
suitable for each species (all plots combined
within each treatment) was then converted into
an absolute number of suitable trees per hectare
by multiplication with the estimated number of
trees per hectare in each treatment (360 trees
per ha in unlogged plots and 134 trees per ha in
salvage-logged plots).

RESULTS

NEST ABUNDANCE

We found most nests between 8 and 23 June in
both salvage-logged and unlogged areas. Most
nests were discovered by following adult birds
to the cavity, and most had either eggs or young
when they were found (Table 1). Eighty-three
percent of nests in unlogged plots and 77% of
nests in salvage-logged plots (80% overall) were
in cavities originally excavated by primary
cavity-nesting birds.

We found 563 active nests distributed among
18 cavity-nesting species (Table 2). All 18
species nested in unlogged areas, whereas only
eight species nested in salvage-logged areas
(Table 2). The total number of active nests
found in unlogged plots was almost three times
higher than the total number of nests in
salvage-logged plots, even though the area
searched and search effort was similar between
plot types (Table 2). The combined nest density
was significantly higher in unlogged than in
salvage-logged areas in each year of our study
(treatment effect: F1,13 5 8.3, P 5 0.02), and the
mean density of all species combined increased
significantly over the three years of study in
both the unlogged and salvage-logged plots
(year effect: F2,26 5 4.2, P 5 0.02; Fig. 2). All
cavity-nesting species except the Black-capped
Chickadee (Poecile atricapillus) nested at
a higher density in the unlogged than the
salvage-logged areas, and half of all cavity-
nesting species were significantly more abun-
dant in the unlogged plots (Table 2). The most
abundant species in unlogged areas (Northern
Flicker [Colaptes auratus], House Wren [Tro-
glodytes aedon], and Mountain Bluebird) were
also the most abundant in salvage-logged areas,
and the vast majority of nests in both salvage-
logged and unlogged plots belonged to ground-
and shrub-foraging species (73% and 93%,
respectively) and to secondary cavity-nesting
species (63% and 65%, respectively). Neverthe-
less, the relative abundances of all cavity-
nesting species differed significantly between
the two treatments (x2

17 5 59.4, P , 0.001),
primarily because five timber-drilling wood-
pecker species and the two timber-gleaning
nuthatch species nested only in the unlogged
plots (Table 2).

CAVITY REUSE

Only 34% of the cavities excavated in 1993 were
reused by cavity-nesting birds in 1994 (Table 3).
In 1995, 36% of cavities used for nesting during
either or both of the two previous years were
reused. The frequency of cavity reuse in
salvage-logged areas was 50% in 1994 and
44% in 1995. In contrast, the frequencies of
reuse in unlogged areas were substantially
lower—30% in 1994 and 33% in 1995 (Table 3).
In 1995, a small percentage of cavities (2.6%)
were used twice in one breeding season, and
Mountain Bluebird, House Wren, and North-
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TABLE 1. The percentage of nests found by each of
three different methods and by status at the time they
were found in unlogged and salvage-logged burned
forest, Montana, 1993–1995. Most nests were
discovered by following adult birds to the cavity,
and most had either eggs or young when they
were found.

Unlogged
Salvage-
logged

Method of location (n 5 300)
Following adult bird to nest 58 48
Finding cavity directly 21 23
Seeing or hearing adult or

young at nest
21 29

Nest status (n 5 392)
Building, excavating, or

advertising
17 18

Incubating 32 43
Feeding young 51 39
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ern Flicker were the three species that most
often used reused cavities for nesting. More
than a quarter (27%) of Northern Flicker nests
were located in previously used cavities. Al-
though Northern Flickers may have excavated
these cavities originally, it is clear they were
not creating new nest cavities each breeding
season.

There were 128 cavities known by observa-
tion to have been excavated by primary cavity-
nesting birds. Of these, 58 were reused at least
once during subsequent years, and half of those
were Northern Flicker cavities being reused by
flickers (Table 4). Despite the high frequency of

reuse, Northern Flickers provided more cavities
for other secondary cavity-nesting species than
any other primary cavity-nesting species. Addi-
tionally, Northern Flicker cavities appeared to
be the only cavities suitable for American
Kestrels (Falco sparverius), possibly because
flickers excavated relatively large entrance holes
in relatively decayed snags. A small number of
Red-naped (Sphyrapicus nuchalis) and William-
son’s (S. thyroideus) Sapsuckers reused cavities
excavated by Red-naped Sapsuckers (Table 4).
Most of the Hairy (Picoides villosus), American
Three-toed, and Black-backed Woodpecker
cavities were reused by House Wrens and
Mountain Bluebirds, which together used over
a quarter of the 58 cavities originally made by
primary cavity-nesting birds.

VEGETATION CHARACTERISTICS

Unlogged plots had significantly larger and
taller trees, a higher density of trees, trees with
more bark, higher live-tree density, and a lower
proportion of intact snags than salvage-logged
plots (Table 5). The burn severity surrounding
randomly selected trees in unlogged plots was
also slightly less than the burn severity
surrounding randomly selected trees in logged
plots (Table 5), although the index of severity
that we used was undoubtedly affected by the
removal of some green and brown-needled trees
from the salvage-logged plots.

CHARACTERISTICS AND AVAILABILITY OF
NEST TREES

Of the 12 species for which we found nine or
more nests, all but one (Mountain Chickadee
[Poecile gambeli]) nested in trees that were
larger and taller than what was available in the
salvage-logged plots; only the American Kestrel
and Northern Flicker used larger trees than
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FIGURE 2. In each of the three years of study,
mean nest density of all cavity-nesting species
averaged over all plots was significantly higher in
unlogged than in salvage-logged treatments in the
Blackfoot-Clearwater Wildlife Management Area,
Montana. Sample sizes appear above the error
bars.

TABLE 3. Numbers of new, reused (used in previous years by the same or different species), or repeat (used
earlier in the same breeding season by the same or different species) nests across three years in unlogged and
salvage-logged plots following fire in Montana. The proportion of cavities that were reused was higher in
salvage-logged than in unlogged plots.

Year

Unlogged Salvage-logged

Total
New
nests

Reused
nests

Repeat
nests

New
nests

Reused
nests

Repeat
nests

1993 96 N/A N/A 26 N/A N/A 122
1994 108 29 0 33 13 0 183
1995 108 68 5 46 26 5 258
Total 312 97 5 105 39 5 563
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what would be expected by chance in the
unlogged plots (Fig. 3). Deciduous and bro-
ken-topped trees were also used for nesting by
most species more often than would be expected
due to chance (Fig. 4).

The percentage of randomly selected trees
that were deemed suitable for nesting varied
widely among the primary cavity-nesting spe-
cies (Table 6). For some species, a single tree
characteristic excluded a large number of
randomly selected trees from being considered
suitable. For example, Red-naped Sapsuckers
nested in deciduous trees only, and because
deciduous trees comprised a small percentage of
random trees, the proportion of suitable nest
trees for sapsuckers was close to zero in both
unlogged and salvage-logged areas (Table 6).
The estimated density of available nest trees
ranged from zero for Red-naped Sapsuckers in
salvage-logged plots, to 232 trees per ha for
Hairy Woodpeckers in unlogged plots (Ta-
ble 6).

Nest tree availability was not as easily
assessed for secondary cavity-nesters because
the presence of cavities was difficult to discern
and because new cavities were undoubtedly
created after we measured characteristics of
randomly selected trees during the first year of
our study. Nevertheless, cavities were present
initially in only four of 244 randomly selected
trees and only in the unlogged plots.

DISCUSSION

The densities of cavity nests in this study (14.6
and 38.6 nests per 40 hectares in salvage-logged
and unlogged plots, respectively) are at the
upper end of cavity nest densities that have
been reported for other burned areas (Bock and
Lynch 1970, Taylor and Barmore 1980, Caton
1996). Nevertheless, the higher abundance and
species richness of cavity-nesting birds in
unlogged compared to salvage-logged burned
areas in this study is a result that is consistent
with virtually all studies to date on this topic
(Blake 1982, Harris 1982, Raphael and White
1984, Lyon and Marzluff 1985, Caton 1996,
Saab and Dudley 1998, Haggard and Gaines
2001, Morissette et al. 2002). The single
exception comes from a longer-term study in
ponderosa pine-dominated communities in Ida-
ho (V. Saab, R. Russell, and J. Dudley, USDA
Forest Service, unpubl. data), where the overall
density of cavity-nesting birds was observed to

The Condor cond-108-04-07.3d 7/9/06 17:42:48 824 Cust # 8030

T
A

B
L

E
4

.
N

u
m

b
er

o
f

ca
v

it
ie

s
fi

rs
t

ex
ca

v
a

te
d

b
y

a
g

iv
en

p
ri

m
a

ry
ca

v
it

y
-n

es
ti

n
g

b
ir

d
sp

ec
ie

s
th

a
t

w
er

e
su

b
se

q
u

en
tl

y
u

se
d

b
y

ea
ch

o
f

se
v

er
a

l
p

ri
m

a
ry

a
n

d
se

co
n

d
a

ry
ca

v
it

y
-n

es
ti

n
g

sp
ec

ie
s

in
y

ea
rs

fo
ll

o
w

in
g

in
it

ia
l

ca
v

it
y

ex
ca

v
a

ti
o

n
in

M
o

n
ta

n
a

,
1

9
9

3
–

1
9

9
5

.
T

h
e

ca
v

it
ie

s
o

f
se

v
en

sp
ec

ie
s

w
er

e
re

u
se

d
b

y
th

e
sa

m
e

o
r

b
y

a
n

o
th

er
sp

ec
ie

s,
a

n
d

th
e

N
o

rt
h

er
n

F
li

ck
er

p
ro

v
id

ed
th

e
g

re
a

te
st

n
u

m
b

er
o

f
ca

v
it

ie
s

th
a

t
w

er
e

re
u

se
d

.

E
x
ca

v
a

ti
n

g
sp

ec
ie

sa

R
eu

se
sp

ec
ie

sa

T
o

ta
l

re
u

se
d

T
o

ta
l

ex
ca

v
a

te
d

%
re

u
se

d
%

re
u

se
d

b
y

a
n

o
th

er
sp

ec
ie

s
N

o
.

ca
v
it

ie
s

u
se

d
a

ll
3

y
r

M
A

K
E

W
IS

A
R

N
S

A
N

O
F

L
T

R
S

W
W

B
N

U
H

O
W

R
M

O
B

L
E

U
S

T

L
E

W
O

1
1

2
5

0
1

0
0

0
W

IS
A

1
1

2
8

2
5

1
0

0
0

R
N

S
A

2
2

4
1

1
3

6
5

0
0

H
A

W
O

3
3

2
8

1
2

6
7

1
0

0
2

T
T

W
O

1
4

1
6

1
0

6
0

1
0

0
2

B
B

W
O

2
1

2
1

6
1

2
5

0
1

0
0

1
N

O
F

L
3

2
2

2
2

2
3

1
7

3
4

2
2

9
7

T
o

ta
ls

(p
er

ce
n

t)
3

(5
)

2
(3

)
2

(3
)

2
9

(5
0

)
3

(5
)

1
(2

)
6

(1
0

)
9

(1
6

)
3

(5
)

5
8

1
2

8
4

8
3

5
1

2

a
S

p
ec

ie
s

co
d

es
a

re
g

iv
en

in
T

a
b

le
2

.

824 RICHARD L. HUTTO AND SUSAN M. GALLO



be slightly greater in salvage-logged plots in the
first five years following fire, but not during the
next five years. The combined density of all
cavity-nesting birds increased over the three-
year period of this study, primarily due to the
creation of cavities by primary cavity-nesting
species and the use of those same cavities in
subsequent years by both primary and second-
ary cavity-nesters.

Of particular note is the fact that six of eight
woodpecker species nested only in unlogged
burned forest; they were entirely absent from
salvage-logged areas. This is consistent with
reports (Hutto 1995, Hutto and Young 1999)
that, in the northern Rocky Mountains, two of

these species (Black-backed and American
Three-toed Woodpeckers) are not only more
abundant in burned conifer forests than in any
other vegetation type, but are also relatively
restricted to such conditions. This result is also
consistent with results from all of the previously
cited studies on the effects of salvage logging on
cavity-nesting birds. The number of Black-
backed and American Three-toed Woodpecker
nests decreased from the third to the fifth year
after fire, which is similar to what Harris (1982),
Caton (1996), Saab et al. (2004) and Saab et al.
(V. Saab, R. Russell, and J. Dudley, USDA
Forest Service, unpubl. data) found in their
multiyear studies of postfire forests.

Preharvest tree density in salvage-logged
areas (estimated by adding stump density to
existing tree density) was 271 trees per ha,
which was still well below the tree density in
unlogged areas (360 trees per ha). It is therefore
likely that salvage-logged and unlogged areas
were somewhat different prior to the onset of
fire and subsequent salvage-logging. There is
always the possibility that some preharvest
difference between plot types (e.g., a difference
in average fire severity, slope, or aspect) might
have contributed to the differences in bird
densities between plot types; however, the
presence of treatment replication in this study
and the complete agreement between our results
and the results of others who have looked at the
effects of salvage logging strongly suggest that
the significant reduction in abundance of
cavity-nesting timber-drillers and timber-glea-
ners in salvage-logged areas was due primarily
to the reduction in number of recently killed
snags. This raises the question of whether it was
a reduction in number of potential nest sites or
some other aspect of habitat quality such as
food availability that was affected most by the
removal of standing dead trees.

Snags have traditionally been viewed as
valuable for cavity-nesting birds exclusively in
terms of their potential to be used as nest sites.
Indeed, snag-management guidelines were orig-
inally based on meeting the nesting require-
ments of cavity-nesting birds (Thomas 1979). If
nest trees were limiting bird densities in salvage-
logged plots, then the density of suitable nest
trees should have decreased to a number well
below 6–8 trees per ha—the minimum number
believed necessary to support maximum popu-
lation densities of most cavity-nesting species
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TABLE 5. Vegetation characteristics associated
with randomly selected trees in plots that were
either unlogged (n 5 132 trees) or salvage-logged (n
5 112 trees) after a 1991 fire in the Blackfoot-
Clearwater Wildlife Management Area, Montana.
Tree sizes, tree densities, and percentage of live trees
were significantly greater in unlogged than in salvage-
logged plots. Means 6 SE are given for numerical
variables, and frequency distributions are given for
categorical variables. Asterisk indicates a significant
(P , 0.05) difference between unlogged and salvage-
logged plots.

Vegetation
characteristic Unlogged Salvage-logged

DBH (cm)* 30.7 6 1.1 20.9 6 0.9
Height (m)* 16.2 6 0.4 12.7 6 0.4
Bark (%)* 97 6 1 94 6 1
Tree species

Pinus contorta 2% 0%
Pinus ponderosa 30% 19%
Larix occidentalis 10% 15%
Pseudotsuga
mensiezii

53% 63%

Populus spp. 5% 3%
Tree status*

Intact snag 74% 88%
Broken snag 5% 5%
Broken live 0% 1%
Intact live 21% 6%

Tree density (15 m radius)
10–40 cm dbh* 23.7 6 1.4 9.1 6 0.8
.40 cm dbh* 1.6 6 0.2 0.0 6 0.0

Bare ground (%) 9 6 1 8 6 1
Ground cover (%) 33 6 2 35 6 2
Low shrub (%) 56 6 2 55 6 2
Tall shrub (%) 3 6 3 2 6 0
Burn severity*

100% green 18% 2%
.60% green 5% 3%
40%–60% brown 25% 9%
.60% black 24% 25%
100% black 28% 62%
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(Thomas 1979:appendices 22, 23). We tested
this hypothesis by calculating the percentage
of randomly selected trees in both uncut and

salvage-logged plots that could be considered
suitable for nesting by each species. Most
cavity-nesting species used snags rather than
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FIGURE 3. Mean nest tree characteristics (6 SE) for cavity-nesting bird species (codes given in Table 2) and
for randomly selected trees in unlogged (Random-U) and salvage-logged (Random-S) plots in the Blackfoot-
Clearwater Wildlife Management Area, Montana. Nest trees generally differed significantly in one or more
respects from randomly selected trees, especially in salvage-logged plots. Sample sizes are given above bars in
the upper bar chart. Small letters indicate significant differences from randomly selected trees in salvage-
logged (s) or unlogged (u) plots (P , 0.05, Mann-Whitney U-tests with Bonferonni correction for
multiple comparisons).

826 RICHARD L. HUTTO AND SUSAN M. GALLO



live trees for nesting, and several species used
broken-topped snags more than expected based
on their availability. All but one species

(Mountain Chickadee) used nest trees that
had significantly larger diameters than random-
ly selected trees in salvage-logged areas. The
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FIGURE 4. Frequency distributions of tree species and status of trees used by cavity-nesting bird species
(codes given in Table 2) and of randomly selected trees in unlogged (Random-U) and salvage-logged
(Random-S) plots. Most cavity-nesters used deciduous trees and broken-topped snags more than expected due
to chance. Sample sizes are given at the bottom of the figure. Small letters indicate significant differences from
randomly selected trees in salvage-logged (s) or unlogged (u) plots (P , 0.05, chi-square likelihood ratio with
Bonferonni correction for multiple comparisons).
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selective removal of economically valuable
larger-diameter trees clearly reduced the density
and average size of snags in salvage-logged
areas and, therefore, reduced the amount of
suitable nesting habitat. Nevertheless, the de-
cline in density of snags that might be used as
nest sites by those bird species that were most
negatively affected by logging still far exceeded
the 6–8 snags per ha recommended as a mini-
mum number needed to maintain maximum
population densities.

These results highlight the fact that we need
to appreciate snags as food resources as well as
nest-site resources and that, for timber-drilling
woodpecker species in particular, the number of
snags needed to meet food resource needs
appears to be much greater than the number
needed to meet nesting requirements. Most
woodpecker species in this study are relatively
‘‘tree-dependent’’ foragers because they forage
on dead trees for beetle larvae. Burned snags
are known to serve as sources of superabundant
bark and wood-boring beetle larvae (Muona
and Rutanen 1994, Rasmussen et al. 1996, Hart
1998), which are the primary food resource for
tree-dependent foragers in burned forests (Po-
well et al. 2002, Nappi et al. 2003). Salvage
logging undoubtedly reduces foraging opportu-
nities for these birds, and may be the primary
reason that overall habitat suitability declines
for them (Caton 1996). The total disappearance
of most timber-drilling and timber-gleaning

birds in this study also underscores the need
for a modification of current snag manage-
ment guidelines (Hutto 2006) to better recog-
nize the importance of retaining numerous
snags as sources for food (beetle larvae) in
burned forests.

In contrast with primary cavity-nesting birds,
secondary cavity-nesters are often thought to be
limited by the availability of nest sites (Brush
1983, Brawn and Balda 1988, Walankiewicz
1991). Because two-thirds of the cavities we
discovered were not reused during the three
years of this study, either something other than
nest sites limited the density of secondary
cavity-nesting birds, or many of the apparently
suitable nest cavities were not really suitable at
all (see also Welsh and Capen 1992). Other
animals (e.g., northern flying squirrels [Glauc-
omys sabrinus] and red squirrels [Tamiasciurus
hudsonicus]) were observed using previously
active cavities, and they are known to displace
secondary cavity-nesting birds or depredate
their nests. The location of cavities near other
nesting birds of the same or different species
may also make cavities unsuitable for nesting.
For example, birds may avoid nesting near
American Kestrel nests because they (or their
nestlings) might experience higher rates of
predation. Indeed, American Kestrels were
observed to prey on other secondary cavity-
nesting species in this study. Other predators
known to occur in the study area, and that
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TABLE 6. Percentages of randomly selected trees in unlogged (n 5 132) and salvage-logged (n 5 112) plots
that were considered suitable for primary cavity-nesting species according to each of five different tree
characteristics and all five characteristics combined in unlogged (U) and salvage-logged (S) plots in burned
forest in Montana, 1993–1995. See Table 2 for Latin names of bird species. Only species with at least nine nests
were included. The density of potentially suitable nest trees for each species was much greater in unlogged
plots, and was greater than the minimum density needed to support maximum population densities of most
cavity-nesting species in both unlogged and salvage-logged plots.

Species n

Tree characteristic
Estimated

number per haDBH Height Bark Status Species Combined

U S U S U S U S U S U S U S

Williamson’s
Sapsucker

9 67 21 93 94 95 92 99 99 68 81 39 10 142 14

Red-naped Sapsucker 10 60 26 67 70 95 92 95 94 5 3 3 0 11 0
American Three-toed

Woodpecker
9 73 31 67 31 96 92 100 99 93 97 48 11 172 14

Black-backed
Woodpecker

10 58 21 85 77 98 93 100 99 97 93 48 14 172 19

Hairy Woodpecker 20 99 87 85 77 98 96 78 93 100 100 64 63 232 84
Northern Flicker 108 91 61 99 100 79 93 99 99 100 100 62 53 224 71
Mountain Chickadee 10 52 38 80 96 95 92 99 100 78 93 36 41 128 55
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could have affected the suitability of cavities for
secondary cavity-nesters, include striped skunks
(Mephitis mephitis), black bears (Ursus ameri-
cana), and weasels (Mustela spp.). Other factors
such as a lack of foraging opportunities could
also limit secondary cavity-nesting bird densi-
ties in the face of what appear to be abundant
nesting opportunities.

Assuming that secondary cavity-nesters are
limited by nesting opportunities, it is notewor-
thy that the frequency of cavity reuse was
higher in salvage-logged than in unlogged plots,
possibly reflecting a greater level of nest-site
limitation in the salvage-logged areas. More
than 80% of the nests of secondary cavity-
nesters were located in cavities excavated by
woodpeckers, indicating a strong reliance on
primary cavity-nesting birds for cavity excava-
tion (see also Dobkin et al. 1995). In unlogged
areas, the continuous creation of roosting and
nesting cavities by primary cavity-nesting spe-
cies may provide abundant new cavities for
secondary cavity-nesting birds to use. In con-
trast, fewer breeding primary cavity-nesters in
salvage-logged areas create fewer new cavities,
and this may force secondary cavity-nesting
birds to reuse a smaller number of older
cavities, which could also affect their nest
success in salvage-logged forests.

In conclusion, the cavity-nesting bird com-
munity as a whole was clearly negatively
affected by salvage logging in our study area
in the early years following stand-replacing fire,
and the main problem for primary cavity-
nesting bird species does not appear to have
been availability of snags as nest sites. Rather,
the reduction in numbers of trees that harbored
important food resources seemed to be to the
detriment of the most fire-dependent cavity-
nesting bird species. Especially noteworthy was
the absence of several postfire specialist wood-
pecker species from salvage-logged areas and
the general decrease in nesting densities of
timber-drilling and timber-gleaning species
compared to their densities in unlogged burned
areas. These results are especially important in
light of recent modifications to legislation and
regulations by provincial governments in Ca-
nada (cited in Nappi et al. 2003) and by the U.
S. government (Healthy Forests Restoration
Act of 2003) to expedite and provide incentives
for salvage logging on top of already documen-
ted increases in dead tree harvest in the West

(Duncan 2002). Because early postfire cavity-
nesting bird communities are biologically un-
ique, and because we lose the most fire-
dependent elements of that community through
salvage harvests such as the ones included in
this study, the merit of postfire salvage logging
should be reexamined, especially when there are
other, less ecologically sensitive options avail-
able for timber harvest. Although research on
the effects of different levels and styles of
salvage logging are urgently needed, the find-
ings that have already emerged from this and
from other studies (McIver and Starr 2000,
Kotliar et al. 2002, Beschta et al. 2004, Karr et
al. 2004) are entirely consistent, and they
suggest that it may be difficult to retain the
ecological integrity of a burned forest in the
face of most kinds of postfire salvage logging.
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IntroductIon

The spatiotemporal expression of fire events 
over time in any landscape produces a “fire 
regime” that influences ecosystem dynamics 
in that area (Heinselman 1981, Kilgore 1981). 
Even though the various characteristics of 
a fire regime (Table 1) are continuous in na-
ture, the traditional approach in representing 
this variation has been to create a small num-
ber of discontinuous categories. Fire regimes 
in western North America, for example, are 
often classified into as few as three catego-
ries: (1) low- severity, (2) mixed- severity, and 

(3) high- severity or stand- replacement (Agee 
1998, Brown 2000). Our attempt to categorize 
fire regimes is “. . . an oversimplification…for 
the convenience of humans” (Sugihara et al. 
2006; p. 62), and has had the unfortunate con-
sequence of minimizing rather than emphasiz-
ing variation in fire behavior and fire outcomes 
among vegetation types and across spatial 
scales (Morgan et al. 2014). In reality, relative-
ly few forest types fit entirely within either 
of the two extremes—the low- severity (e.g., 
some interior ponderosa pine) or the stand- 
replacement (e.g., Rocky Mountain lodgepole 
pine) categories. Instead, as a simple analysis 
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using LANDFIRE data (Rollins 2009, <http://
www.landfire.gov>) reveals, roughly 85% of all 
forested lands within the western US fit with-
in the mixed- severity category, which includes 
proportions of low- , moderate- , and high- 
severity (lethal to more than 70% of all trees) 
fire that vary widely across vegetation types 
and biophysical settings.

Agee (1993) captured the essence of this im-
portant idea in a graph depicting the propor-
tion of low- , moderate- , and high- severity fire 
across the range of fire regimes (Fig. 1). Note 
that change from one fire regime to the next 
(movement along the x- axis) is accompanied 
not by the sudden appearance of a different 
fire severity, but by continuous changes in the 
proportions of each fire severity category. Thus, 
fire regimes blend imperceptibly into one an-
other. More importantly, except for the two end 
points on the graph where the proportion of 
high- severity fire would be either 0% or 100%, 
most fire regimes consist of a mix of fire severi-
ties so, technically speaking, they fit best with-
in a mixed- severity regime (Fig. 2). It is not the 
presence of a particular fire severity, but the 
proportion (and, presumably, the distribution 
and patch sizes) of each severity component 
that distinguishes regimes. Indeed, empirical 

data drawn from recent fires across the western 
United States between 1984 and 2008 (Fig. 3) 
reveal this continuous variation in proportions 
of different fire severities among fires. Thus, a 
more continuous view of fire regimes might be 
a better way to appreciate the infinite variabili-
ty in fire behavior among forest types and geo-
graphic locations, and it might also promote a 
greater appreciation of severe fire as an integral 

Table 1. Characteristics or descriptors often used to describe disturbance regimes (from Keane 2013).

Disturbance Characteristic Description Example

Agent Factor causing the disturbance Fire is an agent that can kill trees
Source, Cause Origin of the agent Lightning is a source for wildland fire
Frequency How often the disturbance occurs or its return 

time
Years since last fire (scale dependent)

Intensity A description of the magnitude of the distur-
bance agent

Wildland fire heat output

Severity The level of impact of the disturbance on the 
environment

Fuel consumption in wildland fires; 
change in biomass

Size Spatial extent of the disturbance Tree kill can occur in small patches or 
across entire landscapes

Pattern Patch size distribution of disturbance effects; 
spatial heterogeneity of disturbance effects

Fire can burn large regions but weather 
and fuels can influence fire intensity 
and therefore the patchwork of tree 
mortality

Seasonality Time of year of that disturbance occurs Spring burn vs. fall burn
Duration Length of time of that disturbances occur Fires can burn for a day or for an entire 

summer
Interactions Disturbance types may interact with each other, 

or with climate, vegetation and other 
landscape characteristics

Mountain pine beetles may create fuel 
complexes that facilitate or exclude 
wildland fire

Variability The spatial and temporal variability of the 
above factors

Each of the above characteristics has 
variation associated with it

Fig. 1. This graph (from Agee 1993) illustrates that 
fire regimes are not characterized by the presence of 
only one kind of fire. Rather, it is the relative frequency 
of low- , moderate- , and high- severity fire in an average 
burn that varies among fire regimes.

http://www.landfire.gov
http://www.landfire.gov
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part of mixed-  and high- severity conifer forest 
fire regimes.

Accordingly, we highlight the need for bet-
ter information on the historical patterns and 
abundances of high- severity patches in dif-
ferent forest types. This is an important dis-
cussion because, even though our National 
Cohesive Wildland Fire Management Strategy 
(Wildland Fire Executive Council 2014) ac-
knowledges that many fire regimes exist and 
that management needs to accommodate that 
variation and the variety of habitat such varia-
tion produces, contemporary fire management 
is focused heavily on the exclusion (prevention 
and suppression, collectively) or mitigation of 
severe fire. When either of those fails, manage-
ment efforts seem to shift toward speeding the 
“recovery” of the forest after severe fire. With 
respect to the latter, there are repeated attempts 
to introduce legislation designed to expedite 
logging after fire (salvage logging). Although 
the removal of dead trees is justified near roads 
and structures for safety reasons, and although 
postfire logging can capture economic value of 
wood that would otherwise be lost, such log-
ging has been shown to carry significant eco-
logical costs (Hutto 2006, Lindenmayer and 
Noss 2006, Swanson et al. 2011, Lindenmayer 
and Cunningham 2013, DellaSala et al. 2015). 
The ecological benefits and necessity of severe 
fire (and its aftermath) has widespread impli-
cations for the flora and fauna that depend on 
the presence of burned forest conditions. Eco-
logically sound fire management includes land 
management designed to ensure the main-
tenance of ecologically appropriate mixes of 
fire severities within the forested landscapes 
of western North America while protecting 
homes and lives at the same time (Perry et al. 
2011). An ecologically informed view of se-
vere fire requires recognition that it is a natu-
ral component of many western conifer forests 
(Heinselman 1981, Arno 2000). Moreover, the 
severe- fire component must have been large 
enough and frequent enough to have favored 
the evolution of specialization by various plant 
and animal species to conditions that occur in 
the aftermath of severe fire. We offer the fol-
lowing points in an effort to better recognize 
and include severe fire as an integral part of fire 
management in mixed- conifer forest systems:

Fig. 2. Mixed- severity fires (fires that leave 
recognizable patches of low- severity, medium- severity, 
and high- severity effects) typify the majority of mixed- 
conifer forest systems in the western United States. The 
brown- needled and blackened areas harbor unique 
sets of plant and animal species found in no other forest 
conditions. This photograph of the North Fork of the 
Blackfoot River was taken 10 months after the 1988 
Canyon Creek fire in Montana. Many fire- dependent 
plant and animal species were present in the more 
severely burned areas until they were helicopter 
logged, suggesting that unburned forests might be a 
better alternative for timber harvest.

Fig. 3. The percent area within a fire perimeter 
that burned at low (green line) and at moderate to 
high (red line) severity is shown for a series of 3696 
fires that burned in the western United States 
between 1984 and 2008 (after Belote 2015). The 
figure shows that the proportions of each severity 
category are continuously variable and that high- 
severity fire is a natural part of most forest fires in 
the West.
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Severely burned foreStS create 
bIologIcally unIque condItIonS that 
cannot be created by other kIndS of 
dISturbanceS or through artIfIcIal meanS

Patterns in the habitat associations of plant 
and animal species can provide definitive ev-
idence that severe fire plays an essential role 
in the ecology of mixed- conifer forests (Hutto 
et al. 2008). Specifically, if a plant or animal 
species occurs only in burned forest conditions 
created by severe fire events, then it cannot 
be using burned forest conditions merely op-
portunistically. Instead, the species must have 
evolved to depend on such conditions because 
it occurs rarely, if ever, in unburned habitat 
(Swanson et al. 2011, DellaSala et al. 2014). 
For example, some moss and lichen species 
are relatively restricted to severely burned forest 
conditions (Ahlgren and Ahlgren 1960), as are 
the fire morel mushroom (Morchella elata) and 
Bicknell’s geranium (Geranium bicknellii) in for-
ests throughout the West (Heinselman 1981, 
Pilz et al. 2004). The black- backed woodpecker 
(Picoides arcticus) is emblematic of a species 
that is relatively restricted to early successional 
conditions created by high- severity fire (Hutto 
1995, Dixon and Saab 2000, Hoyt and Hannon 
2002). Black- backed woodpeckers are attracted 
to postwildfire conditions because of the abun-
dance of larvae of a number of wood- boring 
beetle species that are attracted to the fire- killed 
trees (Murphy and Lehnhausen 1998, Rota et al. 
2015). Several of these beetle species are them-
selves relatively restricted to recently burned 
forests (Saint- Germain et al. 2004a,b, Boucher 
et al. 2012). Importantly, black- backed wood-
peckers are significantly more likely to occur 
in the more severely burned portions of a 
mixed- severity fire (Hutto 2008, Latif et al. 
2013). Although black- backed woodpeckers are 
known to occur outside severely burned forests 
on rare occasions, detailed study of survival 
and reproductive success shows that they ex-
hibit growing populations only in forests re-
cently burned by summer wildfires (Rota et al. 
2014). The adaptations of thick bark, branch 
shedding, and serotiny in Pinus are thought 
to have evolved in response to a period of 
more intense crown fires in the mid- Cretaceous 
(He et al. 2012), and those adaptations also 

reflect the severe- fire backdrop against which 
pine, Douglas- fir, and larch are thought to 
thrive.

Many additional animal species, while not as 
narrowly restricted to burned forest conditions, 
clearly benefit from the burned forest conditions 
created by severe fires in mixed- conifer forests 
throughout the West (Hutto et al. 2015). For ex-
ample, nest survival of white- headed woodpeck-
ers is significantly higher in burned (wildfire) 
compared to unburned forest (Hollenbeck et al. 
2011, Lorenz et al. 2015). In aquatic systems, se-
vere fire events can rejuvenate stream habitats by 
causing large amounts of gravel, cobble, woody 
debris, and nutrients to be imported, resulting in 
increased production and aquatic insect emer-
gence rates (Benda et al. 2003, Burton 2005, Mal-
ison and Baxter 2010, Ryan et al. 2011, Jackson 
et al. 2015). These changes can, in turn, affect 
food web dynamics in a way that results in high-
er growth rates in young trout, including young 
coastal cutthroat trout (Oncorhynchus clarkii 
clarkii) (Heck 2007) and rainbow trout (Oncorhyn-
chus mykiss) (Rosenberger et al. 2011). Indeed, 
nonnative fish populations declined and native 
trout densities increased 3 yr after a severe fire 
in the Bitterroot River watershed, Montana, in-
dicating that severe fire may help ensure ecolog-
ical integrity of some western streams (Sestrich 
et al. 2011). In addition, native amphibians such 
as boreal toads (Bufo boreas) thrive in areas that 
burn severely (Dunham et al. 2007, Hossack and 
Corn 2007) and use severely burned areas more 
than expected due to chance (Hossack and Corn 
2007, Guscio et al. 2008), as do some bat species 
(Buchalski et al. 2013).

These strong associations between organisms 
and severely burned forest patches suggests that 
many plant and animal species have evolved to 
rely on recurring severe wildfire events, and fur-
ther indicates that severe fire events are a natural 
and important part of the fire regimes associated 
with many western mixed- conifer forest types. 
In other words, if one or more species occupy 
severely burned forests to the exclusion of other 
forest types (and if they do not tend to occupy 
forests disturbed through artificial means), then 
a severely burned forest would have to be con-
sidered natural, and would necessarily lie with-
in the historical range of variation (Hutto et al. 
2008). Moreover, a more intimate understanding 



February 2016 v Volume 7(2) v Article e012555 v www.esajournals.org

HUTTO ET AL.

of the biology of those plants and animals (e.g., 
knowledge of dispersal processes and patterns, 
foraging ecology, home- range sizes) can provide 
insight into the historical spatial scales at which 
severe fire operated across the broader  landscape.

fIre hIStory StudIeS SuggeSt that Severe 
fIre IS an Integral component of moSt fIre 
regImeS

In addition to the definitive evidence provided 
above, a growing body of fire history infor-
mation points to the same conclusion—severe 
fire was historically, and is currently, an im-
portant component of many western conifer 
forest systems. At one end of the fire regime 
spectrum, conifer forests in the warmer, drier 
geographic areas in western North America are 
commonly characterized by frequent, low- 
severity fires that killed primarily juvenile trees 
historically, resulting in the maintenance of open 
pine forests with low densities of mature trees 
(Covington and Moore 1994a,b). Nevertheless, 
mixed and stand- replacement fires were possible 
even in these forest types after long inter- fire 
intervals, such as after an especially cold, wet 
period similar to what occurred during the 
Little Ice Age (Brown et al. 1999, Sherriff and 
Veblen 2007, Williams and Baker 2012, Odion 
et al. 2014, Hanson et al. 2015). At the other 
end of the fire regime spectrum, cooler, moister 
forest types, such as lodgepole pine forests, 
support fire regimes dominated by severe fire 
events (Brown and Smith 2000), although mixed-  
and low- severity fires are known to occur in 
these types as well (Barrett et al. 1991).

Between these two extremes lie the vast majori-
ty of mixed- conifer forest types in western North 
America. These include everything from the xe-
ric, low- elevation, mixed ponderosa pine and 
Douglas- fir forest types to mesic, high- elevation, 
spruce- fir forest types. Unlike the forest types 
that are dominated by either the absence or 
presence of severe fire, mixed- conifer forests are 
best characterized by fire regimes of variable, or 
mixed severity (see Baker 2009: fig. 7.1), which 
means that the presence of sizable proportions 
of the three classes of fire severity characterize 
the fires that burn in those forest systems (Sher-
riff and Veblen 2006, 2007, Baker et al. 2007, 
 Hessburg et al. 2007, Klenner et al. 2008, Perry 

et al. 2011, Schoennagel et al. 2011). Importantly, 
extreme weather (e.g., high temperature, low hu-
midity, high wind speed) rather than quantity of 
woody fuels often exerts the greatest influence on 
fire severity and extent across that broad range of 
mixed- conifer forest types (Johnson et al. 2003, 
Schoennagel et al. 2004, Lydersen et al. 2014, 
Williams et al. 2015). This means that, in con-
trast with the situation in low- elevation or xeric- 
type ponderosa pine forests in some areas of the 
southwestern United States (Keane et al. 2008), 
the amount of high- severity fire in other mixed- 
conifer forest types is less likely to have departed 
significantly from historical ranges of variability, 
even though those forests may have experienced 
measurable twentieth century changes in fuels 
due to fire exclusion, timber harvest, and cattle 
grazing (e.g., Baker et al. 2007, Dillon et al. 2011, 
Marlon et al. 2012, Miller et al. 2012, Odion et al. 
2014, Sherriff et al. 2014). We recognize the lack 
of relevant historical information on landscape- 
level distributions and spatial scales of differ-
ent classes of fire severity for many forest types 
and regions, but severely burned forest patches 
have probably always occurred naturally, even in 
pure ponderosa pine forests of the Southwest, as 
Cooper (1961) and Weaver (1943) described long 
ago. We also know that, at least throughout the 
northern half of the western United States, the 
extent of severe- fire patches must have been both 
substantial enough in area and frequent enough 
to support those plant (e.g., lodgepole pine) and 
animal (e.g., wood- boring beetle and woodpeck-
er) species that evolved to depend on severe fire 
itself or on the resulting severely burned forest 
conditions.

maIntaInIng ecologIcal IntegrIty meanS 
accommodatIng a broad Spectrum of fIre 
SeverItIeS, IncludIng Severe fIre and ItS 
aftermath, In moSt mIxed- conIfer foreStS

We have now established two important facts: 
severe fire (moderate- to- high burn severity) is 
a natural agent of disturbance in many mixed- 
conifer forest types, and such fire is thought to 
be ecologically necessary for the presence or 
success of many plant and animal species. These 
two facts make it clear that management to 
maintain the ecological integrity of any ecosystem 
that harbors species that depend on severe fire 
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as a disturbance agent will have to integrate 
severe fire and its effects into management goals. 
Moreover, if we better considered distribution 
patterns, home range sizes, movement patterns, 
and other animal adaptations that reflect the 
environment within which they evolved (e.g., 
Hutto et al. 2008), we could gain considerable 
insight into historical spatial scales under which 
severe fire operated as well. We are not ques-
tioning or attempting to discredit the evidence 
that some forest systems were historically dom-
inated by low- severity fire; rather, we are en-
couraging land managers to also pay close 
attention to maintaining amounts and distribu-
tions of higher severity fire consistent with eco-
logical integrity in our western mixed- conifer 
forests. The current science, management, and 
policy challenge for ecosystem managers is to 
estimate and incorporate amounts of low- , mod-
erate- , and high- severity fire in a manner that 
maintains ecological integrity (Hessburg et al. 
2007, Perry et al. 2011, Baker 2015).

While many fire ecologists understand the im-
portance of more severe fire in forest ecosystems, 
politicians and the public at large have yet to 
reach the same understanding. Recent increases 
in the amount of forested area burned by wild-
fire over the past three decades in western North 
American forests (Westerling et al. 2006, Denni-
son et al. 2014) signaling what many believe to be 
the emergence of a new age of megafires (Attiwill 
and Binkley 2013), has created increased move-
ment toward pre and postfire land management 
activities designed to reduce fire severity, mimic 
fire effects without the use of fire, or speed the 
recovery of a forest after fire. These activities may 
provide some societal benefits, but they can have 
real costs in terms of the way they negatively af-
fect the ecological integrity of mixed- conifer for-
ests born of mixed- severity fire. Removed from 
locations that pose a clear and immediate threat 
to human lives and property, the ecological costs 
associated with forest thinning may outweigh 
stated benefits by large margins. We highlight 
two types of land management (beyond fire sup-
pression itself) that can have significant negative 
effects on fire- dependent species and, therefore, 
can interfere with our ability to maintain the 
ecological integrity of fire- dependent conifer for-
ests: prefire fuel treatments and postfire salvage 
 logging.

Prefire harvest treatments
We know a great deal about the effects of 

fuel treatments and restoration harvests on 
forest structure and vegetation recovery, but 
we know little about the ecological effects of 
such treatments on the prefire responses of 
most plant and animal species, and virtually 
nothing about postfire responses of the most 
fire- dependent plant and animal species after 
a treatment subsequently burns in a wildfire. 
This is because such treatments are rarely ac-
companied by “ecological effects monitoring,” 
which, in contrast with implementation mon-
itoring (evaluating whether a management 
activity was implemented) and effectiveness 
monitoring (evaluating whether the manage-
ment activity achieved the stated goal), is 
specifically designed to address whether there 
are unforeseen negative ecological conse-
quences of a management treatment (Hutto 
and Belote 2013).

Fuel treatments designed to restore fire- 
prone ecosystems should do so in the proper 
fire regime context; more specifically, they 
should produce appropriate postfire plant 
and animal responses when fire returns to 
the forest. Thus, treatments appropriate for 
dry forests that were historically maintained 
by a low- severity fire regime may be inap-
propriate for forests maintained by a mixed- 
severity fire regime. One serious negative con-
sequence of canopy fuel reduction in forests 
that evolved with mixed- severity fire could 
be that fire- dependent species requiring high 
densities of large standing- dead trees cre-
ated by the severe- fire component may not 
recruit after a subsequent fire. For example, 
the fire- dependent black- backed woodpecker 
was found to be even less abundant in mixed- 
conifer forests that were thinned before fire 
than in the same forest types logged after fire, 
even though the two pathways support similar 
standing dead tree densities. This is probably 
because birds rarely colonize thinned forests 
that burn, but they still make the best of a bad 
situation when trees are removed after they 
have already colonized a densely stocked, 
severely burned forest (Hutto 2008). Recent 
 research on postfire soil conditions shows 
that soil C and N response following wildfire 
also depends on whether there have been fuel 
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treatments, so the assessment of fuel treatment 
effects needs to include postfire response and 
not simply postharvest response (Homann 
et al. 2015). It has been suggested (e.g., Frank-
lin and Johnson 2014) that variable- retention 
harvests could be designed to emulate early- 
seral conditions following natural disturbance 
events in forests born of mixed- severity fire, 
thereby avoiding the negative consequences 
associated with other tree harvesting meth-
ods. Unfortunately, that strategy is unlikely 
to satisfy the needs of those fire- dependent 
animal species that require high densities of 
fire- killed trees immediately following severe 
fire (Schieck and Song 2006, Hutto 2008, Reidy 
et al. 2014).

Postfire salvage logging
Salvage logging after fire is intended to re-

cover economic value of timber that would 
otherwise be lost, to ensure human safety, and 
to reduce the risk of future fires. Unfortunately, 
salvage harvesting activities undermine the 
ecosystem benefits associated with fire 
(Lindenmayer et al. 2004, Lindenmayer and 
Noss 2006, Swanson et al. 2011). For example, 
postfire salvage logging removes dead, dying, 
or weakened trees, but those are precisely the 
resources that provide nest sites and an abun-
dance of food in the form of beetle larvae and 
bark surface insects (Hutto and Gallo 2006, 
Koivula and Schmiegelow 2007, Saab et al. 2007, 
2009, Cahall and Hayes 2009). No fire- dependent 
bird species has ever been shown to benefit 
from salvage logging (Hutto 2006, Hanson and 
North 2008). The ecological effects of salvage 
logging on aquatic ecosystems are also largely 
negative (Karr et al. 2004). In fact, the demon-
strated negative ecological effects associated 
with postfire salvage logging are probably the 
most consistent and dramatic of any wildlife 
management effects ever documented for any 
kind of forest management activity (Hutto 2006). 
Therefore, because the National Forest 
Management Act and other legal mandates re-
quire public land managers to maintain the 
integrity of the larger ecological system, burned 
forests should perhaps be given special con-
sideration compared with green- tree forests. 
Specifically, they could receive a low priority 
ranking when it comes to timber harvest 

decisions (with the obvious exception of small 
harvests associated with roads and other areas 
where safety or infrastructure are legitimate 
concerns). Timber can be harvested from many 
green- tree forests in a manner that imposes 
relatively little ecological cost in comparison 
with the costs associated with logging in burned 
forest (Lindenmayer and Cunningham 2013).

how do we move toward a more 
ecologIcally Informed vIew of foreSt 
fIreS?

The ecological costs associated with some of 
the more commonly employed pre and postfire 
management activities in the western United 
States probably increase substantially as one 
moves from the low- elevation or xeric ponderosa 
pine or woodland forest types, where trees were 
widely spaced and severe fire historically played 
a spatially restricted role, to the broad array 
of more densely stocked mixed- conifer forest 
types, where severe fire historically played a 
major role. Therefore, a thorough understanding 
of the historical fire regime associated with any 
particular vegetation type or land area (as de-
termined from multiple lines of evidence con-
cerning regionally specific fire history) is 
critically important for land managers who 
concern themselves with the issues of wildfire 
risk, ecological restoration, or maintenance of 
the diversity of native species (Schoennagel and 
Nelson 2011). More specifically, quantification 
of appropriate fire rotations and proportions 
of low- , moderate- , and high- severity fire for 
any given forest landscape is critical for en-
lightened land management. For example, in 
some xeric ponderosa pine forest types, eco-
system restoration activities designed to decrease 
the severity of wildfire may be ecologically 
appropriate. The same management activities 
are not likely to be ecologically appropriate in 
many mixed- conifer forests, however, because 
key indicator species evolved to depend on 
significant amounts of severe fire in those forest 
types (Schoennagel et al. 2004, Hutto 2008, 
Klenner et al. 2008, Baker 2012, 2015, Williams 
and Baker 2012, Odion et al. 2014).

Land and fire managers are now facing future 
fires that many hypothesize will become larger 
and contain larger proportions of more  severely 
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burned patches under warming climate con-
ditions (Rocca et al. 2014). Problems associated 
with climate change, however, must be solved 
through efforts directed toward the causes of 
climate change and not toward the symptoms 
of climate change. Any perceived problem with 
future changes in fire behavior cannot be solved 
by redoubling our effort to treat this particular 
climate change symptom by installing wide-
spread fuel treatments that do nothing to stop 
the warming trend, and do little to reduce the ex-
tent or severity of weather- driven fires (Gedalof 
et al. 2005). Therefore, fuel management efforts 
to reduce undesirable effects of wildfires out-
side the xeric ponderosa pine forest types could 
be more strategically directed toward creating 
fire- safe communities (Calkin et al. 2014, Kenne-
dy and Johnson 2014). A management empha-
sis directed toward altering conditions in and 
immediately adjacent to human communities is 
very different from an emphasis directed toward 
treating massive amounts of fuel on more remote 
public lands. Fuel treatment efforts more distant 
from human communities may carry the nega-
tive ecological consequences we outlined earlier 
and do little to stop or mitigate the effects of fires 
that are increasingly weather driven (Rhodes and 
Baker 2008, Franklin et al. 2014, Moritz et al. 2014, 
Odion et al. 2014).

Public land managers face significant chal-
lenges balancing the threats posed by severe fire 
with legal mandates to conserve wildlife habitat 
for plant and animal species that are positively 
 associated with recently burned forests. Never-
theless, land managers who wish to maintain 
biodiversity must find a way to embrace a fire- 
use plan that allows for the presence of all fire 
severities in places where a historical mixed- 
severity fire regime creates conditions needed 
by native species while protecting homes and 
lives at the same time. This balancing act can be 
best performed by managing fire along a contin-
uum that spans from aggressive prevention and 
suppression near designated human settlement 
areas to active “ecological fire management” 
(Ingalsbee 2015) in places farther removed from 
such areas. This could not only save considerable 
dollars in fire- fighting by restricting such activity 
to near settlements (Ingalsbee and Raja 2015), but 
it would serve to retain (in the absence of salvage 
logging, of course) the ecologically important 

disturbance process over most of our public land 
while at the same time reducing the potential for 
firefighter fatalities (Moritz et al. 2014). Severe 
fire is not ecologically appropriate everywhere, 
of course, but the potential ecological costs asso-
ciated with prefire fuels reduction, fire suppres-
sion, and postfire harvest activity in forests born 
of mixed- severity fire need to considered much 
more seriously if we want to maintain those spe-
cies and processes that occur only where dense, 
mature forests are periodically allowed to burn 
severely, as they have for millennia.

Another integral part of moving toward an 
ecologically informed perspective of forest fire 
involves getting the public, politicians, and 
policy- makers to better recognize and appreciate 
the critical role that severe fire plays in many for-
est systems. This has been difficult, and this dif-
ficulty has been exacerbated by public messages 
about severe fire that are uniformly negative. 
Progress toward allowing fires to burn is difficult 
unless the public begins to receive a message that 
differs markedly from the message that Smokey 
the Bear is sending them now. Fires in our wild-
lands are fundamentally natural and beneficial, 
so we must learn to live in a way that allows nat-
urally occurring fires, including severe fires, to 
burn while minimizing risk to human property 
and lives (Calkin et al. 2014). That is a vastly dif-
ferent message from one that says severe fires are 
fundamentally bad and that we have to do ev-
erything in our power to prevent and suppress 
them, or from one that says severely burned 
forests are places where we should expedite ef-
forts to capture residual economic value through 
“salvage” logging. We challenge ecologists and 
managers to pay greater attention to the degree 
of variation in fire regimes within mixed- conifer 
forests and to recognize that prefire thinning and 
postfire “restoration” activities may not always 
be compatible with maintenance of the ecological 
integrity of conifer forests that depend on com-
plex mixed- severity fire disturbance.
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Introduction 
The Flammulated Owl has the distinction of being the only insectivorous and migratory 

owl in British Columbia. This small owl is distributed in western North America from 

Mexico north to British Columbia. In BC, Flammulated owls nest in the dry Douglas-fir 

forests of interior BC from May to September and migrate to the southern portions of 

their North American range for the winter.  

 

Flammulated Owls (FLOW) are blue-listed in British Columbia and nationally listed as a 

species of Special Concern (COSEWIC 2003). Threats to their nesting habitat are a 

primary concern. The Flammulated Owls demography and life history make it vulnerable 

to changes in nesting habitat quality and availability. Flammulated Owls require a 

complex of four habitat components to meet their nesting requirements.  These are thick 

shrubs or young trees for security, small grassy openings for foraging, large mature trees 

for roosting and snags with cavities for nesting (Reynolds and Linkhart 1992). All four 

habitat components should be available within the owl’s home range, which may range 

from 2.2-15.9 ha in size (Cannings and van Woudenberg, 2003). This complex is 

generally found in old or mature Douglas-fir forests with a variable and open stand 

structure.  Forest management activities, ecosystem restoration, prescribed burning or fire 

suppression may result in the loss of some or all of these critical nesting habitat 

components. Successful management of the FLOW nesting habitat complex requires 

integrating local information on nesting habitat requirements with these potential threats 

and identifying opportunities to maintain or improve nesting habitat.  

 

Background 
In British Columbia, Flammulated Owls have only been intensively studied in the 

Kamloops area. Inventory efforts expanded in the late 1990’s and confirmed the species’ 

presence in the Cariboo, Williams Lake, Lillooet, Merritt, Princeton and the Nicola 

Valley. The Rocky Mountain Trench was historically known as part of the species range, 

but its presence and distribution there were only confirmed through inventories 

conducted in 2000 and 2001 (van Woudenberg et al. 2000; Addison and Christie 2002). 

Prior to the current study, two FLOW nest sites had been found in the East Kootenay.  
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One nest was discovered during a cavity nesting study and another was located during 

nest searches conducted in 2001 (Addison and Christie 2002). Both nests were located on 

Grainger Mountain near the Whiteswan Rd. Surveys conducted in 2000 and 2001 

detected owls on several transects in the region but resources were inadequate for more 

detailed work locating nests and describing nesting habitat.  

Several habitat management activities underway in the East Kootenay may have negative 

affects on FLOW and their nesting habitat. Thinning and prescribed burning are being 

used to decrease the effects of forest ingrowth from fire suppression. Management 

treatments to restore and maintain Ungulate Winter Range may also degrade FLOW 

habitat. Snag availability and recruitment can be reduced by firewood cutting and forest 

management activities. 

 

Objectives 
 
The goal of this study was to obtain additional information on the distribution, numbers 

and nesting habitat requirements of Flammulated Owls in the East Kootenay. The 

objectives of this study were to: 

 
1) Inventory FLOW using call playback surveys on previously identified transects in 

the East Kootenay 

2) Search areas with calling owls to locate nest trees 

3) Document nesting habitat characteristics in the East Kootenay 

 

 

Methods 
Study Area 
 
The study area extended from the Wildhorse River near Fort Steele north to Mt Swansea 

near Invermere. The study area consisted of seven survey transects which had been 

previously selected and surveyed in 2000 and or 2001 (Addison and Christie 2002). All 

transects were located on the east side of the Kootenay trench with surrounding habitat 

consisting of mature or old forests in the Interior Douglas-fir Biogeoclimatic zone. 
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Transects with previous owl detections (in 2000 and 2001) and located between 

Cranbrook and Invermere were selected for the study. 

 
Call Playback surveys 
 
Call Playback surveys were used to determine the number and location of calling male 

Flammulated Owls. Survey methods followed the RIC raptor survey standards as used by 

van Woudenberg et al. (2000) and Addison and Christie (2002). Survey transects ranged 

from 4-12km in length with call playback stations located every 500m along the transect. 

At each station surveyors listened for spontaneously calling owls for five minutes. If no 

FLOW were heard during this period a 30sec recording of FLOW calls was played on a 

portable stereo followed by 1 minute of listening for response calls. The recording was 

played up to three times at each station. For each owl detected during the surveys we 

recorded: the compass bearing of calls, the estimated distance of calls, the species of owl, 

and whether calls were spontaneous or induced. GPS locations were taken at each survey 

station and calling owl locations were plotted on 1:20,000 forest cover maps following 

surveys.   

 
Call Playback surveys for Flammulated owls were conducted between May 22 and June 

6, 2003 on 8 transects. Surveys were conducted between 22:00 and 03:00 hours. Weather 

conditions were recorded during surveys and surveys were aborted if wind or rain 

conditions hampered our ability to hear or locate owls. Our objective was to survey each 

transect once under ideal survey conditions. The Mt Swansea transect was repeated on 

June 6 because of windy conditions encountered on May 30. The Whiteswan transect was 

surveyed over two days due to its length.  

 

Locations of calling owls were plotted on 1:20,000 scale maps. Preliminary estimates of 

minimum numbers of owls and their density (estimated number of individuals/km of 

transect) on the transects were derived from the survey data.  These estimates provide an 

index of the owl population at transects but do not indicate absolute population numbers. 

Numbers of calling males detected can change based on breeding status of males, and can 

be inflated by non-resident owls migrating through the area.  
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Mapping of the data revealed apparent “clusters” of owl detections which subsequently 

proved to be repeat detections of the same bird, heard from different stations. The number 

of spontaneous versus elicited responses was noted. Owl numbers and densities presented 

are estimates based on preliminary surveys.  

 

 

Nest Searches 

Follow up nest searches were conducted in areas that had high potential for FLOW 

nesting based on call playback surveys and habitat characteristics. Sites where owl calls 

were close to survey stations were given a higher priority for searching because plotted 

owl locations were likely to be more accurate than distant calls. Owl clusters where owls 

were heard from 2 or more survey stations were also given a higher priority for nest 

search efforts. Survey data from 2000/2001 was also considered and sites that had been 

occupied by owls over multiple years were given a high priority because territory 

occupancy may be an important indicator of habitat quality (Linkhart and Reynolds 

1997). The Whiteswan transect was not the focus of major nest search efforts in 2003 

because 2 nests had been previously found there 

During nest searches we recorded waypoints with the GPS at regular intervals, checked 

all potential nesting snags encountered (by scraping the tree) and recorded snag species, 

the diameter at breast height (dbh), decay class and cavity presence. We also noted the 

general quality of foraging, roosting and security habitat encountered during nest 

searches.  

 
 
Nesting habitat characteristics 

We returned to nest trees to document nesting habitat 3-13 days after nests were 

located. Nest trees were described according to British Columbia Resource Inventory 

Committee Standards. Habitat parameters at each nest tree were recorded and included 

the type of structure, the aspect of the nest site, and the height of the nest above the 

ground. Nest trees themselves were classified using the tree attributes for wildlife codes 

for Appearance, Crown condition, Bark retention and wood condition following the 

standards of ‘Field Manual for Describing Terrestrial Ecosystems’ (Ministry of Forests 
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and Ministry of Environment 1998).  Nest tree species, dbh, height, and decay class were 

also recorded. 

Forest structure around nest trees was determined by establishing nested 7.98-m 

radius (0.02 ha) and 25-m radius (0.19 ha) plots centred on the nest tree. All plots were 

measured using slope corrected distances. Site characteristics recorded for the 25-m 

radius plot include the elevation, slope, aspect and topography. Structural stage was 

described using the following categories: shrub; pole/sapling; young forest; mature forest; 

and old forest (Ministry of Forests and Ministry of Environment 1998).   

Detailed vegetation characteristics were measured within the 7.98-m radius plot. 

The percentage cover of each plant species occurring in the tree, shrub, herb and moss 

layers was estimated (Ministry of Forests and Ministry of Environment 1998).   

Tree and stand structural characteristics were measured within the 25-m radius 

plot. Tree species, diameter at breast height (dbh), tree height and top condition were 

determined for all trees with a dbh >10 cm within this plot. The height of one tree from 

each layer was measured using a clinometer and meter tape, and then estimated for the 

remaining trees. Snags and live trees with potential nesting structures within the plot were 

classified using the tree attributes for wildlife, categories for Appearance, Crown 

condition, Bark retention and Wood condition and Wildlife Use (Ministry of Forests and 

Ministry of Environment 1998). For trees < 10 cm in dbh, stem density was recorded 

within the 25-m radius plot for each tree species.  

Coarse woody debris (CWD) was assessed in the nest patch by establishing one 

25-m radial transect. CWD diameter and decay class was measured for each piece > 7.5 

cm in diameter crossing the transect line (Ministry of Forests and Ministry of 

Environment 1998). Summary variables describing live tree and snag density height and 

diameter were calculated for each nest site. These data, in addition to describing the 

present stand structure, also provide some insight into stand dynamics creating this 

structure.  

  

Results 
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Call Playback surveys 
 
A total of 105 Flammulated owl detections were heard on 56 km of survey transects 

(Table 1). We estimate these detections to represent a total of 64 individual owls. 

Densities ranged from 0.8 to 2.0 owls per km and averaged 1.1 birds/km. The highest owl 

densities were recorded at the Brewery Creek and Mt Swansea transects (Table 1).  This 

density is not representative of the East Kootenay as a whole because our surveys were 

focused on the best Flammulated Owl areas identified in previous surveys in 2000 and 

2001 (van Woudenberg et al. 2000 and Addison and Christie 2002).  

The majority (82%) of Flammulated Owls heard were calling spontaneously; only 18 % 

of all detections were elicited by playing a recording. We found that elicited responses 

were more numerous during poor survey conditions when spontaneous calls were 

difficult to hear. We also found that elicited owl calls tended to be more mobile.  

 

Barred Owls, Great Horned Owls and Northern Pygmy Owls were also heard during call 

playback surveys.  A total of seven Barred Owls were heard from 4 of the 8 transects.  On 

the Brewery Creek and Lakit transects Barred owls were heard calling very close to 

Flammulated Owl calling locations (Figures1, 7).  On the Whiteswan and Lazy Lake 

transects, however, Barred Owls were located on parts of the transect that had few or no 

Flammulated Owls (Figures 3, 5).  

 

Common Poorwills were heard calling at 4 stations on the Lakit transect (LK5, SG1, 2, 

3).  As there are few records of this species in the East Kootenay details of Common 

Poorwill detections are described in Appendix 2. Poorwill calls appeared to be associated 

with extensive antelope brush /boulder habitat with well developed leaf litter.  

 
 
 
 
Nest Search Efforts and Results 
 
A total of 98 person hours of nest searching was conducted at 13 owl cluster locations 

(Table 2).  Of the 13 sites that were searched, 9 (69%) had all of the nesting habitat 

features required for Flammulated Owls. Four nest trees were located. At the other four 
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sites, owls were calling from locations that lacked some nesting habitat features. At the 

Whiteswan 8 km site an owl was heard calling from the searched location repeatedly on 2 

survey dates. The site had regenerating forest on the lower slope with a couple of very 

obvious emergent snags. The understory at this site was thick and shrubby and not 

suitable for foraging. At the Lazy Lake 4 km site a FLOW was heard calling at the site 

from 5 different locations. The owl locations were up to 500m apart so it is possible that 

there was some location error or that the owl was moving around at this site (Figure 3). 

We found all components of FLOW nesting habitat at this site but not in close association 

with each other. Locations with foraging and security cover lacked snags and vice versa. 

At the Mt Swansea 2.5 km site we had multiple owl detections close to the survey station 

but the calls were responses to broadcast calls and the bird appeared to be moving and 

following the recording (Figure 4). There was a lack of suitable snags and foraging 

habitat in the area searched. At the Brewery Creek 4.5 km site we heard two owls calling 

from two stations. Barred owls were heard in the area, and the denser forest and thick 

shrub cover on the lower portions of this site appeared more suitable for Barred than for 

Flammulated Owls (Figure 1a).  

 

As a result of these nest search efforts, 9 of the 13 owl cluster sites identified were 

recommended as candidate WHAs for Flammulated Owls. These sites include the four 

nest sites found, as well as five additional stands (Table 2). Due to time limitations we 

could not survey many areas that had high potential for nesting.  

 

Owl Behaviour at nest sites 

Nest occupancy was observed from June 19 to July 16 (Table 3). Owls responded quickly 

to scratching of the snags by appearing at the cavity entrance. They responded readily to 

scraping of nest trees in both the morning and afternoon (Table 3).  At the Brewery Creek 

nest the owl reacted to the noise of falling rocks and appeared at the nest cavity before 

the snag was scraped.   When we returned to nest trees, 3-13 days later, owls were still 

present at nests and were visible at the nest cavity briefly when we were close to the nest 

tree. 
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Nesting habitat characteristics 
 
FLOW nests were located in trees ranging from 36.9 to 58 cm in diameter and 5.5 to 22 

m tall. Three nest trees were dead (Appearance codes 3-5) and one tree was live but 

declining (Appearance code 2) (Table 4) Nesting snags all had a high proportion of 

remaining branches (See Photos Appendix 3). The live nest tree had a broken top and 

decay in the bole of the tree. Nest trees were classified as decay classes 2, 3 and 5 and 

Appearance codes 2, 4 and 5 (Table 4). 

Nesting cavities appeared to be Pileated woodpecker cavities due to the large size of 

cavity openings.  At Mt Swansea the cavity had a distinctive keyhole cavity shape. Nest 

cavities were located from 3.9 to 10 metres above the ground. The three Douglas-fir nest 

trees all had broken tops and nest cavities were located just below the top of the snag or 

tree. The Ponderosa Pine nest snag had an intact top and the nest cavity was located about 

half way up the tree. Nest cavities were oriented to the east, south and west (Table 4 ).  

Flow nest sites were located between 1068 to 1156 m elevation. All nest sites were on 

steep slopes (62-78%) with south to west aspects (Table 5). Habitat at nests were 

classified as drier site associations of the Kootenay dry mild Interior Douglas-fir variant 

(IDFdm2) (Braumandl and Curran 1992). Three nest sites were classified as subxeric/ 

submesic site associations (IDFdm2-03) and one site was classified as xeric (IDFdm2-

02). All nest sites were in mature or old structural stages (structural stage 6 and 7 

respectively). FLOW nest stands had low to moderate canopy cover (10-32%) of 

predominantly Douglas-fir. Shrub cover at nest stands ranged from 14-66%. Dominant 

shrub species were Douglas-fir, Saskatoon (Amelanchier alnifolia), Soopolalie 

(Shepherdia canadensis) common and rocky mountain juniper (Juniperus communis, 

Juniperus scopulorum). Herb cover at nest sites ranged from 14-41% with Bluebunch 

wheatgrass (Agropyron spicatum) dominant at all sites. Tree density (>10 cm dbh) at nest 

plots ranged from 361-621 stems per hectare (Table 6).. Lazy Lake and Mt Swansea nest 

plots were considered mature structural stage stands and both were dominated by smaller 

diameter stems < 40 cm in dbh (Figure 9). Mt Swansea had the lowest densities of trees < 

10 cm (Table 6) and also low frequency of trees in the 10-15 cm dbh category as seen in 

the frequency histogram (Figure 9). Trees in the smallest diameter class (<10cm) ranged 
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in density from 15/ha at Mt Swansea to 1065 at Maus Creek. Brewery Creek and Maus 

Creek had a wider range of stem diameters represented in the stands and were the only 

plots with stems in the 50-69cm and >70 cm diameter classes (Table 6, Figure 9). Despite 

the differences in tree size frequency among sites, the average stem diameter (for stems 

>10cm dbh) was consistent across all four sites ranging from 19.4 to 21.1 cm (Figure 1). 

Standard deviation in tree diameter was higher at Maus Creek and Brewery Creek (old 

structural stage) than Mt Swansea and Lazy Lake (mature structural stage). Snag density 

ranged from 15-76 snags >10cm dbh/ha. Mt Swansea which had the lowest tree density 

had the highest density of snags. Average snag diameter ranged from 21.9 to 47.9 cm 

dbh. Preferred habitat characteristics for Flammulated Owl nesting habitat include the 

presence of large snags >64 cm in dbh or at a minimum snags >35cm dbh (Cannings and 

van Woudenberg 2003). Larger snags (> 35cm in dbh) were present all of the four nest 

plots (Table 6). Snags at all sites averaged <10m in height except at Maus Creek where 

all snags were >35cm in dbh and averaged 18.7 m tall. 

 

 

 

Discussion 
 
Owl detections 
Call playback surveys detected owls on all transects surveyed in 2003 which is consistent 

with the results from 2000/2001 surveys.  Many of the calling owl locations from 2003 

overlapped with locations from 2000 and 2001. To facilitate comparisons in future years 

a database of survey and owl location data should be maintained. The estimates of owl 

detections per km are preliminary. These numbers are intended for comparison among 

transects and should not be extrapolated to other areas. Relative population numbers 

could be determined with repeated call playback surveys combined with stratification of 

sampled habitat (RIC 2001). 
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Nest Searches 
 
Nest search efforts were highly successful in 2003. The potential for locating more nests 

is high and can be done cost effectively. We were not able to search all of the potential 

owl clusters and calling male locations identified in the study. Many of the potential 

search areas were also occupied in 2000/2001. Nests were located in 4 of 9 areas 

searched that had suitable nesting habitat. It is possible that nests were missed at these 

sites due to early failure of nests, or failure of the owls to respond to scraping of Wildlife 

trees. Search efforts could be improved by conducting repeated call playback surveys to 

identify mated males that stop broadcasting calls once the nest is established (van 

Woudenberg 1999). This would better identify the timing of nest initiation and ensure 

that searches were conducted during the brood period when females will appear at the 

cavity entrance.  If nest location is a major goal of future surveys it would be beneficial to 

locate calling stations closer to potential nesting locations whenever possible. This would 

decrease the error in triangulating bird calling locations.  

We identified 4 locations where calling males were heard in habitat that was not suitable 

for nesting. Unmated male owls are known to continue calling late into the breeding 

season (van Woudenberg 1999). These locations had snags but the snags were within a 

forest context unsuitable for foraging and/or security. Unmated males may call from 

these sites due to a lack of suitable nesting habitat and fail to attract mates in these 

locations.   

 
Nesting characteristics in the East Kootenay 
 
Throughout North America Flammulated Owls are reported to nest in Pileated 

Woodpecker and Northern Flicker cavities in Ponderosa Pine and Douglas-fir snags and 

live trees (van Woudenberg 1999). The nest trees in this study are consistent with this 

trend. Other studies have indicated a preference for Ponderosa Pine snags in Oregon and 

in the Kamloops area (Bull et al. 1990, van Woudenberg 1999). In this sample 3 of 4 

nests were in Douglas-fir wildlife trees and these nest stands lacked Ponderosa Pine 

wildlife trees. Our observations during nest searches indicate that Douglas-fir snags were 

more abundant at our study areas than Ponderosa Pine. However, Ponderosa pine 

Wildlife trees generally have more cavities especially Pileated Woodpecker Cavities.  
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Preference of snag species is difficult to determine with only 6 known nest sites in the 

East Kootenay (3 Douglas-fir and 3 Ponderosa Pine).  

 
Nest trees in this study (range 36.9-58 cm dbh) were slightly smaller in diameter than 

sizes reported for the Kamloops area (mean 60.6 range 49-82cm Cannings and van 

Woudenberg 2003). Trees and snags in the 35-60 dbh range can contribute important 

nesting and roosting habitat in this area. Nest plots at two sites had no trees >50cm 

available. DBH in itself is not important as long as the tree provides the cavity structure 

and crown closure needed for nesting and roosting (Table 6). Nest cavity height was 

similar to that reported for Kamloops (mean 8.9m Cannings and van Woudenberg 2003).  

 

The topography of FLOW nest sites in the East Kootenay is consistent with data reported 

for other locations (Bull et al 1990). Nests were in a limited elevational band from 1060 

to 1160m that coincides sub-xeric and sub-mesic sites on steep slopes with west to south 

aspects. Slopes at nest stands in the East Kootenay were steeper than described for the 

Kamloops area (van Woudenberg 1999).  The three steepest nest stands has small talus 

streams creating grassy openings, a feature that was also observed at nest sites in the 

Cariboo area (van Woudenberg 1999).  The specific elevation and topography of FLOW 

nest sites may occur because these conditions are predictors of dryer site associations 

where ideal stand structure occurs. The use of steep terrain on warm aspects may also 

provide warmer less humid micro-climates that are optimal for nocturnal foraging 

(vanWoudenberg 1999). Steep slopes are generally inaccessible to firewood cutters and 

may have high densities of potential nesting cavities. 

 

The density if stems>10cm dbh ranged from 361-621 stems/ha in East Kootenay nest 

stands. Comparison of densities across studies is difficult when the dbh cut-off is not 

given but this range appears similar to numbers reported for New Mexico (504-589) and 

Oregon (330) (McCallum 1994). In Kamloops nest stands had densities ranging from 

2472-2837 stems/ha including stems <10cm dbh (van Woudenberg 1999). For 

comparison the East Kootenay nests range from 376-1686 stems/ha when all stems 

<10cm are included. Stem density was highly variable among the four nests. At the low 
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range Mt Swansea had very low <10 cm stem density and a low frequency of stems 10-

15cm in dbh. This structure was the result of burning and thicket removal done at the site 

15-20 years ago to improve ungulate winter habitat (P. Davidson pers.com.). Although 

there were no thickets adjacent to the nest tree there was a very large thicket about 30m 

away (outside of the nest plot). The low stem density at the Mt Swansea nest would 

probably not be adequate for nesting without the security provided by the adjacent 

thicket.  

 

Ungulate winter range management guidelines recommend restoring stand structure to 

either Open range (5-75 stems per hectare) or Open forest (76-400 stems per hectare), 

however the minimum stem dbh for these rules is not known Both of these stem densities 

are well below the stand densities reported for FLOW nests in the East Kootenay and 

elsewhere. UWR objectives are likely to degrade the present habitat suitability for FLOW 

in the East Kootenay. Interim guidelines for maintaining FLOW habitat given these 

conflicting management objectives should be developed to maintain current habitat 

suitability.  Additional research on nesting productivity in relation to stem density 

treatments is needed to recommend a management strategy.  

 

Snag density at nest sites ranged from 20-82 snags per hectare for all snags and 5-

20/hectare for large snags (>35cm dbh). There is little information on snag densities at 

FLOW nest sites in the literature other than a recommendation of 5 snags/hectare for 

Washington (Hays and Roderick 2002). More information on snag density at nest sites is 

needed in order to maintain current habitat suitability and ensure that management 

activities will recruit snags for future habitat suitability 

 
Recommendations 
The results of this study provide some preliminary information on stand densities and 

structure of nesting sites. We recommend three potential goals/objective for future 

research that would address the most important information needs for Flammulated Owls. 

 
 
1) Continue inventories to increase the sample size of known nests. 
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Further inventory is needed to provide a larger sample of nest sites over a wider 

distribution in the East Kootenay. A large sample of nest sites is necessary for rigorous 

analyses of nesting productivity and habitat selection (recommendations 2,3). Survey 

transects should be stratified among habitat types to better determine owl abundance and 

to eliminate bias in sampling and nest search efforts. Basic information on the slope, 

elevation, aspect, age class and Biogeoclimatic site associations could be used to map 

potential nesting habitat and stratify habitat into simple rankings (high medium low).  

 
2) Collect data on owl productivity to determine habitat quality. 

 
There is a need for detailed information on the characteristics of nesting stands and 

landscapes needed for Flammulated Owls. Ideally information on owl productivity 

(Reproductive success, survival) would be used in conjunction with nesting habitat data 

to determine habitat quality. Reproductive success could be determined by monitoring 

known nest sites later into the breeding season. Observations made at night could 

determine if hatching is successful based on feeding visits and fledgling numbers. An 

alternative to monitoring reproductive success is to monitor territory occupancy. When 

measured over long time frames territory occupancy was linked with habitat quality 

(Linkhart et.al. 1998).  Re-use of territories is apparent for the two FLOW nests found in 

1999 and 2000 (T. Antifeau pers. comm.). Many owl locations from the 2003 survey 

overlap with 2000 and 2001 survey results.  The use of consistent survey locations and 

annual mapping of owl detections would facilitate territory occupancy determinations. 

Observation protocols that minimize disturbance to nesting owls should be developed for 

productivity assessments. 

 

 

3) Test for nesting habitat selectivity across a range of spatial scales 

Habitat sampling can be structured to determine use vs. availability of habitat features. 

This generally involves sampling habitat at nests and at random sites. Patch level 

selectivity can be measured by comparing nest plots to randomly located plots within the 

nest stand. Stand level selectivity can be measured by comparing stands with nests to 

randomly selected adjacent stands. Air-photo interpretation may be appropriate for 
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measuring the complexities of forest structure at the stand level (Waterhouse et. al. 2002). 

Landscape level selection can be tested by measuring the proportion of habitat types 

within 500m radius circles centred on nest sites and random sites. Habitat selection across 

these spatial scales can identify structures required for nesting and the habitat contexts 

they should be provided in. This information can then contribute to management 

strategies or activities operating at each spatial scale.  

East Kootenay Flammulated Owl Surveys 2003 14 



Literature Cited 
Addison, C. and D. Christie 2002 Final Report, Year 2: 2001 Flammulated Owl 
Inventory of the Rocky Mountain Trench. 
 
Braumandl, T.F. and M. Curran 1992. A Field Guide for site identification and 
interpretation for the Nelson Forest Region. Ministry of Forests Land and Management 
Handbook No. 20 
  
Cannings, R.J. and A.M van Woudenberg 2003. Flammulated Owl Species Account. 
Standards for managing Identified Wildlife. 
 
Committee on the status of Endangered Wildlife in Canada (COSEWIC) 2003. Canadian 
Species at Risk 

Howie, R.R. and R. Ritcey. 1987. Distribution, habitat selection, and densities of 
flammulated owls in British Columbia. P. 249-254 in Biology and conservation of 
northern forest owls. USDA For. Serv. GTR-RM-142. Fort Collins, CO. 

Linkhart, Brian D., and Richard T. Reynolds. 1997. Territories of flammulated owls: is 
occupancy a measure of habitat quality? Pages 250-254 in James R. Duncan, David H. 
Johnson, and Thomas H. Nichols, editors. Biology and conservation of owls of the 
northern hemisphere. USDA Forest Service General Technical Report NC-190. 

Ministry of Forests and Ministry of Environment 1998. Field Manual for describing 
Terrestrial Ecosystems. Land and Management Handbook No. 25  
 
Resources Inventory Committee. 2001 Inventory methods for raptors (Standards for 
components of British Columbia’s biodiversity; no. 11).  http://www.for.gov.bc.ca/ric 
 

Reynolds, R.T. and B.D. Linkhart. 1992. Flammulated owls in ponderosa pine: evidence 
of preference for old growth. P. 166-169 in the Southwest and Rocky Mountain regions: 
Proceedings of a workshop (M.R. Kaufmann, W.H. Moir, and R.L. Bassett, tech. 
coords.). USDA For. Serv. General Technical Report RM-213. 

 
van Woudenberg, A. 1999. Status of the Flammulated Owl in British Columbia. BC 
Ministry of Environment Lands and Parks, Wildlife Branch  WR-95 
 
van Woudenberg, A.,  D. A. Christie  and D. Erikson. 2000. Progress Report:2000 
Flammulated Owl Inventory of the Rocky Mountain Trench. Report to HCTF and MELP 
Region 4 December 2000 12 pp. 
 
Waterhouse, F.L.; R. Bradley; J. Markila; F. Cooke; and L. Lougheed. 2002. Use of 
Airphotos to Identify, Describe, and Manage Forest Structure of Marbled Murrelet 
Nesting Habitat at a Coastal British Columbia Site. Technical Report TR-016. Research 

East Kootenay Flammulated Owl Surveys 2003 15 



East Kootenay Flammulated Owl Surveys 2003 16 

Section, Vancouver Forest Region, BC Ministry of Forests. Nanaimo, BC. 
http://www.for.gov.bc.ca/rco/research/wildlifereports/tr016.pdf 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.for.gov.bc.ca/rco/research/wildlifereports/tr016.pdf


Table 1.  Summary of Flammulated Owl Call playback survey effort and owls detections. 
 
 
 
Transect 

Date 
surveyed 

Transect 
length km  

# of stations 

FLOW 
Total 

detections 

FLOW 
Spontaneous 

detections 

FLOW 
Elicited 

detections 

Other Owls 
Species-#  

Estimated 
Flammulated Owl  

number 
 density 

Maus Creek 
 

May 22 4.5 km 
10 stations 

11 11 0 0 6 
1.3 

Lakit 
 
 

May 27 8 km 
15 stations 

11 7 4 BAOW-1 8 
1.0 

Brewery 
 
 

May 28 4.5 km 
10 stations 

16 16 0 BAOW-2 9 
2.0 

Wolf Creek 
 
 

May 26 5.5 km 
 11 stations 

11 9 2 0 6 
1.09 

Lazy Lake 
 
 

May 23 7.5 km 
13 stations 

13 12 1 BAOW-1 
NPOW-1 

6 
0.8 

Mt Swansea 
 
 

May 30 
June 6 

4.5km 
10stations 

13 10 3 0 9 
2.0 

Whiteswan 
 
 

May 29 
June 3 

12 km 
24 stations 

25 20 5 BAOW-3 
GHOW-2 
NPOW-2 

16 
1.3 

Columbia 
Lake 

June 6 2.5km 
4 stations 

5 1 4 0 4 
1.6 
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Table 2.  Summary of nest search efforts for Flammulated owls, East Kootenay 2003 
 

Location Date Habitat suitability- comments Search 
outcome 

Whiteswan 
Rd 

8km site 

June 
19 

Poor foraging roosting and 
nesting. Some Pp snags but few 

cavities 

- 

Lazy Lake 
7.5 km site 

July 
3 

Very good foraging and security 
habitat. Douglas-fir snags for 

nesting are patchy 

Nest 
WHA 

recommended 
Lazy Lake 
6 km site 

July 
3 

Very good nesting, foraging and 
security habitat 

WHA 
recommended 

Lazy Lake 
4 km site 

July 
8 

Good snags are in rocky areas, 
some small grassy patches but 

these lack snags 

- 

Maus Creek 
upper site 

July 
9 

Excellent habitat, large Pp snags 
and abundant cavities 

Nest 
WHA 

recommended 
Maus Creek 

lower site 
July 
14 

Excellent habitat. Pp snags 
abundant cavities 

WHA 
recommended 

Mt Swansea 
1 km site 

July 
10 

Excellent foraging habitat, 
security and nesting habitat are 

present but not abundant 

Nest 
WHA 

recommended 
Mt Swansea 
1.5 km site 

July 
10 

Very good nesting, roosting, 
foraging and security habitat 

WHA 
recommended 

Mt Swansea 
2.5 km site 

July 
10 

Poor foraging and nesting habitat 
in this area 

- 

Brewery 
Creek 

1km site 

July 
11 

Very good nesting, roosting 
foraging and security habitat 

Nest 
WHA 

recommended 
Brewery 

Creek 
4.5 km site 

July 
11 

Lower slope is wetter with thick 
shrub under story. Upper slope 

lacks suitable snags and cavities 

- 

*Columbia 
Lake 

2km site 

July 
15 

Good nesting, foraging and 
security habitat 

WHA 
recommended 

*Columbia 
Lake 

3.5 km site 

July 
15 

Good nesting habitat, very good 
foraging and security habitat 

WHA 
recommended 

   
* These sites are within a Provincial park and WHAs may not apply to this area  
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Table 3.  Time and dates of Owl observations at nest cavities 
 
Nest site Date Time  Owl behaviour 

*Whiteswan 
upper 

June 19 ~ 10:30 Visible after 
scratching 

snag 
*Whiteswan 

Lower 
June 19 ~09:00 No owl 

present  
Lazy Lake 

 
July 3 ~9:20 Visible after 

scratching 
snag 

Lazy Lake 
 

July 16 08:30-12:00 Visible briefly 
during habitat 

plot 
Maus Creek 

 
July 9 12:30 Visible after 

scratching 
snag 

Maus Creek 
 

July 14 13:00-16:30 Visible briefly 
during habitat 

plot 
Mt Swansea 

 
July 10 8:20 Visible after 

scratching 
snag 

Mt Swansea 
 

July 15 13:30-16:00 Visible briefly 
during habitat 

plot 
Brewery Creek July 11 8:55 Owl visible on 

hearing our 
approach 

Brewery Creek July 14 08:00-12:00 Visible briefly 
during habitat 

plot 
    

 
* nests discovered prior to 2003  
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Table 4.  Characteristics of 4 Flammulated Owl nest trees in the located in the East 

Kootenay 2003. 
 
 
 

Lazy Lake Brewery Creek Maus Creek Mt. Swansea 

Tree Species Douglas-fir Douglas-fir Ponderosa 
Pine 

Douglas-fir 

Tree dbh 
(cm) 

 

42 58 53.4 36.9 

Nest tree 
height (m) 

7.2 9 22 5.5 

Nest cavity 
height (m) 

7 8.5 10.5 3.9 

Nest cavity 
Orientation 

(degrees) 

192 310 210 98 

Decay Class 
 

3 3 5 2 

Appearance 
code 

4 
top broken 

4 
top broken 

5 
top intact 

2 
top broken 

Crown 
Condition 

4 4 4 2 

Bark 3 
5-25% lost 

2 
<5% lost 

4 
26-50% lost 

2 
<5% lost 

Wood 
Condition 

 

4 
mostly hard but 
decay spreading 

3 
limited decay 

5 
balance of 

hard and soft 
wood 

3 
limited decay 

     
 
* For definitions of Appearance, Crown condition, Bark retention and Wood condition 
see Field Manual for Describing Terrestrial Ecosystems’ (Ministry of Forests and 
Ministry of Environment 1998). 

East Kootenay Flammulated Owl Surveys 2003 20 



 
Table 5.  Characteristics of 4 Flammulated Owl nest sites in the located in the East 

Kootenay 2003. 
 
 
 

Lazy Lake Brewery Creek Maus Creek Mt. Swansea 

UTM ZEN  11U 599730 
5520293 

11U 601346 
5502920 

11U  602338 
5449262 

11U 574358 
5593290 

Slope 
% 

70 78 62 73 

Aspect 
(degrees) 

260 180 230 190 

Elevation 
(m) 

1115 1156 1068 1100 

Structural 
Stage 

 

6 7 7 6 

BGC 
subzone 
variant 

IDF dm2-03 IDF dm2-03 IDF dm2-03 IDF dm2-02 

Forest cover 
Polygon  
Leading 

species and 
estimated Stand 

age  
 

Fd  
78 

Fd  
210 

Fd  
210 

Fd  
78 

Crown 
Closure 

% 

15 25 32 10 

Shrub  
% Cover 

66 17 14 32 

Herb layer 
 % Cover 

14 41 25 20 
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Table 6.  Characteristics of 4 Flammulated Owl nest Stands located in the East Kootenay 

2003. 
 
 
 

Lazy Lake Brewery 
Creek 

Maus Creek Mt. Swansea 

Stems/ha 
<10 cm dbh 

489 550 1065 15 

Stems/ha 
>10cm dbh 

616 514 621 361 

Stems/ha 
10-29 cm dbh 

560 474 504 305 

Stems/ha 
30-49 cm dbh 

46 25 87 51 

Stems/ha 
 50-69cm dbh 

0 10 15 0 

Stems/ha 
>70 cm dbh 

0 5 5 0 

Tree height 
Mean (St.dev.) 

10.9 ±  (3.6) 10.6 ± (3.6) 12.7 ± (4.5) 8.9 ± (2.4) 

Tree dbh 
Mean (St.dev.)

19.4 ± (7.0) 19.5 ± (12.4) 21.0 ± (11.9) 21.1 ± (7.3) 

Snags /ha 
 

25 36 20 82 

Snag dbh 
Mean (St.dev.) 

21.9 (12.4) 30.9 (21.8) 47.9 (13.4) 28.9 (8.9) 

Snag ht 
Mean 

4.5 8.7 18.7 7.9 

Large 
Snags/hectare 
>35cm dbh  

5 10 20 20 

Large Snags 
Dbh 
Mean (St.dev.) 

42 61.5 (4.9) 47.8 (13.4) 38.6 (3.4) 

Coarse woody 
debris 
25m transect 

1piece 
25cm dbh 

decay class 6 

2pieces 
 15, 40 cm dbh 
decay class 4 

2pieces 
 10 cm dbh 

decay class 3-5 

1 piece 
20 cm dbh 

decay class 3 
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Figure 9. Tree diameter frequency histograms (trees >10cm dbh) for four Flammulated 
Owl nest sites in the East Kootenay 2003. 
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a b s t r a c t

Dead and decaying trees may be a limited resource for woodpeckers in managed forests, especially for
species that rely on dead wood for nesting and foraging. Whereas recent nest web studies greatly
increased our understanding of nest tree use by woodpeckers, knowledge on woodpeckers foraging
requirements is much less developed. We quantified and compared tree selection patterns and foraging
behavior of six bark-foraging woodpeckers – downy woodpecker (Picoides pubescens), hairy woodpecker
(Picoides villosus), American three-toed woodpecker (Picoides dorsalis), black-backed woodpecker
(Picoides arcticus), yellow-bellied sapsucker (Sphyropicus varius) and pileated woodpecker (Dryocopus
pileatus) – that co-occur in eastern boreal forests of North America. A total of 271 observation bouts
and more than 600 foraging trees were recorded at three study sites characterized as mixedwood, conifer,
and burn. Our results show that dead wood represents an important foraging substrate for most bark-
foraging woodpeckers in Canadian eastern boreal forests. However, significant differences in individual
species were found with regard to substrate use patterns, foraging behavior and associated prey.
Woodpeckers were categorized according to their selection for specific stages of tree degradation, with
the yellow-bellied sapsucker and the pileated woodpecker representing opposite ends of this gradient.
The black-backed woodpecker showed the highest use of dead wood and was very specific in its tree
selection by using mostly recently dead trees. We emphasize that providing foraging substrates for most
woodpecker species not only requires maintaining dead wood but also paying heed to the underlying
dynamics of dead wood (e.g. recruitment and degradation) in managed boreal forest landscapes.

� 2015 Elsevier B.V. All rights reserved.

1. Introduction

Dead wood is a key component of biodiversity in forest ecosys-
tems worldwide. Decaying and dead trees provide habitat resources
for thousands of species such as wood-inhabiting fungi, saproxylic
invertebrates and cavity-nesting vertebrates (Raphael and White,
1984; Grove, 2002; Cockle et al., 2011; Stokland et al., 2012).
Saproxylic species – defined as ‘‘species that depend, during some
part of their life cycle, upon wounded or decaying woody material
from living, weakened or dead trees’’ (Stokland et al., 2012) – show
strong affinities to specific tree hosts, decay stages, tree sizes and
microhabitat conditions and are sensitive to the abundance of their
preferred dead wood substrates in both managed and unmanaged
forests (Siitonen, 2001; Stokland et al., 2012).

In the boreal forest, forestry practices still include the extensive
use of low tree retention clearcuts and short harvest rotations,
which result in a significant decrease in the abundance and diver-
sity of dead wood as well as its associated biodiversity (Siitonen,
2001; Grove, 2002; Jonsson and Siitonen, 2012). In European bore-
al forests, intensive forest management has led to the decline or to
the local extirpation of several saproxylic species (Angelstam and
Mikusiński, 1994; Berg et al., 1994; Siitonen, 2012). In North
American boreal forests, maintaining dead wood in managed for-
ests is often identified as a critical issue given the extent of even-
aged management and the increase of salvage logging after natural
disturbances (Hannon and Drapeau, 2005). In different regions of
the North American boreal forest, ecosystem-based management
strategies are now aimed at providing an adequate representation
of cover types and stand age structure at landscape scales
(Bergeron et al., 2002; Gauthier et al., 2009), with harvesting prac-
tices such as variable retention harvest or partial cutting that
maintain variable amounts of dead trees as well as significant
green-tree retention in harvested blocks (Sullivan et al., 2001;
Serrouya and D’Eon, 2004; Fenton et al., 2009). Although these

http://dx.doi.org/10.1016/j.foreco.2015.02.028
0378-1127/� 2015 Elsevier B.V. All rights reserved.
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new approaches likely contribute to the conservation of biodiversi-
ty, their efficiency to maintain saproxylic species still needs to be
assessed (but see Cooke and Hannon, 2012). Specifically, decisions
regarding management targets and prescriptions (e.g. amount of
old-growth forests at landscape scales, levels and types of reten-
tion of live and dead trees in harvested blocks) will likely influence
the persistence of saproxylic species populations in managed land-
scapes. Knowledge on these species habitat requirements as well
as their dependence to dead wood may help identify the species
most sensitive to the effects of forest management (focal species
sensu Lambeck, 1997) and may be used to improve conservation
planning of saproxylic species assemblage in managed landscapes.

Woodpeckers play an important ecological role in forest ecosys-
tems by providing cavities to a broad range of vertebrate and inver-
tebrate species (‘‘nest-web’’; Martin and Eadie, 1999; Wesolowski,
2011). These keystone species may be particularly important in
conifer-dominated boreal forests where natural cavities are much
less abundant (e.g. Aitken and Martin, 2007; Cockle et al., 2011).
Dead wood is often identified as a critical habitat attribute for
woodpeckers nesting, given that many species are known to prefer
snags or living trees with decaying heartwood for their nest cav-
ities (e.g. Raphael and White, 1984; Blanc and Martin, 2012). Yet,
dead wood may also be a critical component of woodpeckers’ food
web. Indeed, snags are critical habitats for saproxylic insects
(Saint-Germain et al. 2004, 2007), which are important prey of
many woodpecker species (Murphy and Lehnhausen, 1998;
Imbeau and Desrochers, 2002; Nappi et al., 2003). Given the num-
ber of trees required for foraging, woodpecker populations could
be much more limited by the availability of suitable foraging sub-
strates than by potential nest trees, and may thus in turn be more
sensitive to the reduction of decaying and dead trees in managed
landscapes (Imbeau et al., 2001). A decrease in the abundance of
woodpeckers may thus have a cascading effect on the abundance
of cavity-nesting species and on the nest-web community struc-
ture. Knowledge on woodpecker foraging requirements, in addition
to nesting habitat features, may thus be crucial for setting dead
wood conservation targets that could maintain the complex eco-
logical network associated with dead wood (i.e. saproxylic food
and nest webs).

Use and partitioning of foraging resources among sympatric
woodpecker species has received much attention in North
America and Europe (e.g. Hogstad, 1971; Bull et al., 1986; Török,
1990). Although use of decaying and dead trees has often been
reported, few studies have documented the selection per se (dispro-
portionate use of resources as compared to their availability;
Johnson, 1980) of dead wood by foraging woodpeckers and their dif-
ferential tree selection patterns. In the North American boreal for-
est, the few studies on foraging ecology of woodpeckers have
mostly focused on single species in one habitat type and were
restricted to coniferous landscapes (e.g. Imbeau and Desrochers,
2002; Tremblay et al., 2010; Nappi and Drapeau, 2011). Foraging
requirements and the relative importance of dead wood as a forag-
ing substrate have yet to be quantified for most boreal woodpeckers.

We studied the foraging ecology of the six bark-foraging
woodpecker species that co-occur in the eastern North American
boreal forest: downy woodpecker (Picoides pubescens), hairy
woodpecker (Picoides villosus), American three-toed woodpecker
(Picoides dorsalis), black-backed woodpecker (Picoides arcticus),
yellow-bellied sapsucker (Sphyropicus varius) and pileated
woodpecker (Dryocopus pileatus). Foraging ecology was examined
by analyzing foraging tree selection, foraging behavior and wood-
peckers’ prey. Our study was conducted in different forest cover types
– mixedwood, conifer and burned conifer stands – representative of
the natural forest landscape in eastern Canada. More specifically,
our study addresses the following questions: (1) what is the
relative importance of dead wood as a foraging substrate for

woodpeckers in the boreal forest? and (2) how do these species dif-
fer in foraging tree selection and foraging behavior?

2. Methods

2.1. Study sites

The study area is part of the northern Clay Belt of Quebec and
Ontario, a large physiographic region dominated by clay deposits.
Forest composition shows a latitudinal transition from mixedwood
forests in the south (Abies balsamea–Betula papyrifera bioclimatic
domain) to conifer-dominated forests in the north (Picea mari-
ana-moss bioclimatic domain; Saucier et al., 1998). Fire and insect
outbreaks are the main natural disturbances in these forest land-
scapes. We selected one study site in the southern mixedwood
and two sites in the northern coniferous forest. Whereas these
three sites are part of the same physiographic region, they are spa-
tially dispersed one from another because we were interested in
studying woodpeckers’ foraging in unmanaged forests that repre-
sented the range of natural forest conditions (composition and
structure) in this region.

The mixedwood site (‘‘MXW’’) is located at the Lake Duparquet
Research and Teaching Forest (LDRTF; 48�300 N, 79�220 W; Fig. 1).
The LDRTF is a 8045-ha forest landscape composed of mainland,
islands and peninsulas. The mainland fire regime is characterized
by stand-replacement fires: thirteen fires within LDRTF over the
last three centuries have created a complex natural forest mosaic
(Harvey, 1999). Stand composition varies according to time since
fire, from early seral stands dominated by deciduous (trembling
aspen (Populus tremuloides), paper birch (Betula papyrifera)), to
mixed stands (with white spruce (Picea glauca)), to coniferous
stands (balsam fir (Abies balsamea), eastern white cedar (Thuya
occidentalis)) (Bergeron, 2000). Black spruce (Picea mariana) and
jack pine (Pinus banksiana) occur in localized areas as well. Three
spruce budworm (Choristoneura fumiferana) outbreaks occurred
in the last century, the most recent between 1970 and 1987, an
event that was especially severe in balsam fir-dominated stands
(Bergeron et al., 1995). Our study took place in the eastern part
of the LDRTF mainland, a conservation area that has been lightly
affected by anthropogenic disturbances.

The conifer-dominated study site (‘‘CON’’) is located at the
Muskuuchii Hills Projected Biodiversity Reserve (50�120 N, 78�430

W; Fig. 1). The biodiversity reserve covers 80,100 ha, of which half
consists of peat bogs on organic deposits that support black spruce
stands of varying densities. The other half is composed of terraces
and hills characterized by well-drained till, sand and fine sediment
deposits (Gouvernement du Québec, 2008). Our study took place in
a portion of the landscape dominated by mature stands
(>120 years) on mesic sites. From 1998 to 2000, experimental par-
tial cuts were conducted in a case-control manner that resulted in
a mosaic of intact and partial cut stands. Black spruce and jack pine
dominate forest composition. Other species include balsam fir,
trembling aspen and paper birch.

The third study site is a 8-year-old coniferous burn landscape
(‘‘BURN’’), located 200 km east of the ‘‘CON’’ site (50�300 N, 75�430

W; Fig. 1). Vegetation is dominated by black spruce and jack pine
with scattered white birch and trembling aspen. Burn severity was
highly variable, with close to 50% of the area consisting of unburned
and low-severity burned stands (details in Nappi et al., 2010).

Woodpecker foraging observations were collected in predefined
large sampling blocks at the MXW and CON sites (Fig. 1). At the
MXW site, sampling blocks were distributed in four 60-year classes
(60–120, 120–180, 180–240 and >240 years), based on fire history
mapping (Dansereau and Bergeron, 1993). We selected three sam-
pling blocks in forests of each age class (total of 12 blocks). Each
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sampling block consisted of one or two linear transects, generally
1 km long, with a 100-m buffer on each side within which wood-
pecker foraging observations were made. Blocks ranged from 24
to 40 ha in size (total of 448 ha). At the CON site, six sampling
blocks ranging from 20 to 48 ha (total of 268 ha) were selected.
Three of these were in unharvested mature stands whereas the
other three were located in partially harvested mature stands.
The blocks were designed to represent large but homogeneous
areas in terms of stand age, structure and composition. At the
BURN site, no sampling blocks were used and foraging activities
of black-backed woodpeckers were recorded opportunistically to
provide additional information on the foraging ecology of this spe-
cies in burned forest habitats.

2.2. Foraging observations

Observations of foraging woodpeckers were made from mid-
May to early July (breeding season of these species in our study
area) in 2003 and 2004. For MXW and CON sites, observers walked
systematically along the predefined linear transects. When a bird
was heard or seen within 100 m of the transect line, it was fol-
lowed until it flew out of sight or up to a maximum of 10 min
(hereafter an ‘‘observation bout’’). An observation bout had to
involve at least one foraging technique (see below) and could
include a single or multiple trees. Because birds were not banded,
a sampling procedure was used in order to reduce the possibility of
resampling the same individuals. After data was collected on a
given individual, we continued walking the line transects until
we found an individual of a different gender or species. Two con-
secutive observation bouts of the same species and gender had to

be separated by at least an hour. For each species, a similar propor-
tion of males and females were sampled. We also distributed our
sampling efforts among sampling blocks so that observations of
foraging birds were made at the highest number of different loca-
tions as possible. At the BURN site, although no sampling blocks
were used to record foraging observations, similar sampling proce-
dures were taken to cover different areas of the burned landscape.
Observations were distributed among point count sampling sta-
tions used for another research project (Nappi et al., 2010).

During each observation bout, we recorded foraging activities
continuously using a recording system. Information was later tran-
scribed using instantaneous sampling (i.e. fixed-interval time
point; Martin and Bateson, 1993). Observation bouts were divided
into 5-s periods at the end of which we noted the corresponding
predefined foraging activity. We recorded the following four vari-
ables related to foraging behavior: foraging height, tree section,
substrate condition and foraging technique. Foraging height was
recorded in four classes: lower, middle and upper third of the tree,
and coarse woody debris (downed logs and stumps <1 m height).
Tree section corresponded to the specific part of the tree used:
trunk, branch, junction of trunk-branch and foliage. Substrate con-
dition referred to wood condition where the bird was foraging and
was noted as live or dead. We distinguished between five foraging
techniques following an adaptation of classifications used by other
authors (Hogstad, 1976; Murphy and Lehnhausen, 1998; Imbeau
and Desrochers, 2002): gleaning (picking insects from the surface
and within bark fissures); pecking (striking the wood superficial-
ly); scaling (flaking off the bark); excavating (digging holes to
access deep wood-dwelling arthropods); sap licking (digging sap
holes and sucking sap from ringed trees).

Fig. 1. Location of study sites (1 – Mixedwood site; 2 – Conifer site; 3 – Burn site) in the boreal forest of Quebec, Canada. Enlargements show location of sampling blocks at
the mixedwood and conifer sites within which foraging observations were made.
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Each tree with recorded foraging activities was marked and was
characterized (tree species, diameter at breast height (dbh), tree
position (standing or fallen) and tree degradation) at the end of
the observation bout. Tree degradation was classified based on
visual appearance in five categories according to a modified ver-
sion of Maser et al. (1979): Deg1 (‘‘live healthy’’, >20% green foli-
age); Deg2 (‘‘live decaying’’, <20% green foliage); Deg3 (‘‘recently
dead’’, hard wood, firm bark cover, dead foliage or small twigs);
Deg4 (‘‘moderately degraded’’, soft wood, some bark missing, no
dead foliage or small twigs, main branches remaining, usually
intact top); Deg5 (‘‘highly degraded’’, decayed wood, little bark
remaining, very few branches, often broken top). Observation
bouts were difficult to record for the pileated woodpecker so we
searched for the typically large and deep foraging excavations of
the pileated woodpecker (Lemaître and Villard, 2005) and charac-
terized trees with recent foraging excavations (<1 year, based on
fresh wood chips).

To compare characteristics of trees used for foraging with avail-
able trees, we collected vegetation data in sampling blocks (for the
MXW and CON sites only). At each block, sampling plots 200 m
apart were distributed along the linear transects (MXW = 112;
CON = 34). Each sampling plot was 0.06 ha (60 � 10 m), a mini-
mum size for estimating the density of the entire range of tree
degradation stages (e.g. including rare degradation classes). We
sampled all standing trees >5 cm of dbh and noted species, dbh
and degradation stage of each tree.

2.3. Wood-dwelling arthropods

To investigate the link between tree selection, foraging behavior
and prey type, we collected arthropods through wood dissection in
a subset of trees that were used for foraging by the four Picoides
species. Wood dissection is a useful technique for inspecting
potential woodpecker prey as it gives an instant and exact portrait
of the arthropod assemblage, including deep wood-dwelling
insects, present in selected trees (Saint-Germain et al., 2007;
Nappi et al., 2010). For each woodpecker species, we selected the
trees most intensively used in 2004 (based on observed foraging
time). A total of 47 foraging trees were cut down and dissected
to collect and identify wood-dwelling arthropods (10 for downy
and 10 for hairy woodpeckers at the MXW site; 10 for black-
backed and 10 for American three-toed woodpeckers at the CON
site; 10 for the black-backed woodpecker at the BURN site).

Tree cutting and dissection were conducted during the last two
weeks of June 2004 to obtain a representative sample of the prey
species present in the wood when foraging observations were
made. From each tree, two 1-m bole segments were taken, the first
at the base of the tree (0–1 m) and the second at 4 m (conifers) or
at half of the tree height (deciduous trees). These wood samples
were taken to the laboratory for wood dissection and all arthro-
pods were identified to family, genus or species depending on
available identification criteria (see methods in Saint-Germain
et al., 2007). All specimens were classified by their length (> or
<1 cm) and by the portion of the bole in which they were found
(‘‘bark-associates’’: within or under the bark; ‘‘wood-associates’’:
within sapwood or heartwood).

2.4. Statistical analyses

Foraging tree selection analyses were based on observations
made at the MXW and CON sites. For each woodpecker species, for-
aging tree selection was assessed by comparing trees used for for-
aging with available trees in neighboring 0.6 ha sampling plots. We
restricted our analyses to standing trees since these comprised the
vast majority of substrates used and these could be directly com-
pared to available standing tree data. Foraging tree selection was

assessed using random-effect discrete-choice logit models
(Cooper and Millspaugh, 1999; Güthlin et al., 2011; Kneib et al.,
2011). This approach models the probability of a tree being used
for foraging by identifying important characteristics of tree selec-
tion with regard to tree species, tree diameter and tree degradation
stage. Tree availability may also be defined separately for each
individual or location, so that trees identified as available were
likely accessible to the animal. In our analyses, foraging trees were
compared to available trees characterized at the closest sampling
plot. We also used the vegetation sampling plot as our ‘‘observa-
tional unit’’ for the analyses: all observations close to (or within)
a sampling plot for the same species were assumed to involve
the same individual. This decision was applied to the yellow-bel-
lied sapsucker and to the downy, black-backed and American
three-toed woodpeckers and was based on location of nests (P.
Drapeau, unpublished data) which suggested that observations
made close to different vegetation sampling plots were from differ-
ent individuals. For hairy and pileated woodpeckers, we used the
sampling block (instead of the sampling plot) as the observational
unit, given the much larger home-ranges of these species in our
study area. In our analyses, the observational unit is considered
as a random effect allowing for each unit specific deviations in
selection preferences from the general model. Random effects are
assumed to follow a normal distribution. Analyses were performed
with the R package (Viton, 2014).

Differences in the foraging ecology of woodpeckers were inves-
tigated using discriminant analysis. Foraging behaviors recorded
during observation bouts were compiled for each variable as a per-
centage of time per observation bout (Pechacek, 2006). For instance,
if a given bird was observed excavating a total of 6 time points dur-
ing a 60-s observation bout, the percentage of time spent excavat-
ing would have been 50% (6 of 12 time points). We also included
tree use variables in the analysis (tree species (deciduous or conif-
erous) and dbh). Tree species was compiled as percentage of time
per observation bout whereas dbh corresponded to the mean dbh
of all trees used during each observation bout. Some variables were
excluded from the analysis because of high multicollinearity (e.g.
dead vs live substrates). Each observation bout was weighted so
that all observation bouts of the same species and gender at a given
sampling plot contributed to only one degree of freedom in the ana-
lysis. The pileated woodpecker was not included in the analysis
because we had no foraging observations. Also, a preliminary ana-
lysis involving the yellow-bellied sapsucker showed a very distinct
foraging behavior of this species that obscured the comparison of
the other woodpecker species. Therefore, we restricted our analysis
to the four Picoides species. Discriminant analysis was performed
using SPSS 15.0. Mean proportions of foraging time for variables
presented in tables and figures are based on weighted means
(weighting by sampling station).

Wood-dwelling arthropods were compared among trees used
by the different Picoides species. Individuals were pooled by tree
(sum of two bole segments) and density was calculated as the
number of individuals per square meter of bark sampled.
Densities for each wood-dwelling arthropod group (e.g. size, wood
association or family) with at least 20 individuals were compared
between trees used by co-occurring species at each site (downy
and hairy woodpeckers at the MXW site; black-backed and
American three-toed woodpeckers at the CON site) or by the black-
backed woodpecker at the CON and BURN sites using Mann–
Whitney non-parametric tests.

3. Results

Foraging activities of woodpeckers were recorded during 271
observation bouts (Table 1), for a total of 9592 foraging
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observations (5-s time points). For all species combined, standing
trees (n = 627) represented 82% of all substrates used for foraging
(Table 1, last column). Standing trees represented the majority of
foraging substrates, except for the black-backed woodpecker
which used logs and stumps in higher proportion.

3.1. Selection of foraging trees

Discrete-choice models revealed clear and distinct patterns of
tree selection among species (Table 2). Tree degradation was an
important selection criterion for most species (Table 2, Fig. 2a).
The yellow-bellied sapsucker avoided snags and showed a prefer-
ence for live decaying trees. Downy woodpeckers used trees in dif-
ferent degradation stages and only avoided highly degraded snags.
The American three-toed woodpecker showed no significant pref-
erence for either tree degradation class. The black-backed wood-
pecker showed a high preference toward live decaying and
recently dead trees. Recently dead trees alone represented 70% of
all foraging trees of the black-backed woodpecker (Fig. 2a). The
hairy woodpecker avoided live healthy trees and selected other
degradation stages, from live decaying trees to highly degraded
snags. The pileated woodpecker showed a preference for highly
degraded snags; these represented 56% of all foraging trees of this
species.

The yellow-bellied sapsucker, the downy woodpecker and the
hairy woodpecker showed a clear preference for deciduous trees
(paper birch and/or trembling aspen) (Table 2, Fig. 2b). Pileated
woodpeckers used both deciduous (mostly dead trembling aspen)
and conifer trees (mostly live eastern white cedar and dead balsam
fir). American three-toed woodpeckers selected conifers (mainly

black spruce) whereas black-backed woodpeckers used conifers
in the same proportion than their availability. Three species – the
black-backed, the hairy and the pileated woodpeckers – selected
larger trees (Table 2, Fig. 2c). Mean dbh of foraging trees were
respectively 18.5, 26.7 and 26.9 cm for these species.

Tree selection was further investigated for the hairy woodpeck-
er at the MXW and CON sites separately. We found similar patterns
in tree selection with regard to degradation, tree species or dbh
(the only difference being the lack of preference for Deg4 at the
CON site).

3.2. Differences in foraging behavior

Picoides species showed a clear partitioning of their foraging
behavior based on both substrate use and foraging technique
(Fig. 3, Table 3). The first two discriminant functions accounted
for 94% of the explained variance. The first discriminant function
mainly partitioned Picoides based on their relative use of conifers
and the scaling foraging technique. The second discriminant func-
tion was mainly associated with the relative use of dead wood and
excavation technique.

The downy woodpecker showed the less variation in foraging
behavior in comparison with other Picoides species (Fig. 3). This
species foraged mainly on deciduous trees, made extensive use of
branches and used pecking and gleaning as its main foraging tech-
niques (Figs. 3 and 4, Table 3). The hairy woodpecker occupied an
intermediate position on the discriminant function scatter plot but
overlapped broadly with the downy woodpecker. The main differ-
ences between these two species were the higher use of dead wood
and the broader range of foraging techniques used by the hairy

Table 1
Number of observation bouts and foraging trees recorded for six woodpecker species at the mixedwood (MXW), conifer (CON) and burn (BURN) sites.

Species Observation bouts Foraging trees

MXW CON BURN Total MXW CON BURN Total % of all substrates

Yellow-bellied sapsucker (YBSA) 74 5 79 202 13 215 100
Downy woodpecker (DOWO) 64 64 159 159 99
Hairy woodpecker (HAWO) 33 12 45 84 19 103 82
American three-toed woodpecker (ATWO) 34 34 49 49 68
Black-backed woodpecker (BBWO) 37 12 49 43 15 58 35
Pileated Woodpecker (PIWO)a 41 2 43 100
Total 171 88 12 271 486 126 15 627 82

a Based on recent foraging excavations (see methods).

Table 2
Woodpecker species preferences for different degradation stages, tree species and tree diameter (dbh). Reference degradation class corresponds to live healthy trees (DEG1). Tree
species refers to preference (positive estimate) or avoidance (negative estimate) of deciduous trees. The number of sampling plots or blocks used as ‘‘observational units’’ in the
discrete-choice model analyses are indicated (n). Odd ratios provide information on the relative preference for a woodpecker species to forage on a specific class of tree
degradation or tree species whereas in the case of a continuous variable such as tree diameter, odd ratios indicate the relative increase in the probability of a tree to be used with
one unit increment in dbh.

Variable Yellow-bellied
sapsucker (n = 35)

Downy woodpecker
(n = 36)

Hairy woodpecker
(n = 11)

American three-toed
woodpecker (n = 12)

Black-backed
woodpecker (n = 9)

Pileated woodpecker
(n = 12)

b Odd
ratio

b Odd
ratio

b Odd
ratio

b Odd
ratio

b Odd
ratio

b Odd
ratio

Degradation
Live decaying (DEG2) 0.916*** 2.499 0.551 1.735 3.000*** 20.070 0.898 2.454 3.966*** 52.792 1.037 2.821
Recently dead (DEG3) �1.608** 0.200 �0.902 0.406 2.981*** 19.716 0.727 2.068 2.717*** 15.140 0.317 1.373
Moderately degraded

(DEG4)
�2.060*** 0.127 �0.719 0.487 2.485*** 12.000 �17.057 <0.001 2.254** 9.526 1.251 3.493

Highly degraded (DEG5) �3.715*** 0.024 �1.730*** 0.177 0.834* 2.302 �1.302 0.272 0.877 2.403 3.302*** 27.166
Tree species (deciduous) 1.015*** 2.759 4.224*** 68.285 2.164*** 8.707 �1.974** 0.139 �1.725 0.178 �0.220 0.803
Tree diameter 0.067 1.069 0.063 1.065 0.085*** 1.089 0.046 1.047 0.322*** 1.380 0.135*** 1.144

Significance level.
* P < 0.05.

** P < 0.01.
*** P < 0.001.
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woodpecker at both the mixedwood and conifer sites (Figs. 3 and
4).

The American three-toed woodpecker was mainly associated
with the use of conifers and scaling (Figs. 3 and 4). It was the only

woodpecker to use all bark-foraging techniques as well as the only
Picoides species to use sap-licking frequently. The black-backed
woodpecker was the species most associated with dead wood,
including coarse woody debris, and was the species that used most

Fig. 2. Proportion of available trees and trees used by foraging woodpeckers based on (a) degradation stage, (b) tree species and (c) diameter at breast height (dbh) class (see
Table 1 for woodpecker species codes). Degradation classes: Deg1 = live healthy, Deg2 = live decaying, Deg3 = recently dead, Deg4 = moderately degraded, Deg5 = highly
degraded. Tree species: PT = Populus tremuloides, BP = Betula papyrifera, AB = Abies balsamea, TO = Thuya occidentalis, PM = Picea mariana, PB = Pinus banksiana. Results are
presented for species with more than 15 foraging trees at the mixedwood or conifer site. ‘‘Availability’’ is based on the overall availability of tree substrates based on all
vegetation sampling plots.

Fig. 3. Partitioning of Picoides woodpeckers’ foraging behavior on a discriminant analysis diagram. Group centroids are the mean discriminant scores for each group of species
and sites (MXW = Mixedwood site; CON = Conifer site; BURN = burn site). See Table 1 for species codes and Table 3 for foraging variables. The two variables most highly
correlated with each discriminant function are shown.
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frequently the excavating foraging technique (Figs. 3 and 4,
Table 3). A great overlap in the foraging behavior of this species
was observed at the burned and unburned sites (Fig. 3).

The yellow-bellied sapsucker showed little overlap in foraging
with Picoides species, as it was the only species to use sap-licking
as its main foraging technique (not included in the discriminant
analysis; Fig. 4).

Although they differed in several aspects of their foraging
behavior, all four Picoides species used dead wood substrates for
a substantial portion of their foraging time (Fig. 5). At the MXW
and CON sites, mean percentage of time spent foraging on dead
wood varied from 33% for the downy woodpecker to 89% for the
black-backed woodpecker. Black-backed woodpeckers foraged
exclusively on dead wood at the BURN site. Dead wood included
snags but also dead portions of live trees such as dead branches.
For instance, when foraging on branches of live trees, downy and
hairy woodpeckers spent respectively 44% and 56% of their time
on dead branches.

3.3. Wood-dwelling arthropods in foraging trees

The foraging trees used for wood dissection were representative
of the woodpeckers’ species-specific tree selection patterns
described above (Table 4). Foraging trees of downy woodpeckers
corresponded to live deciduous trees (trembling aspen and paper

Table 3
List of explanatory variables included in the discriminant analysis to compare
foraging behavior of Picoides woodpeckers. Some variables were excluded from the
analysis because of high multicollinearity (e.g. dead vs live substrates). Values
indicate correlations of these variables with discriminant functions (structure
matrix).

Variable Code Discriminant function

First Second

Tree species
Conifer Con 0.77 �0.12

Tree diameter DBH �0.23 0.32

Foraging height
Upper third Upp �0.21 �0.03
Middle third Mid �0.02 �0.23
Coarse woody debris CWD 0.22 0.23

Tree section
Branches Bra �0.27 �0.01

Substrate condition
Dead wood Dead 0.20 0.45

Foraging technique
Scaling Sca 0.31 �0.23
Excavating Exc 0.20 0.60
Pecking Pec �0.25 0.00
Gleaning Gle �0.18 �0.05

Fig. 4. Mean proportion of foraging time spent using different foraging techniques by five woodpecker species at the mixedwood, conifer and burn sites (weighed means + 1
SE). See Table 1 for species code.
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birch) whereas those of hairy woodpeckers were deciduous trees of
different degradation stages. Foraging trees of both American
three-toed and black-backed woodpeckers consisted mainly of
recently dead spruce trees, although conifer trees used by black-
backed woodpeckers at the BURN site were slightly more degraded
than those used at the CON site. Foraging trees of the American
three-toed were smaller in diameter than those of black-backed
woodpeckers.

We collected 773 arthropods from the bole segments, of which
32% and 24% were Cerambycidae and Scolytinae (sub-family of
Curculionidae) respectively. At the MXW site, foraging trees of
hairy woodpeckers contained significantly higher densities of large
wood-dwelling arthropods (from various taxons) than trees used
by downy woodpeckers (Fig. 6). At the CON site, foraging trees of
black-backed woodpeckers supported higher densities of wood-as-
sociated arthropods (e.g. Monochamus species from the
Cerambycidae family) than trees used by American three-toed
woodpeckers. In contrast, Scolytinae (mostly bark-associates) were
exclusively found in trees selected by American three-toed wood-
peckers. Foraging trees of black-backed woodpeckers at the CON
and BURN sites supported similar densities of Cerambycidae, large
and wood-associated arthropods. However, foraging trees of black-
backed woodpeckers at the CON site contained higher densities of
small and bark-associated arthropods from Cerambycidae and
other taxons.

4. Discussion

4.1. Importance of dead wood for foraging

This study is the first to quantify and compare the foraging
requirements of all bark-foraging woodpeckers that co-occur in
the eastern North-American boreal forest. By looking simultane-
ously at tree selection, foraging behavior and potential prey, this
study provides a comprehensive portrait of the foraging ecology
of these woodpeckers in natural-dominated boreal landscapes.

Fig. 5. Mean proportion of foraging time spent on dead wood substrates (snags,
coarse woody debris or dead portions of live trees) by five woodpecker species at
the mixedwood, conifer and burn sites (weighed means + 1 SE). See Table 1 for
species code.

Table 4
Characteristics of trees used by foraging woodpeckers and sampled to examine wood-
dwelling arthropod composition and abundance at the mixedwood (MXW), conifer
(CON) and burn (BURN) sites.

Tree
characteristics

DOWO
(MXW)

HAWO
(MXW)

ATWO
(CON)

BBWO
(CON)

BBWO
(BURN)

Tree speciesa

Populus
tremuloides

5 5

Betula
papyrifera

5 5

Picea mariana 10 10 6
Pinus banksiana 1
Diameter at

breast
heightb

24.8
(13.3–
31.8)

15.1
(12.5–
31.3)

9.5
(6.2–
14.3)

17.8
(13.2–
22.0)

15.1
(10.7–
20.7)

Degradation
classb

1 (1–1) 3 (1–5) 3 (2–4) 3 (3–4) 4 (4–4)

a Number of trees for each tree species.
b Median (Min–Max).

Fig. 6. Wood-dwelling arthropod densities in trees used for foraging by co-occurring species at each site (downy and hairy woodpeckers at the mixedwood site; black-backed
and American three-toed woodpeckers at the conifer site) and by the black-backed woodpecker at the conifer and burn sites. Categories of wood-dwelling arthropods are:
large (>1 cm in length), small (<1 cm in length), bark (found in or under bark), wood (found within sapwood or heartwood). Stars indicate significant differences between
species or sites (P < 0.05).
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Based on both tree selection and foraging behavior analyses, our
results clearly demonstrate that dead wood (i.e. live decaying trees
and snags in various stages of decay) represent an important forag-
ing substrate for boreal woodpeckers as a group. The hairy, the
black-backed and the pileated woodpeckers showed strong selec-
tion for live decaying trees and/or snags. In complement with tree
selection analyses, foraging observations revealed that most wood-
peckers used dead wood substrates for a substantial portion of
their foraging time. Indeed, in addition to their time spent on
standing snags, we observed that several species increased their
foraging time on dead wood by using logs and stumps (American
three-toed, black-backed and hairy woodpeckers) or by using dead
portions of live deciduous trees such as dead branches or other
defects (downy and hairy woodpeckers, yellow-bellied sapsucker).
Among the species analyzed, the black-backed woodpecker
showed the highest association with dead wood. Our results also
revealed clear patterns of foraging tree preferences (degradation
stage, tree species or tree diameter) among boreal woodpeckers,
which were linked to species-specific differences in foraging
behavior and related prey.

4.2. Associations with degradation stages

We found that woodpecker species could be categorized
according to their preference for specific tree degradation stages,
a pattern that was linked to their foraging behavior. The yellow-
bellied sapsucker and the pileated woodpecker occupied opposite
ends of the tree degradation gradient. The yellow-bellied sapsuck-
er, well-known for its sap-licking foraging behavior and the impor-
tance of sap in its summer diet (Tate, 1973; Eberhardt, 2000), was
the species most strongly associated with live trees. However, this
species showed a preference for decaying over live healthy trees, a
pattern that has also been reported by Eberhardt (2000).

At the opposite end of this degradation gradient was the pileat-
ed woodpecker, a species that selected mostly highly degraded
snags. This woodpecker’s diet is composed primarily of forest-d-
welling ants, in particular carpenter ants (Camponotus species),
but may also include bark and wood-boring beetles and other
arthropods (Bull et al., 1992). Given our observations for the pileat-
ed woodpecker were based on this species’ typical large foraging
excavations, our results are restricted to its use of carpenter ants.
Large snags, logs and stumps with a certain amount of decay are
known as important nesting sites for carpenter ants (Torgersen
and Bull, 1995) and selection of snags by pileated woodpeckers
has been documented in different studies (Bull and Holthausen,
1993; Lemaître and Villard, 2005; Newell et al., 2009). However,
to our knowledge, our study is the first to show a preference for
more degraded snags, suggesting a higher abundance of carpenter
ants in such substrates. These snags were mainly trembling aspens
but also included balsam fir snags created after the most recent
spruce budworm outbreak.

Although all Picoides species made extensive use of dead wood,
our results highlight significant differences in each species patterns
of substrate use, foraging behavior and associated wood-dwelling
arthropods. The downy woodpecker selected deciduous trees and
avoided highly degraded snags. This species was often seen peck-
ing on dead branches of live trees or snags to feed on sub-cortical
prey. In his detailed account of the feeding behavior of downy
woodpeckers on paper birch, Kilham (1970) noted trees with bro-
ken branches and other defects to be the most attractive to downy
woodpeckers. The relatively high use of dead wood by the downy
woodpecker in our study (more than 30% of its foraging time) is
consistent with this pattern. It suggests that partial mortality in
live deciduous trees, in addition to snags in early stages of degra-
dation, may play an important role in providing foraging substrates
for this species.

In contrast to the downy woodpecker, the hairy woodpecker
showed a clear preference for live decaying trees to highly degrad-
ed deciduous snags and was seen foraging more often on dead
wood (more than 60% of its foraging time). The majority of hairy
woodpecker foraging trees were dead (50% and 80% at mixedwood
and conifer sites respectively), a pattern similar to what has been
reported for this species elsewhere (Raphael and White, 1984;
Weikel and Hayes, 1999). The hairy woodpecker was also the spe-
cies that made the highest use of moderately degraded trees. In our
study area, Saint-Germain et al. (2007) showed wood-feeding
insects to be more abundant in middle to late than in earlier stages
of decay in aspens. In our study, the more degraded deciduous
trees used by hairy woodpeckers supported large wood-dwelling
arthropods from many different guilds including wood-feeders,
fungivores and sub-cortical insect predators. This prey diversity
may explain the wider foraging strategy used by this species for
capturing wood-dwelling arthropods, in comparison with the
downy woodpecker.

Black-backed and American three-toed woodpeckers were only
observed in northern coniferous forests where they specialized on
conifers for foraging. The black-backed woodpecker foraged almost
exclusively on dead wood (89% of foraging time at the conifer site).
It showed a strong selection for live decaying and recently dead
conifers and used scaling and excavation frequently to feed on
wood-boring beetles. This selection pattern may be explained by
the higher abundance of wood-feeding Coleoptera associated with
conifers in the early stages of decay (Saint-Germain et al., 2007).
Preferred foraging trees of the black-backed woodpecker differed
from those of the American three-toed woodpecker by the higher
abundance of wood-boring arthropods. We also noted a similar
foraging behavior of black-backed woodpeckers at unburned and
burned conifer sites, suggesting a consistent foraging niche across
different habitat types in the boreal forest.

The American three-toed woodpecker made extensive use of
both live and dead conifers in different stages of degradation.
The use of decaying and recently dead trees and the associated
use of scaling and pecking as predominant foraging techniques
may be explained by its feeding specialization on bark beetles
(Murphy and Lehnhausen, 1998; Imbeau and Desrochers, 2002).
Indeed, we found that foraging trees of American three-toed wood-
peckers contained more Scolytinae beetles (mostly bark-associ-
ates) than black-backed woodpecker foraging trees. Our results
also emphasize the use of live healthy spruces for sap-licking, a for-
aging behavior that has been generally reported to be marginal for
the American and European (Picoides tridactylus) three-toed wood-
peckers. For instance, sap-licking represented less than 3% of forag-
ing time in studies conducted in North America (Villard, 1994;
Imbeau and Desrochers, 2002) and Europe (Pechacek, 2006). In
contrast, we found that about 20% of foraging time was devoted
to sap-licking (i.e. sap licking and related drilling behaviors), sug-
gesting that this foraging behavior may be much more important
during the breeding season than previously reported.

Picoides woodpeckers generally experience significant increases
following recent natural disturbances and associated insect out-
breaks in conifer forests (Murphy and Lehnhausen, 1998; Fayt
et al., 2005; Covert-Bratland et al., 2006; Nappi and Drapeau,
2009; Rota et al., 2014b). Foraging specializations found in our
study emphasize that the abundance of these woodpeckers (in par-
ticular the black-backed woodpecker) is tightly linked to the abun-
dance of saproxylic insects and thus to the presence of dying and
recently dead conifers in both disturbed (Murphy and
Lehnhausen, 1998; Nappi and Drapeau, 2009; Rota et al., 2014b)
and undisturbed coniferous forests (Imbeau and Desrochers,
2002; Tremblay et al., 2009, 2010; this study). Moreover, differ-
ences in the foraging ecology of these species may explain the
response patterns observed following different disturbance agents.
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Foraging specialization on wood-boring beetles by the black-
backed woodpecker is consistent with its propensity to occupy
burned coniferous forests, where these insects are generally abun-
dant (Saint-Germain et al., 2004; Hannon and Drapeau, 2005).
Conversely, the more pronounced response of the American three-
toed woodpecker in forests disturbed by bark beetle outbreaks is
consistent with its foraging specialization (Fayt et al., 2005).
Natural disturbances that create large amount of snags and logs
have also been shown to provide suitable habitats for the pileated
woodpecker for several decades after disturbance (Bull et al.,
2007). Indeed, in our study area, the most recent spruce budworm
outbreak that occurred 20–30 years ago provided a significant
amount of well-decayed snags that were highly used by foraging
pileated woodpeckers.

4.3. Tree diameter

Although all woodpecker species showed a tendency to use larg-
er diameter trees, this pattern was significant only for the black-
backed, the hairy and the pileated woodpeckers. These three species
often excavate to extract large wood-boring beetles or, in the case of
the pileated woodpecker, carpenter ants. Larger trees typically con-
tain higher densities of wood-boring insect larvae. This pattern may
be attributed to the requirements of late-instar larvae that excavate
deep galleries into sapwood and heartwood, to the thicker bark that
increases protection against desiccation, and to the thicker phloem
which is of higher nutritional quality for first-instar larvae
(Gardiner, 1957; Rose, 1957; Saint-Germain et al., 2004). Selection
of larger trees and logs by pileated woodpeckers has been well
documented throughout its range and has been linked to the nesting
preference of carpenter ants, its main prey (Torgersen and Bull,
1995; Lemaître and Villard, 2005; Newell et al., 2009).

4.4. Conservation and management implications

We found that most bark-foraging woodpeckers in eastern
North American boreal forests show strong associations with live
decaying and/or snags for foraging. Among the six species exam-
ined, the black-backed woodpecker showed the strongest asso-
ciation with dead wood and was very specific in its tree selection
with regard to degradation stage. This finding suggests a high
dependence of this species on recently dead wood and likewise a
high vulnerability to the reduction of this tree degradation stage
in managed boreal forests. For woodpeckers as a guild, their high
use of dead wood for foraging suggests that they may be much
more limited by the availability of foraging trees than nest trees.
Limitation of foraging substrates for woodpeckers may have a cas-
cading effect on the structure of the nest web in these forests, espe-
cially in conifer stands, because of their key ecological roles in
providing nest cavities to secondary-cavity users. This study thus
reiterates the importance of planning the conservation of dead
wood for a wide range of tree age, species and decay classes to
ensure a steady supply of suitable foraging trees (Drapeau et al.,
2009b) in addition to cavity-bearing tree requirements
(Edworthy and Martin, 2013) in managed boreal forest landscapes.

Providing trees of high forage value for woodpeckers in man-
aged boreal forests may require different strategies for species
associated with deciduous trees (e.g. downy or hairy woodpecker)
compared to those associated with conifers (e.g. American three-
toed or black-backed woodpeckers). For deciduous trees, suitable
dead wood substrates may be provided by both the partial mor-
tality present in live decaying trees (e.g. dead branches) and snags
of different degradation stages. In contrast, the temporal window
of foraging opportunities appears to be much shorter in conifers,
which generally support high densities of saproxylic insects mainly
in their declining and recently dead stages (Saint-Germain et al.,

2007). Hence, in conifer landscapes, maintaining foraging habitat
in managed forests implies ensuring a continuous recruitment of
recent conifer snags.

In the boreal ecosystem, old-growth and post-disturbance for-
ests are the two most important sources of dead wood in natural
forest landscapes. Late seral stands are shaped by small-scale mor-
tality processes that may provide a constant recruitment of recent
snags for woodpeckers (Imbeau and Desrochers, 2002; Tremblay
et al., 2009). Yet, at the landscape scale, natural stand-replacement
disturbances such as fire and insect outbreaks may represent
important sources of dead wood that provide high quality habitats
for woodpeckers (Saab et al., 2005). For the black-backed wood-
pecker for instance, high concentrations of recently dead trees such
as the ones created following stand-replacement wildfires clearly
represent optimal habitats for the species (Nappi and Drapeau,
2009; Rota et al., 2014a). Although these foraging habitats are
ephemeral (because all snags are created more or less simultane-
ously), the recurrence of these events at regional scales provide a
continuous source of foraging habitats for woodpeckers. In North
American boreal forests where old-growth forests are decreasing
because of short harvest rotations and post-disturbance forests
are increasingly salvage-logged, both habitats are thus of conserva-
tion concern for the persistence of woodpecker populations (Nappi
et al., 2004; Schmiegelow et al., 2006; Drapeau et al., 2009a).

Harvesting practices such as variable retention or partial cutting
may provide woodpecker foraging habitat depending on the abun-
dance and quality of dead wood that is left as well as the level of
green-tree retention that is maintained for future dead wood
recruitment. At our conifer site, partial cutting provided short-term
suitable foraging substrates for black-backed and American three-
toed woodpeckers, as was evidenced by the numerous foraging
observations within partial cut stands. These partial cuts, while
maintaining live trees, also resulted in mortality of standing trees
and in high amounts of downed logs. Given our study took place
3–6 years after partial cutting, downed logs and snags were still
in early stages of degradation and supported high abundance of
wood-dwelling insects. By creating a combination of sun-exposed
habitat and a high abundance of recently dead trees and downed
logs, partial cutting may also resembled post-disturbance forests.
Indeed, many of the saproxylic insects found during wood dissec-
tion (e.g. Monochamus spp., Acmaeops proteus) are well-known
for their high abundance following fire (Saint-Germain et al.,
2004; Boulanger and Sirois, 2007).

Woodpeckers are often identified as species of interest in forest
management because of their role as ‘‘keystone’’ species in nest-
webs (Martin and Eadie, 1999) and because they are generally
good indicators of forest bird diversity (Mikusiński et al., 2001;
Roberge and Angelstam, 2006; Drever et al., 2008). Our study
emphasizes the strong association of woodpeckers with dead wood
for foraging, which makes them good indicators of the abundance
of this habitat resource in managed forests. Because use of foraging
trees is mainly linked to prey abundance, woodpeckers may also
represent good indicators of the presence of saproxylic insect spe-
cies in managed boreal forests (see also Martikainen et al., 1998).
Moreover, because of their association with specific degradation
stages and snag recruitment, woodpeckers as a group could be
used as indicators of snag dynamics and therefore be considered
as ‘‘process-limited’’ species (sensu Lambeck, 1997). Maintaining
the woodpecker guild in managed forests would thus benefit the
conservation of a diversity of saproxylic plant and animal species
associated with distinct stages of wood degradation.
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FLAMMULATED OWL (OTUS FLAMMEOLUS) BREEDING 
HABITAT ABUNDANCE IN PONDEROSA PINE FORESTS OF 
THE UNITED STATES

MARK D. NELSON,1,4 DAVID H. JOHNSON,2 BRIAN D. LINKHART,3 AND PATRICK D. MILES1

Abstract. Flammulated Owl (Otus fl ammeolus) inhabits mid-elevation montane forests of ponderosa 
pine (Pinus ponderosa) and Jeffrey pine (Pinus jeffreyi) across western North America during the breed-
ing season. We employed data from the USDA Forest Service’s Forest Inventory and Analysis (FIA) 
program to assess historic and current extent of ponderosa and Jeffrey pines comprising the major-
ity of Flammulated Owl habitat within 11 western states of the USA. We cross-referenced breeding 
habitat characteristics to FIA data attributes; then produced estimates and maps of forest land area 
and potential habitat abundance from FIA data and made comparisons with other published data. 
We estimated area of current ponderosa and Jeffrey pine forest types on forest land as 98 633 km2 and 
83 000 km2, from FIA and LANDFIRE data, respectively. Area of ponderosa and Jeffrey pine forest 
types on timberland (a subset of forest land) decreased from 136 200 km2 to 86 827 km2 (36%,) between 
1953 and 2007. Within the past two decades these forest types decreased by 14% overall; increased 
16% within stand-ages of 100–149 years and decreased 49% within stand-ages of 150 years or older; 
increased 22% within diameters of 30–49 cm and decreased 28% within diameters of 50 cm and larger; 
and increased 115% within stocking classes of 10–59%. We estimated area of potential breeding habi-
tat abundance for Flammulated Owl at about 48 000 km2 from FIA data, 50 000 km2 from LANDFIRE 
data, and 522 000 km2 from GAP data sources. FIA provides data and information for producing 
estimates of Flammulated Owl breeding habitat abundance.

Key Words: Flammulated Owl, Otus fl ammeolus, ponderosa pine, Pinus ponderosa, habitat, forest inven-
tory, FIA.

TECOLOTE OJO OSCURO (OTUS FLAMMEOLUS) ABUNDANCIA DEL 
HÁBITAT REPRODUCTIVO EN BOSQUES DE PINO PONDEROSA EN LOS 
ESTADOS UNIDOS
Resumen. El tecolote ojo oscuro (Otus fl ammeolus) habita en elevaciones medias de bosques de montaña 
de pinos ponderosa (Pinus ponderosa) y de Jeffrey (Pinus jeffreyi) en el oeste de Norte America durante 
la temporada reproductiva. Empleamos datos del Inventario Forestal y Análisis (FIA) del Servicio de 
Bosques de USDA para evaluar la extensión histórica y actual de los bosques de pino ponderosa y 
de Jeffrey que componen la mayoría del hábitat del tecolote ojo oscuro en 11 estados del oeste de los 
Estados Unidos. Referenciamos las características del hábitat reproductivo con atributos de FIA e hici-
mos estimaciones y mapas del área forestal y abundancia potencial del hábitat de datos de FIA y los 
comparamos con otros datos publicados. Estimamos el área actual de los tipos de bosque de poderosa y 
de Jeffrey como 98 633 km2 y 83 000 km2, de FIA y datos de LANDFIRE, respectivamente. El área de los 
bosques de pino ponderosa y de Jeffrey en áreas maderables (una división de área boscosa) decreció de 
136 200 km2 a 86 827 km2 (36%,) entre 1953 y 2007. En las pasadas dos décadas estos bosques decrecieron 
un 14% en toda el área; incrementaron un 16% dentro de los parches de 100–149 años y decrecieron un 
49% dentro de los parches de 150 o mas años; incrementó un 22% dentro de diámetros de 30–49 cm y 
decreció un 28% dentro de diámetros de 50 cm y mayores; e incrementó 115% dentro de las clases en 
reserva de 10–59%. Estimamos la abundancia el área potencial del hábitat reproductivo para el tecolote 
ojo oscuro de alrededor de 48 000 km2 de los datos de FIA, 50 000 km2 de los datos de LANDFIRE, y 
522 000 km2 de los datos de GAP. La FIA provee datos e información para producir estimaciones de la 
abundancia del hábitat reproductivo del tecolote ojo oscuro.
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INTRODUCTION

Ponderosa pine (Pinus ponderosa) is the most 
wide-ranging conifer species in the United 
States and Canada (Graham and Jain 2005). 
Prior to Euro–American settlement, dry pon-
derosa pine and mixed conifer forests of the 
Inland Northwest burned frequently from low- 
or mixed-severity surface fi res (Hessburg et al. 
2005), which favored fi re-tolerant trees, such as 
ponderosa pine and maintained low and vari-
able tree densities, light and patchy ground 
fuels, simplifi ed forest structure, and a low and 
patchy cover of associated fi re-tolerant shrubs 
and herbs (Hessburg et al. 2005). 

Ponderosa pine forest has decreased in abun-
dance and has changed in forest structure dur-
ing the past century, attributed to European 
settlement and resulting land management 
practices of timber harvest and wildfi re sup-
pression, introduction of domestic livestock, 
and climate cycles (Cooper 1960, Graham and 
Jain 2005). These “dry forests” now are domi-
nated not only by ponderosa pine, but also by 
dry mixed conifer forests of grand fi r (Abies 
grandis), white fi r (Abies concolor), and Douglas-
fi r (Pseudotsuga menziesii) zones. Furthermore, 
these forests now comprise large landscapes 
that are more homogeneous in their composi-
tion and structure, and are more susceptible to 
severe, large fi re and insect disturbance events 
(Hessburg et al. 2005).

Concerns over these changes in ponderosa 
pine forest, especially as they relate to habitat 
for cavity-nesting birds, led to a special session 
on this topic at the 4th International Partners 
In Flight (PIF) conference, held 13–16 February 
2008, McAllen, Texas, USA. This paper ad dresses 
Inventory and Monitoring needs for producing 
a PIF Bird Conservation Needs Assessment per-
taining to ponderosa pine restoration and bird 
habitat.

HABITAT TERMINOLOGY

Hall et al. (1997) defi ne ‘habitat’ as “…the 
resources and conditions present in an area that 
produce occupancy—including survival and 
reproduction by a given organism.” Animals 
select habitat through a process of hierarchi-
cal spatial scaling at four levels: (1) geographic 
range of a species during a particular season, 
which may be genetically determined; (2) home 
ranges of individual animals; (3) specifi c sites 
or components within a home range; and (4) 
resources procured within microsites (Johnson 
1980, Hutto 1985). Habitat ‘abundance’ is a term 
preferred over habitat ‘availability’, because the 
latter implies a measure of “…accessibility and 

procurability of physical and biological com-
ponents of a habitat by animals”—attributes 
which are diffi cult to quantify (Hall et al. 1997). 

Our study focused on assessing the abun-
dance of potential breeding habitat for the 
Flammulated Owl (Otus fl ammeolus) over the 
United States portion of the owl’s range. Our 
rationale was that (1) PIF sets population goals 
for each bird species based in part on abun-
dance of breeding habitat, (2) suffi cient stud-
ies of breeding habitat have been conducted to 
characterize the vegetation component of spe-
cies-habitat relationships for the Flammulated 
Owl, and (3) suffi cient forest inventory data on 
vegetation composition and structure are avail-
able across nearly the entire breeding range of 
this species, allowing for estimates of potential 
breeding habitat abundance.

FLAMMULATED OWL

The Flammulated Owl is a cavity-nesting, 
insectivorous, Neotropical migratory bird. 
During the breeding season, it typically occu-
pies mid-elevation montane forest with sea-
sonably temperate climates, primarily within 
forests of western yellow pine–ponderosa pine, 
Jeffrey pine (Pinus jeffreyi), and Washoe pine 
(P. washoensis)—and submontane Douglas fi r 
(Pseudotsuga menziesii). The range of this owl 
extends from northern Mexico into southern 
British Columbia, Canada, including the states 
of Washington, Oregon, California, Idaho, 
Utah, Nevada, Arizona, Montana, Colorado, 
New Mexico, and a small portion of western 
Texas (McCallum 1994, Dunham et al. 1996, van 
Woudenberg 1998) (Fig. 1). Barnes (2007) pro-
vides an estimate of 300 000 adult Flammulated 
Owls in the United States, based on the fol-
lowing assumptions: 24 million ha of habitat 
(Morgan 1994), a ratio of adult females to adult 
males of 0.65 (Reynolds and Linkhart 1987), and 
a mean density of 0.3 singing males per 40 ha.

Habitat

Barnes (2007) described spatial scales of 
Flammulated Owl habitat selection for an Idaho 
study area—terms corresponding to spatial scal-
ing levels in Johnson (1980) and Hutto (1985) are 
shown in parentheses: landscape (geographic 
range); home range (home range); and nest veg-
etation, nest tree, and day roost (specifi c sites 
or components of a home range). Landscape-
scale habitat selection was strongly infl uenced 
by slope position and aspect variables—mid 
to upper slopes, often with east- or south-fac-
ing aspects. In colder regions like Idaho, south 
and east-facing upper slopes may warm faster, 
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thereby creating more favorable microclimates 
for insects, the primary prey of Flammulated 
Owls. Forest cover exhibited moderate infl uence 
on selection at the landscape scale—forest cover 
of 25–75% being selected most. At the home-
range scale, areas with high density of snags 
were more likely to be occupied compared with 
adjacent areas with lower densities of snags. 
But the proportion of forest and clearings was 
highly variable within home ranges. Habitat 
selection at the nest-vegetation and nest-tree 
scale showed no differences between used and 
available sites for any measured variable or 
between used and available cavity trees in the 
Idaho study, suggesting that availability of nest 
cavities at the home-range scale constrained 
owl use to certain areas, whereas foraging habi-

tat may have been adequate throughout the 
entire study area. Ponderosa pines used as day-
roosts were 55–70 cm diameter at breast height 
(dbh; 1.37 m) (peak of the frequency distribu-
tion); ponderosa pine was selected dispropor-
tionately more than available, and Douglas fi r 
disproportionately less than available (Barnes 
2007). In a Colorado study, Flammulated Owls 
occupied home ranges that contained more old 
ponderosa pine/Douglas fi r than other types 
of overstory vegetation, likely a result of a cor-
responding abundance of lepidopteran prey 
(Linkhart et al. 1998).

Western yellow pines do not typify 
Flammulated Owl breeding habitat within the 
Great Basin. In Nevada, yellow pines are lim-
ited to the eastern slope of the Sierra Nevadas 

FIGURE 1. Geographic distribution of Flammulated Owl (Otus flammeolus), ponderosa pine (Pinus ponderosa), 
and Jeffrey pine (Pinus jeffreyi) within Canada, Mexico, and 11 western states, USA.
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and adjacent large mountain ranges, and to 
mountain ranges in the extreme eastern and 
southern portions of the state. Where western 
yellow pines are absent, montane conifer forests 
comprised of white fi r (Abies concolor), subalpine 
fi r (A. lasiocarpa), and limber pine (Pinus fl exilis) 
provide breeding habitat for Flammulated Owls 
in Nevada (Dunham et al. 1996).

Although Flammulated Owl nest sites are 
not limited to cavities in snags (standing dead 
trees), snags provide an important source of 
both nest and roost sites for the species (Scott 
et al. 1977). Limited abundance of nesting sub-
strates constrains nest-site selection for most 
owl species (Marks 2001). In Arizona’s pon-
derosa pine forests, for example, secondary 
cavity-nesters, including the Flammulated Owl, 
comprise one-third of breeding bird species, 
most of which nest in snags (Balda 1975).

METHODS

We employed data from the USDA Forest 
Service’s Forest Inventory and Analysis 
(FIA) program and the Forest and Rangeland 
Renewable Resources Planning Act of 1974 
(RPA) forest resource assessments database to 
assess historic and current amount and struc-
ture of two western yellow pine tree species in 
the United States: ponderosa pine and Jeffrey 
pine. These pine types encompass the majority 
of the breeding habitat of the Flammulated Owl 
within 11 western states of the USA (Arizona, 
California, Colorado, Idaho, Montana, Nevada, 
New Mexico, Oregon, Utah, Washington, and 
Wyoming). We compiled literature descriptions 
of Flammulated Owl breeding habitat charac-
teristics, cross-referenced these to FIA data attri-
butes of forest composition and structure, and 
estimated and mapped habitat abundance. We 
compared the FIA-based results with estimates 
and maps of owl habitat distribution obtained 
from other sources.

VEGETATION CHARACTERISTICS OF HABITAT

We characterized vegetation within Flam-
mulated Owl breeding habitat at or near nest 
sites in the context of data attributes available 
in inventory tables and geospatial datasets. 
Specifi cally, we compiled data from 16 papers 
and reports that described Flammulated Owl 
breeding habitat at 185 territories, including 
153 nest sites in seven states, from which we 
tabulated specifi c habitat characteristics and 
sum marized the following characteristics of for-
est type, size, and density: (1) type—presence 
of ponderosa pine or Jeffrey pine forest type—
referred to collectively as ponderosa pine 

forest type group—or trees of these spe-
cies within associated forest types (Fig. 2); (2) 
size—presence of one or more trees at least 
30 cm diameter at breast height (dbh) or canopy 
height of at least 10 m; and (3) density—tree den-
sity of 300–700 trees per ha (tph) or canopy cover 
of 30–80%. 

DATA AND ANALYSES

Geographic range maps

We used data from NatureServe (Ridgely et 
al. 2005) to produce a map of the Flammulated 
Owl geographic range. We used polygon delin-
eations digitized from Little (1971) to map 
Ponderosa pine and Jeffrey pine geographic 
ranges, which we overlaid with the owl range 
map and a state boundary dataset to visualize 
the correspondence among these ranges. 

FIA

The FIA program conducts detailed surveys 
of the nation’s forests across all ownerships. 
FIA collects data from fi eld plots, with a sam-
pling intensity of approximately one plot per 
2 400 ha (Reams et al. 2005). FIA defi nes forest 
land as land with 10% minimum tree stocking 
level or, for several western woodland types 
where stocking cannot be determined, 5% 
minimum tree canopy cover; minimum area of 
0.4047 ha; and a minimum continuous canopy 
width of 36.58 m (Bechtold and Patterson 2005). 
Timberland is a designation referring to a subset 
of forest land that “…is producing or capable of 
producing in excess of 20 cubic feet per acre per 
year [1.4 m3 ha–1 yr–1] of wood at culmination 
of mean annual increment”, excluding reserved 
forest land, which “…is permanently reserved 
from wood products utilization through statute 
or administrative designation” (Bechtold and 
Patterson 2005). Estimates of forest land and 
timberland area within each state were obtained 
by multiplying total area inventoried by the 
mean proportion estimated from forest inven-
tory plot observations (Scott et al. 2005). 

We used draft tables of the 2007 RPA report 
(Smith et al. 2009) and historic RPA data to 
produce area estimates of current and past for-
est land and ponderosa and Jeffrey pine forest 
type for each state. For some attributes, RPA 
estimates represent groups of forest types: pon-
derosa and Jeffrey pines types are combined 
into the ponderosa pine forest type group. For 
some attributes, historic RPA estimates apply 
only to timberland, which captures more than 
87% of forest land area in the ponderosa pine 
forest type group and thus is assumed to be 
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 representative of historic trends in forest land 
for this forest type group. 

We produced estimates of the area of 
Flammulated Owl habitat abundance for 11 
western states by querying the FIA database 
(U.S. Department of Agriculture Forest Service 
2008) and constraining estimates to ponderosa 
pine forest type group on forest land with tree 
diameters of at least 30 cm and trees per ha in 
the range 300–700. Using a hexagon sampling 
array developed by the U.S. Environmental 
Protection Agency, Environmental Monitoring 
and Assessment Program (EMAP) (White et al. 
2005), we produced estimates for each hexagon 
within the 11 western states. EMAP provides 
a sampling grid with each hexagon measuring 
approximately 648 square kilometers in area 
(U.S. Environmental Protection Agency 2002). 
We used a geographic information system (GIS) 
to produce hexagon-based maps for all forest 
land in ponderosa pine forest type group, and 
for Flammulated Owl potential breeding habi-
tat abundance under the same conditions used 
for producing state-wide estimates.

LANDFIRE

The Landscape Fire and Resource Planning 
Tools Project, or LANDFIRE, is a project for pro-
ducing maps and data describing  vegetation, 

wildland fuel, and fi re regimes across the United 
States (Rollins and Frame 2006). LANDFIRE 
geospatial data are produced as 30-m spatial 
resolution raster datasets and distributed by 
mapping zones in Albers Conical Equal Area 
Projection (USGS parameters), North American 
Datum of 1983. LANDFIRE data products ana-
lyzed in this study include attributes corre-
sponding to forest type, size and density: (1) 
Existing Vegetation Type (EVT) (Comer 2003), 
and linked to a classifi cation system from the 
Society of American Foresters and Society for 
Range Management (Eyre 1980); (2) Canopy 
Height (CH), which is the average height (m) 
to the top of the vegetation canopy; and (3) 
Canopy Cover (CC), which is the percent cover 
of tree canopy. We obtained these geospatial 
datasets for all mapping zones that encompass 
any portion of the 11-state study area and used 
a GIS to constrain the LANDFIRE data to the 
11-state geographic extent, and attribute each 
pixel with the state code in which the pixel is 
located. We used the following fi lters to label 
LANDFIRE forest pixels as potential habitat: 
EVT = SAF237 (Interior Ponderosa Pine) or 
SAF247 (Jeffrey Pine), CH ≥ 10 m, and CC ≥ 
30% and CC < 80%. We estimated abundance of 
Flammulated Owl breeding habitat by tabulat-
ing the number of selected pixels and weight-
ing by the per-pixel area (900 m2).

FIGURE 2. Ponderosa pine (Pinus ponderosa) forest with vegetation composition and structure typical of breed-
ing habitat for Flammulated Owl (Otus flammeolus), Colorado, USA. Photograph by Brian Linkhart.
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Gap Analysis Program (GAP)

Gap Analysis Program (GAP) geospatial 
datasets representing known or likely habitat 
for animal species are based on a combination 
of land cover classes associated with habitats 
and counties or hexagons for which animal 
species occurrence information is recorded 
(Gap Analysis Program 2008). GAP data are 
appropriate for use in regional analyses or 
planning applications, but not for site-specific 
analyses. Stockenberg et al. (2008) describe 
the role of GAP data for setting biological 
objectives for habitats and associated bird 
species within a Bird Conservation Region. 
GAP data were obtained for each of the 11 
western states in the study area. We used a GIS 
to process and analyze GAP data including: 
converting data to 90-m spatial resolution 
raster format, merging datasets from 11 
states to produce a single geospatial dataset, 
masking out non-‘habitat’ pixels, reprojecting 
the dataset to Albers ‘USGS’ projection 
(as described for LANDFIRE, above), and 
attributing each pixel with its corresponding 
state code. We produced estimates of habitat 
abundance by tabulating the number of 
‘habitat’ pixels and weighting by the per-pixel 
area (8100 m2).

RESULTS

GEOGRAPHIC RANGE MAPS

Flammulated Owl breeding range corre-
sponds closely with ponderosa pine and Jeffrey 
pine range, illustrating the strong positive asso-
ciation of this owl with the two western yellow 
pines (see Fig. 1). Exceptions include the exten-
sion beyond the owl range of ponderosa pine in 
western Oregon, central and eastern Montana, 
northeastern Wyoming and in the Black Hills 
of western South Dakota, which is partially 
outside the 11-state study area; and of Jeffrey 
pine in southcentral California and southwest-
ern Oregon. Also, portions of the owl range 
encompass areas beyond the geographic range 
of the two yellow pines (i.e., southern British 
Columbia and Mexico).

FOREST LAND AND TIMBERLAND AREA

Current estimates of ponderosa and Jeffrey 
pine forest types on forest land were 98 633 km2 
and 83 000 km2 from FIA and LANDFIRE data, 
respectively (Fig. 3). RPA estimates of ponderosa 
pine forest type group on timberland declined 
by 36% from about 136 200 km2 in 1953 to 
86 827 km2 in 2007, with modest fl uctuations 

FIGURE 3. Area estimates of ponderosa pine (Pinus ponderosa) forest type group on forest land, derived from 
FIA and LANDFIRE data; and estimates of Flammulated Owl (Otus flammeolus) potential breeding habitat, 
derived from FIA, LANDFIRE, and GAP data, within 11 western states, USA.
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during intermediate years (Fig. 4). Between 1987 
and 2007, a decrease in these forest types on tim-
berland was estimated at 14%, characterized by 
a 16% increase within stand-ages of 100–149, but 
a 49% decrease within stand-ages of 150 or older 
(Fig. 5); a 22% increase within diameter classes 
of 30–49 cm, but a 28% decrease for diameters 
of 50 cm and larger (Fig. 6); and a 115% increase 
within the poorly stocked and medium stocked 
classes (10–59%) (Fig. 7). Figure 8A reveals an 
FIA-based map of ponderosa and Jeffrey pine 
spatial distribution that is very similar to Little’s 
range maps for these tree species (Fig. 1).

EXTENT OF BREEDING HABITAT

The extent of Flammulated Owl breeding 
habitat was estimated to be 47 890 km2 from 
FIA data, 49 740 km2 from LANDFIRE data, and 
521 548 km2 from GAP data (Fig. 3). Figure 8B 
portrays the spatial distribution of Flammulated 
Owl potential breeding habitat, which encom-
passes most of the geographic range of pon-
derosa and Jeffrey pine (Fig. 8A), but at lower 
densities per hexagon across the range and with 
fewer hexagons containing habitat, especially 
within the eastern extent of the range. 

DISCUSSION

Literature reports tend to have high agree-
ment in how they characterize vegetation 

compositional and structural components of 
Flammulated Owl breeding habitat. Minimum 
area requirements and other landscape metrics 
were not emphasized in the Flammulated Owl 
literature, although these features are known 
to affect habitat quality of many other species 
of wildlife. Thus, we felt justifi ed in using FIA 
data to assess forest vegetation relating to the 
extent of Flammulated Owl potential breeding 
habitat across the United States portion of this 
owl’s geographic range. 

The geographic range of Flammulated Owl 
corresponds closely, but not perfectly, with pon-
derosa and Jeffrey pine distribution, illustrating 
the strong positive association between this owl 
and these two western yellow pines (Fig. 1). 
This is expected, given the generalized nature 
of species range maps, which are not intended 
for estimating area of vegetation, abundance of 
habitat, or population size. Large areas of west-
ern yellow pine range appear to be unoccupied 
by the owl, primarily in the northeast extent 
of ponderosa pine range. Recent fi eld surveys 
in Montana (Cilimburg 2005) resulted in addi-
tional observations of Flammulated Owls, east 
of the previously delineated owl range. We rec-
ommend that the owl geographic range map be 
revised to capture these new records. To date, 
Flammulated Owls have not been observed 
during fi eld surveys of the Black Hills, an area 
visible in Figure 1 as a large island of ponderosa 
forest in eastern Wyoming and western South 

FIGURE 4. Historical area estimates of ponderosa pine (Pinus ponderosa) forest type group on timberland within 
11 western states, USA, 2007.
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FIGURE 5. Area estimates of ponderosa pine forest type group on timberland by stand-age class within 11 
western states, USA, 2007.

FIGURE 6. Area estimates of ponderosa pine forest type group on timberland by average dbh class within 11 
western states, USA, 2007.
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FIGURE 8. Geographic distribution within 11 western states, USA of (a) ponderosa pine (Pinus ponderosa) or 
Jeffrey pine (Pinus jeffreyi) forest land; and (b) potential abundance of Flammulated Owl (Otus fl ammeolus) 
breeding habitat, where one or more ponderosa pine or Jeffrey pine trees are ≥ 30 cm dbh, and tph of all trees 
are between 300 and 700 stems/ha.

FIGURE 7. Area estimates of ponderosa pine forest type group on timberland by stocking class within 11 west-
ern states, USA, 2007.
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Dakota (Rocky Mountain Bird Observatory, 
Online database). 

RPA statistical reports, derived from FIA 
data, provided historical estimates of forest land 
and timberland area, by common attributes of 
forest type, age, size, and density. Forest types 
of ponderosa and Jeffrey pines comprise about 
10% of all forest land in the West, and the area 
of forest in these types has decreased by 36% 
over the past 5 decades. Little of this forest is 
in stand-age classes older than 100 years, dbh 
classes larger than 30 cm, and intermediate 
stocking classes, attributes that are typical of 
Flammulated Owl breeding habitat. Ganey and 
Vojta (2007) predict that densities of snags in 
ponderosa pine forests in Northern Arizona will 
increase over the next 30 years, but densities of 
large snags will remain below target densities 
for management and conservation of wildlife.

Compared with FIA estimates, LANDFIRE-
based estimates of forestland area in ponderosa 
pine forest type group and potential breeding 
habitat abundance appear slightly lower, but 
GAP-based habitat estimates appear to greatly 
overestimate habitat abundance, likely due to 
GAP’s more general land cover classes. 

Although the FIA- and LANDFIRE-based 
estimates of habitat area are constrained to pon-
derosa pine forest type group and omit habitat 
within other forest types, we suggest that these 
estimates capture the core resources needed 
by breeding Flammulated Owls. However, the 
thresholds of forest size and density selected for 
defi ning habitat may have led to overestimates 
of habitat abundance. Our minimum threshold 
of 30 cm dbh characterizes the minimum size 
of trees recorded as nesting sites, but the mean 
dbh of these nesting trees was about 50 cm. 
Constraining our estimates to trees at least 
50 cm would have reduced both the geographic 
extent and the total area of our estimates of 
habitat abundance. Therefore, our estimates are 
reported as potential habitat abundance, which 
includes habitat of low quality.

CONCLUSIONS

Abundance of Flammulated Owl poten-
tial breeding habitat in ponderosa and Jeffrey 
pines declined substantially over the past fi ve 
decades. Current estimates of Flammulated 
Owl potential breeding habitat area were about 
48 000 km2 from FIA data and about 50 000 km2 
from LANDFIRE data—a consistency that sug-
gests reliability of these data sources. Additional 
analyses are recommended to assess spatial 
consistency between these two datasets. A GAP-
based estimate of known/likely Flammulated 
Owl habitat (522 000 km2) was considerably 

greater than from FIA- and LANDFIRE-based 
estimates, likely due to the less specifi c land 
cover classes available in the GAP data. Recent 
enhancements to GAP, i.e., the Southwest 
Regional Gap Analysis Project (SWReGAP), 
may provide for improved estimates and we 
recommend that these data be assessed.
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Colorado’s worst methane polluter is an Arch Coal
mine

Somerset, CO — If you know what to look for, you can spot the old well pads in the hills above

West Elk Mine. The reclaimed patches of land, carefully restored to their original contours, stand

out only as a lighter green against the dark, dense forest. The trees, the Forest Service promises,

will grow back later.

Otherwise, to the casual hiker, this tract of Gunnison National Forest offers few hints of the

massive coal mine hundreds of feet below. The landscape is lush, the sky clear blue. Only the low

thrum of chorus frogs and the occasional passing mule deer break the forest’s silence.

But hike along a certain route, several miles up muddy access roads high in the hills, and you’ll

�nd West Elk’s dirty secret. On a well pad cut �at into the sloping earth sits a loud, smelly

exhauster. Day and night, this machine perpetually is pulling methane gas from deep underground

and thrusting it into the sky.

Methane vent well pads dot the terrain above the West Elk Mine in Gunnison County, Colorado. 

Coal mines account for nearly 10 percent of all methane gas emissions nationwide. In 2014, the

most recent year data is available from the U.S. Environmental Protection Agency, West Elk Mine

was the single largest methane polluter in Colorado, venting more of the greenhouse gas than

even the state’s most methane-polluting oil and gas operator, Encana Oil & Gas. 

By  Kelsey Ray  - May 3, 2016
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Unlike methane from oil and gas drilling, coal mine methane remains unregulated at both state

and federal levels. As climate change activists see it, this makes neither environmental nor

economic sense: In addition to being many times more active a heat-trapping gas than carbon

dioxide, methane is a valuable fuel source. West Elk’s gassy coal seams leak enough of it to

potentially heat almost the entire city of Longmont.

But rather than working to capture the thousands of tons of methane West Elk emits annually, or

at least destroying it to signi�cantly reduce its global warming impact, the mine’s operators simply

vent it into the atmosphere, where the only thing it’s heating is the planet.

Gov. John Hickenlooper has passed strict, groundbreaking methane regulations for the oil and gas

industry that are a model for the country. But even though West Elk is the state’s worst methane

offender, Hickenlooper supports reinstating a legal exception that would likely allow the mine to

signi�cantly expand. If approved, the exception would grant access to nearly 20,000 acres and

170 million more tons of coal, meaning Colorado’s single largest methane polluter could continue

venting even more of the potent gas for years to come.

“I hope Governor Hickenlooper and leaders in the Obama administration recognize that this mine

would roll back a large portion of the progress we’ve made in tackling methane on the state,

national, and even international levels,” said Conservation Colorado Executive Director Pete

Maysmith.

”There are myriad reasons not to expand the West Elk Coal Mine,” he added. “But perhaps the

most compelling is that this mine would unleash a torrent of methane that threatens to undermine

Colorado’s efforts to lead the nation in reducing methane pollution and climate change.”

 

The buzz

You can hear the mechanical exhauster long before your legs, weighed down by the thick April

mud, make it up the �nal hill. The destination: well vent E6-6, one of the latest spots where Arch

Coal, the corporation that owns West Elk, is currently venting methane from the mine. From afar,

the forest sounds almost like a �uorescent-lit room, a faint, droning hum, until you hike closer to

the source, where the buzz is overwhelming. 

This is public land, but the exhauster is caged behind a chain-link fence on which signs warn of

�re hazard. The machine itself is connected to a hole that bores deep into the mine.
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A methane exhauster above West Elk Mine. The gas it’s venting can’t be seen by the naked eye.

Coal mining and methane are inextricably linked. Extracting the carbon-rich fuel requires breaking

up hard earth hundreds of feet below ground, creating cracks and �ssures that release the long-

stored gas into the mineshaft. The older, deeper and blacker the coal, the more methane. The

super rich mine seams of Colorado’s North Fork Valley, as it happens, meet that description.

“West Elk is particularly gassy,” explained Scott Braden, an energy advocate with Conservation

Colorado.

Methane is nontoxic, but highly �ammable — the source of generations of catastrophic explosions

that made mining such a dangerous vocation. In the old days, mine operators would send one

unlucky worker underground to check for gas pockets, out�tting him with only a torch and a wet

blanket to hide under. Now, methane venting is mandatory and highly regulated. Gas meters offer

a far less fatal detection tool than human torch-bearers.

The gas that poses a safety risk underground is also harmful when released. Scientists now

recognize that methane is between 20 and 25 times more potent as a greenhouse gas than the

better-known warming culprit, carbon dioxide. Though methane only remains in the atmosphere

for little over a decade, while CO2 lingers much longer, methane’s heat-trapping properties are

more devastating in the short run. 

As its climate impacts are becoming better known, methane is �nally, albeit slowly, becoming

subject to regulation.

Gov. Hickenlooper was hailed as an environmental champion in 2013 when he passed his “zero

tolerance” policy on methane emissions from oil and gas operations. Colorado became the �rst

state to impose such a rule, which requires drillers to capture 95 percent of all methane and to

�nd and �x all gas leaks.

But the governor’s low tolerance for methane doesn’t apply to the coal industry. Colorado, like the

federal government, doesn’t regulate coal mine methane beyond mandating that large polluters

report their emissions to the EPA.
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The proposed expansion of West Elk, which would line up 10 million more tons of methane-rich

coal for mining, has the potential to undo much of the climate change bene�ts of the state’s

methane rule. While Hickenlooper’s oil and gas regulations are expected to cut methane

emissions equivalent to 2.34 million tons of CO2 each year, the coal mine expansion could add 1.2

million CO2-equivalent tons of the gas annually. And none of that, of course, factors in the

additional methane emissions that would come from burning the coal. 

Said Braden: “The back-of-the-napkin calculation is that you essentially lose the savings of the oil

and gas rule by allowing a new coal-based methane source.”

 

Cases for and against expansion

As an odorless and colorless gas, methane is invisible and imperceptible. That’s partly why it’s

allowed to leak in such massive amounts without consequence into the skies above Somerset: No

one can see it. 

At least, not without an infrared camera. 

Earthworks, an environmental advocacy group based in Washington, D.C., bought its forward-

looking infrared, or FLIR, camera in 2014. A $100,000 price tag and the need for specialized

thermography training usually keep this technology out of the hands of average folks. But Sharon

Wilson, a former oil and gas executive who embraced environmental activism after her own land

in Texas was fracked in 2008, is fully certi�ed.

Wilson mostly shoots oil and gas leaks and temporary industry disasters. But in late April, she

took Earthworks’ FLIR camera into the hills above West Elk to get a look, for the �rst time ever, at

coal mine methane.

Sharon Wilson films a methane exhauster above West Elk Mine with her infrared camera.
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West Elk is located in Gunnison County, a mile east of Somerset and about 10 miles east of

Paonia, on a combination of private and federal land. Its owner, St. Louis-based Arch Coal, is the

nation’s second-largest coal supplier. Notably, Arch �led for bankruptcy in January, citing low coal

prices and steep competition from natural gas.  

But the company has no plans to stop mining. Since 2012, Arch Coal’s subsidiary, Mountain Coal

Company, has sought permission to add 1,721 acres to its existing federal coal leases. Although the

acres in question are on U.S. Forest Service land, the Mineral Leasing Act requires that the Bureau

of Land Management (BLM) approve all new coal lease requests on federal land. 

Environmentalists had hoped the West Elk expansion would be halted when, in January this year,

President Obama ordered a three-year moratorium on all new federal coal leases in order to

more carefully consider the environmental impacts of the coal industry. But as it turns out, a legal

loophole grandfathering in lease applications that have already been ruled on means the

pause doesn’t apply to West Elk. 

Still, other obstacles have blocked the mine’s expansion.

West Elk isn’t just asking to dig underground. In order to vent methane from the mine, as safety

regulations require, Arch Coal would need to build roads in the new lease areas — paths that

would allow the drilling of vent holes and facilitate the transport of the mobile exhausters. That’s a

problem because the expanded West Elk leases in question fall on land within Colorado’s Sunset

Roadless Area.

For city folk unfamiliar with the designation, a roadless area is a swath of public land that the

government says must remain, well, without roads. The BLM can still approve new coal leases in

these areas, but mine operators cannot build access roads for transport — or for the generators

that vent methane. For its purposes, West Elk needs roads.

When former President Bill Clinton passed the federal roadless rule in 2001, just as he was leaving

of�ce, the policy was predictably controversial. Environmentalists praised it, while conservatives

and industries that operate on federal land feared losing access to the back-country would cause

economic losses. When George W. Bush took over, he suggested that the rule may not last, urging

interested states to formulate their own policies instead.

In the end, the federal roadless rule stayed on the books. But Colorado is one of two states –

along with Idaho – that passed its own roadless policy, which environmentalists say is

comparatively less protective of public lands than its federal counterpart. 

The Colorado Roadless Rule governs 4.2 million acres of land, but grants some industries

privileges the federal rule doesn’t allow, such as logging in remote areas and backcountry skiing

access. Even more contentious, it includes a 19,100-acre exception in the North Fork Valley,

where West Elk is located, that allows mining companies to build temporary roads. 

In 2012, just before Colorado’s roadless rule passed, Jane Danowitz, then-director of the public

lands program at the Washington-based Pew Environment Group, told The New York Times it

“would give Colorado, at the end of day, fewer protections than any other state.”

Plenty of supporters countered that the balance between environment and industry was the right

choice for Colorado.

http://www.denverpost.com/business/ci_29391583/federal-coal-lease-pause-doesnt-apply-west-elk
http://www.nytimes.com/2012/02/06/us/colorado-seeks-own-roadless-rule-for-national-forests.html?_r=0
http://www.nytimes.com/2012/02/06/us/colorado-seeks-own-roadless-rule-for-national-forests.html?_r=0
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“…We believe it’s better for Colorado – that we are able to address our unique environmental

circumstances, and our unique economic circumstances, in a way that the 2001 rule simply

couldn’t and didn’t,” Mike King, then the executive director of Colorado’s Department of Natural

Resources, said in 2012.

When the feds approved the passage of the Colorado roadless rule that year, it seemed that King

and coal supporters were victorious.

But environmental groups like WildEarth Guardians and the Sierra Club weren’t giving up without

a �ght. They �led a lawsuit accusing multiple federal agencies, including the BLM and Forest

Service, of approving both the roadless rule exception in the North Fork Valley and West Elk’s

lease modi�cations without adequately considering the environmental impacts of increased coal

mining in the area. 

U.S. District Judge R. Brooke Jackson sided with the environmentalists. In 2014, he halted both the

roadless rule exception and West Elk’s lease expansion, citing the Forest Service’s failure to

adequately consider the climate impacts in its environmental assessments.

The Forest Service, �ghting the court’s ruling, is preparing secondary environmental impact

statements for both the West Elk expansion and the roadless rule exception. The �nal reports for

both are expected this spring or summer. The coal mine’s expansion, of course, hinges on federal

permission to build roads in the roadless area.

 

Hick weighs in

Land reclamation efforts in progress above West Elk Mine

In January of this year, Hickenlooper’s administration voiced support for the North Fork exemption

to the roadless rule.
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“…The North Fork coal mining exception was… included in the State of Colorado’s petitions for

rulemaking to ensure that the coal mines in that area would be able to expand and continue to

provide critical jobs for Coloradans,” King, then Hickenlooper’s top natural resources of�cial,

wrote in a letter to the Forest Service. 

Though the letter is widely considered an endorsement of the West Elk expansion, the

administration won’t comment speci�cally on the mine. In a statement on the Governor’s support

of the roadless exception, Todd Hartman of the Department of Natural Resources called it “part of

a balanced rule that respected the economic needs of coal communities and allowed for mining-

related road construction.” 

But what about West Elk’s already massive methane emissions? And what about the

inconsistency between the administration being ahead-of-the-curve tough on oil and gas

methane, while letting coal mines off with a free pass to pollute?

When asked about this contradiction, the administration said that soon, coal mines like West Elk

may not get away with methane emissions as easily as they have so far.

Hartman said that the administration will weigh in on future projects attempting to take advantage

of the North Fork exception, including West Elk’s expansion. He also said that Gov. Hickenlooper

“has directed the administration to take certain steps to mitigate the impacts of continued coal

mining in the North Fork Valley,” including “ways in which methane emissions from proposed

projects can be minimized.”

This would be an important step in curbing Colorado’s biggest source of methane pollution.

Notably, the state in March commissioned a report through the Colorado Energy Of�ce analyzing

the commercial possibilities for coal mine methane in Colorado.

When asked for speci�cs about which kinds of methane regulations the administration might

impose, spokeswoman Kathy Green said only that the Governor would “apply the Colorado

Division of Reclamation Mining and Safety regulations that are on the books.”

But the regulatory documents on that agency’s website don’t mention methane. And as long as

coal mine methane capture and destruction remain voluntary, the coal industry will continue to

be able to legally justify inaction. 

‘A wonderful neighbor’?

Earthworks’ Wilson, a single mom in her 60s, is a �atlander – a Texan unaccustomed to altitude

hiking, especially with her �ve-pound infrared camera. But, having never before “seen” methane

from a coal mine, she was determined not to let health problems or exhaustion keep her from

trudging way up the muddy mountains behind West Elk to get the shot.

Upon approaching the methane exhauster, Wilson snapped to attention. Quickly, determinedly,

she went to work with her camera at multiple angles and settings, capturing images of the

methane plume environmentalists and locals in these parts have long heard about, but can’t see.

Why the fascination with infrared technology? “It exposes the dirty secrets that these fossil fuel

industries want to keep hidden,” Wilson said.

https://www.colorado.gov/pacific/sites/default/files/atoms/files/Coal%20Mine%20Methane%20Report%202016%20FINAL%203_2016.pdf
http://mining.state.co.us/Pages/Home.aspx
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Infrared footage shows methane emissions from West Elk Mine. Video by Sharon Wilson,

Earthworks. 

Arch Coal said West Elk wasn’t able to devote company resources for a tour of the mine and its

methane exhausters. Mine employees refused to even respond to calls, emails and multiple

voicemails requesting interviews. 

Logan Bonacorsi, Arch’s spokeswoman, stressed the economic importance of the mine. She said

West Elk currently has over 300 employees. The annual pay and bene�ts packages of these jobs,

she noted, averages over $100,000.

But the coal market is struggling, and Bonacorsi said the proposed expansion is less an

opportunity for major growth than a chance simply to keep the mine’s lights on.

“It is important to point out that while it is often discussed as an expansion, it’s really additional

reserves to allow the operation to continue mining in the future,” she said in an email. “The

addition of mineable coal reserves could extend the life of West Elk’s current mining operations.”

Locals in these parts know how key mining jobs are to their rural economy. Ed Marston, an

environmentalist, longtime resident of nearby Paonia and former editor of High Country News,

calls himself “a huge fan of coal mining in my valley.” He’s particularly supportive of coal

compared to other fossil fuels.

“Coal has coexisted well with communities around it for many decades,” he said. “Coal has been a

wonderful neighbor.”

In addition to the jobs it provides, West Elk has been lauded for its adherence to rules. Over the

past decade, the mine has won several awards for its safety record and commitment to restoring

land disturbed by mining operations.

But �nancial records suggest the mine’s owner, Arch Coal, may not always have its employees’

and shareholders’ best interests in mind. As Arch Coal’s fortunes have dropped steeply over the

past few years, it has cut wages and suspended dividends. Meanwhile, the company’s CEO, John

Eaves, saw his pay nearly double from $3.9 million in 2012 to $7.3 million in 2014. And U.S.

Securities Exchange Commission �lings show that the company paid out $8 million in executive

bonuses just one business day before it �led for bankruptcy in January.

The invisible plume

Methane pollution made international news late last year when a natural gas storage facility in

Southern California’s Aliso Canyon began pouring thousands of tons of methane into the air each

day. The leak forced residents of a massive housing development called Porter Ranch to �ee their

homes, many complaining of health problems. The blowout was the worst single man-made

greenhouse gas accident in history, spewing a total 97,100 metric tons of methane over only four

months. 

Earthworks’ infrared footage of the leak — which made the invisible gas visible — garnered

worldwide attention and alarm. Headlines described the situation with words like “catastrophe”

and “disaster.” 

https://www.youtube.com/watch?v=Rnbcsm0VzQM
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Triggering nowhere near the same sense of urgency or concern, West Elk legally and allowably is

polluting half of what accidentally leaked from the massive Aliso Canyon blowout — 58,000 tons

of methane in 2011, according to the 2012 �nal environmental impact statement for the expansion.

And that’s before the proposed expansion. A governor who claims to be tough on methane and

proactive against climate change is supporting the legal exception that would allow the mine to

grow and its methane pollution to signi�cantly swell.

A map showing the proposed expansion to West Elk Mine

Ted Zukoski, an attorney with environmental law �rm EarthJustice, doesn’t deny that coal mining

is economically important for Colorado. But he says the environmental impacts of Colorado’s

roadless rule exemption are too signi�cant to ignore.

Allowing roads to be built on 20,000-acre of purportedly roadless areas in the North Fork Valley

would give coal companies like Arch access to 170 million more tons of coal. That much, Zukoski

says, would yield additional methane emissions equivalent to 1 to 2 million tons of carbon dioxide

a year. Carbon dioxide equivalency is often used as a standard measure in order to simplify the

calculation of greenhouse gas emissions. To put that amount in perspective, West Elk released the

equivalent of about 650,000 metric tons of CO2 in 2014, according to the EPA. Zukoski expects

the additional accessible coal would allow mining for an additional 30 years or more, depending

on the coal market, with methane emissions at or above current levels. 

Just because methane is a natural byproduct of coal mining doesn’t mean companies have to

simply spit it into the atmosphere. Companies could destroy it by �aring it, which is still a waste of

potential energy, but far less polluting. Or, even better, they could capture it and harness it as an

energy source.
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Coal mine methane was added to Colorado’s Renewable Energy Standard as an “eligible energy

source” in 2013. That means utility companies get credit for using it when calculating the

percentage of renewable energy they use in their operations. Investor-owned utility companies

will be required to use at least 30 percent renewables starting in 2020.

But, as Zukoski tells it, West Elk hasn’t properly considered those alternatives. In 2008, he and his

team – which included the environmental group WildEarth Guardians – �led a lawsuit against the

U.S. Forest Service for approving a previous West Elk Mine expansion without examining options

beyond simply spilling the valuable methane into the sky.

WildEarth lost its case when the court ruled that capturing methane wasn’t economically feasible,

and that therefore the Forest Service was justi�ed in not requiring it as an alternative to methane

venting.

Zukoski says the Forest Service made its determination without considering relevant scienti�c and

economic evidence from the Environmental Protection Agency.

“We suggested several ways the Forest Service could have limited methane emissions for the

lease expansions  But the Forest Service declined to require or even analyze seriously any of these

measures,” he said. 

Zukoski called the agency’s excuses for not considering the measures “bogus.” In his mind, the

Forest Service is ignoring the problem of coal mine methane pollution while pretending to take

action.

In a 2008 op-ed in the Denver Post, Charlie Richmond, former Forest Service supervisor for the

Gunnison National Forest, promised that the agency would continue to “lead the charge” on

methane use. “Finding just the right solution for utilization of methane, thereby reducing

greenhouse gas emissions, will not happen overnight but is on the nearby horizon,” Richmond

wrote.

“Eight years after that statement, the of�cial Forest Service position remains that there is nothing

to be done about methane at the West Elk Mine,” Zukoski said. 

“So much for ‘leading the charge,'” he said. 

Venting frustrations

To the naked eye, the methane perpetually spewing from West Elk’s E6-6 exhauster is

indiscernible. But on the infrared camera’s viewing screen, the gas is starkly clear. Two black

plumes billow from vents, not in bursts, but in dark, thick clouds that can be seen wafting through

pine trees into sky above the West Elk Mountains and upwards into the atmosphere where

science tells it will trap the sun’s heat within the earth’s atmosphere, slowly and steadily heating

the planet.

“It’s horrifying,” said Wilson.

According to a recent report released by the Colorado Energy Of�ce, West Elk currently

employs a small amount of waste methane to heat the mine. In 2013, heat generation utilized 3.7

percent of the mine’s total methane emissions.

http://www.denverpost.com/headlines/ci_9043680
https://www.colorado.gov/pacific/sites/default/files/atoms/files/Coal%20Mine%20Methane%20Report%202016%20FINAL%203_2016.pdf


11/23/21, 11:49 AM Colorado's worst methane polluter is an Arch Coal mine - The Colorado Independent

https://www.coloradoindependent.com/2016/05/03/colorados-worst-methane-polluter-is-an-arch-coal-mine-west-elk-john-hickenlooper/ 11/13

West Elk Mine may not be interested in harnessing its remaining waste methane. But one Denver-

based company, Vessels Coal Gas, is.

Vessels has researched and furthered the development of methane capture and �aring

technologies in order to prevent valuable waste methane from wafting into the sky. 

The company has a partnership with another Somerset-area mining operation, Oxbow’s Elk Creek

Mine. Though the mine itself went idle in 2013, a methane capture system implemented the year

before is still running. Methane from Elk Creek currently generates three megawatts of electricity,

which is powering all operations at Aspen Ski Company.

Electricity generation operation at Oxbow Mining’s Elk Creek Mine. Aside from methane capture, Elk Creek is currently idle. Photo
credit: Vessels Coal Gas

In addition to climate-savvy ski companies, capturing waste methane might make sense for some

rural communities near coal mines. But existing regulations and contracts typically prevent local

utilities from adding waste methane to their portfolios, which activists are working to remedy.

If captured, methane from West Elk could power almost 30,000 homes — or all the houses in

Longmont.

But price is an obstacle. Given the high cost of cleaning methane, “it’s not super economic” as a

direct fuel source, admitted Evan Vessels, an administrator and son of company founder Tom

Vessels. He said that Aspen Ski Company, which paid a premium to set up its methane capture

operation at Elk Creek, was more interested in broadening its energy portfolio than in cost

savings.

Another way to reduce methane emissions is to simply �are, or burn, the leaking gas. Though

�aring doesn’t capture any energy or electricity potential, and still emits greenhouse gases, it

converts methane into much smaller amounts of CO2. The net global warming impact of �ared

methane is about 80 percent less than vented gas.
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California encourages methane �aring with its carbon credit cap-and-trade market. Flared

methane earns credits, which Vessels Coal Gas sells for about $10 each on California’s market. If

Colorado created such a market — or if Congress implemented a nationwide price on carbon —

monetizing waste methane would be even easier.

“The reason why it makes business sense to vent methane is because we don’t put a price on

climate pollution,” said Earthworks Executive Director Jennifer Krill. “That’s got to change.”

Krill said it’s time for the state to reckon with the troubling reality of coal mine methane.

“The global climate shouldn’t be the dumping ground for any industry, and Colorado recognizes

that when it comes to both the oil and gas industry, and when it comes to burning coal.” 

Now, she added, “the challenge is to stop letting coal mining dump its pollution in our global

climate.”

But as things stand, even methane �aring, which is a comparatively easy and inexpensive practice

— “It’s pennies,” Evan Vessels said — fails to win over coal companies in Colorado. 

“They’re just uncooperative,” Vessels said.

The problem, according to both owner and son, is that coal companies feel entitled to all revenue

generated from what they feel is “their” resource. Why pay a middleman to capture or �are your

methane when you can do it yourself for free?

But the reality is that most coal companies aren’t doing it themselves because they’re typically too

busy with daily operations. Oxbow’s Elk Creek Mine, in its partnership with Aspen Ski Company, is

the only mine in the state to make use of the technology.

Arch Coal told The Independent that it “continue[s] to explore opportunities for the potential

future viability of the commercial use of methane.”

But Evan Vessels counters that’s simply not true.

“They’re sitting around, and we are begging them to let us make them money,” he said.

In the meantime, it’s with impunity that West Elk and other underground coal mines keep

spewing their invisible of methane from exhausters so remote that nobody notices or thinks much

about their effect on the planet. 

And why not? Without regulations like the kind Colorado has set for oil and gas, there’s nothing

stopping them. 

Correction May 4, 2016: This story orginally stated Hickenlooper’s oil and gas regulations are

expected to cut methane emissions equivalent to 2.34 tons of CO2 each year. In fact, they are

expected to cut methane emissions by 2.34 million tons of CO2. 

Cover photo credit: Sharon Wilson, Earthworks; story photos by Kelsey Ray

 

https://www.earthworksaction.org/
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Abstract
Several studies have addressed the importance of woodpeckers as ecological
engineers in forests due to their excavation of cavities. Although research in
green, unburned forests has identified the influence of different excavators on
secondary use by cavity-dependent species, little is known about the relative
importance of cavities created by woodpeckers in recently burned forests. By
excavating cavities, woodpeckers create habitat for secondary cavity users that
can facilitate post-fire regeneration through seed dispersal, seed germination and
regulation of insect populations that affect vegetative growth. In this study, we
monitored 77 cavities created by three species of Picoides woodpeckers for use
by secondary cavity species in a fire that burned in the Sierra Nevada, Califor-
nia. At each cavity we measured nest tree and site-specific parameters to deter-
mine if these characteristics could explain differential use by secondary cavity
users. We found substantial overlap in cavity characteristics between wood-
pecker species, with the white-headed woodpecker differing most notably in
their placement of cavities in larger diameter, shorter and more decayed trees in
less dense stands than either hairy or black-backed woodpeckers. These differ-
ences in cavity placement may have resulted in the high diversity and large
number of detections of secondary cavity species in white-headed woodpecker
cavities. Black-backed and hairy woodpeckers were similar in the number of
detections of secondary cavity use, although black-backed woodpecker cavities
were used by more species than hairy woodpecker cavities. Secondary cavity use
was high (86%) suggesting these woodpeckers, and the white-headed wood-
pecker in particular, can have an accelerating affect effect on ecological succes-
sion by providing valuable habitat features for seed dispersing birds and
mammals, insectivorous birds, and small predators, thereby impacting ecological
processes and functions.

Introduction

Ecological succession describes changes in plant and wildlife
community composition over time and is often illustrated by
changes in habitat following disturbance (Clements, 1904;
Connell & Slatyer, 1977). The path of ecological succession is
unpredictable and may depend on the facilitative effects of
ecosystem engineers. Ecosystem engineers have the ability to
influence succession by altering or creating habitat (Lawton &
Jones, 1995) and may facilitate colonization or re-colonization
by other species after disturbance (Andersen & MacMahon,
1985; Nummi & Holopainen, 2014). Many species of wood-
peckers may act as ecosystem engineers that affect succes-
sional dynamics following fire, the dominant source of
disturbance in mixed conifer forests of western North America

(Skinner & Chang, 1996). They may colonize burned areas
immediately after fire by exploiting the abundance of food
(bark and wood-boring beetles) and nest resources (snags),
utilizing habitat unsuitable to many other bird and mammal
species (Kotliar et al., 2002). As ecosystem engineers, wood-
peckers excavate cavities that provide nesting, roosting,
denning and resting sites for secondary cavity users (SCUs),
species dependent on cavities, but unable to excavate them
(Raphael & White, 1984). In many coniferous habitats cavities
that are not created by woodpeckers are rare (Aitken &
Martin, 2007) and competition for cavities has been shown to
limit population growth of SCUs (Holt & Martin, 1997), cre-
ating a strong dependence of SCUs on woodpeckers (Martin
& Eadie, 1999). In the Sierra Nevada alone, there are over 50
SCUs from several functional groups including seed and spore
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dispersers, insectivores and small carnivores (Raphael &
White, 1978, 1984).

In green, unburned forests, Northern flickers Colaptes
auratus are considered keystone excavators because their cav-
ities are abundant and used by many species of SCUs
(Martin & Eadie, 1999; Martin, Aitken & Wiebe, 2004;
Robles & Martin, 2013, 2014); however, this species is rela-
tively rare in burned forests in the first years after fire. This
suggests that immediately after fire, woodpeckers that are
early colonizers of burned habitat will provide the majority
of cavities that support SCUs. Whereas abundance patterns
and reproductive success of woodpeckers colonizing recent
burns is well-documented (Saab, Dudley & Thompson, 2004;
Nappi & Drapeau, 2009), little attention has been given to
their contribution as ecosystem engineers for SCUs in
burned forests, although they may be especially important
after fire has consumed previously existing snags with cavities
(Horton & Mannan, 1988; Bagne, Purcell & Rotenberry,
2008).

In coniferous forests of the western US, three members
of the Picoides genus can be commonly found in burned
habitat: the black-backed woodpecker Picoides arcticus, hairy
woodpecker Pic. villosus and white-headed woodpecker
Pic. albolarvatus. These three species rarely re-use cavities and
are characterized by strong excavation abilities (Garrett,
Raphael & Dixon, 1996; Dixon & Saab, 2000; Jackson,
Ouellet & Jackson, 2002). Because these species are similar in
size, their cavities have roughly the same dimensions, with
nearly identical minimum diameter at entrance, depth and
internal cavity diameter (Raphael & White, 1984). Although it
is likely that these species differ in aspects of nest characteris-
tics, there is a limited understanding of how they differ and the
influence those differences may have on the structure and
composition of SCUs utilizing post-fire habitat.

The objective of this study was to investigate cavity use by
SCUs in recently burned coniferous forest. In the second and
third year following fire we located cavities, recorded the exca-
vating species and collected data on nest tree and site charac-
teristics. Each cavity was monitored for subsequent use by
SCUs in the following breeding season. We compared cavity
characteristics between these species to determine if any
observed differences were associated with different SCUs. In
this way, we were able to estimate the influence or importance
of each of these woodpecker species in providing habitat to
SCUs.

Methods

Study area

We conducted our study on the south-west shore of Lake
Tahoe (38.91°N, 120.04°W), c. 140 km east of Sacramento,
California, where the human-caused Angora fire burned c.
1245 ha of coniferous forest in June and July 2007. The fire
occurred in an area with a high degree of intermixed private
and public land and adjacent to large expanses of undeveloped
public land. Some public lands around the fire had been
treated in the past to reduce fuels. Burn severity varied within

the area, resulting in a mosaic of post-fire conditions. Pre-fire
vegetation was predominately Jeffrey pine Pinus jeffreyi and
white fir Abies concolor forest with red fir A. magnifica found
at the highest elevations and incense cedar Calocedrus
decurrens, sugar pine Pin. lambertiana and lodgepole pine
Pin. contorta found at the lower elevations. For a more com-
plete site description and characterization of the fire, see
Safford, Schmidt & Carlson (2009).

Woodpecker nest searching

The US Forest Service established a systematic grid of
points spaced 400-m apart across the fire area. From this
grid, we selected a sample of survey points that were roughly
balanced across burn severity classes. In order to increase
our sample size and help balance the design, we selected a
limited number of points on other public lands that had
also burned in the fire. A total of 98 unique points were
sampled over the 2-year period, with 41 of these sites
sampled in both years. We categorized each point into one
of four burn severity classes based on satellite-derived per
cent tree mortality (0, 1–20, 20–70, >70%). The total area
surveyed was c. 308 ha with 72% of the surveyed area within
the fire perimeter and 18% in unburned forest surrounding
the fire area.

Cavity searches were conducted between May and July in
2009 and 2010, 2 and 3 years after the fire burned. At each
survey point, observers first thoroughly canvassed a 60-m
radius (c. 1 ha) area for active cavity nests (Martin & Geupel,
1993) and cavity nesters (minimum of 15 min). Then observers
moved out into the area between 60 and 100 m from the
survey point (c. 2-ha area), and spent a minimum of 1 h
searching this larger area. If a cavity or bird was observed, no
maximum time was set to determine if the cavity was active or
to locate the bird’s nest. Nests that were encountered while
moving to and from sites were also included in our sample.
Survey points were searched a minimum of three times per
season, with at least 1 week between visits.

Woodpecker nest tree and nest
site characteristics

When an active nest was confirmed, the bird species, stage of
nest development and location of the nest were recorded.
After the nesting attempt ended we recorded tree species,
diameter at breast height (DBH) and tree height, cavity
height, per cent scorch of the bole and decay class (Cline, Berg
& Wight, 1980). To quantify vegetation structure at the nest
site, we established an 11.3-m radius plot (0.04-ha) surround-
ing the cavity tree (James & Shugart, 1970; Martin et al.,
1997). Although this area does not represent the home range
for the woodpecker species, it does represent the scale of
habitat that may influence use by SCUs. At each nest site, we
collected data on the density of snags and live trees and the per
cent cover of coarse woody debris (CWD), shrubs and herbs.
Stems of trees and snags were categorized as medium (28–
61 cm DBH) or large (>61 cm DBH) and densities were
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calculated for each size class as the number of stems per
hectare. Smaller diameter trees and snags were rare within the
fire and were not included in this measure. Because burn sever-
ity varied within each 0.04 ha plot, we weighted each burn
severity value by the per cent area it represented. To determine
if human infrastructures influenced use of nest sites, we used
an impervious surfaces (houses, roads, buildings) data layer
(Manley et al., 2009) to calculate a per cent cover of urban
constructs around each nest.

We used discriminant function analysis to identify the nest
characteristics that best differentiated the species at both the
nest tree and nest site scale. At the scale of the nest tree we
included cavity height, tree height and DBH, decay class, and
per cent of the bole that was scorched. At the nest site scale we
analyzed medium- and large-snag densities, total tree density,
per cent cover of CWD, per cent cover of shrubs, per cent
cover of herbs, per cent cover of impervious surfaces and burn
severity. Explanatory variables were standardized and trans-
formed prior to analysis.

Secondary cavity use

Because our interests were in understanding how different
species of woodpeckers may influence vertebrate assemblages
following fire, we monitored woodpecker cavities for one
breeding season following excavation to quantify use by
SCUs. Remote-triggered digital cameras (Leaf River
Outdoor Products, Taylorsville, MS, USA) were placed at
cavities to monitor use for two, 7-day sessions in the breeding
season of 2010 and 2011, allowing for detection of elusive,
diurnal and nocturnal wildlife. All individuals detected in
photographs were identified to species when possible. In
addition, we used a Treetop Peeper (Sandpiper Technologies,
Manteca, CA, USA) to observe the interior of cavities twice
during each season to check for active nests or dens, nesting
material and other evidence of use. Data on SCUs were used
to create nest webs to compare the influence of each wood-
pecker species on the SCU community (Martin & Eadie,
1999).

To quantify and compare the biodiversity supported by
each woodpecker species, we calculated an effective species
number (ESN) based on the number of species of SCUs and
the number of individual sightings of each species found in
cavities excavated by each woodpecker (Jost, 2006). The ESN
is derived from the Shannon Diversity Index (H); however, the
ESN is measured in units of number of species and is linearly
scaled such that communities with ESNs that differ by a factor
of two represent an actual difference in diversity such that one
community is twice as diverse as the other.

ENS H p ln pi ii

S
= = − ×( )=∑exp 1

1

where S is the total number of species and p is the
proportion of species i relative to the total number of
species (pi).

The ENS represents the number of species in a community
given that each species is equally abundant.

Results

Woodpecker nest tree and nest
site characteristics

A total of 257 cavities were found during the two surveyed
breeding seasons (110 in 2009, 147 in 2010). The majority of
cavities found were attributed to the three target woodpecker
species including 39 black-backed woodpecker nests (15 in
2009 and 24 in 2010), 80 hairy woodpecker nests (37 in 2009
and 43 in 2010) and 48 white-headed woodpecker nests (18
in 2009 and 30 in 2010). Nests were found in roughly equal
proportions for each species in each stage; therefore, we
assume that our sample is not biased toward successful nests
or biased by species-specific detection probabilities related to
parental behavior. Nests of the black-backed woodpecker
occurred within the fire and were almost exclusively located
in Pinus species. In contrast, white-headed woodpeckers (five
nests) and hairy woodpeckers (two nests) built nests in
unburned areas and utilized the different tree species in
similar proportions. Mean values for nest tree and site char-
acteristics for each species of woodpecker in the burned area
are shown in Table 1, nests located in unburned areas were
omitted from analysis. Other cavities excavated within the
burned survey area included 10 Northern flicker, three
pileated woodpecker Dryocopus pileatus, two Williamson’s
sapsucker Sphyrapicus thyroideus, two red-breasted nuthatch
Sitta canadensis and 16 pygmy nuthatch Si. pygmaea nests,
plus one cavity that was created by a broken branch and rot.
We also located 41 woodpecker-excavated nests that were
already occupied by SCUs. To ensure a robust sample size,
we focused our monitoring efforts on cavities created by the
Picoides species.

The variance in individual nest tree and site characteristics
across the focal species overlapped substantially (Table 1).
The results of the discriminant function analysis indicate that
the mean values of the tree characteristics were more effective
at differentiating nests of woodpecker species than the mean
site characteristics (Table 2). At the tree scale we found that
both canonical axes were significant (Table 2a), with the first
axis explaining 75% of variation among species. The first axis
represented a gradient of short, large diameter, decayed snags
to tall, smaller diameter, hard snags. This first axis primarily
separated the mean value of white-headed woodpecker nests
from the mean values of hairy and black-backed woodpecker
nests. On average, white-headed woodpeckers tended to
utilize larger, shorter and more decayed snags than the other
two species (Fig. 1). The second axis primarily represented
cavity height (Table 2a), with increasing values along the axis.
This axis primarily separated the black-backed woodpecker
from the hairy and white-headed woodpeckers (Fig. 1). Black-
backed woodpeckers excavated cavities lower on the bole than
hairy woodpeckers and in higher trees than white-headed
woodpeckers. However, despite the separation in canonical
variate means, the probability of correctly assigning a cavity
to a focal species based on nest tree characteristics was rela-
tively low, with only the most extreme values having predictive
power (Fig. 1).
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At the site scale, only the first canonical axis was statisti-
cally significant (P = 0.02; Table 2b; Fig. 2) and eigenvalues
indicate that it explained 71% of the variation that existed
among the species. The single most influential variable in clas-

sifying nests by species was density of medium-diameter snags,
which increased along the axis. White-headed woodpecker
nests were characterized by the lowest density of medium
snags surrounding the nest, black-backed woodpeckers had
the highest medium snag density and hairy woodpeckers
nested in sites with intermediate densities of medium snags.
Again, we found that the substantial degree of overlap in the
use of site characteristics between species made it difficult to
distinguish nests of one species from another.

Secondary cavity use

Despite the abundance of cavities found in the burned forest,
a large proportion of nests were lost during the first winter
following excavation as a result of snags falling or breaking at
or below the cavity. Of the 158 nests monitored for secondary
cavity use, 81 fell prior to the subsequent breeding season.
Black-backed and hairy woodpecker nests had the greatest
attrition, with losses of 54 and 65%, respectively. In contrast,
only 24% of white-headed woodpecker nests fell 1 year after
excavation. The remaining 77 woodpecker cavities were avail-
able for secondary cavity use observations the following
breeding season: 18 black-backed (2010 = 8, 2011 = 10), 27
hairy (2010 = 13, 2011 = 14) and 32 white-headed (2010 = 11,
2011 = 21).

A total of 111 detections of secondary cavity use were
observed across the 77 nests monitored with a high percentage
(86%) of cavities receiving visits by one or more SCUs. The
white-headed woodpecker had the highest proportion of their
cavities visited (94%), followed by the black-backed wood-
pecker (89%) and the hairy woodpecker (73%). Cavities of all
three species of woodpeckers were utilized by both birds and
small mammals. Ten species of SCUs were detected: seven
bird species, two small mammal species, plus chipmunks (rep-
resenting multiple Tamias species; Fig. 3). White-headed
woodpecker cavities had both the largest number of individual

Table 1 Summary of means and standard deviations of nest characteristics for three woodpecker species

Black-backed woodpecker Hairy woodpecker White-headed woodpecker

Nest tree
Pinus species (%) 82 55 45
Cavity height (m) 4.72 ± 3.01 7.23 ± 4.10 4.03 ± 2.35
DBH (cm) 34.48 ± 8.64 38.73 ± 8.69 50.62 ± 48.11
Tree height (m) 16.49 ± 6.24 16.58 ± 7.52 9.20 ± 7.41
Decay (1–5) 1.56 ± 1.02 1.49 ± 0.85 2.85 ± 1.33
Scorch on tree (%) 93 ± 15 93 ± 13 99 ± 4

Nest site
Herb cover (%) 14 ± 13 13 ± 16 17 ± 20
Shrub cover (%) 25 ± 18 30 ± 26 26 ± 23
CWD cover (%) 2 ± 3 3 ± 2 2 ± 2
Trees (stems per hectare) 5.02 ± 16.7 3.34 ± 14.2 10.04 ± 24.84
Small snags (stems per hectare) 178.69 ± 95.08 139.96 ± 90.98 94.69 ± 75.66
Large snags (stems per hectare) 19.37 ± 20.61 23.64 ± 33.39 16.50 ± 24.55
Burn severity (%) 93 ± 9 93 ± 10 91 ± 10
Impervious cover (%) 7 ± 7 5 ± 7 9 ± 8

CWD, coarse woody debris; DBH, diameter at breast height.

Table 2 Tests of dimensionality and standardized discriminant coeffi-
cients for discriminant function analysis of nest characteristics of
black-backed woodpecker, hairy woodpecker and white-headed
woodpecker at two scales: (a) nest tree and (b) nest site

Canonical dimensions

(a) Nest tree

Predictors 1 2
Tree height 0.495 −0.710
DBH −0.339 0.144
Decay −0.603 0.002
Cavity height 0.297 1.180
Scorch −0.145 0.191
Canonical correlation 0.57 0.38

F10,302 = 9.64 F4,152 = 6.30
P < 0.001 P < 0.001

(b) Nest site

Predictors 1 2
Herb cover 0.141 −0.001
Shrub cover −0.057 −0.194
Coarse woody debris −0.079 −0.386
Total tree density 0.099 0.258
Small snag density 0.978 0.413
Large snag density 0.031 −0.442
Burn severity 0.120 0.274
Impervious cover −0.346 0.752
Canonical correlation 0.358 0.658

F16,296 = 1.89 F7,149 = 1.25
P = 0.021 P = 0.279

Standardized coefficients indicate the relationship of each variable to
one standard deviation of change in the dimension.
DBH, diameter at breast height.
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Figure 1 Canonical dimension scores of the
three species of woodpecker at the tree
scale. Small symbols are the individual
sample points and the larger symbols (shown
in the legend) represent the location of the
canonical variate means. The gray lines show
the separation of the predictions from the
linear discriminant function. The associated
prediction is the same as that of the species
where the location of the canonical variate
mean resides. The contour lines represent
the posterior probability of assignment for
each of the three species.

Figure 2 Canonical dimension scores of the
three species of woodpecker at the site scale.
Small symbols are the individual sample
points and the larger symbols (shown in the
legend) represent the location of the canoni-
cal variate means. The gray lines show the
separation of the predictions from the linear
discriminant function. The associated predic-
tion is the same as that of the species where
the location of the canonical variate mean
resides. The contour lines represent the pos-
terior probability of assignment for each of
the three species.
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sightings and highest diversity of SCUs detected. White-
headed woodpecker cavities were used by every species of
SCU, with the exclusion of the Northern flying squirrel.
Black-backed and hairy woodpeckers were similar in the
number of detections in their cavities, although cavities exca-
vated by the black-backed woodpecker were used by more
species. Subsequently, the diversity index for white-headed
woodpeckers had the highest value (ESN = 8 species), fol-
lowed by the black-backed woodpecker (ESN = 6 species) and
the hairy woodpecker (ESN = 4 species). This indicates that
white-headed woodpeckers supported two more species than
the black-backed woodpecker and a community that was
twice as diverse as that supported by the hairy woodpecker. Of
the 111 detections of SCUs, 52 were classified as breeding

attempts by cavity nesting birds. We observed denning
material in seven cavities used by small mammals, but could
not confirm that these cavities were used specifically for breed-
ing. White-headed woodpecker cavities were used by every
breeding bird in the study and had the most total detections,
followed by black-backed and hairy woodpeckers, respec-
tively (Fig. 4).

Discussion
Many species of woodpeckers play an important role in
forests by creating cavities that are used by other species that
rely on them for aspects of their life history (Martin & Eadie,
1999). This ecosystem engineering by woodpeckers may be
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paramount post-fire when some species of woodpeckers can
rapidly colonize burned forests that are less accessible to other
animals (Kotliar et al., 2002). We found a high density of
cavities in the first few years following fire indicating that
several woodpecker species, and in particular the white-
headed, hairy and black-backed woodpeckers, capitalized on
this newly created habitat. Nearly all cavities that were moni-
tored had detections of use, indicating that by excavating
cavities, woodpeckers allowed SCUs to take advantage of the
ephemeral resources provided by the fire. By facilitating
movement into the burned area, woodpeckers may accelerate
forest succession by providing habitat for seed and spore dis-
persing small mammals, insectivorous birds and small preda-
tors, thereby impacting ecological processes and functions
(Otvos, 1979; Maser & Maser, 1988; Carey & Harrington,
2001). Although this study does not address whether these
species would enter the burned area in the absence of cavities,
engineering by woodpeckers undoubtedly facilitates the colo-
nization or re-colonization of burned areas by SCUs.

Although all three species of woodpecker play a role in
facilitating the presence of SCUs and could potentially impact
forest succession, the objective of this study was to investigate
whether different species of woodpeckers support unique
communities of SCUs in burned forests. We found the amount
of overlap in SCUs commensurate with the amount of overlap
in the characteristics at the nest and site scales of these exca-
vating species. However, there appeared to be some differ-
ences in the communities that the excavators supported. In
particular, white-headed woodpecker cavities were utilized the
most, supported the highest diversity of SCUs and were used
in the highest proportion by nesting birds.

White-headed woodpeckers may provide cavities that are
preferred by SCUs due to their nest tree or site characteristics.
White-headed woodpecker cavities differed most notably
from the other two woodpeckers in their placement in larger
DBH, shorter and more decayed snags in less dense stands. In
our study, white-headed woodpecker cavities, although they
occurred in more decayed snags, were more likely to remain
standing after excavation (at least 1 year more) because the
cavities were low on the bole of large diameter snags. Cavities
placed lower on the bole may be more persistent because the
snag is unlikely to break at or below this height. In compari-
son, hairy woodpecker cavities, located highest on the bole in
smaller diameter snags, fell the most frequently. Due to their
relative persistence, white-headed woodpecker cavities were
the most abundant in the fire area and may have been used
more regularly by SCUs based on the formation of a search
image.

Although not as readily used as white-headed woodpecker
nests, black-backed woodpecker cavities supported a higher
diversity than hairy woodpecker cavities. Black-backed wood-
pecker cavities were similar to white-headed woodpecker cav-
ities in their low placement on the bole of the tree. Cavity
height may affect the likelihood of predation and may there-
fore influence whether cavities are occupied by SCUs.
Although in green forests, lower cavities are reportedly dep-
redated more than higher cavities (Li & Martin, 1991; Fisher
& Wiebe, 2006), this relationship has not been described in

burned forests. Overall, predation in burned forests tends to
be lower than in green forests (Saab & Vierling, 2001) and
burned forests may be dominated by visual predators such as
corvids (Jones et al., 2002) that may depredate higher nests
that are visible to these aerial predators.

In green forests, Northern flickers are the most influential
woodpecker, providing abundant cavities and supporting a
diverse community of SCUs (Martin & Eadie, 1999; Martin
et al., 2004; Robles & Martin, 2013, 2014). However, in the
first two years of nest searching following the fire, we only
located 10 Northern flicker nests within the burned area. This
is likely to change over time as snags fall, shrubs and herbs
dominate the live cover and arthropods and ants re-populate
the area, providing forage for flickers. Northern flickers create
larger holes and may provide habitat for larger SCUs, increas-
ing the overall diversity in the burned area. However, North-
ern flickers often enlarge cavities created by other species
rather than creating their own nest hole. Although the direct
role of the Picoides woodpeckers may diminish as time since
fire increases, their cavities may indirectly support the move-
ment of Northern flickers and larger SCUs into the burned
area.

Despite the common classification of black-backed wood-
peckers as fire specialists and white-headed woodpeckers as
green forest specialists, burn severity was not a factor that
differentiated nest sites of the three species of woodpeckers.
This discordance may be partially explained by the smaller
habitat scale considered in this study, however, when investi-
gating larger scale habitat features (7.04-ha scale) at our
survey points we found a lack of variability in burn severity
(Tarbill, 2010), suggesting that for a fire of this size with
densely packed resources, smaller scales may be more impor-
tant. The relatively small size and the elongated shape of the
fire also resulted in highly burned areas near green edge
habitat. We observed that the burned forests, even in the first
few years after fire, supported a wide array of species not
commonly considered burn specialists including chipmunks,
Northern flying squirrels and mountain chickadees. Forest
edge habitat has been associated with increases in avian
species richness and abundance (Sisk & Battin, 2002).
However, cavities in burned areas may be ecological sinks
(Pulliam & Danielson, 1991) or traps (Dwernychuk & Boag,
1972) for SCUs. If cavities in the surrounding green forest are
rare, SCUs may be forced to use cavities in burned areas or
forego reproduction.

Although new snags are created by fire and new cavities are
created by these early colonizing species of woodpeckers, cav-
ities may continue to be limited due to the ephemeral nature of
burned snags. Most fire-killed trees die within 2 years of fire,
although delayed mortality occurs at least 10 years post-fire
(Angers et al., 2011). Snags with cavities are structurally com-
promised and may be more susceptible to decay (Farris &
Zack, 2005), leading to increased fall rates. We observed a loss
of 51% of snags with excavated cavities in the second year
following the fire, supporting the notion that cavities could be
limited even in areas with high-snag densities. Communities of
SCUs in burned forests will depend on continued presence of
woodpeckers to replenish the supply of cavities. As time since
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fire increases, the rate of snag fall will quickly outpace the rate
of tree death and the forest will slowly regenerate, producing
areas rich in shrubs and small trees (Bock, Raphael & Bock,
1978). Snags will again become rare and the engineering of
woodpeckers will continue to be important to SCUs.
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Abstract
Wisdom, Michael J.; Holthausen, Richard S.; Wales, Barbara C.; Hargis, Christina D.; Saab, Victoria A.; 

Lee, Danny C.; Hann, Wendel J.; Rich, Terrell D.; Rowland, Mary M.; Murphy, Wally J.; Eames,
Michelle R. 2000. Source habitats for terrestrial vertebrates of focus in the interior Columbia basin: broad-
scale trends and management implications. Volume 1—Overview. Gen. Tech. Rep. PNW-GTR-485. Portland,
OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 3 vol. (Quigley,
Thomas M., tech. ed.; Interior Columbia Basin Ecosystem Management Project: scientific assessment). 

We defined habitat requirements (source habitats) and assessed trends in these habitats for 91 species of terres-
trial vertebrates on 58 million ha (145 million acres) of public and private lands within the interior Columbia
basin (hereafter referred to as the basin). We also summarized knowledge about species-road relations for each
species and mapped source habitats in relation to road densities for four species of terrestrial carnivores. Our
assessment was conducted as part of the Interior Columbia Basin Ecosystem Management Project (ICBEMP), 
a multiresource, multidisciplinary effort by the USDA Forest Service (FS) and the USDI Bureau of Land
Management (BLM) to develop an ecosystem-based strategy for managing FS and BLM lands within the basin.
Our assessment was designed to provide technical support for the ICBEMP and was done in five steps. First, we
identified species of terrestrial vertebrates for which there was ongoing concern about population or habitat status
(species of focus), and for which habitats could be estimated reliably by using a large mapping unit (pixel size) of
100 ha (247 acres) and broad-scale methods of spatial analysis. Second, we evaluated change in source habitats
from early European settlement (historical, circa 1850 to 1890) to current (circa 1985 to 1995) conditions for each
species and for hierarchically nested groups of species and families of groups at the spatial scales of the water-
shed (5th hydrologic unit code [HUC]), subbasin (4th HUC), ecological reporting unit, and basin. Third, we sum-
marized the effects of roads and road-associated factors on populations and habitats for each of the 91 species and
described the results in relation to broad-scale patterns of road density. Fourth, we mapped classes of the current
abundance of source habitats for four species of terrestrial carnivores in relation to classes of road density across
the 164 subbasins and used the maps to identify areas having high potential to support persistent populations. And
fifth, we used our results, along with results from other studies, to describe broad-scale implications for managing
habitats deemed to have undergone long-term decline and for managing species negatively affected by roads or
road-associated factors.

Our results indicated that habitats for species, groups, and families associated with old-forest structural stages,
with native grasslands, or with native shrublands have undergone strong, widespread decline. Implications of
these results for managing old-forest structural stages include consideration of (1) conservation of habitats in sub-
basins and watersheds where decline in old forests has been strongest; (2) silvicultural manipulations of mid-seral
forests to accelerate development of late-seral stages; and (3) long-term silvicultural manipulations and long-term
accommodation of fire and other disturbance regimes in all forested structural stages to hasten development and
improvement in the amount, quality, and distribution of old-forest stages. Implications of our results for managing
rangelands include the potential to (1) conserve native grasslands and shrublands that have not undergone large-
scale reduction in composition of native plants; (2) control or eradicate exotic plants on native grasslands and
shrublands where invasion potential or spread of exotics is highest; and (3) restore native plant communities by
using intensive range practices where potential for restoration is highest.

Our analysis also indicated that >70 percent of the 91 species are affected negatively by one or more factors 
associated with roads. Moreover, maps of the abundance of source habitats in relation to classes of road density
suggested that road-associated factors hypothetically may reduce the potential to support persistent populations 
of terrestrial carnivores in many subbasins. Management implications of our summarized road effects include the



potential to mitigate a diverse set of negative factors associated with roads. Comprehensive mitigation of road-
associated factors would require a substantial reduction in the density of existing roads as well as effective control
of road access in relation to management of livestock, timber, recreation, hunting, trapping, mineral development,
and other human activities. 

A major assumption of our work was that validation research will be conducted by agency scientists and 
other researchers to corroborate our findings. As a preliminary step in the process of validation, we found 
high agreement between trends in source habitats and prior trends in habitat outcomes that were estimated 
as part of the habitat outcome analysis for terrestrial species within the basin. Results of our assessment also
were assumed to lead to finer scale evaluations of habitats for some species, groups, or families as part of
implementation procedures. Implementation procedures are necessary to relate our findings to local conditions;
this would enable managers to effectively apply local conservation and restoration practices to support broad-
scale conservation and restoration strategies that may evolve from our findings. 

Keywords: Cluster analysis, conservation, forest management, habitat, habitat condition, habitat management,
habitat trend, interior Columbia basin, Interior Columbia Basin Ecosystem Management Project, landscape
ecology, landscape analysis, population viability, rangeland management, terrestrial vertebrates, spatial analysis,
species of focus, sink, sink environment, source, source environment, source habitat, source habitats, restora-
tion, species groups, monitoring, validation research, viability, wildlife, wildlife-habitat relations.



Foreword
This publication consists of three volumes so that our findings—which consist of hundreds of tables, figures, pages
of text, and supporting citations—could be presented in a manner most usable to resource managers, biologists, and
the public. Volume 1 is designed as an overview of objectives, methods, key results, and management implications.
Volumes 2 and 3 contain increasingly detailed results that support and complement results in volume 1. We believe
that resource managers may find sufficient detail in the generalized results and implications presented in volume 1,
but that management biologists and other users of the results and supporting data will want to refer to all three vol-
umes. Results, management implications, and supporting citations provided in volume 2 are especially important to
consider as part of step-down implementation procedures and related management conducted by field units within
the interior Columbia basin. By contrast, information in volume 1 may be particularly useful in serving broad-scale
planning issues, objectives, and strategies for the interior Columbia basin as a whole. Regardless of application, all
three volumes are intended to function together as a comprehensive assessment of habitat trends and a summary of
other environmental factors affecting terrestrial vertebrates whose population or habitat status is of ongoing concern
to resource managers. Data underlying most tables presented in the three volumes also are available at the web site
for the ICBEMP: http://www.icbemp.gov/spatial/metadata/databases.



Preface
The Interior Columbia Basin Ecosystem Management Project was initiated by the Forest Service and the Bureau
of Land Management to respond to several critical issues including, but not limited to, forest and rangeland health,
anadromous fish concerns, terrestrial species viability concerns, and the recent decline in traditional commodity
flows. The charter given to the project was to develop a scientifically sound, ecosystem-based strategy for manag-
ing the lands of the interior Columbia River basin administered by the Forest Service and the Bureau of Land
Management. The Science Integration Team was organized to develop a framework for ecosystem management,
an assessment of the socioeconomic and biophysical systems in the basin, and an evaluation of alternative man-
agement strategies. This paper is one in a series of papers developed as background material for the framework,
assessment, or evaluation of alternatives. It provides more detail than was possible to disclose directly in the 
primary documents.

The Science Integration Team, although organized functionally, worked hard at integrating the approaches,
analyses, and conclusions. It is the collective effort of team members that provides depth and understanding to
the work of the project. The Science Integration Team leadership included deputy team leaders Russell Graham 
and Sylvia Arbelbide; landscape ecology—Wendel Hann, Paul Hessburg, and Mark Jensen; aquatic—Jim Sedell,
Kris Lee, Danny Lee, Jack Williams, and Lynn Decker; economic—Richard Haynes, Amy Horne, and Nick Reyna;
social science—Jim Burchfield, Steve McCool, Jon Bumstead, and Stewart Allen; terrestrial—Bruce Marcot,
Kurt Nelson, John Lehmkuhl, Richard Holthausen, Randy Hickenbottom, Marty Raphael, and Michael Wisdom;
spatial analysis—Becky Gravenmier, John Steffenson, and Andy Wilson.
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Executive Summary

Introduction
Habitat for terrestrial wildlife is declining rapidly
worldwide. Declines are due to various human causes;
increasing urbanization, conversion of lands to agri-
culture, and intensive management of forests, range-
lands, and other biomes to meet human demands for
food, shelter, and leisure are key examples. In the
United States, declines in habitat during the past
century are largely responsible for the dramatic
increase in the number of species listed as candidate,
threatened, or endangered under the Endangered
Species Act (ESA). This rate of habitat loss has led to
an accelerated rate of species listings.

In response to such problems, managers of Federal
lands are moving increasingly toward broad-scale,
ecosystem-based strategies for conserving and restor-
ing habitats. Examples include the Northwest Forest
Plan, the Southern Appalachian Assessment, and the
Sierra Nevada Assessment. In this paper, we present
results of an ecosystem-based analysis of habitat
change and a synthesis of road-associated effects 
on selected terrestrial vertebrates in support of the
Interior Columbia Basin Ecosystem Management
Project (ICBEMP). The ICBEMP was established in
January 1994 through a charter signed by the Chief of
the USDA Forest Service (FS) and the Director of the
USDI Bureau of Land Management (BLM). The char-
ter directed that work be undertaken to develop and
adopt an ecosystem-based strategy for all lands
administered by the FS and BLM within the interior
Columbia basin (hereafter referred to as the basin).
This area extends over 58 million ha1 (145 million
acres) in Washington, Oregon, Idaho, Montana, and
small portions of Wyoming, Nevada, California, and
Utah. Fifty-three percent of the basin is public land
administered by the FS or BLM.

Our purpose for analysis was to (1) develop an under-
standing of changes in habitats that have occurred
across the basin since early European settlement; (2)
assess effects of these changes on source habitats for 

1 See “Abbreviations” table p. 137, for definitions of abbreviated
units of measure.

species of terrestrial vertebrates for which there is
ongoing concern about population or habitat status
(species of focus); (3) summarize effects of roads and
associated factors on populations and habitats of these
species; (4) display broad-scale patterns of road 
density as a spatially explicit measure of road effects
on terrestrial vertebrates, particularly in relation to
four species of terrestrial carnivores; and (5) synthe-
size results from these evaluations into major patterns,
implications of which could be addressed by managers
in the form of broad-scale strategies and practices. 

Objectives and Methods
Within our purpose framework, we had six objectives
that formed the basis for our methods:

1. Identify species of terrestrial vertebrates whose
habitats might require further assessment and man-
agement at broad spatial scales within the basin;
these species are referred to as broad-scale species
of focus. Broad-scale species of focus are verte-
brate species whose population size is known or
suspected to be declining in response to habitat
decline or to nonhabitat effects of human activities,
and whose habitats can be estimated reliably by
using a large mapping unit (pixel size) of 100 ha
(247 acres) and broad-scale methods of spatial
analysis. Because our results were targeted for use
in broad-scale, ecosystem-based management, our
process of identifying species was designed to
include all species for which there might be even
moderate concern. Our process was not designed
to highlight just those species critically in need of
attention. Use of an inclusive rather than an exclu-
sive list of species assures that all associated habi-
tats in need of restoration are addressed. Moreover,
use of an inclusive list facilitates a holistic approach
to maintaining animal communities rather than 
single species. 

2. Determine species relations with source habitats.
Source habitats are those characteristics of macro-
vegetation that contribute to stationary or positive
population growth for a species in a specified area
and time. Source habitats contribute to source
environments, which represent the composite of all
environmental conditions that results in stationary
or positive population growth for a species in a
specified area and time. The distinction between



source habitats and source environments is impor-
tant for understanding our evaluation and its limi-
tations. For example, source habitats for a bird
species during the breeding season would include
those characteristics of vegetation that contribute
to successful nesting and rearing of young but
would not include nonvegetative factors such as
the effects of pesticides on thinning of eggshells,
which also affect production of young.  

3. Conduct a spatial assessment of source habitats 
for all broad-scale species of focus, including an
assessment of change in source habitats from early
European to current conditions. Our spatial assess-
ment was based on the composition and structure
of vegetation estimated to exist during early
European settlement (historical, circa 1850 to
1890) and current (circa 1985 to 1995) conditions,
based on prior ICBEMP landscape assessments.
Specifically, we wanted to relate historical and 
current estimates of vegetation characteristics to
source habitats deemed to contribute to sustainable
populations of the species of focus, and to assess
changes in those habitats from historical to current
periods.  

4. Develop a system to evaluate source habitats for
individual species as well as for groups of species.
Our system was designed to nest evaluations of
individual species hierarchically within evaluations
conducted for groups of species and for multiple
groups (families of groups). Our system was devel-
oped to enable managers to identify broad-scale,
robust patterns of habitat change that affect multi-
ple species in a similar manner, and to allow man-
agers to address the needs of all species efficiently,
accurately, and holistically with the use of broad-
scale strategies and practices. Moreover, our sys-
tem was designed to enable managers to address
the needs of either single- or multi-species, depend-
ing on objectives, and to check how well an evalu-
ation of a group of species or a family of groups
represents evaluations conducted for each species
within the group or family. Finally, our system was
designed to evaluate source habitats at multiple
spatial scales and across time, thus providing 
maximum flexibility in the conduct of spatial and
temporal analyses.

5. Identify species whose populations or habitats may
be negatively affected by roads and associated fac-
tors, summarize the effects, display the broad-scale

patterns of road density as an index of these effects,
and map areas that contain both abundant source
habitats and low road densities for selected species
of terrestrial carnivores. Areas containing abundant
source habitats may not support persistent popula-
tions of some species because of the negative effects
of factors associated with roads; that is, source
habitats may contribute to positive or stationary
population growth, but the road effect may over-
ride the habitat effect, thereby resulting in a sink
environment. Knowledge about the negative effects
of factors associated with roads is therefore an
important, complementary component to proper
management of vegetation for terrestrial vertebrates. 

6. Describe the broad-scale implications for manag-
ing terrestrial vertebrates whose source habitats
have undergone long-term decline, or for terrestri-
al vertebrates whose habitats or populations are
negatively affected by one or more factors associ-
ated with roads. Management implications are
broad-scale considerations about the potential to
conserve or restore source habitats, or to manage
human access and human activities, on FS- and
BLM-administered lands in response to habitat
decline or to negative effects of human disturb-
ance. Describe these implications from results of
our assessment, from the scientific literature, and
from results of prior assessments conducted as part
of the ICBEMP. Whenever possible, link these
implications to specific geographic areas of the
basin based on our spatial assessment of source
habitats and our mapping of broad-scale patterns
of road density.

Source Habitats for Families of
Groups

We identified 91 species of birds, mammals, and rep-
tiles (broad-scale species of focus) for analysis, based
on criteria that indexed various habitat or population
problems regarding the current status of each species.
Placement of the 91 species into 40 groups, and the
further placement of 37 of the groups into 12 families,
by using a combination of cluster analysis and empiri-
cal knowledge of the similarities of species in habitat
requirements, resulted in distinct differences among
families in the number of terrestrial community types
and source habitats used. Family 4 had the most
restricted number of terrestrial community types and
source habitats used by species of any family, with



Major Findings and Implications
1. Source habitats for most species declined strongly

from historical to current periods across large
areas of the basin. Strongest declines were for
species dependent on low-elevation, old-forest
habitats (family 1), for species dependent on com-
binations of rangelands or early-seral forests with
late-seral forests (family 8), and for species depen-
dent on native grassland and open-canopy sage-
brush habitats (family 12). Widespread but less
severe declines also occurred for most species
dependent on old-forest habitats present in various
elevation zones (family 2); for species dependent
on early-seral forests (family 4); for species
dependent on native herbland, shrubland, and
woodland habitats (family 10); and for species
dependent on native sagebrush habitats (family
11). Source habitats for all of the above-named
families have become increasingly fragmented,
simplified in structure, and infringed on or domi-
nated by exotic plants. 

2. Primary causes for decline in old-forest habitats
(families 1 and 2) are intensive timber harvest and
large-scale fire exclusion. Additional causes for
decline in low-elevation, old-forest habitats are
conversion of land to agriculture and to residential
or urban development. Intensive timber harvest
and large-scale fire exclusion also are primarily
responsible for the large decline in early-seral
habitats (family 4).

3. Primary causes for decline in native herbland,
woodland, grassland, and sagebrush habitats (fam-
ilies 10, 11, and 12) are excessive livestock graz-
ing, invasion of exotic plants, and conversion of
land to agriculture and residential and urban devel-
opment. Altered fire regimes also are responsible
for decline in native grassland and shrubland
habitats. 

4. Various road-associated factors negatively affect
habitats or populations of most of the 91 species 
of focus. Effects of road-associated factors can 
be direct, such as habitat loss and fragmentation
because of road construction and maintenance.
Effects also can be indirect, such as displacement
or increased mortality of populations in areas near
roads in relation to motorized traffic and associated
human activities. Because of the high density 
of roads present across large areas of the basin,

habitats restricted to early-seral forests. Species in
family 1 also were restricted to a small number of ter-
restrial community types, and in this case, the types
were composed of low-elevation, late-seral forests. By
contrast, species in family 2 used a higher number and
variety of terrestrial community types that encom-
passed all elevations of late-seral forests. Species in
family 3 used an even greater variety of forested con-
ditions; habitats encompassed the highest number and
type of source habitats within the highest number of
terrestrial community types of any family dependent
on forested habitats.

Species dependent strictly on rangelands were placed
in families 10, 11 and 12. Species in families 11 and
12 were restricted to a relatively small number of 
terrestrial community types, with family 11 primarily
dependent on sagebrush, and family 12 dependent on
grassland and open-canopy sagebrush habitats. Species
in family 10 used a broader set of terrestrial commu-
nities, consisting of various grassland, shrubland,
woodland, and related cover types in comparison to
families 11 and 12.

Species in families 5, 6, 7, 8, and 9 were associated
with various terrestrial community types, but the set
of source habitats for each family was distinctly dif-
ferent from the others. Habitats for species in family 9
were restricted to relatively few source habitats within
the upland woodland and upland shrubland types. By
contrast, species in family 5 used habitats that encom-
passed nearly all terrestrial community types. Species
in family 6 also used various terrestrial communities,
with the types composed of forests, woodlands, and
montane shrubs. Terrestrial community types used by
family 7 were similar to family 6, with the main dif-
ference being the use of sagebrush types instead of
montane shrubs. Finally, habitats for family 8 spanned
a fairly restrictive but unusual combination of terres-
trial community types composed of both early- and
late-seral forests, as well as woodland, shrubland, and
grassland types.

These differences in terrestrial communities and source
habitats among the families resulted in distinctly dif-
ferent habitat trends for each family. In the following
section, results are summarized in terms of major
habitat trends and key implications for management.
Also included is a summary of species-road relations,
based on a survey of species-roads literature.



effects from road-associated factors must be con-
sidered additive to that of habitat loss. Moreover,
many habitats likely are underused by some
species because of the effects of roads and associ-
ated factors; this may be especially true for species
of carnivorous mammals, particularly gray wolf
and grizzly bear.2

5. Implications of our results for managing old-forest
structural stages include the potential to conserve
old-forest habitats in subbasins and watersheds
where decline has been strongest; manipulate mid-
seral forests to accelerate development of late-seral
stages when such manipulations can be done with-
out further reduction in early- or late-seral forests;
and restore fire and other disturbance regimes in
all forested structural stages to hasten development
and improvement in the amount, quality, and dis-
tribution of old-forest stages. Many of the prac-
tices designed to restore old-forest habitats also
can be designed to restore early-seral habitats. For
example, long-term restoration of more natural fire
regimes will hasten development of both early-
and late-seral structural conditions, and minimize
area of mid-seral habitats, which few if any
species depend on as source habitat. 

6. Implications of our results for managing range-
lands include the potential to conserve native
grasslands and shrublands that have not undergone
large-scale reduction in composition of native
plants; control or eradicate exotic plants on native
grasslands and shrublands where invasion potential
or spread of exotics is highest; and restore native
plant communities, by using intensive range prac-
tices, where potential for restoration is highest.
Restoration includes the potential to manipulate
livestock grazing systems and stocking rates where
existing or past grazing practices have contributed
to the decline of native grasslands and shrublands.

7. Implications of our summary of road-associated
effects include the potential to mitigate a diverse
set of negative factors associated with roads.
Comprehensive mitigation of road-associated fac-
tors would require a substantial reduction in the 

2 See table 1 for common and scientific names of the vertebrate
broad-scale species of focus, and appendix 3, volume 3, for scien-
tific names of plants and animals not addressed as terrestrial verte-
brates of focus.

density of existing roads as well as effective con-
trol of road access in relation to management of
livestock, timber, recreation, hunting, trapping,
mineral development, and other human activities.
Efforts to restore habitats without simultaneous
efforts to reduce road density and control human
disturbances will curtail the effectiveness of habi-
tat restoration, or even contribute to its failure; this
is because of the large number of species that are
simultaneously affected by decline in habitat as
well as by road-associated factors. 

8. Implications of all our results, when considered 
at multiple spatial scales ranging from the basin,
ecological reporting unit, subbasin, and watershed,
provide spatially explicit opportunities for conser-
vation and restoration of source habitats across
various land ownerships and jurisdictions. More-
over, our results provide temporally explicit oppor-
tunities for design of long-term efforts to restore
source habitats that have undergone strong, wide-
spread decline, with simultaneous design of efforts
to conserve these same habitats where they exist 
currently. Use of our findings to conduct effective
spatial and temporal prioritization of restoration
and conservation efforts for terrestrial species 
and habitats represents a major opportunity for
resource managers in the interior Columbia basin.
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Introduction
Habitat for terrestrial wildlife is declining rapidly
worldwide. Declines are due to several human causes;
increasing urbanization, conversion of lands to agri-
culture, and intensive management of forests, range-
lands, and other biomes to meet human demands for
food, shelter, and leisure are key examples (Alverson
and others 1994, Noss and others 1995, Western and
Pearl 1989). In the United States, declines in habitat
during the past century are largely responsible for the
dramatic increase in the number of species listed as
candidate, threatened, or endangered under the
Endangered Species Act (ESA) (Easter-Pilcher 1996;
Flather and others 1994, 1998) (See “Glossary,” vol.
3, for terms used in this paper). This rate of habitat
loss has led to an accelerated rate of species listings.
For example, based on the apparent exponential rate at
which species have been listed under ESA during the
past 11 years (Flather and others 1994, 1998), the
number of species in the United States that may
warrant listing early in the 21st century may double,
or perhaps triple, the number already listed.

In response to such projections, managers of Federal
lands are moving increasingly toward broad-scale,
ecosystem-based strategies for conserving and restor-
ing habitats. Examples include the Northwest Forest
Plan (USDA Forest Service and USDI Bureau of
Land Management 1994), the Southern Appalachian
Assessment (SAMAB 1996), and the Sierra Nevada
Assessment (Anonymous 1996). Such ecosystem-
based strategies are needed to sustain habitats for all
species in a holistic manner by using broad-scale
methods intended to prevent further listings under
ESA. Such strategies also are designed to comply
with additional laws regarding maintenance of viable
populations, such as the National Forest Management
Act (NFMA).

In this paper, we present results of an ecosystem-based
analysis of habitat change and a synthesis of road-
associated effects on selected terrestrial vertebrates 
in support of the Interior Columbia Basin Ecosystem
Management Project (ICBEMP). The ICBEMP was
established in January 1994 through a charter signed
by the Chief of the USDA Forest Service (FS) and the
Director of the USDI Bureau of Land Management
(BLM) (USDA Forest Service 1996). The charter
directed that work be undertaken to develop and adopt
an ecosystem-based strategy for managing all lands
administered by the FS and BLM within the interior

Columbia basin (hereafter referred to as the basin).
This area extends over 58 million ha (145 million acres)
in Washington, Oregon, Idaho, Montana, and small
portions of Nevada, California, Utah, and Wyoming
(fig. 1A). Fifty-three percent of the basin is public
land administered by the FS or BLM.

The work of the ICBEMP has resulted in new under-
standing of both the biological and social systems in
the basin (Quigley and others 1996, USDA Forest
Service 1996). Of most significance to terrestrial ver-
tebrates are the changes in terrestrial habitats and dis-
turbance processes that have occurred since the time
of early European settlement. Chief among these
changes are dramatic shifts in fire regimes, reductions
in area of native grasslands and shrublands, declines
in the early and late stages of forest development,
reduction in wetland area, deterioration of riparian
habitat conditions, and increases in road density (Hann
and others 1997, Quigley and others 1996, USDA
Forest Service 1996). These changes have reduced
habitat for many species within the basin (Lehmkuhl
and others 1997, Noss and others 1995), and popula-
tions of several vertebrates have declined (Saab and
Rich 1997).

This knowledge of biological and social systems 
has been used to craft ecosystem-based management
strategies, and the basis for those strategies has been
reported in scientific publications (for example, Hann
and others 1997, Hessburg and others 1999; Lee and
others 1997, Lehmkuhl and others 1997), as well as in
draft environmental impact statements (DEIS) (USDA
Forest Service and USDI Bureau of Land Management
1997a, 1997b). These documents detail how current
management of Federal lands not only seems inade-
quate to maintain sufficient habitat for many terrestrial
vertebrates, but how the continuation of such manage-
ment is projected to result in further deterioration of
habitats (Lehmkuhl and others 1997). New strategies
that are likely to be more favorable to terrestrial verte-
brates are those that provide for active restoration of
habitats and ecosystem processes. These new strategies
are projected to result in maintenance or improvement
of habitat for many species and continued deterioration
of habitat for fewer species (Lehmkuhl and others
1997).

Although strategies that include an active restoration
component hold promise for reversing the deteriora-
tion of habitat conditions within the basin, there are
many unknowns concerning implementation of those



2

A

Figure 1—Assessment boundaries of, and land ownership within, the Interior Columbia Basin Ecosystem Management Project
(A), and the 13 ecological reporting units (B).
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Figure 1—Assessment boundaries of, and land ownership within, the Interior Columbia Basin Ecosystem Management Project
(A), and the 13 ecological reporting units (B).
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strategies. Restoration practices are well understood
for some environments but not adequately studied or
understood for other habitats (Hann and others 1997).
In addition, spatial priorities for implementation of
these practices, from the standpoint of terrestrial ver-
tebrates, have received little attention as part of the
ICBEMP thus far. The information needed to establish
such priorities is spatially explicit knowledge of
change in habitat conditions throughout the basin and
of resulting effects on vertebrate species. This infor-
mation, linked with an understanding of the processes
that have caused changes and effects on other compo-
nents of the ecosystem, would facilitate the develop-
ment of spatially explicit management strategies that
span a full range of ecological and social concerns.
That was the motivation for our analysis of habitat
change and synthesis of road-associated effects on
selected terrestrial vertebrates presented here.

Objectives

The purpose for an analysis was to (1) develop an
understanding of changes in habitats that have
occurred across the basin since early European settle-
ment; (2) assess effects of these changes on source
habitats for species of terrestrial vertebrates for which
there is ongoing concern about population or habitat
status (species of focus); (3) summarize effects of
roads and associated factors on populations and habi-
tats of these species; (4) display broad-scale patterns
of road density as a spatially explicit measure of road
effects on terrestrial vertebrates, particularly in rela-
tion to four species of terrestrial carnivores; and (5)
synthesize results from these evaluations into major
patterns, implications of which could be addressed by
managers in the form of broad-scale strategies and
practices. Within this framework, we had six specific
objectives:

1. Identify species of terrestrial vertebrates whose
habitats might require further assessment and man-
agement at broad spatial scales within the basin;
these species are referred to as broad-scale species
of focus. Broad-scale species of focus are verte-
brate species whose population size is known or
suspected to be declining in response to habitat
decline or to nonhabitat effects of human activi-
ties, and whose habitats can be estimated reliably
by using a large mapping unit (pixel size) of 100
ha (247 acres) and broad-scale methods of spatial
analysis. Because our results were targeted for use

in broad-scale, ecosystem-based management, our
process of identifying species was designed to
include all species for which there might be even
moderate concern. Our process was not designed
to highlight just those species critically in need of
attention. Use of an inclusive rather than an exclu-
sive list of species assures that all associated habi-
tats in need of restoration are addressed. Moreover,
use of an inclusive list facilitates a holistic approach
to maintenance of animal communities rather than
single species. 

2. Determine species relations with source habitats.
Source habitats are those characteristics of
macrovegetation that contribute to stationary or
positive population growth for a species in a speci-
fied area and time. Source habitats contribute to
source environments (Pulliam 1988, Pulliam and
Danielson 1991), which represent the composite of
all environmental conditions that results in station-
ary or positive population growth for a species in a
specified area and time. The distinction between
source habitats and source environments is impor-
tant for understanding our evaluation and its limi-
tations. For example, source habitats for a bird
species during the breeding season would include
those characteristics of vegetation that contribute
to successful nesting and rearing of young, but
would not include nonvegetative factors, such as
the effects of pesticides on thinning of eggshells,
which also affect production of young. 

Consideration of both vegetative and nonvegetative
factors that contribute to population persistence
requires an evaluation of source environments, which
is beyond the purpose and scope of our evaluation. As
part of the process of identifying and evaluating vege-
tation characteristics that contribute to stationary or
positive population growth, however, we defined and
identified source habitats as being distinctly different
from habitats that are simply associated with species
occurrence, which may or may not contribute to
viable, long-term population persistence. That is, in
contrast to source habitats, those habitats in which
species occur can contribute to either source or sink
environments (Pulliam and Danielson 1991). Conse-
quently, species occurrence by itself indicates little or
nothing about the capability of the associated environ-
ment to support long-term persistence of populations
(Conroy and Noon 1996, Conroy and others 1995).
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Consequently, data based strictly on species occur-
rence did not meet our objective to identify those
characteristics of vegetation that contribute to long-
term population persistence, which we defined as
source habitats.

3. Conduct a spatial assessment of source habitats 
for all broad-scale species of focus, including an
assessment of change in source habitats from early
European to current conditions. Our spatial assess-
ment was based on the composition and structure
of vegetation estimated to exist during early
European settlement (historical, circa 1850 to 1890)
and current (circa 1985 to 1995) conditions, based
on work by Hann and others (1997) and methods
of Keane and others (1996). Specifically, we want-
ed to relate historical and current estimates of veg-
etation characteristics to source habitats deemed to
contribute to sustainable populations of the species
of focus, and to assess changes in those habitats
from historical to current periods. 

4. Develop a system to evaluate source habitats for
individual species as well as for groups of species.
Our system was designed to nest evaluations of
individual species hierarchically within evaluations
conducted for groups of species and for multiple
groups (families of groups). Our system specifical-
ly was developed to enable managers to identify
broad-scale, robust patterns of habitat change that
affect multiple species in a similar manner, and to
allow managers to address the needs of all species
efficiently, accurately, and holistically with the use
of broad-scale strategies and practices. Moreover,
our system was designed to enable managers to
address the needs of either single or multiple
species, depending on objectives, and to allow
managers to check how well an evaluation of a
group of species or a family of groups represents
evaluations conducted for each species within the
group or family. Finally, our system was designed
to evaluate source habitats at multiple spatial
scales and across time, thus providing maximum
flexibility in the conduct of spatial and temporal
analyses.

Use of hiearchically nested single- and multi-species
evaluations, conducted at multiple spatial scales, is
considered a requirement for managers who need
information at different levels of resolution and
complexity. Our use of both single- and multi-species

evaluations was designed to provide maximum flexi-
bility in how managers address different issues of
habitat management. Our rationale for using both 
single- and multi-species evaluations, each nested
hiearchically within one another, was that each 
habitat issue requires a different level of detail and
knowledge for effective management.

5. Identify species whose populations or habitats 
may be negatively affected by roads and associated
factors, summarize the effects, display the broad-
scale patterns of road density as an index of these
effects, and map areas that contain both abundant
source habitats and low road densities for selected
species of terrestrial carnivores. It is possible that
areas containing abundant source habitats may not
support persistent populations of some species
because of the negative effects of factors associated
with roads; that is, source habitats may contribute
to positive or stationary population growth, but the
road effect may override the habitat effect, thereby
resulting in a sink environment. Knowledge about
the negative effects of factors associated with
roads is therefore an important, complementary
component to proper management of vegetation
for terrestrial vertebrates. 

6. Describe the broad-scale implications for managing
terrestrial vertebrates whose source habitats have
undergone long-term decline, or for terrestrial 
vertebrates whose habitats or populations are nega-
tively affected by one or more factors associated
with roads. Management implications are broad-
scale considerations about the potential to conserve
or restore source habitats, or to manage human
access and human activities, on FS- and BLM-
administered lands in response to habitat decline or
to negative effects of human disturbance. Describe
these implications from results of our assessment,
from the scientific literature, and from results of
prior assessments conducted as part of the ICBEMP.
Whenever possible, link these implications to spe-
cific geographic areas of the basin based on our
spatial assessment of source habitats and our map-
ping of broad-scale patterns of road density. 

As part of management implications, we listed broad-
scale strategies and practices that may be useful to
managers seeking to conserve and restore habitats that
have undergone long-term decline. This list should be
considered a menu of possible approaches that man-
agers could adopt to help achieve their objectives for
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conservation and restoration of habitats. Before any of
these approaches are adopted, they should be analyzed
to determine their effectiveness, their compatibility
with overall ecosystem management objectives, and
their applicability to local situations. If any of these
strategies are used, it is particularly important that
testing and validation continue at all geographic scales
of their implementation. We assumed that each local
situation will be analyzed to determine if the strate-
gies identified as part of our assessment will have the
intended effects and be compatible with other land
management objectives and activities.

Following this logic, our objectives did not call for 
an assessment of potential strategies in terms of their
effect on the habitat outcomes of Lehmkuhl and others
(1997) because it is expected that managers will adopt
unique sets of strategies in response to various legal,
social, and economic considerations that are beyond
the scope of this paper. Spatially explicit strategies,
developed by managers of BLM- and FS-administered
lands, could be assessed at a later date in terms of
their adequacy to comply with laws such as ESA
and NFMA.

Related Assessments

Our assessment was designed to complement results
from previous scientific assessments conducted for the
ICBEMP, particularly the work by Quigley and others
(1996), Hann and others (1997), Lee and others (1997),
Lehmkuhl and others (1997), Marcot and others (1997),
and Hessburg and others (1999). Hann and others
(1997) characterized landscape conditions within the
basin, historically (mid to late 19th century) and 
currently (late 20th century), in terms of vegetation,
succession, and disturbance regimes using a large
mapping unit (pixel size) of 100 ha (247 acres),
broad-scale methods of spatial analysis, and complete
sampling coverage. Hessburg and others (1999) also
characterized landscape conditions within the basin,
but did so at a finer scale (mapping unit of 4 ha [10
acres]), over a different time period (early or mid
1900s to late 1900s), and using samples taken from 
<5 percent of the land base. Lee and others (1997)
characterized aquatic conditions within the basin, par-
ticularly in terms of cold-water fisheries. Marcot and
others (1997) catalogued the terrestrial plant and ani-
mal taxa occurring within the basin, particularly in
terms of the number of species, their distributions,

their ecological functions and roles, and their environ-
mental correlates. Marcot and others (1997) also
mapped several broad-scale spatial patterns related to
biological diversity, such as hotspots and centers of
endemism. Lehmkuhl and others (1997) assessed
habitat outcome of selected terrestrial plant and ani-
mal species, historically, currently, and under each of
the alternatives proposed in the DEIS (USDA Forest
Service and USDI Bureau of Land Management 1997a,
1997b). Finally, Quigley and others (1996) integrated
results from the above assessments in a spatially
explicit manner at the scale of the subbasin. Integration
focused primarily on combining estimates of ecologi-
cal integrity from landscape, aquatic, and socioeco-
nomic resources, and mapping the combined results
across subbasins in the form of six classes of forest
and six classes of rangeland clusters, with each class
depicting a different level of ecological condition
(Quigley and others 1996). Concise summaries of
these prior science assessments for the ICBEMP are
described by Hann and others (1998), Haynes and
others (1998), Lee and others (1998), and Raphael and
others (1998). Noss and others (1995) also described
habitat trends for the basin and other areas of the
United States.

In contrast to these prior assessments, our assessment
was intended to be a broad-scale analysis of macro-
habitat conditions across the basin for a targeted set 
of terrestrial vertebrates. Results of our assessment 
were intended to be integrated with information on
landscape conditions, aquatic resources, and socio-
economic patterns to refine our composite knowledge
of ecological risk and opportunity throughout the
basin. Results of our assessment also were assumed 
to lead to finer scale evaluations of habitats for some
groups or species as part of implementation proce-
dures. Implementation procedures were necessary to
relate our findings to local conditions as part of the
management application process.

Study Area
Our assessment covered the basin east of the crest of
the Cascade Range and those portions of the Klamath
and Great Basins within Oregon (fig. 1A). The 58-mil-
lion-ha (145-million-acre) basin (fig. 1A) is stratified
into four spatial scales (Gravenmier and others 1997):
(1) ecological reporting unit (ERU), (2) subbasin,
(3) watershed, and (4) subwatershed. Ecological
reporting units, of which there are 13 (fig. 1B), range
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in size from about 740 000 to 6 800 000 ha (1,829,000
to 16,800,000 acres; mean size of about 2 375 000 ha
[5,866,250 acres]). The 164 subbasins, or 4th hydro-
logic unit code (HUC), average about 345 000 ha
(850,000 acres), whereas the 2,562 watersheds, or 5th
HUCs, average about 22 500 ha (56,000 acres) each.
The 7,654 subwatersheds (6th HUCs) average about
7700 ha (19,000 acres). Quigley and others (1996)
described these spatial scales and the diverse ecologi-
cal components of the basin in detail. Marcot and oth-
ers (1997) further described flora and fauna occurring
within the basin.

Methods
Several large-scale, ecosystem-based assessments have
been completed recently (Anonymous 1996, USDA
Forest Service and USDI Bureau of Land Management
1994, SAMAB 1996), yet few standard methods exist
for evaluating terrestrial species and their habitats at a
broad scale. Moreover, even fewer methods exist for
developing an analysis framework in which broad-
based management strategies can be established for
holistic management of a large complex of terrestrial
vertebrates. Efforts have been made to develop broad-
scale methods to identify areas having little manage-
ment protection and high species richness, such as gap
analysis (Kiester and others 1996, Scott and others
1993). Less attention has been devoted, however, to
the problems of identifying historical changes in habi-
tats and to the challenges of developing spatially explicit
themes to correct problems caused by long-term, nega-
tive changes in those habitats. Consequently, our meth-
ods were designed to meet unique objectives. Previous,
broad-scale methods of habitat assessment, such as
those used by Kiester and others (1996), Marcot and
others (1997), and Scott and others (1993), relied on
estimates of species occurrence in relation to current
habitat conditions. Our methods build on these but were
also designed to meet objectives that called for identify-
ing only those habitats that presumably contribute to
stationary or positive population growth (source habi-
tats), and that required measurement of temporal
change in such habitats from historical to current con-
ditions. Consequently, our broad-scale methods differ
from broad-scale approaches adopted elsewhere.

Given this background, the major steps of our analysis
were (1) identifying species on which to focus the
analysis; (2) delineating species ranges; (3) deter-
mining the relation of species with source habitats;

(4) designing a hierarchical system of single- and
multi-species assessment; (5) clustering the species
into groups, based on similarities in source habitats;
(6) assessing change in source habitats from historical
to current conditions for species and groups; (7) form-
ing families of groups to summarize results among
multiple groups; (8) correlating change in source habi-
tats among species within groups and families to veri-
fy how well group and family trends reflected trends
of individual species; (9) summarizing knowledge
about species-road relations; (10) mapping road densi-
ty in relation to abundance of source habitats for
selected species; (11) interpreting results and identify-
ing broad-scale management implications for those
species, groups, and families whose source habitats
have undergone long-term decline, or for those
species whose populations or habitats are negatively
affected by factors associated with roads; and (12)
validating agreement between change in source habi-
tats and trends in viability that were projected by
Lehmkuhl and others (1997). Following are the 
specific methods used for each step.

Identifying Species of Focus

We used seven criteria to develop an initial list of
species that were the focus of our assessment. Most 
of these criteria were based on results of the assess-
ment of species-habitat conditions under planning
alternatives (Lehmkuhl and others 1997) that were
developed for the basin as part of the DEIS (USDA
Forest Service and USDI Bureau of Land Management
1997a, 1997b). The process used by Lehmkuhl and
others (1997) defined five classes of habitat outcome
that were possible for each species (fig. 2). The five
outcome classes were defined as follows: outcome 1—
habitat broadly distributed with opportunity for nearly
continuous distribution of the species; outcome 2—
habitat broadly distributed but with gaps; patches
large or close enough to permit dispersal; outcome
3—habitat primarily in patches, some of which are
small or isolated, causing limitations in species disper-
sal; outcome 4—habitat in isolated patches with
strong limitations on dispersal; some likelihood of
local extirpation; and outcome 5—habitat scarce with
little or no opportunity for dispersal among patches
and strong likelihood of extirpation.

Expert panels were used to assess the likelihood that
these conditions existed for each species historically,
currently, and under the future scenarios projected for
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2. Species for which a significant increase or
decrease in habitat outcome was projected from
current to future conditions under any environmen-
tal impact statement (EIS) alternative. These were
identified from the assessment of Lehmkuhl and
others (1997) as species whose weighted mean
habitat outcome changed by a value of 0.5 or
more.

3. Species for which Lehmkuhl and others (1997)
adjusted results of habitat outcomes from those
assigned by the expert panels. This included 25
species for which Lehmkuhl and others (1997)
judged that the expert panel findings are inconsis-
tent with projected habitat trends or with the stan-
dards and guidelines of the planning alternatives.

4. Species for which Lehmkuhl and others (1997) did
not complete an analysis because of their restricted
distribution within the basin. These species were
recommended for “fine-scale” analysis.

each planning alternative. Results were expressed as
both a distribution of 100 likelihood points across the
five outcome classes (fig. 2) and as a weighted mean
outcome of these likelihood points. Lehmkuhl and
others (1997) presented results of this analysis and
provided further details about the methods described
above.

For our analysis of source habitats, species were
included in an initial list if they met any of the fol-
lowing criteria:

1. Species for which there is at least moderate likeli-
hood of population isolation resulting from habitat
conditions. These were identified from the assess-
ment of Lehmkuhl and others (1997) as species
with <90 total likelihood points in the combined
categories of habitat outcomes 1, 2, and 3, either
for historical conditions, for current conditions, or
for any DEIS planning alternative.

Figure 2—Conceptual diagram of the five habitat outcome classes developed by Lehmkuhl and others
(1997) to assess effects of planning alternatives on selected plants and animals within the interior Columbia
basin. Classes were defined as follows: outcome 1—habitat broadly distributed with opportunity for nearly
continuous distribution of the species; outcome 2—habitat broadly distributed but with gaps; patches large
or close enough to permit dispersal; outcome 3—habitat primarily in patches, some of which are small or
isolated, causing limitations in species dispersal; outcome 4—habitat in isolated patches with strong limita-
tions on dispersal; some likelihood of local extirpation; and outcome 5—habitat scarce with little or no oppor-
tunity for dispersal among patches and strong likelihood of extirpation. Results of the habitat outcome-based
analysis by Lehmkuhl and others (1997) were used as part of the criteria by which to select vertebrate
species (broad-scale species focus) for analysis of source habitats. 

file://localhost/Users/WWPBoise/Desktop/figurev1.pdf/v1fig2.pdf
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5. Species that were the subject of the petition filed 
by the Natural Resources Defense Council with the
Regional Forester of the Pacific Northwest Region,
USDA Forest Service, on March 30, 1993. Other
species that were the subject of repeated appeals to
either the FS or the BLM within the jurisdictions
of the basin also were included.

6. Species for which The Nature Conservancy
assigned a Global ranking of 1 or 2.

7. Species added by the expert panel process that was
conducted for terrestrial habitat assessment during
September 1997. Some of the species added during
this process were not evaluated by Lehmkuhl and
others (1997).

We reviewed the initial species list developed from
this set of criteria to ensure that it included species
associated with all source habitats that were declining,
or thought to be declining. We also reviewed the ini-
tial list to ensure that it included species whose source
habitats were not only declining, but whose popula-
tion or habitat status was identified as requiring coor-
dination across administrative units of the FS and
BLM. The list was reviewed again by panels of species
experts to ensure that it included all species of poten-
tial concern within the basin as part of criterion 
7 described above. 

Application of these seven criteria resulted in a final
list of 91 species whose source habitats could be
mapped reliably by using a pixel size of 100 ha (247
acres), as determined by expert panels (table 1). These
species, referred to as broad-scale species of focus,
composed our broad-scale analysis. Additional species
(>80), most of which were deemed to be dependent on
riparian or water habitats, also met the seven criteria
(table 1); source habitats for these species, however,
were identified by experts as needing mapping units
smaller than 100 ha (247 acres) to reliably estimate
their habitat abundance.

Again, it is important to note that our species list
(table 1) was intended to be inclusive rather than
exclusive and to help focus our analysis on ecosystem
conditions. It should not be interpreted as a list of
species representing some critical legal or biological
threshold.

Delineating Species Ranges

We used range maps developed by Marcot and others
(in prep.) to estimate the inclusive geographic area
that was occupied historically and currently by each
species of focus. Range maps were drawn by using
the following criteria:

• For broadly distributed species, range maps were
drawn to simply reflect the outer extent of the
occurrence of the species. Consequently, these 
maps include large areas of both used and unused
habitats.

• For common species with disjunct populations,
range maps were drawn to reflect the outer extent
of each individual population.

• For locally endemic species or species with small,
scattered populations, range maps were drawn to
reflect known and potential areas occupied by the
species.

• For species whose range is known to have shifted
significantly from historical conditions (as defined
by Marcot and others, in prep.), separate maps
were developed for current and historical range.
For all other species, maps that delineate the cur-
rent range by definition also denote the historical
range. 

• Maps of each species range were drawn only for
areas within the boundaries of the basin because
our evaluation was restricted to the basin. When
interpreting results of our analyses, however, in
combination with population and habitat data
available from other studies, we typically consid-
ered the entire range of a species if it potentially
affected our interpretations.

Information used to develop range maps included 
previously published maps and published and unpub-
lished location data (Marcot and others, in prep.).
Maps were drawn with the help of species experts and
subsequently reviewed by these experts to ensure that
the final map of the range of each species adhered to
the above criteria.



10 Table 1—Common and scientific names of 173 terrestrial vertebrate species of focus brought forward for additional
analysis and the associated criteria by which each species was selected

Criteria 

Classa name name Scaleb <90Hc <90Cd <90Ae EIS SIGf Fineg NRDCh G1G2i Adjustj Addk

R Mojave black-collared lizard Crotaphytus bicinctores BS X       
R Longnose leopard lizard Gambelia wislizenii BS X X X       
R Sharptail snake Contia tenuis BS X X X X X  
R Striped whipsnake Masticophis taeniatus BS X X X       
R California mountain kingsnake Lampropeltis zonata BS X     
R Longnose snake Rhinocheilus lecontei BS X     
R Ground snake Sonora semiannulata BS X     
B Northern goshawk Accipiter gentilis BS X X X    
B Ferruginous hawk Buteo regalis BS X X X      
B Blue grouse Dendrogapus obscurus BS X 
B Sage grouse Centrocercus urophasianus BS X X X      
B Columbian sharp-tailed grouse Tympanuchus phasianellus

columbianus BS X X X      
B Mountain quail Oreortyx pictus BS X X X       
B Flammulated owl Otus flammeolus BS X X X X    
B Burrowing owl Athene cunicularia BS X X       
B Great gray owl Strix nebulosa BS X X X X X    
B Long-eared owl Asio otus BS X X X       
B Short-eared owl Asio flammeus BS X 
B Boreal owl Aegolius funereus BS X X X X      
B Vaux’s swift Chaetura vauxi BS X X X X X X  
B Rufous hummingbird Selasphorus rufus BS X X X 
B Black-chinned hummingbird Archilochus alexandri BS X       
B Broad-tailed hummingbird Selasphorus platycercus BS X X       
B Lewis’ woodpecker Melanerpes lewis BS X X X      
B Williamson’s sapsucker Sphyrapicus thyroideus BS X X X      
B White-headed woodpecker Picoides albolarvatus BS X X X  X  X  
B Three-toed woodpecker Picoides tridactylus BS   X X  X    
B Black-backed woodpecker Picoides arcticus BS  X X X  X    
B Pileated woodpecker Dryocopus pileatus BS X X X X  X  X  
B Olive-sided flycatcher Contopus cooperi BS  X X       
B Hammond’s flycatcher Empidonax hammondii BS  X X X      

Common Scientific
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Table 1—Common and scientific names of 173 terrestrial vertebrate species of focus brought forward for additional
analysis and the associated criteria by which each species was selected (continued)

Criteria 

Classa name name Scaleb <90Hc <90Cd <90Ae EIS SIGf Fineg NRDCh G1G2i Adjustj Addk

B Ash-throated flycatcher Myiarchus cinerascens BS X X      
B Chestnut-backed chickadee Parus rufescens BS X X X X      
B Bushtit Psaltriparus minimus BS X X X      
B White-breasted nuthatch Sitta carolinensis BS X X X    
B Pygmy nuthatch Sitta pygmaea BS X X X    
B Brown creeper Certhia americana BS X 
B Winter wren Troglodytes troglodytes BS X X X      
B Golden-crowned kinglet Regulus satrapa BS X 
B Western bluebird Sialia mexicana BS X X      
B Varied thrush Ixoreus naevius BS X 
B Sage thrasher Oreoscoptes montanus BS X X      
B Loggerhead shrike Lanius ludovicianus BS X X      
B Hermit warbler Dendroica occidentalis BS X     
B Lazuli bunting Passerina amoena BS/FS X       
B Clay-colored sparrow Spizella pallida BS X     
B Brewer’s sparrow Spizella breweri BS X X      
B Vesper sparrow Pooecetes gramineus BS X      
B Lark sparrow Chondestes grammacus BS X X      
B Black-throated sparrow Amphispiza bilineata BS X     
B Sage sparrow Amphispiza belli BS X      
B Lark bunting Calamospiza melanocorys BS X 
B Grasshopper sparrow Ammodramus savannarum BS X X X       
B Western meadowlark Sturnella neglecta BS X 
B Brown-headed cowbird Molothrus ater BS X 
B Black rosy finch Leucosticte atrata BS X X X       
B Gray-crowned rosy finch Leucosticte tephrocotis BS X X X       
B White-winged crossbill Loxia leucoptera BS X       
B Pine siskin Carduelis pinus BS X 
M Preble’s shrew Sorex preblei BS X     
M Pygmy shrew Sorex hoyi BS X     
M Yuma myotis Myotis yumanensis BS X     
M Long-eared myotis Myotis evotis BS X X X  

Common Scientific



12 Table 1—Common and scientific names of 173 terrestrial vertebrate species of focus brought forward for additional
analysis and the associated criteria by which each species was selected (continued)

Criteria 

Classa name name Scaleb <90Hc <90Cd <90Ae EIS SIGf Fineg NRDCh G1G2i Adjustj Addk

M Fringed myotis Myotis thysanodes BS X X X X  
M Long-legged myotis Myotis volans BS X X X X  
M Western small-footed myotis Myotis ciliolabrum BS X X X X  
M Silver-haired bat Lasionycteris noctivagans BS X X X X  
M Hoary bat Lasiurus cinereus BS X X X X  
M Spotted bat Euderma maculatum BS X X X X  
M Townsend’s big-eared bat Corynorhinus townsendii 

pallescens BS X X X X  
M Pallid bat Antrozous pallidus BS X 
M Pygmy rabbit Brachylagus idahoensis BS X X X       
M Idaho ground squirrel Spermophilus brunneus BS X     
M White-tailed antelope squirrel Ammospermophilus leucurus BS X     
M Washington ground squirrel Spermophilus washingtoni BS X G2   
M Wyoming ground squirrel Spermophilus elegans BS X 
M Uinta ground squirrel Spermophilus armatus BS X     
M Western gray squirrel Sciurus griseus BS X     
M Northern flying squirrel Glaucomys sabrinus BS X X X X  
M Sagebrush vole Lemmiscus curtatus BS X 
M Gray wolf Canis lupus BS X 
M Kit fox Vulpes macrotis BS X     
M Grizzly bear Ursus arctos BS X X       
M American marten Martes americana BS X X X X X  
M Fisher Martes pennanti BS X X X X  X X  
M Wolverine Gulo gulo BS  X X   X  X  
M Lynx Lynx canadensis BS  X X   X  X  
M Woodland caribou Rangifer tarandus caribou BS X X X       
M Pronghorn Antilocapra americana BS  X X X    X  
M Mountain goat Oreamnos americanus BS X 
M California bighorn sheep Ovis canadensis californiana BS X X X       
M Rocky Mountain bighorn sheep Ovis canadensis canadensis BS X 
A Coeur d’Alene salamander Plethodon idahoensis FS X X X X  
A Larch mountain salamander Plethodon larselli FS X G2   

Common Scientific
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Table 1—Common and scientific names of 173 terrestrial vertebrate species of focus brought forward for additional
analysis and the associated criteria by which each species was selected (continued)

Criteria 

Classa name name Scaleb <90Hc <90Cd <90Ae EIS SIGf Fineg NRDCh G1G2i Adjustj Addk

A Idaho giant salamander Dicamptodon aterrimus FS X     
A Tailed frog Ascaphus truei FS X X X X      
A Western toad Bufo boreas FS  X X X X  
A Woodhouse’s toad Bufo woodhousii FS X X X X      
A Northern leopard frog Rana pipiens FS X X X X    X  
A Columbian spotted frog Rana luteiventris FS X X X     X  
A Oregon spotted frog Rana pretiosa FS  X X X  
R Western pond turtle Clemmys marmorata FS   X       
R Painted turtle Chrysemys picta FS   X X      
R Rubber boa Charina bottae FS X X X X      
R Common garter snake Thamnophis sirtalis FS   X X      
B Common loon Gavia immer FS X X X       
B Red-necked grebe Podiceps grisegena FS X X X       
B Western grebe Aechmophorus occidentalis FS X X X       
B Clark’s grebe Aechmophorus clarkii FS X X X       
B American white pelican Pelecanus erythrorhynchos FS X X X       
B American bittern Botaurus lentiginosus FS X X X       
B Western least bittern Ixobrychus exilis hesperis FS X X X       
B Great blue heron Ardea herodias FS X X X       
B Great egret Ardea alba FS X X X       
B Snowy egret Egretta thula FS X X X       
B Black-crowned night heron Nycticorax nycticorax FS X X X       
B White-faced ibis Plegadis chihi FS X X X       
B Trumpeter swan Cygnus buccinator FS X X X       
B Wood duck Aix sponsa FS X X X       
B Green-winged teal Anas crecca FS  X X       
B Mallard Anas platyrhynchos FS  X X       
B Northern pintail Anas acuta FS  X X       
B Blue-winged teal Anas discors FS  X X       
B Cinnamon teal Anas cyanoptera FS  X X       
B Northern shoveler Anas clypeata FS  X X       
B Gadwall Anas strepera FS  X X       

Common Scientific



14 Table 1—Common and scientific names of 173 terrestrial vertebrate species of focus brought forward for additional
analysis and the associated criteria by which each species was selected (continued)

Criteria 

Classa name name Scaleb <90Hc <90Cd <90Ae EIS SIGf Fineg NRDCh G1G2i Adjustj Addk

B American wigeon Anas americana FS  X X       
B Canvasback Aythya valisineria FS X X X       
B Redhead Aythya americana FS X X X       
B Ring-necked duck Aythya collaris FS X X X       
B Lesser scaup Aythya affinis FS X X X       
B Harlequin duck Histrionicus histrionicus FS X X X X      
B Common goldeneye Bucephala clangula FS X X X       
B Barrow’s goldeneye Bucephala islandica FS X X X       
B Bufflehead Bucephala albeola FS X X X       
B Hooded merganser Lophodytes cucullatus FS X X X       
B Common merganser Mergus merganser FS X X X       
B Ruddy duck Oxyura jamaicensis FS X X X       
B Bald eagle Haliaeetus leucocephalus FS  X X X      
B Yellow rail Coturnicops noveboracensis FS X     
B Virginia rail Rallus limicola FS X X X       
B Sora Porzana carolina FS X X X       
B Greater sandhill crane Grus canadensis tabida FS X X X       
B Western snowy plover Charadrius alexandrinus nivosus FS X X X       
B Black-necked stilt Himantopus mexicanus FS X X X       
B American avocet Recurvirostra americana FS X X X       
B Willet Catoptrophorus semipalmatus FS X X X       
B Spotted sandpiper Actitis macularia FS X 
B Upland sandpiper Bartramia longicauda FS X X       
B Long-billed curlew Numenius americanus FS X X X       
B Common snipe Gallinago gallinago FS X X       
B Wilson’s phalarope Phalaropus tricolor FS X 
B Forster’s tern Sterna forsteri FS X X X       
B Black tern Chlidonias niger FS X X X       
B Yellow-billed cuckoo Coccyzus americanus FS X X X       
B Western screech owl Otus kennicottii FS X       
B Red-naped sapsucker Sphyrapicus nuchalis FS X X X      
B Downy woodpecker Picoides pubescens FS X X      

Common Scientific
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Table 1—Common and scientific names of 173 terrestrial vertebrate species of focus brought forward for additional
analysis and the associated criteria by which each species was selected (continued)

Criteria 

Classa name name Scaleb <90Hc <90Cd <90Ae EIS SIGf Fineg NRDCh G1G2i Adjustj Addk

B Willow flycatcher Empidonax traillii FS X X       
B Least flycatcher Empidonax minimus FS X     
B Veery Catharus fuscescens FS X X       
B Red-eyed vireo Vireo olivaceus FS X X X       
B Virginia’s warbler Vermivora virginiae FS X 
B Yellow warbler Dendroica petechia FS  X X       
B American redstart Setophaga ruticilla FS X 
B Wilson’s warbler Wilsonia pusilla FS X X X       
B Yellow-breasted chat Icteria virens FS X X       
B Fox sparrow Passerella iliaca FS X 
B Bobolink Dolichonyx oryzivorus FS X X X       
B Tricolored blackbird Agelaius tricolor FS X     
B Brewer’s blackbird Euphagus cyanocephalus FS X 
M Water shrew Sorex palustris FS X     
M Water vole Microtus richardsoni FS X 
M Northern bog lemming Synaptomys borealis FS X     

a B = bird, M = mammal, R = reptile, and A = amphibian.
b BS = broad-scale species of focus assessed in this paper. Ninety-one species were identified as broad-scale vertebrates of focus, whose source habitats could reliably be eval-
uated by using a mapping unit (pixel size) of 100 ha (254 acres). FS = fine-scale species of focus whose source habitats require mapping units <100 ha (254 acres).
c <90H = habitat outcome score (from Lehmkuhl and others 1997) <90 points in the added scores of outcomes 1, 2, and 3 for the historical time period, BLM and FS lands only.
d <90C = habitat outcome score (from Lehmkuhl and others 1997) <90 points in the added scores of outcomes 1, 2, and 3 for the current time period, BLM and FS lands only.
e <90A = habitat outcome score (from Lehmkuhl and others 1997) <90 points in the added scores of outcomes 1, 2, and 3 for any of the 7 alternatives (BLM and FS lands
only) described in either the draft eastside EIS (USDA Forest Service and USDI Bureau of Land Management 1997a) or draft upper Columbia River basin EIS (USDA Forest
Service, USDI Bureau of Land Management 1997b).
f EIS SIG = the weighted mean outcome score in any one of the alternatives (BLM and FS lands only) increased or decreased by more than 0.5 points from the current out-
come score, a significant change according to the EIS teams. 
g Fine = species for which Lehmkuhl and others (1997) did not complete an analysis for the outcome assessment because of the restricted distribution of these species with-
in the basin. These species ranges are predominately outside the basin.
h NRDC = species that were the subject of the petition filed by the Natural Resources Defense Council with the Regional Forester, Pacific Northwest Region, USDA Forest
Service, on March 30, 1993.
i G1G2 = species listed by the Natural Heritage program as Global Rank 1 or Global Rank 2.
j Adjust = species for which panelists’ scores were adjusted by the science team (Lehmkuhl and others 1997). Scores were adjusted when considered to reflect a misinterpre-
tation or incomplete understanding of the management alternatives or their outcomes, or the species’ ecology.
k Add = species added by terrestrial habitat panelists (vol. 3, appendix 2) during September 1997 due to concerns about habitat or population status. Some of these species
were not evaluated in the prior outcome assessment by Lehmkuhl and others (1997).

Common Scientific
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Determining Species Relations 
With Source Habitats

Vegetation classification system used to define
source habitats—We used the vegetation classifica-
tion system of cover types and structural stages that
was derived for broad-scale vegetation assessments of
the ICBEMP (Hann and others 1997) as the basis for
defining source habitats for each species of focus. We
used this system because (1) it is the standard classifi-
cation system that was developed to characterize the
composition and structure of vegetation at the broad
scale within the basin; (2) this system was created
specifically to characterize broad-scale patterns of 
disturbance regimes and succession dynamics over a
diverse array of forest and rangeland conditions, at
large spatial scales, and over long periods of time; 
and (3) our results are intended to be integrated with
results from all other broad-scale scientific assess-
ments of the ICBEMP, all of which have used this
system (for example, see assessments for landscape
ecology [Hann and others 1997] and aquatic resources
[Lee and others 1997]). Below is a detailed descrip-
tion of the methods used to estimate composition and
structure of vegetation under this broad-scale system
of classification. 

Estimating and validating occurrence of cover
types and structural stages for broad-scale assess-
ment—Maps of vegetation cover types (CT) and
structural stages (ST) were derived originally as part
of the Columbia River basin succession model 
(CRBSUM) (Keane and others 1996) for broad-scale
assessment of vegetation in the basin. The CRBSUM
specifically was built to map the composition and
structure of vegetation for historical and current peri-
ods, accounting for coarse-scale disturbance regimes
and succession dynamics (Hann and others 1997,
Keane and others 1996). As part of this process, cover
types were developed to estimate the plant species
that characterize the vegetative composition of a map-
ping unit, with the mapping unit defined as a pixel or
cell of 1 km2 (0.4-mi2) at the broad scale. Examples
of cover types mapped at this cell size include lodge-
pole pine, western larch, and whitebark pine for
forested environments and big sagebrush, native forb,
and juniper/sagebrush for rangeland environments
(Hann and others 1997). By contrast, structural stages
were developed to estimate the structural conditions
of plant species that characterize a mapping unit of 
1 km2 (0.4-mi2). Examples of structural stages mapped

at this scale include stand initiation, understory reiniti-
ation, and old-forest single-story for forested environ-
ments and open herbland, closed low-medium shrub,
and open tall shrub for rangeland environments (Hann
and others 1997). 

Methods for deriving the initial estimates of the cover
types and structural stages were described by Hann and
others (1997) and Menakis and others (1996). Initial
estimates of CT and ST were then mapped and rectified
with each other and with the CRBSUM potential vege-
tation type (PVT) map as part of the classification and
modeling process (Menakis and others 1996). The
PVTs are classes of biophysical environments based on
combinations of climate, terrain, and soil that are
labeled by plant species, with the labels serving as indi-
cators of the kind of environmental conditions present
(Hann and others 1997). Indicator plants used to name
the PVT are often not the plant species name of the CT
because of disturbances, succession, and exotic plant
invasions that result in dominance by other species. For
example, ponderosa pine is a common CT in the
Douglas-fir PVTs in environments where fire has been
frequent historically, which is part of the native regime.
Cheatgrass, an exotic plant species, is a common CT in
sagebrush PVTs in dry environments, typically in con-
junction with a combination of excessive livestock graz-
ing and increased frequency of fire (Hann and others
1997), which is not part of the native regime. The PVTs
have been grouped into potential vegetation groups
(PVGs) such as forest, dry shrub, and agriculture. 

Rectification among CT, ST, and PVT estimates was
conducted to ensure that CTs and STs would only
occur on sites that had the successional potential to
produce those CTs and STs (Menakis and others
1996). This not only improved broad-scale accuracy,
but also met the logic conditions for simulating suc-
cession and disturbance dynamics with the CRBSUM.
For example, if a ponderosa pine CT occurred with an
open herbland ST on a whitebark pine/subalpine larch
north PVT, an obvious problem existed with the input
data. Many combinations of CT/ST/PVT, however,
had potential errors that were more subtle. The 
CRBSUM contained a logic-checking routine that
compared the CT/ST/PVT combinations with the suc-
cessional pathways of combinations of CT/ST that
could occur in a given PVT. A rule set was established
for correcting logic errors. In general, the PVT input
map was more accurate than the CT and ST maps
because of its direct relation to biophysical character-
istics. Consequently, if an error was detected, the CT
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or ST typically was changed to be consistent with the
PVT. In some instances, however, certain CTs had
high predictive reliability; in these cases, the CTs were
used to identify a need to correct some of the PVTs.

The CRBSUM maps for the current period were
designed to reflect average conditions for the decade
1985 to 1995 (Hann and others 1997). Two input
maps were used to develop the CRBSUM CT map.
Hardy and others (1996) provided a broad classifica-
tion of cover types through use of 1-km2 (0.4-mi2)
satellite imagery. A land cover characterization (LCC)
map for the United States provided an additional
source for broad cover types (Eidenshink 1992,
Loveland and others 1991). These two maps were
refined by ecologists during several ICBEMP work-
shops and used to develop the final input map
(Menakis and others 1996). This final map was then
refined based on the CRBSUM logic-checking process
described above and in Menakis and others (1996). 

The current period CRBSUM ST map was developed
by using a statistical analysis of current mid-scale
subwatershed sample data from Hessburg and others
(1999) that was aggregated to a 1-km2 (0.4-mi2) scale
(Menakis and others 1996). The ST data from the sub-
watershed sample were correlated with other 1-km2

(0.4 mi2) scale data, such as CT, PVT, ownership, and
road density, and then extrapolated with a statistical
function across all 1-km2 (0.4-mi2) cells of the basin.
This ST map was then refined based on the CRBSUM
logic-checking process (Menakis and others 1996).

The CRBSUM maps for the historical period were
designed to reflect average conditions for the latter
half of the 19th century (1850 to 1900) (Hann and
others 1997). The CT input map for historical condi-
tions was a vector map from Losensky (1994), derived
from a compilation of late 1800s and early 1900s 
vegetation survey, potential land use, and military
expedition maps. This CT map was then refined based
on the CRBSUM logic-checking process (Menakis
and others 1996).

The CRBSUM ST map for the historical period was
developed from survey data supplied by Losensky
(1994). These data were used to determine a ST com-
position by CT for each of the survey areas, and were
then extrapolated across the basin within cover type
and ecoregion stratifications (Menakis and others
1996). This ST map was then refined based on the

CRBSUM logic-checking process for combinations 
of CT, ST, and PVT described earlier (Menakis and
others 1996).

The current and historical period CT, ST, and PVT
data were compared with maps of cover types and
structural stages estimated at the mid-scale (cell size
of 4 ha [10 acres]) from aerial photos taken during 
the current period (1990s) and a more recent historical
period (1930s to 1950s) that was the basis for the
mid-scale analysis of Hessburg and others (1999)
(Hann and others 1997, Menakis and others 1996).
The more recent historical data from Hessburg and
others (1999), which represent the mid-20th century
estimate of CTs and STs at the mid-scale (4-ha [10-
acre] cell size), do not represent the same time period
as the historical period for broad-scale data; thus the
mid-scale and broad-scale estimates of CTs and STs
could not be compared directly. The mid-scale and
broad-scale data used to estimate the current period,
however, represent comparable periods. Results of
comparisons between mid- and broad-scale estimates
of CTs and STs for the current period are reported in
Hann and others (1997) and Menakis and others
(1996). Additional data used for assessment of accura-
cy of the broad-scale mapping included paired his-
toric-current oblique photographs from Losensky
(1995) and plot data that were used for the assessment
of succession-disturbance regimes and general land-
scape patterns (Hann and others 1997).

Because maps of cover types and structural stages
were produced at a 1-km2 (0.4-mi2) (or 100 ha) scale
as part of the development of CRBSUM, users should
be aware of the implications of this large mapping
scale. A 1-km2 (0.4-mi2) cell is about 250 acres [some-
what larger than a 1/4 section (160 acres)]. Linear 
features such as roads, narrow riparian vegetation, and
streams cannot be mapped at this scale. Cover types
that occur in small patches of <4 ha (10 acres) and
that have an average patch size less than one-fourth of
the area of a 1-km2 (0.4-mi2) cell also are not mapped.
Cover types that occur in either large or small patches
and that have an average patch size greater than one-
fourth the area of a 1-km2 (0.4-mi2) cell (that is,
>25 ha or 62 acres), however, are typically mapped
because some of these patches will be large enough to
dominate a 1-km2 (0.4-mi2) cell. Any 1-km2 (0.4-mi2)
cell has only about a 10- to 30-percent chance of
being correctly typed, but about 65 to 95 percent of a
large number of cells (for example, 100 or more cells)
of the same type or of a group of types typically are



mapped correctly. The phenomenon of low probability
of any one cell being correctly typed, but high proba-
bility of correctly typing a large number of cells of the
same type, occurs for four reasons:

1. High variation in number of types within the
cell. Mapping units composed of 1-km2 (0.4-mi2)
cells typically contain three to five different cover
types that occur in patch sizes of about 4 ha (10
acres) or larger. A patch size of 4 ha (10 acres) is
equivalent to the mapping unit used by Hessburg
and others (1999) for the mid-scale landscape
analysis of the basin, and is the size patch that
generally can be detected as part of mapping at
the broad-scale of 1 km2 (0.4-mi2). Typically, the
cover type with the largest area or greatest biomass
dominates the characteristics of the cell. In many
cases, the named type only covers 20 to 30 percent
of the cell area, but it has the largest area and thus
dominates the reflectance shown in the remote-
sensed data source. In other cases, a forest type
may compose less area than a nonforest type, but
because of the large amount of biomass in forest
types, the spectral reflectance may be dominated
by the forest type. Accurate mapping of these types
is dependent on the summary of many cells, which
dampens the effect of high variation in cell com-
position.

2. High variation in type distribution within cells.
Cover types that typically occur in small patches
but are distributed abundantly and scattered
throughout the cell also may dominate the charac-
teristics of the cell. Accurate mapping of these
types is dependent on summary of many cells or
grouping of cover types, which again dampens the
effect of high variation in type distribution within
cells.

3. Small sample size. Cover types that occur in 
large patches, but that do not occur in many cells,
will dominate the characteristics of those cells.
Accurate mapping of these types is dependent on
grouping of related types, which dampens the
effect of small sample size.

4. Cover types with similar characteristics. Two or
more cover types that have similar characteristics
may dominate the characteristics of many cells.
Accurate mapping of these types is dependent on
finding accurate correlations with other mapped
biophysical and human-caused characteristics. 

This dampens effects of errors in misclassification
to other cover types that have similar prediction
characteristics.

These points provide context for understanding results
of a formal assessment of mapping accuracy that was
conducted to estimate the minimum-sized area (for
example, subbasin or ERU) at which broad-scale data
could be summarized to +10 percent confidence of the
true estimate of the percentage of area occupied by
cover types and structural stages (table 2). In general,
groups of subbasins or an ERU were found to be
appropriate levels at which to summarize the 1-km2

(0.4-mi2) CT and ST data. Hann and others (1997)
demonstrated that grouping similar CT and ST into
physiognomic types or terrestrial communities sub-
stantially increased this accuracy. Results of this accu-
racy assessment (table 2) imply that use of CT and ST
combinations to analyze source habitats for terrestrial
vertebrates is not sufficiently accurate for making
summaries at an individual subwatershed or watershed
scale. Sufficient accuracy can be achieved, however,
when base data for individual subwatersheds or water-
sheds are summarized to the larger scales of subbasin,
ERU, or basin, by using base data from collections of
subwatersheds or watersheds (table 2).

Building species-source habitat matrices—Marcot
and others (1997) originally developed matrices of
habitat associations for 547 vertebrate species occur-
ring within the basin. These matrices included species
associations with macrohabitats based on species
occurrence, as well as species use of finer scale or
nonvegetative features termed key environmental cor-
relates. We used these data as a starting point to define
source habitats and special habitat features for each
species of focus. As noted earlier, source habitats are
those characteristics of macrovegetation that con-
tribute to stationary or positive population growth.
Special habitat features are those nonvegetative fac-
tors or finer scale characteristics of vegetation that
also contribute to stationary or positive population
growth. 

The habitat matrices of Marcot and others (1997)
were based on slightly modified combinations of
cover types and structural stages that were defined for
macrovegetation of the basin (tables 3 and 4); meth-
ods used to estimate these cover types and structural
stages at the broad scale were described in the previ-
ous section and described in further detail by Keane
and others (1996), Menakis and others (1996), and
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Table 2—Current and historical broad-scale cover type and structure vegetation maps with estimated 
accuracy

Minimum area to achieve Minimum area to achieve
Representative acceptable accuracy for acceptable accuracy 

Map period Method codominant types across all types

Current cover type 1985-95 Correlation of ground Subbasin Ecological reporting unit
truth with 1-km 1991

AVHRR satellite 
spectral class

Current structure 1985-95 Prediction model from 2-4 subbasins Ecological reporting unit
correlation of mid-scale 

samples with broad-scale 
attributes

Historical cover type 1850-1900 Vector mapping from late 3-6 subbasins Ecological reporting unit
1800s and early 1900s 

maps and records

Historical structure 1850-1900 Cover type and ecoregion 5-10 subbasins Ecological reporting unit
section random allocation 
of structure distribution 

from late 1800s and 
early 1900s records

Current 1985-2005 Grouping of current cover Subbasin 2-3 subbasins
physiognomic types and structures 
types based on similar response 

to succession and 
disturbance

Historical 1800-1900 Grouping of historical cover 2-3 subbasins 4-6 subbasins 
physiognomic types and structures 
types based on similar response 

to succession and 
disturbance

Current 1985-2005 Grouping of current Watershed 2-3 watersheds
physiognomic physiognomic types 
groups by PVG by PVG

Historical 1800-1900 Grouping of historical 2-3 watersheds 4-6 watersheds
physiognomic physiognomic types 
groups by PVG by PVG



Hann and others (1997). We expanded these estimates
of macrovegetation to include two different types of
structural stages for young forests: managed young
forest and unmanaged young forest (tables 3 and 4).
This expansion was important because the young-for-
est structural stage can differ widely in the density of
large snags and legacy trees (Hann and others 1997).
Moreover, differences in the densities of snags and
legacy trees presumably affect survival of several cav-
ity- and snag-dependent species (Thomas and others
1979), many of which we identified as species of
focus. Managed young-forests, which we defined
quantitatively in table 4, are young-forest structural

stages within areas that are roaded and with some his-
tory of timber harvest and fire exclusion (table 3.178,
Hann and others 1997); these stands contain relatively
few large snags and trees >53 cm (21 in) in diameter
at breast height (d.b.h.) (table 3.178, Hann and others
1997). By contrast, unmanaged young forests, which
we also defined quantitatively in table 4, are young-
forest structural stages within areas that are unroaded,
with fire exclusion and no history of timber harvest
(table 3.178, Hann and others 1997); these stands con-
tain relatively higher densities of large snags and trees
(table 3.178, Hann and others 1997). In addition, for
the purpose of our evaluation, we lumped the six
structural stages of woodlands into one (table 4).
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Table 2—Current and historical broad-scale cover type and structure vegetation maps with estimated 
accuracy (continued)

Minimum area to achieve Minimum area to achieve
Representative acceptable accuracy for acceptable accuracy 

Map period Method codominant types across all types

Current 1985-2005 Classes of uniform, mosaic, Subwatershed NA
physiognomic or mixed dominant 
group by PVG composition patterns of 
dominant patterns physiognomic groups 

by PVG

Historical 1800-1900 Classes of uniform, mosaic, Subwatershed NA
physiognomic or mixed dominant 
group by PVG composition patterns of 
dominant patterns physiognomic groups 

by PVG

Current terrestrial 1985-2005 Grouping of current cover Subbasin 3-4 subbasins
communities types and structures 

based on similar terrestrial 
habitat characteristics

Historical terrestrial 1800-1900 Grouping of historical cover 3-4 subbasins 6-8 subbasins
communities types and structures 

based on similar terrestrial 
habitat characteristics

NA = not applicable.
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Table 3—Terrestrial community groups and terrestrial community types and their included cover
types and structural stages as adapted from Hann and others (1997)

Included structural 
Terrestrial community group/type Included cover types stage codesa

Alpine:
Alpine Alpine tundra Olms, Clms

Subalpine forest
Late-seral subalpine single-layer forest Whitebark pine Ofs
Late-seral subalpine single-layer forest Mountain hemlock Ofs
Late-seral subalpine multi-layer forest Whitebark pine Ofm
Late-seral subalpine multi-layer forest Whitebark pine-alpine larch Ofm
Late-seral subalpine multi-layer forest Engelmann spruce-subalpine fir Ofm
Late-seral subalpine multi-layer forest Mountain hemlock Ofm
Mid-seral subalpine forest Whitebark pine UYf, MYf, Ur, Sec
Mid-seral subalpine forest Whitebark pine-alpine larch UYf, MYf, Ur, Seo
Mid-seral subalpine forest Engelmann spruce-subalpine fir UYf, MYf, Ur, Sec
Mid-seral subalpine forest Mountain hemlock UYf, MYf, Ur, Sec
Early-seral subalpine forest Whitebark pine Si
Early-seral subalpine forest Whitebark pine-alpine larch Si
Early-seral subalpine forest Engelmann spruce-subalpine fir Si
Early-seral subalpine forest Mountain hemlock Si

Montane forest:
Late-seral montane single-layer forest Western redcedar-western hemlock Ofs
Late-seral montane single-layer forest Interior Douglas-fir Ofs
Late-seral montane single-layer forest Western larch Ofs
Late-seral montane single-layer forest Lodgepole pine Ofs
Late-seral montane single-layer forest Grand fir-white fir Ofs
Late-seral montane single-layer forest Sierra Nevada mixed conifer Ofs
Late-seral montane single-layer forest Western white pine Ofs
Late-seral montane multi-layer forest Pacific silver fir-mountain hemlock Ofm
Late-seral montane multi-layer forest Western redcedar-western hemlock Ofm
Late-seral montane multi-layer forest Interior Douglas-fir Ofm
Late-seral montane multi-layer forest Western larch Ofm
Late-seral montane multi-layer forest Lodgepole pine Ofm
Late-seral montane multi-layer forest Red fir Ofm
Late-seral montane multi-layer forest Grand fir-white fir Ofm
Late-seral montane multi-layer forest Sierra Nevada mixed conifer Ofm
Late-seral montane multi-layer forest Western white pine Ofm
Mid-seral montane forest Pacific silver fir-mountain hemlock UYf, MYf, Ur, Sec
Mid-seral montane forest Western redcedar-western hemlock UYf, MYf, Ur, Sec
Mid-seral montane forest Interior Douglas-fir UYf, MYf, Ur, Sec
Mid-seral montane forest Western larch UYf, MYf, Ur, Sec
Mid-seral montane forest Lodgepole pine UYf, MYf, Ur, Sec
Mid-seral montane forest Red fir UYf, MYf, Ur, Sec
Mid-seral montane forest Grand fir-white fir UYf, MYf, Ur, Sec
Mid-seral montane forest Sierra Nevada mixed conifer UYf, MYf, Ur, Sec
Mid-seral montane forest Western white pine UYf, MYf, Ur, Sec
Early-seral montane forest Pacific silver fir-mountain hemlock Si
Early-seral montane forest Western redcedar-western hemlock Si
Early-seral montane forest Interior Douglas-fir Si
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Table 3—Terrestrial community groups and terrestrial community types and their included cover
types and structural stages as adapted from Hann and others (1997) (continued)

Included structural 
Terrestrial community group/type Included cover types stage codesa

Early-seral montane forest Western larch Si
Early-seral montane forest Lodgepole pine Si
Early-seral montane forest Red fir Si
Early-seral montane forest Grand fir-white fir Si
Early-seral montane forest Sierra Nevada mixed conifer Si
Early-seral montane forest Western white pine Si
Early-seral montane forest Shrub or herb/tree regeneration Ots, Olms, Clms, Ch

Lower montane forest:
Late-seral lower montane single-layer forest Pacific ponderosa pine Ofs
Late-seral lower montane single-layer forest Interior ponderosa pine Ofs
Late-seral lower montane multi-layer forest Pacific ponderosa pine Ofm
Late-seral lower montane multi-layer forest Interior ponderosa pine Ofm
Mid-seral lower montane forest Pacific ponderosa pine UYf, MYf, Ur, Sec
Mid-seral lower montane forest Interior ponderosa pine UYf, MYf, Ur, Seo, Sec
Early-seral lower montane forest Pacific ponderosa pine Si
Early-seral lower montane forest Interior ponderosa pine Si

Riparian woodland:
Riparian woodland Aspen Ofm, UYf, MYf, Ur, Sec, Si
Riparian woodland Cottonwood/willow Ofm, UYf, MYf, Ur, Sec, Si

Upland woodland:
Upland woodland Limber pine Wdl
Upland woodland Juniper woodlands Wdl
Upland woodland Mixed-conifer woodlands Wdl
Upland woodland Juniper/sagebrush Wdl
Upland woodland Oregon white oak Wdl

Upland shrubland:
Upland shrubland Chokecherry-serviceberry-rose Ots, Olms, Clms
Upland shrubland Mountain mahogany Olms, Clms
Upland shrubland Big sagebrush Olms, Clms, Ch
Upland shrubland Mountain big sagebrush Olms, Clms
Upland shrubland Low sage Olms, Clms
Upland shrubland Salt desert shrub Olms, Clms
Upland shrubland Antelope bitterbrush/bluebunch 

wheatgrass Clms
Upland herbland:

Upland herbland Wheatgrass bunchgrass Ch, Oh
Upland herbland Fescue-bunchgrass Ch, Oh
Upland herbland Native forb Ch, Oh

Riparian shrubland:
Riparian shrubland Shrub wetlands Cts, Olms, Clms

Riparian herbland:
Riparian herbland Herbaceous wetlands Ch, Oh

Exotic herbland:
Exotic herbland Exotic forbs-annual grass Ch, Oh



Table 3—Terrestrial community groups and terrestrial community types and their included cover
types and structural stages as adapted from Hann and others (1997) (continued)

Included structural 
Terrestrial community group/type Included cover types stage codesa

Agriculture:
Agricultural Cropland-hay-pasture Ch, Oh

Rock:
Rock/barren Barren

Urban:
Urban Urban

Water:
Water Water

a Structural stage codes are defined in table 4.
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The inclusion of these refined structural stages (table
4) with previous estimates of macrovegetation (Hann
and others 1997) resulted in 157 cover type-structural
stage combinations nested within 15 terrestrial com-
munity groups (table 3, fig. 3). Only those combina-
tions of cover types and structural stages that plausibly
occurred historically or that occur currently were used.

We also refined the seasons of use identified by
Marcot and others (1997) because source habitats can
function as breeding, rearing, migratory, or wintering
areas. Consequently, source habitats were classified
according to the seasonal functions that such habitats
provide in supporting population persistence by using
several broad categories. Species were first character-
ized as being either migratory or year-long residents
of the basin. Migratory species were defined as species
that spend part of the year outside the basin. Resident
species were defined as species that live year-long
within the basin.

For migratory species, we established three seasonal
categories of habitat function: (1) migrant breeding
habitat, defined as source habitat used for breeding or
rearing in the basin by species that migrate seasonally
to areas outside the basin; (2) migrant wintering
habitat, defined as source habitat used for winter 
survival by species that reside within the basin during
winter but breed elsewhere; and (3) migrant migratory
habitat, defined as source habitat used for survival
during migration through the basin by species that
breed or winter elsewhere.

For resident species, we also established three cate-
gories of habitat function: (1) resident summer habi-
tat, defined as source habitats used for survival or
reproduction or rearing, or all three, late spring through
early fall, by species who live year-long within the
basin; (2) resident winter habitat, defined as source
habitats used for survival during late fall through early
spring by species that live year-long within the basin;
and (3) resident year-long habitat, defined as source
habitats used commonly throughout the year by a
species to meet all seasonal life functions. 

For species that depend on different source habitats 
in different seasons, a separate set of source habitat
designations was indicated for each season based 
on the above system of classification. For resident
species that depend on the same source habitats year-
round, only one entry, resident year-long, was identi-
fied. For migrant species, those that were known to
breed within the basin were always evaluated under
the category of migrant breeding habitat; either of 
the other two categories (migrant wintering and
migrant migratory habitats) was used only if the species
was known not to breed within the basin, or if winter-
ing or migratory habitat was deemed to constitute a
different set of source habitats than those for breeding
habitat.

Another variation in seasonal habitat function was
used for one species, the Lewis’ woodpecker. Experts
identified two distinct populations, one migratory, the
other resident. Accordingly, the migratory population
of Lewis’ woodpeckers was evaluated under the cate-
gory of migrant breeding habitat; this population was
deemed to occur throughout the range of the species
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Figure 3—Illustration of forest structural stages defined in table 3 and in Hann and others (1997) that were used as part of 
methods to determine species relations with source habitats for 91 broad-scale species of focus.
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Table 4—Structural stages defined for assessing the structural features of macrovegetation
across the interior Columbia basin, as adapted from Hann and others (1997)

Structural
Structural stage stage code Descriptiona

Forest:
Stand initiation Si LgT_cc <30% and SS_cc >10% and [(PT_cc + SmT_cc 

+ MedT_cc <20%) or (PT_cc + SmT_cc + MedT_cc 
<60% and PT_cc + SmT_cc + MedT_cc >20% and 
SmT_cc + MedT_cc <10%)]

Stem-exclusion open canopy Seo LgT_cc <30% and SS_cc <10% and PT_cc + SmT_cc 
+ MedT_cc <70%

Stem-exclusion closed canopy Sec LgT_cc <30% and SS_cc <10% and PT_cc + SmT_cc 
+ MedT_cc >70%

Understory reinitiation Ur LgT_cc <30% and SS_cc >10% and PT_cc + SmT_cc 
+ MedT_cc >60%

Managed young multi-story MYf LgT_cc <30% and SS_cc >10% and PT_cc + SmT_cc 
+ MedT_cc <60% and SmT_cc >10% or MedT_cc >10%.
Has undergone some form of silivicultural treatment, sal-
vage, or roading; contain relatively few large snags and 
trees (>53.2 cm d.b.h.)

Unmanaged young multi-story UYf LgT_cc <30% and SS_cc >10% and PT_cc + SmT_cc 
+ MedT_cc <60% and SmT_cc >10% or MedT_cc 
>10%. Has not undergone active forms of management; 
contain relatively higher densities of large snags and 
trees (>53.2 cm d.b.h.)

Old multi-story Ofm LgT_cc >30% and SS_cc + PT_cc + SmT_cc 
+ MedT_cc >20%

Old single story Ofs LgT_cc >30% and SS_cc + PT_cc + SmT_cc 
+ MedT_cc <20%

Woodland: WDL All structural stages of the woodland community group 
were combined as one for this assessment

Stand initiation PT_cc + SmT_cc + MedT_cc + LgT_cc <10% and SS_cc 
>10%

Stem exclusion LgT_cc <10% and PT_cc + SmT_cc + MedT_cc >10% 
and SS_cc <10%

Understory reinitiation LgT_cc <10% and PT_cc + SmT_cc + MedT_cc >10% 
and SS_cc >10%

Young multi-story LgT_cc <10% and SmT_cc + MedT_cc >10% and PT_cc
>10% and SS_cc >10%

Old multi-story LgT_cc >10% and SS_cc + PT_cc + SmT_cc + MedT_cc 
>10%

Old single story LgT_cc >10% and SS_cc + PT_cc + SmT_cc + MedT_cc 
<10%
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Table 4—Structural stages defined for assessing the structural features of macrovegetation
across the interior Columbia basin, as adapted from Hann and others (1997) (continued)

Structural
Structural stage stage code Descriptiona

Nonforest-nonwoodland:b
Open herbland Oh A canopy of herbaceous vegetation with <66% projected 

canopy cover; <10% cover each of shrubs or trees; 
>1 stratum

Closed herbland Ch A canopy of herbaceous vegetation with >66% projected 
canopy cover; <10% cover each of shrubs or trees; 
>1 stratum

Open low-medium shrub Olms A canopy of low (<50 cm) or medium-sized (50 cm - 2 m)
shrubs with <66% projected canopy cover; shrubs domi-
nate; tree cover <10%; >2 strata, >2 cohorts possible

Closed low-medium shrub Clms A canopy of low (<50 cm) or medium-sized (50 cm - 2 m) 
shrubs with >66% projected canopy cover; shrubs domi-
nate; tree cover <10%; >2 strata, >2 cohorts possible

Open tall shrub Ots A canopy of tall (2 - 5 m) shrubs with <66% projected 
canopy cover; shrubs dominate; tree cover <10%; 
>2 strata, >2 cohorts possible

Closed tall shrub Cts A canopy of tall (2 - 5 m) shrubs with >66% projected 
canopy cover; shrubs dominate; tree cover <10%; 
>2 strata, >2 cohorts possible

Agricultural Dominated by crop and pasture land use

Urban Dominated by rural and urban buildings and facilities

Water Large bodies of water

Rock Large areas of rock with <5% vegetative canopy cover

a Structural stage descriptions include the following abbreviations: 
• tree size class: SS = seedlings and saplings [<12.6 cm diameter at breast height (d.b.h.)]; PT = pole trees (12.7 - 22.6 cm
d.b.h.); SmT = small trees (22.7 - 40.4 cm d.b.h.); MedT = medium trees (40.5 - 53.1 cm d.b.h.); and LgT = large trees 
(>53.2 cm d.b.h.).
• cc = crown cover. Crown cover was interpreted in 10-percent increments, and class percentages were expressed as midpoints,
for example, 10 percent = 5 to 14 percent, and 20 percent = 15 to 24 percent.

b Canopy cover related to herblands and shrubs is based on the definition and measurement technique reported in Hann and 
others (1997; Appendix 3-G, p. 1007) and in Hessburg and others (1999). This technique uses photo interpretation methods at a
scale of about 1:12,000, which is not applicable to the fine-scale techniques typically used by Forest Service and BLM field staff 
on the ground. These agencies typically measure on-the-ground cover at a 1:1 scale, often by a line-intercept technique for
shrubs, or by a quadrat microplot for herbaceous plants.

A comparison of the two techniques and scales (1:1 versus 1:12,000) reveals a ratio of about 1:4; i.e., canopy cover thresholds
using the photo interpretation (1:12,000) scale will be about 4 times higher than canopy cover thresholds using the line intercept
(1:1) scale (S. Bunting, University of Idaho Range Science Department). For example, a 15-percent canopy cover of shrubs using
line intercept at a 1:1 on-the-ground scale will be comparable to a 60- to 70-percent canopy cover using photo-interpretation
dot-grid techniques at a 1:12,000 scale.

This table uses the definition for canopy cover that is consistent with that used in photo interpretation (i.e., 1:12,000).



within the basin. The resident population was evaluat-
ed under the category of resident year-long habitat;
this population was identified as occurring primarily
in oak woodlands within a narrow band along the
western boundary of the basin, immediately south 
and north of the Columbia River.

We then refined the species-habitat matrices of Marcot
and others (1997) by asking experts to identify each
cover type-structural stage combination that presum-
ably contributes to positive or stationary population
growth for a given species (source habitat) and for a
given season of habitat function. We also asked experts
to identify nonvegetative factors or fine-scale vegeta-
tive characteristics that presumably contribute to sta-
tionary or increasing rate of population growth (see
special habitat features in vol. 3, appendix 1, table 2).
Specifically, the experts (1) identified the seasonal
function of source habitat represented in the existing
matrix of Marcot and others (1997), (2) converted the
existing species-habitat associations to species relations
with source habitats, (3) created a separate record of

species-source habitat relations for any additional
seasonal habitats needed to fully represent disparate
seasons of source habitat function, and (4) refined
information as appropriate from the key environmen-
tal correlates (Marcot and others 1997) to identify
special habitat features.

For a given species, experts assigned a value of one 
to each combination of cover type-structural stage that
was designated as source habitat, and a value of zero
to each combination that was designated as nonsource
habitat. These same binary codes were used to identify
special habitat features deemed to contribute to station-
ary or positive population growth (value of one) versus
those features determined not to contribute to station-
ary or positive growth (value of zero).

Designations of source habitats and special habitat
features for each of the 91 broad-scale species of
focus were summarized and stored in two Paradox3

databases (vol. 3, appendix 1, tables 1 and 2). Data in
table 1, appendix 1, volume 3, were used as the basis
for our analysis of change in source habitats for species
and groups. Appendix 2 in volume 3 provides a list of
all experts, their professional affiliation, and the asso-
ciated taxonomic groups of species that each expert
addressed in the process described above. 

Designing a Hierarchical System 
of Single- and Multi-Species
Assessment
We wanted to develop a system of single- and multi-
species assessment that would enable managers to (1) 
address either single- or multi-species needs, depend-
ing on objectives; (2) identify broad-scale, robust pat-
terns of habitat change that affect multiple species in a
similar manner; (3) address the needs of many species
efficiently, accurately, and holistically with the use of
broad-scale strategies and practices; (4) determine how
well an evaluation of a group of species or a set of
multiple groups of species indexed evaluations con-
ducted for individual species within the groups; and
(5) consider dynamics in source habitats at multiple
spatial scales and across time to facilitate maximum
flexibility in the design and implementation of spatially
and temporally explicit strategies.

3 The use of trade or firm names in this publication is for reader
information and does not imply endorsement by the U.S.
Department of Agriculture of any product or service.
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Figure 4—Conceptual framework for the hierarchical system
of species, groups, and families as part of a systems ecology
approach to identify habitat requirements and habitat trends
for 91 broad-scale species of focus within the interior
Columbia basin.
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In response to these criteria, we established a hierar-
chical system to evaluate source habitats for individ-
ual species, for groups of species, and for families of
groups (fig. 4). Species selected for analysis were
clustered into groups based on similarities in source
habitats. Likewise, groups of species were placed
within families based on similarities in source habi-
tats. Each species within a group, and each group
within a family, was nested completely within each
higher level grouping (fig. 4). That is, each species
was assigned to one group, and each group assigned
to one family. 

This hierarchical nesting allowed for analysis to be
flexible and adaptive. For example, managers often
must generalize or blend the habitat requirements of
many species to accommodate the composite needs 
of all species under ecosystem management. Each
species, however, occupies its own niche and therefore
has a unique set of habitat requirements, thereby sug-
gesting that broad-scale, ecosystem-based management
strategies may address the needs of some species better
than others (Marcot and others 1994). Under our sys-
tem, the degree to which a given set of management
strategies meets the needs of each species can be quan-
tified by evaluating the efficacy of the management
strategies at all three levels: species, group, and family.
Often, results of the family or group evaluations likely
reflect the species evaluations accurately; in such
cases, the higher levels of generalization (group or
family) index the species-level phenomenon more
efficiently than a species-by-species approach. When
the requirements of a given species are not reflected
well at the level of the group or family, however, eval-
uations of individual species can be used to comple-
ment the group- or family-level evaluations. For
example, a species listed as federally threatened or
endangered may have specialized or stringent habitat
requirements that dictate specific consideration within
a broader, ecosystem-based approach. Under our hier-
archical system of species-, group-, and family-level
evaluations, managers can choose multiple levels of
display regarding habitat trends for species, groups, or
families, depending on objectives and the level of
generalization desired.

In essence, our system of single- and multi-species
assessment represents the combined use of coarse-filter
and fine-filter approaches described by Noss (1987)
and Hunter (1991). Coarse-filter species management
assumes that managing an appropriate amount and

arrangement of all representative land areas and habi-
tats will provide for the needs of all associated species.
By contrast, fine-filter species management provides
habitats for a single or a few species only. To date,
biologists and managers have argued in favor of one
approach over another (for example, Hunter 1991),
with few or no efforts made to combine coarse- and
fine-filter species management in a hierarchical frame-
work (but see Hansen and others [1993] as one attempt
to hybridize coarse- and fine-filter approaches). Our
hierarchical system of single- and multi-species assess-
ment represents one of the first attempts to combine
past, seemingly disparate approaches at evaluating 
single versus multiple species, and to apply our new
method at multiple spatial scales and periods. 

In addition to the lack of methods available to man-
agers for conducting multi-species assessment effi-
ciently and accurately, vertebrate ecologists have
largely been unsuccessful in developing methods 
of multi-species assessment that accurately reflect the
habitat needs of individual species (Mannan and others
1984), particularly in terms of addressing population
persistence (Conroy and Noon 1996). Consequently,
we used our assessment of trends in source habitats
that were conducted at all three levels—species,
group, and family—to evaluate how well the group-
and family-level assessments reflected the species-
level assessments from an ecological view. We did
this by calculating correlation coefficients of habitat
trends among species within groups and within fami-
lies, and comparing those coefficients with coeffi-
cients calculated for species among groups and
families. (See “Correlating Change in Source Habitats
Between Species within Groups and Families” below).
Our hierarchical approach therefore is different from
past attempts to index the needs of a large set of
species by using shortcut methods that typically did
not test how well such indices actually represent the
needs of the larger, targeted set of species (Marcot 
and others 1994). Examples of such shortcut methods
include the use of coarse filters (Hunter 1991, Noss
1987), management indicator species (Landres and
others 1988, Marcot and others 1994), umbrella or
flagship species (Landres and others 1988, Marcot and
others 1994), species or indicator guilds (Morrison and
others 1992, Szaro 1986, Verner 1984), and measures
of species diversity such as hotspots, gaps, and centers
of endemism (Marcot and others 1997, Scott and oth-
ers 1993). Intended or empirical applications of these
shortcut methods generally do not evaluate the needs
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of individual species in relation to the index but instead
simply presume that the method correctly indexes the
needs of a larger set of species (Hunter 1990, Morrison
and others 1992, Noss 1987). Moreover, users of the
shortcut methods often fail to reference the larger set
of species presumably being indexed (Morrison and
others 1992).

Although our hierarchical system may have advan-
tages over previous attempts to index the needs of
many species with a few indicators, our system may
not perform well under assessments of microhabitats,
or for evaluations of fine-scale changes in microhabi-
tats (Mannan and others 1984). For example, two
species of birds that each depend on the same old-for-
est habitat may respond similarly to clearcutting of 
an old-forest stand; that is, if the stand is eliminated,
habitat for both species is removed. Each species,
however, may respond differently to the selective
removal of large snags, while maintaining the large
overstory trees in the stand, if one species depends 
on large snags and the other does not. Szaro (1986)
makes this distinction in his evaluation of guilds as
predictive tools and cautions biologists not to simply
declare a tool as either flawed or successful without
applying and judging the tool at the proper spatial
scale. We advise biologists to consider this same 
context when using our hierarchical system: it was
intended for broad-scale, coarse-level evaluations, 
not as a fine-scale tool to evaluate microhabitats.
Consequently, use of higher level groupings of species
may not always be appropriate when conducting fine-
scale, local evaluations of within-stand or microhabi-
tat changes for multiple species of vertebrates

Clustering the Species into Groups

To begin building our hierarchical system of habitat
evaluation for species, groups, and families, we used
hierarchical cluster analysis to form 40 groups (table
5) of the 91 broad-scale species of focus. Composite
groups were identified by using a hierarchical cluster-
ing algorithm based on pairwise similarities in source
habitats between species (vol. 3, appendix 1, table 1).
For each pair of species, similarity was estimated by
using the Ochiai index of similarity (OI) (Ludwig and
Reynolds 1988):

where aij is the number of source habitats shared by
species i and j, and bi and cj are the number of source
habitats unique to species i and j, respectively. The 
OI index can range from a minimum value of zero (no
shared habitats) to a maximum of one (identical use of
habitats). Relative to other similarity measures (Krebs
1989, Romesburg 1984), the OI index is more heavily
weighted by the number of habitats in common, rather
than those habitats not shared by each pair. The com-
plement of similarity, or dissimilarity (Dij), is defined
as one minus the similarity. 

Dissimilarities between each pair of species were 
used to generate a distance matrix that was used in the
clustering procedure. We used a hierarchical clustering
procedure (Proc Clus, SAS Inc. 1989a, p. 519-614)
that began with 91 species and then sequentially joined
species and groups of species into progressively fewer
clusters until all species were joined in a single clus-
ter. We identified various numbers of clusters (Proc
Tree, SAS Inc. 1989c, p. 1613-1632) that statistically
provided the best fit to the data based on the pseudo
t2 and F-statistics generated by the cluster procedure
(Proc Clus, SAS Inc. 1989a, p. 519-614). We then
examined species membership within each set 
of clusters, looking for a degree of aggregation that
would be consistent with our ecological understanding
of species relations. Based on this examination, we
chose the smallest number of groups that allowed
aggregation without loss of important, unique patterns
in source habitats for particular species. Experts then
reviewed our initial groups and made recommenda-
tions for refining species membership and the number
of groups to bring forward for analysis. We reviewed
the experts’ recommended changes, made additional
refinements, and obtained additional review from
experts to arrive at the final list of 40 groups (table 5). 

Assessing Change in Source
Habitats From Historical to 
Current Conditions for Species 
and Groups

Species-level change—We calculated the change in
abundance of source habitats from early European to
current periods for each of the 91 broad-scale species
of focus. Change in source habitats was evaluated by
using a combination of species range maps (Marcot
and others, in prep.), historical and current broad-scale
vegetation maps (Hann and others 1997), and the

aij
OIij  = ,

√ aij+bi √ aij+cj ,
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Table 5—Membership of 91 broad-scale species of focus in 40 groups and their associated 
residency and season of habitat function

Common 
Classa Group Common name name code Season evaluated

B 1 White-headed woodpecker WHWDPECK Resident year-long
B 1 White-breasted nuthatch WBNUTHAT Resident year-long
B 1 Pygmy nuthatch PNUTHAT Resident year-long
B 2 Lewis’ woodpecker (migrant population) LWDPCKMI Migrant breeding
M 3 Western gray squirrel WESQUIRR Resident year-long
B 4 Blue grouse (winter) BLGRSEWI Resident winter
B 5 Northern goshawk (summer) GOSHKSU Resident summer
B 5 Flammulated owl FLAMMOWL Migrant breeding
M 5 American marten MARTEN Resident year-long
M 5 Fisher FISHER Resident year-long
B 6 Vaux’s swift VSWIFT Migrant breeding
B 6 Williamson’s sapsucker WSAPSUC Migrant breeding
B 6 Pileated woodpecker PWDPECK Resident year-long
B 6 Hammond’s flycatcher HFLYCAT Migrant breeding
B 6 Chestnut-backed chickadee CBCHICKD Resident year-long
B 6 Brown creeper BCREEPER Migrant breeding
B 6 Winter wren WWREN Resident summer
B 6 Golden-crowned kinglet GCKINGLT Resident summer
B 6 Varied thrush VTHRUSH Resident summer
M 6 Silver-haired bat SILVBAT Resident summer
M 6 Hoary bat HOARYBAT Resident summer
B 7 Boreal owl BOREOWL Resident year-long
B 8 Great gray owl GRGROWL Resident year-long
B 9 Black-backed woodpecker BBWDPECK Resident year-long
B 10 Olive-sided flycatcher OSFLYCAT Migrant breeding
B 11 Three-toed woodpecker TTWDPECK Resident year-long
B 11 White-winged crossbill WWCROSSB Migrant winter
M 12 Woodland caribou WCARIBOU Resident year-long
M 13 Northern flying squirrel NOSQUIR Resident year-long
B 14 Hermit warbler HEWARB Migrant breeding
M 15 Pygmy shrew PYGSHREW Resident year-long
M 15 Wolverine WOLVERIN Resident year-long
M 16 Lynx LYNX Resident year-long
B 17 Blue grouse (summer) BLGRSESU Resident summer
B 17 Mountain quail (summer) MTQUAIL Resident summer
B 18 Lazuli bunting LZBNTNG2 Migrant breeding
M 19 Gray wolf GRAYWOLF Resident year-long
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Table 5—Membership of 91 broad-scale species of focus in 40 groups and their associated 
residency and season of habitat function (continued)

Common 
Classa Group Common name name code Season evaluated

M 19 Grizzly bear GRBEAR Resident year-long
M 20 Mountain goat MTGOAT Resident year-long
B 21 Long-eared owl LEOWL Resident year-long
M 22 California bighorn sheep CBISHEEP Resident year-long
M 22 Rocky Mountain bighorn sheep (summer) RBISHEPSU Resident summer
M 22 Rocky Mountain bighorn sheep (winter) RBISHEPWI Resident winter
B 23 Rufous hummingbird RHUMBIRD Migrant breeding
B 23 Broad-tailed hummingbird BTHUMBRD Migrant breeding
R 24 Sharptail snake SHSNAKE Resident year-long
R 24 California mountain kingsnake CALSNAKE Resident year-long
B 24 Black-chinned hummingbird BCHUMBRD Migrant breeding
B 25 Northern goshawk (winter) GOSHKWI Resident winter
M 26 Yuma myotis YUMYOTIS Resident year-longb

M 26 Long-eared myotis LEMYOTIS Resident year-longb

M 26 Fringed myotis FRMYOTIS Resident year-longb

M 26 Long-legged myotis LLMYOTIS Resident year-long
B 27 Pine siskin PSISKIN Migrant breeding
M 27 Townsend’s big-eared bat PALEBAT Resident year-long
M 28 Western small-footed myotis WEMYOTIS Resident year-long
M 28 Spotted bat SPOBAT Resident year-longb

M 28 Pallid bat PALLBAT Resident year-longb

B 29 Western bluebird WBLUEBRD Migrant breeding
B 30 Ash-throated flycatcher ATFLYCAT Migrant breeding
B 30 Bushtit BSHTIT Resident year-long
B 31 Ferruginous hawk FERRHWK Migrant breeding
B 31 Burrowing owl BURROWL Migrant breeding
B 31 Short-eared owl SEOWL Resident year-long
B 31 Vesper sparrow VESPARRO Migrant breeding
B 31 Lark sparrow LASPARRO Migrant breeding
B 31 Western meadowlark WMEDLRK Migrant breeding
M 31 Pronghorn PRONGHOR Resident year-long
R 32 Mojave black-collared lizard MOLIZARD Resident year-long
R 32 Longnose leopard lizard LOLIZARD Resident year-long
R 32 Striped whipsnake STWSNAKE Resident year-long
R 32 Longnose snake LONSNAKE Resident year-long
R 32 Ground snake GROSNAKE Resident year-long
M 32 Preble’s shrew PRESHREW Resident year-long



species-source habitats information that we generated.
The change in available source habitats from early
European settlement to the present was estimated in 
a six-step process:

1. The inclusive area over which a species occurs 
currently was estimated by using range maps
developed by Marcot and others (in prep.), as
described earlier. If the current range of a species
had contracted significantly from its historical
range, we used its historical range (Marcot and
others, in prep.). Range maps were digitized and

translated into a grid map composed of 1-km2

(0.4-mi2) pixels, consistent with the vegetation
grids prepared by Hann and others (1997).

2. Overlaying the species range grid maps and the 
current and historical vegetation grid maps (from
Hann and others 1997), we then used the species-
source habitats information (vol. 3, appendix 1,
table 1) to identify individual pixels within the
range of a species that were designated as source
habitats, historically and currently. 
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Table 5—Membership of 91 broad-scale species of focus in 40 groups and their associated resi-
dency and season of habitat function (continued)

Common 
Classa Group Common name name code Season evaluated

M 32 White-tailed antelope squirrel WHSQUIR Resident year-long
M 32 Washington ground squirrel WGRSQUIR Resident year-long
M 32 Wyoming ground squirrel WYGRSQUI Resident year-long
M 32 Uinta ground squirrel UGRSQUIR Resident year-long
B 33 Sage grouse (summer) SGRSESU Resident summer
B 33 Sage grouse (winter) SGRSEWI Resident winter
B 33 Sage thrasher STHRASH Migrant breeding
B 33 Brewer’s sparrow BRSPARRO Migrant breeding
B 33 Sage sparrow SASPARRO Migrant breeding
B 33 Lark bunting LRKBUNT Migrant breeding
M 33 Pygmy rabbit PYRABBIT Resident year-long
M 33 Sagebrush vole SAGEVOLE Resident year-long
B 34 Black-throated sparrow BTSPARRO Migrant breeding
M 34 Kit fox KITFOX Resident year-long
B 35 Loggerhead shrike LSHRIKE Migrant breeding
B 36 Columbian sharp-tailed grouse (summer) STGRSESU Resident summer
B 37 Clay-colored sparrow CCSPARRO Migrant breeding
B 37 Grasshopper sparrow GRSPARRO Migrant breeding
M 37 Idaho ground squirrel IDGRSQUI Resident year-long
B 38 Black rosy finch BRFINCH Resident summer
B 38 Gray-crowned rosy finch GCRFINCH Resident summer
B 39 Lewis’ woodpecker (resident population) LWDPCKRE Resident year-long
B 40 Brown-headed cowbird BHCOWBRD Migrant breeding

a B = bird, M = mammal, and R = reptile.
b It is not known whether these bat species hibernate within the basin or leave the basin during winter. In the absence of migratory
information, we have assumed that source habitats for these species include winter hibernacula, in addition to nonwinter habitat.



3. For a given species and subwatershed, the percent-
age of area deemed to be source habitat was calcu-
lated as the number of pixels designated as source
habitats divided by the total number of pixels in
the subwatershed, multiplied by 100. For areas
larger than a subwatershed (basin, ERU, subbasin,
or watershed), the percentage of area (also referred
to as aerial extent, abundance, or extent) deemed
to be source habitat historically (HS) or currently
(CS) for a species was calculated as the number of
pixels in source habitat divided by the total num-
ber of pixels in the specified area, multiplied by
100, but excluding those subwatersheds that both
historically and currently contained no pixels of
source habitat. 

It is important to note that at least one pixel of 
source habitat had to be present, either historically 
or currently, for a subwatershed to be included in our
estimate of HS and CS at scales of the watershed, 
subbasin, ERU, or basin. For example, if one of three
subwatersheds composing a watershed contained no
pixels of source habitat, both historically and currently,
this subwatershed was excluded from the calculation
of percentage of area for both HS and CS for the
species in the watershed. Exclusion of subwatersheds
that contained no source habitats ensured that large
areas of nonhabitat would not dilute the calculation of
habitat change that was estimated to occur from his-
torical to current periods for each species at scales
larger than a subwatershed. In essence, this exclusion
of subwatershed-sized areas of nonhabitat from our
calculations is a fine-scale correction for situations
where the range of a species was erroneously mapped
to include such areas of nonhabitat, particularly along
peripheries of a range map.

4. The absolute change in percentage of area of
source habitats from historical to current periods,
for a given species for a specified area larger than
a subwatershed (ACHS), was calculated as ACHS
= CS - HS.

5. The relative change in percentage of area of source
habitats from historical to current periods, for a
given species in a specified area larger than a 
subwatershed (RCHS), was calculated as RCHS =
[(CS - HS)/ (HS)] × 100.

6. The values of RCHS for each species were con-
verted to ordinal measures of relative change in
percentage of area of source habitats, referred to 
as trend categories (TCS). Five trend categories
were established: 2, 1, 0, -1, and -2, where 2
equals “strongly increasing,” corresponding to val-
ues of RCHS greater than or equal to a 60-percent
increase; 1 equals “increasing,” corresponding to
values of RCHS greater than or equal to a 20-per-
cent but less than a 60-percent increase; 0 equals
“no change,” corresponding to positive or negative
values of RCHS less than 20 percent; -1 equals
“decreasing,” corresponding to values of RCHS
greater than or equal to a 20-percent but less than
a 60-percent decline; and -2 equals “strongly
decreasing,” corresponding to values of RCHS
greater than or equal to a 60-percent decline.

Values of TCS for each species were calculated for 
the entire basin and for each ERU within the basin,
considering all land ownership (both public and private
lands). Results were displayed by species, with TCS
values ordered for each species from most negative to
most positive changes at the basin and the ERU scales.
Because some watersheds occurred in more than one
ERU, we partitioned these watersheds among the
appropriate ERUs. This resulted in 23 additional water-
shed/ERU combinations for our calculations of TCS.

Change in source habitats at the scale of the basin also
was analyzed for public and mixed-ownership lands
only; this was done by excluding all subwatersheds
from the analysis that were composed entirely of pri-
vate lands. This analysis allowed us to contrast the
amount of relative change, or RCHS, that was attrib-
uted to public and mixed-ownership lands versus all
lands for each species. This partitioning of the contri-
bution of public and mixed-ownership lands, exclu-
sive of private lands, to a change in source habitats is
important to managers, who need insight about differ-
ences in habitat change on public-dominated owner-
ship versus all lands.

Group-level change—We calculated change in source
habitats for each of the 40 groups using the same 
general steps used for individual species, but with 
one important difference. At the 1-km2 (0.4-mi2) 
pixel level, the percentage of area deemed to be
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source habitats for the group historically (HG) or 
currently (CG), or “group score” historically or 
currently (GS), was calculated as: 

Where si indicates source habitats present, either his-
torically or currently, for species i within the range of
species i, ri indicates whether the pixel is within the
range of species i, and k is the number of species
within the group. Both si and ri are binary (0,1) vari-
ables; group scores range in value from zero to one.
Calculated in this manner, group scores at the pixel
level depend only on the species whose ranges include
a given pixel. Thus for a group composed of 10 species,
a pixel that contains source habitat for a single
member species and is within the range of only that
species would have the same score as a pixel within
the range of all 10 species that supports all 10. For a
specified area of the basin, group scores were calcu-
lated simply as the mean of the pixel-level scores over
all pixels within the specified area. As was done with
the species calculations, only those subwatersheds
containing at least one pixel of source habitat, either
historically or currently, were included in the cal-
culations of group scores. Group-level measures of
absolute change (ACHG), relative change (RCHG),
and trend categories of change (TCG) from historical
to current were calculated in the same manner as done
for species-level changes. 

The translation of the numeric measure of relative
change (RCHS) to the ordinal trend categories (TCS)
for both species and groups was intended to provide a
consistent means of displaying relative change among
species and groups at various scales of the basin. It
should not be interpreted as a measure of statistical
significance. Unfortunately, the method used to esti-
mate change in source habitats does not lend itself to
precise estimates of error. The accuracy of any given
estimate depends on the combination of how well we
have characterized the species range, the historical
and current distribution of vegetation, and the associa-
tions between species and vegetation. Analysis of the

vegetation maps suggests that the accuracy of compo-
sitional predictions increases as the scale of aggrega-
tion increases (Hann and others 1997); that is, the
estimated composition of the landscape at the ERU
and larger scales is likely to be more accurate than
individual summaries at smaller scales, as described
earlier in our methods under “Estimating and Validat-
ing Occurrence of Cover Types and Structural Stages
for Broad-Scale Assessment.” 

Increased accuracy of vegetation estimates at ERU
and basin scales versus smaller scales implies that our
estimates of change in source habitats for individual
species and groups are more likely to be accurate at
larger scales as well. We also expect the accuracy of
our predictions to be species-dependent. In general,
estimates for species with broad ranges that use many
source habitats are likely to be more accurate than
estimates for narrowly distributed species that use 
few source habitats.

Forming Families of Groups to
Summarize Results Among Multiple
Groups

Families of groups—To complete our hierarchical
system of evaluating species, groups, and families, 
we further generalized our group-level results by 
placing 37 of the 40 groups into 12 families (fig. 5,
table 6). Families were defined by using the general-
ized vegetative themes shown in figure 5, based on 
a combination of formal cluster analysis (Proc Clus,
SAS Inc. 1989a, p. 519-614) and empirical knowledge
of the habitat requirements of each species. The clus-
tering method used to guide placement of groups into
families was identical to that used to join species into
groups (see methods, “Clustering the Species into
Groups”), with one exception: instead of clustering
species based on similarities in cover-type structural
stage combinations that explicitly define source habi-
tats, clustering was done on similarities of species in
the 24 terrestrial community types developed by Hann
and others (1997).

The 24 terrestrial community types are a higher level
generalization of the cover types and structural stages
and provide a hierarchy within which all cover type-
structural stage combinations are nested. (See Hann
and others (1997) for a detailed description of the
hierarchical system of nesting cover type-structural

k
Σsi
i = 1GS =            ,

k
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stage combinations within terrestrial community types
and groups as the foundation for the broad-scale sys-
tem of vegetation classification that was developed 
for the basin.) Use of the terrestrial community types
for clustering allowed us to look for more generalized
patterns of similarity among species habitat require-
ments, commensurate with our desire to generalize
species and groups into the smallest number of fami-
lies that could be meaningfully used by managers and
biologists at the broadest scales of ecosystem man-
agement.  

Thus, each family represents a collection of groups
that share general similarities in source habitats, with
the similarities arranged along major vegetative
themes that are conventionally addressed by managers
(fig. 5, table 6). For example, families one and two are
composed of groups whose source habitats consist of
forested environments of predominantly old-forest
structural stages. By contrast, family three contains
groups whose source habitats consist of forested envi-
ronments that include several structural stages, where-
as family four contains only one group whose source
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Figure 5—Flow diagram used to place 37 groups of broad-scale species of focus into 12 families.
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Table 6—Membership of 37 groups and 88 broad-scale species of focus in 12 families

Family Group Common name Terrestrial family name

1 1 White-headed woodpecker Low-elevation old forest
1 1 White-breasted nuthatch
1 1 Pygmy nuthatch
1 2 Lewis’ woodpecker (migrant population)
1 3 Western gray squirrel

2 4 Blue grouse (winter) Broad-elevation old forest
2 5 Northern goshawk (summer)
2 5 Flammulated owl
2 5 American marten
2 5 Fisher
2 6 Vaux’s swift
2 6 Williamson’s sapsucker
2 6 Pileated woodpecker
2 6 Hammond’s flycatcher
2 6 Chestnut-backed chickadee
2 6 Brown creeper
2 6 Winter wren
2 6 Golden-crowned kinglet
2 6 Varied thrush
2 6 Silver-haired bat
2 6 Hoary bat
2 7 Boreal owl
2 8 Great gray owl
2 9 Black-backed woodpecker
2 10 Olive-sided flycatcher
2 11 Three-toed woodpecker
2 11 White-winged crossbill
2 12 Woodland caribou
2 13 Northern flying squirrel

3 14 Hermit warbler Forest mosaic
3 15 Pygmy shrew
3 15 Wolverine
3 16 Lynx
3 17 Blue grouse (summer)
3 17 Mountain quail (summer)

4 18 Lazuli bunting Early-seral montane and lower montane

5 19 Gray wolf Forest and range mosaic
5 19 Grizzly bear
5 20 Mountain goat
5 21 Long-eared owl
5 22 California bighorn sheep
5 22 Rocky Mountain bighorn sheep (summer)
5 22 Rocky Mountain bighorn sheep (winter)

6 23 Rufous hummingbird Forests, woodlands, and montane shrubs
6 23 Broad-tailed hummingbird
6 24 Sharptail snake
6 24 California mountain kingsnake
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Table 6—Membership of 37 groups and 88 broad-scale species of focus in 12 families (continued)

Family Group Common name Terrestrial family name

6 24 Black-chinned hummingbird
6 25 Northern goshawk (winter)

7 26 Yuma myotis Forests, woodlands, and sagebrush
7 26 Long-eared myotis
7 26 Fringed myotis
7 26 Long-legged myotis
7 27 Pine siskin
7 27 Townsend’s big-eared bat
7 28 Western small-footed myotis
7 28 Spotted bat
7 28 Pallid bat

8 29 Western bluebird Rangeland and early- and late-seral forest

9 30 Ash-throated flycatcher Woodland
9 30 Bushtit

10 31 Ferruginous hawk Range mosaic
10 31 Burrowing owl
10 31 Short-eared owl
10 31 Vesper sparrow
10 31 Lark sparrow
10 31 Western meadowlark
10 31 Pronghorn
10 32 Mojave black-collared lizard
10 32 Longnose leopard lizard
10 32 Striped whipsnake
10 32 Longnose snake
10 32 Ground snake
10 32 Preble’s shrew
10 32 White-tailed antelope squirrel
10 32 Washington ground squirrel
10 32 Wyoming ground squirrel
10 32 Uinta ground squirrel

11 33 Sage grouse (summer) Sagebrush
11 33 Sage grouse (winter)
11 33 Sage thrasher
11 33 Brewer’s sparrow
11 33 Sage sparrow
11 33 Lark bunting
11 33 Pygmy rabbit
11 33 Sagebrush vole
11 34 Black-throated sparrow
11 34 Kit fox
11 35 Loggerhead shrike

12 36 Columbian sharp-tailed grouse (summer) Grassland and open-canopy sagebrush
12 37 Clay-colored sparrow
12 37 Grasshopper sparrow
12 37 Idaho ground squirrel



habitats are restricted to forests composed of early-
seral stages. Additional contrast is illustrated by 
families five through eight; these families consist of
groups whose source habitats include both forest and
rangeland environments. Moreover, families 9 through
12 consist of groups whose source habitats include
only rangeland-woodland environments.

Note that two groups (group 38, composed of two
species of rosy finches, and group 39, composed of the
resident Lewis’ woodpecker) were not placed in any
of the families because their source habitats were
restricted to small areas of the basin and were poten-
tially under-sampled because of the finer scale pattern
at which their habitats exist. Moreover, group 40,
which consists of one species, the brown-headed cow-
bird, also was excluded from the families because of
its unique dependence on agricultural and livestock-
dominated environments, and because change in its
source habitats was already analyzed and shown clearly
in the analysis at the group level. 

Evaluating change in source habitats by family—
For each of the 12 families, we summarized the change
in percentage of area of source habitats from historical
to current periods for each ERU using the following
process. First, each watershed was assigned to one of
three change classes: positive, negative, or neutral.
Change classes were based on summary statistics 
calculated from the five trend categories of relative
change for each group (TCG) in the family. For a
given family, a watershed was classified as positive if
>50 percent of the groups in the watershed increased
in source habitats by 20 percent or more (TCG of 1 or
2). A watershed was classified as negative if >50 per-
cent of the groups in the watershed declined in source
habitats by 20 percent or more (TCG of -1 or -2).
Watersheds not classified positive or negative were
classified as neutral. Estimates of the dominant trend
in source habitats were then derived for each family
for each of the 13 ERUs by (1) calculating the percent-
age of watersheds that were increasing, decreasing, or
neutral for each family in each ERU; (2) classifying
the ERU as increasing or decreasing if >50 percent of
the watersheds had positive or negative trends, respec-
tively; and (3) classifying the ERU as neutral if not
classified as either increasing or decreasing.

Correlating Change in Source
Habitats Between Species Within
Groups and Families

Clustering of species into groups and families could
result in contradictory changes in source habitats
among species within a group or family. This is possi-
ble because every species except two—the black rosy
finch and the gray-crowned rosy finch—is associated
with a unique set of source habitats; that is, the set of
source habitats for each species is different from all
other species (vol. 3, appendix 1, table 1). Thus, for 
a given analysis area, particular source habitats that
are unique to one species in a group or family could
change markedly and in a different direction than
another set of source habitats that are unique to one 
or more other species in the same group or family.

To determine if this problem existed, we calculated a
nonparametric correlation coefficient, Kendalls’ Tau
(rk) (Proc Corr, SAS Inc. 1989b, p. 209-235) of the
relative change (RCHS) in source habitats between
each pair of species within each group and family
(within-group or within-family coefficients), and
among all species pairings between groups and fami-
lies (between-group or between-family coefficients).
Correlation coefficients were calculated on changes in
source habitats that were measured at the scale of the
watershed, by using all watersheds under joint occu-
pation of each species pair. A positive coefficient (rk
values >0 and <1) for a given pair of species indicated
positive agreement in direction of change in source
habitats across watersheds for the pair. Values near
one indicated strong positive agreement, whereas 
values near but above zero indicated weak positive
agreement. Zero or negative coefficients (rk values of
0 or <-1) indicated no relation or contradictory trends
in source habitats between a species pair.

We interpreted positive correlation coefficients among
all species pairings within a group or family as verifi-
cation that the direction of change in source habitats
calculated for the group or family reflected a like
direction of change for all species within the group or
family. Zero or negative coefficients between pairs of
species within a group or family indicated that calcu-
lations of group- or family-level change might be sus-
pect because of contradictory trends in source habitats
among one or more species pairings. In the latter case,
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our intention was to redefine group or family mem-
bership to alleviate contradictory trends among one 
or more species.

To further interpret the efficacy of a group or family
trend as an index of species trends within the group or
family, we compared the within-group or within-family
coefficients for each group or family with the mean
correlation coefficient calculated for all between-group
and between-family coefficients. Presumably, correla-
tion coefficients of trend for within-group or within-
family species pairings should be higher than correlation
coefficients calculated for species pairings between
groups or between families. If the opposite was
observed, it suggested that species membership within
certain groups or families could be changed to achieve
a higher level of agreement in habitat trends between
two or more species.

Summarizing Knowledge About
Species-Road Relations

Many species of vertebrates are negatively affected by
roads and the human activities associated with roads
(for example, see Bailey and others 1986, Bashore
and others 1985, Cole and others 1997, Fraser 1979,
Hodgman and others 1994, Mattson and others 1996b,
Mech and others 1988, Scott and Servheen 1985,
Singer 1978, Thiel 1985). Moreover, human presence
and activities are facilitated by increased access pro-
vided by roads (Hann and others 1997). Consequently,
we summarized knowledge about species-road rela-
tions for each of the 91 broad-scale species of focus
using the following steps. First, we conducted a litera-
ture search, and from that, identified 13 factors that
consistently are associated with the nagative impact of
roads on populations or habitats of terrestrial verte-
brates. We then characterized the potential effects of
each factor on each species of focus in one of four
ways: (1) a documented effect of the factor, with
explicit association of roads as a facilitator of the
effect, that was demonstrated in one or more studies
on the species; (2) a documented effect of the factor,
but without explicit association of roads as a facilita-
tor of the effect, that was demonstrated in one or more
studies on the species; and (3) a presumed effect of
the factor, based on documented effects of the factor
and of roads as a facilitator of the effect, that was
demonstrated in one or more studies on species of
similar life history or taxa; (4) a presumed effect of

the factor, based on documented effects of the factor
and of roads as a facilitator of the effect, in causing
declines in habitat condition on which the species
depends.

To provide spatial context for road-associated effects
on terrestrial vertebrates, we portrayed the broad-scale
pattern of road density across the basin using a pixel-
based prediction of six classes of road density that
was derived originally by Menakis and others (1996)
and discussed in Hann and others (1997). We then
identified and discussed potential management actions
that could mitigate some or all of the negative effects
associated with the spatial pattern of roading. The six
classes of road density predicted by Menakis and oth-
ers (1996) are (1) zero (0 to 0.02 mi of road per mi2)
(0 to 0.01 km per km2); very low (>0.02 to 0.1 mi per
mi2) (0.01 to 0.06 km per km2); low (>0.1 to 0.7 mi
per mi2) (>0.06 to 0.44 km per km2); moderate (>0.7
to 1.7 mi per mi2) (>0.44 to 1.06 km per km2); high
(>1.7 to 4.7 mi per mi2) (>1.06 to 2.94 km per km2);
and very high (>4.7 mi per mi2) (>2.94 km per km2).
Methods used to predict these spatially explicit road
classes are described in the following section.

Characterizing road density—A data set composed
of continuous, mapped coverage of roads was not
available for the basin. Consequently, a geographical
information system (GIS) layer of predicted road den-
sity was developed at 1-km2 (0.4-mi2) resolution with
a statistical rule set (Menakis and others 1996). This
layer was summarized to the subwatershed level by
using an average based on the six classes of road den-
sity identified above. The rule set for extrapolation of
road density classes to create the broad-scale road
density map was developed from a statistical correla-
tion calculated between road density estimated from a
sample of 1-km2 (0.4-mi2) cells and estimates of other
variables that were available in continuous coverage
of all 1-km2 (0.4-mi2) cells across the basin. The data
set for sampled road density came from roads sampled
as part of the mid-scale landscape characterization
(Gravenmier and others 1997, Hessburg and others 
1999, Ottmar and others 1996) and valley bottom
characterization (Gravenmier and others 1997, Jensen
and others 1997). Menakis and others (1996),
Gravenmier and others (1997), and Hann and others
(1997) described additional details about methods
used to predict the classes of road density at the broad
scale and limitations on use of the data.
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Mapping Road Density in Relation
to Abundance of Source Habitats for
Selected Species

Roads hypothetically pose a direct threat to population
fitness for several terrestrial carnivores by facilitating
overtrapping (wolverine and lynx) or other fatal inter-
actions with humans (gray wolf and grizzly bear). For
gray wolf and grizzly bear, researchers have verified a
strong, negative relation between road density and
population fitness (Mace and others 1996, Mattson
and others 1996b, Mech and others 1988, Thiel 1985).
Similar relations have been hypothesized for wolver-
ine and lynx within the basin (ICBEMP 1996b, 1996c),
and limited research on lynx (Bailey and others 1986)
outside the basin supports the hypothesis that popula-
tion fitness is lower in areas characterized by increased
road access (but see Ruggiero and others [1999] regard-
ing alternative hypotheses). Because of these observed
or suspected effects on population fitness, we mapped
the current abundance (percentage of area or CS, as
defined earlier) of source habitats in relation to road
density for each of the four species mentioned above.
Mapping was intended to identify large areas of abun-
dant source habitats that have low road density.
Presumably, these areas would have highest potential
to support populations that could persist without addi-
tive mortality that may be caused by road-associated
factors.

Mapping involved three steps: (1) generating a map 
of current habitat abundance for each species at the
appropriate scale; (2) generating a map of road densi-
ty at the same scale as the map of habitat abundance;
and (3) generating a map of the intersection of moder-
ate to high habitat abundance with zero to low road
density. Each of these maps was generated at the 
subbasin scale. Subbasins were used as mapping units
because their large size (mean size of 345 000 ha
[850,000 acres] each) is compatible with the broad
scale at which lynx, wolf, wolverine, and grizzly bear
function to meet their life requirements. 

Generating the map of current habitat abundance for
each species involved two steps. First, we calculated
the current percentage of area (CS) in each subbasin
that was composed of source habitats. And second, we
classified and mapped each subbasin as belonging to
one of three classes—high, moderate, or low—with
the highest one-third of values classified as high abun-
dance, the middle one-third as moderate abundance,

and the lowest one-third of values as lowest abun-
dance. Maps of current abundance of source habitats
were generated over the entire area estimated to be
within the historical range of each species within the
basin. Abundance of source habitats was mapped
within historical ranges because we wanted to identify
all areas of the basin that might be characterized as
having moderate to high abundance of source habitats
and zero to low density of roads within potential use
areas for each species.  

Generating the map of road density by subbasin
involved four steps. First, we calculated the percent-
age of area in each watershed within each subbasin
that had (1) zero to low road density (<0.7 mi of roads
per mi2); (2) moderate road density (0.7 to 1.7 mi of
roads per mi2); (3) high to very high road density
(>1.7 mi of roads per mi2). Second, we used these
percentages to identify which of these three composite
classes of road density—zero to low, moderate, or
high to very high—dominated the watershed. If >50
percent of the area of the watershed was composed of
one of the three composite classes of road density, that
class was identified as dominant. In cases where none
of the three classes made up >50 percent of the water-
shed, the moderate class of road density was identified
as dominant. Third, we calculated the percentage of
watersheds within the subbasin that had a dominant
road class of zero to low, moderate, and high to very
high. And fourth, we classified the subbasin as being
dominated by zero to low or high to very high road
density if >50 percent of the watersheds within the
subbasin were dominated by these classes. 

To generate the map of the intersection of habitat
abundance with zero to low road density for each
species by subbasin, we overlaid and then outlined the
subbasins dominated by zero to low road density onto
the map of habitat abundance for each species. These
integrated maps were displayed for each species of
terrestrial carnivore and results discussed in terms of
current knowledge of the effects of roads on the habi-
tats and populations of the species.

Interpreting Results and Describing
Management Implications

Species-level interpretation and implications—
Our purpose for assessment was to adopt a “systems
approach” for evaluating change in source habitats for



an inclusive list of terrestrial vertebrates whose habi-
tats were suspected to have declined. We therefore
focused our management implications on groups of
species, and families of groups, rather than individual
species. Laws such as ESA and NFMA, however, 
dictate that species-level needs be attended to and
accounted for, regardless of the inherent problems in
doing so (Hunter 1990, 1991). Moreover, if species
are to be evaluated as groups, the loss of species-level
accuracy must be evaluated and accounted for in mak-
ing appropriate inferences for management.

For these reasons, we analyzed change in source habi-
tats at the species level and addressed the associated
management implications. Our implications focused
on two subject areas: (1) identifying unique, species-
level habitat requirements and habitat conditions that
may be obscured by analyzing species as groups; and
(2) identifying those species whose habitats have
potentially declined so substantially that special man-
agement attention may be warranted.

Group-level interpretations and implications—
Ecosystem management demands that robust patterns
that potentially exist among multiple species be
detected and accounted for, and that broad generaliza-
tions about groups of species be made without signifi-
cant loss of species-level information. Accordingly,
we focused our analysis, and subsequent interpreta-
tions and implications of the results, on groups rather
than species. Interpretations of results at the group
level were designed to (1) identify the underlying
changes in cover types and structural stages that con-
tributed to any changes observed in source habitats;
(2) consider the potential effects of special habitat 
features not measured in our analysis, such as trends
in snag densities or changes in other finer scale or
nonvegetative characteristics, that may act in tandem
with or independent of group-level changes in source
habitats; and (3) consider the potential effects of non-
vegetative factors not measured in our analysis that
also may act in tandem with or independent of changes
in source habitats to influence population status and
trend for the broad-scale species of focus.

We did not attempt to discern the potential relation
between group-level changes in source habitats and
empirical trends in populations of the species within
the groups. Evaluation of the change in source habi-
tats for a group in relation to the empirical trends in
populations of those species is problematic for at least
four reasons. First, the spatial scale at which changes

in source habitats were measured (collections of water-
sheds within each ERU) was not the same as that at
which population data were collected. For example,
population trend data often are collected by state
agencies, and state boundaries do not coincide with
watershed or ERU boundaries. Second, the temporal
scale at which changes in source habitats are mea-
sured is far longer (>100 yr) than even the longest
term data on population trends. For example, Breeding
Bird Surveys (BBS) date as far back as the early 1960s,
yet most or all of the large-scale changes in source
habitats, such as conversion of rangelands to agricul-
ture, may have occurred before then. Third, popula-
tions of some species may respond strongly to
nonvegetative factors, such as human presence or
human activities, which are not accounted for in
source habitat trends. For example, the grizzly bear
apparently survives well in various habitats that are
characterized by little or no human disturbance but
survives less well in the same habitats where human
presence is high (Mattson and others 1996a, 1996b).
And fourth, population trends of many species are 
difficult to detect without intensive monitoring, which
typically has not occurred for most nongame species.
Sauer and others (1996b) discuss some of these and
additional problems related to analyzing and interpret-
ing BBS data in relation to causal factors such as
habitat change.  

Because of these limitations, our primary basis for
describing management implications focused on inter-
pretation of changes observed in source habitats, com-
bined with summaries of empirical literature available
on conditions of special habitat features for each
group. Population data that indicated widespread, 
negative trends or other problems with population 
status, however, also were considered as part of our
description of management implications, regardless 
of how well such population data agreed with habitat
trends. And, whenever possible, we attempted to iden-
tify other factors or reasons for apparent disparities
between population and source habitat trends when
logical or empirical explanations were evident.
Accordingly, the management implications described
for each group were designed to (1) identify habitat
and population issues of most interest to Federal land
managers in the basin; (2) list broad-scale manage-
ment strategies that would be effective in addressing
the issues; and (3) outline a comprehensive set of prac-
tices that would most effectively support implementa-
tion of the strategies.
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When reporting population trends, we reported as
much statistical detail about the trends, and the mag-
nitude of change, as reported by the source literature.
For trends obtained from results of BBS (Sauer and
others 1996a), we reported the magnitude of change
(percentage of change), the statistical probability of
detecting a larger difference than that observed, and
the sample size. We also reported BBS summaries of
trends for the basin and for each of three major phys-
iographic regions that overlap major segments of the
basin (Saab and Rich 1997, Sauer and others 1996a).  

Family-level interpretations and implications—
Our purpose for placing groups of species into fami-
lies was to further generalize the patterns of change in
source habitats across subbasins and ERUs in as con-
cise a format as possible without loss of detail. More-
over, we wanted to maintain explicit connections of
families to groups, and groups to species, in making
such generalizations. In this way, the more detailed
group- and species-level results could be related
directly and efficiently to family-level generalizations,
thereby allowing managers to design and apply con-
servation strategies and practices at any or all of the
three levels of resolution (species, groups, or families).

Thus, we drew implications about family-level results
in terms of broad-scale themes of habitat change that
supported species- and group-level trends. Themes
described major, broad-scale changes in source habi-
tats along major vegetative gradients that may be use-
ful to managers, and on which strategic conservation
designs can be based. Specifically, we interpreted and
drew implications about family-level results to answer
the following questions:

1. What source habitats have undergone the greatest
decline from historical to current conditions, and
which groups were associated with such declines?

2. What areas of the basin have undergone the great-
est decline in source habitats, and what are the 
spatially explicit causes for decline?

3. What broad-scale management strategies and 
practices and associated ecological processes
would bring about the greatest short- and long-
term benefits to conservation or restoration of
source habitats that have undergone long-term
decline, and which species and groups of species
would benefit from which strategies, practices, and
ecological processes?

Answering these questions provides spatially explicit
management insight about habitat status for collections
of groups of species. Moreover, the answers presum-
ably will help managers focus on broad-scale manage-
ment strategies and practices that most benefit groups
of species whose source habitats have undergone the
greatest decline.

Validating Agreement Between
Change in Source Habitats and
Expert-Opinion Based Habitat
Outcomes
We assume that the direction of change in source
habitats reflects a like direction of trend in the associ-
ated population size of the broad-scale species of
focus. Note that this is different from assuming that
the magnitude of change in source habitats reflects a
like magnitude of change in population size, because
many factors beyond habitat can influence population
trends. For all species analyzed here, however, except
those for which concern is based solely on effects of
nonvegetative factors such as roads, the assumption
that a decline or increase in source habitats con-
tributes to a like direction of change in population size
is fundamental to development of credible manage-
ment strategies and practices. If this assumption is
incorrect, then management applications of our results
could be misleading. This assumption can be
addressed through validation research. We assume that
the FS and BLM will fund broad-scale, long-term
research to address the relation between our results on
habitat trends and empirical estimates of population
status and trend for each species analyzed in our paper.

Although broad-scale data on population status and
trend have either not been synthesized or not collected
at temporal and spatial scales compatible with our
analysis, one set of data exists by which to assess
agreement between presumed changes in habitat and
populations with changes that we estimated for source
habitats. Lehmkuhl and others (1997) provided expert-
opinion based estimates of historical to current change
in habitat amount and distribution (habitat outcomes)
for 173 species of terrestrial vertebrates on FS- and
BLM-administered lands within the basin. They also
provided expert-opinion based estimates of historical
to current change in habitat outcomes and presumed
population effects based on the cumulative effects of
habitat change and nonhabitat factors on all lands
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within the basin (cumulative effects outcomes). Estimates
of change in habitat and cumulative effects outcomes
were generated from a series of expert panels con-
vened in spring 1996. Sixty-eight of these 173 species
are on our list of broad-scale species of focus. 

For each of these species, we characterized the 
change in habitat outcomes and in cumulative effects
outcomes from historical to current periods from
Lehmkuhl and others (1997) as being either positive
or negative, and did the same for the change in source
habitats at the basin scale. We then calculated the per-
centage of species whose change in source habitats
agreed or disagreed with trends in the habitat out-
comes, and with trends in the cumulative effects out-
comes. Habitat and cumulative effects outcomes were
estimated specifically for each of the two EIS areas
(Eastside and Upper Columbia River; USDA Forest
Service and USDI Bureau of Land Management
1997a, 1997b). Consequently, we calculated percent-
age of agreement among trends in source habitats and
outcomes for both EIS areas and for a mean trend in
outcomes that we calculated by pooling results from
both EIS areas.

Species-Level Results and
Discussion

Habitat Change by Basin and
Ecological Reporting Unit

Basin-wide change—Source habitats for most
species—55 of 97 species seasonal entries or 57 per-
cent—declined strongly or very strongly from histori-
cal to current periods, based on trend categories of
relative change (TCS) at the basin scale (rank of -1 or
-2, table 7). By contrast, few species (6 percent) were
associated with source habitats that increased strongly
or very strongly (rank of 1 or 2), but a moderate num-
ber—36 of 97 species seasonal entries or 37 percent—
were associated with source habitats that showed little
change (rank of 0). 

In contrast to the trends based on categories of rela-
tive change, trends in source habitats were consistently
more negative when expressed as continuous variables
of absolute and relative change (ACHS and RCHS).

By using these measures, 80 percent of the species
were associated with a change in source habitats that
was negative (table 7). Only two species (2 percent)
showed no change in source habitats, and 18 percent
were associated with change that was positive. 

Species whose source habitats declined were associat-
ed with many forested and rangeland environments.
For example, of the 20 species that underwent the
strongest relative decline in source habitats (table 7),
12 are primarily dependent on forested habitats, 7 
are largely dependent on rangeland habitats, and 1 is
dependent on a combination of forested and rangeland
habitats (vol. 3, appendix 1, table 1). This finding
indicates that many source habitats have declined 
in the basin; in turn, this suggests that no particular
species or habitats, or small set of species or habitats,
are easily identified as needing priority management.

Habitat change by ecological reporting unit—
Species whose source habitats declined strongly or
very strongly at the basin scale (trend categories of
relative change of -1 or -2, table 7) also experienced
strong declines in source habitats within most ERUs
(table 8; vol. 3, appendix 1, table 5). For example, the
migrant population of Lewis’ woodpecker, which
showed the greatest relative decline in source habitats
among all species at the basin scale (-83 percent, table
7), also had categories of relative change that were -1
or -2 for 100 percent of the ERUs in which the species
occurred (table 8). Similarly, the grasshopper sparrow,
which had the third greatest relative decline among all
species in the basin (-71 percent, table 7), had cate-
gories of relative change that were -1 or -2 for 91
percent of the ERUs in which the species occurred
(table 8). Other species whose source habitats under-
went strong relative decline at the basin level and
across most or all ERUs included the Washington
ground squirrel, Columbian sharp-tailed grouse,
Rocky Mountain bighorn sheep, pygmy nuthatch,
flammulated owl, Williamson’s sapsucker, western
bluebird, white-headed woodpecker, and brown
creeper. Source habitats for these species declined by
more than 40 percent at the basin scale (table 7), and
categories of relative change were either -1 or -2 in
more than 75 percent of the ERUs in which these
species occurred (table 8).
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Table 7—Historical (HS) and current (CS) estimates of areal extent (percentage of area) of source
habitats at the scale of the basin for 91 broad-scale species of focus, and resulting changes in
source habitats based on three measures: absolute change (ACHS), relative change (RCHS), and
trend categories (TCS) of relative changea b

Historical Current Absolute Relative Trend 
Family Group Common name estimate estimate change change categoryc

Percentage

1 2 Lewis’ woodpecker (migrant population) 13.78 2.29 -11.49 -83.35 -2
12 37 Idaho ground squirrel 11.32 3.04 -8.28 -73.13 -2
12 37 Grasshopper sparrow 21.27 6.18 -15.09 -70.94 -2
10 32 Washington ground squirrel 71.66 22.38 -49.28 -68.77 -2
1 1 Pygmy nuthatch 20.42 6.59 -13.83 -67.73 -2

12 37 Clay-colored sparrow 18.60 6.39 -12.21 -65.65 -2
1 1 White-headed woodpecker 22.87 8.50 -14.37 -62.83 -2
2 7 Boreal owl 14.97 5.78 -9.20 -61.42 -2
2 6 Williamson’s sapsucker 20.97 9.14 -11.83 -56.42 -1
2 5 Flammulated owl 22.85 10.11 -12.74 -55.76 -1

11 33 Lark bunting 54.45 24.84 -29.60 -54.37 -1
2 6 Brown creeper 22.36 11.09 -11.27 -50.40 -1
5 22 Rocky Mountain bighorn sheep (winter) 32.95 16.65 -16.29 -49.46 -1
8 29 Western bluebird 51.29 26.39 -24.90 -48.55 -1
2 6 Chestnut-backed chickadee 13.43 7.13 -6.30 -46.89 -1
2 11 White-winged crossbill 8.44 4.52 -3.92 -46.41 -1
2 6 Silver-haired bat 22.11 12.01 -10.10 -45.67 -1

12 36 Columbian sharp-tailed grouse (summer) 58.80 32.35 -26.44 -44.97 -1
2 5 Northern goshawk (summer) 22.75 12.93 -9.82 -43.16 -1
2 6 Hammond’s flycatcher 22.11 12.91 -9.20 -41.59 -1
5 22 Rocky Mountain bighorn sheep (summer) 36.54 21.66 -14.88 -40.72 -1
2 5 American marten 18.82 11.54 -7.28 -38.67 -1

10 31 Short-eared owl 58.16 35.95 -22.21 -38.18 -1
10 31 Vesper sparrow 48.93 30.25 -18.68 -38.17 -1
10 32 Uinta ground squirrel 67.19 42.78 -24.41 -36.33 -1
2 4 Blue grouse (winter) 21.30 13.68 -7.62 -35.79 -1

10 31 Western meadowlark 54.80 35.23 -19.57 -35.71 -1
10 31 Lark sparrow 53.17 34.40 -18.76 -35.29 -1
2 6 Hoary bat 30.04 19.77 -10.27 -34.18 -1
2 9 Black-backed woodpecker 23.05 15.29 -7.77 -33.70 -1

10 31 Burrowing owl 72.68 48.89 -23.79 -32.73 -1
10 32 Preble’s shrew 56.60 38.18 -18.42 -32.54 -1
6 25 Northern goshawk (winter) 21.37 14.59 -6.78 -31.73 -1

10 31 Ferruginous hawk 77.94 53.90 -24.04 -30.85 -1
11 33 Sage thrasher 60.90 43.56 -17.34 -28.47 -1
11 33 Brewer’s sparrow 56.70 41.23 -15.47 -27.29 -1
11 33 Sage grouse (winter) 60.48 44.07 -16.41 -27.14 -1
7 28 Pallid bat 60.23 43.90 -16.33 -27.11 -1

11 33 Sage grouse (summer) 59.58 43.56 -16.02 -26.89 -1
11 33 Sagebrush vole 61.38 45.04 -16.35 -26.63 -1
11 33 Sage sparrow 77.61 57.09 -20.52 -26.45 -1
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Table 7—Historical (HS) and current (CS) estimates of areal extent (percentage of area) of source
habitats at the scale of the basin for 91 broad-scale species of focus, and resulting changes in
source habitats based on three measures: absolute change (ACHS), relative change (RCHS), and
trend categories (TCS) of relative changea b (continued)

Historical Current Absolute Relative Trend 
Family Group Common name estimate estimate change change categoryc

Percentage

10 31 Pronghorn 73.71 54.54 -19.18 -26.02 -1
1 1 White-breasted nuthatch 18.56 13.86 -4.69 -25.30 -1
5 22 California bighorn sheep 63.41 47.91 -15.50 -24.45 -1
4 18 Lazuli bunting  12.47 9.52 -2.95 -23.63 -1
2 6 Winter wren 7.86 6.01 -1.86 -23.62 -1
7 28 Western small-footed myotis 49.21 37.68 -11.53 -23.42 -1

11 33 Pygmy rabbit 63.54 48.68 -14.86 -23.38 -1
2 6 Varied thrush 11.24 8.67 -2.57 -22.86 -1
6 23 Rufous hummingbird 30.93 23.97 -6.96 -22.51 -1
2 13 Northern flying squirrel 32.26 25.26 -7.00 -21.70 -1

10 32 Ground snake 46.46 36.55 -9.91 -21.33 -1
2 6 Pileated woodpecker 10.62 8.40 -2.22 -20.88 -1

10 32 Striped whipsnake 80.20 63.68 -16.53 -20.61 -1
11 34 Black-throated sparrow 73.07 58.11 -14.96 -20.47 -1
11 35 Loggerhead shrike 47.82 38.45 -9.37 -19.60 0
2 5 Fisher 11.65 9.38 -2.27 -19.51 0
2 6 Golden-crowned kinglet 13.38 10.85 -2.54 -18.96 0

10 32 Longnose leopard lizard 74.35 60.66 -13.70 -18.42 0
7 28 Spotted bat 61.57 50.79 -10.79 -17.52 0
5 19 Grizzly bear 81.27 67.63 -13.64 -16.78 0

10 32 Wyoming ground squirrel 68.41 56.93 -11.48 -16.78 0
5 21 Long-eared owl 50.98 42.46 -8.52 -16.71 0
5 19 Gray wolf 83.82 70.71 -13.12 -15.65 0
6 23 Broad-tailed hummingbird 16.82 14.83 -1.99 -11.86 0
3 17 Blue grouse (summer) 30.41 26.94 -3.47 -11.42 0
7 26 Long-eared myotis 77.85 69.97 -7.87 -10.12 0

11 34 Kit fox 49.69 45.13 -4.56 -9.17 0
2 12 Woodland caribou 4.03 3.68 -0.36 -8.86 0
7 27 Townsend’s big-eared bat 55.71 51.21 -4.50 -8.08 0
2 6 Vaux’s swift 9.53 8.77 -0.76 -7.99 0
7 26 Yuma  myotis 68.94 64.30 -4.64 -6.73 0
2 8 Great gray owl 26.53 24.94 -1.59 -5.99 0

10 32 Longnose snake 57.78 55.74 -2.04 -3.54 0
10 32 Mojave black-collared lizard 69.32 67.15 -2.17 -3.14 0
1 3 Western gray squirrel 22.43 22.03 -0.41 -1.81 0

NA 38 Gray-crowned rosy finch 8.34 8.34 -0.01 -0.09 0
10 32 White-tailed antelope squirrel 79.74 79.68 -0.05 -0.07 0
NA 38 Black rosy finch 10.87 10.87 0.00 0.00 0
NA 39 Lewis’ woodpecker (resident population) 10.25 10.25 0.00 0.00 0
6 24 California mountain kingsnake 32.50 34.92 2.42 7.44 0
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Table 7—Historical (HS) and current (CS) estimates of areal extent (percentage of area) of source
habitats at the scale of the basin for 91 broad-scale species of focus, and resulting changes in
source habitats based on three measures: absolute change (ACHS), relative change (RCHS), and
trend categories (TCS) of relative changea b (continued)

Historical Current Absolute Relative Trend 
Family Group Common name estimate estimate change change categoryc

Percentage

5 20 Mountain goat 43.25 47.50 4.24 9.81 0
3 15 Pygmy shrew 68.11 76.68 8.56 12.57 0
6 24 Black-chinned hummingbird 20.20 23.10 2.90 14.37 0
3 15 Wolverine 32.83 37.57 4.73 14.41 0
3 16 Lynx 43.30 49.58 6.28 14.49 0
3 17 Mountain quail (summer) 25.51 29.61 4.10 16.09 0
7 26 Long-legged myotis 38.55 45.17 6.62 17.16 0
7 26 Fringed myotis 43.56 51.12 7.56 17.36 0
2 10 Olive-sided flycatcher 11.38 13.37 1.99 17.50 0
7 27 Pine siskin 29.95 35.21 5.26 17.56 0
2 11 Three-toed woodpecker 6.97 8.53 1.56 22.44 1
6 24 Sharptail snake 18.93 29.39 10.46 55.23 1
9 30 Bushtit 6.43 13.01 6.58 >100.00 2
9 30 Ash-throated flycatcher 6.61 14.28 7.67 >100.00 2
3 14 Hermit warbler 6.47 21.81 15.33 >100.00 2

NA 40 Brown-headed cowbird 0.00 33.67 33.67 >100.00 2

NA = not applicable.
a Species are ranked by magnitude of relative change, with species whose source habitats were projected to have undergone the
greatest declines listed first.
b Calculations of historical and current estimates of extent of source habitats for each species excluded areas outside species 
ranges and also excluded those subwatersheds containing no source habitats both historically and currently.  See “Assessing
Change in Source Habitats from Historical to Current Conditions for Species and Groups” in the “Methods” section of volume 1 for 
further details about calculations of areal extent of source habitats and changes.
c 5 trend categories were defined: -2, -1, 0, 1, and 2, where -2 = a decrease >60 percent; -1 = a decrease >20 percent and 
<60 percent; 0 = a decrease or increase of <20 percent; 1 = an increase >20 percent and <60 percent; and 2 = an increase >60 
percent.

Source habitats for another set of species declined less
strongly at the basin scale (table 7), but declines were
consistent across most ERUs (table 8). Examples
included the lark sparrow, short-eared owl, vesper
sparrow, western meadowlark, and blue grouse (win-
ter). Source habitats for these species declined from
35 to 38 percent basin-wide, with categories of rela-
tive change of -1 or -2 in 75 to 85 percent of the
ERUs (table 8). Other species whose source habitats
declined across most ERUs (table 8; vol. 3, appendix
1, table 5) included the ground snake, burrowing owl,
longnose leopard lizard, Preble’s shrew, Uinta ground
squirrel, lark bunting, clay-colored sparrow, Hammond’s

flycatcher, and black-throated sparrow; source habitats
for these species declined in more than 70 percent of
the ERUs in which these species occurred. 

Source habitats for some species also showed extremely
strong declines—at or near 100 percent—for particu-
lar ERUs (vol. 3, appendix 1, table 5), even though
basin-wide declines or declines across many ERUs
were not as strong. For example, source habitats for
summer habitat of northern goshawk declined 93 
to 97 percent in the Northern Glaciated Mountains,
Lower Clark Fork, and Upper Clark Fork ERUs (vol.
3, appendix 1, table 5), but basin-wide decline was
weaker (-43 percent, table 7). Likewise, declines in
source habitats for American marten and fisher ranged
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Table 8—Percentage of ecological reporting units (ERUs) having various combinations of trend
categories (TCS) of relative change for each of 91 broad-scale species of focusa b

Percentage Percentage
Number of ERUs in Percentage of ERUs in

of category of ERUs in category
Family Group Common name ERUs -1 or -2 category 0 1 or 2 

1 2 Lewis’ woodpecker (migrant population) 11 100 0 0
10 32 Ground snake 2 100 0 0
10 32 Washington ground squirrel 4 100 0 0
12 36 Columbian sharp-tailed grouse (summer) 11 91 9 0
12 37 Grasshopper sparrow 11 91 9 0
5 22 Rocky Mountain bighorn sheep (winter) 9 89 11 0
1 1 Pygmy nuthatch 13 85 15 0
10 31 Burrowing owl 13 85 15 0
10 31 Short-eared owl 13 85 15 0
10 31 Vesper sparrow 13 85 15 0
2 5 Flammulated owl 13 85 8 8
2 6 Williamson’s sapsucker 13 85 0 15
8 29 Western bluebird 11 82 18 0
1 1 White-headed woodpecker 9 78 22 0
5 22 Rocky Mountain bighorn sheep (summer) 9 78 22 0
10 31 Western meadowlark 13 77 23 0
2 4 Blue grouse (winter) 13 77 15 8
10 31 Lark sparrow 13 77 15 8
2 6 Brown creeper 13 77 8 15
10 32 Longnose leopard lizard 8 75 25 0
10 32 Preble’s shrew 12 75 25 0
10 32 Uinta ground squirrel 4 75 25 0
11 33 Lark bunting 4 75 25 0
12 37 Clay-colored sparrow 4 75 0 25
11 33 Sagebrush vole 11 73 18 9
11 34 Black-throated sparrow 7 71 29 0
5 22 California bighorn sheep 10 70 30 0
7 28 Pallid bat 10 70 30 0
10 31 Ferruginous hawk 10 70 30 0
10 31 Pronghorn 10 70 30 0
10 32 Striped whipsnake 10 70 30 0
2 7 Boreal owl 10 70 20 10
2 5 Northern goshawk (summer) 13 69 15 15
2 6 Hammond’s flycatcher 13 69 15 15
2 6 Silver-haired bat 13 69 15 15
11 33 Brewer’s sparrow 12 67 33 0
12 37 Idaho ground squirrel 3 67 33 0
11 33 Sage grouse (summer) 12 67 25 8
11 33 Sage grouse (winter) 12 67 25 8
2 9 Black-backed woodpecker 12 67 8 25
11 33 Sage thrasher 11 64 36 0
11 33 Sage sparrow 11 64 36 0
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Table 8—Percentage of ecological reporting units (ERUs) having various combinations of trend
categories (TCS) of relative change for each of the 91 broad-scale species of focusa b (continued)

Percentage Percentage
Number of ERUs in Percentage of ERUs in

of category of ERUs in category
Family Group Common name ERUs -1 or -2 category 0 1 or 2 

1 1 White-breasted nuthatch 13 62 31 8
7 28 Western small-footed myotis 13 62 31 8
11 35 Loggerhead shrike 13 62 23 15
11 33 Pygmy rabbit 10 60 30 10
2 11 White-winged crossbill 10 60 10 30
2 12 Woodland caribou 5 60 0 40
6 23 Broad-tailed hummingbird 7 57 14 29
6 23 Rufous hummingbird 13 54 31 15
2 13 Northern flying squirrel 13 54 23 23
2 5 American marten 13 54 8 38
6 25 Northern goshawk (winter) 13 54 8 38
2 5 Fisher 13 54 0 46
11 34 Kit fox 4 50 50 0
2 6 Chestnut-backed chickadee 10 50 20 30
3 17 Blue grouse (summer) 13 46 15 38
4 18 Lazuli bunting 13 46 15 38
2 6 Golden-crowned kinglet 13 46 8 46
2 11 Three-toed woodpecker 13 46 0 54
1 3 Western gray squirrel 7 43 43 14
2 8 Great gray owl 12 42 17 42
2 6 Winter wren 12 42 0 58
10 32 Wyoming ground squirrel 5 40 60 0
7 27 Townsend’s big-eared bat 13 38 46 15
2 6 Varied thrush 11 36 9 55
5 19 Grizzly bear 13 31 62 8
2 6 Hoary bat 13 31 54 15
5 21 Long-eared owl 13 31 54 15
2 10 Olive-sided flycatcher 13 31 15 54
2 6 Pileated woodpecker 10 30 10 60
2 6 Vaux’s swift 11 27 0 73
7 28 Spotted bat 12 25 58 17
5 20 Mountain goat 8 25 38 38
6 24 California mountain kingsnake 4 25 25 50
5 19 Gray wolf 13 23 77 0
6 24 Black-chinned hummingbird 13 23 23 54
7 27 Pine siskin 13 23 8 69
10 32 White-tailed antelope squirrel 5 20 80 0
7 26 Long-eared myotis 13 15 85 0
3 15 Wolverine 13 15 15 69
3 16 Lynx 9 11 67 22
3 17 Mountain quail (summer) 9 11 33 56
7 26 Yuma myotis 11 9 91 0



from 88 to 100 percent within the Northern Glaciated
Mountains, Lower Clark Fork, Upper Clark Fork, 
and Upper Snake ERUs (vol. 3, appendix 1, table 5),
whereas basin-wide decline was less strong for both
species (-39 percent for marten, -20 percent for fisher,
table 7). Source habitats for sagebrush vole also
declined 87 and 98 percent within the Northern
Cascades and Snake Headwaters ERUs, respectively
(vol. 3, appendix 1, table 5), but basin-wide decline
was 27 percent ( table 7).

In contrast to the large number of species whose
source habitats declined across many or most ERUs,
relatively few species were associated with source
habitats that changed little across most ERUs. Source
habitats for only 16 species had a trend category of
relative change equal to 0 for most ERUs in which
these species occurred (table 8). Moreover, an even
smaller number of species were associated with
source habitats that increased strongly across most
ERUs. For example, only five species—brown-headed
cowbird, sharptail snake, hermit warbler, ash-throated

flycatcher, and bushtit—had source habitats that
increased by >50 percent basin-wide (table 7) and had
categories of relative change of 1 or 2 in >75 percent
of the ERUs in which these species occurred (table 8).
Cover type-structural stage combinations that con-
tributed most to increases in source habitats for these
five species were cropland-hay-pasture (associated
with brown-headed cowbird), juniper woodlands
(associated with ash-throated flycatcher and bushtit),
various lower elevation cover types in the stem-exclu-
sion and understory-reinitiation stages (associated
with sharptail snake), and some of the lower elevation
cover types in the managed young-forest stages (asso-
ciated with hermit warbler here) (vol. 3, appendix 1,
table 4). 

Habitat Change on All Lands Versus
Public and Mixed Ownership

Species whose relative change in source habitats was
negative on all lands also had relative change that was
negative on public and mixed ownership (figs. 6A,
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Table 8—Percentage of ecological reporting units (ERUs) having various combinations of trend
categories (TCS) of relative change for each of 91 broad-scale species of focusa b (continued)

Percentage Percentage
Number of ERUs in Percentage of ERUs in

of category of ERUs in category
Family Group Common name ERUs -1 or -2 category 0 1 or 2 

10 32 Mojave black-collared lizard 2 0 100 0
10 32 Longnose snake 1 0 100 0
NA 38 Black rosy finch 7 0 100 0
NA 38 Gray-crowned rosy finch 11 0 100 0
NA 39 Lewis’ woodpecker (resident population) 1 0 100 0
7 26 Fringed myotis 11 0 73 27
3 15 Pygmy shrew 5 0 60 40
7 26 Long-legged myotis 13 0 54 46
9 30 Bushtit 9 0 22 78
9 30 Ash-throated flycatcher 9 0 11 89
3 14 Hermit warbler 4 0 0 100
6 24 Sharptail snake 3 0 0 100
NA 40 Brown-headed cowbird 13 0 0 100

NA = not applicable; these species not assigned to families.
a Trend categories were defined such that -2 = a decrease >60 percent; -1 = a decrease >20 percent and <60 percent; 
0 = a decrease or increase of <20 percent; 1 = an increase >20 percent and <60 percent; and 2 = an increase >60 percent.
b Species are listed in descending order by percentage of ERUs with a trend category of -1 or -2. Percentages were calculated 
only for ERUs where the species occurred.
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Figure 6—Relative change (RCHS) in source habitats, from historical to current periods, for each of 91 species (97 species-sea-
sonal entries), on all lands versus public and mixed-ownership lands at the scale of the basin. 

file://localhost/Users/WWPBoise/Desktop/FIGUREV1.pdf/V1FIG6.PDF
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and 6B); that is, basin-wide trends in source habitats
that were negative on all lands also were consistently
negative on public and mixed ownership, for all
species whose habitat trends had a negative sign
basin-wide. The only exception was the great gray
owl, which showed a slightly negative trend on all
lands but a slightly positive trend on public and mixed
ownership (fig. 6B). Similarly, species whose relative
change in source habitats was positive on all lands
also had relative change that was positive on public
and mixed ownership (fig. 6B). One exception exist-
ed: the California mountain kingsnake, whose source
habitats showed a slightly positive trend on all lands
but a slightly negative trend on public and mixed
ownership (fig. 6B).

Magnitude of relative change in source habitats on 
all lands versus public and mixed ownership also was
highly consistent. Magnitude of decline or increase
nearly always was stronger for all lands than for pub-
lic and mixed ownership (figs. 6A, B), but overall dif-
ferences in magnitude typically were <10 percent
between all lands versus public and mixed ownership.
Exceptions were chestnut-backed chickadee, broad-
tailed hummingbird, woodland caribou, and western
gray squirrel, whose source habitats showed a slightly
stronger decline on public and mixed ownership than
on all lands (fig. 6A). Additional exceptions were
olive-sided flycatcher and three-toed woodpecker,
whose source habitats showed a slightly stronger
increase on public and mixed ownership than on all
lands (fig. 6B).

Management Implications

The large number of species whose source habitats
declined strongly or very strongly at the basin scale
(table 7), combined with the diverse composition and
structure of the source habitats of these species (vol.
3, appendix 1, table 1), suggest that no particular
species or habitats, or small set of species or habitats,
are easily identified as needing priority management.
Rather, the large number of species undergoing decline
in source habitats, combined with the diversity of
habitats associated with these species, suggest that
aggregations of large numbers of species and a wide
array of source habitats may need management 
attention.

Species-level findings also suggest that it would be
difficult to select a small number of management indi-
cator or umbrella species on which to base manage-
ment (see “Glossary,” Landres and others 1988, and
Marcot and others 1994 for definitions and concepts
of indicator and umbrella species). Moreover, the
large number of species whose source habitats
declined at the basin scale further suggests that any
attempts to group or aggregate species must be made
without losing unique, single-species trends in source
habitats that could be obscured or diluted by such
attempts. This potential problem has been the main
criticism directed at the use of guilds (Szaro 1986) or
indicator guilds (Verner 1984) for management appli-
cations. Thus, it is important that management needs
of the many species undergoing a strong or very
strong decline in source habitats (tables 7 and 8; vol.
3, appendix 1, table 5) be accounted for in group- and
family-level methods and results that are part of our
assessment. Species-level trends summarized at the
ERU level (table 8; vol. 3, appendix 1, table 5) are
particularly important to consider for species whose
source habitats exhibited strongly different trends
among ERUs. 

The high consistency in direction and magnitude of
change in source habitats for each species between all
lands and public-mixed ownership lands further sug-
gests that the same habitat issues likely are of interest
to both public and private land managers. That is, both
public and private land managers, or regulatory man-
agers with potential jurisdiction related to both public
and private lands, would be faced with the same or 
a similar direction and magnitude of habitat trends,
regardless of land ownership. It important to note,
however, that this finding may not hold at finer scales
within the basin—such as subwatershed and water-
shed scales—where large differences in direction and
magnitude of habitat trends may exist between land 
ownerships.

Group-Level Results and
Discussion

Group Membership and Associated
Source Habitats

Results are presented here for 40 groups, composed 
of 91 species of birds, mammals, and reptiles (table
5). With the exception of two species, the black rosy
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finch and gray-crowned rosy finch, each species
depends on a unique set of source habitats (vol. 3,
appendix 1, table 1). Species within each group, 
however, display strong overlap in the cover type-
structural stage combinations used as source habitats,
as intended by our use of cluster analysis to group
species based on their degree of similarity and dissim-
ilarity in source habitats (see “Methods,” “Clustering
the Species into Groups”). The specific terrestrial
communities and cover type-structural stage combina-
tions identified as source habitats for each species in
each group are shown in volume 3, appendix 1, table 1.

Results and discussion presented here for the 40
groups represent an overview of more detailed results
and discussion presented in volume 2. Readers should
refer to volume 2 for results, by groups of species,
that display (1) the geographic range of each species
within each group; (2) maps of the percentage of area
of source habitats, historically and currently; (3) a
map of habitat change; and (4) bar charts displaying
the percentage of watersheds in each ERU that have
undergone positive, strongly positive, neutral, nega-
tive, and strongly negative relative change in source
habitats from historical to current conditions. Discus-
sion in volume 2 also contains detailed interpretation
of habitat change in relation to associated vegetation
dynamics, in relation to conditions of other habitat
features, and in relation to nonvegetative factors that
affect species within each group. Finally, discussion in
volume 2 also includes a description of key manage-
ment implications. Management implications were
synthesized from results of our assessment, from the
scientific literature, and from results of prior assess-
ments conducted as part of the ICBEMP. Implications
include an identification of management issues associ-
ated with species in each group, and a list of strategies
and practices that might be useful in dealing with
those issues. An overview of these results and their
implications is described in the following sections.

Habitat Change by Basin and
Ecological Reporting Unit
Basin-wide change—Fifty percent of the 40 groups
of species were associated with source habitats that
declined strongly or very strongly from historical to
current periods, based on trend categories of relative
change (TCG) at the basin scale (rank of -1 or -2, table
9). By contrast, only four groups (10 percent) were

associated with source habitats that increased strongly
or very strongly (rank of 1 or 2), but a moderate num-
ber—16 groups or 40 percent—were associated with
source habitats that showed little change (rank of 0).

In contrast to the trends based on categories of relative
change, decline in source habitats was consistently
more negative when expressed as continuous variables
of absolute and relative change (ACHG and RCHG).
By using these measures, 75 percent of the groups
were associated with a decline in source habitats
(table 9). Only one group showed no change in source
habitats, and 23 percent of groups were associated
with an increase.

As with species-level results, groups of species whose
source habitats declined were associated with many
forested and rangeland environments. Of the 20
groups that underwent the strongest relative decline in
source habitats (table 9), 9 are primarily dependent on
forested habitats, another 9 are largely dependent on
rangeland habitats, and 2 are dependent on a combina-
tion of forested and rangeland habitats (vol. 3, appen-
dix 1, table 1). Again, as with the species-level results,
this finding indicates that many source habitats have
declined in the basin; in turn, this suggests that no
particular species or habitats, or small set of species or
habitats, are easily identified as needing priority man-
agement.

Habitat change by ecological reporting unit—
Groups of species whose source habitats declined
strongly or very strongly at the basin scale (trend 
categories of relative change of -1 or -2, table 9) also
experienced strong declines in source habitats across
most ERUs (table 10; vol. 3, appendix 1, table 3). For
example, group 36, composed of the clay-colored
sparrow, grasshopper sparrow, and Idaho ground
squirrel, had the second greatest relative decline among
all groups of species in the basin (-71 percent, table 9)
and also had categories of relative change that were 
-1 or -2 for 91 percent of the ERUs in which these
species occurred (table 10). Other groups whose
source habitats declined strongly at the basin level 
and across most or all ERUs included group 2 (migrant
population of Lewis’ woodpecker (group 2), group 36
(Columbian sharp-tailed grouse), group 31 (Ferruginous
hawk, burrowing owl, short-eared owl, vesper spar-
row, lark sparrow, western meadowlark, and prong-
horn), group 29 (western bluebird), and group 4 (blue
grouse [winter]). Source habitats for these groups
declined by >35 percent at the basin scale (table 9), 
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Table 9—Historical (HG) and current (CG) estimates of areal extent (percentage of area) of source
habitats at the scale of the basin for 40 groups of 91 broad-scale species of focus, and resulting
changes in source habitats based on three measures: absolute change (ACHG), relative change
(RCHG), and trend categories (TCG) of relative changea

Historical Current Absolute Relative Trend 
Family Group Common name estimate estimate change change categoryb

Percentage

1 2 Lewis’ woodpecker (migrant population) 13.78 2.29 -11.49 -83.35 -2

12 37 Clay-colored sparrow 21.22 6.17 -15.05 -70.93 -2
Grasshopper sparrow 
Idaho ground squirrel

2 7 Boreal owl 14.97 5.78 -9.20 -61.42 -2

1 1 White-headed woodpecker 18.37 9.01 -9.36 -50.96 -1
White-breasted nuthatch 
Pygmy nuthatch

8 29 Western bluebird 51.29 26.39 -24.90 -48.55 -1

12 36 Columbian sharp-tailed grouse (summer) 58.80 32.35 -26.44 -44.97 -1

2 5 Northern goshawk (summer) 18.10 10.74 -7.37 -40.70 -1
Flammulated owl 
American marten 
Fisher

10 31 Ferruginous hawk 57.06 36.55 -20.52 -35.95 -1
Burrowing owl 
Short-eared owl 
Vesper sparrow 
Lark sparrow 
Western meadowlark 
Pronghorn

2 4 Blue grouse (winter) 21.30 13.68 -7.62 -35.79 -1

2 6 Vaux’s swift 13.94 9.07 -4.88 -34.99 -1
Williamson’s sapsucker 
Pileated woodpecker 
Hammond’s flycatcher 
Chestnut-backed chickadee 
Brown creeper 
Winter wren 
Golden-crowned kinglet 
Varied thrush 
Silver-haired bat 
Hoary bat
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Table 9—Historical (HG) and current (CG) estimates of areal extent (percentage of area) of source
habitats at the scale of the basin for 40 groups of 91 broad-scale species of focus, and resulting
changes in source habitats based on three measures: absolute change (ACHG), relative change
(RCHG), and trend categories (TCG) of relative changea (continued)

Historical Current Absolute Relative Trend 
Family Group Common name estimate estimate change change categoryb

Percentage

2 9 Black-backed woodpecker 23.05 15.29 -7.77 -33.70 -1

10 32 Mojave black-collared lizard 66.42 45.22 -21.20 -31.91 -1
Longnose leopard lizard 
Striped whipsnake 
Longnose snake 
Ground snake 
Preble’s shrew 
White-tailed antelope squirrel 
Washington ground squirrel 
Wyoming ground squirrel 
Uinta ground squirrel

6 25 Northern goshawk (winter) 21.37 14.59 -6.78 -31.73 -1

5 22 California bighorn sheep 50.51 34.64 -15.87 -31.42 -1
Rocky Mountain bighorn sheep (summer) 
Rocky Mountain bighorn sheep (winter)

11 33 Sage grouse (summer) 54.61 39.20 -15.41 -28.21 -1
Sage grouse (winter) 
Sage thrasher 
Brewer’s sparrow 
Sage sparrow 
Lark bunting 
Pygmy rabbit 
Sagebrush vole

4 18 Lazuli bunting 12.47 9.52 -2.95 -23.63 -1

7 28 Western small-footed myotis 49.97 38.73 -11.24 -22.49 -1
Spotted bat 
Pallid bat

11 34 Black-throated sparrow 64.72 50.46 -14.25 -22.02 -1
Kit fox

2 13 Northern flying squirrel 32.26 25.26 -7.00 -21.70 -1

6 23 Rufous hummingbird 30.20 23.67 -6.54 -21.64 -1
Broad-tailed hummingbird

11 35 Loggerhead shrike 47.82 38.45 -9.37 -19.60 0

5 21 Long-eared owl 50.98 42.46 -8.52 -16.71 0

5 19 Gray wolf 82.42 69.07 -13.35 -16.20 0
Grizzly bear
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Table 9—Historical (HG) and current (CG) estimates of areal extent (percentage of area) of source
habitats at the scale of the basin for 40 groups of 91 broad-scale species of focus, and resulting
changes in source habitats based on three measures: absolute change (ACHG), relative change
(RCHG), and trend categories (TCG) of relative changea (continued)

Historical Current Absolute Relative Trend 
Family Group Common name estimate estimate change change categoryb

Percentage

2 12 Woodland caribou 4.03 3.68 -0.36 -8.86 0

3 17 Blue grouse (summer) 28.57 26.34 -2.23 -7.80 0
Mountain quail (summer)

7 27 Pine siskin 51.75 48.39 -3.36 -6.49 0
Townsend’s big-eared bat

2 8 Great gray owl 26.53 24.94 -1.59 -5.99 0

7 26 Yuma myotis 55.64 53.94 -1.70 -3.05 0
Long-eared myotis 
Fringed myotis
Long-legged myotis

1 3 Western gray squirrel 22.43 22.03 -0.41 -1.81 0

NA 38 Black rosy finch 8.17 8.16 -0.01 -0.09 0
Gray-crowned rosy finch

NA 39 Lewis’ woodpecker (resident) 10.25 10.25 0 0 0

2 11 Three-toed woodpecker 6.91 7.53 0.62 8.90 0
White-winged crossbill

5 20 Mountain goat 43.25 47.50 4.24 9.81 0

6 24 Sharptail snake 20.33 23.15 2.82 13.86 0
California mountain kingsnake 
Black-chinned hummingbird

3 16 Lynx 43.30 49.58 6.28 14.49 0
2 10 Olive-sided flycatcher 11.38 13.37 1.99 17.50 0
3 15 Pygmy shrew 

Wolverine 35.87 43.08 7.21 20.11 1
9 30 Ash-throated flycatcher 

Bushtit 5.96 12.63 6.67 >100.00 2
3 14 Hermit warbler 6.47 21.81 15.33 >100.00 2
NA 40 Brown-headed cowbird 0 33.67 33.67 >100.00 2

NA = not applicable; these species not assigned to families.
a Calculations of historical and current estimates of extent of source habitats for each group excluded areas outside species ranges and
also excluded those subwatersheds containing no source habitats both historically and currently. See “Assessing Change in Source
Habitats From Historical to Current Conditions for Species and Groups” in the “Methods” section of volume 1 for further details.
b 5 trend categories were defined: -2, -1, 0, 1, and 2, where -2 = a decrease >60 percent; -1 = a decrease >20 percent and <60 
percent; 0 = a decrease or increase of <20 percent; 1 = an increase >20 percent and <60 percent; and 2 = an increase >60 percent.



and categories of relative change were either -1 or -2
in >70 percent of the ERUs in which these species
occurred (table 10; vol. 3, appendix 1, table 3).

Other groups whose source habitats declined strongly
across most ERUs included group 32 (Mojave black-
collared lizard, longnose leopard lizard, striped whip-
snake, longnose snake, ground snake, Preble’s shrew,
white-tailed antelope squirrel, Washington ground
squirrel, Wyoming ground squirrel, and Uinta ground
squirrel), group 22 (California and Rocky Mountain
bighorn sheep), group 33 (sage grouse, sage thrasher,
Brewer’s sparrow, sage sparrow, lark bunting, pygmy
rabbit, and sagebrush vole), group 34 (black-throated
sparrow and kit fox), group 7 (boreal owl), and group
1 (white-headed woodpecker, white-breasted nuthatch,
and pygmy nuthatch). Source habitats for these groups
declined in >65 percent of the ERUs in which the
groups occurred (table 10; vol. 3, appendix 1, table 3).

Source habitats for some groups also exhibited
extremely strong declines—at or near 100 percent—
for particular ERUs (vol. 3, appendix 1, table 3),
even though trends were not consistent across ERUs.
For example, source habitats for group 6 (northern
goshawk [summer], flammulated owl, American
marten, and fisher) declined >90 percent in the
Northern Glaciated Mountains, Lower Clark Fork,
and Upper Clark Fork ERUs (vol. 3, appendix 1,
table 3), but trends were neutral or increasing in
almost 40 percent of the ERUs (table 10). Likewise,
decline in source habitats for group 9 (black-backed
woodpecker) ranged from 86 to 94 percent within the
Northern Glaciated Mountains, Lower Clark Fork,
Upper Clark Fork, and Upper Snake ERUs (vol. 3,
appendix 1, table 5), but trends were neutral or
increasing in >30 percent of ERUs. Source habitats
for group 18 (lazuli bunting) also underwent similar
declines—ranging from 82 to 93 percent—within the
Upper Klamath, Blue Mountains, and Lower Clark
Fork ERUs (vol. 3, appendix 1, table 5), but almost
40 percent of the ERUs for this group had a neutral or
increasing trend.

In contrast to the large number of groups whose source
habitats declined across many or most ERUs, relative-
ly few groups were associated with source habitats that
changed little across most ERUs. Specifically, source
habitats for five groups had categories of relative
change of 0 for most ERUs in which the groups

occurred (table 10). Similarly, six groups were asso-
ciated with source habitats that increased strongly
across most ERUs (table 10).

Habitat Change on All Lands 
Versus Public and Mixed 
Ownership

The direction of trends in source habitats between all
lands versus public and mixed ownership for groups
of species (fig. 7) was similar to that found for indi-
vidual species (fig. 6); that is, basin-wide trends in
source habitats that were negative on all lands also
were consistently negative on public and mixed own-
ership, for all groups whose habitat trends had a nega-
tive sign basin-wide. One exception existed: group 8
(great gray owl), which showed a slightly negative
trend on all lands but a slightly positive trend on pub-
lic and mixed ownership (fig. 7). Similarly, groups
whose relative change in source habitats was positive
on all lands also had relative change that was positive
on public and public mixed ownership (fig. 7). 

Magnitude of relative change in source habitats on all
lands versus public and mixed ownership also showed
the same highly consistent pattern for groups of
species (fig. 7) as that found for individual species
(fig. 6). Magnitude of decline or increase nearly
always was stronger for all lands than on public and
mixed ownership (fig. 7), but overall differences in
magnitude most often were <10 percent. Exceptions
were group 4 (blue grouse [winter]), group 12 (wood-
land caribou), group 19 (gray wolf and grizzly bear),
and group 3 (western gray squirrel), whose source
habitats showed a slightly stronger decline on public
and mixed ownership than on all lands (fig. 7). Addi-
tional exceptions were group 11 (loggerhead shrike)
and group 10 (olive-sided flycatcher), whose source
habitats showed a slightly stronger increase on public
and mixed ownership than on all lands (fig. 7).

Correlation of Habitat Trends
Among Species Within Groups

Relative change in source habitats was positively cor-
related (P < 0.05) for all of the 177 species pairings
within the multi-species groups (fig. 8). Moreover, the
grand mean of all correlation coefficients, calculated
from the means of all within-group coefficients, was
relatively high (r = 0.66). By contrast, the grand mean
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Table 10—Percentage of ecological reporting units (ERUs) having various combinations of 
trend categories (TCG) of relative change for each of the 40 groups of 91 broad-scale species of 
focusa b

Percentage Percentage 
Number of ERUs in Percentage of ERUs in

of category of ERUs in category 
Family Group Common name ERUs -1 or -2 category 0 1 or 2 

1 2 Lewis’ woodpecker (migrant population) 11 100 0 0
12 36 Columbian sharp-tailed grouse (summer) 11 91 9 0

12 37 Clay-colored sparrow 11 91 9 0
Grasshopper sparrow 
Idaho ground squirrel

10 31 Ferruginous hawk 13 85 15 0
Burrowing owl 
Short-eared owl 
Vesper sparrow 
Lark sparrow 
Western meadowlark 
Pronghorn

10 32 Mojave black-collared lizard 13 85 15 0
Longnose leopard lizard 
Striped whipsnake 
Longnose snake 
Ground snake 
Preble’s shrew 
White-tailed antelope squirrel 
Washington ground squirrel 
Wyoming ground squirrel 
Uinta ground squirrel

8 29 Western bluebird 11 82 18 0
2 4 Blue grouse (winter) 13 77 15 8

5 22 California bighorn sheep 13 77 23 0
Rocky Mountain bighorn sheep (summer) 
Rocky Mountain bighorn sheep (winter)

11 33 Sage grouse (summer) 12 75 25 0
Sage grouse (winter) 
Sage thrasher 
Brewer’s sparrow 
Sage sparrow 
Lark bunting 
Pygmy rabbit 
Sagebrush vole

11 34 Black-throated sparrow 8 75 25 0
Kit fox



Table 10—Percentage of ecological reporting units (ERUs) having various combinations of 
trend categories (TCG) of relative change for each of the 40 groups of 91 broad-scale species of 
focusa b  (continued)

Percentage Percentage 
Number of ERUs in Percentage of ERUs in

of category of ERUs in category 
Family Group Common name ERUs -1 or -2 category 0 1 or 2 

2 7 Boreal owl 10 70 20 10

1 1 White-headed woodpecker 13 69 23 8
White-breasted nuthatch 
Pygmy nuthatch

2 9 Black-backed woodpecker 12 67 8 25

2 5 Northern goshawk (summer) 13 62 15 23
Flammulated owl 
American marten 
Fisher

7 28 Western small-footed myotis 13 62 38 0
Spotted bat 
Pallid bat

11 35 Loggerhead shrike 13 62 23 15

2 12 Woodland caribou 5 60 0 40

2 6 Vaux’s swift 13 54 23 23
Williamson’s sapsucker 
Pileated woodpecker 
Hammond’s flycatcher 
Chestnut-backed chickadee 
Brown creeper 
Winter wren 
Golden-crowned kinglet 
Varied thrush 
Silver-haired bat 
Hoary bat

2 13 Northern flying squirrel 13 54 23 23

6 23 Rufous hummingbird 13 54 31 15
Broad-tailed hummingbird

6 25 Northern goshawk (winter) 13 54 8 38

2 11 Three-toed woodpecker 13 46 0 54
White-winged crossbill

4 18 Lazuli bunting 13 46 15 38

1 3 Western gray squirrel 7 43 43 14
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Table 10—Percentage of ecological reporting units (ERUs) having various combinations of 
trend categories (TCG) of relative change for each of the 40 groups of 91 broad-scale species of 
focusa b (continued)

Percentage Percentage 
Number of ERUs in Percentage of ERUs in

of category of ERUs in category 
Family Group Common name ERUs -1 or -2 category 0 1 or 2 

2 8 Great gray owl 12 42 17 42

7 27 Pine siskin 13 38 23 38
Townsend’s big-eared bat

3 17 Blue grouse (summer) 12 33 25 42
Mountain quail (summer)

2 10 Olive-sided flycatcher 13 31 15 54

5 19 Gray wolf 13 31 69 0
Grizzly bear

5 21 Long-eared owl 13 31 54 15

5 20 Mountain goat 8 25 38 38

6 24 Sharptail snake 13 23 23 54
California mountain kingsnake 
Black-chinned hummingbird

3 16 Lynx 9 11 67 22

3 15 Pygmy shrew 13 8 23 69
Wolverine

7 26 Yuma myotis 13 8 92 0
Long-eared myotis 
Fringed myotis 
Long-legged myotis

3 14 Hermit warbler 4 0 0 100

9 30 Ash-throated flycatcher 10 0 20 80
Bushtit

NA 38 Black rosy finch 11 0 100 0
Gray-crowned rosy finch

NA 39 Lewis’ woodpecker (resident population) 1 0 100 0

NA 40 Brown-headed cowbird 13 0 0 100

NA = not applicable; these species not assigned to families.
a Groups are listed in descending order by percentage of ERUs with a trend category of -1 or -2.
b Trend categories were defined such that -2 = a decrease >60 percent; -1 = a decrease >20 percent and <60 percent; 
0 = a decrease or increase of <20 percent; 1 = an increase >20 percent and <60 percent; and 2 = an increase >60 percent.
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of all between-group species pairings was near zero
(r = 0.02), further suggesting that clustering of species
into groups efficiently captured similar direction and
magnitude of species-level trends within each multi-
species group.

Range of coefficients between individual species 
within each group varied widely, however, with r val-
ues as high as 0.96, and as low as 0.12. Despite this
wide range, only 5 of the 177 coefficients (<3 per-
cent) calculated for the within-group species pairings
were <0.20 (fig. 8): (1) pygmy shrew and wolver-
ine (r = 0.12, group 15); (2) long-eared myotis and
long-legged myotis (r = 0.15, group 26); (3) long-
eared myotis and fringed myotis (r = 0.17, group 26);
(4) Wyoming ground squirrel and longnose snake 
(r = 0.18, group 32); and (5) Wyoming ground squir-
rel and Mojave black-collared lizard (r = 0.18, group
32). In five other cases (<3 percent), correlation coef-
ficients were >0.20 but <0.40: (1) California mountain

kingsnake and black-chinned hummingbird (r = 0.33,
group 24); (2) long-legged myotis and Yuma myotis 
(r = 0.33, group 26); (3) white-tailed antelope squirrel
and Wyoming ground squirrel (r = 0.30, group 32);
(4) white-tailed antelope squirrel and longnose snake
(r = 0.35, group 32); and (5) white-tailed antelope
squirrel and Mojave black-collared lizard (r = 0.36,
group 32); 

Notably, 9 of the 10 correlation coefficients <0.40
involved just five species—long-legged myotis,
Wyoming ground squirrel, white-tailed antelope squir-
rel, longnose snake, and Mojave black-collared lizard
—as a member of a species pairing. Also, the 10 coeffi-
cients <0.40 involved just 4 groups: 15, 24, 26, and 32.
Finally, of the 11 species that were part of one or
more pairings where r was <0.40, all 11 (100 percent)
were associated with trend categories for source habi-
tats that were neutral (table 7); this is especially 

Figure 7—Relative change (RCHG) in source habitats, from historical to current periods, for each of 40 groups of broad-scale
species of focus, on all lands versus public lands and mixed-ownership lands at the scale of the basin. 

file://localhost/Users/WWPBoise/Desktop/FIGUREV1.pdf/V1FIG7.PDF
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Figure 8—Mean and range of correlation coefficients for species pairings within each group of broad-scale species of focus for
groups containing more than one species. Mean for each group was calculated from Kendall’s Tau correlation coefficients that
were computed for each pair of species in the group. Single values are for groups containing two species (one coefficient for 
the one pair). Range of values is shown for groups containing 3 or more species. Specific pairings are identified for any pair of
species with a correlation coefficient less than 0.4, which is denoted by the upper dotted line. The lower dotted line denotes the
mean correlation coefficient (0.02) for all species pairings between groups.

noteworthy considering that habitats for most of the
species underwent strong or very strong declines (trend
categories of relative change of -1 or -2, table 7).

Management Implications

The large number of groups of species whose source
habitats declined strongly or very strongly at the basin
scale (trend categories of relative change of -1 or -2,
table 9), combined with the diverse composition and
structure of the source habitats of these species (vol. 3,
appendix 1, table 1), suggests that no particular species
or habitats, or small set of species or habitats, are easi-
ly identified as needing priority management. Rather,
the large number of species undergoing decline in
source habitats, combined with the diversity of habi-
tats associated with these species, suggests that aggre-
gations of large numbers of species and a wide array
of source habitats may need management attention.

Consequently, our findings suggest that habitat analysis
and management of groups of species may be more
efficient than a species-by-species approach. This point
is especially germane, considering the large number of
species (91 species and 97 species seasonal entries)
analyzed here, and the consistent pattern shown
between trends in source habitats at the species level
versus trends for the same species calculated as groups
(for example, examine trends in table 7 versus table 9). 

The high consistency in direction and magnitude of
change in source habitats for each group between all
lands and public-mixed ownership lands further sug-
gests that the same habitat issues may be of interest to
both public and private land managers. That is, both
public and private land managers, or regulatory man-
agers with potential jurisdiction related to both public
and private lands, would be faced with the same or 
a similar direction and magnitude of habitat trends,

file://localhost/Users/WWPBoise/Desktop/FIGUREV1.pdf/V1FIG8.PDF
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regardless of land ownership. This finding, however,
may not hold at finer scales within the basin—such as
subwatershed and watershed scales—where large dif-
ferences in direction and magnitude of habitat trends
may exist between land ownerships.

The relatively high, positive correlation coefficients
that we calculated for most within-group species pair-
ings versus the relatively low or negative coefficients
calculated for between-group species pairings, have
the following implications for interpretation of our
group-level habitat trends:

1. The strong, positive correlations in habitat trends
among species within most of the groups indicate
that group-level results accurately represent indi-
vidual species trends; this is especially encourag-
ing, considering that most groups having strong
correlations in their species-level habitat trends
also were the groups that contained species associ-
ated with strong or very strong declines in source
habitats. In these cases, the group-level trends
reflected the species-level trends. This implication
is especially important, considering that most
attention presumably will be given to species and
groups whose source habitats have undergone the
strongest declines. In these cases, our group-level
results appear most reliable. 

2. The few groups containing species with low coef-
ficients—namely groups 15, 24, 26, and 32—may
yield group-level trends that could be misleading
for one or more species within the groups. Many
of the species involved in pairings having low cor-
relation coefficients, however, are localized in their
distributions, and thus have little effect on group-
level trends. Examples are white-tailed antelope
squirrel, Wyoming ground squirrel, longnose
snake, Mojave black-collared lizard, and California
mountain kingsnake. In these cases, the species-
level contribution to the group trend is minor
because ranges of the problem species (vol. 2, fig.
96) are narrow and thus do not contribute to calcu-
lation of habitat trend for most areas of the basin
in which group-level trends were calculated. (See
“Methods” for details about calculation of group-
level trends in source habitats). 

3. Implementation procedures presumably will 
consider results of our correlation analysis and
account for the handful of low correlations as part

of local analysis. The species listed in figure 8 and
their associated groups are candidates for more
detailed analysis as part of implementation.

Because of the accuracy and efficiency with which
group-level trends reflect species-level changes in
source habitats, we have emphasized and provided
detailed results and management implications based
on indepth analyses for all 40 groups of species in
volume 2. An especially noteworthy section of vol-
ume 2 is the comprehensive set of issues, strategies,
and practices identified for effective management of
each group of species, as well as the synthesis of sup-
porting, pertinent empirical literature about environ-
mental requirements and population status and trends
of each species in each group.

Family-Level Results 
and Discussion

Habitat Relations Among Families

Placement of 37 of the groups into 12 families (fig. 5,
table 6) by using a combination of cluster analysis
and empirical knowledge of similarities of species in
habitat requirements resulted in distinct differences
among families in the number of terrestrial community
types and source habitats used (table 11). Family 4
had the most restricted number of terrestrial commu-
nity types and source habitats used by species of any
family, with habitats restricted to early-seral forests
(table 11). Species in family 1 also were restricted to 
a small number of terrestrial community types, and in
this case, the types were composed of low-elevation,
late-seral forests (table 11). By contrast, species in
family 2 used a higher number and variety of terrestri-
al community types that encompassed all elevations
of late-seral forests. Species in family 3 used an even
greater variety of forested conditions; habitats encom-
passed the highest number and type of source habitats
within the highest number of terrestrial community
types of any family dependent on forested habitats.

Species dependent strictly on rangelands were placed
in families 10, 11 and 12. Species in families 11 and
12 were restricted to a relatively small number of ter-
restrial community types, with family 11 primarily
dependent on sagebrush, and family 12 dependent 
on grassland and open-canopy sagebrush habitats
(table 11). Species in family 10 used a broader set of 
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terrestrial communities, consisting of a greater variety
of grassland, shrubland, woodland, and related cover
types than those used by families 11 and 12.

Species in families 5, 6, 7, 8, and 9 were associated
with various terrestrial community types, but each
family’s set of source habitats was distinctly different
from the others (table 11). Habitats for species in fam-
ily 9 were restricted to relatively few source habitats
within the upland woodland and upland shrubland
types. By contrast, species in family 5 used habitats
that encompassed nearly all terrestrial community
types. Species in family 6 also used various terrestrial
communities, with the types composed of forests, wood-
lands, and montane shrubs. Terrestrial community
types used by family 7 were similar to those used by
family 6, with the main difference being the use of
sagebrush types instead of montane shrubs. Finally,
habitats for family 8 spanned a fairly restrictive but
unusual combination of terrestrial community types
composed of both early- and late-seral forests, as well
as woodland, shrubland, and grassland types (table 11).

These differences in terrestrial communities and
source habitats among the families resulted in dis-
tinctly different habitat trends for each family. In the
following sections, we present results for each family
and an overview of results across families. Results are
summarized in terms of key vegetative themes, trends,
and issues presumably of most interest to managers 
of FS- and BLM-administered lands within the basin.
Specifically, the family-level results provide (1) a des-
cription of source habitats and special habitat features
for species in the family; (2) a summary of family-
level trends in source habitats from historical to cur-
rent periods; (3) identification of the primary causes
for the observed habitat trends and the ecological
processes associated with the causes; and (4) a synthe-
sis of broad-scale strategies that would benefit species
and their source habitats.

Overview of Family-Level Results

The 12 families exhibited wide variation in the per-
centage of ERUs that had declining versus increasing
or neutral habitat trends (table 12). Family 1 had the
largest percentage of ERUs (85 percent, 11 of 13
ERUs) with declining trends (see “Methods,”
“Evaluating Change in Source Habitats by Family,”
for analysis steps used to characterize ERU habitat
trends by family). Other families for which most of

the ERUs had declining habitat trends included family
8 (82 percent, 9 of 11 ERUs), family 10 (69 percent, 9
of 13 ERUs), and families 4 and 12 (each 62 percent,
8 of 13 ERUs). A substantial percentage of ERUs also
had declining trends for family 2 (46 percent, 6 of 13)
and family 11 (39 percent, 4 of 13). Smaller percent-
ages of ERUs had declining trends for family 6 (31
percent, 4 of 13), family 5 (23 percent, 3 of 13), fami-
ly 7 (15 percent, 2 of 13), family 9 (10 percent, 1 of
10), and family 3 (8 percent, 1 of 12).

As found for the species and groups, declining habitat
trends for families were associated with several
species whose source habitats encompassed a diversi-
ty of forest and rangeland environments. For example,
families 1, 4, 8, 10, and 12, which had the highest per-
centage of ERUs with negative habitat trends, were
associated with source habitats as diverse as low-ele-
vation, old-forest (family 1), early-seral forest (family
4), a combination of rangeland and early- and late-
seral forest (family 8), herbland, shrubland, and wood-
land (family 10), and grassland and open-canopy
sagebrush (family 12). In addition, nearly all families
(even those with a small number of ERUs with declin-
ing habitat trends) contained one or more groups of
species whose source habitats declined strongly or
very strongly from historical to current periods (based
on trend categories of relative change (TCG) at the
basin scale [rank of -1 or -2, table 9]). Exceptions
were families 3 and 9, neither of which included
groups having a declining trend category at the basin
scale (table 9). 

Management implications—Family-level habitat
trends suggest that no particular species or habitats, 
or small set of species or habitats, are easily identified
as needing priority management. This is because (1)
several families had predominantly negative habitat
trends across ERUs (table 12), (2) nearly all families
contained groups of species whose source habitats
declined strongly or very strongly at the basin scale
(table 9), and (3) declining source habitats were
diverse in composition and structure (vol. 3, appendix
1, table 1). The large number of species, spanning
multiple groups and families, that experienced declines
in source habitats, combined with the diversity of
habitats associated with these species, suggest that
aggregations of large numbers of species and a wide
array of source habitats may need management 
attention. 
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Table 12—Percentage of watersheds in 3 trend categories for each family, by ecological 
reporting unit (ERU)

Percentage of Percentage of Percentage of
watersheds watersheds watersheds Dominant

Family   ERU      ERU name decreasing neutral increasing trenda

1            1 Northern Cascades 69 24 7 Decreasing
1            2 Southern Cascades 56 22 22 Decreasing
1            3 Upper Klamath 33 19 48 Neutral
1            4 Northern Great Basin 47 8 45 Neutral
1            5 Columbia Plateau 51 19 31 Decreasing
1            6 Blue Mountains 67 20 13 Decreasing
1            7 Northern Glaciated Mountains 94 5 2 Decreasing
1            8 Lower Clark Fork 95 4 1 Decreasing
1            9 Upper Clark Fork 77 20 3 Decreasing
1          10 Owyhee Uplands 77 3 20 Decreasing
1            11 Upper Snake 81 0 19 Decreasing
1          12 Snake Headwaters 86 4 10 Decreasing
1         13 Central Idaho Mountains 57 33 9 Decreasing
2            1 Northern Cascades 74 13 13 Decreasing
2            2 Southern Cascades 37 15 47 Neutral
2            3 Upper Klamath 7 5 88 Increasing
2            4 Northern Great Basin 18 10 71 Increasing
2            5 Columbia Plateau 44 10 46 Neutral
2            6 Blue Mountains 47 17 36 Neutral
2            7 Northern Glaciated Mountains 92 5 3 Decreasing
2            8 Lower Clark Fork 89 8 3 Decreasing
2            9 Upper Clark Fork 97 2 1 Decreasing
2          10 Owyhee Uplands 41 18 41 Neutral
2            11 Upper Snake 52 23 25 Decreasing
2         12 Snake Headwaters 75 17 8 Decreasing
2       13 Central Idaho Mountains 43 22 35 Neutral
3            1 Northern Cascades 17 45 37 Neutral
3            2 Southern Cascades 0 20 80 Increasing
3            3 Upper Klamath 5 7 88 Increasing
3            4 Northern Great Basin 7 23 70 Increasing
3            5 Columbia Plateau 23 25 52 Increasing
3            6 Blue Mountains 7 15 78 Increasing
3            7 Northern Glaciated Mountains 22 37 41 Neutral
3            8 Lower Clark Fork 47 40 13 Neutral
3            9 Upper Clark Fork 71 17 13 Decreasing
3       10 Owyhee Uplands 35 15 50 Neutral
3            11 Upper Snake 10 19 71 Increasing
3           12 Snake Headwaters 14 41 45 Neutral
3         13 Central Idaho Mountains 21 48 31 Neutral
4            1 Northern Cascades 30 8 63 Increasing
4            2 Southern Cascades 45 13 42 Neutral
4            3 Upper Klamath 98 0 2 Decreasing
4            4 Northern Great Basin 69 0 31 Decreasing
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Table 12—Percentage of watersheds in 3 trend categories for each family, by ecological 
reporting unit (ERU) (continued)

Percentage of Percentage of Percentage of
watersheds watersheds watersheds Dominant

Family   ERU      ERU name decreasing neutral increasing trenda

4 5 Columbia Plateau 83 2 15 Decreasing
4 6 Blue Mountains 53 4 42 Decreasing
4 7 Northern Glaciated Mountains 81 7 11 Decreasing
4 8 Lower Clark Fork 96 3 2 Decreasing
4 9 Upper Clark Fork 81 9 10 Decreasing
4 10 Owyhee Uplands 47 8 45 Neutral
4 11 Upper Snake 59 13 28 Decreasing
4 12 Snake Headwaters 21 7 72 Increasing
4 13 Central Idaho Mountains 35 13 52 Increasing
5 1 Northern Cascades 29 54 17 Neutral
5 2 Southern Cascades 17 44 39 Neutral
5 3 Upper Klamath 9 50 41 Neutral
5 4 Northern Great Basin 4 90 6 Neutral
5 5 Columbia Plateau 59 39 2 Decreasing
5 6 Blue Mountains 34 48 17 Neutral
5 7 Northern Glaciated Mountains 36 43 22 Neutral
5 8 Lower Clark Fork 48 43 9 Neutral
5 9 Upper Clark Fork 82 13 5 Decreasing
5 10 Owyhee Uplands 20 80 0 Neutral
5 11 Upper Snake 60 40 0 Decreasing
5 12 Snake Headwaters 43 38 19 Neutral
5 13 Central Idaho Mountains 18 52 30 Neutral
6 1 Northern Cascades 43 36 21 Neutral
6 2 Southern Cascades 39 39 22 Neutral
6 3 Upper Klamath 5 14 81 Increasing
6 4 Northern Great Basin 13 13 74 Increasing
6 5 Columbia Plateau 28 7 65 Increasing
6 6 Blue Mountains 54 15 31 Decreasing
6 7 Northern Glaciated Mountains 63 22 15 Decreasing
6 8 Lower Clark Fork 93 3 4 Decreasing
6 9 Upper Clark Fork 87 11 2 Decreasing
6 10 Owyhee Uplands 27 18 55 Increasing
6 11 Upper Snake 18 27 55 Increasing
6 12 Snake Headwaters 34 19 47 Neutral
6 13 Central Idaho Mountains 48 22 30 Neutral
7 1 Northern Cascades 36 52 13 Neutral
7 2 Southern Cascades 5 51 44 Neutral
7 3 Upper Klamath 9 29 62 Increasing
7 4 Northern Great Basin 7 86 7 Neutral
7 5 Columbia Plateau 47 29 24 Neutral
7 6 Blue Mountains 23 46 31 Neutral
7 7 Northern Glaciated Mountains 25 55 20 Neutral
7 8 Lower Clark Fork 55 37 8 Decreasing
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Table 12—Percentage of watersheds in 3 trend categories for each family, by ecological 
reporting unit (ERU) (continued)

Percentage of Percentage of Percentage of
watersheds watersheds watersheds Dominant

Family   ERU      ERU name decreasing neutral increasing trenda

7            9 Upper Clark Fork 44 38 18 Neutral
7      10 Owyhee Uplands 24 71 5 Neutral
7            11 Upper Snake 63 29 8 Decreasing
7        12 Snake Headwaters 42 30 29 Neutral
7     13 Central Idaho Mountains 34 36 30 Neutral
8            1 Northern Cascades 81 6 13 Decreasing
8            2 Southern Cascades 76 15 8 Decreasing
8            3 Upper Klamath 64 24 12 Decreasing
8            4 Northern Great Basin 10 83 7 Neutral
8            5 Columbia Plateau 77 22 1 Decreasing
8            6 Blue Mountains 90 8 2 Decreasing
8            7 Northern Glaciated Mountains 88 3 9 Decreasing
8            8 Lower Clark Fork 99 0 1 Decreasing
8            9 Upper Clark Fork 89 5 6 Decreasing
8        10 Owyhee Uplands 24 76 0 Neutral
8        13 Central Idaho Mountains 79 15 6 Decreasing
9            1 Northern Cascades 60 0 40 Decreasing
9            2 Southern Cascades 38 29 32 Neutral
9            3 Upper Klamath 17 8 75 Increasing
9            4 Northern Great Basin 7 4 89 Increasing
9            5 Columbia Plateau 5 10 85 Increasing
9            6 Blue Mountains 34 7 59 Increasing
9            7 Northern Glaciated Mountains 0 0 100 Increasing
9       10 Owyhee Uplands 9 25 66 Increasing
9         11 Upper Snake 9 9 81 Increasing
9        12 Snake Headwaters 33 11 56 Increasing
10           1 Northern Cascades 50 10 40 Neutral
10           2 Southern Cascades 57 16 27 Decreasing
10           3 Upper Klamath 77 9 14 Decreasing
10         4 Northern Great Basin 10 88 1 Neutral
10           5 Columbia Plateau 71 28 1 Decreasing
10           6 Blue Mountains 70 19 11 Decreasing
10           7 Northern Glaciated Mountains 92 4 4 Decreasing
10           8 Lower Clark Fork 85 8 8 Decreasing
10           9 Upper Clark Fork 67 11 22 Decreasing
10   10 Owyhee Uplands 16 84 0 Neutral
10        11 Upper Snake 65 35 0 Decreasing
10        12 Snake Headwaters 68 10 22 Decreasing
10          13 Central Idaho Mountains 35 37 28 Neutral
11            1 Northern Cascades 47 45 8 Neutral
11            2 Southern Cascades 47 23 30 Neutral
11            3 Upper Klamath 20 59 20 Neutral
11            4 Northern Great Basin 11 86 2 Neutral
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Table 12—Percentage of watersheds in 3 trend categories for each family, by ecological 
reporting unit (ERU) (continued)

Percentage of Percentage of Percentage of
watersheds watersheds watersheds Dominant

Family   ERU      ERU name decreasing neutral increasing trenda

11            5 Columbia Plateau 50 33 17 Neutral
11            6 Blue Mountains 43 41 16 Neutral
11            7 Northern Glaciated Mountains 54 31 15 Decreasing
11            8 Lower Clark Fork 100 0 0 Decreasing
11            9 Upper Clark Fork 58 30 13 Decreasing
11 10 Owyhee Uplands 24 72 4 Neutral
11 11 Upper Snake 76 22 2 Decreasing
11 12 Snake Headwaters 82 14 3 Decreasing
11          13 Central Idaho Mountains 42 30 27 Neutral
12            1 Northern Cascades 95 5 0 Decreasing
12         2 Southern Cascades 86 11 4 Decreasing
12         3 Upper Klamath 93 2 4 Decreasing
12 4 Northern Great Basin 11 88 1 Neutral
12 5 Columbia Plateau 80 19 1 Decreasing
12 6 Blue Mountains 78 11 12 Decreasing
12          7 Northern Glaciated Mountains 96 1 2 Decreasing
12 8 Lower Clark Fork 100 0 0 Decreasing
12           9 Upper Clark Fork 65 4 31 Decreasing
12 10 Owyhee Uplands 45 53 2 Neutral
12 11 Upper Snake 31 65 5 Neutral
12 12 Snake Headwaters 48 28 25 Neutral
12 13 Central Idaho Mountains 45 12 43 Neutral

a ERUs were classified as increasing or decreasing if >50 percent of the watersheds had positive or negative trends, respectively. 
ERUs not classified as increasing or decreasing were classified as neutral. See “Forming Families of Groups to Summarize 
Results Among Multiple Groups” in “Methods” section for details about assigning trends to watersheds.

Correlation of Habitat Trends
Among Species Within Families

Relative change in source habitats was positively 
correlated (P < 0.05) for 520 (94 percent) of the 556
within-family species pairings for the 10 families that
contained multiple species. Only 36 within-family
species pairings were not correlated (P > 0.05), and
only 3 (<1 percent) were negatively correlated (P <
0.05). Moreover, the grand mean of all correlation
coefficients, calculated from the means of all species
pairings within each family, was relatively high (r =
0.52). Mean coefficients for each family, however,
varied from a low of 0.23 (family 3) to a high of 0.96
(family 9).

In general, the mean within-family coefficients were
higher for families whose species were associated
with a smaller, more specialized set of source habitats,
and progressively lower for families whose species
were associated with an increasingly larger, more
diverse set of habitats. For example, mean within-
family coefficients were 0.53 and 0.55 for the two
families whose source habitats were restricted largely
to old-forest stages (families 1 and 2). Mean within-
family coefficients were similarly high (0.60 to 0.72)
for the three families whose source habitats were
wholly or largely restricted to rangelands (families 10,
11, and 12), and highest (0.96) for the family with the
most restricted set of source habitats (family 9). By
contrast, mean within-family coefficients ranged from
0.23 to 0.34 for the four families whose source habi-
tats either spanned a broad range of forest structural 



stages (family 3) or encompassed diverse combina-
tions of forest and rangeland habitats (families 5, 6,
and 7).

Management implications—The correlation coeffi-
cients for species pairings within each family were
less positive and more variable relative to the coeffi-
cients calculated for species pairings within each
group (fig. 8). For example, <3 percent of the within-
group species pairings had coefficients that were
<0.20, but 6 percent of the within-family species pair-
ings had coefficients <0.20. Moreover, the grand mean
of all coefficients for the within-group species pair-
ings was 0.66, whereas the grand mean of all within-
family coefficients was 0.52. 

The more variable and less positive coefficients of
species pairings within familes versus those within
groups is not surprising, given the more diverse set of
habitats associated with species within each family
versus group. These results have the following impli-
cations for any management strategy that relies on
family-level habitat trends: 

1. Use of the family-level habitat trends for habitat
management is a coarse-filter approach. Coarse-
filter management assumes that managing an
appropriate amount and arrangement of all repre-
sentative land areas and habitats will provide for
the needs of all associated species (Hunter 1991)
(see “Methods,” “Designing a Hierarchical System
of Single- and Multi-species Assessment”). Such
an assumption, by using family-level habitat trends
as the basis for a coarse-filter approach, would be
tenuous when applied to individual subbasins,
watersheds, or subwatersheds, given the family-
level correlation results. A coarse-filter approach
that relies on family-level habitat trends can likely
be effective, however, in devising credible broad-
scale ecosystem strategies across large geographic
areas of the basin. Such family-level strategies will
be more accurate and defensible when devised for
areas as large as individual or multiple ERUs, or for
large numbers of subbasins or watersheds. If sub-
basins or watersheds are used as the basis for devis-
ing family-level strategies, a minimum of 5 to 10
subbasins or 75 to 150 watersheds would be needed;
such areas would provide sufficient accuracy (based
on table 2) to detect the most dominant habitat
trends common to most species and groups in a
family, and provide sufficient geographic coverage

to dampen some or much of the species variability
in family-level habitat trends that occur on individ-
ual watersheds or small collections of watersheds.

2. Any coarse-filter approach based on family-level
habitat trends should include an analysis of how
well such an approach accommodates habitat
needs for each group of species and for individual
species that have been identified as having under-
gone strong, widespread declines in aerial extent of
source habitats. Such an analysis would test how
well the coarse-filter approach meets the needs of
species or groups that likely require highest man-
agement attention, and allow for the coarse-filter
approach to be “fine-tuned” to ensure its effective-
ness for all species. For example, managers may
not be compelled to devise a habitat strategy for
the “Forest and Range Mosaic Family” (family 5)
because most family-level trends were neutral or
positive (table 12); closer examination of group-
level trends within the family, however, shows that
trends for group 22 (composed of California and
Rocky Mountain bighorn sheep) were largely neg-
ative for most ERUs (table 10) and for the basin as
a whole (table 9). Managers should check for and
accommodate such results in their broad-scale
ecosystem strategies.

Family 1—Low-Elevation, 
Old-Forest Family

Groups 1, 2, and 3 compose family 1 (table 6). These
three groups include the white-headed woodpecker,
white-breasted nuthatch, pygmy nuthatch, migratory
population of Lewis’ woodpecker, and western gray
squirrel (table 6). Ranges of these species are shown
in figures 3, 6, and 9 of volume 2.

Source habitats and special habitat features—All
species in family 1 depend on late-seral multi- and
single-storied lower montane forests as source habitats
(table 11). Some family members also use old-forest
cover types in the upper montane, riparian woodlands,
and upland woodlands community groups (table 11;
vol. 3, appendix 1, table 1). Source habitats for family
1 occur in all ERUs, but habitats were never common.
Historically, these habitats typically composed less
than 25 percent of the area in most watersheds (vol. 2,
figs. 4a, 7a, and 10a). Today, source habitats for family
1 (vol. 2, figs. 4b, 7b, and 10b) still occur in all 13
ERUs but are particularly scarce within the Columbia
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Figure 9—Trend in source habitats for family 1 within each of 2,562 watersheds in the interior Columbia basin. Trend for each
watershed is shown as one of three categories: increasing, decreasing, or no change. A watershed was classified as increasing if
>50 percent of the groups in a family increased in source habitats >20 percent, considering only those groups that occurred in
the watershed. A watershed was classified as decreasing if >50 percent of the groups in a family decreased in source habitats
>20 percent, considering only those groups that occurred in the watershed. Watersheds not classified as increasing or decreas-
ing were classified as no change. 
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Plateau, Upper Snake, Northern Great Basin, and
Owyhee Uplands. In the remaining nine ERUs, source
habitats are more common but still compose <25 per-
cent of most watersheds. 

All species in family 1 require large-diameter (>53 cm
[21 in]) snags or trees with cavities for nesting, forag-
ing, or both (vol. 3, appendix 1, table 2). The possible
exception is the western gray squirrel, which uses cav-
ities of snags and large hollow trees for nesting and
resting, but these structures may not be a requirement
(Ryan and Carey 1995). The Lewis’ woodpecker is
associated closely with recent burns and responds
favorably to stand-replacing fires (see Tobalske 1997),
whereas habitat for other species in family 1 is usually
maintained by frequent, low-intensity burns that retain
old-forest structure. 

Broad-scale changes in source habitats—Source
habitats declined in 70 percent of watersheds basin-
wide between the historical and current periods (fig.
9). Thirteen percent of watersheds had increasing
trends, and the remaining 17 percent were stable.
Eleven ERUs exhibited declining trends in >50 per-
cent of watersheds (table 12). The only ERUs with
predominantly neutral trends were the Upper Klamath
and Northern Great Basin ERUs, and of these, the
Northern Great Basin ERU contained little habitat 
historically.

Declines in source habitats for family 1 are related
largely to reductions in the old-forest lower montane
community type. Declines in both late-seral single-
layered and late-seral multi-layered lower montane
occurred in all ERUs that had declining habitat trends,
and these declines were considered ecologically sig-
nificant except for the old-forest multi-layered stage in
the Blue Mountains and Central Idaho Mountains
(Hann and others 1997). 

The importance of restoration for species in this fami-
ly is highlighted by the magnitude of the declines.
Basin-wide, the current extent of late-seral single-lay-
ered lower montane forests represents an 81-percent
decline in the historical areal extent, and the extent of
multi-layered forests represents a 35-percent decline
(Hann and others 1997). These declines were particu-
larly pronounced in the Northern Glaciated Mountains,
Lower Clark Fork, and Upper Clark Fork, where 
nearly 100 percent of these community types have
been lost (Hann and others 1997). Declines in source

habitats for family 1 are among the most widespread
and strongest of any declines observed for any set of
species that we included in our analysis.

Primary causes for habitat trends and the associat-
ed ecological processes—Timber harvest and fire
exclusion were the two primary causes for the wide-
spread, strong decline in source habitats for family 1
(Hann and others 1997). Timber harvest has resulted
in the replacement of late-seral, lower montane source
habitats with mid-seral forests. Fire exclusion has
resulted in a gradual shift in stand composition from
shade-intolerant tree species such as ponderosa pine
to shade-tolerant species such as Douglas-fir and
grand fir. Additionally, human occupancy of and use
of lands that historically supported lower montane
forests have increased and presumably contributed to
declines in source habitats.

The magnitude of decline in historical vegetation
structure and composition has been greater for the
lower montane community group than any other for-
est community groups (Hann and others 1997), partly
because lower elevation forests were more accessible
for logging and contained high-value, large-diameter
timber. Moreover, lower elevation forests historically
were subject to more frequent, light surface or under-
burn fire events; structures in these forests therefore
were more susceptible to decreases in fire frequency
than were forests at higher elevations. This combina-
tion of intensive harvest of the larger overstory trees
and the exclusion of fire has created an environment
favorable for the increase of shade-tolerant trees char-
acteristic of the montane community group. The
resulting forest structure and composition is not suit-
able for many species in family 1 because of greater
density of small-diameter trees and logs, and changed
species composition. For example, high stand density
can make foraging difficult for the Lewis’ wood-
pecker, an aerial insectivore, and can reduce vigor of
oaks used by western gray squirrels for foraging. The
loss of large-diameter trees and large snags can limit
the abundance of nesting structures for the white-
breasted nuthatch, pygmy nuthatch, white-headed
woodpecker, and Lewis’ woodpecker. A concurrent
decline in large down logs has occurred, which may
be of concern for other species associated with this
group.
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Source habitats for family 1 also shifted geographically
across large areas of the basin since historical times
(see fig. 9). Source habitats that underwent no change
or an increase are now farther south (fig. 9) and repre-
sent a warmer average environment. Many of these
environments with increasing amounts of habitat are
only increasing because of fire exclusion in what
would have been fire-maintained savannahs dominated
by shrubs or herbs with scattered large trees. Environ-
ments with neutral changes in habitat have a complex
combination of areas with (1) slow succession rates,
such that change in response to fire exclusion has not
affected broad-scale cover type and structural stage
composition; or (2) a neutralizing mix of late-seral
forest increases from fires exclusion in savannah
types and decreases from timber harvest. The habi-
tats where declines occurred are to the north with
cooler average temperatures and higher habitat pro-
ductivity. 

Finally, extensive fragmentation of historical land-
scape patterns has occurred in lower elevation water-
sheds that support habitats of family 1 (Hann and
others 1997, Hessburg and others 1999). Broad-scale
departure as a result of fragmented ownership patterns,
high road densities, and timber harvest occurred in 8
of the 13 ERUs.

Restoration of source habitats will be difficult for
family 1 because the existing composition and struc-
ture of vegetation represents a substantial departure
from historical conditions. The current vegetation is
more susceptible to stand-replacing fires and increas-
ingly vulnerable to insect- and disease-related tree
mortality. These conditions may require active man-
agement to restore more desirable forest structure and
composition.

Other factors affecting the family—Roads may
facilitate a reduction in the density of large-diameter
trees and snags as habitat for family 1, as suggested
by the lower density of large-diameter trees, snags,
and logs associated with roaded areas (Hann and oth-
ers 1997). Roads also likely facilitate the legal and
illegal shooting of western gray squirrels in associa-
tion with increased human access provided by roads.

Issues and strategies for conservation—The follow-
ing issues and strategies for family 1 relate to declines
in source habitats and special habitat features.

Issues—

1. Basin-wide decline in late-seral interior and 
Pacific ponderosa pine and large (>53 cm [21 in])
overstory and emergent trees.

2. Basin-wide loss of large-diameter snags (>53 cm
[21 in]).

3. Declines in old-forest aspen and cottonwood/
willow.

4. Declines in shrub and herb understories of mon-
tane and lower montane forests in response to
increased density of small trees and downed wood,
litter, and duff.

5. Loss or decline of oak trees as a cover type and
within other cover types. 

6. Fragmentation of lower elevation landscape 
patterns.

7. Exclusion of light surface or underburn fires that
occurred frequently and extensively.

8. Broad-scale shift of family 1 habitats to environ-
ments with warmer average temperatures.

Strategies—The following strategies could be consid-
ered to address issues related to species belonging to
family 1: 

1a. (To address issue no. 1) Retain stands of interior
and Pacific ponderosa pine where old-forest condi-
tions are present, and manage to promote their
long-term sustainability through the use of pre-
scribed burning and understory thinning. 

1b.(To address issue no. 1) Primarily in the northern
parts of the basin where old forests have transi-
tioned to mid-seral stages, identify mid-seral
stands that could be brought into old-forest condi-
tions in the near future and use appropriate silvi-
cultural activities to encourage this development.

2. (To address issue no. 2) As a short-term strategy
retain all large-diameter (>53 cm [21 in] d.b.h.)
ponderosa pine, cottonwood, Douglas-fir, and 
western larch snags within the basin, preferably in
clumps, and provide opportunities for snag recruit-
ment throughout the montane and lower montane
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Figure 10—Trend in source habitats for family 2 within each of 2,562 watersheds in the interior Columbia basin. Trend for each
watershed is shown as one of three categories: increasing, decreasing, or no change. A watershed was classified as increasing if
>50 percent of the groups in a family increased in source habitats >20 percent, considering only those groups that occurred in
the watershed. A watershed was classified as decreasing if >50 percent of the groups in a family decreased in source habitats
>20 percent, considering only those groups that occurred in the watershed. Watersheds not classified as increasing or decreas-
ing were classified as no change. 
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communities. As a long-term strategy, conduct 
mid-scale assessment of species snag use and the
dynamics of snags in landscapes and adjust the
strategy or groups of subbasins.

3. (To address issue no. 3) Within all ERUs with 
cottonwood-willow stands, maintain existing old
forests, and identify younger stands for eventual
development of old-forest structural conditions.
Return natural hydrologic regimes to large river
systems, particularly in the Central Idaho Mountains,
Upper Snake, and Snake Headwaters ERUs where
large riparian cottonwood woodlands still remain. 

4. (To address issue no. 4) Rejuvenate and enhance
shrub and herb understory of lower montane com-
munity groups (old-forest ponderosa pine) in the
Northern Glaciated Mountains, Lower Clark Fork,
Upper Clark Fork, and Blue Mountains ERUs.
Throughout the range of the Lewis’ woodpecker,
allow some stand-replacing wildfires to burn in
lower montane wilderness and other lands man-
aged with a natural process emphasis (for example
designated wilderness, research natural areas, and
areas of critical environmental concern). Such
opportunities can be found particularly in the
Central Idaho Mountains, Blue Mountains, and
Snake Headwaters ERUs, and in western Montana.
Minimize mechanized harvest and site-preparation
activities that increase susceptibility to exotic and
noxious weed invasion, soil erosion, or high densi-
ties of tree regeneration.

5. (To address issue no. 5) Manage for the mainte-
nance and restoration of oak woodlands, particu-
larly along the eastern flank of the Cascade Range
within and between existing populations of western
gray squirrel. 

6. (To address issue no. 6) Look for opportunities to
acquire lands in lower elevation forest and forest-
rangeland mosaics. Close and restore excess roads
to reduce fragmentation of landscapes by roads.
Use thinning to repattern landscapes to a more
native condition. Where natural process areas occur,
prioritize road closures and restoration in adjacent
watershed to increase the interior core of habitats
with native patterns.

7. (To address issue no. 7) Continue a strategy of
wildfire suppression of stand-replacing fires except
where such fires would benefit habitat for Lewis’

woodpecker under the conditions specified in issue
no. 4. Use prescribed fire, timber harvest, and thin-
ning to change forest composition and structure to
reduce risk of stand-replacing wildfires and shift to
maintenance with prescribed underburn fires.

Family 2—Broad-Elevation, 
Old-Forest Family

Family 2 consists of 24 species of birds and mammals
within groups 4 to 13 (table 6). Example species are
marten, fisher, flammulated owl, northern goshawk,
pileated woodpecker, boreal owl, northern flying
squirrel, and black-backed woodpecker. Ranges of
each species in family 2 are shown in figures 12, 15,
18, 21, 24, 27, 30, 33, 36, and 39, volume 2.

Source habitats and special habitat features—All
species in family 2 use late-seral multi- and single-
layered stages of the montane community as source
habitats. Source habitats for some species also include
late-seral stages of the subalpine community or the
lower montane community, or both (table 11). In addi-
tion, source habitats for the northern flying squirrel
include the understory reinitiation stage of most cover
types within subalpine, montane, lower montane, and
riparian woodland communities. Source habitats for
family 2 overlap those of family 1 but encompass a
broader array of cover types and elevations than habi-
tats for family 1 (vol. 3, appendix 1, table 1). Species
of family 1 are primarily restricted to lower elevation
forests of interior Douglas-fir and ponderosa pine
forests.

Fifteen species in family 2 depend on snags for nest-
ing or foraging; four of these species also use down
logs to meet life requisites; four species also use large,
hollow trees (vol. 3, appendix 1, table 2). Downed
logs, lichens, and fungi of late-seral forests provide
habitat for many prey species of northern goshawk,
flammulated owl, boreal owl, great gray owl, fisher,
and marten (Gibilsco and others 1995, Hayward and
Verner 1994, Reynolds and others 1992, Thompson
and Colgan 1987). Stand-replacing, large burns and
other beetle-infested stands provide high concentra-
tions of prey (wood-boring beetles) for three-toed 
and black-backed woodpeckers (Koplin 1969).
Juxtaposition of early- and late-seral stages is needed
to meet all aspects of life functions for the silver-
haired bat, hoary bat, and great gray owl, which are
identified as contrast species (see “Glossary,” vol. 3).



76

Late-seral source habitats used by marten, fisher, and
boreal owl, however, may be negatively affected by
increased fragmentation brought about by juxtaposing
their need for late-seral habitats with early-seral habi-
tats (Hargis 1996, Hayward and Verner 1994, Jones
1991). Thus, the negative response of marten, fisher,
and boreal owl to juxtaposition of their source habitats
with forest openings versus the positive response of
silver-haired bat, hoary bat, and great gray owl to
these same conditions must be considered when man-
aging the spatial arrangement of early- versus late-
seral habitats for species in family 2. 

Broad-scale changes in source habitats—Source
habitats for family 2 declined in most watersheds.
Basin-wide, 59 percent of watersheds exhibited
declining trends, 28 percent increased, and the remain-
ing 13 percent were neutral (fig.10). Watersheds with
declining trend were concentrated in the northern part
of the basin and in the Snake River drainage; those
with increasing trend were mostly in the south-central
and southwestern areas of the basin (fig. 10). The
Northern Cascades, Northern Glaciated Mountains,
Lower Clark Fork, Upper Clark Fork, Upper Snake,
and Snake Headwaters ERUs had declining trends in
more than 50 percent of their watersheds (table 12).
The Blue Mountains, Central Idaho Mountains, and
Columbia Plateau had predominantly neutral trends,
but nevertheless, each of these ERUs had a substantial
percentage of watersheds with declining trends: 47
percent in the Blue Mountains, 43 percent in the
Central Idaho Mountains, and 44 percent in the
Columbia Plateau (table 12). Watersheds with increas-
ing trends were concentrated in the Upper Klamath
and Northern Great Basin ERUs (table 12; fig. 10).
Abundance of source habitats in the Northern Great
Basin, however, was minor as there are few water-
sheds within this ERU that contain source habitats 
for family 2. 

Although source habitats for family 2 declined in most
watersheds, not all species-level trends for members of
family 2 exhibited a declining trend. Exceptions were
three-toed woodpecker, Vaux’s swift, great gray owl,
and woodland caribou (tables 7, 8). Source habitats
for the three-toed woodpecker exhibited positive
trends, and those of the woodland caribou and great
gray owl were neutral primarily because their habitats
do not include the lower elevation old forests of Sierra
Nevada mixed-conifer, western white pine, or pon-
derosa pine (vol. 3, appendix 1, table 1), which gener-
ally declined more than upper elevational cover types

(vol. 3, appendix 1, table 4). Source habitats of the
Vaux’s swift were neutral primarily because of its
unique combination of source habitats and range dis-
tribution. That is, Vaux’s swift uses only the montane
terrestrial community, which had a mixture of declin-
ing and increasing trends in areal extent basin-wide
(Hann and others 1997; vol. 3, appendix 1, table 4),
and its range does not include the Snake Headwaters
and Upper Snake ERUs (vol. 2, fig. 18), where signif-
icant declining trends were projected for family 2. 

Primary causes for habitat trends and the associated
ecological processes—Timber harvest techniques,
exclusion of fire, and resulting changes in insect and
disease infestation dynamics are the primary causes
for trends in source habitats for family 2. Suppression
of wildfires has resulted in a shift in stand composi-
tion from shade-intolerant to shade-tolerant species
within lower montane, montane, and subalpine com-
munities. Timber harvest activities have had a similar
effect, favoring the removal of shade-intolerant tree
species (such as western larch, western white pine,
and ponderosa pine), and the retention and growth 
of shade-tolerant understories, which are more suscep-
tible to fire, insect, and disease (such as grand fir,
western redcedar, western hemlock, and Douglas-fir). 

Declines in source habitats were particularly associated
with late-seral lower montane single-layer forest,
which was projected to have had an 80-percent
decline in areal extent since the historical period and
with late-seral subalpine multi-layer forest, which had
a projected decline of 64 percent (Hann and others
1997). Although of less magnitude, declines also
occurred in late-seral forests of the montane and sub-
alpine terrestrial communities. There was an ecologi-
cally significant increase in the late-seral single-layer
subalpine community, but this only affected a rela-
tively small area. The areal extent of late-seral lower
montane, montane, and subalpine forests were found
to be below their historical minimum in 78, 59, and
63 percent of the subbasins, respectively (Hann and
others 1997).

There was a substantial spatial shift from historical to
current in the distribution of family 2 habitat that was
somewhat similar to that of family 1 (see fig. 10). As
with family 1, the areas with neutral or increasing
trends were generally in the southern part of the basin,
whereas the areas with decreasing trends were farther
north. Patterns of family 2 are not, however, identical
to those for family 1. Family 2 habitats often increased
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where family 1 habitats were neutral. This is generally
because successional processes are more rapid in the
montane and subalpine environments than they are in
lower montane environments, so these habitats for
family 2 responded more quickly to fire suppression
than those for family 1. 

As with family 1, the areas of greatest decline are to
the north or in the high elevations of the Snake Head-
waters where the combination of timber harvest, fire
exclusion, and insect-disease mortality of stressed trees
is causing a shift to mid-seral or early-seral forests.
The area of greatest increase was in the Upper Klamath
where there were vast increases in both single-layer
and multi-layer montane old forests (Hann and others
1997). These late-seral forests in the Klamath, how-
ever, have been extensively affected by selective har-
vest and fire exclusion and may not have old-forest 
characteristics at the mid scale (Hessburg and others
1999). 

Other factors affecting the family—Roads increase
human access into source habitats and have the poten-
tial to negatively affect most species in family 2.
Fourteen species in family 2 rely on snags for nesting
and foraging, and snag densities are lower in roaded
versus unroaded areas of the basin (Hann and others
1997). Survival of marten and fisher can decline
because of fur harvesting if trapping is not regulated
carefully (Fortin and Cantin 1994, Jones 1991, Quick
1956). Roads potentially increase trapping pressure on
marten and fisher, resulting in significantly higher
captures in roaded versus unroaded areas (Hodgman
and others 1994) and in logged versus unlogged areas
(Thompson 1994). Roads also increase mortality of
woodland caribou. Fatal collisions with automobiles
occur on open roads in woodland caribou habitat
(Scott and Servheen 1985). A high percentage of the
annual mortality in the 1980s was attributed to illegal
harvest by hunters and poachers (Scott and Servheen
1985), and both legal and illegal take of other ungu-
late species have been facilitated by road access (for
example, Cole and others 1997).

Patterns of road density also are associated with
departures from the historical landscape patterns.
Broad-scale landscape patterns were found to be high-
ly fragmented in correlation with low to moderate ele-
vation and proximity to moderate or higher road
densities (Hann and others 1997). Fragmentation and
substantial declines of the late-seral lower montane

forests, simplification of the montane forest, and frag-
mentation of the subalpine forest resulted in broad-
scale departures from historical landscape patterns for
8 of the 13 ERUs (Hann and others 1997).

Issues and strategies for conservation—The primary
issues for family 2 relate to source habitats, special
habitat features, and road-related human disturbances.

Issues—

1. Declines in late-seral forests of subalpine, mon-
tane, and lower montane communities and associ-
ated attributes such as large trees, large snag, large
down logs, lichen, and fungi.

2. Tradeoffs between source habitats for species in
family 2 and habitats for species in family 1. 

3. Balancing the fragmentation of late-seral habitats
for marten, fisher, and boreal owl versus juxta-
position of early- and late-seral habitats for silver-
haired bat, hoary bat, and great gray owl.

4. Broad-scale departures from historical landscape
patterns.

5. Negative effects of road-related human activities.

6. Reduction in the extent of frequent, light under-
burning and light surface fires.

Strategies—The following strategies could be consid-
ered to address issues related to species belonging to
family 2. It is important that source habitats for both
families 1 and 2 be considered together in the design
of conservation strategies. For example, efforts to
restore the composition and structure of lower mon-
tane forests may involve thinning or the use of fire in
areas where shade-tolerant species now dominate.
Such areas currently serve as source habitats for many
species in family 2. Consequently, the maintenance of
an appropriate network of these habitats would be
essential for restoring lower montane forests in a
manner that provides for both families.

The historical ranges of area covered by these habitats
could be used as one guide to establishing this balance
(Hann and others 1997). In addition, the disturbance
processes that create and maintain these habitats could
be considered in determining where habitats are to be
maintained. Sites where shade-tolerant species are at
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lower risk of broad-scale loss because of insects, dis-
ease, and fire could be managed to maintain those
habitats for family 2, whereas areas prone to frequent
disturbance could be managed to simulate the disturb-
ance processes that historically maintained the compo-
sition and structure of lower montane forests and
thereby benefit family 1.

A similar strategy could be used in the ERUs where
habitat has clearly increased for both families, such as
parts of the Southern Cascades, Upper Klamath, and
Northern Great Basin. Here, both families would ben-
efit from retention of a network of old-forest habitats
with management also aimed at increasing the extent
of fire-maintained communities. 

The following strategies have been developed to
address issues related to the species in family 2, for
application in a spatial context that also meets the
needs of family 1, as described above. 

1a. (To address issue no. 1) Retain stands of late-seral
forests in the subalpine, montane, and lower mon-
tane communities; actively manage to promote
their long-term sustainability; and manage young
stands to develop late-seral characteristics. In the
Southern Cascades and Upper Klamath ERUs, pre-
scribed burns and understory thinning may be
required to avoid loss of late-seral forests. In the
Northern Glaciated Mountains, Lower Clark Fork,
Upper Clark Fork, Upper Snake and Snake
Headwaters ERUs, it may be necessary to identify
mid-seral forests in the lower montane community
that could be brought to late-seral conditions
because late-seral lower montane forests that can
be mapped at the broad scale have been eliminat-
ed in these areas.

1b.(To address issue no. 1) As a short-term strategy,
retain all large-diameter (>53 cm [21 in] d.b.h.)
snags and large trees in the subalpine, montane,
and lower montane communities, preferably in
clumps, and provide opportunities for snag recruit-
ment. As a long-term strategy, conduct mid-scale
assessment to determine biophysical snag dynam-
ics at a watershed scale and adjust the strategy by
subbasin or groups of subbasins.

1c. (To address issue no. 1) Include family 2 conser-
vation within a larger, ecosystem context that
addresses management of primary cavity nesters

and the small-mammal prey base for species 
within family 2. This includes maintenance of 
old-forest attributes such as coarse woody debris,
fungi, and lichens.

2. (To address issue no. 2) Integrate the short-term
strategy for conservation of current family 2 habi-
tat with conservation of current family 1 habitat
through mid-scale step-down assessment. Concur-
rently, develop a long-term strategy to repattern
watersheds basin-wide to a mosaic of sustainable
levels of family 1 and family 2 habitats.

3. (To address issue no. 3) Increase connectivity of
disjunct habitat patches and prevent further reduc-
tion of large blocks of contiguous habitat. For
martens and fishers, provide large contiguous
areas of forested habitat at the home range scale.
Notably, these species are generally not affected
by forest openings less than about 120 m (390 ft)
wide (Hargis and McCullough 1984, Koehler and
Hornocker 1977), so large contiguous areas with
small forest openings would also benefit the
species with contrasting habitat needs: silver-
haired bat, hoary bat, and great gray owl. For 
boreal owls, evaluate the links among subpopula-
tions and use that information to identify areas that
are highest priority for retention and restoration 
of habitat. This is of particular concern in the
Northern Glaciated Mountains, Upper Clark Fork,
and Lower Clark Fork ERUs, where reduction in
the extent of source habitats has increased the 
isolation of remaining habitat patches. 

4. (To address issue no. 4) Integrate a long-term 
strategy to repattern forest and forest-range land-
scape mosaics at the watershed scale through mid-
scale step-down assessment. Develop patterns that
consider issue no. 3 (fragmentation) in context
of historical patterns as well as the biophysical
succession-disturbance regimes. 

5. (To address issue no. 5) Minimize or avoid road
construction within late-seral forests. Obliterate or
restrict use of roads after timber harvests and other
management activities. Give special consideration
to obliteration of roads that would help reduce
poaching of caribou.

6. (To address issue no. 6) Continue a strategy of wildfire
suppression in most managed forests while allowing
stand-replacing wildfires to burn in wilderness areas,
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The blue grouse is considered a contrast species
(vol. 3, appendix 1, table 2) because the species
requires a juxtaposition of forest and nonforest vege-
tation structure to meet all aspects of its ecology (see
“Glossary,” vol. 3, for definition of contrast species
and related terms). Blue grouse nest on the ground but
use trees for roosting and flush into trees when dis-
turbed. Breeding areas are generally on the forest/shrub
interface (Zwickel 1992).

Broad-scale changes in source habitats—Trends in
source habitat extent differ across the basin for family
3, with neutral trends predominating. Within all water-
sheds having source habitats, 22 percent exhibited
declining trends, 32 percent had increasing trends, 
and 46 percent were neutral (fig. 11). Six ERUs had
increasing trends in >50 percent of watersheds, six
had neutral trends, and only the Upper Clark Fork
ERU had predominantly decreasing trends (table 12).
Increasing trends were mostly in the south and cen-
tral ERUs: the Southern Cascades, Upper Klamath,
Northern Great Basin, Columbia Plateau, Blue
Mountains, and Upper Snake ERUs (fig. 11, table 12).

Although the overall extent of source habitats for 
family 3 changed little since the historical period,
there were notable changes in the extent of terrestrial
community types that compose source habitat. Within
the lower montane community, ecologically signifi-
cant declines were projected basin-wide for early- and
late-seral stages, but these were partially offset by
ecologically significant increases in mid-seral lower
montane forests (Hann and others 1997). There also
were contrasting trends among the various structural
stages of the subalpine community: ecologically sig-
nificant decreases in late-seral multi-layer forests, and
ecologically significant increases in late-seral single-
layer and early-seral forests. Within the montane com-
munity, mid-seral structures exhibited ecologically
significant increases throughout the basin, whereas
there were declines in both early- and late-seral struc-
tures (Hann and others 1997). The Upper Clark Fork
had declining trends in 71 percent of watersheds
(table 12) because seven of nine communities with
significantly declining trends decreased by more than
80 percent, and these declines were only partially off-
set by increases in mid-seral forests (Hann and others
1997). 

areas of critical environmental concern (ACECs),
and other natural process areas. Stand-replacing
wildfires in such natural process areas are of par-
ticular benefit to black-backed and three-toed
woodpeckers. In managed areas, use prescribed
fire, timber harvest and thinning to change forest
composition and structure to reduce risk of stand-
replacement wildfires and loss of large emergent
trees and overstory trees to benefit other species in
family 2. Shift fire regimes to mixed fire behavior
(as defined by Hann and others 1997), underburns,
and creeping-irregular disturbance events through
use of prescribed fire.

Family 3—Forest Mosaic Family

Family 3 is composed of groups 14 through 17 and
consists of 6 species: the hermit warbler, pygmy
shrew, wolverine, lynx, blue grouse (summer habitat
only), and mountain quail (summer) (table 6). Ranges
of these species are shown in figs. 39, 42, 45, 48, and
51, volume 2. 

Source habitats and special habitat features—
Species within this family tend to be habitat general-
ists in montane forests; most species also use subalpine
forests, lower montane forests, or riparian woodlands
as source habitats (table 11). The blue grouse and
mountain quail are the only species in this family that
use upland shrublands, and during summer, the blue
grouse also uses upland herblands. Source habitats
generally include all structural stages.

Downed logs are a special habitat feature for the
wolverine and lynx because they serve as potential
resting and denning sites (vol. 3, appendix 1, table 2).
Wolverines also have been found to use talus slopes as
denning sites (Copeland 1996), and therefore talus is
considered a special habitat feature for this species.

Special habitat features for the mountain quail are the
shrub-herb understory in forest communities and
shrub-herb riparian vegetation (vol. 3, appendix 1,
table 2). Areas with abundant shrubs in the understory
are used for cover as well as forage (Brennan and oth-
ers 1987, Zwickel 1992). Riparian areas appear to be
preferred, because mountain quail within the basin are
primarily found within 100 to 200 m (328 to 656 ft)
of a water source (Brennan 1989).
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Figure 11—Trend in source habitats for family 3 within each of 2,562 watersheds in the interior Columbia basin. Trend for each
watershed is shown as one of three categories: increasing, decreasing, or no change. A watershed was classified as increasing if
>50 percent of the groups in a family increased in source habitats >20 percent, considering only those groups that occurred in
the watershed. A watershed was classified as decreasing if >50 percent of the groups in a family decreased in source habitats
>20 percent, considering only those groups that occurred in the watershed. Watersheds not classified as increasing or decreas-
ing were classified as no change. 
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Primary causes for habitat trends and the associated
ecological processes—Although forest habitats as a
whole for the forest mosaic family did not show sig-
nificant broad-scale change from historical to current
periods, there were substantial changes in community
structure and spatial distribution. Early- and mid-seral
montane forests were influenced by cycling disturb-
ance regimes that moved mid-seral to early-seral con-
dition while early-seral forest succeeded to mid-seral
condition. Because of these transitions, much of the
current early-seral forest lacks the historical structure,
which included large snags and large emergent trees
that survived crown fires, clumps of upland trees that
survived because of mixed fire behavior, narrow
stringers of old-forest structure in riparian, and large
down logs (Hann and others 1997, Hessburg and 
others 1999). In essence, timber harvest practices sub-
stantially simplified the fine-scale attributes of early-
seral patches. In addition, harvested early-seral areas
have more disturbed soil and are more heavily infest-
ed by exotic plants such as Canada thistle and spotted
knapweed instead of native understory herbs and
shrubs. 

Because much of this change in forest structure 
resulted from management activity, the change can 
be correlated with road density. Mid-seral patches in
areas of moderate to high road densities declined in
densities of large trees, large snags, and large down
logs, but increased in small tree density, small down
wood, and litter-duff depths (Hann and others 1997,
Hessburg and others 1999). In contrast, mid-seral
patches in areas of low road densities still retained the
large emergent tree, large snag, and large down log
components but had similar trends of increased small-
tree density, small down wood, and litter-duff depth.
These changes in fine-scale components of mid-seral
patches in proximity to roads were attributed to a
complex combination of timber harvest, woodcutting,
fire exclusion, blister rust mortality of western white
pine and whitebark pine, and increased insect-disease
tree mortality that resulted from harvest-induced
changes in tree composition to more susceptible
species (Hessburg and others 1999). Changes in areas
of low road densities or unroaded areas were attrib-
uted primarily to fire exclusion, effects of blister rust
mortality, and increased insect-disease mortality
because of competition-induced stress from high
small-tree densities.

Another significant transition from the historical to
current period was the shift of fire-maintained upland
herbland to mid-seral lower montane forests (1.3 per-
cent basin-wide) (Hann and others 1997). The analysis
of Hessburg and others (1999) and Hann and others
(1997) indicated that the fire-maintained upland
herbland was typically a savannah with scattered large
ponderosa pine and Douglas-fir trees and snags. The
shift of this type to relatively dense, stressed mid-
seral ponderosa pine and Douglas-fir was attributed
primarily to fire exclusion and excessive livestock
grazing, which decreased the competitive ability of
the native grasses.

A substantial spatial shift also occurred from historical
to current periods in the distribution of habitats for
family 3 (fig. 11). Watersheds with decreasing trends
generally occurred to the north and east in a mosaic
with watersheds that showed no change. The increases
generally occurred to the south and west. In the North
Cascades and Northern Glaciated Mountains ERUs,
some watersheds with increasing trends were scattered
in a mosaic with watersheds with neutral trends.

Early-seral lower montane and montane departure
classes with less than the historical range of variabili-
ty (HRV) minimum occurred in 79 and 44 percent of
subbasins, respectively, whereas early-seral subalpine
forests occurred above the HRV maximum in 56 per-
cent of subbasins (Hann and others 1997). Mid-seral
lower montane, montane, and subalpine communities
had levels of subbasin departure greater than the 
historical maximum for 58, 57, and 30 percent,
respectively. Late-seral lower montane, montane, and
subalpine had levels of subbasin departure lower than
the historical minimum for 78, 59, and 63 percent,
respectively. 

Of particular pertinence to habitats for family 3 was
the fact that departure of landscape mosaic pattern
was high in 8 of the 13 ERUs for the current period
compared to the historical period (Hann and others
1997). Broad-scale mosaic patterns were moderately
fragmented in 5 of the 13 ERUs, whereas moderately
simplified in 7 of 13 ERUs. The implication for family 3
forest habitat generalists is that fragmented landscapes
could lack adequate connectivity, whereas simplified
landscapes could lack important structural compo-
nents. This trend is supported by the terrestrial com-
munity departures discussed earlier, which indicate
that subbasins typically have less diversity and even-
ness (simplified) of communities than historically.
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Other factors that have negatively impacted riparian
shrublands are historical livestock grazing practices,
agriculture, excessive recreational use, encroachment
of exotic plants, and road construction (Brennan 1990,
Murray 1938, Vogel and Reese 1995). Basin-wide
analysis of riparian vegetation found significant
changes, including widespread declines in riparian
shrublands (Lee and others 1997, Quigley and others
1996). Because of the scale of our analysis and the
fine-scale nature of riparian shrubland habitats, the
results of our analysis likely do not reveal the true
loss in this important habitat component for mountain
quail. 

Issues and strategies for conservation—At the
broad-scale, source habitats for family 3 have not
declined to the extent observed for families 1 and 2
because the species in this family are capable of using
a wider variety of cover types and structural stages
than the species in the two old-forest families.
Conservation strategies proposed for families 1 and 2
generally will benefit broad-scale habitats for family 3.
There are additional issues and strategies relative to
quality of habitat and effects of changes in landscape
pattern and simplification of forests. The following
issues and strategies are provided:

Issues—

1. Potentially negative impacts of human disturbance
on wolverine and lynx populations.

2. Loss of riparian shrubland for mountain quail at
finer scales than this broad-scale assessment.

3. Changes in landscape pattern and simplification of
forests across subbasins, within subbasins and
watersheds, and within terrestrial communities.

Strategies—The following strategies could be consid-
ered to address issues related to species belonging to
family 3:

1a. (To address issue no. 1) Provide large areas with
low road density and minimal human disturbance
for wolverine and lynx, especially where popula-
tions are known to occur. Manage human activities
and road access to minimize human disturbance in
areas of known populations. 

The patterns of some subbasins are more fragmented
(more and smaller patches), whereas other subbasins
are more homogeneous. The mid-scale assessment of
Hessburg and others (1999) confirmed a similar trend
at the watershed scale.

Family 3 may be one of the best families to use as an
indication of context for forests of the basin. The lack
of overall change in amount of forests could indicate
that the general decline of some species in this family
may not be habitat-related. Some members of the
family may have declined, in part, because of hunt-
ing, trapping, or other negative interactions with
humans. It is also plausible, however, that the pop-
ulation declines are partially a result of change in
landscape pattern and simplification of several forest
attributes that have occurred, and continue to occur
across the basin, among subbasins, and within sub-
basins, watersheds, and terrestrial communities. 

Other factors affecting the family—Trapping can 
be a significant source of mortality for wolverine
(Banci 1994) and lynx (Bailey and others 1986,
Carbyn and Patriquin 1983, Mech 1980, Nellis and
others 1972, Parker and others 1983, Ward and Krebs
1985). Currently in the basin, wolverine can be
trapped in Montana (Banci 1994). Increased roads
have provided trappers greater access to lynx and
wolverine populations. 

Other forms of human disturbance such as heliskiing,
snowmobiles, backcountry skiing, logging, hunting,
and summer recreation have been suggested as having
potentially negative effects on wolverines and lynx,
but the effects are not well documented (Copeland
1996, Hornocker and Hash 1981, ICBEMP 1996c,
Koehler and Brittell 1990). Most of these recreational
activities occur, however, in high-elevation areas used
as denning sites by wolverine, and production of
young at denning sites is considered a primary factor
limiting wolverine population growth (Copeland 1996,
Magoun and Copeland 1998).

Low-elevation riparian shrub habitat is of primary
importance to quail, especially during severe winters.
Hydroelectric impoundments along the Columbia
River and its tributaries have eliminated thousands of
acres of habitat by flooding low-elevation, primarily
winter, habitat for mountain quail (Brennan 1990).



83

Glaciated Mountains, Lower Clark Fork, Upper Clark
Fork, and Upper Snake (table 12). Habitats increased
in at least 50 percent of watersheds in the Northern
Cascades, Snake Headwaters, and Central Idaho
Mountains. Trends were mixed in the Southern
Cascades and Owyhee Uplands ERUs.

Ecologically significant increases occurred in early-
seral subalpine forests in all three ERUs with positive
trends, and early-seral montane forests increased in
two of them (Hann and others 1997). Within the eight
ERUs that showed overall declines in source habitats,
early-seral lower montane forests underwent ecologi-
cally significant declines in all of them, and early-
seral montane forests declined in five of them.

Primary causes for habitat trends and the associated
ecological processes—Fire suppression and the fre-
quency and rate of timber harvest are the main causes
for the widespread, strong decline in early-seral
source habitats for family 4. In particular, Hann and
others (1997) found a substantial basin-wide decline
of early-seral lower montane forests (-77 percent) and
a slight decline in early-seral montane (-8 percent). In
addition, Hann and others (1997) found high levels of
HRV departure for early-seral habitats in lower mon-
tane and montane forests, reflecting a combination of
intensive timber harvest, fire suppression, roading,
and invasion of exotic plants. This high HRV depar-
ture in early-seral habitats was associated with a sub-
stantial reduction in patch size and habitat quality
(Hessburg and others 1999).

Spatial trends in source habitats for lazuli bunting
resulted from variable types and intensities of timber
harvest concurrent with fire suppression across the
basin. Recent timber harvest has increased areas of the
stand initiation stage in some areas, whereas fire sup-
pression has tended to decrease area of the stand initi-
ation stage to a much larger extent (Hann and others
1997). 

Trends for family 4 were spatially disjunct (fig. 12).
Increases occurred in the Northern Cascades, Central
Idaho Mountains, and Snake Headwaters in response
to wildfires and some timber harvest. Decreases
occurred throughout much of the rest of the basin in
response to the overwhelming effects of fire exclu-
sion, with few watersheds showing a neutral response.

1b.(To address issue no. 1) Manage wolverine and
lynx in a metapopulation context, and provide ade-
quate links among existing populations. Areas sup-
porting dispersal likely would not require the same
habitat attributes needed to support self-sustaining
populations (Banci 1994).

2. (To address issue no. 2) Maintain and restore 
riparian shrublands through restoration of histori-
cal hydrologic regimes where feasible, through
control of livestock grazing, and through better
management of roads and recreation. 

3. (To address issue no. 3) Conduct mid-scale step-
down assessment of current conditions relative to
landscape departure patterns of succession-distur-
bance regimes. Focus short-term restoration of
watersheds on those that depart greatly from suc-
cession-disturbance regimes, that do not contain
susceptible populations of species of high conser-
vation concern, and that are at high risk of loss of
biophysical capability. In such watersheds, contin-
ue suppression of stand-replacing, high-severity
wildfires, and initiate prescribed fire appropriate to
the biophysical succession-disturbance regime and
timed to protect biophysical capability.

Family 4—Early-Seral Montane 
and Lower Montane Family

This family has one member, the lazuli bunting 
(group 18). Its range is shown in vol. 2, figure 54. 

Source habitat and special habitat features—The
lazuli bunting was assigned a separate family because
of its unique dependence on early-seral, shrub-domi-
nated conditions in forested environments. Source
habitats for the family were defined as the stand initi-
ation stages of subalpine, montane, lower montane,
and riparian woodland communities (table 11; vol. 3,
appendix 1, table 1). Most cover types that serve as
source habitat are in the montane community. 

Broad-scale changes in source habitats—Source
habitats declined in 60 percent of watersheds basin-
wide between the historical and current periods 
(fig. 12). Seven percent of watersheds had neutral
trends, and 33 percent had increasing trends. At least
50 percent of watersheds had decreasing trends in
eight ERUs: Upper Klamath, Northern Great Basin,
Columbia Plateau, Blue Mountains, Northern
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Figure 12—Trend in source habitats for family 4 within each of 2,562 watersheds in the interior Columbia basin. Trend for each
watershed is shown as one of three categories: increasing, decreasing, or no change. A watershed was classified as increasing if
>50 percent of the groups in a family increased in source habitats >20 percent, considering only those groups that occurred in
the watershed. A watershed was classified as decreasing if >50 percent of the groups in a family decreased in source habitats
>20 percent, considering only those groups that occurred in the watershed. Watersheds not classified as increasing or decreas-
ing were classified as no change. 
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1. (To address issues no. 1 and no. 2) Restore fire as 
an ecological process in the montane and lower
montane community groups.

2. (To address issues no. 1 and no. 2) Implement sil-
vicultural strategies and practices that result in
composition and structure of vegetation that mimic
effects of historical fire regimes.

3. (To address issue no. 3) Allow natural development
of early-seral and postfire habitats to increase the
representation of early-seral shrubs where appro-
priate for the biophysical environment. Change
reforestation goals to allow for development and
maintenance of postfire habitats that are dominated
by shrubs and herbs.

Family 5—Forest and Range 
Mosaic Family

Family 5 consists of groups 19, 20, 21, and 22, which
include the gray wolf, grizzly bear, mountain goat,
long-eared owl, and two subspecies of bighorn sheep
(table 6). Ranges of these species are shown in figures
57, 60, 63, and 66, volume 2.

Source habitats and special habitat features—
Species in family 5 use a broad range of forest, wood-
lands, and rangelands as source habitats (table 11; vol.
3, appendix 1, table 1). Source habitats include all ter-
restrial community groups except for exotics and agri-
culture. The Rocky Mountain and California bighorn
sheep differ from other family members in that they
do not use habitats in the montane, lower montane,
and upland woodland community groups. The long-
eared owl also does not use alpine or subalpine com-
munity groups as source habitats. 

The long-eared owl is considered a contrast species,
requiring a juxtaposition of contrasting vegetation
structures to meet all life history needs (vol. 3, appen-
dix 1, table 2). Where forests are adjacent to open
areas, trees are typically used for nest sites. Where
forests are not present, nests are placed in tall shrubs
(Holt 1997). Special habitat features for the mountain
goat and both subspecies of bighorn sheep are cliffs,
talus, and shrub/herb riparian vegetation (vol. 3,
appendix 1, table 2). Cliffs provide important escape
terrain, and shrub/herb riparian vegetation provides
high-quality forage for these mountain-dwelling herbi-
vores. No special habitat features were identified for

In general, declines occurred in the more mesic envi-
ronments with milder temperatures and higher produc-
tivity. By contrast, increases occurred in environments
with cooler average temperatures and lower produc-
tivity.

Of particular concern relative to the early-seral 
structure is the finding of Hann and others (1997) and
Hessburg and others (1999) that current conditions do
not resemble historical conditions at a patch scale.
Early-seral communities historically were found to
have scattered large tree emergents that survived
stand-replacing and mixed-fire events as well as large-
and medium-size snags. Current early-seral communi-
ties commonly are now devoid of large tree emergents
and snags, have comparatively high levels of dis-
turbed soil, and contain exotic weeds. In addition,
the commonly used 5-year regeneration objective of
accelerating the regeneration process by planting may
have shortened the time that stands remain in the
early-seral stage (Hann and others 1997). Planting in
postfire habitats also shortens the duration of the
stand-initiation stage. The practice of planting also
reduces the abundance of herb, forb, and shrub struc-
ture from early-seral stands.

Other factors affecting the family—Hutto (1995)
found that lazuli buntings demonstrated a strong 
positive response to early successional burned forests
resulting from stand-replacing fires in western
Montana and northern Wyoming. In addition, lazuli
buntings are Neotropical migrants and thus are affected
by factors outside of their breeding habitat within the
basin.

Issues and strategies for conservation—The 
primary issues and strategies for family 4 relate to
declines in source habitats.

Issues—

1. Reduction in early-seral terrestrial communities.

2. Altered frequency of stand-replacement fires.

3. Reduction of shrubs in early-seral vegetation
types.

Strategies—The following strategies could be consid-
ered to address issues related to species belonging to
family 4. Four broad-scale strategies would be effec-
tive in improving habitat for lazuli buntings and other
postfire-dependant species:
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Figure 13—Trend in source habitats for family 5 within each of 2,562 watersheds in the interior Columbia basin. Trend for each
watershed is shown as one of three categories: increasing, decreasing, or no change. A watershed was classified as increasing if
>50 percent of the groups in a family increased in source habitats >20 percent, considering only those groups that occurred in
the watershed. A watershed was classified as decreasing if >50 percent of the groups in a family decreased in source habitats
>20 percent, considering only those groups that occurred in the watershed. Watersheds not classified as increasing or decreas-
ing were classified as no change. 
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the gray wolf or grizzly bear, although the grizzly bear
also seeks talus areas and shrub/herb riparian vegeta-
tion for high-quality forage during summer.

Broad-scale changes in source habitats—Basin-
wide, 51 percent of watersheds had stable trends in
source habitats, 35 percent had decreasing trends, and
14 percent had increasing trends (fig. 13). The greatest
declines were in the Lower Clark Fork ERU, where
82 percent of watersheds showed declines (table 12).
Other ERUs with decreasing trends in >50 percent of
watersheds were the northern half of the Columbia
Plateau, Upper Clark Fork, and Upper Snake ERUs.
Increasing trends for family 5 were mostly in the
Upper Klamath and Central Idaho Mountains ERUs
and in portions of the Northern Glaciated Mountains
ERU (fig. 13), but the average trends in all three
ERUs was neutral (table 12).

Primary causes for habitat trends and the associated
ecological processes—Trends were spatially disjunct
and correlated with human-caused effects. Declines
occurred in correlation with invasion of exotic plants
and agriculture and urban development in environ-
ments with generally longer growing seasons and
more productive soils. Neutral areas occurred pri-
marily in the rangelands, dry forest, or cold forest
where productivity is lower and thus where less agri-
cultural and urban development occur. Cover type and
structural stage transitions in the montane and lower
montane community groups resulted in no net change
in source habitats for family 5. For example, extensive
declines in old-forest structural stages of all forest
cover types have occurred (Hann and others 1997),
but these losses have been offset by increases in mid-
seral stages that also serve as source habitats for the
gray wolf, grizzly bear, long-eared owl, and to a less-
er extent, the mountain goat. Bighorn sheep do not
use most structural stages of forest cover types, so the
structural transitions that occurred did not affect
their source habitat. Ecologically significant losses
of all structural stages occurred in western white pine,
whitebark pine, western larch, and limber pine (Hann
and others 1997).

Within nonforest terrestrial communities, upland 
herbland and upland shrubland have strongly declined,
whereas three new terrestrial communities, urban,
agriculture, and exotic herbland, have emerged since
the historical period (Hann and others 1997), none of
which serves as source habitat for this family.

Source habitat declines in the Columbia Plateau and
Upper Snake ERUs were attributed primarily to the
conversion of upland shrubland and upland herbland
to agriculture (Hann and others 1997). Currently, 42
percent of the Columbia Plateau and 36 percent of the
Upper Snake ERU are now in agriculture. Similar
transitions occurred in the Lower and Upper Clark
Fork ERUs, although the areal extent of the transitions
was less.

Of particular relevance to habitats for family 5 is the
fact that forest and range landscape patterns have
changed extensively across the basin (Hann and others
1997, Hessburg and others 1999). The spatial redistrib-
ution of forest and range terrestrial communities has
resulted in 80 percent of all subbasins being below the
minimum for HRV for one or more forest or range ter-
restrial communities. Only 2 percent of landscape pat-
terns were projected to have patterns consistent with
the biophysical succession-disturbance regime across
all ownership and 5 percent on FS- and BLM-adminis-
tered public lands. Forest landscape patterns have
highly fragmented mosaics but simplified patch com-
position and structure in roaded areas, whereas unroad-
ed areas were more simplified in both mosaic and
patch composition and structure. Rangelands were
more simplified in both mosaics (except in areas of
exotic plant invasion) and patch composition and
structure. Forest-rangeland landscapes responded
somewhat similar to forest landscapes but with higher
diversity of types. These changes in landscape patterns
may have substantially changed foraging and other life
functions for species in family 5, which may have con-
tributed to the substantial range contractions that have
occurred for all species in this family (vol. 2, figs. 57,
60, and 66) with the exception of the long-eared owl
(fig. 63, vol. 2).

Other factors affecting the family—Human disturb-
ance is a primary factor affecting most species in fam-
ily 5. Most mortalities of the gray wolf and grizzly
bear are due to humans. About 84 percent of all
known mortalities of wolves on the Montana-British
Columbia-Alberta border were human-caused
(Pletscher and others 1997), and in the northern
Rockies, 85 to 94 percent of all deaths (1974-96) of
marked grizzly bears >1 year old were due to humans
(Mattson and others 1996b). Additionally, human activ-
ities result in the displacement of wolves and grizzly
bears from otherwise high-quality habitat (Mace and



others 1996, Mladenoff and others 1995), and human
developments cause habitat fragmentation (Noss and
others 1996). 

Mountain goats and bighorn sheep are not subjected
to the same negative attitudes as wolves and grizzly
bears, but they are nevertheless highly susceptible 
to hunting, both legal and illegal (Johnson 1983,
Matthews and Coggins 1994). Also, human activities
such as recreational hiking, road construction, timber
harvesting, and mining can cause physiological stress
and displacement from habitats (Chadwick 1972,
Hamilton and others 1982, Hicks and Elder 1979,
Johnson 1983, Joslin 1986, MacArthur and others
1982). Of all species in family 5, the long-eared owl
seems to be the least affected by direct human 
disturbances. 

All species in family 5 except for the long-eared owl
are considered road-sensitive because the negative
impacts from human activities often are increased
where roads are present. A disproportionate number
of human-caused mortalities occur near roads, both
for wolves (Mech 1970) and grizzly bears (Mattson
and others 1996b). Roads, particularly highways, have
been documented as a source of mortality for moun-
tain goats through vehicle collisions (Singer 1978).
Also, roads increase hunter access for both mountain
goat and bighorn sheep herds (Johnson 1983).

The condition of habitats for bighorns and mountain
goats has been altered over the last century because 
of changes in historical fire regimes. Fire suppression
has resulted in an increase in the density of trees in
formerly open stands, reducing forage quantity, forage
quality, and openness, all of which make such stands
largely unsuitable for bighorn sheep and mountain
goat. For the Rocky Mountain bighorn, fire-suppressed
stands have created barriers between historical winter
and summer range, thereby preventing occupancy of
the total range even though each isolated range is cur-
rently suitable (Wakelyn 1987).

Riparian vegetation has declined in extent basin-wide,
because of disruption of hydrologic regimes from
dams, water diversions, road construction, grazing,
and increased recreational use along stream courses
(Lee and others 1997, USDA Forest Service 1996).
Loss of riparian vegetation has degraded important
foraging areas for bighorn sheep, mountain goats, 
and grizzly bears and potential nesting habitat for 
the long-eared owl.

Bighorn sheep are highly susceptible to pneumonia
after exposure to bacteria (Pasteurella spp.), viruses
(Parainfluenza type-3), lungworm, and stress agents
(Foreyt 1994, Wishart 1978). Major reductions or
total extirpation of bighorn herds from pneumonia
outbreaks are well-documented (Cassirer and others
1996, Coggins 1988, Onderka and Wishart 1984,
Spraker and others 1984). Abundant circumstantial
evidence (Coggins 1988, Foreyt and Jessup 1982,
Martin and others 1996) and recent direct evidence
exist (Foreyt 1994; Rudolph and others, in prep.) that
domestic and exotic sheep are the source of nonen-
demic bacteria and viruses predisposing bighorn
sheep to pneumonia. Disease transmission from
domestic animals is not a major threat to other species
in family 5. It is mentioned here, however, because it
is currently the most significant factor affecting
bighorn sheep conservation.

Issues and strategies for conservation—The 
primary issues for family 5 relate to direct and 
indirect human impacts on populations and habitat
quality. These issues areas are as follows:

Issues—

1. Habitat fragmentation (poor juxtaposition of 
seasonal ranges as well as isolation of small 
populations) because of agricultural, industrial, 
and recreational development.

2. Displacement from suitable habitats because of
human activities and the facilitation of human
activities by roads.

3. Degradation and loss of native upland shrublands,
upland grasslands, riparian shrublands, and ripari-
an woodlands.

4. Changes in landscape patterns of source habitats
and reduction in forage quantity and quality for
mountain goats and bighorn sheep because of
changes in fire regimes.

5. Disease transmission potential between domestic
sheep and bighorn sheep.

6. Excessive bear and wolf mortality from conflicts
with humans.

88
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7. Habitat fragmentation or simplification across the
basin among subbasins, watershed scale landscape
mosaics, and at patch composition and structure.

Strategies—The following strategies could be consid-
ered to address issues related to species belonging to
family 5. These strategies are appropriate for all areas
of the basin with current populations of one or more
of the species in family 5, or with suitable, unoccu-
pied habitat where recovery of these species has been
identified as a management goal.

1. (To address issue no. 1) Seek opportunities to
increase habitat links between isolated populations
and seasonal foraging areas caused by human land
uses. For wolves and grizzly bears, design interre-
gional habitat connectivity across all ERUs where
populations are currently present (Northern
Cascades, Northern Glaciated Mountains, Upper
Clark Fork, Lower Clark Fork, Central Idaho
Mountains, and Snake Headwaters). 

2a. (To address issue no. 2) Reduce human activities
near important seasonal foraging areas of any
species in family 5 and around known wolf dens
and lambing and kidding areas of bighorn sheep
and mountain goats.

2b.(To address issue no. 2) Develop a policy for road
construction, maintenance, and obliteration on
public lands to reduce human access to specific
areas considered key to the conservation of species
in family 5. 

3a. (To address issue no. 3) Increase quality and
amount of riparian shrublands and woodlands
through restoration of hydrologic flows, vegetation
restoration, road management, and control of 
grazing and recreational activities. 

3b.(To address issue no. 3) Maintain and restore
native upland shrublands and upland grasslands,
particularly in the northern half of the Columbia
Plateau, Lower Clark Fork, Upper Snake, and
Snake Headwaters ERUs.

4. (To address issue no. 4) For mountain goats and
bighorn sheep, restore habitat links between sum-
mer and winter range and access to escape cover
that have been lost because of changes in historical
fire regimes. Restore quality and quantity of forage

where succession has caused substantial reductions.
Implement use of prescribed fire to reestablish
inherent fire regime-vegetation patterns.

5. (To address issue no. 5) Actively control the 
potential for disease transmission between
bighorns and domestic livestock.

6. (To address issue no. 6) Reduce the prevalence of
conflict situations and human-caused mortalities of
bears and wolves.

7. (To address issue no. 7) Conduct mid-scale 
assessment as part of multiscale step-down imple-
mentation to identify risks and opportunities for
restoration among subbasins, repattern priority
watersheds based on the biophysical succession-
disturbance patterns, and conserve or restore patch
composition and structure to mimic that appropri-
ate to the succession-disturbance regime.

Family 6—Forest, Woodland, and
Montane Shrub Family

This family consists of groups 23, 24, and 25 (table
6). Species in these groups are the sharptail snake,
California mountain kingsnake, northern goshawk
(winter), rufous hummingbird, broad-tailed humming-
bird, and black-chinned hummingbird. The ranges of
these species are generally widespread throughout the
basin except for the two snake species, which have
small, isolated ranges (vol. 2, figs. 69, 72, 75). 

Source habitats and special habitat features—
Source habitats of the six species in this family con-
sist of montane and lower montane forests, riparian
and upland woodlands, chokecherry-serviceberry-rose,
mountain mahogany, and riparian shrublands (table
11; vol. 3, appendix 1, table 1). Source habitats for
family 6 occur in all 13 ERUs. However, habitat for
most species was never common in the Northern
Great Basin, Columbia Plateau, Owyhee Uplands, or
Upper Snake (vol. 2, figs. 70, 73, and 76).

Special habitat features include nectar-producing
flowers for the hummingbird species and logs and
talus for the snake species (vol. 3, appendix 1, table 2).

Broad-scale changes in source habitats—Changes in
source habitats were variable across the basin. Source
habitats had decreasing trends in 45 percent of the
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Figure 14—Trend in source habitats for family 6 within each of 2,562 watersheds in the interior Columbia basin. Trend for each
watershed is shown as one of three categories: increasing, decreasing, or no change. A watershed was classified as increasing if
>50 percent of the groups in a family increased in source habitats >20 percent, considering only those groups that occurred in
the watershed. A watershed was classified as decreasing if >50 percent of the groups in a family decreased in source habitats
>20 percent, considering only those groups that occurred in the watershed. Watersheds not classified as increasing or decreas-
ing were classified as no change. 
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watersheds in the basin and increasing trends in 37
percent (fig. 14). The Blue Mountains, Northern
Glaciated Mountains, Lower Clark Fork, and Upper
Clark Fork had an overall decreasing trend, whereas
the Snake Headwaters and Central Idaho Mountains
had overall neutral trends (table 12). The four pri-
marily nonforested ERUs—Northern Great Basin,
Columbia Plateau, Owyhee Uplands, and Upper
Snake—as well as the Upper Klamath have little
habitat overall but showed increasing trends.

Reasons for increases and decreases were variable, 
but declines were associated with reductions in late-
seral and early-seral lower montane and montane
forests, riparian woodlands, and riparian shrublands
(Hann and others 1997). Increases were associated
with transitions to mid-seral coniferous forest (primar-
ily managed young forests) and to increases in the
upland woodland community group. Large increases
in juniper/sagebrush in all or parts of the Upper
Klamath, Northern Great Basin, Columbia Plateau,
Blue Mountains, Upper Snake, and Snake Headwaters
ERUs contributed to much of the increases shown in
figure 14.

Primary causes for habitat trends and the associated
ecological processes—Fire exclusion, heavy livestock
grazing, intensive timber harvest, and road-building
have contributed to changes in areal extent and quality
of source habitats for family 6. Trends in conditions
of shrubs, logs, talus and flowers are not available at
the broad scale, and these special habitat features are
particularly important to the life histories of many
species in family 6. Activities that may negatively
affect these special habitat features include fire exclu-
sion, timber harvest, road construction and mainte-
nance, livestock grazing, and mining. Fire exclusion
may impact flower abundance by increasing forest
canopy closure, thereby reducing the amount of herba-
ceous understory and an associated decline in fire-
adapted forbs. Heavy grazing also has reduced the
density of understory plants used as a food source
(nectar) by hummingbirds (Saab and Rich 1997).

At a broad scale, an ecologically significant decline
occurred in early-seral (-77 percent) and late-seral
single-layer lower montane (-80 percent), and a slight
decline in early-seral montane (-8 percent), which
would be the major shrub-, flowering forb-, and grass-
producing forest stages of family 6 source habitats.
Almost all subbasins of the basin currently are less

than the HRV minimum for these stages. These habi-
tats transitioned primarily to mid-seral lower montane
and montane stages. Even in the historical condition,
the mid-seral stages have higher density of tree over-
story and thus have less shrub and herb understory
diversity than the early-seral or late-seral single-layer
stages. In the current condition, however, the areas in
mid-seral were found to have even less shrub and
understory diversity than historically because of fire
exclusion. Consequently, fine-scale attributes for
species in family 6, such as shrubs, forbs, and down
logs, likely have been reduced further in abundance in
mid-seral habitats compared to historical conditions.

In addition, an ecologically significant decline occurred
in the upland shrubland terrestrial community (-31
percent) from historical to current periods. Most of
the upland shrub that declined was of the sagebrush-
steppe type, which for nonpublic lands was converted
primarily to agriculture. On public lands, about a third
of the decline transitioned to upland woodland (juniper/
sagebrush); this was considered an increase in source
habitat for family 6 but would be of lower habitat
quality for those species associated with herbaceous
shrubs than the mountain shrubs of the lower mon-
tane and montane forests.

Most species in family 6 seem to be adapted to forest
openings, down logs, shrubs, and flowering forbs. This
type of condition would be found in correlation with
frequent underburn or mixed-fire events. Current shrub
and herbaceous (forb and graminoid) diversity and
productivity have declined considerably as a result of
fire exclusion, increased tree density, and excessive
livestock grazing. In addition, a basin-wide decline
occurred in mid-scale detectable riparian shrubland
correlated with excessive livestock grazing (Lee and
others 1997). Large down logs have declined in areas
accessible to roads as a result of woodcutting and tim-
ber harvest of large trees, which are the recruitment
source for logs.

Of additional pertinence to source habitats for family
6 is the fact that landscape patterns at subbasins and
watershed scales changed substantially from historical
to current, with only 2 percent estimated to retain their
native pattern according to Hann and others (1997)
and Hessburg and others (1999). These authors found
that most ERUs exhibited high levels of departure
from the historical biophysical succession-disturbance
regimes and simplification of many of fine-scale
attributes important to species in family 6. 
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Trends of watershed change for the forest, woodland,
and montane shrub habitats for family 6 were spatially
disjunct (fig. 14). Decreases generally occurred in the
northern and eastern portions of the basin, whereas
increases and neutral changes were in a mosaic in the
central and southern portions of the basin. These pat-
terns resulted from the combination of fire exclusion
across all forests and rangelands of the basin, and the
timber harvest practices that occurred in the northern
portion of the basin. In general, the increases have
occurred in environments that are warmer, drier, and
less productive, and declines have occurred in more
mesic habitats. 

Other factors affecting the family—Humans have
had a direct effect on all species of snakes through
collection, harassment, accidental mortalities, as well
as intentional killing because of fear and hate (Brown
and others 1995). Also of particular concern with
these snake species is population isolation: both the
California mountain kingsnake and sharptail snake
have small, isolated distributions in the basin (vol. 2,
fig 72). 

Little is known about the population dynamics of the
goshawk (Squires and Reynolds 1997). Several stud-
ies, however, have documented a positive relation
between prey abundance and nest success (Doyle and
Smith 1994, Linden and Wikman 1983, Ward and
Kennedy 1996), which presumably also exists
between prey abundance and goshawk survival during
winter (recall that source habitats for goshawk in fam-
ily 6 are winter habitat only). Habitat components
associated with high prey abundance for goshawk—
such as snags, down logs, herbaceous understories,
and interspersion of different structural stages—may
have been negatively affected by past management
activities. 

The three hummingbird species are Neotropical
migrants. The availability of habitats used during
migration, as well as their winter habitat, are critical
components, and information on the abundance of or
trends in these habitats is lacking. 

Issues and strategies for conservation—Because
species in family 6 use various cover types and struc-
tural stages, issues and strategies for the species are
directed at maintaining diversity of vegetation condi-
tions, with emphasis on restoration of habitats and
vegetative components that have declined. 

Issues—

1. Decline in the abundance of late- and early-seral
forests. 

2. Likely loss of forest openings with herbaceous
understories that provide for small-mammal prey
base (for goshawk), and flowers (for hummingbird
species). 

3. Overall loss of riparian woodlands and herbaceous
shrublands, including loss of herbaceous shrubs
within these communities.

4. Loss of habitat connectivity particularly for the
sharptail snake and California mountain kingsnake.

5. Negative effects of human disturbance to the
sharptail snake and California mountain kingsnake.

6. Decline in snags and logs and other important
structural components used by sharptail snake,
California mountain kingsnake, and the prey of
goshawk.

7. Broad-scale changes in landscape patterns in com-
bination with cumulative effects of simplification
of fine-scale environmental factors at the ERU,
subbasin, watershed, and patch scales (based on
results of Hann and others [1997] and Hessburg
and others [1999]).

Strategies—The following strategies could be consid-
ered to address issues related to species belonging to
family 6:

1. (In support of issues no. 1 and no. 2) Enhance
landscape diversity by increasing the mix of early- 
and late-seral stages, particularly in ponderosa 
pine, western larch, and western white pine types.
Increase late-seral forests in the Southern Cascades,
Columbia Plateau, Blue Mountains, Northern
Glaciated Mountains, Lower Clark Fork, and
Upper Clark Fork ERUs, where declines have 
been strongest. Increase early-seral forests in the
Columbia Plateau, Northern Glaciated Mountains,
and Lower Clark Fork ERUs in response to strong
declines.

2. (In support of issues no. 1 and no. 2) Use pre-
scribed fire and understory thinning to increase
vegetative diversity. Several of the species in this
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family depend on forest openings and understory
shrubs, both of which were maintained historically
through natural fire regimes. 

3. (In support of issue no. 3) Seek opportunities to
improve connectivity among isolated populations 
of the sharptail snake and California mountain
kingsnake.

4. (In support of issue no. 7) Conduct mid-scale 
step-down assessment of current conditions rela-
tive to landscape patterns of succession-disturb-
ance regimes. Focus short-term restoration of
watersheds on those that are in high departure, do
not contain susceptible populations of species of
high conservation concern and are at high risk of
loss of biophysical capability. Continue suppres-
sion of stand-replacing, high-severity wildfires,
and initiate prescribed fire appropriate to the bio-
physical succession-disturbance regime and timed
to protect biophysical capability.

Family 7—Forest, Woodland, 
and Sagebrush Family

Groups 26, 27, and 28 compose family 7. These three
groups include the pine siskin and eight species of
bats (table 10). Ranges of these species are shown in
figures 78, 81, and 84, volume 2. 

Source habitats and special habitat features—
Family 7 members use a complex pattern of forest,
woodlands, and sagebrush cover types (table 11; vol.
3, appendix 1, table 1). Although the species in family
7 use a broad range of cover types and structural
stages as source habitats, all but the pine siskin have
special requirements for nesting or roosting (vol. 3,
appendix 1, table 2). The bat species use cliffs, caves,
mines, and buildings for day roosts and hibernacula
(Manning and Knox-Jones 1989, Nagorsen and
Brigham 1993). The pallid bat, long-eared myotis,
fringed myotis, and long-legged myotis also use large-
diameter (>53 cm [21 in]) trees and snags with exfoli-
ating bark for maternity roosts and day roosts
(Nagorsen and Brigham 1993, Ormsbee and McComb
1998, Rabe and others 1998). 

Suitable roosting structures often limit bat distribution
and population size (Humphrey 1975, Nagorsen and
Brigham 1993, Perkins and Peterson 1997). For exam-
ple, the distribution of Townsend’s big-eared bat is

closely tied to the presence of caves and cavelike
structures because they roost in large colonies and
require a ceilinglike substrate for hanging (Idaho
State Conservation Effort 1995, Nagorsen and
Brigham 1993). The spotted bat also appears limited
in roost site selection, with all roosts reported in
crevices of high cliffs (Nagorsen and Brigham 1993,
Sarell and McGuinness 1993, Wai-Ping and Fenton
1989). Snag-roosting bats require specific conditions
usually provided by exfoliating bark or large cavities,
and must shift their use to other snags when snag
decomposition changes these conditions. Rabe and
others (1998) suggest that snag-roosting bats may
require higher densities of snags than cavity-nesting
birds, because the stage at which snags are suitable
for bat roosts is extremely short-lived, requiring the
use of several snags over the course of a lifetime of a
bat.

Shrub/herb riparian areas are a special habitat feature
for two members of family 7, the Yuma myotis and
long-eared myotis. The Yuma myotis specializes in
foraging over water, where it eats midges and emer-
gent aquatic insects (Whitaker and others 1977). The
long-eared myotis concentrates most of its foraging in
riparian areas, where it is a hover-gleaner (Barclay
1991, Nagorsen and Brigham 1993). Although shrub/
herb riparian areas are not considered a requirement
for the other bat species in this family, all use riparian
areas for foraging because of high insect density.

Broad-scale changes in source habitats—Trends in
source habitats were mixed: 47 percent of the water-
sheds basin-wide had neutral trends; 21 percent had
increasing trends, and 32 percent had declining trends
(fig. 15). Watersheds with declining trends were con-
centrated in the Lower Clark Fork and Upper Snake
ERUs, and in the northern half of the Columbia
Plateau ERU (fig. 15, table 12). The only ERU with
increasing trends in more than 50 percent of its water-
sheds was the Upper Klamath. 

Primary causes for habitat trends and the associat-
ed ecological processes—Stable trends in broad-scale
source habitats throughout much of the basin reflect
the wide range of cover types and nearly all structural
stages of forests used as source habitats by species in
family 7. The basin has experienced dramatic declines
in old-forest structural stages of all forest cover types
(Hann and others 1997), but for family 7, these losses
have been offset by increases in mid-seral stages that
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Figure 15—Trend in source habitats for family 7 within each of 2,562 watersheds in the interior Columbia basin. Trend for each
watershed is shown as one of three categories: increasing, decreasing, or no change. A watershed was classified as increasing if
>50 percent of the groups in a family increased in source habitats >20 percent, considering only those groups that occurred in
the watershed. A watershed was classified as decreasing if >50 percent of the groups in a family decreased in source habitats
>20 percent, considering only those groups that occurred in the watershed. Watersheds not classified as increasing or decreas-
ing were classified as no change. 
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also serve as source habitats. Populations of this fami-
ly, however, likely could be in decline across their
range because of basin-wide changes in landscape pat-
terns and simplification of patch composition and
structure (per results of Hann and others [1997] and
Hessburg and others [1997]).

Declines in source habitats in the Lower Clark Fork
were associated with the broad-scale transition of
upland woodland to upland herbland (Hann and others
1997), the latter being a terrestrial community group
that does not provide source habitat for family 7. In
both the Upper Snake and Columbia Plateau ERUs,
source habitat declines were attributed primarily to 
the conversion of upland shrubland to agriculture.
Currently, 36 percent of the Upper Snake ERU and 
23 percent of the Columbia Plateau are now in agri-
culture. Not all species in family 7 are affected by
these declines because some of these species either do
not occur in these ERUs or do not use upland shrub-
land as source habitats. The species most affected are
long-eared myotis, Yuma myotis, small-footed myotis,
Townsend’s big-eared bat, and spotted bat.

Increasing trends in most watersheds within the Upper
Klamath ERU were primarily due to the transition of
upland herbland to several forest community groups
that serve as source habitats. These include both mid-
and late-seral lower montane and upland woodland
terrestrial community types (Hann and others 1997).
The transition of upland herbland to lower montane
was also responsible for increasing trends in other
ERUs, particularly in the central and southeastern
areas of the basin. 

In contrast to most other families, the mosaic of
increasing, decreasing, and neutral trends was not
highly disjunct spatially (see fig. 15). There was slight
correlation of neutral trends with range landscape pat-
terns and dry forest. Decreasing trends were some-
what correlated with the northerly and eastern portions
of the basin, whereas increasing trends were scattered.

Other factors affecting the family—The bat species
in family 7 are sensitive to human disturbance of roost
sites and loss of roost sites. The most straightforward
source of impact is destruction of the structure, i.e.,
loss of snags through timber harvests, and removal 
of old buildings and bridges or closure of mines and

caves for safety reasons (Perlmeter 1995, Pierson and
others 1991). The second source of impact is disturb-
ance of roosting bats, primarily by recreational activi-
ties in or near caves, but also from mining, road
construction, and any other activities near roosts
(Pierson and others 1991). During winter, the transi-
tion from torpor requires a large caloric output, and
repeated disturbances can drain the energy reserves of
bats and lead to starvation (Nagorsen and Brigham
1993). The third source of impacts at roost sites is
purposeful killing of roosting bats. 

Roads indirectly affect bat species by increasing human
access to roost sites. Caves have become more accessi-
ble, increasing the amount of human visitation and
potential harassment of bats. The presence of roads
also increases the likelihood that snags will be cut for
fuelwood (Hann and others 1997). 

Riparian vegetation has declined in extent basin-wide,
because of disruption of hydrologic regimes from
dams and water diversions, road construction, grazing,
and increased recreational use along stream courses
(Lee and others 1997, USDA Forest Service 1996 ).
Loss and degradation of riparian vegetation likely has
reduced the diversity of insect prey for bats. Moreover,
the loss of riparian woodlands has reduced the avail-
ability of sites for day and nursery roosts. Perkins and
Peterson (1997) attributed the low detection of bats in
the Owyhee Mountains to the lack of suitable roosts,
particularly in riparian areas. 

Pine siskin foraging behavior, geographic location,
and population levels are highly influenced by the
combination of current population level and food
availability: an abundance of seeds will cause the 
population to expand, and if the next year’s crop is
unable to support the expanded population, the birds
will move elsewhere (Bock and Lepthien 1976).

Issues and strategies for conservation—Because 
the species in family 7 are habitat generalists, changes
that have occurred in terrestrial community groups
since the historical period have resulted in few sub-
stantial changes in the extent of source habitats. The
primary issues for family 7 relate to human impacts
on populations and on special habitat features needed
for roosting and foraging. These issues include the
following:
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Issues—

1. Loss of potential roost sites because of mine clo-
sures, destruction of abandoned buildings, snag
removal, deliberate fumigation of buildings, and
levels of human activity that cause roost abandon-
ment.

2. Excessive disturbance of roosting bats because of
human activities and roads as a facilitator of such
activities.

3. Degradation and loss of native riparian vegetation.

Strategies—The following strategies could be consid-
ered to address issues related to the bat species in
family 7. These strategies are appropriate for all areas
of the basin. Strategies for pine siskin populations
have not been formulated because the causes for
apparent population declines at the continental scale
are unknown.

1. (To address issue no. 1) Protect all known roost
sites (nurseries, day roosts, and hibernacula) and
restore useability of historical roosts where feasi-
ble. Actively manage for the retention and recruit-
ment of large-diameter (>53 cm [21 in] snags in 
all forest cover types and structural stages.

2. (To address issue no. 2) Reduce levels of human
activities around known bat roosts through road
management, signs, public education, and bat
gates.

3. (To address issue no. 3) Maintain and improve the
condition of riparian vegetation for bat foraging
areas.

Family 8—Rangeland and Early-
and Late-Seral Forest Family

The western bluebird (group 29) is the sole member
of this family. This species was placed in its own fam-
ily because its source habitats are a unique combina-
tion of woodlands, shrublands, grasslands, and early-
and late-seral forests. Range of the western bluebird is
displayed in figure 87, volume 2.

Source habitats and special habitat features—
Source habitats for family 8 are early-seral and late-
seral single-storied montane and lower montane

forests, riparian and upland woodlands, and upland
shrub and herblands (table 11). Additionally, burned
pine forests likely function as source habitats.
Juxtaposition of forested and open areas is a necessary
characteristic of source habitats. Snags are a special
habitat feature for nesting, although the snags may be
relatively small (<53 cm [21 in]) (vol. 3, appendix 1,
table 2).

Broad-scale changes in source habitats—Basin-
wide, source habitats for the western bluebird declined
in 72 percent of watersheds and increased in only 5
percent (fig. 16). These declines are stronger than
those observed for most species included in this
assessment (table 12). Source habitats have declined
in at least 50 percent of watersheds in 9 of the 11
ERUs in which this species occurs (tables 8 and 12).
Only the Northern Great Basin and the Owyhee
Uplands showed a neutral trend (table 12).

Primary causes for habitat trends and the associat-
ed ecological processes—Declines in source habitat
resulted from ecologically significant basin-wide
declines in early-seral lower montane forest, late-seral
lower montane, single-layer forest, upland shrublands,
and upland herblands (Hann and others 1997). Of the
terrestrial communities providing source habitats for
bluebirds, only upland woodlands showed a basin-
wide increase from historical to current conditions.
There were ecologically significant decreases in
upland herblands in all nine ERUs where source habi-
tats declined for bluebirds, and decreases in early- and
late-seral single-storied lower montane forests in eight
of these nine ERUs. See discussions in families 1, 2,
6, and 10 for additional information on causes for
habitat trends and the associated ecological processes. 

Our evaluation at the broad-scale did not assess the
distribution of foraging habitat in relation to nesting
habitat. Additional analysis of the juxtaposition of for-
aging with nesting habitat is needed at a finer scale of
resolution. Results for source habitats shown here for
both the current and historical periods are likely over-
estimates as they do not take into account the need 
for juxtaposition of habitats. 

Other factors that affect the family—Some western
bluebirds that breed in the basin migrate to California
and Baja California in winter and could be affected by
conditions on those wintering grounds.
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Figure 16—Trend in source habitats for family 8 within each of 2,562 watersheds in the interior Columbia basin. Trend for each
watershed is shown as one of three categories: increasing, decreasing, or no change. A watershed was classified as increasing if
>50 percent of the groups in a family increased in source habitats >20 percent, considering only those groups that occurred in
the watershed. A watershed was classified as decreasing if >50 percent of the groups in a family decreased in source habitats
>20 percent, considering only those groups that occurred in the watershed. Watersheds not classified as increasing or decreas-
ing were classified as no change. 
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Issues and strategies for conservation—The primary
issues and strategies for family 8 relate to declines in
source habitats.

Issues—

1. Reductions in early- and late-seral montane and
lower montane forests.

2. Possibly unsustainable conditions in late-seral
montane and lower montane forests where large
transitions have occurred from shade-intolerant 
to shade-tolerant species.

3. Reductions and degradation of upland shrublands
and herblands.

Strategies—The following strategies could be con-
sidered to address issues related to family 8.

1. (To address issue no. 1) Maintain and restore
early- and late-seral montane and lower montane
forests where these cover types have declined.
Both the extent and pattern of these habitats are of
concern because source habitats for western blue-
birds are found in edge areas.

2. (To address issue no. 2) Restore succession-dis-
turbance regimes to patterns consistent with bio-
physical variation in those ERUs and portions of
ERUs where substantial habitat remains, such as
the Northern Great Basin, Owyhee Uplands, or 
southern portion of Columbia Plateau.

3. (To address issue no. 3) Restore upland shrub and
herbland cover types, and manage these areas to
maintain plant composition and structure similar 
to that consistent with the biophysical succession-
disturbance regimes. Reduce risk of exotic plant
invasion and restore invaded areas to more closely
represent native composition and structure.

Family 9—Woodland Family

This family is composed of the two species in group
30, the ash-throated flycatcher and bushtit (table 6).
Range maps for these species are shown in figure 90,
volume 2.

Source habitats and special habitat features—
Source habitats consist primarily of the upland wood-
land and upland shrubland community groups,
including juniper woodlands, mixed-conifer wood-
lands, juniper/sagebrush woodlands, Oregon white
oak, and mountain mahogany (table 11; vol. 3, appen-
dix 1, table 1). The ash-throated flycatcher also uses
old-forest cottonwood-willow. Snags are a special
habitat feature for ash-throated flycatchers (vol. 3,
appendix 1, table 2). 

Broad-scale changes in source habitats—Source
habitats for family 9 increased strongly within the
basin (fig. 17); specifically, source habitats increased
in 70 percent of watersheds and decreased in only 18
percent. Fifty percent or more of the watersheds in 
8 of the 10 ERUs containing source habitats had
increasing trends: Upper Klamath, Northern Great
Basin, Columbia Plateau, Blue Mountains, Northern
Great Basin, Owyhee Uplands, Upper Snake, and
Snake Headwaters (table 12). Source habitats in the
Northern Great Basin represent <1 percent of the
ERU. Only the Northern Cascades had a greater num-
ber of watersheds with decreasing rather than increas-
ing amount of source habitats. The Southern Cascades
generally had a neutral trend. 

Primary causes for habitat trends and the associated
ecological processes—Increasing trends in source
habitats were due to increases in the juniper/sagebrush
cover type. The extent of juniper/sagebrush wood-
lands has more than doubled in the basin, primarily
because of the combined effects of livestock grazing
and fire suppression (Hann and others 1997). The
upland woodland community group, which includes
juniper/sagebrush, underwent ecologically significant
increases in five of the eight ERUs that had an
increasing habitat trend for family 9. Broad-scale
trends in the other source habitat types, especially 
old-forest cottonwood-willow, Oregon white oak, and
mountain mahogany, are difficult to determine at the
scale of this analysis (Hann and others 1997). 

The increase in woodland extent has produced com-
munities of lower habitat quality then occurred histor-
ically. Historical woodland types were typically on
soils with scattered clumps of surface rock that pro-
tected juniper and other woodland tree species from
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Figure 17—Trend in source habitats for family 9 within each of 2,562 watersheds in the interior Columbia basin. Trend for each
watershed is shown as one of three categories: increasing, decreasing, or no change. A watershed was classified as increasing if
>50 percent of the groups in a family increased in source habitats >20 percent, considering only those groups that occurred in
the watershed. A watershed was classified as decreasing if >50 percent of the groups in a family decreased in source habitats
>20 percent, considering only those groups that occurred in the watershed. Watersheds not classified as increasing or decreas-
ing were classified as no change. 
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fire. The fire regime maintained a somewhat open
shrub/herb understory that was high-quality habitat for
family 9 species. Historical excessive grazing and fire
exclusion has resulted in much higher density of
woodland trees and loss of the shrub/herb understory
in these native woodland types (Hann and others
1997). Also, as a result of fire exclusion, some of the
sagebrush zones have transitioned to dense woodlands
of one size class that lacks the structural diversity and
snags of native woodlands.

Other factors affecting the family—Insects are the
primary prey for these species. Understory shrubs and
grasses provide habitat for insects, and excessive graz-
ing can degrade these habitats. 

Issues and strategies for conservation—Results of
our analysis suggest no cause for broad-scale concern
about source habitats for family 9. However, strategies
that play a part in overall ecosystem management, and
that ensure long-term availability of source habitats
for this family, are suggested below.

Issues—

1.  Identification and retention of woodlands that are
present under inherent succession and disturbance
regimes versus identification and reduction of
woodlands that exist primarily because of fire
exclusion and other land uses.  

2. For ash-throated flycatchers, loss of trees with 
natural cavities or trees suitable for excavation by
other species because of juniper removal.

3. Degradation and loss of native understory shrubs
and grasses that provide substrates for arthropod
prey.

Strategies—The following strategies could be consid-
ered to address issues related to species belonging to
family 9:

1a. (To address issues no. 1 and no. 2) Plan the con-
version of juniper to other, more desirable native
shrubs and grasses such that blocks of old-growth
juniper are retained within and juxtaposed to the

restored areas over space and time. Retention of
large or deformed trees and older stands of juniper
would benefit species in this family as well as
families 6, 7, and 10. Value of older stands of
juniper would be highest if stands are retained that
have a preponderance of older trees that are hollow
or that contain cavities; such trees are used as nest
sites by ash-throated flycatchers, especially when
located in or near areas dominated by native
understory shrubs and grasses. Assure that the
retention of woodlands is consistent with the bio-
physical succession-disturbance regimes.

1b.(To address issues no. 1 and no. 2) Retain repre-
sentative stands of old-growth western junipers
especially in areas containing old junipers with
cavities and hollow centers for potential nest sites
of ash-throated flycatchers.

2. (To address issue no. 3) Protect and restore native
understory shrubs and grasses in source habitats.
Reduce risk of exotic plant invasion and restore
invaded areas to more closely represent native 
composition and structure. 

Family 10—Range Mosaic Family

Family 10 consists of 17 species of birds, mammals,
and reptiles within groups 31 and 32 (table 6). The
ranges of the species in this family primarily cover 
the rangeland ERUs, and several of the species have
restricted ranges within only one or two ERUs (vol. 2,
figs. 93 and 96).

Source habitats and special habitat features—This
family is characterized by species that primarily use
various shrublands, herblands, and woodlands. All
species in family 10 use several cover types in the
upland shrubland and upland herbland community
groups as source habitats (table 11). All species except
the short-eared owl, pronghorn, Preble’s shrew, white-
tailed antelope squirrel, and Uinta ground squirrel also
use upland woodlands as source habitats. Exotic herb-
land is an additional source habitat for the ferruginous
hawk, burrowing owl, short-eared owl, and lark spar-
row. The short-eared owl is the only species in the
family that uses riparian herbland. 
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Figure 18—Trend in source habitats for family 10 within each of 2,562 watersheds in the interior Columbia basin. Trend for each
watershed is shown as one of three categories: increasing, decreasing, or no change. A watershed was classified as increasing if
>50 percent of the groups in a family increased in source habitats >20 percent, considering only those groups that occurred in
the watershed. A watershed was classified as decreasing if >50 percent of the groups in a family decreased in source habitats
>20 percent, considering only those groups that occurred in the watershed. Watersheds not classified as increasing or decreas-
ing were classified as no change. 
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Several special habitat features have been identified
for family 10 (vol. 3, appendix 1, table 2). The bur-
rowing owl requires burrows excavated by other
species or natural cavities in lava flows or rocky areas
for nest sites; the Preble’s shrew uses down logs; the
pronghorn antelope is associated with shrub/herb
riparian areas for parts of the year; the striped whip-
snake and longnose snake use talus areas, and the
striped whipsnake also uses cliffs. Many species in
this family prefer open cover types with a high per-
centage of grass and forbs in the understory, either 
for foraging or nesting. 

Broad-scale changes in source habitats—Trends in
source habitats were predominantly declining for fam-
ily 10 (fig. 18). Basin-wide, 52 percent of watersheds
exhibited declining trends, whereas 10 percent were
projected to have increased. Neutral trends were pro-
jected for the remaining area. Watersheds with declin-
ing trends were concentrated in the northern half of
the basin and in the Snake River drainage, whereas
watersheds with neutral trends were mostly in the
south-central portions of the basin (fig. 18). Nine
ERUs had declining trends in >50 percent of water-
sheds, and the remaining four had neutral trends in
>50 percent of watersheds (table 12). There were no
ERUs with predominantly increasing trends. 

Individually, all species in family 10 had declining or
strongly declining trends in source habitats except for
the long-nosed leopard lizard, Mojave black-collared
lizard, longnose snake, Wyoming ground squirrel, and
white-tailed antelope squirrel, all of which have fairly
small and disjunct ranges within the basin (vol. 2, figs
93 and 96). Source habitats for these species were
projected to be neutral (table 7).

Primary causes for habitat trends and the associated
ecological processes—Upland shrubland and herbland
terrestrial communities both had ecologically signifi-
cant declines (-67 and -31 percent, respectively),
whereas upland woodland increased (50 percent)
(Hann and others 1997). About 70 percent of the
upland shrubland decline transitioned to agriculture on
private lands, whereas the decline on public lands was
a transition somewhat evenly split among exotic herb-
land, upland herbland, and upland woodland. About
66 percent of the upland herbland decline transitioned
to agriculture on private lands, whereas the decline on
public lands was a transition of 13 and 21 percent,
respectively, to mid-seral lower montane forest and
upland shrubland. Upland woodland was above the

historical maximum across 40 percent of subbasins but
below for 34 percent. Dominant transitions for upland
woodland increase came from upland shrubland,
whereas decreases went to upland herbland. Declines
in woodland came primarily from the loss of aspen
and cottonwood woodland types through excessive
livestock grazing and lack of fire in the northeastern
and eastern portions of the basin, whereas increases
came from increased juniper woodland types in the
south-central and western portions of the basin.

In general, patch habitat quality for family 10, the
herbland, shrubland, and woodland source habitats,
declined from historical to current periods because of
conversion to agriculture, successional transitions
caused by fire exclusion, and excessive livestock graz-
ing. Current upland shrubland and upland herbland
patches were found to have higher canopy closure of
shrubs, less species and layer diversity of understory
shrubs and herbs, and less herbaceous productivity
(Hann and others 1997). Almost two thirds of upland
shrubland patches were estimated to contain some
component of exotic plant species, and at least one
third was estimated to have an understory dominated
by exotic plant species. Current upland herbland
patches were found to have lower canopy closure of
grasses and less diversity of species and layers, with
lower productivity of herbs, as compared to historical
conditions. The communities with transitions to and
from upland woodland may be the ecosystems most at
risk. Dense upland woodlands created through transi-
tion from upland shrubland because of fire exclusion
and excessive livestock grazing were found to often
have nutrient-limited soils that limit the ability of
understory herbaceous species to regenerate and pro-
vide soil cover. This lack of understory plant cover
may be exacerbating erosion of surface soils in steep
terrain, thereby reducing site capability. Limited nutri-
ents also may be tied up in the juniper foliage and lost
when intense summer wildfires occur.

Trends of watershed change for family 10 source
habitats were highly spatially disjunct (fig. 18).
Decreases occurred extensively across the western,
northern, central, and eastern portions of the basin.
Neutral trends occurred in a concentrated area of the
south-central portion of the basin, and increases were
minor. These changes occurred in response to exten-
sive fire exclusion, agricultural development, exotic
invasions, and excessive livestock grazing across the
more productive portions of the basin. The watersheds
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exhibiting neutral or positive trends would, if investi-
gated at a finer scale, likely show a decrease in source
habitat because of extensive decline in fine-scale habi-
tat quality. Because of the invasion of exotics, the his-
torical effects of excessive livestock grazing, the
permanent loss of many habitats to agricultural con-
version, and a 95-percent change in frequency and
severity of fire, we conclude there is little that is simi-
lar to historical conditions for this terrestrial family. 

Other factors affecting the family—Losses of 
native perennial grass and forb understories within 
the upland shrublands, because of excessive livestock
grazing combined with cheatgrass and other exotic
plant invasions, are microhabitat features that cannot
be evaluated directly with the broad-scale analysis.
Because species in family 10 favor grass or shrub-
grass types for nesting, foraging, or hiding, we know
that the grass component of historical shrublands was
important. Wiens and Rotenberry (1981) found signif-
icant correlations between the coverage of grass and
the densities of both western meadowlarks (r = 0.62, 
P < 0.001) and lark sparrows (r = 0.37, P < 0.05).
Forbs comprise most of pronghorn diets during spring
and summer, and livestock grazing decreases the
abundance of forbs (Yoakum 1980). Removal of grass
cover by livestock potentially has detrimental effects
on the short-eared owl (Marti and Marks 1989). Areas
dominated by dense stands of cheatgrass or other
exotic plants may preclude use by longnose leopard
lizards (Stebbins 1985), longnose snakes (Beck and
Peterson 1995), and collared lizards. 

Microbiotic, or cryptogamic crust, is projected to have
been widely distributed throughout the source habitats
for this group, particularly in the Northern Great Basin,
Owyhee Uplands, and Upper Snake ERUs but also
scattered in the Columbia Plateau ERU (Hann and
others 1997, map 3.59). Evidence indicates that
microbiotic crusts improve soil stability, productivity,
and moisture retention; moderate extreme tempera-
tures at the soil surface; and enhance seedling estab-
lishment of vascular plants (Belnap and Gardner 1993,
Harper and Pendleton 1993, Johansen and others
1993, St. Clair and others 1993). The BLM in Idaho
has recognized the potential importance of microbiotic
crusts by proposing standards for rangeland health
that include the maintenance of these crusts to ensure
proper functioning and productivity of native plant
communities (USDI Bureau of Land Management
1997). These crusts were widely destroyed by tram-
pling during the excessive livestock grazing of the late

1800s and early 1900s (Daubenmire 1970, MacCracken
and others 1983, Mack and Thompson 1982, Poulton
1955). Currently, high-intensity grazing and altered fire
regimes modify shrub-steppe plant communities and
threaten the maintenance and recovery of microbiotic
crusts (Belnap 1995, Kaltenecker 1997, St. Clair and
Johansen 1993).

Soil compaction caused by livestock grazing could
negatively affect both the longnose snake and ground
snake. These burrowers benefit from loose, sandy, and
friable soils (Beck and Peterson 1995, Nussbaum and
others 1983).

Human activities associated with roads are known to
impact ferruginous hawks, short-eared owls, burrowing
owls (Bechard and Schmutz 1995, Green and Anthony
1989, Lokemoen and Duebbert 1976, Olendorff and
Stoddart 1974, Ramakka and Woyewodzic 1993,
Schmutz 1984, White and Thurow 1985) and western
meadowlarks (Lanyon 1994). Harassment of prong-
horn by snowmachines and all-terrain vehicles stresses
animals at all times of the year (Autenrieth 1978).
Accidental and deliberate mortality of snakes poten-
tially increase in direct proportion to roading and traf-
fic in the basin. Although the three species of snakes
in this family may not be as frequently killed by 
vehicles as are some more common species (such as
gopher snake and western rattlesnake), increasing
human access to source habitats likely will result in
more deliberate killing of snakes. Because reptiles are
increasingly popular as pets, all reptile species in this
group, particularly the lizards, likely are impacted by
collecting (Lehmkuhl and others 1997). Road access
intensifies the pressure on reptile populations by
increasing the ease with which reptiles can be collected.

Poisoning and other eradication potentially affect pop-
ulations of all four species of ground squirrels. Ground
squirrels also are popular targets for recreational
shooting. The typically small size of Washington
ground squirrel colony populations makes them par-
ticularly vulnerable to extirpation (Tomich 1982).
Recreational shooting of marmots and ground squirrels
impacts burrowing owls because the owls are acciden-
tally or deliberately shot (Marti and Marks 1989).
Pesticide use leads to direct mortality in burrowing
owls, short-eared owls (Marti and Marks 1989), and
western meadowlarks (Griffin 1959). Pesticides may
also reduce populations of burrowing owls through a
reduction in the populations of burrowing mammals.



Pronghorn movement is restricted or completely
impeded by net-wire and other fences that prevent
them from crossing beneath the lower strand (Helms
1978, Oakley and Riddle 1974, Yoakum 1980). Roads
are readily crossed by pronghorn, but snow accumulat-
ing in roadside ditches also may present barriers to
movement during winter (Bruns 1977).

Issues and strategies for conservation—The primary
issues for family 10 relate to source habitats, special
habitat features, and road-related human disturbances.

Issues—

1. Permanent and continued loss of large acreage of
upland shrublands and upland herblands because of
conversion to agriculture, brush control, cheatgrass
invasion, and excessive livestock grazing.

2. Loss of native perennial grass and forb understo-
ries within the upland shrublands.

3. Soil compaction and loss of the microbiotic crust.

4. Adverse effects of human disturbance and roads as
a facilitator of these effects. 

Strategies—The following strategies could be consid-
ered to address issues related to species belonging to
family 10:

1a. (To address issue no. 1) Identify and conserve large
areas of remaining native upland shrublands and
upland herblands where ecological integrity is still
relatively high, and manage to promote their long-
term sustainability. Large contiguous blocks of
public land in the Northern Great Basin and
Owyhee Uplands could be considered, as well as
native vegetation that currently exists on military
lands in Washington (Rickard and Poole 1989,
Schuler and others 1993, Smith 1994).

1b.(To address issue no. 1) Conduct mid-scale step-
down assessment of current conditions relative to
landscape patterns of succession-disturbance
regimes. Focus short-term restoration of water-
sheds on those that are in high departure, do not
contain susceptible populations of species of high
conservation concern and that are at high risk of
loss of biophysical capability.

2. (To address issue no. 2) Restore the native grass
and forb components of the upland woodland,
shrubland, and grassland community groups to 
historical levels throughout the basin. Restoration
measures include seedings and plantings in com-
bination with effective methods of site prepara-
tion, effective management of grazing by
domestic and wild ungulates, and control of
human activities such as offroad vehicle usage
and other ground-disturbing factors.

3. (To address issue no. 3) Reduce causes of soil
compaction, particularly within source habitats of
the longnose snake and ground snake. This factor
may be important in the Owyhee Uplands ERU in
particular. Restore the microbiotic crust in ERUs
with potential for redevelopment, specifically the
Northern Great Basin, Owyhee Uplands, and
Upper Snake ERUs and, to a lesser extent, the
Columbia Plateau ERU.

4. (To address issue no. 4) Reduce the negative
effects of factors associated with roads. These
include the indiscriminate poisoning and recre-
ational shooting of ground squirrels, accidental
and deliberate killing of snakes and lizards, the
capture of reptiles as pets, and the poaching and
disturbance of pronghorn populations. 

5. (To address issue no. 4) To the extent possible,
encourage activities that reduce mortality and
stress on species in family 10. For example, modi-
fy existing fences and construct new fences in
pronghorn range to allow passage by pronghorns
(Yoakum 1980); modify agricultural practices to
minimize direct mortality of nesting birds (Clark
1975); and reduce use of pesticides when feasible.

Family 11—Sagebrush Family

This family consists of groups 33, 34, and 35. The
included species are listed in table 6; example species
are sage grouse, loggerhead shrike, pygmy rabbit,
and kit fox. The species ranges within this family are
generally located throughout the primarily rangeland
type communities across the basin (vol. 2, figs. 99,
102, and 105). 

Source habitats and special habitat features—
Species in family 11 group together based on their
nearly common use of open and closed low-medium
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Figure 19—Trend in source habitats for family 11 within each of 2,562 watersheds in the interior Columbia basin. Trend for each
watershed is shown as one of three categories: increasing, decreasing, or no change. A watershed was classified as increasing if
>50 percent of the groups in a family increased in source habitats >20 percent, considering only those groups that occurred in
the watershed. A watershed was classified as decreasing if >50 percent of the groups in a family decreased in source habitats
>20 percent, considering only those groups that occurred in the watershed. Watersheds not classified as increasing or decreas-
ing were classified as no change. 
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shrub stages of big sagebrush, low sage, and mountain
big sagebrush (table 11; vol. 3, appendix 1, table 1).
Other important source habitats include salt desert
shrub, antelope bitterbrush-bluebunch wheatgrass, and
herbaceous wetlands. Four species (sage thrasher,
brewer’s sparrow, sage sparrow, and loggerhead
shrike) also use upland woodlands. Special habitat
features include riparian meadows (sage grouse), and
burrows (kit fox).

Broad-scale changes in source habitats—Source
habitats are limited in the Northern Cascades,
Southern Cascades, Northern Glaciated Mountains,
and Lower Clark Fork ERUs, with few watersheds
containing habitats for few species within this family
(vol. 2, figs. 100, 103, and 106). Overall, 42 percent
of the watersheds in the basin had declining trends,
and 45 percent had neutral trends (fig. 19). Of the
eight ERUs that contained a substantial number of
watersheds with source habitats, five showed overall
neutral trends (Upper Klamath, Northern Great Basin,
Columbia Plateau, Blue Mountains, Owyhee Uplands,
and Central Idaho Mountains), and three showed
declining trends (Upper Clark Fork, Upper Snake, 
and Snake Headwaters) (table 12). Fifty percent of 
the watersheds in the Columbia Plateau showed a
declining trend.

Habitat loss on an absolute scale ranged from -9 per-
cent for the loggerhead shrike (group 35) to -15 per-
cent for group 33, which contains the sage grouse,
sage thrasher, and pygmy rabbit among others (table
9). All of the species in this group except the kit fox
showed relative declines > 20 percent across the basin
(table 7). Wet meadows and riparian vegetation, cover
types used for brood-rearing by sage grouse, have
declined substantially since historical times (Lee and
others 1997, Quigley and others 1996).

No information is available to determine whether
changes in availability of burrows for kit fox dens, or
in soil conditions needed for burrow excavation, have
occurred in the basin. A lack of suitable loose-textured
soil for burrow construction may be a natural limiting
factor for kit fox in southeastern Oregon (Keister 
and Immell 1994). Two other species in this family,
pygmy rabbit and sagebrush vole, construct their own
burrows, and any factors that may negatively affect
soil texture or quality may negatively affect these
species as well. Voles seldom use compacted or rocky

soil (Maser and others 1974) and may be absent from
areas that have suffered soil erosion because of heavy
livestock grazing (Maser and Strickland 1978).

Primary causes for habitat trends and the associated
ecological processes—Trends of these habitats can be
taken in similar context as family 10. That is, the
same patterns of broad-scale redistribution of habitats,
broad-scale reduction, and fragmentation and sim-
plification of habitats at multiple spatial scales (as
described by Hann and others 1997) were associated
with family 11 habitats in a similar manner as those
associated with family 10.

The major cause for change in source habitats for
groups in family 11 has been a significant loss of
upland shrubland habitat, which showed the largest
decline (-11 percent) of any terrestrial community
basin-wide (Hann and others 1997). The single largest
loss in cover types within the basin was the decline in
big sagebrush (-8 percent), which is considered source
habitat for all species within this family. The large-
scale loss of upland shrubland habitat was attributed
to several factors, including the increase in agriculture
and the conversion of lands to other exotic forbs and
annual grasses. The largest transition of any terrestrial
community was from upland shrubland to agriculture
(+9 percent) (Hann and others 1997). The ERUs with
the biggest changes were the Columbia Plateau and
Upper Snake. The former is now nearly half agricul-
tural lands, whereas the latter is nearly one-third.
Agriculture also now occupies over a tenth of the
Owyhee Uplands. 

The abundance of upland woodlands, primarily the
juniper/sagebrush cover type, increased significantly
(from less than 1 percent to about 2 percent) basin-
wide (Hann and others 1997), which in some cases
may have offset the relative losses shown in the
upland shrublands. 

Much of the area that at the broad scale is mapped as
source habitat currently may, in fact, at a finer scale
be unsuitable because of changes in soil or understory
vegetation. Altered fire regimes and livestock grazing
in many areas have removed much of the native
herbaceous understories, which are important habitat
features for several members of this group. In some
areas, native herbaceous understories also have been
replaced by unsuitable exotic vegetation.
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Habitat condition for family 11 can be described by
the composite ecological integrity ratings (Quigley
and others 1996) that show most of the habitat to have
a “low” rating. Many of the subbasins that have a
“low” rating include lands used for agricultural and
grazing uses. Primary risks to the ecological integrity
over most of the area with source habitats for this
family include overgrazing, exotic grass and forb
invasion, and continued declines in herbland and
shrubland habitats (Quigley and others 1996). 

Other factors affecting this family—Grazing and
altered fire regimes have been linked to continued
losses of microbiotic crusts (Belnap 1995, Kaltenecker
1997, St. Clair and Johansen 1993). There is increas-
ing evidence that microbiotic crusts improve soil pro-
ductivity and moisture retention, moderate extreme
temperatures at soil surfaces, and enhance seeding
establishment of vascular plants (Belnap and Gardner
1993, Harper and Pendleton 1993, Johansen and oth-
ers 1993, St. Clair and others 1993). The effects of
past losses and continued threats to microbiotic crusts
across the basin may affect restoration efforts of
upland herbland and shrubland environments.

Little information is available on effects of landscape
patterns on species in this family. Research by Knick
and Rotenberry (1995) indicates that both the sage
thrasher and sage sparrow are more likely to be found
in areas with larger patches of habitat as compared to
the Brewer’s sparrow, which is known to occupy
small patches of suitable habitat within a matrix of
unsuitable vegetation.

Several species in this family are known to be nega-
tively affected by human disturbance from various
causes. Kit fox are vulnerable to poisoned baits placed
to destroy coyotes (Orloff and others 1986). Vehicular
collisions may be an important source of mortality of
loggerhead shrikes because shrikes often forage and
nest along roads (Blumton 1989, Craig 1978, Flickinger
1995, Yosef 1996). Lastly, roads and associated
human disturbance can be especially harmful to
grouse during the lekking and wintering periods
(Marks and Saab 1987, Saab and Marks 1992).

The sage sparrow, Brewer’s sparrow, and lark bunting
are infrequently parasitized by brown-headed cow-
birds (Ehrlich and others 1988). The sage thrasher
also is parasitized but rejects cowbird eggs (Rich and
Rothstein 1985).

Issues and strategies for conservation—

1. Loss of and degradation of sagebrush habitats
because of conversion to agriculture, altered fire
regimes, and livestock grazing. A change in fire
regimes and livestock grazing has left much of the
area susceptible to invasion of cheatgrass and other
nonnative vegetation. Altered fire regimes and
livestock grazing also may have played a role in
the loss of microbiotic crusts.

2. Adverse effects of human disturbance.

3. Redistribution, fragmentation, and simplification
of habitats outside of the HRV (per Hann and oth-
ers [1997]).

Strategies—The following strategies could be con-
sidered to address issues related to species belonging
to family 11. Primary strategies for improvement of
source habitats for family 11, outlined below, are sim-
ilar to many strategies identified for family 10:

1. (In support of issue no. 1) Identify and conserve
remaining core areas of shrub-steppe and other
source habitats where ecological integrity is still
high (Quigley and others 1996); examples are the
Northern Great Basin and Owyhee Uplands ERUs
that contain large blocks of public land. Conservation
measures include control of cheatgrass and other
exotic plants, proper management of grazing by
domestic and wild ungulates, and maintenance of
the Conservation Reserve Program on private
lands. Conservation of large core areas will pro-
vide long-term habitat stability; such areas will
function as anchor points for restoration, corridor
connections, and for other key functions of land-
scape management.

2. (In support of issue no. 1) Restore the native grass,
forb, and shrub composition within the sagebrush
cover types, and in other shrubsteppe cover types
used by species in family 10. Restore selected
areas of cheatgrass monocultures, by using seed-
ings and other manipulations, for areas that would
provide key spatial links for populations in family
10.

3. (In support of issue no. 1) Retard the spread of
nonnative vegetation. Use fire prevention and sup-
pression, planting of fire-resistant vegetation, and
explore the use of “green-stripping” techniques to
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Figure 20—Trend in source habitats for family 12 within each of 2,562 watersheds in the interior Columbia basin. Trend for each
watershed is shown as one of three categories: increasing, decreasing, or no change. A watershed was classified as increasing if
>50 percent of the groups in a family increased in source habitats >20 percent, considering only those groups that occurred in
the watershed. A watershed was classified as decreasing if >50 percent of the groups in a family decreased in source habitats
>20 percent, considering only those groups that occurred in the watershed. Watersheds not classified as increasing or decreas-
ing were classified as no change. 
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control the spread of cheatgrass in areas that are
susceptible to cheatgrass invasion and that are cur-
rently dominated by native shrubsteppe vegetation.

4. (In support of issue no. 1) Restore the microbiotic
crust in ERUs with potential for redevelopment
(that is areas near propagule sources, and with suit-
able soil, vegetation, and climatic characteristics
[see Belnap 1993, Belnap 1995, Kaltenecker 1997,
Kaltenecker and Wicklow-Howard 1994]); specifi-
cally focus on the Northern Great Basin, Owyhee
Uplands, and Upper Snake ERUs and, to a lesser
extent, the Columbia Plateau ERU (Hann and oth-
ers 1997, map 3.59).

5. (In support of issue no. 1) Maintain or restore
riparian vegetation and associated water tables 
to benefit microhabitats for sage grouse through
rangeland management (for example, grazing man-
agement of domestic and wild ungulates).

6. (In support of issue no. 2) Minimize adverse
effects of human disturbance. Implement road 
closures or other management that reduces human
activities and presence in source habitats. 

7. (In support of issue no. 3) Conduct midscale 
step-down assessment of current conditions rela-
tive to landscape patterns of succession-disturb-
ance regimes. Focus short-term restoration of
watersheds on those that are in high departure, do
not contain susceptible populations of species of
high conservation concern, and are at high risk of
loss of biophysical capability.

Family 12—Grassland and Open-
Canopy Sagebrush Family

Family 12 consists of the four species in groups 36 
and 37: Columbian sharp-tailed grouse (summer),
clay-colored sparrow, grasshopper sparrow, and
Idaho ground squirrel (table 6). The sharp-tailed
grouse and Idaho ground squirrel are year-round 
residents, whereas the grasshopper sparrow and clay-
colored sparrows breed only in the basin. Most species
in this family have limited or reduced distributions, or
both (vol. 2, figs. 108 and 111).

Source habitats and special habitat features—
Membership in family 12 was based on their close
associations with upland herblands, primarily fescue-

bunchgrass but, additionally, all species except the
clay-colored sparrow use open-canopied sagebrush
communities (table 11; vol. 3, appendix 1, table 1).
Additional cover types used by one or more species
are chokecherry-serviceberry-rose, wheatgrass bunch-
grass, native forbs, and herbaceous wetlands.

Although no special habitat features were identified
for species in family 12, microhabitat characteristics
probably limit these species’ distributions within the
source habitats identified above. Sharp-tailed grouse
use areas in more mesic (>30 cm [12 in] of annual
precipitation) shrublands and grasslands (Meints and
others 1992) and where the topography is rolling
(Saab and Marks 1992). Winter habitat for sharp-
tailed grouse, primarily mountain and riparian shrubs,
was not modeled here because of the fine-scale nature
of those specific cover types. The clay-colored spar-
row may be attracted to sites that have dense shrubs in
a matrix of more open grasslandlike vegetation (Janes
1983). Lastly, the Idaho ground squirrel inhabits
meadows dominated by shallow soils and small intru-
sions of deeper soil for nest burrows (USDA Forest
Service and USDI Fish and Wildlife Service 1996);
such meadows are typically surrounded by ponderosa
pine forests.

Broad-scale changes in source habitats—Restricted
ranges and reductions in ranges of most species in
family 12 increase the susceptibility of these popula-
tions to habitat declines, which occurred consistently
and strongly across most or all ERUs (table 12) and
associated watersheds (fig. 20). Source habitats
declined in 60 percent of the watersheds throughout
the basin. Specifically, source habitats declined in
eight ERUs (Northern Cascades, Southern Cascades,
Upper Klamath, Columbia Plateau, Blue Mountains,
Northern Glaciated Mountains, Lower Clark Fork, and
Upper Clark Fork) (table 12). Greater than 45 percent
of the watersheds in the Owyhee Uplands, Snake
Headwaters, and Central Idaho Mountains also had
declining trends, whereas >65 percent of the water-
sheds in the Northern Great Basin and Upper Snake
had neutral trends. 

Primary causes for habitat trends and the associated
ecological processes—Trends of source habitats for
family 12 can be taken in similar context as for fami-
lies 10 and 11. That is, the same patterns of broad-
scale redistribution of habitats, and of broad-scale
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reduction, fragmentation, and simplification of habitats
at multiple spatial scales (as described by Hann and 
others 1997) were associated with family 12.

Declines in source habitats for family 12 resulted
from basin-wide declines that occurred primarily in
upland shrubland and upland herblands (Hann and
others 1997). The largest declines of terrestrial com-
munities basin-wide were upland shrublands (-11 per-
cent) and upland herblands (-10 percent) (Hann and
others 1997). The two largest decreases in cover types
across the basin were big sagebrush (-8 percent) and
fescue-bunchgrass (-5 percent). 

The open-canopy low-medium structural stage of
mountain big sagebrush and big sagebrush experi-
enced some of the greatest absolute declines on an
ERU basis. The combined absolute decline for the
open-canopy low-medium structural stage of these
two sagebrush types declined in the Upper Snake (-40
percent), Owyhee Uplands (-20 percent), Columbia
Plateau (-13 percent), Snake Headwaters (-7 percent),
and Northern Great Basin (-2 percent) (vol. 3, appen-
dix 1, table 4). In these open-canopied cover types,
shrubs and trees eventually invade much of the area
that was occupied by grasses and forbs when fire is
absent. Woody species tie up nitrogen and other trace
nutrients causing a decline in site productivity.
Subsequently, foliage cover, basal cover, and litter
from the grasses and forbs decline, causing exposure
of the surface soil, which leads to erosion. Erosion
potentials in these areas can be aggravated by exces-
sive livestock grazing (as well as excessive grazing by
wild ungulates in concentrated areas, typically only on
winter range). Once the surface soil becomes eroded
and the subsoil is exposed, the environment becomes
more conducive to other woody species that better
compete for subsoil moisture.

Bunchgrasses, critical habitat components for family
12, were substantially impacted by high-intensity
grazing in the late 1800s and early 1900s (USDA
Forest Service 1996). For the Idaho ground squirrel,
meadow habitats of sagebrush and herbaceous vegeta-
tion surrounded by pine forest are decreasing because
of forest encroachment (USDA Forest Service and
USDI Fish and Wildlife Sevice 1996). 

Fire can either enhance or degrade habitats for species
in this family depending on cover type, timing, fre-
quency, intensity, size of burn, soils, and precipitation.

It is likely that all species in family 12 avoid burns
immediately after the fire because of loss of grass or
shrub cover, and return to burned sites after grasses
are restored. Most species of sagebrush do not resprout
and may not regenerate for 5 to 15 years after fires. 
In contrast, many species of deciduous shrubs (for
example chokecherry-serviceberry-rose) usually
resprout immediately after fire. Also, exotic vege-
tation can invade after fire, depending on the soils
and precipitation.

Mountain shrubs (chokecherry-serviceberry-rose),
shrub-wetlands, and herbaceous wetlands, other
source habitats that are key components of sharp-
tailed grouse habitat during late summer, fall, and
winter, naturally occur in small patches and were dif-
ficult to map at the scale of this analysis. Accurate
information, therefore, was not available on habitat
trends in mountain shrub and wetland cover types

Other factors affecting the family—Grazing can
negatively affect grasshopper sparrows (Bock and
Webb 1984, Saab and others 1995), and sharp-tailed
grouse (Marks and Saab Marks 1987, Saab and Marks
1992). High-intensity grazing negatively affects the
other species of this group (clay-colored sparrows and
Idaho ground squirrels) because of losses of native
perennial grasses and forbs, which are essential habi-
tat components for these species. 

Grazing and altered fire regimes have been linked to
continued losses of microbiotic crusts (Belnap 1995,
Kaltenecker 1997, St. Clair and Johansen 1993).
Increasing evidence shows that microbiotic crusts
improve soil productivity and moisture retention,
moderate extreme temperatures at soil surfaces, and
enhance seeding establishment of vascular plants
(Belnap and Gardner 1993, Harper and Pendleton
1993, Johansen and others 1993, St. Clair and others
1993). The effects of past losses and continued threats
to microbiotic crusts across the basin may affect
restoration efforts of upland herbland and shrubland
environments. 

Where hayfields and similar agricultural lands have
replaced native source habitats or are now located
adjacent to such habitats, substantial mortality can
be associated with annual tillage, particularly for
grasshopper sparrow. Early season mowing of hay-
fields causes major nest failures in grassland-nesting
species (Knapton 1994, Smith 1963).
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Human disturbances related to the expansion of resi-
dential developments, increases in road densities, and
associated recreational activities may exacerbate losses
of suitable habitat within the historical range of
Columbian sharp-tailed grouse (Giesen and Connelly
1993, Tirhi 1995). Idaho ground squirrel populations
are susceptible to sport shooting (Moroz and others
1995) as well as loss of habitat from human develop-
ments (USDA Forest Service and USDI Fish and
Wildlife Service 1996). The clay-colored sparrow and
grasshopper sparrow also are susceptible to continued
loss in habitat because of continued expansion of resi-
dential developments.

Issues and strategies for conservation—The 
magnitude and consistency of declines in source 
habitats for family 12 were as strong as or stronger
than those experienced for any other family, with 
the possible exception of family 1. Such declines are
reinforced by the strength and consistency of habitat
declines that we observed at a species level for mem-
bers of this family (tables 7 and 8). Declines in source
habitats for the Idaho ground squirrel, grasshopper
sparrow, and clay-colored sparrow were second, third,
and fifth highest among all species in the basin (table
7). Moreover, declines in source habitats for the
Columbian sharp-tailed grouse were in the upper 20
percent of all species-level declines (table 7). 

Issues—

1. Loss of upland herbland and upland shrubland
vegetation basin-wide.

2. Degradation of upland herbland and upland shrub-
lands habitats because of invasions of exotic forbs
and grasses, excessive livestock grazing, altered
fire regimes, and herbicide and pesticide use.

3. Human disturbance and human encroachment, and
roads as a facilitator of these negative effects.

4. Isolated and disjunct populations for Columbian
sharp-tailed grouse and Idaho ground squirrels.

5. Redistribution, fragmentation, and simplification at
basin, ERU, subbasin, watershed, and patch scales
compared to HRV (per findings of Hann and others
[1997]). 

Strategies—The following strategies could be con-
sidered to address issues related to species belonging
to family 12. The large and widespread declines in
source habitats for species in family 12 are notable
and compelling from a management perspective.
Strategies to improve source habitats for this family
partially overlap with strategies for families 10 and 11:

1. (In support of issue no. 1) Identify and conserve
remaining large areas of open-canopied big sage-
brush, fescue-bunchgrass, mountain big sagebrush,
wheatgrass bunchgrass, native forbs and other
source habitats where source habitats have not
declined strongly, such as in the Northern Great
Basin, Upper Snake, and Snake Headwaters ERUs.
Conservation measures include control of cheat-
grass and other exotic plants; reductions in grazing
by domestic and wild ungulates; and maintenance
of or increased participation in the Conservation
Reserve Program on private lands. Conservation of
large areas will provide long-term habitat stability;
such areas will function as anchor points for
restoration, corridor connections, and for other key
functions of landscape management.

2. (In support of issue no. 2) Restore the historical
composition of native grasses, forbs, and shrubs
within the big, mountain big, and low sagebrush,
fescue- and wheatgrass bunchgrass, native forb,
and chokecherry-serviceberry-rose cover types
used by species in family 12, in all ERUs that 
have undergone strong declines in source habitats.
Restoration measures include seedings and plant-
ings in combination with effective methods of site
preparation, reductions in grazing pressure by
domestic and wild ungulates, control of invading
exotic plants, reductions in human activities such
as offroad vehicle usage, control of road access
and associated motorized traffic, and control of
other ground-disturbing factors not part of site
preparation.

3. (In support of issue no. 2) Restore the microbiotic
crust in ERUs with potential for redevelopment
(i.e., areas near propagule sources, and with suit-
able soil, vegetation, and climatic characteristics
[see Belnap 1993, Belnap 1995, Kaltenecker 1997,
Kaltenecker and Wicklow-Howard 1994]): Northern
Great Basin, Owyhee Uplands, and Upper Snake
ERUs and, to a lesser extent, the Columbia Plateau
ERU (Hann and others 1997, map 3.59).
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4. (In support of issue no. 3) Reduce the negative
effects of factors associated with roads on species
in family 12 (tables 13 and 14). Negative effects
associated with roads include human disturbance
of sharp-tailed grouse leks and recreational shoot-
ing of Idaho ground squirrels. Example mitigations
include seasonal road closures during the grouse
lekking period and restrictions on recreational
shooting of ground squirrels. 

5. (In support of issue no. 4) Restore historical,
native composition of meadow vegetation within
the range of the Idaho ground squirrel; augment
restoration with possible measures to control popu-
lations of Columbian ground squirrels, which may
have a competitive advantage with the Idaho
ground squirrel in areas of sympatry.

6. (In support of issue no. 4) Hasten recovery of pop-
ulations of sharp-tailed grouse through the use of
translocations in areas where habitats have under-
gone restoration or are deemed to be of sufficient
quality and size to support the species’ long-term
persistence. Use land transactions to consolidate
areas containing suitable habitats, or that could be
restored to suitability, as part of translocation
strategies.

7. (In support of issue no. 5) Conduct midscale step-
down assessment of current conditions relative to
landscape patterns of succession-disturbance
regimes. Focus short-term restoration of water-
sheds on those that are in high departure, do not
contain susceptible populations of species of high
conservation concern, and are at high risk of loss
of biophysical capability.

Species Negatively Affected 
by Factors Associated With
Roads

Species-Road Relations

Various road-associated factors can negatively affect
habitats and populations of terrestrial vertebrates
(Bennett 1991, Forman and Hersperger 1996, Forman
and others 1997, Mader 1984, Trombulak and Frissell
2000). We identified 13 factors that were consistently
associated with roads in a manner deleterious to ter-
restrial vertebrates (table 13), based on results from 

a plethora of studies conducted in Europe, North
America, and Australia (with examples of this litera-
ture cited in table 13). Effects of road-associated fac-
tors can be direct, such as habitat loss and fragmen-
tation (Miller and others 1996, Reed and others 1996)
or indirect, such as population displacement or avoid-
ance in areas near roads in relation to motorized traf-
fic and associated human activities (Mader 1984).
Indirect effects can be subtle, such as the negative
effects of all-terrain vehicles (Busack and Bury 1974,
Lukenbach 1978) that can and do travel over a myriad
of off-road and on-road conditions, and whose move-
ments are facilitated by road access. 

Based on the factors listed in table 13, >70 percent of
the 91 broad-scale species of focus were found to be
negatively affected by one or more factors associated
with roads (table 14). Negative factors associated with
roads, and their specific effects on habitats and popu-
lations, are diverse and not always easily recognized.
These factors go beyond the obvious, direct effects of
habitat loss from road construction and maintenance,
which affects all species. Despite the diversity of fac-
tors and effects, several generalizations are obvious
from the summaries in table 13 and from the literature
cited in table 14:

1. Road construction converts large areas of habitat to
nonhabitat (Forman 2000, Hann and others 1997,
Reed and others 1996); the resulting motorized
traffic facilitates the spread of exotic plants and
animals, further reducing quality of habitat for
native flora and fauna (Bennett 1991, Hann and
others 1997). Roads also create habitat edge
(Mader 1984, Reed and others 1996); increased
edge changes habitat in favor of species that use
edges, and to the detriment of species that avoid
edges or experience increased mortality near or
along edges (Marcot and others 1994).

2. Species that depend on large trees, snags, or down
logs, particularly cavity-using birds and mammals,
are vulnerable to increased harvest of these struc-
tures along roads (Hann and others 1997). Motorized
access facilitates firewood cutting, as well as com-
mercial harvest, of these structures.

3. Several large mammals are vulnerable to poaching,
such as caribou, pronghorn, mountain goat, bighorn
sheep, wolf, and grizzly bear (e.g., Dood and others
1985, 1986; Knight and others 1988; McLellan and
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Table 13—Road-associated factors that negatively affect habitats or populations of terrestrial 
vertebrates, a generalized description of each factor’s effect in relation to roads, and example 
citations linking roads as a facilitator of the factors and effects

Road-associated 
factor Effect of factor in relation to roads Example citations

Snag reduction Reduction in density of snags due to their removal   Hann and others 
near roads, as facilitated by road access (1997), Quigley and

others (1996)

Down log reduction Reduction in density of large logs due to their removal Hann and others
near roads, as facilitated by road access (1997), Quigley and

others (1996)

Habitat loss and Loss and resulting fragmentation of habitat due to Forman and others
fragmentation establishment and maintenance of road and road (1997), Reed and

right-of-way others (1996)

Negative edge effects Specific case of fragmentation for species that Forman and others 
respond negatively to openings or linear edges (1997), Mader
created by roads (such as habitat-interior species (1984), Reed and
[Marcot and others 1994])    others (1996)

Over-hunting Nonsustainable or nondesired legal harvest by   Christensen and others
hunting, as facilitated by road access   (1991), Unsworth and

others (1993)

Over-trapping Nonsustainable or nondesired legal harvest by Bailey and others 
trapping, as facilitated by road access (1986), Hodgman

and others (1994) 

Poaching Increased illegal take (shooting or trapping) of animals, Cole and others (1997),
as facilitated by road access McLellan and 

Shackleton (1988)

Collection Collection of live animals for human uses (e.g.,  Nussbaum and
amphibians and reptiles collected for use as pets), as others (1983) 
facilitated by the physical characteristics of roads or 
by road access

Harassment or   Direct interference of life functions at specific use sites Forman (1995), 
disturbance at    due to human or motorized activities, as facilitated by White (1974) 
specific use sites  road access (e.g., increased disturbance of nest sites,

breeding leks, or communal roost sites) 

Collisions Death or injury resulting from a motorized vehicle Blumton (1989),
running over or hitting an animal on a road Boarman and Sazaki 

(1996), Vestjens (1973)

Movement barrier Preclusion of dispersal, migration, or other movements Bennett (1991),
as posed by a road itself or by human activities on or   Mader (1984)
near a road or road network 

Displacement or Spatial shifts in populations or individual animals away Forman and
avoidance from a road or road network in relation to human    Hersperger (1996), 

activities on or near a road or road network  Mech and others 
(1988)

Chronic, negative Increased mortality of animals (e.g., euthanasia or Mace and others 
interactions with shooting of gray wolves or grizzly bears) due to (1996), Thiel (1985)
humans increased contact with humans, as facilitated by 

road access
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Chronic,
Snag Down log Negative Over- Over- Harass- Movement    Displace-    negative 

Group Species reduction reduction edge effects hunting trapping Poaching Collection ment Collisions barrier         ment interactions

1 Pygmy nuthatch A B

1 White-breasted A B
nuthatch

1 White-headed A B
woodpecker

2 Lewis’ A 3
woodpecker 
(migrant)

3 Western gray B 60 60
squirrel

4 Blue grouse
(winter)

5 Fisher A A B 10, 11 12* 10*

5 Flammulated A B
owl

5 N. goshawk B
(summer)

5 American marten A A B 4*, 5, 6

6 Brown creeper A B

6 Chestnut-backed A B
chickadee
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Table 14—Effects of road-associated factors on habitats and populations of broad-scale species of focusa  (continued)

Chronic,
Snag Down log Negative Over- Over- Harass- Movement    Displace-    negative 

Group Species reduction reduction edge effects hunting trapping Poaching Collection ment Collisions barrier         ment interactions

6 Golden-crowned B
kinglet

6 Hammond’s B
flycatcher

6 Hoary bat A

6 Pileated A A B
woodpecker

6 Silver-haired bat A

6 Vaux’s swift A B

6 Varied thrush

6 Williamson’s A B
sapsucker

6 Winter wren A A B

7 Boreal owl A B

8 Great gray owl A

9 Black-backed A B
woodpecker

10 Olive-sided
flycatcher

11 Three-toed A B
woodpecker
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Chronic,
Snag Down log Negative Over- Over- Harass- Movement    Displace-    negative 

Group Species reduction reduction edge effects hunting trapping Poaching Collection ment Collisions barrier         ment interactions

11 White-winged 69*
crossbill

12 Woodland caribou B 13* 13*

13 N. flying A A B
squirrel

14 Hermit warbler B

15 Pygmy shrew C

15 Wolverine A 47, 55 68

16 Lynx A 31*, 32 33

17 Blue grouse 34
(summer)

17 Mountain quail 34
(summer)

18 Lazuli bunting 

19 Gray wolf 18* 16*,17, 17*, 20*, 15*, 18*, 16, 19*, 
20, 21, 21, 22*, 19*, 23*, 17, 20,
22, 72 72 72 22, 70*

72

19 Grizzly bear 24, 25, 24*, 26*, 14*, 25*, 24,14*,
26,14*, 72 28*, 29*, 30*, 72

72 30*, 72

20 Mountain goat 40 C 39,41 38* 39*

21 Long-eared owl

22 California bighorn C C 66 C
sheep



117

Table 14—Effects of road-associated factors on habitats and populations of broad-scale species of focusa (continued)

Chronic,
Snag Down log Negative Over- Over- Harass- Movement    Displace-    negative 

Group Species reduction reduction edge effects hunting trapping Poaching Collection ment Collisions barrier         ment interactions

22 Rocky Mt. 65 65 44 42, 43,
bighorn sheep 57

23 Broad-tailed 
hummingbird

23 Rufous 
hummingbird

24 Black-chinned 
hummingbird

24 California mountain 35, 67 36*
kingsnake

24 Sharptail snake A 67 36*

25 N. goshawk 
(winter)

26 Fringed myotis A 7, 71 7, 71

26 Long-eared A 7, 71 7, 71
myotis

26 Long-legged A 7, 71 7, 71
myotis

26 Yuma myotis 7, 71 7, 71

27 Townsend’s big- 7, 8, 71 7, 8, 71 7, 8
eared bat
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Table 14—Effects of road-associated factors on habitats and populations of broad-scale species of  focusa (continued)

Chronic,
Snag Down log Negative Over- Over- Harass- Movement    Displace-    negative 

Group Species reduction reduction edge effects hunting trapping Poaching Collection ment Collisions barrier         ment interactions

27 Pine siskin 69*

28 Pallid bat A

28 Spotted bat

28 Western small-footed 7, 71 7, 71
myotis

29 W. bluebird A

30 Ash-throated A
flycatcher

30 Bushtit

31 Burrowing owl 37 48

31 Ferruginous 73, 74, 49, 50 73
hawk 75

31 Lark sparrow

31 Pronghorn 27 46 27 9*, 46 45*, 27

31 Short-eared 37, 76, 51 76, 77
owl 77

31 Vesper sparrow

31 W. meadowlark 52
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Table 14—Effects of road-associated factors on habitats and populations of broad-scale species of  focusa (continued)

Chronic,
Snag Down log Negative Over- Over- Harass- Movement    Displace-    negative 

Group Species reduction reduction edge effects hunting trapping Poaching Collection ment Collisions barrier         ment interactions

32 Ground snake 56, 67 C

32 Longnose leopard 56, 67 C
lizard

32 Longnose snake 56, 67 C

32 Mojave black- 56, 67 C
collared lizard

32 Preble’s shrew A C

32 Striped 56, 67 C
whipsnake

32 Uinta ground C C
squirrel

32 Washington C C
ground squirrel

32 White-tailed C C
antelope squirrel

32 Wyoming ground C C
squirrel

33 Brewer’s sparrow

33 Lark bunting

33 Pygmy rabbit

33 Sagebrush vole C

33 Sage sparrow
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Chronic,
Snag Down log Negative Over- Over- Harass- Movement    Displace-    negative 

Group Species reduction reduction edge effects hunting trapping Poaching Collection ment Collisions barrier         ment interactions

33 Sage grouse C
(summer)

33 Sage grouse 
(winter)

33 Sage thrasher

34 Black-throated 
sparrow

34 Kit fox 63

35 Loggerhead 61, 62, 
shrike 64*

36 Col. sharp-tailed 53, 54 53, 54
grouse (summer)

37 Clay-colored 
sparrow

37 Grasshopper 
sparrow

37 Idaho ground 58, 59
squirrel

38 Black rosy 
finch

38 Gray-crowned 
rosy finch
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Table 14—Effects of road-associated factors on habitats and populations of broad-scale species of focusa (continued)

Chronic,
Snag Down log Negative Over- Over- Harass- Movement    Displace-    negative 

Group Species reduction reduction edge effects hunting trapping Poaching Collection ment Collisions barrier         ment interactions

39 Lewis’ 1, 2
woodpecker 
(resident)

40 Brown-headed 
cowbird

* = Cited reference makes a direct link with roads as a facilitator of the factor’s effect. Cited references not marked by an asterisk establish the factor as a problem for the
species but do not address whether roads facilitate the factor’s effect.
a Factors and effects listed here are defined in table 13. Factors and effects were documented from empirical literature and literature summaries, with each number listed
below denoting a footnoted study. Presumed effects are denoted by a letter corresponding to a footnote that describes each presumed effect and cites the supporting litera-
ture related to other species of the taxa. A factor not marked with a number or letter (blank cells) indicates that we could find no research results on the factor in relation to the
species or related taxa. Blank cells in this table therefore indicate no studies found rather than no effect of the factor.
A = Species depends on snags, down logs, or both structures to meet life requisites (Thomas and others 1979; volume 3, appendix 1, table 2); consequently, the species pre-
sumably is affected by a reduction in density of these structures and the documented links of this effect with roads (Hann and others 1997, Quigley and others 1996).
B = Species presumably responds negatively to openings or linear edges created by roads based on its dependence on closed-canopy habitats and lack of dependence on
disturbed or contrasting habitats of openings and closed-canopy forests (such as “habitat-interior” species [Marcot and others 1994]); additional research is needed, however, 
to validate the presumption.
C = Factor is presumed to have a negative effect on the species based on documented effects of the factor on species of similar life history or taxa. For poaching or over-
hunting of large mammals, documented effects include Cole and others (1997), Dood and others (1986), Knight and others (1988), McLellan and Shackleton (1988), Mech
(1970), Scott and Servheen (1985), Stelfox (1971), and Yoakum (1978). For over-harvest and poaching of ground squirrels (“plinking”), effects are described by Ingles (1965).
For collisions of reptiles with vehicles, documented effects are summarized by Vestjens (1973) and Bennett (1991). For roads as barriers to movements of small mammals,
documented effects are described by Mader (1984), Swihart and Slade (1984), and Merriam (1989). For displacement of all taxa, documented effects are summarized by
Bennett (1991). For any other effects on taxa marked with a “C” but not explicitly identified here, documented effects are summarized by Bennett (1991). Presumed effects of
factors marked with a “C” require additional research to validate the presumption. 
References:
1. Hann and others 1997; 2. Quigley and others 1996; 3. Bock 1970; 4. Hodgman and others 1994; 5. Fortin and Cantin 1994; 6. Thompson 1994; 7. Nagorsen and Brigham
1993; 8. Idaho State Conservation Effort 1995; 9. Autenrieth 1978; 10. Coulter 1966; 11. Jones 1991; 12. Paragi and others 1994; 13. Scott and Servheen 1985; 14. Mace
and others 1996; 15. Thurber and others 1994; 16. Mech 1970; 17. Van Ballenberghe and others 1975; 18. Mladenoff and others 1995; 19. Thiel 1985; 20. Fritts and others
1985; 21. Pletscher and others 1997; 22. Bangs and Fritts 1996; 23. Singer 1979; 24. Knight and others 1988; 25. McLellan and Shackleton 1988; 26. Dood and others 1986;
27. Yoakum 1978; 28. Kasworm and Manley 1990; 29. Mattson and others 1987; 30. Mattson and others 1992; 31. Bailey and others 1986; 32. Parker and others 1983; 
33. Koehler and Brittell 1990; 34. ICBEMP 1996d; 35. ICBEMP 1996a; 36. Brown and others 1995; 37. Marti and Marks 1989; 38. Singer 1978; 39. Chadwick 1972; 
40. Johnson 1983; 41. Joslin 1986; 42. Hamilton and others 1982; 43. Hicks and Elder 1979; 44. MacArthur and others 1979; 45. Bruns 1977; 46. Helms 1978; 47. Hornocker
and Hash 1981; 48. Green and Anthony 1989; 49. Bechard and Schmutz 1995; 50. Lokemoen and Duebbert 1976; 51. Olendorff and Stoddart 1974; 52. Lanyon 1994; 
53. Giesen and Connelly 1993; 54. Tirhi 1995; 55. Banci 1994; 56. Lehmkuhl and others 1997; 57. Geist 1971; 58. Moroz 1995; 59. USDA Forest Service and USDI Fish and
Willdife Service 1996; 60. Washington Department of Wildlife 1993b; 61. Yosef 1996; 62. Flickinger 1995; 63. DeStefano 1990; 64. Blumton 1989; 65. Stelfox 1971; 66. Taylor
and others 1993; 67. Nussbaum and others 1983; 68. Copeland 1996; 69. Ehrlich and others 1988; 70. Mech 1973; 71. Tuttle 1988; 72. Frederick 1991; 73. Howard 1975;
74. Harmata 1981; 75. Gilmer and others 1985; 76. Clark 1975; 77. Holt 1992. 



Shackleton 1988; Mech and others 1970; Scott and
Servheen 1985; Stelfox 1971; Yoakum 1978).
Roads facilitate poaching (Cole and others 1997).

4. Wolves and grizzly bears experience chronic,
negative interactions with humans, and roads are
a key facilitator of such interactions (Mace and
others 1996, Mattson and others 1992, Thiel 1985).
Repeated, negative interactions of these two species
with humans increase mortality of both species and
often cause high-quality habitats near roads to
function as population sinks (Mattson and others
1996a, 1996b; Mech 1973).

5. Carnivorous mammals such as marten, fisher,
lynx, and wolverine are vulnerable to over-
trapping (Bailey and others 1986, Banci 1994,
Coulter 1966, Fortin and Cantin 1994, Hodgman
and others 1994, Hornocker and Hash 1981,
Jones 1991, Parker and others 1983, Thompson
1994, Witmer and others 1998), and over-trap-
ping can be facilitated by road access (Bailey
and others 1986, Hodgman and others 1994,
Terra-Berns and others 1997, Witmer and others
1998). Movement and dispersal of some of these
species also are believed to be inhibited by high
rates of traffic on highways (Ruediger 1996) but
this belief has not been validated. Carnivorous
mammals such as lynx also are vulnerable to
increased mortality from highway accidents with
motorized vehicles (as summarized by Terra-
Berns and others 1997).

6. Reptiles seek roads for thermal cooling and heat-
ing, and in doing so, these species experience sig-
nificant, chronic mortality from motorized vehicles
(Vestjens 1973). Highways and other roads with
moderate to high rates of motorized traffic may
function as population sinks for many species of
reptiles, thereby resulting in reduced population
size and increased isolation of populations (Bennett
1991). For example, in Australia, 5 million reptiles
and frogs are estimated to be killed annually by
motorized vehicles on roads (Ehmann and Cogger
1985, as cited by Bennett 1991). Roads also facili-
tate human access into habitats for collection and
killing of reptiles.

7. Many species are sensitive to harassment or human
presence during particular seasons, which is often
facilitated by road access; potential reductions in
productivity, increases in energy expenditures, or

displacements in population distribution or habitat
use can occur (Bennett 1991, Mader 1984
Trombulak and Frissell 2000). Examples are human
disturbance of leks (sage grouse and sharp-tailed
grouse), of nests (raptors such as ferruginous hawk),
and of dens (kit fox). Another example is elk
avoidance of large areas near roads open to traffic
(Lyon 1983, Rowland and others 2000), with the
magnitude of elk avoidance increasing with rate
of traffic (Wisdom and others 1999, Johnson and
others 2000).

8. Bats are vulnerable to disturbance and displace-
ment caused by human activities in caves, mines,
and on rock faces (Hill and Smith 1984, Nagorsen
and Brigham 1993). Cave or mine exploration and
rock-climbing are examples of recreation that
potentially reduce population fitness of bats that
roost in these sites (Nagorsen and Brigham 1993,
Tuttle 1988). Such activities may be facilitated by
human developments and road access (Hill and
Smith 1984).

9. Ground squirrels often are targets of recreational
shooting (“plinking”), which is facilitated by
human developments and road access (Ingles
1965). Most species of ground squirrels included in
our analysis are local endemics; consequently,
these small, isolated populations may be especially
vulnerable to recreational shooting, potentially
resulting in severe reductions or local extirpations
of populations.

10. Roads often restrict the movements of small 
mammals (Mader 1984, Merriam and others 1988,
Swihart and Slade 1984). Consequently, roads can
function as barriers to population dispersal and
movement of some species of small mammals
(Oxley and Fenton 1974). 

11. Many granivorous birds are attracted to grains 
and seeds along roadsides, thereby resulting in
high mortality from vehicle collisions (Vestjens
1973). For example, pine siskins and white-
winged crossbills are attracted to road salt, which
can result in mortality from vehicle collisions
(Ehrlich and others 1988). 

12. Terrestrial vertebrates inhabiting areas near roads
accumulate lead and other toxins that originate
from motorized vehicles, with potentially lethal
but largely undocumented effects (Bennett 1991).
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In summary, no terrestrial vertebrate taxa appear
immune to the myriad of road-associated factors that
degrade habitat or that increase mortality. These mul-
tifaceted effects have strong management implications
for landscapes characterized by moderate to high den-
sities of roads, which is the typical pattern across
large areas of the basin (figs. 21, 22). That is, about
51 percent of the basin supports road densities esti-
mated as moderate, high, or extremely high (Quigley
and others 1996). Specific implications of this pattern
for species affected negatively by roads are as follows:

1. Source habitats likely are underused for many of
the species listed in table 14 when such habitats
exist in areas that contain moderate to high road
density. In some cases, the presence of moderate or
high densities of roads may index areas that func-
tion as population sinks and that would otherwise
function as source environments if road density
was low or zero. 

2. Species listed in table 14 whose source habitats
have undergone strong declines across the basin
(see “Species-Level Results”, and “Group-Level
Results,” this volume) may be affected in a syner-
gistic manner by the combination of scarce or
declining habitats and negative factors associated
with roads. If this is true, our analysis of trends in
source habitats underestimates the presumed
effects of change in environmental conditions on
such species and groups.

3. Mitigating the negative effects stemming from
road-associated factors on the species listed 
in table 14 will be as challenging, or perhaps more
challenging, than that of maintaining or restoring
vegetation used as source habitats by these species.
Mitigation will require effective control of human
access and roads in relation to management of live-
stock, timber, recreation, hunting, trapping, and
mineral development. Mitigation will require
intensive investments of money and resources that
are sustained over long periods. Setting priorities
for mitigation and implementing effective mitiga-
tive measures likely will require extensive, new
research about species-road relations. Such
research could be designed and conducted as joint
management experiments between managers and
researchers.

Mapping Road Density in Relation 
to Abundance of Source Habitats for
Terrestrial Carnivores

Composite carnivore map of habitat abundance
and road density—Subbasins having both zero to
low road density and moderate to high abundance of
source habitats for any of the four species of terrestrial
carnivores (grizzly bear, gray wolf, wolverine, or
lynx), considering current habitat abundance within
each of the historical range of the species, were con-
centrated in seven distinct areas (fig. 23), identified as
follows: area 1—the Greater Yellowstone Area, defined
as subbasins within the eastern portion of the Snake
Headwaters ERU; area 2—the Northern Continental
Divide Area, centered within and adjacent to Glacier
National Park and composed of subbasins within the
extreme eastern portion of the Northern Glaciated
Mountains ERU; area 3—the North Cascades Area,
defined as the segment of North Cascades National
Park that overlays one subbasin of the Northern
Cascades ERU; area 4—the Bitterroot-Central Idaho
Area whose subbasins overlap the Selway-Bitterroot
Wilderness and the Frank Church River of No Return
Wilderness within the Central Idaho Mountains ERU;
area 5—the Eagle Cap Wilderness-Hells Canyon Area,
composed of subbasins within the extreme eastern
portion of the Blue Mountains ERU; area 6—the
Owyhee Area, defined as subbasins within the
southern half of the Owyhee Uplands ERU and
southeast portion of the Northern Great Basin ERU;
and area 7—the Crater Lake Area, composed of the
portion of Crater Lake National Park that overlays
one subbasin in the Upper Klamath ERU (fig. 23).
Estimated habitat abundance for each carnivore
species in relation to road density is summarized in
the following sections and compared to the composite
carnivore habitat-roads map of figure 23.

Grizzly bear—Subbasins having both zero to low
road density and moderate to high abundance of
source habitats for grizzly bear, considering current
conditions within the historical range of the species
(fig. 24), were concentrated in all seven areas that
were identified on the composite carnivore habitat-
roads map (compare fig. 24 with fig. 23). Interestingly,
four of the seven areas—Greater Yellowstone,
Continental Divide, North Cascades, and Bitterroot-
Central Idaho—are within areas currently occupied by
grizzly bear, or are within areas that have had occa-
sional sightings or potential occurrences since 1970



124

Figure 21—Pixel-based predictions of road density classes within the basin (from Quigley and others 1996). 

MAP 
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Figure 22—Generalized classes of road density estimated to dominate each subbasin. See “Methods”, “Summarizing Knowledge
About Species-Road Relations,” for description of the steps used to estimate the dominant road class.

MAP 
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Figure 23—Seven areas composed of one or more subbasins that are dominated by zero to low road density and that also are
dominated by moderate to high abundance of source habitats for either grizzly bear, gray wolf, wolverine, or lynx. Area number,
name, and location are: area 1—Greater Yellowstone Area, defined as subbasins within the eastern portion of the Snake
Headwaters ERU; area 2—Northern Continental Divide Area, centered within and adjacent to Glacier National Park and com-
posed of subbasins within the extreme eastern portion of the Northern Glaciated Mountains ERU; area 3—North Cascades
Area, defined as the segment of North Cascades National Park that overlays one subbasin of the Northern Cascades ERU;
area 4—Bitterroot-Central Idaho Area whose subbasins overlap the Selway-Bitterroot Wilderness and the Frank Church River of
No Return Wilderness within the Central Idaho Mountains ERU; area 5—Eagle Cap Wilderness-Hells Canyon Area, composed
of subbasins within the extreme eastern portion of the Blue Mountains ERU; area 6—Owyhee Area, defined as subbasins within
the southern half of the Owyhee Uplands ERU and southeast portion of the Northern Great Basin ERU; and area 7— Crater
Lake Area, composed of the portion of Crater Lake National Park that overlays one subbasin in the Upper Klamath ERU.

MAP 
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(Mattson and others 1995). The other three areas—
Eagle Cap Wilderness-Hells Canyon, Owyhee, and
Crater Lake—have had no verified grizzly bear occur-
rences since early European settlement (late 1800s to
early 1900s, Mattson and others 1995), although use
of lower elevations within the Owyhee Area was prob-
ably incidental or infrequent.4

Also of interest is the fact that two other areas cur-
rently occupied by grizzly bear—the Selkirk and
Cabinet-Yaak Ecosystems (Mattson and others 1995),
each located within the portion of the Northern
Glaciated Mountains ERU in northern Idaho and
northwestern Montana—contain no subbasins having
both moderate to high abundance of source habitats
and zero to low road density (fig. 24). Consequently,
these areas were not detected by our mapping criteria.
That is, all subbasins within the Selkirk and Cabinet-
Yaak Ecosystems have low abundance of source habi-
tats, moderate to high road density, or both (fig. 24).
Although our mapping criteria did not detect these
two areas, it is noteworthy that the Selkirk and
Cabinet-Yaak ecosystems are believed to contain less
than 20 grizzly bears (Knick and Kasworm 1989,
Wielgus and Bunnell 1995). The relatively small num-
ber of bears present in these ecosystems suggests that
environmental conditions may not be as conducive to
maintenance of self-sustaining bear populations as
would other areas of the basin that we identified with
our mapping criteria. 

Gray wolf—Subbasins having both zero to low road
density and moderate to high abundance of source
habitats for gray wolf, considering current conditions
within the historical range of the species, were con-
centrated in five areas: Greater Yellowstone, Continental
Divide, Bitterroot-Central Idaho, Owyhee, and Eagle
Cap Wilderness-Hells Canyon (compare fig. 25 with
fig. 23). Three of these same areas used by grizzly
bear—Greater Yellowstone, Continental Divide, and
Bitterroot-Central Idaho—also are currently occupied
by wolf (USDI Fish and Wildlife Service 1997). The
other two areas—Eagle Cap Wilderness-Hells Canyon
and Owyhee—have had no verified wolf occurrences
since early European settlement (USDI Fish and 

4 Personal communication. 1998. David Mattson, U.S.Geological
Survey, Forest and Rangeland Ecosystem Science Center and
Department of Fish and Wildlife Resources, University of Idaho,
Moscow, ID 83844-1136.

Wildlife Service 1987) and, in contrast to the other
three areas, have not benefitted from translocation
programs or from immigration of wolves from areas
outside the basin (USDI Fish and Wildlife Service
1997). However, recent sightings of radio-collared
wolves (from Idaho) in the Blue Mountains ERU 
suggest that the Eagle Cap Wilderness-Hells Canyon
Area may already be used by some wolves at least
seasonally.

Wolverine—Subbasins having both zero to low
road density and moderate to high current abundance
of source habitats for wolverine, considering all areas
within the historical range of the species, were con-
centrated in the Greater Yellowstone, Northern
Continental Divide, North Cascades, Bitterroot-Central
Idaho, Eagle Cap Wilderness-Hells Canyon, and Crater
Lake Areas (compare fig. 26 with fig. 23). Interestingly,
all six of these areas have had verified occurrences of
wolverine since 1961, based on mapped observations
by Maj and Garton (1994). The largest concentration of
these occurrences appears to be within the Bitterroot-
Central Idaho Area, based on an overlay of fig. 26 with
Maj and Garton’s (1994) 1961-93 maps of wolverine
observations (Wisdom 2000).

Also of interest is the fact that >90 percent of the
wolverine observations compiled by Maj and Garton
(1994) for 1961-93 encompass subbasins containing
moderate to high abundance of the source habitats of
this species (Wisdom 2000). Moreover, <10 percent of
these verified wolverine observations were located in
subbasins containing low abundance of source habi-
tats. This high concentration of wolverine observa-
tions in relation to subbasins having moderate to high
abundance of wolverine source habitats also is con-
gruent with areas of the basin that likely have higher
potential to support reproductive den sites (per
descriptions of Copeland [1996] and Magoun and
Copeland [1998]).

Lynx—The map for lynx (fig. 27) was similar to that
for wolverine (fig. 26). That is, the same five areas—
Greater Yellowstone, Northern Continental Divide,
North Cascades, Bitterroot-Central Idaho, and Eagle
Cap Wilderness-Hells Canyon—contained the only
subbasins having both moderate to high habitat abun-
dance and zero to low road densities (compare fig. 27
with fig. 23). The sixth area identified for wolverine—
Crater Lake—was assumed to be outside the geographic
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Figure 24—Low, moderate, and high abundance of source habitats for grizzly bear in relation to zero and low road densities for each of 164 
subbasins in the interior Columbia basin. 

MAP 
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Figure 25—Low, moderate, and high abundance of source habitats for gray wolf in relation to zero and low road densities for
each of 164 subbasins in the interior Columbia basin. 

MAP 
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Figure 26—Low, moderate, and high abundance of source habitats for wolverine in relation to zero and low road densities for
each of 164 subbasins in the interior Columbia basin. 

MAP 

file://localhost/Users/WWPBoise/Desktop/MAPSV1.pdf/V1FIG26.PDF


131

Figure 27—Low, moderate, and high abundance of source habitats for lynx in relation to zero and low road densities for each of
164 subbasins in the interior Columbia basin. 

MAP 
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range of the lynx (Marcot and others, in prep.). A more
recent summary of occurrence data (McKelvey and
others 1999), suggests, however, that lynx occur in
portions of the southern Cascades of Oregon outside
the range map of Marcot and others (in prep.). 

In contrast to wolverine, most verified lynx locations,
based on combined data from Maj and Garton (1994)
and Lewis and Wenger (1998), corresponded to sub-
basins having a high abundance of lynx source habi-
tats, regardless of road density (Wisdom 2000). That
is, lynx locations verified by Maj and Garton (1994)
from 1961 to 1993 and by Lewis and Wenger (1998)
from 1977 to 1998 corresponded closely to subbasins
of high abundance of source habitats rather than to
subbasins having both zero to low road density and
moderate to high habitat abundance. Similar results
were found when lynx locations of McKelvey and
others (1999) were overlaid in relation to our subbasin
maps of lynx habitat abundance and road density
(Wisdom 2000). 

Management implications—Several interesting 
patterns emerged from the overlays of road density
with current habitat abundance for grizzly bear, wolf,
wolverine, and lynx, especially when current or recent
occurrence data for all four species was considered.
First, most of the subbasins having both moderate to
high abundance of source habitats and zero to low
road density occurred within or adjacent to National
Parks or Wilderness Areas. Second, most of these sub-
basins occurred within areas of high elevation. Third,
most of these subbasins were identified within areas
currently occupied by most or all of the four species.
Two other areas, however, currently occupied by griz-
zly bear—the Selkirk and Cabinet-Yaak Ecosystems
(Mattson and others 1995)—were not identified by 
our mapping exercise because subbasins within these
areas had low abundance of source habitats, moderate
to high road density, or both (fig. 24). And finally, the
pattern of lynx observations corresponded more closely
to subbasins of high habitat abundance rather than to
subbasins identified by our mapping criteria.

Although these patterns are interesting and often
agreed in general terms with knowledge of habitat
requirements and known occurrences of all four
species, our maps are strictly qualitative and not 
validated through formal research. As such, our maps
should be considered working hypotheses that must 
be tested as part of large-scale studies that evaluate 

a range of environmental conditions in relation to 
rigorous surveys of the presence and absence of each
species. Such an evaluation has been proposed for
lynx (Ruggiero and others 1999) and similar evalua-
tions have occurred for wolf and grizzly bear in parts
of the basin (e.g., Merrill and others [1999] for grizzly
bear and evaluations described by Bangs and Fritts
[1996] for gray wolf). Notably missing are any large-
scale evaluations for wolverine or more comprehen-
sive evaluations for wolf or grizzly bear that encom-
pass the entire basin and adjacent ecosystems. Such
evaluations are needed to corroborate the patterns dis-
played in our maps and to elucidate more fine-scale
relations between environmental conditions and the
likelihood of population occurrence for all four
species. 

Given these limitations, our maps could be useful 
to managers when considered in tandem with other
large-scale data on wolf, grizzly bear, wolverine, and
lynx. The mapping pattern shown here illustrates an
especially important point for all four species: that
large areas of the basin composed of moderate or high
abundance of source habitats may not be used, or may
be underused, by many or all of the four species, pre-
sumably because of negative interactions with humans
that are facilitated by roads and human developments.
For gray wolf and grizzly bear, researchers have veri-
fied a strong, negative relation between road density
and population fitness (e.g., Mace and others 1996,
Mattson and others 1996b, Mech and others 1988,
Thiel 1985). Similar relations have been hypothesized
for wolverine and lynx within the basin (ICBEMP
1996b, 1996c), and limited research on lynx (Bailey
and others 1986 and as summarized by Terra-Berns
and others 1997) outside the basin supports the
hypothesis that population fitness is lower in areas
characterized by increased road access. Because of
these observed or suspected effects on population fit-
ness, our maps identified a handful of large areas of
abundant source habitats that have low road density.
Presumably these areas have higher potential to sup-
port populations that could persist without additive
mortality that may be caused by road-associated fac-
tors. Thus, managers interested in conserving the few
large blocks of remaining habitats that are relatively
secure from human disturbances for terrestrial carni-
vores would want to focus on maintenance and
improvement of the seven areas identified in our
analysis (fig. 23), particularly the Greater Yellowstone,
Continental Divide, North Cascades, and Bitterroot-
Central Idaho Areas. These areas could be effective
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“building blocks” from which an overall network of
habitat and human activity strategies could be devised
to ensure a high probability of well-distributed, persis-
tent populations of all four species in the basin.

Validating Agreement Between
Change in Source Habitats
and Expert Opinion-Based
Habitat Outcomes
Direction of change (historical to current) in source
habitats agreed 81 to 84 percent of the time with a like
direction of change in historical to current habitat or
cumulative effects outcomes (Lehmkuhl outcomes) for
68 of our broad-scale species of focus that also were
evaluated by Lehmkuhl and others (1997). The consis-
tency of agreement between our trends in source habi-
tats and the Lehmkuhl outcomes reflected strong,
underlying congruity; this was true for habitat trends
in relation to the habitat outcomes, as well as to the
cumulative effects outcomes, for both the Eastside
EIS and the Upper Columbia River EIS areas.

Thirteen species, however, had trends in source habi-
tats that differed in direction from either the habitat or
the cumulative effects outcomes (table 15). Trends in
source habitats versus the Lehmkuhl outcomes gener-
ally differed for one of two reasons: (1) the expert
panels for Lehmkuhl and others (1997) considered
fine-scale characteristics of habitat, such as snag
abundance, riparian features, or habitat patchiness,
that we could not address with the large pixel size
(100 ha [247 ac]) used for our source habitat analysis;
or (2) the expert panels for Lehmkuhl and others
(1997) considered effects of roads or other nonvegeta-
tive factors that we did not consider in our source
habitat analysis. These two differences in evaluation
criteria potentially account for contradictions in direc-
tion in trends of source habitats versus outcomes for
10 of the 13 species listed in table 15. For example,
the expert panels for Lehmkuhl and others (1997)
cited fine-scale habitat features as the primary basis
for evaluating 8 of the 13 species, and cited roads or
other nonvegetative features, as the primary basis for
evaluating 2 other species. When these 10 species are
removed from the analysis, the direction of change in
source habitats versus the direction of change in the
Lehmkuhl outcomes agreed 95 to 97 percent of the
time.

Although such high agreement between source habitat
trends and the Lehmkuhl outcomes is compelling, it 
is not unexpected for at least two reasons. One is the
overlap (at least 25 percent) that existed between
experts who served on the panels of Lehmkuhl and
others (1997) and the experts who served on our pan-
els that identified source habitats; experts serving on
both panels would be expected to identify source
habitats in the same manner in which they based their
outcome projections. A second reason is that most
species experts tend to agree on the habitat factors and
effects that contribute to population persistence, and
all of these experts draw from the same set of empiri-
cal knowledge, regardless of overlap in experts serv-
ing on both panels.

Nonetheless, the congruity between trends in source
habitats and those found in Lehmkuhl and others
(1997), although strictly correlative, indicates that
direction of change in source habitats reflects a like
direction of change in projected, long-term population
persistence for any given species. That is, species
whose source habitats underwent a strong decline
from historical to current periods also should be
expected to have an estimated lower likelihood of
population persistence currently than historically.
Moreover, a strong decline in source habitats presum-
ably contributes largely or wholly to the reduced like-
lihood of population persistence, based on empirical
knowledge conveyed by the experts. These final
points are important to Federal managers who must
demonstrate compliance with viability requirements 
of ESA, NFMA, and related laws. Given the congruity
of results presented here, it seems that our methods of
analyzing trends in source habitats may be useful in
analyzing future habitat scenarios for EIS alternatives
in terms of compliance with Federal viability require-
ments.

Major Findings and
Implications
1. Source habitats for most species declined strongly

from historical to current periods across large areas
of the basin. Strongest declines were for species
dependent on low-elevation, old-forest habitats
(family 1), for species dependent on combinations
of rangelands or early-seral forests with late-seral
forests (family 8), and for species dependent on
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Relative 
change in

source Change in 
Common name habitats habitat outcome Reasons for habitat outcome (from panel notes) Most likely reasons for difference

Vaux’s swift -7.99 Increase Increase in habitat due to fire suppression and Although grand fir did increase in some areas, 
subsequent increase in grand-fir, which provides when considering all source habitats for Vaux’s 
source habitat for this species swift, habitat declined slightly basin-wide.

Fringed myotis 17.36 Decrease Loss of large snags and increased human We did not evaluate change in snag abundance
disturbance or the effects of human disturbance.

Long-legged 
myotis 17.16 Decrease Loss of large snags We did not evaluate changes in snag abundance.

Three-toed 
woodpecker 22.44 Decrease Loss of snags We did not evaluate changes in snag abundance. 

Mountain quail 16.09 Decrease Reduction in riparian shrub cover and species We did not analyze the fine-scale attributes 
composition due to grazing of riparian habitats.

Black-chinned 
hummingbird 14.37 Decrease Fire suppression has reduced amount of We did not evaluate patchiness of habitats or

openings, and there has been an increase in  fine-scale riparian attributes.
fragmentation of riparian areas

Olive-sided
flycatcher 17.55 Decrease Fire suppression has reduced patchiness of late- We did not evaluate patchiness of habitats.

and early-seral habitat, and important pine habitat

Lynx 14.49 Decrease Overtrapping and negative effects of logging on Our evaluation did not include effects of trapping
prey habitat juxtaposition or patchiness of habitats.

Wolverine 14.41 Decrease Roads and human disturbance Our evaluation did not explicitly measure road 
effects or other nonvegetative factors.
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Table 15—Species for which trends in source habitats differed from habitat outcomes of Lehmkuhl and others (1997)
(continued)

Relative 
change in

source Change in 
Common name habitats habitat outcome Reasons for habitat outcome (from panel notes) Most likely reasons for difference

Striped whipsnake -20.59 No change Population has not declined on Eastside BLM and Basin-wide, the habitait outcome score of a  
on BLM/FS  FS lands because these lands have not undergone negative change matches the decline in source 

Eastside  the increase in agricultural development and dam habitat.
lands construction as have the private lands or Upper 

Columbia River Basin BLM and FS lands 

Sharptail snake 55.23 Decrease Always patchy distribution, but situation has Our analysis did not measure changes in overall
declined due to agriculture and urban  population distribution from historical that the  
development, and perhaps climate change panelists estimated.

Mojave black-
collared lizard -3.14 No change Habitat has become more fragmented, and has Most of species range is on BLM-administered 

in Upper    declined due to agriculture, non-native lands, which did show a decline in habitait 
Columbia River vegetation, invasion of exotics, and reservoir outcome. Although there was no change in 

Basin development the weighted mean score, the distribution of 
CumEff habitat outcome scores was lower in the 

historical period. 

White-winged 
crossbill -46.41 No change Nomadic species associated with spruce, higher Unknown, though source habitats include both

elevation forests. Species not negatively  upper and lower montane late-seral forests, 
affected by the increased fragmentation caused which did decline basin-wide. 
by relatively small amounts of logging of that 
habitat.
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5. Implications of our results for managing old-forest
structural stages include the potential to conserve
old-forest habitats in subbasins and watersheds
where decline has been strongest; manipulate mid-
seral forests to accelerate development of late-
seral stages where such manipulations can be done
without further reduction in early- or late-seral
forests; and restore fire and other disturbance
regimes in all forested structural stages to hasten
development and improvement in the amount,
quality, and distribution of old-forest stages. Many
of the practices designed to restore old-forest habi-
tats also can be designed to restore early-seral
habitats. For example, long-term restoration of
more natural fire regimes will hasten development
of both early- and late-seral structural conditions,
and minimize area of mid-seral habitats, which
few if any species depend on as source habitat. 

6. Implications of our results for managing range-
lands include the potential to conserve native
grasslands and shrublands that have not undergone
large-scale reduction in composition of native
plants; control or eradicate exotic plants on native
grasslands and shrublands where invasion poten-
tial or spread of exotics is highest; and restore
native plant communities, by using intensive range
practices, where potential for restoration is high-
est. Restoration includes the potential to manipu-
late livestock grazing systems and stocking rates
where existing or past grazing practices have con-
tributed to the decline in native grasslands and
shrublands.

7. Implications of our summary of road-associated
effects include the potential to mitigate a diverse
set of negative factors associated with roads.
Comprehensive mitigation of road-associated fac-
tors would require a substantial reduction in the
density of existing roads as well as effective con-
trol of road access in relation to management of
livestock, timber, recreation, hunting, trapping,
mineral development, and other human activities.
Efforts to restore habitats without simultaneous
efforts to reduce road density and control human
disturbances will curtail the effectiveness of habi-
tat restoration, or even contribute to its failure;
this is because the large number of species that are
simultaneously affected by decline in habitat as
well as by road-associated factors. 

native grassland and open-canopy sagebrush habi-
tats (family 12). Widespread but less severe
declines also occurred for most species dependent
on old-forest habitats present in several elevation
zones (family 2); for species dependent on early-
seral forests (family 4); for species dependent on
native herbland, shrubland, and woodland habitats
(family 10); and for species dependent on native
sagebrush habitats (family 11). Source habitats for
all of the above-named families have become
increasingly fragmented, simplified in structure,
and infringed on or dominated by exotic plants.  

2. Primary causes for decline in old-forest habitats
(families 1 and 2) are intensive timber harvest and
large-scale fire exclusion (Hann and others 1997).
Additional causes for decline in low-elevation,
old-forest habitats are conversion of land to agri-
culture and to residential or urban development
(Hann and others 1997). These same causes—
intensive timber harvest and large-scale fire exclu-
sion—also are primarily responsible for the large
decline in early-seral habitats (family 4).

3. Primary causes for decline in native herbland,
woodland, grassland, and sagebrush habitats (fami-
lies 10, 11, and 12) are excessive livestock graz-
ing, invasion of exotic plants, and conversion of
land to agriculture and residential and urban devel-
opment (Hann and others 1997). Altered fire
regimes also are responsible for decline in native
grassland and shrubland habitats. 

4. Various road-associated factors negatively affect
habitats or populations of most species analyzed
here. Effects of road-associated factors can be
direct, such as habitat loss and fragmentation
because of road construction and maintenance.
Effects also can be indirect, such as displacement
or increased mortality of populations in areas near
roads in relation to motorized traffic and associated
human activities. Because of the high density of
roads present across large areas of the basin,
effects from road-associated factors must be con-
sidered additive to that of habitat loss. Moreover, 
it is likely that many habitats are underused by
several species because of the effects of roads and
associated factors; this may be especially true for
species of carnivorous mammals, particularly gray
wolf and grizzly bear. 
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8. Implications of all our results, when considered at
multiple spatial scales ranging from the basin, ERU,
subbasin, and watershed, provide spatially explicit
opportunities for conservation and restoration of
source habitats across various land ownerships and
jurisdictions. Moreover, our results provide temporal-
ly explicit opportunities for design of long-term efforts
to restore source habitats that have undergone
strong, widespread decline, with simultaneous
design of efforts to conserve these same habitats
where they exist currently. Use of our findings to
conduct effective spatial and temporal prioritization
of restoration and conservation efforts for terrestrial
species and habitats represents a major opportunity
for resources managers in the basin.
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Abstract
Wisdom, Michael J.; Holthausen, Richard S.; Wales, Barbara C.; Hargis, Christina D.; Saab, Victoria A.; 

Lee, Danny C.; Hann, Wendel J.; Rich, Terrell D.; Rowland, Mary M.; Murphy, Wally J.; Eames,
Michelle R. 2000. Source habitats for terrestrial vertebrates of focus in the interior Columbia basin: broad-
scale trends and management implications. Volume 2—Group level results. Gen. Tech. Rep. PNW-GTR-485.
Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 3 vol.
(Quigley, Thomas M., tech. ed.; Interior Columbia Basin Ecosystem Management Project: scientific assess-
ment). 

We defined habitat requirements (source habitats) and assessed trends in these habitats for 91 species of terres-
trial vertebrates on 58 million ha (145 million acres) of public and private lands within the interior Columbia
basin (hereafter referred to as the basin). We also summarized knowledge about species-road relations for each
species and mapped source habitats in relation to road densities for four species of terrestrial carnivores. Our
assessment was conducted as part of the Interior Columbia Basin Ecosystem Management Project (ICBEMP), 
a multiresource, multidisciplinary effort by the USDAForest Service (FS) and the USDI Bureau of Land
Management (BLM) to develop an ecosystem-based strategy for managing FS and BLM lands within the basin.
Our assessment was designed to provide technical support for the ICBEMPand was done in five steps. First, we
identified species of terrestrial vertebrates for which there was ongoing concern about population or habitat status
(species of focus), and for which habitats could be estimated reliably by using a large mapping unit (pixel size) of
100 ha (247 acres) and broad-scale methods of spatial analysis. Second, we evaluated change in source habitats
from early European settlement (historical, circa 1850 to 1890) to current (circa 1985 to 1995) conditions for
each species and for hierarchically nested groups of species and families of groups at the spatial scales of the
watershed (5th hydrologic unit code [HUC]), subbasin (4th HUC), ecological reporting unit, and basin. Third, we
summarized the effects of roads and road-associated factors on populations and habitats for each of the 91 species
and described the results in relation to broad-scale patterns of road density. Fourth, we mapped classes of the cur-
rent abundance of source habitats for four species of terrestrial carnivores in relation to classes of road density
across the 164 subbasins and used the maps to identify areas having high potential to support persistent popula-
tions. And fifth, we used our results, along with results from other studies, to describe broad-scale implications
for managing habitats deemed to have undergone long-term decline and for managing species negatively affected
by roads or road-associated factors.

Our results indicated that habitats for species, groups, and families associated with old-forest structural stages,
with native grasslands, or with native shrublands have undergone strong, widespread decline. Implications of
these results for managing old-forest structural stages include consideration of (1) conservation of habitats in sub-
basins and watersheds where decline in old forests has been strongest; (2) silvicultural manipulations of mid-seral
forests to accelerate development of late-seral stages; and (3) long-term silvicultural manipulations and long-term
accommodation of fire and other disturbance regimes in all forested structural stages to hasten development and
improvement in the amount, quality, and distribution of old-forest stages. Implications of our results for manag-
ing rangelands include the potential to (1) conserve native grasslands and shrublands that have not underg o n e
l a rge-scale reduction in composition of native plants; (2) control or eradicate exotic plants on native grasslands
and shrublands where invasion potential or spread of exotics is highest; and (3) restore native plant communities
by using intensive range practices where potential for restoration is highest.

Our analysis also indicated that >70 percent of the 91 species are affected negatively by one or more factors 
associated with roads. Moreover, maps of the abundance of source habitats in relation to classes of road density
suggested that road-associated factors hypothetically may reduce the potential to support persistent populations 
of terrestrial carnivores in many subbasins. Management implications of our summarized road effects include the



potential to mitigate a diverse set of negative factors associated with roads. Comprehensive mitigation of road-
associated factors would require a substantial reduction in the density of existing roads as well as effective control
of road access in relation to management of livestock, timber, recreation, hunting, trapping, mineral development,
and other human activities. 

A major assumption of our work was that validation research will be conducted by agency scientists and 
other researchers to corroborate our findings. As a preliminary step in the process of validation, we found 
high agreement between trends in source habitats and prior trends in habitat outcomes that were estimated 
as part of the habitat outcome analysis for terrestrial species within the basin. Results of our assessment also
were assumed to lead to finer scale evaluations of habitats for some species, groups, or families as part of
implementation procedures. Implementation procedures are necessary to relate our findings to local conditions;
this would enable managers to effectively apply local conservation and restoration practices to support broad-
scale conservation and restoration strategies that may evolve from our findings. 

Keywords: Cluster analysis, conservation, forest management, habitat, habitat condition, habitat management,
habitat trend, interior Columbia basin, Interior Columbia Basin Ecosystem Management Project, landscape
ecology, landscape analysis, population viability, rangeland management, terrestrial vertebrates, spatial analys i s ,
species of focus, sink, sink environment, source, source environment, source habitat, source habitats, restora-
tion, species groups, monitoring, validation research, viability, wildlife, wildlife-habitat relations.



Foreword
This publication consists of three volumes so that our findings—which consist of hundreds of tables, figures, pages
of text, and supporting citations—could be presented in a manner most usable to resource managers, biologists, and
the public. Volume 1 is designed as an overview of objectives, methods, key results, and management implications.
Volumes 2 and 3 contain increasingly detailed results that support and complement results in volume 1. We believe
that resource managers may find sufficient detail in the generalized results and implications presented in volume 1,
but that management biologists and other users of the results and supporting data will want to refer to all three vol-
umes. Results, management implications, and supporting citations provided in volume 2 are especially important to
consider as part of step-down implementation procedures and related management conducted by field units within
the interior Columbia basin. By contrast, information in volume 1 may be particularly useful in serving broad-scale
planning issues, objectives, and strategies for the interior Columbia basin as a whole. Regardless of application, all
three volumes are intended to function together as a comprehensive assessment of habitat trends and a summary of
other environmental factors affecting terrestrial vertebrates whose population or habitat status is of ongoing con-
cern to resource managers. Data underlying most tables presented in the three volumes also are available at the web
site for the ICBEMP: http://www. i c b e m p . g o v / s p a t i a l / m e t a d a t a / d a t a b a s e s .



Preface
The Interior Columbia Basin Ecosystem Management Project was initiated by the Forest Service and the Bureau
of Land Management to respond to several critical issues including, but not limited to, forest and rangeland health,
anadromous fish concerns, terrestrial species viability concerns, and the recent decline in traditional commodity
flows. The charter given to the project was to develop a scientifically sound, ecosystem-based strategy for manag-
ing the lands of the interior Columbia River basin administered by the Forest Service and the Bureau of Land
Management. The Science Integration Team was organized to develop a framework for ecosystem management,
an assessment of the socioeconomic and biophysical systems in the basin, and an evaluation of alternative man-
agement strategies. This paper is one in a series of papers developed as background material for the framework,
assessment, or evaluation of alternatives. It provides more detail than was possible to disclose directly in the pri-
mary documents.

The Science Integration Team, although organized functionally, worked hard at integrating the app r o a c h e s ,
analyses, and conclusions. It is the collective effort of team members that provides depth and understanding to
the work of the project. The Science Integration Team leadership included deputy team leaders Russell Graham
and Sylvia Arbelbide; landscape ecology—Wendel Hann, Paul Hessburg, and Mark Jensen; aquatic—Jim Sedell,
Kris Lee, Danny Lee, Jack Williams, and Lynn Decker; economic— Richard Haynes, Amy Horne, and Nick Reyna;
social science—Jim Burchfield, Steve McCool, Jon Bumstead, and Stewart Allen; terrestrial—Bruce Marcot,
Kurt Nelson, John Lehmkuhl, Richard Holthausen, Randy Hickenbottom, Marty Raphael, and Michael Wisdom;
spatial analysis—Becky Gravenmier, John Steffenson, and Andy Wilson.
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Introduction
This volume is the second in a three-volume publica-
tion that defines and assesses trends in source habitats
for 91 terrestrial vertebrate species within the interior
Columbia River basin (hereafter referred to as “basin”)
(See “Glossary,” vol. 3, for terms used in this paper).
This assessment was conducted as part of the Interior
Columbia Basin Ecosystem Management Project
(ICBEMP), a multiresource, multidisciplinary eff o r t
by the USDA Forest Service (FS) and the USDI
Bureau of Land Management (BLM) to develop an
ecosystem-based strategy for managing lands within
the basin administered by the FS and BLM. The
assessment area extends over 58 million ha1 (145 
million acres) in eastern Washington, eastern Oregon,
Idaho, western Montana, and small portions of
Nevada, California, Wyoming, and Utah (figs. 1 
and 2). The purpose of this publication is to provide
technical support to the ICBEMP regarding trends in
the areal extent of wildlife habitats in the basin, as
well as management implications regarding those
trends. Additionally, it can be used to provide a broad-
scale view of how wildlife habitats have changed in
the basin since early European settlement and fac-
tors that have contributed to those changes.

This publication focuses on source habitats rather 
than all habitats in which a species is known to occur.
Source habitats are those characteristics of macroveg-
etation that contribute to stationary or positive popula-
tion growth for a species in a specified area and time.
Source habitats contribute to source environments
(Pulliam 1988, Pulliam and Danielson 1991), which
represent the composite of all environmental condi-
tions that results in stationary or positive population
growth for a species in a specified area and time. The
distinction between source habitats and source envi-
ronments is important for understanding our evalua-
tion and its limitations. For example, source habitats
for a bird species during the breeding season would
include those characteristics of vegetation that con-
tribute to successful nesting and rearing of young, but
would not include nonvegetative factors, such as the 

1 See “Abbreviations,” p. 396, for definitions of abbreviated units
of measure.
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effects of pesticides on thinning of eggshells, which
also affect production of young. Consequently, we
have tried to identify all factors that affect population
performance of each species as a complement to our
explicit analysis of source habitats. For our analysis,
we relied on published literature and guidance from
species experts to identify source habitats and addi-
tional factors that presumably affect population per-
formance.

The 91 species in our analysis are organized into 40
groups, 37 of which are then organized into 12 fami-
lies. Groups are composed of one or more species that
share common source habitats, as defined by vegeta-
tion cover types and structural stages. Similar groups
also are clustered into families whose source habitats
generally fall into similar terrestrial community
groups, a broader classification that includes several
cover types. Group size ranges from 1 to 17 species,
and family size ranges from one to nine groups. 

Volume 1 describes methods used to select species for
analysis, place them in groups and families, estimate
source habitats, and analyze habitat trends. It also
includes general analyses of source habitat trends at
all three levels—species, group, and family—includ-
ing a correlation analysis that evaluates how well
species-level trends in source habitats are reflected 
in the higher level group- and family-level trends.
Volume 1 also identifies causes for the observed
trends and ecological processes important for main-
taining source habitats as part of the family-level
results. Additionally, volume 1 provides a special sec-
tion on species and groups that are negatively affected
by road-related human activities. In volume 2, we pre-
sent more detailed results on the analysis of source
habitat trends at the group level in support of the more
generalized results presented in volume 1. The appen-
dices in volume 3 provide further data and results in
support of both volumes 1 and 2.

For each of the 40 groups discussed in volume 2, we
specifically present results on source habitat trends,
interpret those results, and discuss management im-
plications. In the results section, we list the species
included in each group, display range maps for each
of the species, and describe source habitats and spe-
cial habitat features for each species. Source habitats
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Figure 1—Assessment boundaries of the Interior Columbia Basin Ecosystem Management Project and the 13 ecological reporting 
units.
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Figure 2—Land ownership within the Interior Columbia Basin Ecosystem Management Project science assessment area.
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and special habitat features for each species in each
group and family are listed in volume 3, appendix 1,
tables 1 and 2. 

In the results section of volume 2, we specifically 
display maps that compare the historical and current
distribution of source habitats within the basin for
each group, and describe changes in areal extent that
were projected to have occurred since the historical
period. These changes are analyzed at the watershed
level, a unit of land whose mean size is about 22 500 ha
(56,000 acres). The watershed results are summarized
by ecological reporting units (ERUs), which represent
13 broad geographical regions within the basin (fig. 1)
that differ significantly in biophysical characteristics
(Hann and others 1997). 

The section on interpretation of results in volume 2
consists of four components. First, we provide a
description of the vegetation changes that underlie
source habitat changes. Ecological processes and man-
agement actions that caused the vegetation changes
are described in volume 1, and more thoroughly in
Hann and others (1997). Second, changes from histor-
ical to current in the condition of special habitat fea-
tures are disclosed for those features for which
information is available. Third, factors other than
habitat that significantly affect species in the group are
discussed, with emphasis on the effects of specific
management activities and other human disturb-
ances. Finally, any available data on population 
status and trends for any species in the group are
presented. We have not performed any correlations or
added discussion of anecdotal similarity between
habitat trends and population trends because our habi-
tat analysis addresses different time frames and differ-
ent geographic areas than do population trend data
available for most species.

The final section of volume 2 discusses management
implications based on both the findings of this analy-
sis and published literature for each group of species.
Management implications are presented in three parts.
First, issues relevant to species in the group are dis-
cussed. These include issues related to broad-scale

source habitats, special habitat features, and other 
factors that significantly influence the group. Broad
strategies that could be used to resolve these issues
are presented, and geographic priorities for the strate-
gies are offered where appropriate. The third part o f
the management implications section consists of spe-
cific on-the-ground management practices that could
be used in the implementation of the strategies. In all
cases, the discussion of strategies and practices i s
intended to be addressed within the context of broad-
er ecosystem-based objectives. Implementation of the
strategies and practices for any single group without
consideration of other ecosystem elements would not
be appropriate.

The list of strategies and practices outlined for each
group of species in volume 2 should be considered a
menu of possible approaches that could be adopted by
managers to help achieve their objectives for conser-
vation and restoration of habitats. Before any of these
approaches are adopted, they should be analyzed to
determine their effectiveness, their compatibility with
overall ecosystem management objectives, and their
applicability to specific situations. Testing and valida-
tion should continue through all the geographic scales
of implementation.

In summary, the strategies presented at the family
level in volume 1 represent a synthesis of similar
group strategies developed in volume 2. Volume 1
therefore provides a broader, more generalized per-
spective of source habitat trends in the basin, whereas
volume 2 offers a more specific, indepth coverage of
the same analysis. Thus, users of our publication can
refer to volume 1 for an overview of results and impli-
cations, refer to volume 2 for detailed results that sup-
port the overview, and refer to volume 3 for the most
specific results and information in support of both
volumes 1 and 2.



Group 1—Pygmy Nuthatch,
White-Breasted Nuthatch, and
White-Headed Woodpecker

Results

Species ranges, source habitats, and special habitat
features—Group 1 consists of the pygmy nuthatch,
white-breasted nuthatch, and white-headed wood-
pecker, all of which are year-round residents within
the basin.2 The pygmy nuthatch is widespread except
for the Columbia Plateau and southern portions of 
the basin, and the white-breasted nuthatch occurs
throughout most of the basin (fig. 3). The white-head-
ed woodpecker has the most restricted range, occurring
in the eastern slope of the Cascade Range, the Blue
Mountains, the Okanogan Mountains, and mountains
of Idaho. Source habitats for group 1 are found in old
forests of Sierra Nevada mixed-conifer and ponderosa
pine cover types. The white-breasted nuthatch also
breeds in old forests of aspen and cottonwood-willow,
in Oregon white oak, and in unmanaged young forests
of interior ponderosa pine (vol. 3, appendix 1, table 1).

A special habitat feature for group 1 is large-diameter
snags for nesting and foraging (vol. 3, appendix 1,
table 2). Both nuthatches are secondary cavity nesters
and can use various nesting structures (McEllin 1979),
whereas the white-headed woodpecker is a primary
cavity excavator of soft snags and is therefore more
limited by the degree of wood decay suitable for nest
hole excavation (Garrett and others 1996). W h i t e -
headed woodpeckers typically nest in snags and lean-
ing logs, and occasionally nest in the dead tops of live
trees (Garrett and others 1996, Milne and Hejl 1989).
White-breasted nuthatches nest in natural cavities of
live ponderosa pine more often than in snags (Brawn
and Balda 1988, McEllin 1979). Suitable nest sites for
all three species usually are found within the upper
diameter classes of trees and snags. Average diameters
reported for nest trees are 57.93 ± 3.65 cm (22.80 ±
1.43 in [ ± SE]) for pygmy nuthatch (McEllin 1979),
53.77 ± 1.56 cm (21.16 ± 0.61 in [ ± SE]) for white-
breasted nuthatch (McEllin 1979), and 80 ± 65 cm (31
± 25 in [ ± SE]) for white-headed woodpecker
(Garrett and others 1996, Milne and Hejl 1989).

2 See table 1, volume 1, for common and scientific names of the
vertebrate species of focus, and appendix 3, volume 3, for scientific
and common names of plants and animals not addressed as terrestrial
vertebrate species of focus.

All three species forage primarily on live trees.
White-breasted nuthatches glean insects from tree
trunks and were observed in Colorado to spend nearly
75 percent of foraging time on ponderosa pine trunks
(Bock 1969). In the same study, pygmy nuthatches
foraged more generally in live ponderosa pine, divid-
ing their foraging time fairly equally among needles,
branches, and trunks. In Oregon, 80 percent of white-
headed woodpecker foraging time was on live trees,
and a preference was shown for trees with diameters
>25 cm (10 in) (Bull and others 1986a).  

Broad-scale changes in source habitats—Source
habitats for group 1 likely occurred throughout the
mountainous areas of the basin historically, and were
most extensive throughout the Cascade Range, the
Okanogan Mountains, and in central Oregon (fig. 4A).
Currently, source habitats cover roughly the same
geographical extent, but habitat patches appear more
disjunct (fig. 4B). The Upper Klamath ERU continues
to provide extensive source habitats, but elsewhere,
<25 percent of most watersheds within the distribution
of these species currently contains source habitats.

Basin-wide, >50 percent of watersheds had strong
negative declines in the availability of source habitats
(fig. 5). This basin-wide trend was mirrored within six
ERUs that also had strong negative declines in more
than 50 percent of the watersheds within the individ-
ual ERU boundaries: the Northern Cascades, Northern
Glaciated Mountains, Lower Clark Fork, Upper Clark
Fork, Upper Snake, and Snake Headwaters ERUs 
(fig. 5). Source habitats in the Upper Snake and Snake
Headwaters ERUs were less than 2 percent of either
ERU, both historically and currently (vol. 3, appendix
1, table 3). The extent of coverage in the Northern
Cascades, Northern Glaciated Mountains, and Lower
Clark Fork, however, was substantial historically,
accounting for 19 to 24 percent of the total area of
these ERUs (vol. 3, appendix 1, table 3). In general,
areas predominated by declining trends were in the
northern basin, whereas the central and southwestern
parts of the basin had mixed trends (fig. 4C).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Most projected
declines in source habitats were due to losses, parti-
cularly in the northern part of the basin, of late-seral
forests that today are in early- and mid-seral stages

161



162

Figure 3—Ranges of species in group 1 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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Figure 4—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in per-
centage area of source habitats from historical to current periods (C), for group 1 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but 
<60 percent; and 2 = an increase of >60 percent.
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Figure 5—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 1, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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Population status and trends—Population trends
were estimated for all three species by using Breeding
Bird Survey (BBS) route data from 1966 to 1995
(Sauer and others 1996). These data have not been
summarized for the basin, but summaries for various
states, USDI Fish and Wildlife Service regions, and
BBS physiographic regions are available. Pygmy
nuthatch numbers were stable within all summary
geographic areas of relevance to the basin, which were
physiographic region 64 (Central Rocky Mountains),
USDI Fish and Wildlife Service Region 1 (5 western
states), and the Western United States (11 western
states) (Sauer and others 1996). White-breasted
nuthatch numbers were stable in physiographic region
64 but increased 3.6 percent annually (n = 149, 
P < 0.01) in USDI Fish and Wildlife Service Region 1
and about the same throughout the Western United
States. White-headed woodpecker numbers were not
summarized for physiographic region 64 but increased
3.3 percent annually (n = 45, P < 0.10) in USDI Fish
and Wildlife Service Region 1 and similarly through-
out the 11 Western states (Sauer and others 1996).

Management Implications

The following issues, strategies, and practices may be
useful to managers as a starting point for integration
of potential resource objectives for group 1 with
b r o a d e r, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in the
basin.

Issues—The results of our habitat trend analysis 
suggest the following issues are of high priority for
group 1:

1. Basin-wide decline in late-seral interior and Pacific
ponderosa pine.

2. Basin-wide loss of large-diameter snags (>53 cm 
[21 in]).

3. High risk of additional loss of ponderosa pine 
habitat through stand-replacing fires.

4. Decline in old forests of aspen and cottonwood-
willow.

(vol. 3, appendix 1, table 4). Throughout the basin,
mid-seral shade-tolerant forests seem to be at nearly
twice their historical levels (Hann and others 1997). A
widespread change has been the transition of Pacific
and interior ponderosa pine old forests to mid-seral
stands of interior Douglas-fir and grand fir-white fir.

Managed young-forest structural stages of ponderosa
pine, used as source habitats for the white-breasted
nuthatch, generally had strongly increasing trends 
corresponding to the decline in old-forest structural
stages. In contrast, unmanaged young forests, charac-
terized by higher snag densities than managed forests,
experienced strong declines throughout the range of
group 1 (vol. 3, appendix 1, table 4). 

Within the cottonwood-willow cover type, old forests
had strongly declining trends throughout the basin 
(vol. 3, appendix 1, table 4) and generally remain only
in stands smaller than the 1-km2 (0.4-mi2) mapping
unit used in this analysis. These losses occurred from
changes in historical hydrologic regimes. Flooding by
reservoirs eliminated many cottonwood-willow stands,
and reservoirs also reduced periodic flooding, a disturb-
ance that is frequently needed for cottonwood seed
establishment (Merigliano 1996, Rood and Heinze-
Milne 1989). The declines in riparian woodlands and
old-forest ponderosa pine documented for the basin
are part of a larger picture of similar declines through-
out the Western United States (Noss and others 1995). 

Condition of special habitat features—Large-diame-
ter ponderosa pine snags are a special habitat feature
for group 1. In roaded areas with a history of timber
sales, large-diameter snags >53 cm (21 in) have been
reduced basin-wide (Hann and others 1997, Hessburg
and others 1999, Quigley and others 1996). Nesting
and foraging substrates for group 1 have therefore 
been reduced.

Other factors affecting the group—Roads indirectly
affect group 1 because roaded areas in the basin have
fewer snags than unroaded areas (Hann and others
1997). Roads enable snags to be cut, either in con-
junction with timber sales, or by individuals seek-
ing firewood. The additional loss of snags in areas
where snags are already in low density could limit
populations of species in group 1.
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Potential strategies—The following strategies could
be used to reverse broad-scale declines in source 
habitats:

1. (To address issue no. 1) Retain stands of interior 
and Pacific ponderosa pine where old-forest 
conditions are present, and actively manage to 
promote their long-term sustainability. The white-
headed woodpecker has the most restricted distri-
bution of all group members, and therefore the
retention of existing old forests is particularly
important within the range of this species where
declines in old forests have been most pronounced:
watersheds within the Northern Cascades, Northern
Glaciated Mountains, Upper Clark Fork, Lower
Clark Fork, and Blue Mountains ERUs. 

2. (To address issue no. 1) Restore dominance of 
ponderosa pine to sites where transition to other
cover types has occurred.

3. (To address issues no. 1 and no. 2) Accelerate
development of late-seral conditions, including
snag recruitment, within stands that are currently
in mid-seral stages. Areas for emphasis are the
same as those listed for strategy no. 1.

4. (To address issue no. 2) Include provisions for
snag retention and snag recruitment where needed
in all management plans involving forests used as
source habitats for group 1. 

5. (To address issue no. 3) Reduce risk of stand-
replacing fires in late-seral ponderosa pine.

6. (To address issue no. 4) Within all ERUs with 
cottonwood-willow stands, maintain existing old
forests and identify younger stands for eventual
development of old-forest structural conditions.
Return natural hydrologic regimes to large river
systems, particularly in the Central Idaho Mountains,
Upper Snake, and Snake Headwaters ERUs where
large riparian cottonwood woodlands still remain. 

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategies nos. 1-4) Use understory
thinning and prescribed burns to enhance develop-
ment of ponderosa pine old forests and to reduce

fuel loads. Refer to Blair and others (1995) 
for specific recommendations about live tree 
densities for the old-forest structural stage.

2. (In support of strategy no. 4) Retain existing snags,
particularly if >53 cm (21 in), and provide mea-
sures for snag replacement. Review existing or
develop new snag guidelines that reflect local 
ecological conditions and that address snag num-
bers, diameter, height, decay class, species, and
distribution. 

3. (In support of strategy no. 4) Reduce road densities
in managed forests where ponderosa pine snags are
currently in low abundance. Close roads after tim-
ber harvests and other management activities, and
minimize the period when such roads are open, to
minimize removal of snags along roads. In addi-
tion, or as an alternative to road management,
actively enforce fuel wood regulations to minimize
removal of large snags.  

4. (In support of strategy no. 4) Restrict fuel wood
permits to disallow snag cutting where ponderosa
pine snags are in low abundance, and particularly
where existing roads cannot be closed. Blair and
others (1995) recommend that public fuel wood
harvest should be limited to trees <38 cm (15 in)
diameter at breast height (d.b.h.).

Group 2—Lewis’ Wo o d p e c k e r
(Migrant Population)

Results

Species ranges, source habitats, and special habitat
features—Group 2 consists of populations of Lewis’
woodpecker that breed but do not overwinter in the
basin. Breeding occurs in portions of all ERUs except
the Upper Klamath and Northern Great Basin (fig. 6).

Source habitats of Lewis’woodpecker include old-
forest, single-storied structural stages of ponderosa
pine and multi-storied stages of Douglas-fir, western
larch, and riparian cottonwood woodlands (vol. 3,
appendix 1, table 1). Unlike most woodpecker species,
the Lewis’woodpecker is an aerial insectivore and
requires openings for foraging maneuvers. Their
breeding distribution is strongly associated with the
distribution of ponderosa pine in western North
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Figure 6—Ranges of species in group 2 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, separate
maps are shown for historical and current ranges; otherwise, the current range map also
denotes the historical range.

America (see Diem and Zeveloff 1980). This species
often is classified as a specialist in burned pine forest
habitat, although suitability of burned areas as habitat
may differ with postfire age, size and intensity of
burn, and geographic region (Block and Brennan 1987,
Bock 1970, Linder 1994, Raphael and White 1984,
Saab and Dudley 1998). Burned ponderosa pine forests
created by stand-replacing fires seem to be highly pro-
ductive source habitats compared to unburned pine or
cottonwood riparian forest (see Tobalske 1997). Burned
v e r s u s unburned stand condition was not included in
the analysis of source habitat extent but is addressed
in regards to source habitat quality.

Among nine cavity-nesting species, Lewis’ w o o d -
pecker was a highly successful nester and the most
abundant species nesting in a large (100 000 ha
[250,000 acres]), recently burned pine forest in western
Idaho (Saab and Dudley 1998). Openings in partially
logged, burned forests likely provide greater opportu-
nities for aerial foraging. Within the large burned
forests in western Idaho, Lewis’woodpecker nested

(1) almost exclusively in salvage-logged units 
(1.1 nests per km [1.7 per mi] surveyed), compared 
to unlogged units (0.05 nests per km [0.08 per mi]
surveyed); (2) in sites where snags were distributed 
in clumps; (3) in areas with densities of snags >23 cm
(9 in) d.b.h. averaging 59.3 snags per ha (24 snags per
acre); and (4) in areas with snag densities for trees
>53 cm d.b.h. (21 in) averaging 15.6 snags per ha 
(6.3 snags per acre) (Saab and Dudley 1998). Nest
sites generally are associated with an abundance of
flying insects, open-canopy forest or tree clumps,
snags, and dense ground cover in the form of shrubs,
downed material, and grasses (Bock 1970, Saab and
Dudley 1998, Tashiro-Vierling 1994, Tobalske 1997,
Vierling 1997). In burned habitats in Wy o m i n g
(Linder 1994) and California (Block and Brennan
1987), the percentage of shrub canopy in breeding
areas was 13 to 16 percent. 

Snags are a special habitat feature for this species
(vol. 3, appendix 1, table 2). Lewis’woodpeckers
require large snags in an advanced state of decay or
trees with soft sapwood for ease of cavity excavation
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Dramatic declines in source habitats seem widespread,
based on strong negative trends in 85 percent of the
watersheds throughout the basin (figs. 7C and 8).
Strong negative trends were particularly evident in the
northern watersheds of the basin (Northern Glaciated
Mountains, Lower Clark Fork, and Upper Clark Fork
ERUs), where more than 95 percent of the watersheds
experienced declines (fig. 8). Relative change in
extent of source habitats for the Lewis’woodpecker
was the greatest (that is, most negative) of any species
analyzed in this report (vol. 1, table 7).

Interpreting Results
Composition and structure of vegetation associated
with changes in source habitats—Declines in areal
extent of source habitats were due primarily to a basin-
wide alteration of old-forest ponderosa pine to mid-seral
structural stages (Hann and others 1997). The current
extent of mid-seral dry forest types is nearly twice the
historical level (Hann and others 1997). In the northern
and central ERUs, less than 10 percent of the historical
extent of interior ponderosa pine in the old-forest single-
story structural stage remains (vol. 3, appendix 1, table
4). Late-seral western larch also underwent immense
declines and is nearly absent at the broad scale in all
ERUs in which it historically occurred (vol. 3,
appendix 1, table 4).

Within the cottonwood-willow cover type, old forests
have strongly declining trends throughout the basin
(see vol. 3, appendix 1, table 4) and generally remain
only in stands smaller than the 1-km2 ( 0 . 4 - m i2) map-
ping unit used in this analysis. These losses occurred
from changes in historical hydrologic regimes. Flood-
ing by reservoirs eliminated many cottonwood-willow
stands, and reservoirs also reduced periodic flooding, 
a disturbance that is frequently needed for cottonwood
seed establishment (Merigliano 1996, Rood and
Heinze-Milne 1989). The declines in riparian wood-
lands, old-forest ponderosa pine, and western larch
documented for the basin are part of a larger picture of
similar declines throughout the Western United States
(Noss and others 1995). 

Condition of special habitat features—Abundance
of large (>53 cm [21 in]), heavily decayed snags for
nesting has been reduced basin-wide because of
changes in vegetation structure from old-forest single
stratum to mid-seral structures as well as snag removal
by woodcutters (Hann and others 1997, Hessburg and
others 1999, Quigley and others 1996). Reductions in

(Bock 1970, Raphael and White 1984, Saab and
Dudley 1995). A d d i t i o n a l l y, Lewis’ w o o d p e c k e r s
usurp occupied cavities (Saab and Dudley 1995), reuse
old cavities created by strong excavators (for example,
hairy woodpecker, black-backed woodpecker, or
northern flicker), or nest in natural cavities of trees
(Bock 1970, Saab and Dudley 1995, Tashiro-Vierling
1994, Vierling 1997). Reuse of old nests and excava-
tion of highly decayed wood probably are associated
with their weak excavation morphology compared to
that of other woodpeckers (see Tobalske 1997). Nest
tree species are typically ponderosa pine and cotton-
wood, and less commonly aspen, lodgepole pine,
j u n i p e r, willow species, and paper birch (To b a l s k e
1997). Snags and trees used for nesting are generally
larger in diameter and more heavily decayed than that
expected based on availability of such snags. In burned
ponderosa pine forests of western Idaho, nest trees
were large ( ± SD = 44.5  ± 1.8 cm d.b.h. [17.5 ± 0.7
in]) and were of heavier decay than were trees meas-
ured at random (n = 206 nests; Saab and Dudley 1998).
In Colorado, cottonwood nest trees had a larger d.b.h.
(112.6 ± 38.8 cm [44.3 ± 15.3 in]) than random trees
(n = 47 nests; Tashiro-Vierling 1994, Vierling 1997).
In burned pine-fir forests of the Sierras, nest height
averaged 7.3 m (24.0 ft), tree height 11.4 m (37.4 ft),
tree d.b.h. 66.5 cm (26.2 in), and tree diameter at cavi-
ty 52.2 cm (20.6 in) (n = 37 nests; Raphael and White
1984).

B road-scale changes in source habitats—
Historically, the greatest concentrations of Lewis’
woodpecker source habitats (excluding burned conif-
erous forest and riparian habitat that were not consid-
ered at the scale of this analysis) were in the Northern
Glaciated Mountains, Lower Clark Fork, and Blue
Mountains ERUs (fig. 7A). Up to 50 percent of several
watersheds within these ERUs are thought to have
provided source habitats, whereas lesser amounts of
source habitats likely occurred in most watersheds of
the Columbia Plateau, Southern Cascades, Upper
Clark Fork, Central Idaho Mountains, and Snake
Headwaters ERUs (fig. 7A).

The current amount of source habitat is significantly
reduced from historical levels in all 11 ERUs that 
provide source habitat (fig. 7B). The Central Idaho
Mountains currently provide the most contiguous
habitats, yet these comprise <25 percent of most
watersheds (fig. 7B).
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Figure 7—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 2 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but 
<60 percent; and 2 = an increase of >60 percent.
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Figure 8—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 2, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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the amount of old-forest single stratum and stand initia-
tion structures have reduced forest patch openings that
allow foraging maneuvers. In the central and southern
regions of the basin, increases in closed-canopy,
multi-storied forests have reduced understory shrubs
and presumably reduced the abundance of associated
arthropods on which Lewis’woodpecker feed.

Other factors affecting the group—Road densities
have significantly increased throughout the basin
(Hann and others 1997), thereby allowing greater
human access into forested regions and greater poten-
tial for snag removal along roads. Prolonged human
presence at or near nest sites may cause abandonment
(Bock 1970), although stable populations coexist with
park development and heavy tourist use during the
breeding season in British Columbia (Siddle and
Davidson 1991). Chlorinated hydrocarbons (such as
DDT, a pesticide formerly used in fruit orchards and
gardens) could have potential negative effects on
Lewis’woodpeckers (Tobalske 1997) because they
sometimes nest in agricultural settings (Sorensen 1986,
Tashiro-Vierling 1994). Elevated energetic costs and
stress may be associated with high rates of territorial
encounters with European starlings, which could
reduce reproductive success even if Lewis’wood-
pecker dominates the interaction (Siddle and
Davidson 1991).

Population status and tre n d s —Breeding Bird Surveys
indicate that population trends have been stable within
the basin from 1968 to 1994 (Saab and Rich 1997).
Saab and Rich (1997), however, included the Lewis’
woodpecker as one of 15 Neotropical migrants in the
basin that are of high concern to management under
all future management themes for the basin, because
of the close association of the species with old forest
stages of ponderosa pine. Populations may have declined
by about 60 percent within the Western United States
since the 1960s, on the basis of BBS data (1966 to
1995, -4.0 percent per yr, n = 61, P < 0.01; Sauer and
others 1996). Also, Christmas Bird Counts (CBC)
showed a decline in Lewis’ woodpecker observations
across the entire range of the species, from an average
of 10 birds per 1,000 observation hours in 1960 to
about four birds per 1,000 observation hours in 1989
(n = 20, P < 0.05; Tashiro-Vierling 1994). 

Trend data generated by the BBS and CBC may not
be adequate for monitoring populations of Lewis’
woodpecker (Saab and Rich 1997, Tobalske 1997)
because of their sporadic distribution (Bock 1970) and

relatively uncommon status (DeSante and Pyle 1986).
Dramatic cycles of abundance may be related to local
changes in habitat (Bock 1970) and to nomadic
behavior of Lewis’woodpeckers in search of burned
forests for nesting habitat.

Management Implications
The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 2 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in the
basin.

Issues—The following issues were identified from
results of our analysis in combination with relevant
vegetation dynamics documented by Hann and others
(1997): 

1. Declines in shrub understories of montane and
lower montane forests.

2. Basin-wide decline in old forests of interior and
Pacific ponderosa pine and interior western larch.

3. Basin-wide decline in old forests of cottonwood
woodlands.

4. Decline in availability of large snags and trees for
foraging and nesting.

5. Potential for negative impacts from agricultural
pesticides.

Potential strategies—The issues identified above
suggest the following broad-scale strategies for the
long-term persistence of Lewis’woodpecker.

1. (To address issue no. 1) Rejuvenate and enhance
shrub understory of lower montane community
groups (old-forest ponderosa pine) and montane
community groups that include interior Douglas-fir
and western larch in the Northern Glaciated
Mountains, Lower Clark Fork, Upper Clark Fork,
and Blue Mountains ERUs. 

2. (To address issue no. 2) Restore degraded stands
and maintain high-quality existing stands of old-
forest interior and Pacific ponderosa pine, interior
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D o u g l a s - f i r, western larch, and cottonwood-willow.
Protection and restoration of existing old forests 
is especially important within the range of this
species where declines in old forests have been
most pronounced. Areas of emphasis include Blue
Mountains, Northern Glaciated Mountains, Upper
Clark Fork, Lower Clark Fork, and Central Idaho
Mountains ERUs. Within these same ERUs, accel-
erate development of old forests within stands that
are currently mid-seral structural stages.

3. (To address issue no. 3) Within all ERUs with 
cottonwood-willow stands, maintain existing old
forests, and identify younger stands for eventual
development of old-forest structural conditions.
Return natural hydrologic regimes to large river
systems, particularly in the Central Idaho Mountains,
Upper Snake, and Snake Headwaters ERUs where
large cottonwood riparian woodlands still remain. 

4. (To address issue no. 4) Retain all large-diameter
(>53 cm d.b.h. [21 in]) ponderosa pine, cotton-
wood, Douglas-fir, and western larch snags within
the basin, preferably in clumps, and provide oppor-
tunities for snag recruitment.

5. (To address issue no. 5) Reduce exposure to pesti-
cides during nesting season. Avoid use of toxic
chlorinated hydrocarbons and organophosphorus
insecticides near Lewis’woodpecker nesting sites.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategies no. 1 and no. 2) Use pre-
scribed burns and understory thinning of small-
diameter trees (<25 cm d.b.h. [10 in]) to maintain
existing old-forest ponderosa pine stands and to
accelerate development of midsuccessional stages
to old-forest conditions. These practices also can
be used to enhance and develop shrub understories
(>13 percent shrub canopy) to attract arthropod
prey.

2. (In support of strategies no. 1 and no. 2) Allow 
stand-replacing wildfires to burn in lower montane
wilderness and other lands managed with a reserve
emphasis (for example, designated wilderness,
research natural areas, and areas of critical envi-
ronmental concern). Such opportunities can be

found particularly in the Central Idaho Mountains,
Blue Mountains, and Snake Headwaters ERUs,
and in western Montana.

3. (In support of strategy no. 4) Develop measures for
snag recruitment in unburned forests. Management
for snag recruitment (particularly broken-topped
snags) in unburned forests with high risks of stand-
replacing fires will provide nest trees during the
first few years after wildfire when other trees are
not easily excavated.

4. (In support of strategy no. 4) In salvage-logged,
postfire ponderosa pine forests, retain snags in
clumps rather than evenly spaced, leaving both
hard and soft decay classes to lengthen the time
that those stands are suitable for nesting by Lewis’
woodpeckers. Snag densities should approximate
59 snags per ha (24 snags per acre) of d.b.h. size
>23 cm [9 in], and of these, about 15 snags per ha
(6 snags per acre) should be large snags (>53 cm
d.b.h. [21 in]) (Saab and Dudley 1998).

5. (In support of strategy no. 4) Minimize the density
of roads open to motorized vehicles. Close roads
after timber harvests and other management activi-
ties, and maintain short periods during which such
roads are open to minimize removal of snags along
roads. In addition or as an alternative to road man-
agement, actively enforce fuel wood regulations to
minimize removal of large snags.

6. (In support of strategy no. 4) Restrict fuel wood
permits to disallow snag cutting where ponderosa
pine snags are in low abundance, and particularly
where existing roads cannot be closed. Blair and
others (1995) recommend for Idaho that public
fuel wood harvest should be limited to trees <38
cm (15 in) d.b.h.

7. (In support of strategy no. 5) Avoid use of toxic
agricultural insecticides near Lewis’woodpecker
nest sites.

Group 3—Western 
Gray Squirrel
Results

Species ranges, source habitats, and special habitat
features—Group 3 is composed of the western gray
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Figure 9—Ranges of species in group 3 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, separate
maps are shown for historical and current ranges; otherwise, the current range map also
denotes the historical range.

squirrel, a year-round resident of the basin. The 
western gray squirrel is distributed within the western
portion of the basin. Its range includes the Southern
Cascades, most of the Northern Cascades and Upper
Klamath, and portions of the Northern Glaciated
Mountains, Columbia Plateau, and Northern Great
Basin ERUs (fig. 9). Currently, however, only small,
disjunct areas within this range are occupied by squir-
rel populations (Ryan and Carey 1995).

Source habitats for the western gray squirrel include
interior ponderosa pine and Oregon white oak wood-
lands (vol. 3, appendix 1, table 1). Structural stages of
interior ponderosa pine that provide source habitat are
old-forest single-story, old-forest multi-story, and both
managed and unmanaged young forest.

Mast-producing trees are an important component of
western gray squirrel habitat. Species of mast-produc-
ing trees differ throughout the range of the squirrel
and include both the native Oregon white oak and
introduced English and black walnuts (Barnum 1975).

The western gray squirrel uses tree cavities and stick
nests as winter dens and for rearing young (Ryan and
Carey 1995). The presence of a contiguous tree
canopy that allows for arboreal travel around nest
sites is also an important habitat feature (ICBEMP
1996c).

Broad-scale changes in source habitats—The trend
in broad-scale source habitats for western gray squir-
rels from historical to current periods was mixed (fig.
10). Moderate or strong decreases were projected in
about 30 percent of the watersheds basin-wide, with
moderate to strong increases in nearly an equal num-
ber (fig. 11). In the Northern Cascades, there were
negative and strongly negative trends in about 65 per-
cent of the watersheds (fig. 11). More than half the
watersheds in the Northern Great Basin had declining
or strongly declining trends. In the Columbia Plateau,
there were increasing or strongly increasing trends 
in about 65 percent of watersheds (fig. 11). Other
ERUs either showed mixed trends in source habitats
(Southern Cascades, Upper Klamath) or had few
watersheds that fell within the range of the squirrel
(Blue Mountains, Northern Glaciated Mountains).

MAP 
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Figure 10—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 3 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

MAP 
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Figure 11—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 3, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Declines in source
habitats in the Northern Cascades were due to large
decreases in old-forest single-story, old-forest multi-
story, and unmanaged young-forest structural stages of
interior ponderosa pine (vol. 3, appendix 1, table 4).
In the Northern Great Basin, most of the decline
resulted from decreases in old-forest single-storied
interior ponderosa pine (vol. 3, appendix 1, table 4).
Increasing trends in the Columbia Plateau were mostly
due to increases in the managed young-forest stage of
interior ponderosa pine.

Although oak woodlands were listed as an important
source habitat, there was not a measurable vegetation
change in this cover type in the ERUs within the range
of the species (vol. 3, appendix 1, table 4). In many
cases, oak woodlands do not occur in large patches in
the basin and may not have been adequately sampled
by the 1-km2 (0.4-mi2) pixel size used to interpret
vegetation. 

Condition of special habitats features—Mast-
producing trees, such as oak, likely have declined 
primarily because of increasing human developments
( Washington Department of Wildlife 1993c). In roaded
areas with a history of timber harvests, densities of
large-diameter trees (>53 cm [21 in] d.b.h.) have
declined from historical conditions (Hann and others
1997, Hessburg and others 1999, Quigley and others
1996), thus reducing the availability of cavities. 

Other factors affecting the group—Introduced 
eastern fox squirrels and gray squirrels (eastern) are
potential competitors in parts of the range of the west-
ern gray squirrel (Ryan and Carey 1995 ). Humans
often shoot western gray squirrels both legally and
illegally. In Washington, the western gray squirrel is
protected from hunting; in Oregon, however, the west-
ern gray squirrel is a game species and is regarded as
a pest in nut orchards (Ryan and Carey 1995).

Local extirpations caused by mange infestations have
seriously affected populations of western gray squirrels.
Recovery of populations from disease outbreaks may
be difficult when populations are small and widely 
dispersed (Ryan and Carey 1995).

Population status and trends—Although there is 
no specific evidence of a reduction in range of west-
ern gray squirrels from historical conditions, there is
evidence that populations within the range are sparser
and more scattered (Washington Department of
Wildlife 1993c). This suggests a declining population
trend, but there are no direct population data available
to confirm the trend.

Management Implications

The following issues, strategies, and practices may be
useful to managers as a starting point for integrating
potential resource objectives for group 3 with broader,
ecosystem-based objectives for all other resources on
FS- and BLM-administered lands in the basin.

Issues—Our results, combined with literature and
other empirical information, suggest that the following
issues are important for the western gray squirrel:

1. Loss of habitat because of increased human devel-
opment, timber harvest, and other management
activities.

2. Loss or decline of oak trees as a cover type and
within other cover types. 

3. Isolation of squirrel populations because of loss of
habitat. 

4. Interspecific competition with nonnative squirrels. 

5. Direct mortality because of hunting and illegal
shooting.

Potential strategies—Issues for the squirrel suggest
that the following strategies may help land managers
effectively address declines in habitats or populations
within the range of the squirrel in the basin:

1. (To address issues no. 1 and no. 2) Across the cur-
rent range of the squirrel, provide source habitats
composed of young- and old-forest interior pon-
derosa pine stands that include an oak component.

2. (To address issue no. 2) Manage for the mainte-
nance and restoration of oak woodlands. 

3. (To address issue no. 3) Provide connectivity
among current squirrel populations (Ryan and
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Carey 1995) by increasing the areal extent of 
habitats where these have declined, particularly 
in watersheds within the Northern Cascades,
Southern Cascades, and Upper Klamath ERUs. 

4. (To address issues no. 4 and no. 5) Coordinate
with other agencies and parties on cooperative
efforts to ensure that habitats and populations are
maintained. 

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Where mixed-conif-
erous/deciduous forest stands have the potential to
support a significant oak component, manage them
to provide a mixed tree species composition by 
(1) killing overtopping conifers to allow oaks to
grow to an open form; (2) thinning dense pure oak
and conifer-oak stands to reduce crowding and
water stress and allow remaining oaks to become
larger, more vigorous, more productive, and more
fire-resistant; (3) removing smaller conifer trees
under the oak canopy that are competing with oaks
for water and that will eventually overtop the oaks
( Ryan and Carey 1995); and (4) retaining old and
l a rge conifers within oaks stands where these trees
are widely spaced and have an open crown that
intercepts little sunlight while providing good year-
round shelter for wildlife and their nests (Ryan and
Carey 1995). 

2. (In support of strategy no. 2) Manage oak wood-
lands to achieve the following attributes: (1) large,
live, open-form oaks; (2) nearby water; (3) adja-
cent intergrading stands of ponderosa pine; (4)
associated deciduous trees and shrubs; (5) a second
age class of closed-form oaks to replace aging
oaks; (6) natural prairie plant associations to pro-
vide an open to patchy understory; and (7) corri-
dors linking habitat fragments (Ryan and Carey
1995). Minimum size of oak stands should be 2 ha
(5 acres), with a desired size of 4 ha (10 acres)
(Ryan and Carey 1995).

3. (In support of strategies no. 2 and no. 3) Identify
and emphasize the location of mature oak stands in
relevant management plans, particularly where

such stands could potentially link existing popula-
tions. Include oak preservation in planning criteria
(Ryan and Carey 1995). Increase public awareness
of Oregon white oak and western gray squirrels
(Ryan and Carey 1995). 

4. (In support of strategy no. 4) Improve coordination
among state agencies to design hunting seasons to
target only areas of crop depredations and to avoid
introductions of competitive species.

Group 4—Blue Grouse
(Winter)

Results

Species ranges and source habitats—This group
consists of winter habitat for blue grouse. Blue grouse
are widely distributed across the basin, occurring along
the crest of the Cascade Range, in the Blue Mountains,
and throughout Idaho and western Montana (fig. 12).
Spring and summer habitat for blue grouse occurs at
lower elevation than winter habitat, and is discussed
in group 17. Specific winter source habitats for blue
grouse are old-forest single-story, old-forest multi-
s t o r y, and understory reinitiation stages of interior
D o u g l a s - f i r, western larch, Sierra Nevada mixed
c o n i f e r, Pacific ponderosa pine, and interior ponderosa
pine; and mixed-conifer woodlands (vol. 3, appendix 1,
table 1).

Broad-scale changes in source habitats—Significant
areas of blue grouse winter range occur in 9 of the 13
ERUs (fig. 12). Within the winter range of the blue
grouse, there has been an overall decline in its winter
habitat with about 70 percent of watersheds showing a
moderate or strong decline (figs. 13 and 14). Moderate
or strong declines occurred in source habitat in at least
50 percent of watersheds within eight ERUs that
included the Northern Cascades, Southern Cascades,
Blue Mountains, Northern Glaciated Mountains, Lower
Clark Fork, Upper Clark Fork, Snake Headwaters, and
Central Idaho Mountains (figs. 13 and 14). Moderate
or strong habitat increases were projected in over 50
percent of watersheds only in the Upper Klamath. The
Northern Great Basin, Columbia Plateau, Owyhee
Uplands, and Upper Snake ERUs contain only small
areas of blue grouse winter habitat (fig. 13).
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Figure 12—Ranges of species in group 4 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, separate
maps are shown for historical and current ranges; otherwise, the current range map also
denotes the historical range.

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Many of the cover
types and structural stage combinations estimated to
provide source habitats for wintering blue grouse have
decreased in area from historical to current periods
(Hann and others 1997; vol. 3, appendix 1, table 4).
Interior ponderosa pine old-forest single-story stage
was the major contributor to declines in habitat in
seven of the eight ERUs, with moderate or strong
declines (vol. 3, appendix 1, table 4). Other habitats
that declined within these ERUs were interior pon-
derosa pine understory reinitiation and old-forest
multi-storied stages, interior Douglas-fir old-forest
single- and multi-storied stages, western larch old-
forest multi-storied stage, and mixed-conifer wood-
land (vol. 3, appendix 1, table 4). In the Upper
Klamath, the only ERU for which a moderate or
strong increase was projected, the largest increases
were projected for interior ponderosa pine old-forest
multi-storied stage and interior Douglas-fir old-forest
single- and multi-storied stages (vol. 3, appendix 1,
table 4).

Other factors affecting the group—Blue grouse are
sedentary during winter, moving only 69 m (226 ft)
per day on average (Cade and Hoffman 1993, Hines
1986). Their sedentary nature makes them vulnerable
to various predators such as lynx, red fox, weasels,
American marten, merlin, prairie falcon, northern
goshawk, and Cooper’s hawk (Zwickel 1992). There
are, however, no reports of predation seriously
depressing blue grouse populations.

Population status and tre n d s —Although blue 
grouse still occupy most of their original range (fig. 12),
accounts suggest higher historical densities in parts of
their range (Zwickel 1992). There are, however, no
empirical data on population trend for blue grouse
within the basin.

Management Implications 

The following issues, strategies, and practices may be
useful to managers as a starting point for integrating
potential resource objectives for group 4 with broader,

MAP 
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Figure 13—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 4 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

MAP 
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Figure 14—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 4, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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ecosystem-based objectives for all other resources on
FS- and BLM-administered lands in the basin.

Issues—Our analysis indicates winter habitats for
blue grouse have declined in the basin; the following
issue could be addressed for this species within over-
all ecosystem-based strategies:

1. Reduction in the amount of montane and lower
montane old forests. 

Potential strategies—Blue grouse winter habitat
could be improved by strategies that focus on the 
following:

1. (To address issue no. 1) Retain existing interior
ponderosa pine, interior Douglas-fir, and western
larch old forests, with highest priority for retaining
watersheds that still support substantial blue
grouse winter habitat within ERUs that have
shown large decreases in habitat. 

2. (To address issue no. 1) Manage early- and mid-
seral montane and lower montane forests to accel-
erate restoration of late-seral conditions of interior
ponderosa pine, interior Douglas-fir, and western
larch.

Practices that support strategies—The following
practice would be effective in implementing the 
strategies listed above:

1. (In support of strategies no. 1 and no. 2) Retain
remnant, large trees (Pekins and others 1991) in all
seral stages of montane forests. In a Colorado
study, Cade and Hoffman (1990) found wintering
blue grouse in late-seral Douglas-fir stands as
small as 1 ha (2.5 acres). Remington and Hoffman
(1996) recommended selective logging that would
retain clumps of trees of that size.

Group 5—Northern Goshawk
(Summer), Flammulated Owl,
American Marten, and Fisher

Results

Species ranges, source habitats, and special habitat
features—Group 5 consists of the northern goshawk,
flammulated owl, American marten, and fisher. Only

summer habitat for northern goshawks is included in
this group. Goshawk winter habitat is analyzed sepa-
rately as group 25 because it includes juniper habitats
not used by other members of this group. Flammulated
owls migrate out of the basin in winter, so only their
breeding habitat is represented in this group. Goshawks
occur throughout forested areas of the basin (fig. 15).
Flammulated owls are broadly distributed throughout
the Northern Cascades, Northern Glaciated Mountains,
Upper and Lower Clark Fork, Blue Mountains, Central
Idaho Mountains, and Upper Klamath ERUs. T h e
range of the American marten includes parts of the
western, central eastern, and northeastern portions of
the basin (fig. 15). Currently the fisher occurs in the
western portion of the basin and in central and northern
Idaho and western Montana (fig. 15); historically its
range included more areas in the northern, central, and
eastern portions of the basin (fig. 15).

Source habitats common to all four species are late-
seral stages of the montane community group; unman-
aged young forests also are source habitats because
this structural stage, like late-seral stages, contains
sufficient large-diameter snags and logs needed for
various life functions of species in the group (vol. 3,
appendix 1, table 1). Managed young-forest stages do
not provide source habitat because of the lack of rem-
nant large trees and snags. Source habitats for martens
extend up into these same stages of subalpine forests,
whereas habitats for goshawks and flammulated owls
extend down into the same stages of lower montane
forests. For goshawks, flammulated owls, and martens,
source habitat also is provided by the old-forest multi-
storied and unmanaged young-forest stages of aspen,
whereas goshawks, flammulated owls, and fishers
find source habitat in these same stages of cotton-
wood-willow. In addition, flammulated owls use lim-
ber pine (McCallum and Gehlbach 1988) and
mixed-conifer woodlands as source habitats, and
goshawks use chokecherry-serviceberry-rose as
source habitats.

Goshawks nest in various forest structural conditions,
from open, parklike stands of aspen (Younk and
Bechard 1994) to multi-storied old forests (Reynolds
1983). Nest stands are generally characterized by
l a rge trees and the densest canopy cover available
within the area (Reynolds and others 1992) but are
occasionally located in small-diameter trees (Hayward
and Escano 1989, Squires and Ruggiero 1996).
Foraging occurs in various cover types and structural
stages, and the juxtaposition of several habitats may



182

Figure 15—Ranges of species in group 5 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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enhance the quality of foraging habitat around nest
sites (Hargis and others 1994). Home range for a nest-
ing pair is estimated at >2400 ha (5,930 acres) (Hargis
and others 1994, Kennedy and others 1994, Reynolds
and others 1992).

Martens seem more sensitive to patch size than are
other group members and usually avoid clearcuts dom-
i n a t e d by grasses, forbs, and saplings, especially in
winter. These areas do not provide access to the sub-
nivean zone or offer protection from predation, and
they have more severe microclimatic conditions than
areas with forest cover (Buskirk and Powell 1994). At
the broad scale, the presence of multiple clearcuts
may render the entire landscape unsuitable. In Utah,
martens were rarely found in areas with >25 percent of
the landscape in a combination of natural openings
and clearcuts (Hargis 1996). In Maine, no adult
female territories were found in landscapes with >31
percent of mature forest cover removed (Chapin
1995). 

Although fishers will cross openings to access forest-
ed areas (Arthur and others 1989), a negative associa-
tion with clearcuts has been documented. Fisher
occurrence in California was positively associated
with large stands of mature forest and distance from
clearcuts (Rosenburg and Raphael 1986); fishers in
Idaho avoided stands with <40 percent canopy cover
(Jones 1991, Jones and Garton 1994).

Old forests consisting of ponderosa pine and Douglas-
fir seem to be a key component of flammulated owl
home ranges (Reynolds and Linkhart 1992). Home
ranges composed of at least 75 percent old ponderosa
pine/Douglas-fir forest were occupied more continu-
ously than home ranges consisting of less than 75 per-
cent in this forest type (Reynolds and Linkhart 1990).
Variability in the structure of these old stands seems
important to support life functions of flammulated
owls. Roosting occurs in fairly dense stands. Goggans
(1986) showed that tree densities immediately sur-
rounding roost trees average 2016 per ha (816 per
acre), whereas overall home ranges average 589 
trees per ha (238 per acre). In contrast, relatively 

Figure 15—Ranges of species in group 5 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, separate
maps are shown for historical and current ranges; otherwise, the current range map also
denotes the historical range.
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open stands seem to be selected for foraging (Linkhart
1984), and open, mature stands are selected for nest
sites (McCallum 1994). In two Oregon studies, mean
d.b.h. of nest trees was 56.3 cm (22.2 in) (Goggans
1986) and 72.0 cm (28.4 in) (Bull and others 1990). 

Several special habitat features have been identified
for this group (see vol. 3, appendix 1, table 2). Fishers
and American martens use down logs. Downed woody
material is likely the key component of foraging areas
for marten (Coffin and others 1997), providing habitat
for many of their prey, particularly southern red-backed
voles, and subnivean access to prey during winter
(Corn and Raphael 1992). Fishers and martens depend
on down logs for resting and denning (Buskirk and
Powell 1994, Raphael and Jones 1997). Snags are a
special habitat feature for flammulated owls, fishers,
and martens. Flammulated owls nest in cavities in
both snags and large live trees (Bull and others 1990,
McCallum and Gehlbach 1988). Snags provide rest
sites and den sites for fishers and martens. 

Broad-scale changes in source habitats—
Historically, source habitats likely occurred through-
out the forested portions of the basin, with some of
the greatest concentrations in the western, central, and
northern portions of the basin (fig. 16A). Currently,
the largest extent of source habitats is in the south-
central and southwestern portions of the basin (fig. 16B).
The primary change from historical to current times
has been a broad shift in the geographic distribution
of source habitats away from the north and towards
the southwestern portion of the basin (fig. 16C).

Basin-wide, there were moderately or strongly declin-
ing habitat trends in nearly 70 percent of watersheds
within the range of species in group 5, and neutral or
increasing trends in about 30 percent of watersheds
(fig. 17). 

Positive changes in source habitat occurred in more
than 50 percent of watersheds in the Upper Klamath
and Northern Great Basin ERUs; mixed trends in the
Southern Cascades and Upper Snake ERUs; and nega-
tive trends in more than 50 percent of watersheds in
all remaining ERUs (figs. 16 and 17). The most
strongly negative trends were projected across the
northern portion of the basin in the Northern Cascades,
Northern Glaciated Mountains, Lower Clark Fork, and
Upper Clark Fork ERUs (figs. 16 and 17).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats— Interior ponderosa
pine old-forest single-story stage declined in all but
one of the ERUs in which source habitat declined in
more than 50 percent of watersheds (vol. 3, appendix
1, table 4). Interior ponderosa pine old-forest multi-
story stage declined in nearly half of these ERUs.
Less consistent declines were projected for the old-
forest single-story stage of interior Douglas-fir; the
old-forest multi-story stages of interior Douglas-fir,
lodgepole pine, grand fir-white fir, Engelmann spruce-
subalpine fir, western larch, and western white pine;
the unmanaged young forest stages of whitebark pine,
Engelmann spruce-subalpine fir, western larch, and
lodgepole pine; and mixed-conifer woodland (vol. 3,
appendix 1, table 4). In the ERUs with the most
strongly negative trends, the Northern Cascades,
Northern Glaciated Mountains, Lower Clark Fork, and
Upper Clark Fork, negative trends were projected for
up to nine of these habitat types (vol. 3, appendix 1,
table 4). In the Upper Klamath, the only ERU with 
a significant amount of source habitat for the group
and a positive trend in more than 50 percent of water-
sheds, the increasing trend was associated with
increases in the old-forest multi-story stages of interi-
or ponderosa pine, interior Douglas-fir, lodgepole
pine, and grand fir-white fir; and the old-forest single-
story stage of interior Douglas-fir. In addition, riparian
woodland (including aspen and cottonwood-willow)
declined basin-wide, and also underwent a shift from
early- and late-seral stages to mid-seral stages (Hann
and others 1997).

Condition of special habitat features—Densities of
large-diameter snags (>53 cm [21 in] d.b.h.) declined
basin-wide from historical to current levels (Hann and
others 1997, Hessburg and others 1999, Quigley and
others 1996). Trends in snag abundance ultimately
affect the availability of large down logs and cavities. 

Other factors affecting the group—Populations of
martens and fishers can be impacted by fur harvesting
if trapping is not carefully regulated (Fortin and
Cantin 1994, Jones 1991, Quick 1956). Trapping also
affects populations by altering the sex and age struc-
ture through the disproportionate capture of juveniles
and males (Hodgman and others 1994, Quick 1956).
Historically, both martens and fishers were heavily
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Figure 16—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 5 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 17—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 5, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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trapped in the basin. Currently, martens are still
trapped in all states in the basin, but fishers are only
trapped in Montana (Heinemeyer 1995).

Secondary roads in forested areas increase trapping
pressures for martens and fishers, resulting in signifi-
cantly higher captures in roaded versus unroaded
areas (Hodgman and others 1994) and in logged ver-
sus unlogged areas, in which the difference was again
attributed to higher road densities in logged stands
(Thompson 1994). Secondary roads also might
increase the likelihood that snags and logs will be
removed for fuel wood. This could impact fishers,
martens and flammulated owls, and also could have 
a negative effect on the prey base for goshawks
(Reynolds and others 1992).

Studies have shown that fisher, marten, and goshawk
populations respond to food limitation. Fisher popula-
tions can undergo fluctuations related to prey abun-
dance (Powell and Zielinski 1994). Marten populations
also have been observed to decline after a decline in
principal prey species (Thompson and Colgan 1987,
Weckwerth and Hawley 1962). Some of the decline 
is due to lower reproductive rates in females, but evi-
dence of starvation also has been observed (Hodgman
and others 1994, Weckwerth and Hawley 1962). Several
studies suggest that goshawk populations are frequent-
ly food-limited. In Alaska and the Yukon where snow-
shoe hare is a dominant prey item, goshawk numbers
fluctuate with snowshoe hare cycles (Doyle and Smith
1994). A review of several studies by Widen (1989)
suggests correlations between goshawk numbers and
other prey. Maj and others (1995) suggest that heavy
levels of grazing in ponderosa pine communities may
degrade insect habitat and reduce prey populations for
flammulated owls.

Changes in forest structure related to fire suppression
seem to increase the extent of some of the cover types
and structural stages judged to be source habitats for
goshawks. However, such stands, which are character-
ized by closed canopies and dense conifer understory,
may not be as valuable to goshawks as the more open
habitats, which they replaced. A high density of small-
diameter understory trees may be detrimental to forag-
ing and nesting aspects of goshawk ecology in at least
three ways: (1) by obstructing flight corridors used by
goshawks to obtain forest-associated prey; (2) by sup-
pressing tree growth needed to produce large-diameter
trees for nest sites; and (3) by reducing the growth of

an herbaceous understory that supports potential prey
species (Reynolds and others 1992). T h e r e f o r e ,
although fire suppression may have increased the
extent of multi-storied closed forests within the basin,
the inherent value of these stands may be less than
that of more open stands maintained by fire. This 
supposition warrants further investigation.

Conversely, the harvest of large-diameter overstory
trees can create forest structures that are more open
than normally used by goshawks. A secondary effect
is increased competition with raptors adapted to more
open habitats (Moore and Henny 1983). Goshawk nest
sites are more frequently used by red-tailed hawks,
great horned owls, or long-eared owls in harvested
areas than in unharvested sites (Crocker-Bedford
1990, Patla 1990).

Flammulated owls are Neotropical migrants, so their
population status may be affected by conditions of
their winter habitat. Their winter range is suspected to
be in southern Mexico and northern Central America
(McCallum 1994).

Population status and trends—Fishers may be close
to extirpation in Washington (Aubry and Houston
1992, cited in Powell and Zielinski 1994), and sight-
ings are rare in Oregon. The last reliable reports of
native fishers in Idaho and Montana were during the
1920s (Dodge 1977, Weckwerth and Wright 1968,
cited in Powell and Zielinski 1994). Fisher popula-
tions were reintroduced to Idaho in the 1960s and 
to Montana in the 1950s and 1980s (Powell and
Zielinski 1994). Projected declines in source habitats
may have contributed to historical extirpations, cou-
pled with the effects of trapping and the fragmented
nature of remaining habitats.

The distribution of marten within the basin has been
fairly stable since historical times, but population
changes are not known, other than through trapping
records, which fluctuate widely with fur prices and
may not reflect actual population trends. 

The BBS data for the goshawk were insufficient to
determine population trends for the basin (Saab and
Rich 1997) or for any state or physiographic region
within the basin (Sauer and others 1996) because of
low detection of goshawks under the BBS survey
method. Sufficient data were available, however, for
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western North America to indicate a stable trend in
numbers between the years 1966 and 1995 (Sauer and
others 1996). 

A separate trend estimate was derived from fall migra-
tion counts conducted by Hawkwatch International at
four locations in Utah and New Mexico. These data
indicated an average rate of decline in migrating
goshawks of about 4 percent annually between 1977
and 1991 (Hoffman and others 1992). The extent to
which the migration data represented local declines
near the survey stations was not determined. 

No population trend data were found for flammulated
owls. The BBS survey method is not adequate for sur-
veying flammulated owls because of low numbers and
nocturnal behavior. Specialized monitoring would be
required to determine the population trend of owls
(Saab and Rich 1997).

Management Implications

The following issues, strategies, and practices may be
useful to managers as a starting point for integrating
potential resource objectives for group 5 with broader,
ecosystem-based objectives for all other resources on
FS- and BLM-administered lands in the basin.

Issues—The following issues were identified from the
results of our analysis and published research:

1. Reduction in the amount of old-forests and associ-
ated structures (snags, logs, and cavities), particu-
larly within the montane and lower montane
community groups.

2. Fragmentation of habitat.

3. Low population numbers of fisher.

4. Negative effects resulting from higher road densi-
ties in source habitats. For marten throughout the
basin and fishers in Montana, there is increased
trapping pressure associated with roads. For all
species in the group, loss of snags and logs associ-
ated with firewood collection may be higher along
open roads.

5. Declines in overall extent of aspen and cotton-
wood-willow, and shifts from early- and late-seral
to mid-seral stages of these cover types (vol. 3,
appendix 1, table 4).

6. Possibly unsustainable conditions of old forests
where there have been large transitions from
shade-intolerant to shade-tolerant tree species. This
last issue stems from the exclusion of fire from
many forested communities, which has resulted in
increased susceptibility to stand-replacing fires
(USDAForest Service 1996).

7. Decline in suitable foraging areas around goshawk
nest sites. On Federal lands, the immediate areas
around active nests generally are protected from
timber harvests, but the larger foraging areas
surrounding nests frequently are managed without
explicit consideration of goshawk foraging.
Goshawks typically use a nest stand and nearby
alternative nest stands for many years, and there-
fore, the long-term maintenance of suitable forag-
ing areas is as important for successful reproduc-
tion as protection of the immediate nest stand.

Potential strategies—The following strategies could
be used to reverse broad-scale declines in source habi-
tats and populations:

1. (To address issue no. 1) Increase the representation
of late-seral forests in all cover types used as
source habitats, particularly in the northern half of
the basin (Northern Cascades, Northern Glaciated
Mountains, Lower Clark Fork, and Upper Clark
Fork ERUs).

2. (To address issue no. 2) Increase connectivity of
disjunct habitat patches and prevent further reduc-
tion of large blocks of contiguous habitat.

3. (To address issues no. 3 and no. 4) Identify poten-
tial species strongholds for long-term management
of marten and fisher (see practice no. 6 for crite-
ria).

4. (To address issue no. 4) Reduce human disturb-
ances in source habitats.

5. (To address issue no. 5) Restore aspen and cotton-
wood-willow forests, particularly the unmanaged
young-forest and late-seral stages.
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6. (To address issue no. 6) Reduce the risk of loss 
of habitat by focusing old-forest retention and
restoration efforts on areas where fire regimes are
either nonlethal or mixed (USDA Forest Service
1996). In ERUs where old-forest habitat has
remained stable or increased from historical condi-
tions, efforts could be focused on retaining existing
habitat in areas with lower fire and insect risk
while managing other areas to reduce risks of 
catastrophic loss of habitat.

7. (To address issue no. 7) Maintain stands with
active goshawk nests in old-forest condition.

8. (To address issue no. 7) Embed the conservation 
of old forests within a larger, ecosystem context
that considers historical fire regimes and landscape
patterns and the habitat needs of species that are
prey of the members of this group. For goshawks,
Reynolds and others (1992) gave specific recom-
mendations for promoting various cover types and
structural stages in 2430 ha (6,005 acres) of poten-
tial home range around each active nest. 

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) In the northern basin,
identify representative stands of old forests for
retention and mid-successional stages for develop-
ment into old-forest conditions. Priority should be
given to large blocks having high interior-to-edge
ratios and few large openings. 

2. (In support of strategy no. 1) Actively recruit snags
and logs from green trees to increase the represen-
tation of old-forest structures (snags and logs) in
mid-seral stands and in old forests where snags
and logs are in low density or absent.

3. (In support of strategy no. 1) Retain slash piles and
decks of cull logs to substitute for down logs over
the short term. Raphael and Jones (1997) recom-
mend retaining a minimum of 1.3 slash piles per
ha (0.5 per acre) on a site that has been extensively
harvested.

4. (In support of strategy no. 2) Where possible, 
use selection harvest rather than clearcutting. If
clearcuts are used, aggregate cuts so that large
blocks of unharvested forest are retained. 

5. (In support of strategy no. 2) Adjust activities,
including timber harvests, to provide links among
currently isolated patches of source habitats. 

6. (In support of strategy no. 3) Identify existing
areas with the following desired conditions, or
manage selected areas to create the following
desired conditions for strongholds: existing popu-
lations of marten or fisher, or both; large, contigu-
ous blocks of forest cover with a high percentage
of late-seral stages, abundant snags and large logs,
low road densities and overall low human disturb-
ance, and potential connectivity to currently unoc-
cupied source habitats.

7. (In support of strategy no. 4) Minimize new con-
struction of secondary roads and close unneeded
roads after timber harvest.  

8. (In support of strategy no. 5) Use clearcutting to
regenerate aspen. Where aspen regeneration is
inhibited by domestic or wild ungulate browsing,
use exclosures to protect regenerating stands or
modify management to reduce browsing pressure.

9. (In support of strategy no. 5) Survey and map
existing old forests of cottonwoods and reference
their locations in land management planning docu-
ments. Monitor conditions of cottonwood stands to
ensure that sufficient seedling or vegetative regen-
eration, or both, is occurring. Identify factors limit-
ing regeneration so that appropriate corrective
measures can be taken. For example, return natural
hydrologic regimes to portions of large river sys-
tems that support cottonwood riparian woodlands.

10.(In support of strategy no. 6) Manage risks of cata-
strophic loss by using prescribed fire and thinning
to reduce fuel loading and to encourage the devel-
opment of forest openings, shrub openings, and
shade-intolerant and fire-, insect-, and disease-
resistant tree species. 

11.(In support of strategy no. 7) Identify an area
around each active goshawk nest site to be main-
tained in old-forest condition, and identify possible
replacement stands. The Northern Goshawk
Scientific Committee for the FS recommends three
12-ha (30-acre) nest stands per breeding pair and
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three additional 12-ha (30-acre) replacement stands
be located within a 2430-ha (6,000-acre) area that
functions as a potential home range (Reynolds and
others 1992). 

12.(In support of strategies no. 6 and no. 8) Use silvi-
cultural prescriptions in conjunction with restora-
tion of fire regimes to create a desired mix of
cover types and structural stages within the poten-
tial home range of each active goshawk nest. The
Northern Goshawk Scientific Committee for the
FS (Reynolds and others 1992) has identified two
larger habitat use areas that extend beyond the nest
site: a postfledgling-family area, encompassing
about 170 ha (420 acres) around the nest and used
by a nesting pair and offspring from the time the
young leave the nest until they are independent,
and a foraging area of about 2190 ha (5,411 acres)
that provides the food resource during and after the
breeding period (Reynolds and others 1992). For
forests in the Southwestern United States, they rec-
ommended that four-fifths of each postfledgling
family area and each foraging area be equally
divided among four seral stages: young, mid aged,
mature, and old forests, and the remaining one-
fifth be equally divided between the seedling-
sapling stage and grass-forb stage. These recom-
mendations should be reviewed in light of different
ecological conditions within the basin.

Group 6—Vaux’s Swift,
Williamson’s Sapsucker,
Pileated Woodpecker,
Hammond’s Flycatcher,
Chestnut-Backed Chickadee,
Brown Creeper, Winter Wren,
Golden-Crowned Kinglet,
Varied Thrush, Silver-Haired
Bat, and Hoary Bat

Results

Species ranges, source habitats, and special habitat
features—Group 6 consists of migratory breeding
habitat for brown creepers, Hammond’s flycatchers,
Vaux’s swifts, and Williamson’s sapsuckers; resident

summer habitat for varied thrushes, winter wrens, sil-
ver-haired bats, and hoary bats; and year-round habitat
for chestnut-backed chickadees, golden-crowned
kinglets, and pileated woodpeckers. Ranges within the
basin for the 11 species in this group (fig. 18) tend to
fit one of four broad patterns. Silver-haired bats and
hoary bats occur throughout the basin in forested
areas or woodlands. Brown creepers, Hammond’s fly-
catchers, winter wrens, and golden-crowned kinglets
generally occur throughout the forested areas of the
basin. The range of Williamson’s sapsucker differs
from these four species as it does not extend all the
way to the crest of the Cascade Range or to the south-
ern extremes of the Central Idaho Mountains or Upper
Klamath ERUs. Pileated woodpeckers, varied thrushes,
chestnut-backed chickadees, and Vaux’s swifts are dis-
tributed across forested areas in the western half of the
basin, but their ranges do not extend to the southeast-
ern portion of the Central Idaho Mountains below the
Salmon River, or into the Snake Headwaters or Upper
Snake ERUs.

Source habitats for the 11 species in group 6 are 
generally late-seral stages of the subalpine, montane,
lower montane, and riparian woodland community
groups (vol. 3, appendix 1, table 1). Source habitats
shared in common by more than one-half of the
species are the old-forest single- and multi-strata stages
of grand fir-white fir, interior Douglas-fir, western
larch, western white pine, western redcedar-western
hemlock, Sierra Nevada mixed conifer, and mountain
hemlock; and the old-forest multi-strata stage of
Engelmann spruce-subalpine fir, Pacific silver fir-
mountain hemlock, and red fir (vol. 3, appendix 1,
table 1). Source habitats used by less than one-half 
the species include old-forest Pacific and interior pon-
derosa pine (used by brown creepers, Hammond’s fly-
catchers, Williamson's sapsuckers, hoary bats, and
s i l v e r-haired bats); old-forest whitebark pine and alpine
larch (used by golden-crowned kinglets); old-forest
lodgepole pine (used by golden-crowned kinglets,
Hammond’s flycatchers, hoary bats, and silver-haired
bats); old-forest aspen (used by Williamson’s sapsuck-
ers, chestnut-backed chickadees, Hammond’s fly-
catchers, hoary bats, and silver-haired bats); and
old-forest cottonwood-willow (used by Williamson's
sapsuckers, hoary bats, and silver-haired bats) (vol. 3,
appendix 1, table 1). Hoary bats also use the stand ini-
tiation stage of all montane and lower montane forest
types and of aspen and cottonwood-willow for forag-
ing (vol. 3, appendix 1, table 1).
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Figure 18—Ranges of species in group 6 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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Figure 18–Ranges of species in group 6 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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Figure 18—Ranges of species in group 6 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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Several special habitat features exist for species in 
this group (vol. 3, appendix 1, table 2). Six of the bird
species (brown creepers, chestnut-backed chickadees,
pileated woodpeckers, Vaux's swifts, Williamson’s
sapsuckers, and winter wrens) depend on snags for
nesting or roosting, or both (Bull and Hohmann 1993;
Bull and others 1986a, 1992; Raphael and White
1984). Brown creepers, pileated woodpeckers, Vaux’s
swifts, and Williamson’s sapsuckers use large (>53 cm
[21 in] d.b.h.) snags (Bull and others 1986a, 1992;
Bull and Hohmann 1993, Raphael and White 1984).
Winter wrens and chestnut-backed chickadees use
smaller diameter snags (Thomas and others 1979).
Pileated woodpeckers forage on large snags and logs
(Bull and Holthausen 1993, Mannan 1984), and win-
ter wrens forage around and under logs (Van Horne
and Bader 1990). Pileated woodpeckers and Vaux’s
swifts depend on large, hollow live or dead trees for
roosting (Bull 1991, Bull and others 1992). 

Special habitat features for both bat species include
shrub/herbaceous wetland/riparian areas (vol. 3,
appendix 1, table 2). Both species use contrasting
habitats—forested areas for roosting and open areas
for foraging. Snags are a special habitat feature for 
silver-haired bats. They roost in trees, snags, mines,
caves, crevices, and buildings (Christy and West
1993). Day roost trees are usually characterized by
being large (>53 cm [21 in] d.b.h.), dead or live with
some defect, with loose bark and cracks. In an Oregon
study, Betts (1996) found silver-haired bats roosting in
live western larch and ponderosa pine, and in grand fir
and ponderosa pine snags. The average diameter of
these roost trees was 59.6 cm (23.5 in), and they were
generally located on relatively densely forested slopes.
The hoary bat is an edge-associated species, often
roosting in deciduous trees or conifers at the edge of
clearings (Perkins and Cross 1988, Shump and Shump
1982). Hoary bats are foliage roosters, with males,
nonbreeding females, and breeding females located in
d i fferent levels in the canopy (Christy and West 1993).

Broad-scale changes in source habitats—Source
habitats for species in this group occur in all 13 ERUs
(fig. 19), but amounts of habitat are relatively small 
in the Northern Great Basin, Owyhee Uplands, and
Upper Snake ERUs. Basin-wide, source habitats for
species in this group have declined moderately or
strongly in more than 50 percent of watersheds con-
taining appropriate habitat types (fig. 20). The pattern

of habitat change, however, was highly variable across
the basin with the northern part of the basin marked
by generally strong declines and the southern part by
strong increases (fig. 19). Moderate or strong declines
in habitat from historical to current were projected in
more than 50 percent of the watersheds in six ERUs:
the Northern Cascades, Northern Glaciated Mountains,
Lower Clark Fork, Upper Clark Fork, Upper Snake,
and Snake Headwaters (fig. 20). The declines were
particularly strong across the northern basin in the
Northern Glaciated Mountains, Lower Clark Fork, and
Upper Clark Fork ERUs. Moderate or strong increases
were projected in more than 50 percent of watersheds
in the Southern Cascades, Upper Klamath, Northern
Great Basin, and Columbia Plateau (fig. 20). More
balanced mixes of increases and decreases were pro-
jected for the remaining three ERUs: Blue Mountains,
Owyhee Uplands, and Central Idaho Mountains (fig. 20).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—The projected
decline in source habitats reflected basin-wide declines
in late-seral forest conditions (USDAForest Service
1996). Changes in late-seral forests, however, have
differed among ERUs (tables 3.141 to 3.165 in Hann
and others 1997). Late-seral lower montane multi-
layer forests and late-seral subalpine multi-layer forests
declined significantly in all six ERUs in which source
habitats declined in more than 50 percent of water-
sheds; late-seral montane multi-layer forests declined
in five of them; and late-seral lower montane single-
layer forests declined in four of them (Hann and 
others 1997). 

Late-seral montane multi-layer and single-layer
forests each increased significantly in three of the four
ERUs (Southern Cascades, Upper Klamath, Northern
Great Basin, and Columbia Plateau) in which source
habitats increased in more than 50 percent of water-
sheds. Much of this change was due to shifts from
shade-intolerant, late-seral lower montane forest types
to shade-tolerant, late-seral montane forest types. The
increase in the fourth ERU, the Columbia Plateau,
appears to be somewhat anomalous. It was likely the
result of a moderate increase in the open canopy stem-
exclusion stage of interior ponderosa pine (vol. 3,
appendix 1, table 4), which serves as source habitat
only for hoary bats (primarily foraging habitat). 
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Figure 19—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 6 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 20—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 6, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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Condition of special habitat features—Snags are 
a special habitat feature for seven of the species in 
this group, and large hollow trees for two species.
Densities of large-diameter (>53 cm [21 in] d.b.h.)
snags likely have declined basin-wide from historical
to current levels (Hann and others 1997, Hessburg and
others 1999, Quigley and others 1996). Historical to
current trends in smaller diameter snags were variable,
with no clear basin-wide trend emerging (Hann and
others 1997).

The number of caves available for roosts across the
basin likely has stayed the same, and mines may now
provide additional roost or hibernacula areas. Cave
and mine suitability, however, can be affected by
recreational use, such as cave exploration, which
increases with higher road densities near caves.
Historical road densities were lower than current den-
sities. Road densities are high in intensively managed
forest lands of both public and private ownership, and
the highest densities typically occur in developed
urban-rural areas (USDA Forest Service 1996, p. 85). 

Across the basin, there were widespread declines in
shrublands in riparian zones (USDA Forest Service
1996, p. 101). Forest conversion and streamside dis-
turbances have degraded and fragmented riparian 
vegetation. This may have negatively impacted the
shrub/herbaceous wetland/riparian foraging areas for
the hoary and silver-haired bats.

Other factors affecting the group—Four of the
species in this group (brown creepers, Hammond’s
flycatchers, Vaux’s swifts, and Williamson’s sapsuck-
ers) are Neotropical migrants and may be affected by
habitat conditions on their wintering grounds. The bat
species also are thought to winter outside the basin,
although exact migration routes and winter ranges are
not clear (Christy and West 1993).

Hoary bats eat moths, beetles, and mosquitos (Barclay
1985, 1986; Rolseth and others 1994; Shump and
Shump 1982; Whitaker and others 1977). The silver-
haired bat is an opportunistic feeder and eats moths,
flies, beetles, and various other insects (Whitaker and
others 1981). Management activities such as the use
of pesticides that cause declines of insect species may
negatively affect these bats. Also, direct contact with
pesticides can cause illness or death in bats. Although
most organochlorine pesticides that cause accumula-
tion of chemicals up the food chain have been banned

or highly restricted in the United States, the relatively
short-lived organophospates can provide high risks
during application (Clark 1988). For example, a large
die-off of bats observed in Arizona after the applica-
tion of methyl parathion, was believed to be linked to
direct contact with the chemical (Clark 1988).

Grazing can have an adverse impact on the insect prey
of bats (Clark 1988, Nagorsen and Brigham 1993,
Perlmeter 1995, Ports and Bradley 1996). Roads also
may facilitate harvest of snags for firewood and so
may indirectly affect habitat for the species that use
snags.

Population status and trends—Saab and Rich (1997)
reported stable population trends, based on data from
BBS routes within the basin, for Williamson’s sap-
suckers, Vaux’s swifts, Hammond’s flycatchers, brown
creepers, and golden-crowned kinglets. Breeding Bird
Survey data analyzed within other geographic bound-
aries (Sauer and others 1996), however, indicate a 
significant decline from 1966 to 1994 for brown
creepers in eastern Oregon and Washington (-7.4 per-
cent per year, n = 15, P < 0.01). Breeding Bird Survey
data also indicate a significant increase in pileated
woodpeckers in northwestern Montana (6.1 percent
per year, n = 41, P < 0.01, 1966 to 1994; Sauer and
others 1996) but a significant decrease in eastern
Oregon and Washington (-7.8 percent per year, n = 8,
P < 0.05, 1966 to 1979; Sauer and others 1996). A
significant increase is shown for winter wrens in east-
ern Oregon and Washington (7.8 percent per year, n = 9,
P < 0.05, 1966 to 1979). Population data are not avail-
able for the bat species.

Management Implications

The following issues, strategies, and practices may be
useful to managers as a starting point for integrating
potential resource objectives for group 6 with broader,
ecosystem-based objectives for all other resources on
FS- and BLM-administered lands in the basin.

Issues—The following issues were identified from
our analysis of source habitat trends:

1. Reductions in the extent of late-seral lower mon-
tane, montane, and subalpine forest (Hann and oth-
ers 1997), particularly in the Northern Glaciated
Mountains, Lower Clark Fork, and Upper Clark
Fork ERUs.
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2. Reductions in large snags and logs in landscapes
that have been managed under traditional silvicul-
tural practices (Hann and others 1997).

3. Possibly unsustainable conditions in late-seral
stage montane forests where there have been large
transitions from shade-intolerant to shade-tolerant
species. 

4. Degradation and loss of riparian habitat.

5. Abandonment of bat roosts because of human 
disturbance.

6. Reductions in the insect prey base for bats because
of both land management activities and the use of
pesticides.

7. Negative effects of pesticide and insecticide spray-
ing.

Potential strategies—The following strategies would
benefit species in group 6:

1. (To address issues no. 1 and no. 2) Accelerate
development of late-seral conditions in lower 
montane, montane, and subalpine forest types and
retain large snags and logs in all forest seral stages.
Habitat restoration efforts would be most benefi-
cial if concentrated in the northern portions of the
basin. 

2. (To address issues nos. 1-3) In the southern 
portion of the basin, retain sufficient habitat to
support species in this group while restoring forest
conditions that are more resistant to catastrophic
fire, insect, and disease problems. This could
require management activities, including pre-
scribed fire, that reduce the dominance of shade-
tolerant tree species and increase the presence of
shade-intolerant species (i.e., those most resistant
to catastrophic fire and insect and disease prob-
lems).

3. (To address issue no. 4) Across the basin, maintain
or improve riparian shrubland and riparian wood-
land communities.

4. (To address issues no. 2 and no. 5) Protect known 
and potential bat roosts across the basin.
Specifically, maintain caves, mines, snags, and
other such features for use as roosting areas and
potential nurseries across the basin. Minimize
human disturbance in these areas. 

5. (To address issues no. 6 and no. 7) Minimize direct
physiological effects on bats, as well as indirect
effects on their insect prey, stemming from use of
insecticides and pesticides. 

6. (To address issues no. 6 and no. 7) Modify man-
agement practices as appropriate to enhance the
insect prey base for bats.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Various silvicultural
practices including thinning, burning, and uneven-
age management could be used to help accelerate
the development of old-forest conditions.

2. (In support of strategies no. 1 and no. 2) Both the
retention and creation of snags are important for
retention and development of old-forest character-
istics. Techniques for snag management are well
studied (Bull and others 1980, Bull and Partridge
1986) and have been extensively applied on
National Forests (Bull and others 1986b). Retain
existing snags, particularly if >53 cm (21 in), and
provide measures for snag replacement. Review
existing snag guidelines or develop guidelines that
reflect local ecological conditions and address snag
numbers, diameter, height, decay class, species,
and distribution. Consider closing roads in areas
that are deficient of snags and where cutting of
snags or remnant trees for firewood contributes to
the low snag densities. In addition, or as an alter-
native to road management, actively enforce fuel
wood regulations to minimize removal of large
snags.

3. (In support of strategy no. 2) To continue meeting
habitat needs of species in this group, habitat
retention efforts should be designed to maintain 
an appropriate network of old-forest habitats. Bull
and Holthausen (1993) suggested managing areas
of 1000 ha (2,471 acres) to meet needs of multiple
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pairs of pileated woodpeckers. Features of these
areas were a substantial old forest and unlogged
component, at least 8 snags per ha (3 snags per
acre) with at least 20 percent of these >51 cm (20
in) d.b.h., and at least 100 logs per ha (40 logs per
acre) with a preference for logs 38 cm (15 in) in
diameter and larg e r. Such strategies could be
coordinated with needs for ecosystem health by
focusing old-forest retention areas in geographic
locations where fire, insect, and disease risks are
lowest.

4. (In support of strategy no. 3) Maintain or restore
riparian vegetation around permanent and seasonal
water sources.

5. (In support of strategy no. 4) Protect building roost
sites. If possible, stabilize old structures that are
important roosts.

6. (In support of strategy no. 6) Modify grazing 
practices to improve condition of degraded riparian
areas for bat foraging.

Group 7—Boreal Owl

Results

Species ranges, source habitats, and special habitat
features—Group 7 consists of the boreal owl. Within
the basin, this species occurs in forested portions of
eastern Washington, northern and central Idaho, west-
ern Montana, and the Blue Mountains and Cascade
Range of Oregon (fig. 21). The boreal owl is a year-
round resident of the basin.

Source habitats for boreal owls include old-forest 
and unmanaged young-forest stages of subalpine and
montane forests and riparian woodlands (vol. 3,
appendix 1, table 1). Specific cover types and struc-
tural stages that provide source habitat are the old-for-
est multi-story stages of Engelmann spruce-subalpine
f i r, Pacific silver fir-mountain hemlock, and aspen;
and the old forest single- and multi-forest stages of
interior Douglas-fir, western larch, and lodgepole
pine. Unmanaged young-forest stages of all these
cover types and of grand fir-white fir also serve as

Figure 21—Ranges of species in group 7 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, sepa-
rate maps are shown for historical and current ranges; otherwise, the current range map
also denotes the historical range.
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source habitats if suitable large-diameter snags are
present. Source habitats typically support abundant
lichens and fungal sporocarps, which provide impor-
tant foods for southern red-backed voles, the principal
prey of boreal owls (Hayward 1994c). These lichens
and fungi are associated with coarse woody debris.

Boreal owls require snags or large trees with either nat-
ural cavities or cavities excavated by other species (vol.
3, appendix 1, table 2). Cavities excavated by pileated
woodpeckers and northern flickers are the most com-
mon nest sites (Hayward 1994c). Tree and snag diame-
ters used for nesting are generally large. For example,
in Idaho, diameters of nest trees ranged from 26 to 61
cm (10 to 24 in) with an average of 41 cm (16 in). Of
19 nests, 10 were in snags whereas the remainder were
in live trees (Hayward and others 1993).

At the home range scale, boreal owls are adapted to
patchy landscapes and use several cover types and
structural stages to meet different life history require-
ments (Hayward and others 1993). Landscapes that
contain various old-forest cover types may support the
greatest abundance of boreals (Hayward and others
1993). In portions of their range, boreal owls may
occur in a patchy geographic pattern resulting in a
metapopulation structure, with the long-term persis-
tence of each population determined in part by its
relation to other populations (Hayward 1994a). 

Broad-scale changes in source habitats—
Historically, the most concentrated areas of source
habitat for boreal owls were in the Northern Cascades,
Northern Glaciated Mountains, and Snake Headwaters
ERUs (fig. 22A). Other ERUs that historically sup-
ported significant source habitat were the Southern
Cascades, Lower Clark Fork, Upper Clark Fork, and
Central Idaho Mountains ERUs.

Overall, source habitats were projected to have
declined moderately or strongly in nearly 80 percent
of the watersheds in the basin (fig. 23). Moderate or
strong declines were projected for over 50 percent 
of watersheds in the Northern Cascades, Northern
Glaciated Mountains, Upper Clark Fork, Lower 
Clark Fork, Snake Headwaters, and Central Idaho
Mountains ERUs (fig. 23). Moderate or strong
declines in over 50 percent of watersheds also were
projected for the Columbia Plateau and Upper Snake,

but these ERUs are peripheral to the range of boreal
owls. Source habitats were projected to have increased
moderately or strongly in over 50 percent of water-
sheds in the Southern Cascades, and there was a mixed
pattern of change in the Blue Mountains ERU (fig. 23).

These trends have resulted in a broad shift in the geo-
graphic distribution of source habitats away from the
northern ERUs and towards the central portions of the
basin. Habitat losses have outweighed the gains, and
current habitat distribution is substantially more dis-
junct than historically in the northern part of the basin
(fig. 22).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Across the north-
ern portion of the basin, the trend in forest structure
has been an increase in mid-seral stages at the expense
of both early- and late-seral stages (Hann and others
1997). Ecologically significant declines (Hann and
others 1997) were projected for late-seral montane
multi-story and single-story forests for the Northern
Glaciated Mountains, Lower Clark Fork, and Upper
Clark Fork ERUs. Late-seral subalpine multi-story
forests also were projected to have declined signifi-
cantly in two of these ERUs (Hann and others 1997).
Specific habitat types for which there was greatest
decline in areal extent within the three northern 
ERUs were western larch, interior Douglas-fir, and
Engelmann spruce-subalpine fir old forests (vol. 3,
appendix 1, table 4). 

In the Southern Cascades, the source habitats that
increased most strongly were single-storied old-forest
Douglas-fir and multi-storied old-forest lodgepole
pine (vol. 3, appendix 1, table 4). Increases in source
habitats in portions of the Blue Mountains were asso-
ciated largely with increases in multi-storied old-
forests of Douglas-fir. In the Central Idaho Mountains
ERU, the source habitats that decreased most in areal
extent were old-forest single- and multi-storied
Douglas-fir (vol. 3, appendix 1, table 4).

Condition of special habitat features—Densities of
large-diameter snags and trees (>53 cm [21 in] d.b.h.)
declined basin-wide from historical to current levels
(Hann and others 1997, Hessburg and others 1999,
Quigley and others 1996). Historical trends in smaller
diameter snags were extremely variable (Hann and
others 1997), so the overall basin-wide trend is unclear.

200
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Figure 22—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 7 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 23—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 7, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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O t h e r factors affecting species within the gro u p —
Cavity availability is dependent on the presence of 
primary excavators, most notably the pileated wood-
pecker and northern flicker (Hayward 1994c). Changes
in population levels of these and other cavity excava-
tors could affect boreal owl nesting opportunities.

Changes in forest structure could alter habitat suit-
ability for voles and other important prey species and
affect population levels of these species. In particular,
changes in the abundance of coarse woody debris,
snags, lichens, and fungi could significantly alter
habitat suitability for many species found in older
structural stages. This could affect the food resource
for boreal owls and have a direct bearing on repro-
ductive success.

Population status and trends—No reliable estimates
of boreal owl population densities or trends in North
America are available (Hayward 1994c). 

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integra-
tion of potential resource objectives for group 7 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in the
basin.

Issues—The following issues have been identified as
potentially influencing boreal owl conservation:

1. Declines in late-seral subalpine and montane
forests, particularly in the Northern Cascades,
Northern Glaciated Mountains, Lower Clark Fork,
Upper Clark Fork, and Snake Headwaters ERUs.

2. Declines in large aspen trees and forests primarily
because of fire suppression. Hayward and others
(1993) found a relatively high use of aspen for
nesting compared to available habitats. 

3. Increasingly disjunct distribution of source habitats
that may affect population structure (Hayward
1994a, 1997) and persistence of boreal owls.

4. Loss of large-diameter snags (>45 cm [18 in]
d.b.h. recommended by Hayward [1994a]).

5. Loss of microenvironments for small-mammal
prey. Changes in forest structure and composition
(such as loss of snags and logs) could alter habitat
for primary prey species (Hayward 1994a).

Potential strategies—The following strategies can be
used to address the issues listed above:

1. (To address issue no. 1) Maintain existing habitats
and accelerate development of subalpine and mon-
tane old-forest conditions within stands that are
currently in mid-seral structural stages, particularly
in the Northern Glaciated Mountains, Upper Clark
Fork, and Lower Clark Fork ERUs.

2. (To address issue no. 2) Restore aspen forests
throughout the basin where they have been
reduced. This is particularly important in areas
where aspen provides most of the nesting habitat
for boreal owls (Hayward 1997).

3. (To address issue no. 3) Provide adequate links
among subpopulations. Evaluate the links among
subpopulations and use that information to identify
areas that are highest priority for retention and
restoration of habitat. This is of particular concern
in the Northern Glaciated Mountains, Upper Clark
Fork, and Lower Clark Fork ERUs, where reduc-
tion in the extent of source habitats has increased
the isolation of remaining habitat patches.

4. (To address issues no. 4 and no. 5) Retain large-
diameter snags in all source habitats and provide
for snag replacement over time.

5. (To address issue no. 5) Include boreal owl con-
servation within a larger, ecosystem context that
addresses management of primary cavity nesters,
small mammals, and forest structural components
(Hayward 1994a).

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Adjust management
activities to maintain and restore source habitats,
particularly in the northern ERUs. Avoid extensive
use of clearcuts, which may reduce habitat quality
for 100 to 200 years (Hayward 1997). Small patch
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cuts implemented on long rotations may be com-
patible with maintenance of habitat quality for
boreal owls (Hayward 1997). Thinning from below
may provide for development of nest structures.

2. (In support of strategy no. 2) Use clearcutting to
regenerate aspen, focusing on the maintenance, at
a landscape scale, of large aspen that provide nest-
ing habitat for boreal owls (Hayward 1997). Where
aspen regeneration is inhibited by domestic or wild
ungulate browsing, use exclosures to protect regen-
erating stands and modify management to reduce
browsing pressure.

3. (In support of strategy no. 4) Determine potential
snag densities for each cover type used as source
habitats by conducting surveys within remote
areas, reserves, and natural areas. Use these base-
line data to determine whether snags are below
potential in other areas. Provide measures for snag
protection and recruitment in all timber harvest
plans.

Group 8—Great Gray Owl

Results

Species ranges, source habitats, and special habitat
features—Group 8 consists of breeding habitat for the
great gray owl, a year-round resident of the basin. Great
gray owls are distributed holarctically across the 
boreal forests of North America and Eurasia; they also
inhabit other forests types at the southern extent of
their range within the United States (Duncan and
Hayward 1994). Within the basin, the great gray owl
is widely distributed, although at low population 
levels, across most forested areas (fig. 24).

Within the basin, source habitats for great gray owls
are old-forest, unmanaged young forest, and stand-ini-
tiation stages of montane forests, Engelmann spruce-
subalpine fir, and riparian woodlands (vol. 3, appen-
dix 1, table 1). Shrub or herb-tree regeneration also
provide source habitats (vol. 3, appendix 1, table 1).
Source habitats in the stand-initiation stage and herb-
tree regeneration are used primarily for foraging. Old
and unmanaged young forests are used for nesting 
and roosting, and more open stands (11 to 59 percent
canopy cover [Bull and Henjum 1990]) are used for

foraging. Great gray owls are a contrast species, requir-
ing the juxtaposition of habitats used for foraging and
for nesting and roosting (vol. 3, appendix 1, table 2).

Snags are a special habitat feature for great gray owls
(vol. 3, appendix 1, table 2). They do not build their
own nests but rely on existing platforms such as stick
nests originally created by other birds or formed by
dwarf mistletoe brooms, depressions in broken-topped
dead trees, stumps, or artificial platforms (Bull and
Henjum 1990, Duncan 1992, Mikkola 1983, Nero
1980). In one study in northeastern Oregon (Bull and
Henjum 1990), 51 percent of the nests were stick plat-
forms, 29 percent were on artificial platforms, and 20
percent were in natural depressions on broken-topped
dead trees (n = 49). Of the stick nests, 68 percent
were made by northern goshawks, 12 percent made 
by red-tailed hawks, and 20 percent were natural 
platforms formed by dwarf mistletoe brooms. Large
branches are needed to support large stick-nests aver-
aging 74 cm (29 in) long, 65 cm (26 in) wide, and 27
cm (11 in) high (Bull and Henjum 1990), and nests in
broken-topped trees must be wide enough to accom-
modate a family of owls. Such trees range from 46 to
94 cm (18 to 37 in) in d.b.h. (Bull and Henjum 1990). 

B road-scale change in source habitats—H i s t o r i c a l l y,
source habitats for the great gray owl presumably
were broadly distributed throughout forested portions
of the basin (fig. 25A). The greatest concentrations of
habitat were in the northern portion of the basin in the
Northern Cascades, Northern Glaciated Mountains,
Lower Clark Fork, Upper Clark Fork, and Snake
Headwaters ERUs (vol. 3, appendix 1, table 3). Source
habitat is projected to have declined moderately or
strongly in 50 percent of watersheds basin-wide, and
to have increased moderately or strongly in nearly 40
percent of watersheds (fig. 26). Although the overall
change in source habitat has not been great, there has
been a significant shift in its geographic distribution
with habitat becoming more extensive in the western
and central portions of the basin and less abundant in
the northeastern part (fig. 25C). Of the ERUs that sup-
port substantial source habitat, moderate or strong
increases in more than 50 percent of watersheds were
projected for the Southern Cascades, Upper Klamath,
Blue Mountains, and Central Idaho Mountains.
Decreases in more than 50 percent of watersheds were
projected for the Columbia Plateau, Northern Glaciated
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Figure 24—Ranges of species in group 8 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, sepa-
rate maps are shown for historical and current ranges; otherwise, the current range map
also denotes the historical range.

Mountains, Lower Clark Fork, Upper Clark Fork, and
Snake Headwaters (fig. 26). Mixed trends were pro-
jected for the Northern Cascades ERU.

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—The increase in
habitat in the Southern Cascades, Upper Klamath, and
Blue Mountains was primarily attributed to an increase
in late-seral montane forests (Hann and others 1997).
In the Blue Mountains, an increase in the stand-initia-
tion structural stage also contributed to the increase in
source habitats. In the Northern Cascades, increases in
source habitats primarily were due to an increase in
early-seral montane forests. Habitat also has increased
in the Central Idaho Mountains where the increasing
trend is primarily the result of an increase in late-seral
multi-layer and early-seral montane forests.

In the ERUs where habitat for this species has declined
(primarily the northern and eastern parts of the basin),
habitat loss can be attributed primarily to the substan-
tial reduction in late-seral montane and subalpine
forests and early-seral montane forests (Hann and 
others 1997). The only exception is the Columbia
Plateau, where source habitats declined primarily
because of the reduction in abundance of shrub or
herb-tree regeneration habitat (vol. 3, appendix 1,
table 4). In all of the ERUs where source habitats are
projected to have declined, there has been a signifi-
cant increase in managed mid-seral montane forests
since the historical period (Hann and others 1997). 

Our evaluation at the broad-scale did not assess the
distribution of foraging habitat in relation to that for
nesting habitat. Further analysis of the juxtaposition 
of foraging with nesting habitats is needed at a finer
scale of resolution. Average breeding home range size
of individual adult great gray owls has been calculated
as 4.5 km2 (1.7 mi2) (Bull and Henjum 1990) and 2.6
km2 (1.0 mi2) (Craighead and Craighead 1956), and
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Figure 25—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 8 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 26—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 8, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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the ranges of adults are overlapping (Bull and Henjum
1990). Within each home range, a mixture of foraging
and nesting habitat is needed. Analyses completed for
the basin do not reveal landscape patterns at the scale
of individual home ranges. Results for source habitats
shown here for both the current and historical time
periods are likely overestimates as they do not take
into account the need for juxtaposition of habitats.

Condition of special habitat features—According 
to the landscape assessment (Hann and others 1997),
the forests of the current period are more homoge-
neous than historical forests. Old-forest structures,
remnant large trees, and the presence of medium to
l a rge trees in all forest structural classes have been
reduced (Hann and others 1997). Densities of larg e -
diameter snags (>53 cm [21 in] d.b.h.) likely declined
basin-wide from historical to current levels (Quigley
and others 1996, USDA Forest Service 1996). Presum-
ably, the overall loss in large and medium trees and
snag structures has reduced the availability of nest
sites for great gray owls.

Other factors affecting the group—An additional
factor may be the use of poisons to control pocket
gopher populations. Such programs likely reduce the
prey base for great gray owls (Hayward 1994b).

Population status and trends—No long-term, rigor-
ous, or standardized surveys have been done of great
gray owl populations within the basin (Duncan and
Hayward 1994).

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integra-
tion of potential resource objectives for group 8 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—The following issues were derived from 
the analysis of source habitats and from published 
literature.

1. Decline of late- and early-seral stages of montane
and subalpine forests, particularly in the northern
and eastern parts of the basin.

2. Decline in availability of large trees and snags in
all seral stages of montane and subalpine forests.

3. Encroachment of conifers into natural meadow
systems, eliminating potential foraging habitat.

4. Reduced duration of early-seral stages because of
intensive planting and thinning.

5. Decline in prey resulting from use of poisons to
control pocket gophers.

Potential strategies—Habitat for great gray owls
would benefit from the following strategies that
address the issues listed above:

1. (To address issue no. 1) Conserve existing older
forest that is considered source habitat for this
species, particularly in the Northern Glaciated
Mountains, Lower Clark Fork, and Upper Clark
Fork. The older forests that are source habitats for
great gray owls have greater likelihood of being
used for nesting if such stands are near open or
early forests, which are used for foraging. 

2. (To address issue no. 1) Accelerate the develop-
ment of old-forest conditions in existing mid-seral
stands.

3. (To address issue no. 2) Maintain and recruit large
(>50 cm [20 in] d.b.h.) (Bull and Henjum 1990)
live trees and snags for potential nesting strata.

4. (To address issue no. 3) Maintain and restore nat-
ural meadow systems that are adjacent to or near
areas of old forest and have nesting platforms for
great gray owls.

5. (To address issues no. 1 and no. 4) Maintain a spa-
tial and temporal mix of nesting (late-seral) and
foraging (early-seral) habitats. Continuity of forag-
ing habitat must be maintained through prudent
long-term planning of timber harvest and other 
forest management activities.

6. (To address issues no. 1 and no. 2) In evaluating
and managing for long-term habitat quality, con-
sider factors that influence populations of nest-
building species (goshawk, red-tailed hawks, and
ravens) and tree pathogen-insect interactions that
can influence branch development (dwarf mistletoe
brooms).
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7. (To address issue no. 5) Avoid the use of poisons
to control pocket-gopher populations near nesting
habitat for great gray owls.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Focus retention
efforts for late-seral montane and subalpine forests
on sites where risks of catastrophic loss are rela-
tively low.

2. (In support of strategy no. 2) Use prescribed burn-
ing and precommercial thinning to accelerate the
development of old-forest conditions in mid-seral
stands.

3. (In support of strategy no. 3) Maintain and restore
natural meadow systems with the use of prescribed
burning and removal of encroaching conifers.

4. (In support of strategy no. 3) Close roads to mini-
mize removal of snags where such removals are
reducing habitat quality for great gray owls. In
addition or as an alternative to road management,
actively enforce fuel wood regulations to minimize
removal of large snags.

Group 9—Black-Backed
Woodpecker

Results

Species ranges, source habitats, and special habitat
features—The black-backed woodpecker is a year-
round resident that occurs in various forest types
throughout the basin, except in southern Idaho ERUs
(fig. 27). Source habitats of the black-backed wood-
pecker include old-forest stages of subalpine, mon-
tane, and lower montane forests and riparian wood-
lands (vol. 3, appendix 1, table 1). Both managed and
unmanaged young-forest stages of lodgepole pine also
provide source habitat (vol. 3, appendix 1, table 1).

Figure 27—Ranges of species in group 9 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, separate
maps are shown for historical and current ranges; otherwise, the current range map also
denotes the historical range.
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Burned conifer forests (Caton 1996, Hoffman 1997,
Hutto 1995, Marshall 1992, Saab and Dudley 1998)
and other insect-infested forests (Goggans and others
1988) provide key conditions necessary for both nesting
and foraging. Habitat requirements for nesting include
mature and old trees infested with disease or heart rot, 
or in early stages of decay (Goggans and others 1988).
This species forages almost exclusively on the larvae
of bark beetles (Scolytidae) and wood-boring beetles
(Cerambycidae and Buprestridae) ( M a r s h a l l 1992),
which are obtained from tree trunks by scaling or
flaking bark (Bull and others 1986a) and by excavating
logs and the base of large-diameter tree trunks (Villard
1994). Thus, black-backed woodpeckers require con-
ditions that produce bark and wood-boring beetle
sources, including fire-, wind- or insect-killed mature
or old pines, and other trees that have flaky bark
(Dixon and Saab, in prep.; Marshall 1992). Both live
and dead trees are used for foraging. Once trees have
dried out 2 to 3 yr after mortality, bark beetles decline,
and use by this woodpecker also declines (Bull 1980).
Populations are irruptive in response to bark beetle
outbreaks in recently fire-killed forest stands or where
trees become susceptible to bark beetle attacks through
maturity (Baldwin 1968, Blackford 1955, Lester 1980).
In the northern Rockies, early postfire conditions (1 to
5 yr after fire) are critical for supporting populations
(Hutto 1995). Black-backed woodpecker abundance
was not correlated to burn size but best correlated to
the number of small snags remaining after fire in the
northern Rockies (Hutto 1995). Summer home ranges
for single birds differ in size from 72 to 328 ha (178
to 810 acres), depending on the quality of habitat
(Goggans and others 1988). Goggans and others (1988)
estimated that a single black-backed woodpecker
requires an area of 193 ha (477 acres) of which 59
percent should be mature to old-forest conditions. T h e y
also suggested that a minimum management area for 
a nesting pair in lodgepole forests should be 387 ha
(956 acres) of mature or old-forest conditions.

Snags are a special habitat feature for black-backed
woodpeckers (vol. 3, appendix 1, table 2). Nest cavi-
ties are excavated in live trees with heart rot or recent-
ly killed trees (dead < 5 yr). This species nests in
ponderosa pine, lodgepole pine, and western larch
trees in the Blue Mountains (Bull and others 1986a).
In central Oregon, they nested in mixed-coniferous
and lodgepole forests that were undergoing a moun-
tain pine beetle outbreak (Goggans and others 1988).
Selection for mature and old stands was reported in

central Oregon based on nest, foraging, and roost 
sites (Goggans and others 1988). Nesting birds favor
unlogged compared to salvage logged stands of burned
forests in western Idaho (Saab and Dudley 1998) and
western Montana (Caton 1996). Black-backed wood-
peckers generally select relatively small-diameter
trees for nesting compared with other cavity nesters 
of similar size. In the Blue Mountains, mean d.b.h. of
nest trees was 37 cm (14.6 in) (n = 15), and trees were
generally tall (>15 m [49 ft]) and recently dead (<5 yr)
(Bull and others 1986a). The mean d.b.h. of nest trees
in central Oregon was 28 cm (11 in) (n = 35) (Goggans
and others 1988). In burned ponderosa pine forests 
of western Idaho, nest tree d.b.h. averaged 32 cm
(12.6 in) (n = 17), nest trees had relatively light decay,
nest sites were located in tree clumps, and tree (>23 cm
[ 9 in] d.b.h.) densities surrounding nests averaged
125 per ha (51 per acre) (104 per ha [42 per acre] i n
logged and 151 per ha [61 per acre] in unlogged units
[Saab and Dudley 1998]).

In an Oregon forest with a bark beetle epidemic, 
overall nesting success averaged 68.5 percent (n = 19
nests) (Goggans and others 1988). In contrast, nest
success was 100 percent for nests monitored in burned
forests of western Idaho (n = 27) (Saab and Dudley
1998) and northwestern Wyoming (n = 14) (Hoffman
1997). Nest losses in Oregon were attributed to preda-
tion by flying squirrels and Douglas squirrels (Goggans
and others 1988). Few mammalian nest predators
were observed recolonizing the large-scale burns of
western Idaho or the burns in northwestern Wyoming
during the first 3 yr after fire (Dixon and Saab, in
prep.). This suggests that large burned forests during
early postfire years are potentially important source
habitats for black-backed woodpecker.

Broad-scale changes in source habitats—The fol-
lowing analysis does not account for recently burned
habitats that are likely important as source habitats for
black-backed woodpeckers. Such areas are generally
at too fine a scale, and too ephemeral, to have been
reliably estimated in the landscape analysis.

Historically, source habitats for black-backed wood-
peckers were broadly distributed throughout the range
of the species within the basin (fig. 28A). The most
concentrated areas of habitat occurred in portions of
the Blue Mountains, Columbia Plateau, Upper Klamath,
Southern Cascades, Northern Cascades, and Central
Idaho Mountains ERUs (fig. 28A). 
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Figure 28—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 9 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 29—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 9, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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The current distribution of source habitats is more
concentrated in the southern half of the basin and
diminished in the northern half. The Upper Klamath,
Southern Cascades, Blue Mountains, southern water-
sheds of the Columbia Plateau, and the Central Idaho
Mountains currently support the greatest concentra-
tions of habitat (fig. 28B). In contrast, source habitats
in the northern portion of the basin are scarcer and
less well distributed than historically (fig. 28B). 

Moderate or strong declines in source habitats were
projected in nearly 70 percent of watersheds through-
out the basin, with moderate or strong increases in 23
percent of watersheds (fig. 29). The most widespread
declines were in the northern and far eastern parts of
the basin (fig. 28). Moderate or strong declines were
projected in over 90 percent of watersheds within the
Northern Glaciated Mountains, Lower and Upper
Clark Forks, and Snake Headwaters ERUs (fig. 29).
Moderate or strongly declining trends also were 
projected for over 50 percent of watersheds in the
Northern Cascades, Columbia Plateau, and Blue
Mountains ERUs. Moderately or strongly increasing
trends were projected for the Upper Klamath ERU.
More mixed trends were projected for remaining ERUs.

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Source habitat
declined in more than 50 percent of watersheds in
seven ERUs—the Northern Cascades, Columbia
Plateau, Blue Mountains, Northern Glaciated
Mountains, Lower Clark Fork, Upper Clark Fork, 
and Snake Headwaters. In all but one of these (Snake
Headwaters), ecologically significant declines occurred
in late-seral lower montane forests (Hann and others
1997). In addition, there were also significant declines
in late-seral montane forests in the three ERUs in the
north end of the basin where source habitats declined
most dramatically (Northern Glaciated Mountains,
Upper Clark Fork, and Lower Clark Fork) (Hann and
others 1997). The declines in the Snake Headwaters
resulted from declines in both montane and subalpine
late-seral forests (Hann and others 1997). Increases in
the Upper Klamath ERU were due to increases in both
lower montane and montane late-seral forest (Hann
and others 1997).

Condition of special habitat features—Basin-wide
declines from historical to current conditions were
estimated for late-seral forest stands and for larg e
snags (USDA Forest Service 1996) as well as for
medium and large trees in all forest structural classes
(Hann and others 1997). Based on these declines a
decline in medium to large snags (23 to 53 cm d.b.h.
[9 to 21 in]) is a reasonable assumption (see Quigley
and others 1996 and USDA Forest Service 1996). 

Other factors affecting the group—The natural 
pattern of beetle outbreaks has been altered through
silvicultural practices and fire management policies.
Silvicultural practices directed at maximizing wood
production by harvesting trees before they are suscep-
tible to bark beetle attacks, and salvage logging of
beetle-infested, fire-killed, and wind-killed trees
reduced the occurrence of beetles in some areas.
Elsewhere, fire management policies have lengthened
natural fire regimes and allowed more frequent occur-
rences of beetles.

Road densities have increased significantly throughout
the basin (Hann and others 1997), thereby allowing
greater human access into forested regions and sub-
sequent increases in snag removal for firewood. 

Usurpation of nest cavities by hairy woodpeckers
(Goggans and others 1988) and by Lewis’wood-
peckers (Saab and Dudley 1995) negatively affects
black-backed woodpeckers. Stress and elevated ener-
getic costs associated with territorial encounters with
hairy and Lewis’woodpeckers potentially reduce
reproductive success of black-backed woodpeckers. 

Population status and change—Breeding Bird
Surveys indicate that population trends from 1966 to
1995 have been stable within western North America
(n = 16 routes) (Sauer and others 1996). Trend data
generated by the BBS, however, may be inadequate
for monitoring populations of black-backed wood-
peckers because of their relatively uncommon status
and because the species is often difficult to detect
(Goggans and others 1988, Marshall 1992).
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Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 9 with
b r o a d e r, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in the
basin.

Issues—The following issues were developed from
our analysis of source habitat trends and findings from
other studies:

1. Decline of old forests, particularly in the northern
portion of the basin.

2. Decline in availability of medium to large (23 to
53 cm [9 to 21 in]) trees and snags infected with
bark beetles, disease, or heart rot, or in the early
stages of decay.

3. Decline in availability of large (>387 ha [956
acre]) forest stands with bark beetle outbreaks
because of salvage logging, particularly in the
northern basin.

4. Altered frequency of stand-replacing fires.

Potential strategies—The issues identified above
suggest the following broad-scale strategies would be
effective in facilitating the long-term persistence of
the black-backed woodpecker.

1. (To address issue no. 1) Maintain existing old
forests that include interior ponderosa pine, interior
Douglas-fir, western larch, lodgepole pine, grand
fir-white fir, Engelmann spruce-subalpine fir,
aspen, and red fir cover types over the short term.
Accelerate development of old-forest conditions in
stands that are currently in mid- or early-seral
stages. Maintenance and restoration of old forests
is especially important within the range of this
species where declines in old forests have been
most pronounced. Areas of emphasis include
Northern Glaciated Mountains, Lower Clark Fork,
and Upper Clark Fork ERUs. 

2. (To address issue no. 2) Where suitable nesting
and foraging trees and snags are limited, retain
mature and old trees and snags susceptible to bark
beetle infestations, disease, and heart rot, or in the
early stages of decay.

3. (To address issue no. 3) Throughout the ranges of
the species, manage watersheds to maintain forag-
ing and nesting habitat, with the location of that
habitat shifting through time. Maintain stands that
have experienced beetle outbreaks and stand-
replacing burns.

4. (To address issue no. 4) Restore fire as an ecologi-
cal process in montane and lower montane forests.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Use silvicultural
treatments of prescribed underburning and thinning
only of small-diameter trees (<25 cm [10 in]
d.b.h.) to accelerate development of mid-succes-
sional stages to old forests, particularly in cover
types of ponderosa pine, Douglas-fir, and western
larch.

2. (In support of strategy no. 2) Develop guidelines
for retention of existing snags (>25 cm [10 in]
d.b.h.) in all forests, especially those with recent
stand-replacement fire, insects, and disease to
lengthen the time that those stands are suitable for
nesting by black-backed woodpecker. Close roads,
particularly after postfire salvage, to minimize
removal of snags for firewood. In addition, or as
an alternative to road management, actively enforce
f u e l wood regulations to minimize removal of
large snags.

3. (In support of strategy no. 2) Develop measures 
for snag recruitment in unburned forests. Snag
recruitment in unburned forests, with high risks of
stand-replacing fires, will provide nest trees during
the first few years after wildfire.

4. (In support of strategy no. 3) Maintain some 
large (>387 ha [956 acre]) forest stands with bark
beetle outbreaks for 5 yr, when beetle occupancy
diminishes.

5. (In support of strategy no. 3) Avoid postfire sal-
vage logging in portions of large burned forests to
maintain contiguous burned stands of at least 387
ha [956 acres].
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6. (In support of strategy no. 3) Where postfire sal-
vage logging is planned in burned, lower montane
forests, retain snags in clumps rather than evenly
spaced distributions and retain at least 104 snags
per ha (42 per acre), of d.b.h. >23 cm (9 in).

7. (In support of strategies no. 3 and no. 4) Allow
wildfires to burn in some forests with high fire risk
to produce stand-replacing conditions, and avoid
postfire salvage logging in portions of large burned
forests for about 5 yr postfire.

Group 10—Olive-Sided
Flycatcher

Results

Species range, source habitats, and special habitat 
features—Group 10 consists of migratory breeding
habitat for olive-sided flycatchers. Their range within
the basin extends throughout forested areas (fig. 30).

Winter range for olive-sided flycatchers includes the
Central American highlands, the Andes, and the
Amazon (Willis and others 1993a).

Olive-sided flycatchers are a contrast species using
coniferous old forests for nesting and either openings
or gaps in old forests for foraging (vol. 3, appendix 1,
table 2; Sharp 1992). Their source habitats are old-for-
est single- and multi-storied and stand-initiation stages
of subalpine, montane, and lower montane forests.
Specific cover types that serve as source habitat are
Engelmann spruce-subalpine fir, interior Douglas-fir,
red fir, grand fir-white fir, Sierra Nevada mixed
conifer, and Pacific ponderosa pine. Olive-sided fly-
catchers are positively associated with recent burns
(Hejl 1994).

Broad-scale changes in source habitats—The extent
of source habitat for olive-sided flycatchers is subs t a n-
tial in nine ERUs: the Northern Cascades, Southern
Cascades, Upper Klamath, Blue Mountains, Northern
Glaciated Mountains, Lower Clark Fork, Upper Clark
Fork, Snake Headwaters, and Central Idaho Mountains
(fig. 31B). Basin-wide, the trend in source habitat for
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Figure 30—Ranges of species in group 10 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, separate
maps are shown for historical and current ranges; otherwise, the current range map also
denotes the historical range.
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Figure 31—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 10 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 32—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 10, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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olive-sided flycatchers is nearly neutral, with source
habitats increasing and decreasing in almost equal
numbers of watersheds (fig. 32). Trends differed 
geographically with habitat decreasing moderately 
or strongly in more than 50 percent of watersheds in
three ERUs in the northern basin (Northern Glaciated
Mountains, Lower Clark Fork, and Upper Clark Fork)
and increasing moderately or strongly in more than 
50 percent of watersheds in three ERUs in the south-
ern basin (Southern Cascades, Upper Klamath, and
Blue Mountains) (fig. 32). Trends were more mixed in
the remaining three ERUs with significant source
habitat (fig. 32).

Interpreting Results

Composition and structure associated with changes
in source habitats—Increases in late-seral montane
forests (Hann and others 1997) were consistent across
the three ERUs (Southern Cascades, Upper Klamath,
and Blue Mountains), with increasing trends in more
than 50 percent of watersheds. The greatest contribu-
tors to the increases were old-forest single-storied
interior Douglas-fir and grand fir-white fir in the
Southern Cascades; old-forest single- and multi-sto-
ried interior Douglas-fir in the Upper Klamath; and
old-forest multi-storied interior Douglas-fir and grand
fir-white fir in the Blue Mountains (vol. 3, appendix
1, table 4). For the three ERUs with decreasing trends
in more than 50 percent of watersheds (Northern
Glaciated Mountains, Lower Clark Fork, and Upper
Clark Fork), consistent decreases occurred in early
seral lower montane and montane forests; late-seral
lower montane and montane multi-layered and single-
layered forests; and late-seral subalpine multi-layered
forests (Hann and others 1997).

Condition of special habitat features—Changes 
in fire regimes (Hann and others 1997) likely have
resulted in poorer habitat conditions for olive-sided
flycatchers, but the magnitude of the change is
unknown. Where altered fire regimes result in fewer
but larger fires, it seems likely that the juxtaposition
of the early- and late-seral habitats used by olive-
sided flycatchers becomes less favorable. Likewise,
decreases in both early- and late-seral forests in the
Northern Glaciated Mountains, Lower Clark Fork, 
and Upper Clark Fork likely have resulted in a strong
decrease in areas of contrasting habitat condition used
by olive-sided flycatchers. Our evaluation at the
broad scale, however, did not assess the distribution of

foraging habitat in relation to that for nesting habitat.
Further analysis of the juxtaposition of foraging with
nesting habitats is needed at a finer scale of 
resolution. 

Other factors affecting the group—Marshall (1988)
suggests that changes in winter habitats have nega-
tively affected olive-sided flycatchers. 

Population status and trends—Breeding Bird
Survey data indicate a significant decline from 1966
to 1994 for olive-sided flycatchers in eastern Oregon
and Washington (-2.5 percent per yr, n = 25, P < 0.01)
(Sauer and others 1996). Saab and Rich (1997) report-
ed significant 10-yr and 26-yr declines (4.2 percent
per year and 2.9 percent per year, respectively) for
flycatchers on BBS routes within the basin. They
included the olive-sided flycatcher as one of 15
Neotropical migrants in the basin that are of high 
concern under all future management themes.

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 10 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—The following issues were identified from
our analysis of source habitat trends:

1. Reductions in early- and late-seral subalpine, mon-
tane, and lower montane forests, particularly in the
Northern Glaciated Mountains and Upper and
Lower Clark Forks.

2. Changes in fire regimes that result in fewer, larger,
and more destructive fires, thereby reducing the
areas of juxtaposed early- and late-seral forests.

Potential strategies—The following strategies would
benefit species in group 10:

1. (To address issue no. 1) Accelerate development of
late-seral conditions in lower montane, montane,
and subalpine forests, particularly in the Northern
Glaciated Mountains and the Upper and Lower
Clark Fork.
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2. (To address issues no. 1 and no. 2) Increase the
amounts of early-seral lower montane and montane
forests, focusing on early-seral conditions that
result from fire. Such restoration efforts would 
be most beneficial if concentrated in the northern
portions of the basin.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategies no. 1 and no. 2) Various 
silvicultural practices including thinning from
below, burning, and uneven-age management
could be used to help accelerate the development
of old-forest conditions and the juxtaposition of
early- and late-seral habitats used by olive-sided
flycatchers.

Group 11—Three-Toed
Woodpecker and White-
Winged Crossbill

Results

Species ranges, source habitats, and special habitat
features—Group 11 consists of the three-toed wood-
pecker and white-winged crossbill, both of which
occur at upper elevations throughout the basin. The
range of the three-toed woodpecker is somewhat
broader than that of the crossbill, occupying a greater
portion of western Montana and central Oregon (fig.
33). The three-toed woodpecker is a year-round resi-
dent of the basin, whereas the white-winged crossbill
is primarily a winter migrant, although occasional
summer flocks have been observed (Harrington-Tweit
and Mattocks 1985).

Source habitats for group 11 are late-seral subalpine
and montane forests. Source habitats shared in com-
mon by the two species are old forests of lodgepole
pine, grand fir-white fir, and Engelmann spruce-sub-
alpine fir. The three-toed woodpecker also uses white-
bark pine and mountain hemlock, and the white-winged
crossbill occurs in western larch and Pacific silver 
fir-mountain hemlock (vol. 3, appendix 1, table 1).

Specific habitats used by the three-toed woodpecker
are mature and overmature stands with bark beetles,
disease, and heart rot (Goggans and others 1988) and

recent stand-replacing burns with abundant wood-
boring insects (Caton 1996, Hutto 1995). Three-toed
woodpeckers forage predominantly on wood-boring
beetle larvae (Stallcup 1962) and are attracted to areas
with high concentrations of beetles, particularly in
spruce and lodgepole pine (Bock and Bock 1974,
Hogstad 1976, Villard 1994). Snags, a special habitat
feature used for nesting (vol. 3, appendix 1, table 2),
generally fall within the diameter range of 22 to 50 cm
(9 to 20 in) (Bull 1980, Lester 1980). Because snags
are used for foraging as well as nesting, large burns
and beetle-infested stands are strongly favored for
breeding over unburned or noninfested stands (Caton
1996, Goggans and others 1988). The period when
burns and beetle-infested stands are useful for forag-
ing is limited to about 5 yr, because beetles no longer
use snags after they have dried out (Bull 1980). For
nesting, however, the presence of heartrot may be
required for cavity excavation (Goggans and others
1988), and fire-killed conifers generally do not devel-
op this stage of decay until more than 5 yr postfire
(Caton 1996). Older snags within burns or beetle 
outbreaks generally satisfy nesting requirements.

Crossbills are highly dependent on conifer cone crops
and congregate where seed production is locally abun-
dant (Benkman 1992). The initiation of reproduction
is triggered by abundance of conifer seeds. Nesting
has been recorded every month of the year and occurs
whenever the seed intake rate is sufficient for egg 
formation in females (Benkman 1990).

Broad-scale changes in source habitats—Trends in
habitat availability for group 11 differ geographically.
Historically, source habitats likely were distributed
throughout most of the mountainous regions of the
basin but generally occupied <25 percent of any given
watershed (fig. 34A). Current source habitats seem to
have roughly the same geographic distribution, but the
amount of habitat in the northern portion of the ranges
of the species generally declined, whereas habitat in
the south increased (fig. 34B). Basin-wide, source
habitats increased moderately or strongly in 38 percent
of the watersheds and decreased moderately or strong-
ly in 54 percent (fig. 35). The ERUs that support sig-
nificant amounts of habitat for the group and had
moderately or strongly increasing trends in more than
50 percent of watersheds were the Southern Cascades,
Upper Klamath, Blue Mountains, and Central Idaho
Mountains (fig. 35). The ERUs for which moderate or
strong declines were projected in more than 50 percent
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Figure 33—Ranges of species in group 11 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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Figure 34—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 11 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 35—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 11, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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of watersheds were the Northern Cascades, the
Northern Glaciated Mountains, Lower Clark Fork,
Upper Clark Fork, and the Snake Headwaters 
(fig. 35).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Ecologically sig-
nificant increases were projected by Hann and others
(1997) for late-seral montane forests in all four ERUs
in which source habitat increased in more than 50 
percent of watersheds. For the five ERUs for which
source habitats were projected to decline in more than
50 percent of watersheds, ecologically significant
declines were projected in late-seral subalpine forests
in the Northern Cascades; for late-seral montane
forests in the Lower Clark Fork; and for both late-seral
subalpine and late-seral montane forests in the Northern
Glaciated Mountains, Upper Clark Fork, and Snake
Headwaters.

Condition of special habitat features—Trends in
snag availability within group 11 source habitats are
unknown at the broad scale. Densities of large-dia-
meter snags (>53 cm [21 in] d.b.h.) likely declined
basin-wide from historical to current levels (Quigley
and others 1996). The trend in smaller snags (22 to 
50 cm [9 to 21 in]) used by three-toed woodpeckers
is, however, unknown.

Other factors affecting the group—Three-toed
woodpeckers are adapted to shifting their foraging
areas to coincide with high concentrations of wood-
boring beetles (Koplin 1969). Availability of this shift-
ing food resource could be affected by salvage logging
of large burns and beetle-infested stands, and mainte-
nance of conifer stands in vigorous condition through
silvicultural thinning.

Population status and trends—There are insufficient
sightings in the BBS data records to determine popu-
lation trends for either white-winged crossbills or
three-toed woodpeckers within the basin. Summarized
across the West, however, three-toed woodpecker
occurrences on 14 BBS routes have declined an aver-
age of 0.7 percent annually between 1966 and 1995 
(n = 14, P < 0.05; Sauer and others 1996).

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integra-
tion of potential resource objectives for group 11 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—The following issues were identified from
our analysis of source habitat trends and from the
findings of current research on group 11 species:

1. Decline in late-seral subalpine and montane
forests. Cover types with basin-wide decline are
western larch and whitebark pine. Declines of
Engelmann spruce-subalpine fir are most notable
in northern portions of the basin.

2. Potential decline in key components of the shifting
food and nesting resource, which is characterized
by large areas of conifer trees infected with bark
beetles, disease, or heart rot, or in the early stages
of decay.

Potential strategies—The following strategies could
be used to maintain habitat in the southern and west-
ern portions of the basin and to reverse broad-scale
declines in the northern and eastern regions:

1. (To address issue no. 1) Basin-wide, maintain
remaining old forests of western larch and white-
bark pine, and actively manage to promote their
long-term sustainability.

2. (To address issue no. 1) In the Northern Glaciated
Mountains, Upper Clark Fork, and Snake Head-
waters ERUs, accelerate development of old-forest
conditions in montane and subalpine forests within
areas currently dominated by mid-seral stages. 

3. (To address issue no. 2) Throughout the ranges of
the species, manage watersheds to maintain forag-
ing and nesting habitat, with the location of that
habitat shifting through time. For three-toed wood-
peckers, maintain stands that have experienced
beetle outbreaks and stand-replacing burns.
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Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategies no. 1 and no. 2) Use
under-story thinning and prescribed burns, or both,
to enhance development and sustainability of west-
ern larch and whitebark pine old forests.

2. (In support of strategy no. 3) Maintain some large
(>214 ha [528 acres]) (Goggans and others 1988)
forest stands with bark beetle outbreaks for at least
5 yr, until beetle occupancy diminishes.

3. (In support of strategy no. 3) Where suitable nest-
ing and foraging trees are underrepresented, retain
mature and old trees susceptible to bark beetle
infestations, disease, and heart rot, or in the early
stages of decay.

4. (In support of strategy no. 3) Allow wildfires to
burn in some forests with high fire risk to produce
stand-replacing conditions, and avoid postfire 
salvage logging in portions of large burned forests
to maintain contiguous burned stands of at least
214 ha (528 acres) (Goggans and others 1988) for
about 5 yr postfire.

Group 12—Woodland Caribou

Results

Species ranges and source habitats—Group 12
consists of the woodland caribou, a year-round resi-
dent of the basin. Woodland caribou have never been
widely distributed in the basin (fig. 36). They are 
currently restricted to an area within the Northern
Glaciated Mountains that includes parts of northeast-
ern Washington, northern Idaho, and northwestern
Montana. Evidence of their continued persistence in
Montana is scant (USDI Fish and Wildlife Service
1994). The suspected historical range of the woodland
caribou (ICBEMP 1996i) included parts of five ERUs:
Northern Glaciated Mountains, Lower Clark Fork,
Central Idaho Mountains, and small portions of the
Columbia Plateau and Upper Clark Fork (fig. 36).
Woodland caribou were federally listed as endangered
in 1984.

Source habitats for woodland caribou are late-seral
subalpine and montane forests (vol. 3, appendix 1,
table 1). In total, five cover type-structural stage com-
binations provide source habitats for the woodland
caribou. These are western redcedar/western hemlock
old-forest single- and multi-storied stands; grand fir-
white fir old-forest single- and multi-storied stands;
and Engelmann spruce-subalpine fir old-forest multi-
storied stands (vol. 3, appendix 1, table 1).

Broad-scale change in source habitats—This 
analysis of source habitats was based on the historical
caribou range. Source habitats were projected to occur
in five ERUs: the Columbia Plateau, the Northern
Glaciated Mountains, the Lower Clark Fork, the
Upper Clark Fork, and the Central Idaho Mountains
(fig. 37). Source habitats in the Upper Clark Fork 
and Columbia Plateau were scarce (fig. 37). 

Basin-wide, the trend in source habitats for caribou
(historical to current periods) was mixed with 53 
percent of watersheds projected with moderately or
strongly negative trends and 41 percent with moder-
ately or strongly positive trends (fig. 38). The three
ERUs that supported significant caribou habitat each
displayed a different trend. Trend in the Northern
Glaciated Mountains was predominantly negative with
a moderately or strongly negative trend projected for
65 percent of watersheds (fig. 38). For the Lower
Clark Fork, a strongly positive trend was projected 
for 50 percent of watersheds and a strongly negative
trend for 38 percent (fig. 38). Finally, a mixed trend
was projected for the Central Idaho Mountains with
watersheds split almost evenly among those showing
a moderately or strongly negative trend (58 percent)
and those showing a moderately or strongly positive
trend (52 percent) (fig. 38).

Interpreting Results
Composition and structure of vegetation associated
with changes in source habitats—The predominantly
negative trend for source habitat in the Northern
Glaciated Mountains resulted largely from a strong
decline in the old-forest multi-story stage of
Engelmann spruce-subalpine fir (vol. 3, appendix 1,
table 4). In the Lower Clark Fork ERU, the decrease
in Engelmann spruce-subalpine fir old forest was off-
set by increases in western redcedar-western hemlock
and grand fir-white fir old forests (vol. 3, appendix 1,
table 4). In the Central Idaho Mountains, western 
redcedar-western hemlock, grand fir-white fir, and
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Figure 36—Ranges of species in group 12 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.

MAP 
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Figure 37—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 12 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

MAP 
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Figure 38—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 12, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.

file://localhost/Users/WWPBoise/Desktop/V2FIGS/V2FIG38.PDF
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Engelmann spruce-subalpine fir old forests all
increased (vol. 3, appendix 1, table 4), apparently
masking geographic variation and resulting in the
mixed trend of watersheds increasing and decreasing
(fig. 38).

Other factors affecting the group—Analyses by
Zager and others (1995) indicated that adult mortality
most limits population growth in the Selkirk popula-
tion, and that at least 30 percent of this mortality is
predator related. They suggested that high mortality
rates may be associated with an increasing population
of mountain lions, that in turn responded to expanding
moose and white-tailed deer populations.

Woodland caribou populations are also subject to 
high rates of neonatal mortality, often approaching 
50 percent. Calves typically make up 30 percent of the
population at birth, but by recruitment age (1 yr) they
typically make up <20 percent of the population
(Scott and Servheen 1985).3

Both roads and human disturbance have been docu-
mented as causes of direct mortality for woodland cari-
bou. Fatal collisions with automobiles occur on open
roads in woodland caribou habitat (Scott and Servheen
1985). Ahigh percentage of the annual mortality in the
1980s was attributed to illegal harvest by hunters and
poachers (Scott and Servheen 1985). Caribou mortality
due to illegal shootings has decreased since the species
was federally listed as endangered in 1984, but illegal
shooting has not been eliminated. Road densities and
the potential for human disturbance have both increased
from historical to current periods. In woodland caribou
range, current average road densities are estimated to
be moderate to high (Hann and others 1997). 

High levels of disturbance by snowmobiles can cause
caribou to abandon portions of their range, although
low levels of snowmobile use are believed to be com-
patible with caribou occupancy of an area (Simpson
1987).

Population status and trends—Historically, caribou
were distributed throughout the Northeastern, North-
Central, and Northwestern United States. Their range
within the basin included northwestern Montana and 

3 Personal communication. 1997. Wayne Wakkinen, regional
wildlife biologist, Idaho Department of Fish and Game, HCR 85,
Box 323-J, Bonners Ferry, ID 83805.

Idaho south to the Salmon River (USDI Fish and
Wildlife Service 1994). By the 1960s, their range 
in the United States was restricted to the Selkirk
Mountains of northeastern Washington and northern
Idaho (USDI Fish and Wildlife Service 1994). The
reduction in the range of the caribou was probably
due to a combination of habitat fragmentation (result-
ing from both fires and timber harvest) and excessive
mortality from overharvest and vehicle collisions. 

In the 1950s, the Selkirk population of caribou in
northeastern Washington, northern Idaho, and south-
eastern British Columbia was estimated at about 100
animals (Evans 1960, Flinn 1956). By the early 1980s,
this population had declined to 25 to 30 animals whose
distribution centered around Stagleap Provincial Park,
British Columbia (Scott and Servheen 1985). The
population in Idaho was augmented with animals from
British Columbia three times between 1987 and 1990.
The result was the establishment of a herd in the Idaho
portion of the Selkirk Mountains. Populations continue
to decline, however (see footnote 3; Zager and o t h e r s
1995). Additional augmentation efforts occurred in the
Washington portion of the Selkirks in 1996 and 1997.

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integra-
tion of potential resource objectives for group 12 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—The primary issues for woodland caribou are
reported in the Selkirk Mountain Woodland Caribou
Recovery Plan (USDI Fish and Wildlife Service
1994). 

1. Reductions in source habitat in key portions of
caribou range.

2. Illegal shooting, including accidental shooting by
deer and elk hunters.

3. Predation by mountain lions, bears, wolves, and
coyotes.

4. Mortality from vehicle collisions.
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5. Displacement resulting from other human 
disturbance (for example, snowmobiles 
[Simpson 1987]).

Potential strategies—The U.S. Fish and Wildlife
Service has established the following strategies that
would provide recovery benefits for woodland caribou:

1. (To address all issues) Maintain the two existing
caribou herds in the Selkirk ecosystem, and estab-
lish a third herd in the western portion of the
Selkirk Mountains in eastern Washington.

2. ( To address issue no. 1) Provide for at least 179 415
ha (443,000 acres) of suitable and potential caribou
habitat in the Selkirk Mountains to support a self-
sustaining population.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above (taken from the Selkirk
Mountain Woodland Caribou Recovery Plan [USDI
Fish and Wildlife Service 1994]):

1. (In support of strategy no. 1) Reduce the impacts
of poaching and hunting through outreach pro-
grams, restriction of access, and more effective
law enforcement.

2. (In support of strategy no. 1) Reduce impacts of
caribou-vehicle collisions by identifying areas
where collisions are most likely and taking correc-
tive actions (for example, reducing vehicle speeds,
rerouting or closing roads, or increasing driver
awareness.).

3. (In support of strategy no. 1) Identify most impor-
tant additional sources of mortality by following
radio-collared animals. Reduce other causes to the
extent possible, recognizing that some mortality is
unavoidable (for example, predation by other listed
species).

4. (In support of strategy no. 1) Reduce impacts
because of genetic and demographic influences by
continuing augmentation and monitoring the suc-
cess of augmentation efforts (but see Zager and
others [1995] for cautions concerning the progno-
sis for augmentation efforts).

5. (In support of strategy no. 2) Maintain existing
late-seral montane and subalpine forests within 
the areas designated to support caribou herds.
Accelerate the development of old-forest condi-
tions in currently mid-seral stands within these
areas.

6. (In support of strategy no. 1) Evaluate the effects
of roads, motorized vehicles, and recreational
activities on caribou. Where such uses are not
compatible with recovery (for example, where
intensive snowmobile use is displacing caribou)
implement standards (such as access timing or 
area closures) to address the issues.

Group 13—Northern 
Flying Squirrel

Results

Species ranges, source habitats, and special habitat
features—This group consists of the northern flying
squirrel, which is a year-round resident of the basin.
Flying squirrels occur throughout forested portions 
of the basin (fig. 39). Source habitats for this species
include old-forest and unmanaged young-forest stages
of subalpine, montane, lower montane, and riparian
woodland cover types (vol. 3, appendix 1, table 1).
The understory reinitiation stage of most of these
types also is shown as source habitat (vol. 3, appendix
1, table 1; ICBEMPc). This stage is characterized by
varying levels of canopy closure, and may contain
large trees and other structures (vol. 1, table 4; Hann
and others 1997) characteristic of northern flying
squirrel habitat (Carey 1995). Because the understory
reinitiation stage is highly variable (Hann and others
1997), however, its suitability as source habitat for
flying squirrels is also variable.

Two special habitat features have been identified for
northern flying squirrels (vol. 3, appendix 1, table 2).
Flying squirrels nest in cavities that result from either
damage to trees or excavation by woodpeckers (Carey
1995). Thus, snags are a special habitat feature,
although squirrels also use cavities in live trees and
external stick nests (Carey 1995, Waters and Zabel
1995). In a study in western Oregon, Carey (1991)
found that snags containing nests average 89 cm (35 in)
d.b.h. Down woody material is also an important
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Figure 39—Ranges of species in group 13 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, separate
maps are shown for historical and current ranges; otherwise, the current range map also
denotes the historical range.

feature of flying squirrel habitat (Carey 1991), pre-
sumably because of its role in supporting lichens and
fungi that are the principle components of the diet of
squirrels.

Broad-scale changes in source habitats—
Historically, source habitats likely occurred through-
out the forested portions of the basin (fig. 40A).
Changes from historical have resulted in a reduction
in the concentration of habitat across much of the
range of the squirrel, with areas of increased habitat 
in the northeastern, central, and southwestern portions
of the basin (figs. 40B, C). Overall, habitat has
declined moderately or strongly in nearly 60 percent
of watersheds in the basin and increased moderately
or strongly in 27 percent of watersheds (fig. 41).

In eight ERUs, source habitat declined moderately 
or strongly in more than 50 percent of watersheds.
These ERUs are the Northern Cascades, Southern
Cascades, Columbia Plateau, Blue Mountains,
Northern Glaciated Mountains, Upper Clark Fork,

Lower Clark Fork, and Snake Headwaters. Source
habitat increased moderately or strongly in more than
50 percent of watersheds in the Upper Klamath and
had mixed trends in the Central Idaho Mountains.
Only relatively small amounts of habitat are present 
in the remaining three ERUs.

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Ecologically sig-
nificant decreases were projected (Hann and others
1997) for late-seral lower montane forests in seven of
the eight ERUs for which source habitat declined in
more than 50 percent of watersheds. The exception
was the Snake Headwaters where significant declines
were projected in late-seral montane and subalpine
forests but not in late-seral lower montane forests. In
addition to the declines in late-seral lower montane
forests, there were declines in late-seral montane and
late-seral subalpine forests in the Northern Glaciated
Mountains, Lower Clark Fork, and Upper Clark Fork

MAP 
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Figure 40—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 13 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

MAP 

file://localhost/Users/WWPBoise/Desktop/V2MAPS/V2FIG40.PDF


232

Figure 41—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 13, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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(Hann and others 1997). Declines in late-seral sub-
alpine forests also contributed to the decreases in
source habitat in the Northern Cascades and Blue
Mountains. 

Unmanaged young forest and understory reinitiation
stages declined throughout the basin, including sub-
stantial losses in unmanaged young forest in the
Northern Cascades and Upper Snake for cover types
used as source habitat by northern flying squirrels
(vol. 3, appendix 1, table 4). An exception to this gen-
eral pattern of decreases was increases in understory
reinitiation in the Northern Glaciated Mountains and
Lower Clark Fork. These increases likely account for
the areas of increasing source habitat concentration
that were projected (fig. 40) within these ERUs, which
otherwise displayed general declines in source habitat.
Because these mid-seral stages, and particularly the
understory reinitiation stage, are quite variable, these
projected increases merit further evaluation at a finer
scale.

In the Upper Klamath, the only ERU for which an
increase in source habitat was projected in more than
50 percent of watersheds, there were ecologically sig-
nificant increases in late-seral lower montane, mon-
tane, and subalpine forests (Hann and others 1997). 

Condition of special habitat features—Densities 
of large-diameter snags (>53 cm [21 in] d.b.h.) likely
declined basin-wide from historical to current levels
(Quigley and others 1996, USDA Forest Service 1996).

Other factors affecting the group—Forest manage-
ment practices may have a significant effect on the
hypogeous sporocarps of mycorrhizal fungi, a prin-
cipal food source for flying squirrels. In a study in
the Klamath Mountains, hypogeous sporocarps were
nearly absent from clearcuts and were strongly associ-
ated with coarse woody debris in late seral forests
(Clarkson and Mills 1994). The negative association
with clearcuts was thought to be due to microclimatic
conditions and the effects of postharvest slash burns
(Clarkson and Mills 1994). In a study in northeastern
California, flying squirrel abundance was associated
with the frequency of hypogeous sporocarps (Waters
and Zabel 1995), but no correlation was found between
sporocarp abundance and either thinning or broadcast
burning (Waters and others 1994, cited in Waters and
Zabel 1995). This study, however, did not examine
sporocarp abundance in relation to clearcuts versus
mature forests.

Population status and trends—No population trend
information is available for northern flying squirrels
within the basin.

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integra-
tion of potential resource objectives for group 13 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—The following issues were identified from the
results of our analysis and other empirical research:

1. Widespread loss of old forests and associated
structures (snags, logs, and cavities).

2. Reduced availability of remnant large trees and
snags in all seral stages (Hann and others 1997).

3. Negative effect of forest management activities on
fungus and lichen diversity and abundance (Carey
1991).

Potential strategies—The following strategies could
be used to reverse broad-scale declines in source habi-
tats and populations:

1. ( To address issues nos. 1-3) Maintain existing
late-seral forests and encourage the development
of appropriate habitat structures (snags, decayed
down wood, and abundance of fungi and lichens)
in mid-seral forests in all cover types used as
source habitats, particularly in the northern half of
the basin (Northern Cascades, Northern Glaciated
Mountains, Lower Clark Fork, and Upper Clark
Fork ERUs).

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) In the northern
basin, give high priority to retention of old forests
that have relatively low risk of loss through cata-
strophic fire. Priority should be given to larg e
blocks having high interior-to-edge ratios and few
l a rge openings.
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2. (In support of strategy no. 1) Actively recruit snags
and logs from green trees to increase the represen-
tation of old-forest structures (snags and logs) in
mid-seral stands and in old forests where snags
and logs are in low density or absent.

3. (In support of strategy no. 1) Manage early- and
mid-seral stands for increased vegetative diversity
in order to encourage fungus and lichen diversity
and abundance (Carey 1991).

Group 14—Hermit Warbler
Results

Species ranges and source habitats—Group 14 con-
sists of the hermit warbler, a migrant that breeds in the
basin and winters in high-elevation forests in Mexico
and Central America. Most of the range of the hermit
warbler occurs outside the basin along the west coast
of British Columbia, Washington, Oregon, and
California, overlapping the basin only along the crest

of the Cascade Range (fig. 42) primarily in three
ERUs: the Northern Cascades, Southern Cascades,
and Upper Klamath. 

Habitat for hermit warblers is characterized by 
medium to large conifers (>31 cm [12.2 in] d.b.h.)
(Morrison 1982). Source habitats within the basin
include the old-forest and young-forest structural
stages of interior Douglas-fir, red fir, grand fir- w h i t e
f i r, and Sierra Nevada mixed conifer (vol. 3, appen-
dix 1, table 1). Both managed and unmanaged young
forest support source habitat.

Broad-scale changes in source habitats—Source
habitats for hermit warblers occur along the crest of
the Cascade Range (fig. 43). Within this area, source
habitat was projected to have increased moderately or
strongly in over 75 percent of watersheds (fig. 44).
Habitat decreased moderately or strongly in only 17
percent of watersheds. Source habitat increased mod-
erately or strongly in 62 percent of watersheds in the
Northern Cascades, in 90 percent of watersheds in the
Southern Cascades, and in 100 percent of watersheds
in the Upper Klamath (fig. 44).

Figure 42—Ranges of species in group 14 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, separate
maps are shown for historical and current ranges; otherwise, the current range map also
denotes the historical range.

MAP 
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Figure 43—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 14 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

VIEW 
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Figure 44—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 14, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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Interpreting Results 

Composition and structure of vegetation associated
with changes in source habitats— In the Northern
Cascades, the increase in source habitat was due to
increases in managed young-forest stages of interior
Douglas-fir and grand fir-white fir (vol. 3, appendix 1,
table 4). In the Southern Cascades, increasing source
habitat was associated with increases in interior
Douglas-fir and grand fir-white fir old forests and
interior Douglas-fir managed young forest (vol. 3,
appendix 1, table 4). In the Upper Klamath, increases
were driven by increasing old-forest stages of interior
Douglas-fir and grand fir-white fir (vol. 3, appendix 1,
table 4).

Other factors affecting the group—Hermit warblers
forage along conifer branches, and sometimes decidu-
ous trees and shrubs, for beetles, caterpillars, small
flying insects, and spiders (Terres 1991). Thus, meas-
ures taken to control insects may impact hermit 
warblers.

The hermit warbler winters in high-elevation forests
in Mexico and Nicaragua and sparingly into Costa
Rica (Sharp 1992). Impacts to wintering habitats may
negatively affect the species.

Population status and trends—There are insufficient
data in the BBS information to be able to predict a
population trend for the hermit warbler across the basin
(Saab and Rich 1997). The BBS data analyzed within
other geographic boundaries (Sauer and others 1996),
however, showed an increasing trend in hermit war-
bler populations in eastern Oregon and Washington
(7.6 percent per year, n = 7, P < 0.01, 1966 to 1979).

Management Implications

No significant issues were identified for hermit 
warblers or their habitat.

Group 15—Pygmy Shrew 
and Wolverine

Results

Species ranges, source habitats, and special habitat
features—This group consists of the pygmy shrew
and wolverine, which are year-round residents of the

basin. Wolverines occur in parts of all ERUs in the
basin, although they are absent from the middle por-
tion of the Columbia Plateau, and the south-central
portion of the basin (fig. 45). The range of the pygmy
shrew is restricted to the northeastern portion of the
basin, primarily within the Northern Glaciated
Mountains and Lower Clark Fork ERUs (fig. 45).

Both species should be considered generalists. Source
habitats for pygmy shrews include virtually all struc-
tural stages of all subalpine and montane forests with
the exception of Sierra Nevada mixed conifer (vol. 3,
appendix 1, table 1). All stages of the shrub-herb-tree
regeneration type also serve as source habitat for
pygmy shrews. Source habitats for wolverines include
alpine tundra and all subalpine and montane forests
(vol. 3, appendix 1, table 1). Within the forest types,
all structural stages except the closed canopy stem
exclusion stage provide source habitat.

Wolverines are predominantly scavengers, especially
in winter when their diets consist primarily of ungu-
late carcasses (Banci 1994). In summer, they use a
wider variety of foods including small mammals,
birds, carrion, and berries (Weaver and others 1996).
Copeland (1996) found that carrion-related food sup-
plied 46 percent of wolverine diets in Idaho during
both summer and winter. Banci (1994) suggested that
diversity of habitats and foods is important to wolver-
ines.

Several special habitat features have been identified
for wolverines (vol. 3, appendix 1, table 2). Natal
dens in Idaho were primarily located in subalpine
cirque basins in isolated talus surrounded by trees
(Copeland 1996). There is also evidence that wolver-
ines use down logs and hollow trees for denning
(Copeland 1996; Pulliainen 1968, as cited in Banci
1994), and cavities in live trees also may be used
(Ognev 1935, cited in Banci 1994; Pulliainen 1968).
Both talus and areas associated with large, fallen trees
were used as maternal den sites in Idaho (Copeland
1996). 

No special habitat features were identified for the
pygmy shrew.

Broad-scale changes in source habitats—
Historically, source habitats likely occurred through-
out the forested portions of the basin, with some of
the greatest concentrations in the northeast (fig. 46A).
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Figure 45—Ranges of species in group 15 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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Figure 46—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 15 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 47—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 15, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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From historical to current times, source habitat has
increased in the central and western portions of the
basin and undergone minor decreases in the north 
(fig. 46B).

Basin-wide, source habitat was projected to have
increased moderately or strongly in 56 percent of
watersheds and to have decreased moderately or
strongly in 22 percent (fig. 47). Within the nine ERUs
that support significant amounts of source habitat 
(fig. 47), five (Northern Cascades, Southern Cascades,
Columbia Plateau, Blue Mountains, and Central Idaho
Mountains) have undergone moderate or strong
increases in more than 50 percent of watersheds, one
(Upper Clark Fork) has undergone decreases in 50
percent or more of watersheds, and three (Northern
Glaciated Mountains, Lower Clark Fork, and Snake
Headwaters) have had mixed trends.

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Causes for source
habitat increases and decreases differed across ERUs
(Hann and others 1997). Community types that most
influenced habitat increases were early seral montane
in the Northern Cascades, late-seral subalpine in 
the Southern Cascades, mid-seral montane in the
Columbia Plateau, mid- and late-seral montane in the
Blue Mountains, and early-seral subalpine and late-
seral montane in the Central Idaho Mountains. In the
Upper Clark Fork, community types that contributed
most to the decline in habitat were early- and late-
seral montane.

Condition of special habitat features—Densities of
large-diameter snags (>53 cm [21 in] d.b.h.) and of
large, remnant trees likely declined basin-wide from
historical to current levels (Hann and others 1997,
Hessburg and others 1999, Quigley and others 1996).
Trends in snag abundance ultimately affect the avail-
ability of large down logs and cavities, whereas the
decrease in large, remnant trees would likely translate
to a decrease in large, hollow trees. Talus likely exists
currently where it existed historically.

Other factors affecting the group—The clearcut
method of timber harvest can negatively affect
wolverines. Snow-tracking and radio telemetry in
Montana indicated that wolverines avoided recent
clearcuts and burns (Hornocker and Hash 1981).

Copeland (1996), however, found that wolverines in
Idaho commonly crossed natural openings, burned
areas, meadows, or open mountain tops. 

Populations of wolverines can be impacted by fur 
harvesting if trapping is not carefully regulated (Banci
1994). Within the basin, trapping is allowed only in
Montana, and most of the harvest is believed to be inci-
dental in traps set for other carnivores (Banci 1994).

Copeland (1996) found that human disturbance near
natal denning habitat resulted in immediate den aban-
donment but not kit abandonment. Disturbances that
could affect wolverine are heli-skiing, snowmobiles,
backcountry skiing, logging, hunting, and summer
recreation (Copeland 1996, Hornocker and Hash
1981, ICBEMP1996f). Wolverine densities in Montana,
however, did not differ between the wilderness and
nonwilderness portions of one study area, nor was
their behavior or habitat use different, based on snow
tracking and radio telemetry (Hornocker and Hash
1981). In addition, Hornocker and Hash (1981) con-
cluded that movements of wolverines in Montana
were not affected by highways.

Weaver and others (1996) argued that wolverines are
less resilient than other large carnivores due to their
low lifetime reproductive capability, susceptibility to
natural fluctuations in scavenging opportunities, and
vulnerability to trapping. They suggested that wolver-
ines, along with grizzly bears, have a greater require-
ment for large, contiguous reserves than do other large
carnivores such as gray wolves and mountain lions.

No information is available on other factors that might
affect the pygmy shrew.

Population status and tre n d s —Hash (1987)
described a contraction in the North American range
of the wolverine beginning around 1840 with the
onset of extensive exploration, fur trade, and settle-
ment. State records suggest very low wolverine num-
bers in Montana, Idaho, Oregon, and Washington from
the 1920s through 1950s, with increases in wolverine
sighting since the 1960s (Banci 1994). The increases
in Montana (Newby and McDonald 1964, Newby and
Wright 1955) and in Washington (Johnson 1977) may
have resulted from dispersal from Canada.

Throughout its range, the pygmy shrew is considered
rare (Feldhamer and others 1993), and basin-wide
trends in pygmy shrew populations are unknown.



242

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integra-
tion of potential resource objectives for group 15 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—The following issues were identified from the
results of our analysis and other empirical research:

1. Loss of montane and subalpine old-forests and
associated structures (snags, logs, and cavities),
particularly in the northern portion of the basin.

2. Low population numbers.

3. Increased negative effects from humans, resulting
from higher road densities, increased technological
advances in vehicular capabilities, and interest in
winter recreation. 

Potential strategies—The following strategies could
be used to reverse broad-scale declines in source habi-
tats and populations:

1. (To address issue no. 1) Increase the representation
of late-seral stage forests in all cover types used as
source habitats, particularly in the northern half of
the basin (Northern Glaciated Mountains, Lower
Clark Fork, and Upper Clark Fork ERUs).

2. (To address issues no. 2 and no. 3) Identify refugia
for long-term management of wolverine (Banci
1994).

3. (To address issues no. 2 and no. 3) Provide ade-
quate links among existing wolverine popula-
tions. These dispersal corridors likely do not
require the same habitat attributes needed to sup-
port self-sustaining populations (Banci 1994).

4. (To address issue no. 3) Reduce human distur-
bances, particularly in areas with known or high
potential for wolverine natal den sites (subalpine
talus cirques).

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) In the northern basin,
retain existing old forests and identify mid succes-
sional forests where attainment of old-forest condi-
tions can be accelerated. 

2. (In support of strategy no. 1) Actively recruit snags
and logs from green trees to increase the represen-
tation of old-forest structures (snags and logs) in
mid-seral stands and in old forests where snags
and logs are uncommon or absent.

3. (In support of strategy no. 1) Retain slash piles and
decks of cull logs to substitute for down logs over
the short term. 

4. (In support of strategy no. 2) Maintain current
wilderness areas and other congressionally desig-
nated reserves as refugia for wolverine, and reduce
human disturbances near den sites in these areas.

5. (In support of strategy no. 2) Identify existing
areas with the following desired conditions, or
manage selected areas to create the following
desired conditions for species strongholds: large,
contiguous blocks of forest cover with abundant
snags and large logs and low road densities with
connectivity to subalpine cirque habitats required
for denning, security, and summer foraging habitat.

6. (In support of strategy no. 3) Identify isolated pop-
ulations and unoccupied habitats and use intera-
gency planning to develop broad-scale links over
the long term.

7. (In support of strategy no. 4) Minimize new con-
struction of secondary roads and close unneeded
roads after timber harvests. 

No explicit recommendations are available in the liter-
ature or are any available from our results for the
pygmy shrew.

Group 16—Lynx

Results

Species ranges, source habitats, and special habitat
f e a t u re s —The lynx, a year-round resident of the
basin, is the only member of group 16. The range of
the lynx includes the northern, eastern, and central
portions of the basin (fig. 48). There are limited
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Figure 48—Ranges of species in group 16 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, separate
maps are shown for historical and current ranges; otherwise, the current range map also
denotes the historical range.

records of lynx occurring in the Southern Cascades
ERU (McKelvey and others 1999), but these records
were not included in the range map delineated by
Marcot and others (in prep.). In March 2000, the
U.S. Fish and Wildlife Service determined the lynx
to be a threatened species pursuant to the En d a n-
gered Species Act of 1973 (U.S. Government 2000a).

Primary habitat for lynx is found in subalpine and
montane forests that are cold or moist forest types
(vol. 3, appendix 1, table 1; McKelvey and others
1999). Within the montane forest community, source
habitats are provided by all vegetation types except
Pacific silver fir-mountain hemlock, red fir, and
Sierra Nevada mixed conifer. Within the subalpine
forest community, only Engelmann spruce-subalpine
fir provides source habitat. Lynx habitat includes
various structural stages (Koehler and Aubry 1994,
Ruggiero and others 1999). 

Lynx forage primarily in early-seral forests and in
some mid-seral forests that support high numbers of
prey; lynx also use late-seral forests for denning and
rearing young as well as for hunting alternative
sources of prey (Ruggiero and others 1999).
C o n s e q u e n t l y, source habitats for lynx are provided
by most of the coniferous forest structural stages
with the exception of old-forest single-storied stands
(vol. 3, appendix 1, table 1). Riparian woodlands
and shrublands are also source habitats.

Hollow down logs are a special habitat feature for
lynx (vol. 3, appendix 1, table 2); logs are used both
as den sites and resting places (ICBEMP 1 9 9 6 e ,
Koehler 1990).

B road-scale changes in source habitats—Basin-
wide, amounts of source habitats for lynx increased
moderately or strongly in 47 percent of watersheds
and decreased in 23 percent from historical to current
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Figure 49—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 16 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

MAP 

file://localhost/Users/WWPBoise/Desktop/V2MAPS/V2FIG49.PDF


245

Figure 50—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 16, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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periods (figs. 49 and 50). Habitat increased in more
than 50 percent of the watersheds in two ERUs, the
Blue Mountains and the Northern Glaciated Mountains
(fig. 50). Trends were mixed in the remaining ERUs
that contain significant habitat: Northern Cascades,
Upper Clark Fork, Lower Clark Fork, Snake
Headwaters, and Central Idaho Mountains (fig. 50).

Interpreting Results

Composition and structure associated with changes
in source habitats—A strong increase in mid-seral
montane forests, along with increases in early- and
mid-seral subalpine forests (Hann and others 1997),
accounted for the increasing source habitat trend in
the Northern Glaciated Mountains. Increases in mid-
and late-seral montane forests and early- and mid-
seral subalpine forests (Hann and others 1997) con-
tributed to the overall increase in source habitats in
the Blue Mountains. Mid-seral montane and subalpine
forests also increased in the Lower Clark Fork, Upper
Clark Fork, and Snake Headwaters ERUs; however,
these increases were offset by decreases in early-seral
montane forests and late-seral montane and subalpine
forests (Hann and others 1997). In the Northern
Cascades, increases in early-seral montane and sub-
alpine forests were offset by decreases in mid- and
late-seral subalpine forests (Hann and others 1997).
There were increases in early- and late-seral montane
and subalpine forests in the Central Idaho Mountains
(Hann and others 1997), but these increases were not
widespread enough to result in an overall moderate or
strong ERU trend.

Condition of special habitat features—Hann and
others (1997) reported a decrease in abundance and
occurrence of large down logs in areas of traditional
forest management. Large down logs are used by lynx
for denning and rearing young (Ruggiero and others
1999).

Other factors affecting the group—Trapping can be
a significant source of mortality for lynx (Bailey and
others 1986, Carbyn and Patriquin 1983, Mech 1980,
Nellis and others 1972, Parker and others 1983, Ward
and Krebs 1985). Trappers are capable of removing
from 60 to 80 percent of the individuals in a given
lynx population (Bailey and others 1986, Parker and
others 1983). Incidental takes of lynx during bobcat
and coyote trapping seasons may be cause for con-
cern, especially with low-density lynx populations.

Other forms of human disturbance also affect lynx.
According to Koehler and Brittell (1990), minimal
human disturbance is important to denning site selec-
tion. Winter recreation may have a significant effect
on lynx populations. The packing effect of snowmo-
bile trails may open areas of deep snow to foraging
from other predators such as bobcats and lynx (Kohler
and Aubry 1994, Ruggiero and others 1999). In the
north Cascades, snowmobiling and other winter recre-
ation have increased in the past decade, with suspect-
ed negative effects on lynx.4 The increase in
interactions between human and lynx, primarily
because of increased use of off-highway vehicles
(including snowmobiles), may result in increased lynx
mortality from intentional and unintentional shooting
and collisions with vehicles (Koehler and Brittell
1990). Highways could also pose barriers to lynx
movement or increase mortality from vehicle colli-
sions (Ruediger 1996, Terra-Berns and others 1997). 

Lynx populations are closely tied to snowshoe hare
population trends, especially north of the basin (Butts
1992, Murray and Boutin 1991, Parker and others
1983, Weaver 1993). Lynx populations in the basin,
however, may not be as cyclic as those at more north-
ern latitudes (Brittell and others 1989, Koehler 1990).
Within the basin, several other predators (bobcat, red
fox, and some hawk and owl species) compete with
lynx for snowshoe hare as prey, unlike areas to the
north; many of these competing predators possibly
respond more positively to human-induced habitat
alterations (Roloff 1995). This increased competition
for prey may increase the vulnerability of lynx (Wi t m e r
and others 1998) as well as limit the size of lynx pop-
ulations (Boutin and others 1986, Keith and others
1984). 

Forest management practices have varying effects on
both lynx and lynx prey habitat (Ruggiero and others
1999). Lynx do not hunt in large, open areas with little
or no cover (Koehler 1990, Koehler and Brittell 1990),
making large clearcut blocks potential barriers to
movement (Koehler and Aubry 1994). Early-seral
habitats created by fire or logging, however, are
essential to maintain foraging areas for lynx prey,
principally snowshoe hare (Koehler and Aubry 1994,
Koehler and Brittell 1990). Koehler and Aubry (1994)
proposed that frequent, small patches of habitat 

4 Personal communication. 1997. Robert Naney, wildlife biologist,
Okanogan National Forest, 1240 South Second Avenue, Okanogan,
WA98840-9723.
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alteration that mimic natural disturbance patterns
would be beneficial. Post-clearcut areas may not
become suitable for snowshoe hare habitat for more
than 10 years and may not become optimal hare habi-
tat for another 20 years (Koehler and Aubry 1994).
Relatively small patches of old forest (1 ha [2.5 acres])
are needed for denning, though these areas must be
near and connected to good foraging habitat (Koehler
and Brittell 1990). Travel corridors generally have a
closed-canopy cover >2 m high (6.5 ft.) (Brittell and
others 1989).

Population status and trends—Empirical data for
distribution of lynx within the basin are scarce, and
data on abundance of lynx populations are not avail-
able. McKelvey and others (1999) recently summa-
rized all known lynx locations in the United States,
which provides a framework for designing and con-
ducting future surveys and demographic studies of
lynx populations. 

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 16 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—The following issues for lynx were taken
from the literature.

1. The lack of empirical information on population
ecology, foraging ecology, den site characteristics,
habitat relations at the landscape scale, and distri-
bution and status in the basin (Ruggiero and others
1999).

2. Altered mosaic of source habitats because of fire
suppression and logging (Hann and others 1997).

3. Negative effects of human activities on lynx
(Koehler and Aubry 1994).

4. The peninsular and disjunct distribution of suitable
lynx habitat in the western mountains (Koehler 
and Aubry 1994), and the associated potential for 
population isolation or limited metapopulation
structure to cause local or regional extirpations
(Ruggiero and others 1999).

Potential strategies—

1. (To address issue no. 1) Develop an interagency
research, inventory, and monitoring effort aimed at
gathering information on population ecology, for-
aging ecology, den site characteristics, habitat rela-
tions at the landscape scale, and distribution and
status in the basin.

2. (To address issue no. 2) Restore fire as an eco-
logical process or use other forest management
practices in montane and upper montane com-
munity types to provide for a suitable mosaic of
early-seral habitat rich in shrubs and well connected
to late-seral habitat with abundant large down logs. 

3. ( To address issue no. 3) Design silvicultural treatments
at a landscape scale with the needs of snowshoe
hare and other lynx prey as one consideration.

4. (To address issue no. 3) Provide areas of high-
quality lynx habitat that are protected from human
disturbance (Koehler and Aubry 1994).

5. (To address issue no. 4) Develop a strategy to
allow for interactions among lynx populations,
including the provision of travel corridors (Koehler
1990) and broader landscape connectivity.

6. (To address issue no. 4) Develop a strategy to
allow for population reintroductions as appropriate.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategies no. 2 and no. 3) Manage-
ment of stand dynamics for lynx and snowshoe
hares focuses on the creation of early and late old-
forest structural stages consistent with historical
variability. In designing forest landscapes, give
management consideration to habitats for alternate
prey species such as red squirrel, voles, and mice
in addition to denning habitat for lynx. Down
wood is an important denning habitat component.
When thinning stands to meet timber management
objectives, stands should either be thinned early
before they are recolonized by snowshoe hares or
thinned when they are older (for example, 30 to 
40 yr) and are little used by hares.
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2. (In support of strategy no. 4) In areas of known or
suspected lynx populations, close roads and areas
to all vehicles as needed to minimize human dis-
turbance, limit potential increase in competing
predators, and provide for landscape connectivity
among and within populations. Improve highway
passage by using fencing and overpasses and
underpasses.

3. (In support of strategies no. 5 and no. 6) Identify
areas that currently support high-quality lynx habi-
tat, have low road densities, and are sites of recent
lynx observation. Identify such sites as species
strongholds, and use them as the backbone of a
metapopulation strategy (see vol. 1).

Group 17—Blue Grouse
(Summer) and Mountain 
Quail (Summer)

Results

Species ranges, source habitats, and special habitat
features—Group 17 consists of summer habitats for
both blue grouse and mountain quail. The range of the
blue grouse includes the western, northern, central,
and eastern portions of the basin (fig. 51). The range
of the mountain quail includes southern Wa s h i n g t o n ,
Oregon, and western Idaho (fig. 51; Ehrlich and oth-
ers 1988). Blue grouse are ground nesters that for-
age primarily on seeds, berries, and insects; the
young feed heavily on insects (Ehrlich and others
1988). Mountain quail are also ground nesters and
feed primarily on bulbs, greens, and insects (Ehrlich
and others 1988).

Source habitats for group 17 include all structural
stages except stem exclusion of interior Douglas-fir,
Sierra Nevada mixed conifer, and Pacific and interior
ponderosa pine (vol. 3, appendix 1, table 1). In addi-
tion, blue grouse source habitats also include western
larch, aspen, mixed-conifer woodlands, antelope 
bitterbrush-bluebunch wheatgrass, and wheatgrass
bunchgrass. Chokecherry-serviceberry-rose is also
source habitat for both species. 

A special habitat feature for the mountain quail is
riparian shrub (vol. 3, appendix 1, table 2). Mountain
quail within the basin primarily are found within 100

to 200 m (328 to 656 ft) of a water source (Brennan
1989). The blue grouse (summer) is considered a 
contrast species as it is typically found at the inter-
face of forest and open areas (Zwickel 1992; vol. 3,
appendix 1, table 2). 

Broad-scale changes in source habitats—Source
habitats for blue grouse (summer) and mountain quail
(summer) occur primarily in the forested ERUs across
the basin (fig. 52A and 52B). The overall trend in
source habitats since historical times has been neutral
(fig. 53), with increasing trends occurring primarily in
the western and southeastern part of the basin, and
more decreasing trends occurring in the northeast part
of the basin. The ERUs with increasing trends are the
Southern Cascades, Upper Klamath, Northern Great
Basin, Upper Snake, and Snake Headwaters. The
ERUs with decreasing trends are the Lower Clark
Fork, Upper Clark Fork, and Central Idaho Mountains.
The remaining ERUs are overall neutral (Northern
Cascades, Columbia Plateau, Blue Mountains, Northern
Glaciated Mountains, and Owyhee Uplands).

Interpreting Results 

Composition and structure of vegetation associated
with changes in source habitats— Increases in 
source habitats in the Northern Cascades are primarily
because of increases in managed young forests of
interior Douglas-fir and interior ponderosa pine,
whereas a similar decline occurred in old-forest pon-
derosa pine (vol. 3, appendix 1, table 4). Increases 
in source habitats in the Southern Cascades, Upper
Klamath, and Blue Mountains, and southern portions
of the Columbia Plateau are due primarily to increases
in old forest. Decreases in source habitats in much of
the northeastern part of the basin are due to declines
in both late- and early-seral community types. 

The primary changes in source habitats in the Upper
Snake were an increase in wheatgrass bunchgrass
(vol. 3, appendix 1, table 4). Hann and others (1997),
h o w e v e r, suspect that in some areas that show increases
in upland herblands (including wheatgrass bunch-
grass), these areas may in fact be areas of early-seral
forests attributable to relatively recent timber harvest
or large-scale wildfires, and were misclassified as
upland herbland. In such a case, recent timber harvest
or wildfire may have increased the quantity and quality
of source habitat because of potential increases in
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Figure 51—Ranges of species in group 17 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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Figure 52—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 17 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 53—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 17, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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shrubs. Increases in wheatgrass bunchgrass, however,
also may be attributable to increases in exotic wheat-
grasses such as crested wheatgrass, which does not
provide source habitat for blue grouse. The increase in
source habitat in the Snake Headwaters is primarily
due to an increase in both early- and mid-seral interior
Douglas-fir (vol. 3, appendix 1, table 4).

Condition of special habitat features—Basin-wide
analysis of riparian vegetation found significant
changes, including widespread declines in riparian
shrublands (Quigley and others 1996). Because of the
scale of our analysis and the fine-scale nature of ripar-
ian shrubland habitats, likely the results of our analy-
sis do not reveal the true loss in this important habitat
component for mountain quail. Water impoundments,
grazing, residential developments, and agricultural
activities can alter the extent, composition, and struc-
ture of mountain quail habitat (Brennan 1990, Murray
1938, Vogel and Reese 1995). Remaining habitat in
the basin is fragmented, and populations exist often in
islands of habitat connected by narrow corridors of
vegetation (Vogel and Reese 1995). 

Because the blue grouse (summer) is a forest-open
areas contrast species, the scale of this analysis does
not allow determination of change in the juxtaposition
of these contrasting habitats. Thus, this special habitat
feature is not accounted for in the results presented
above, and a finer scale analysis is needed to fully
evaluate the status of their source habitats. A loss of
interspersion of early- and late-seral stages of forest
partly because of altered fire regimes was identified
by Lehmkuhl and others (1997) as a reason for a
declining trend since the historical period of both
habitat and populations of the blue grouse. 

Other factors affecting the species—Some mountain
quail populations migrate to lower elevations to win-
ter (Brennan 1990, Ehrlich and others 1988, Leopold
and others 1981). Winter habitat availability may be
more limited than summer habitat because of severe
winter weather in some mountainous areas (Edminster
1954). Low-elevation riparian shrub habitat is espe-
cially important during severe winters. Hydroelectric
impoundments along the Columbia River and its trib-
utaries have flooded thousands of acres of low-eleva-
tion winter habitat for mountain quail (Brennan 1990).
One of the last remaining Idaho populations can be
found along the Salmon River drainage in an area that

experiences mild winters, thought to be one of the
important variables for the continued presence of
quail in this area (Brennan 1989). 

Both blue grouse and mountain quail most often 
are found in areas with a high abundance of shrubs,
which most likely are used for cover as well as forage
(Brennan and others 1987, Zwickel 1992). Traditional
forest managers commonly replanted harvested areas,
thus hastening the rate of succession and shortening
the time that a stand remains in the early-seral stage
(Hann and others 1997). This practice, coupled with
ground-disturbing site preparation before planting,
often eliminates the herb, forb, and shrub structures
from stands. Management activities such as salvage
logging and planting in postfire habitats also may
shorten the duration of these early-seral, shrub-
dominated sites.

Grazing of domestic livestock may negatively impact
blue grouse (Mussehl 1963, Zwickel 1972), as well as
mountain quail (Brennan 1990).

The frequency and areal extent of wildfires declined
since the early to mid 1900s because of suppression
activities (Hann and others 1997). With the increased
fuel loads in fire-suppressed areas, however, the trend
since 1960 has changed, and the current extent of
wildfires is approaching that of the early 1900s. This
increase in postfire areas should benefit both blue
grouse and mountain quail if these fires result in an
increase in shrub vegetation. 

Both species are negatively affected by human dis-
turbance, primarily during the nesting/brood-rearing
season (ICBEMP 1996h). The human population in
the basin is estimated at 3 million, which is a substan-
tial increase from the pre-European settlement period
(McCool and others 1997). This change in population
increases human encounters, thus having a potentially
negative effect on both blue grouse and mountain quail.
In particular, the introduction of human residents to an
area also introduces domestic cats, an effective preda-
tor of mountain quail (Edminster 1954, Jewett and
others 1953, McLean 1930.) 

There are open hunting seasons for blue grouse
throughout the basin, whereas hunting for mountain
quail is only allowed in some parts of Oregon.
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Population status and trends—Blue grouse still
occupy most of their original range, although histori-
cal populations may have been stronger in some areas
(Zwickel 1992). Although mountain quail populations
to the west of the basin seem to be stable, populations
in the basin have experienced dramatic declines
(Brennan 1990, Robertson 1989, Wa s h i n g t o n
Department of Wildlife 1993a).

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 17 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—Issues identified for group 17 were based on
our analysis of source habitats as well as knowledge
of finer scale habitat features for these species:

1. Decline in late- and early-seral source habitats,
particularly in the northeastern part of the basin.

2. Changes in vegetation composition and structure
of understory shrub habitat. 

3. Loss of riparian shrubs.

4. Increased interaction with humans.

5. Isolated and disjunct populations of mountain quail
vulnerable to extinction by stochastic events (that
is, demographic, environmental, or genetic sto-
chasticity).

Proposed strategies—

1. (To address issue no. 1) Maintain and restore late-
seral montane and lower montane forests.

2. (To address issues no. 1 and no. 2) Increase the
representation of shrub-dominated early seral
forests.

3. (To address issues no. 1 and no. 2) Restore fire as 
an ecological process in the montane and lower
montane community groups.

4. (To address issue no. 3) Maintain and restore 
riparian shrubland habitats, including protecting
existing areas from the encroachment of exotics.

5. (To address issue no. 3) Reduce habitat degrada-
tion by livestock grazing in areas currently occu-
pied by mountain quail.

6. (To address issue no. 4) Restrict human access 
in areas of known nesting use by blue grouse and
mountain quail.

7. (To address issue no. 5) Expand the current range
of mountain quail within their historical range. 

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Maintain existing old
forests until mid-seral forests have developed into
old forests at a level that is within the range of his-
torical variability.

2. (In support of strategy no. 2) Leave some postfire
areas unaltered to regenerate naturally.

3. (In support of strategy no. 3) Use prescribed fire to
enhance growth and regeneration of understory or
mountain shrub development. Avoid burning dur-
ing the nesting season, as fires can cause direct
mortality to mountain quail (Clark 1935, McLean
1930, Spaulding 1949).

4. (In support of strategy no. 4) Reduce exotic weed
invasions by plantings of native shrub and herba-
ceous vegetation in riparian shrubland habitats.

5. (In support of strategy no. 5) Remove or explicitly
control the timing and intensity of grazing to dis-
courage weed invasions and to minimize losses
and allow for restoration of native riparian and
mountain shrubs.

6. (In support of strategy no. 6) Reduce road densities
and timing of management activities to reduce
human interactions with these species, especially



a broad spectrum of coniferous forest types across
western Montana and northern Wyoming. This bunting
was also a common nesting species in recently burned
ponderosa pine/Douglas-fir forests of western Idaho
(Saab and Dudley 1998). The Lazuli bunting is a
shrub-nesting insectivore, foraging primarily by
gleaning off foliage (Ehrlich and others 1988).

Source habitats analyzed in this report are the stand-
initiation stage of the montane, lower montane, ripari-
an woodland terrestrial communities and also choke-
cherry-serviceberry-rose (vol. 3, appendix 1, table 1).
Among landscape and microhabitat features of cotton-
wood forests in eastern Idaho, the most important pre-
dictor of Lazuli bunting occurrence was shrub density
and cover (Saab 1999). Other significant predictors 
of their occurrence included herbaceous ground cover
and willow subcanopies, providing foraging and nest-
ing habitat, respectively. Additionally, their relative
abundance was significantly reduced in forest patches
managed for grazing compared with unmanaged
patches (Saab 1996, 1998). In cottonwood forests of

during the nesting and brooding season. In addi-
tion or as an alternative to reductions in road den-
sity, implement seasonal road closures during
nesting and brooding periods. 

7. (In support of strategy no. 7) Reintroduce and 
augment populations of mountain quail after habi-
tat enhancement.

Group 18—Lazuli Bunting

Results

Species ranges and source habitats—Group 18 con-
sists of the Lazuli bunting, a migratory breeder that
occurs throughout the basin (fig. 54). Source habitats
for Lazuli buntings are grass-forb-shrub edges, burns,
early-seral stages of conifer forest, and dense, low 
vegetation along streams (Sharp 1992). Hutto (1995)
found that Lazuli buntings demonstrated a strong 
positive response to early successional burned forests,
resulting from stand-replacing fires that occurred in 
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Figure 54—-Ranges of species in group 18 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, separate
maps are shown for historical and current ranges; otherwise, the current range map also
denotes the historical range.
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along stream courses have reduced riparian habitats
(USDA Forest Service 1996). Low-elevation wetlands
in Idaho are considered “endangered” based on a 85-
to 98-percent decline since European settlement (Noss
and others 1995)

Other factors affecting the group—Traditional
forestry practices commonly tried to accelerate the
regeneration process in harvested areas by planting,
thus hastening the rate of succession and shortening
the time that a stand remained in the early-seral stage
(Hann and others 1997). This practice coupled with
ground-disturbing site-preparation activities before
planting often eliminated the herb, forb, and shrub
structure from stands. Planting in postfire habitats 
also shortens the duration of the stand-initiation stage.
Salvage logging in postfire habitats may reduce the
availability of tall structures used for singing perches.
Hutto (1995) found that the relative abundance of
many bird species, including the Lazuli bunting, dif-
fered between recently burned and recently harvested
forests. Composition of trees, snags, and shrubs subse-
quent to a burn can differ depending on fire intensity
and postfire timber harvest.

According to Hann and others (1997), the frequency
and areal extent of wildfires declined since the early
to mid 1900s because of suppression activities. With
the increased fuel loads in fire-suppressed areas, how-
ever, the trend since 1960 has changed, and the cur-
rent extent of wildfires is approaching the early 1900s.
This increase in postfire areas should benefit Lazuli
buntings if these fires result in an increase in shrub
vegetation. 

Lazuli buntings are Neotropical migratory birds. The
availability of suitable habitats used during migration,
as well as their winter habitat, are critical components.
Status of habitats, effects of nonhabitat factors on
populations, and management practices in migratory
and wintering areas are, however, unknown.

Population status and trends—Recent BBS data
indicate that the population was stable from 1968 to
1994 (n > 14; P < 0.10) across the basin (Saab and
Rich 1997). Sauer and others (1996) identified
increasing trends for Lazuli buntings in the western
United States from 1980 to 1995 (+2.9 percent per yr,
n = 147; P < 0.01).
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western Montana, the abundance of Lazuli buntings
also was reduced in heavily grazed areas, as compared
to lightly grazed areas (Mosconi and Hutto 1981).

B road-scale changes in source habitats—H i s t o r i c a l l y
source habitats for group 18 were broadly distributed
throughout the mountainous regions of the basin,
though most watersheds with source habitats con-
tained less than 25 percent area in source habitats 
(fig. 55A). Currently, source habitats are more patchi-
ly distributed and absent from many watersheds that 
historically contained these habitats (fig. 55B).

The trend in source habitats was negative to strongly
negative for nearly 60 percent of the watersheds in the
basin (figs. 55C and 56). About 33 percent of the
watersheds basin-wide had positive trends in source
habitats (fig. 56). Eight ERUs had negative to strongly
negative trends, including the Upper Klamath,
Northern Great Basin, Columbia Plateau, Blue
Mountains, Northern Glaciated Mountains, Lower
Clark Fork, Upper Clark Fork, and Upper Snake.
Trends were neutral in the Southern Cascades and
Owyhee Uplands. Three ERUs, the Northern
Cascades, Snake Headwaters, and Central Idaho
Mountains, had positive trends.

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—For the ERUs with
positive trends, increased area of various cover types,
especially Douglas-fir, Englemann spruce, lodgepole
pine, and aspen, were responsible for the trend (vol. 3,
appendix 1, table 4). For the eight ERUs with nega-
tive trends, the loss of early-seral Douglas-fir, lodge-
pole pine, interior ponderosa pine, and western larch
contributed most to the trend. Nearly 100 percent of
the western larch stand-initiation stage was eliminated
in these ERUs. 

In addition, basin-wide declines have occurred in
riparian woodlands at the broad scale (Hann and 
others 1997). Smaller patches of riparian vegetation,
especially riparian shrublands, have declined in extent
basin-wide because of disruption of hydrologic regimes
from dams, water diversions, and road construction.
Additionally, grazing and trampling of riparian vege-
tation by livestock, and increased recreational use
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Figure 55—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 18 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 56—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 18, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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3. (In support of strategy no. 3) Remove or explicitly
control the timing and intensity of grazing to
develop and promote the long-term persistence 
of shrub communities.

4. (In support of strategy no. 3) Restrict activities in
riparian areas that negatively affect riparian vege-
tation. Areas that currently support healthy shrub
communities should be a priority for conservation. 

Group 19—Gray Wolf 
and Grizzly Bear

Results

Species ranges and source habitats—Group 19 
consists of the grizzly bear and gray wolf. Historically
these two species ranged across most of the basin 
(fig. 57), although use of lower elevations within the
Northern Great Basin and Owyhee Uplands ERUs
was probably incidental. This distribution has been
greatly reduced, and both species currently persist
only in small, disjunct populations. Gray wolf popula-
tions occur in western Montana, central Idaho, and
western Wyoming; grizzly bear populations remain in
the northern Cascades, northern Idaho, western
Montana, and western Wyoming (fig. 57).

The grizzly bear was listed as federally threatened
under the ESAon July 28, 1975. The original recov-
ery plan was approved in 1982 and amended in 1993.
The northern Rocky Mountain gray wolf was listed as
endangered on June 4, 1973, and a recovery plan was
released in 1987 (USDI Fish and Wildlife Service
1987). Wolves have been state protected in Montana
since 1975 and in Idaho since 1977 (USDI Fish and
Wildlife Service 1987). 

Source habitats for group 19 span a broad elevational
range and include all terrestrial community groups
except exotic herbland and agriculture. About 80 per-
cent of all possible cover type-structural stage combi-
nations are source habitats (vol. 3, appendix 1, table 1).

Source habitats for wolves must include suitable den-
ning and rendezvous sites and a sufficient, year-round
prey base of ungulates and alternate prey (USDI Fish
and Wildlife Service 1987). Den sites are used for
rearing pups and are typically near forested cover and
removed from human activity. Wolves are sensitive to
human disturbance near dens from mid-April to July

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 18 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—The results of our habitat trend analysis and
the literature suggest the following issues are of high
priority for group 18: 

1. Altered frequency of stand-replacing fires.

2. Loss of shrub-dominated early-seral vegetation
types. 

3. Loss and degradation of riparian vegetation.

Potential strategies—The issues suggest the follow-
ing broad-scale strategies would be effective in sup-
porting the long-term persistence of the Lazuli
bunting. Strategies would apply basin-wide.

1. (To address issue no. 1) Restore fire as an ecologi-
cal process in the montane and lower montane
community groups. Natural fire frequencies and
intensities should be considered where appropriate.

2. (To address issue no. 2) Increase the representation
of shrubs in the early-seral stages of forest com-
munities.

3. (To address issue no. 3) Reduce impacts to shrubs
from grazing, recreation, and other activities.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Leave some postfire
and postharvest areas unaltered to regenerate 
naturally.

2. (In support of strategy no. 2) Use prescribed fire to
increase the representation of shrubs in the early-
seral stages of forest communities.

258
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Figure 57—-Ranges of species in group 19 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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(Weaver and others 1996). Rendezvous sites are rest-
ing and gathering areas used by wolf packs after the
pups are mobile and typically include meadow vegeta-
tion and adjacent forest with resting sites under trees
(USDI Fish and Wildlife Service 1987). Home ranges
can be exceedingly large, based on estimates from
radio telemetry. In Minnesota for example, home
range estimates ranged from 49 to 135 km2 (19 to
52 mi2) (Van Ballenberge and others 1975), and in
Alberta, winter home ranges varied between 357 and
1779 km2 (138 and 687 mi2) (Fuller and Keith 1980).
The principal foods of wolves in the Rocky Mountains
are deer, elk, and moose (USDI Fish and Wi l d l i f e
Service 1987; Weaver 1994, cited in Weaver and oth-
ers 1996).

Grizzly bear habitat selection is affected by (1) abun-
dance and quality of foods; (2) gender-specific orien-
tation to different nutrients; (3) reproductive status 
of females and concerns about security of dependent
young; (4) presence and identity of other bears, espe-
cially adult males; and (5) presence of humans and
prior contact with humans.5 Grizzly bears are omnivo-
rous, but their use of certain high-quality foods with
limited spatial or temporal distribution often results in
seasonal shifts in habitat selection (Hamer and Herrero
1987; Mace and others 1996; Mattson and others
1991a, 1991b; McLellan and Hovey 1995; Servheen
1983). Also, food availability fluctuates among years,
and habitat selection may therefore differ from one
year to the next (Green and others 1997; Mattson and
others 1991a, 1991b; McLellan and Hovey 1995). 

A selection process also seems to be used for the 
location of dens for hibernation and the birth and rear-
ing of young. Typical dens are either dug by bears or
occur in natural cavities in subalpine, montane, and
rock community groups. Den sites tend to be clus-
tered, thereby suggesting that certain areas possess
more favorable combinations of environmental factors
for denning (USDI Fish and Wildlife Service 1993).
Grizzly home ranges encompass large areas. For
example, based on several studies, annual home
ranges of males in the Northern Continental Divide
Ecosystem are between 165 and 1406 km2 (64 and
543 mi2), with an average of 489 km2 (189 mi2)
(USDI Fish and Wildlife Service 1993). 

5 Personal communication. 1998. David Mattson, U.S. Geologial
Survey, Forest and Rangeland Ecosystem Science Center and
Department of Fish and Wildlife Resources, University of Idaho,
Moscow, ID 83844-1136.

Broad-scale changes in source habitats—Source
habitats for the grizzly bear and gray wolf likely
occurred throughout the basin historically (fig. 58A).
The current extent of habitat, albeit largely unoccu-
pied, is similar to the historical distribution except for
the Columbia Plateau, Lower Clark Fork, and Upper
Clark Fork ERUs, where habitat is more patchily 
distributed than it was historically (fig. 58B).

Basin-wide, the overall trend in source habitats for
group 19 was neutral (fig. 58C). Source habitats
remained relatively stable in 9 of 13 ERUs (figs. 58C
and 59). Fifty percent of all watersheds, located pri-
marily in the southern half of the basin and along the
western and northern borders, showed no trend in
habitat (fig. 59). Source habitats were projected to
have decreased in four ERUs: the Columbia Plateau,
Lower Clark Fork, Upper Clark Fork, and Upper
Snake (fig. 59). 

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Despite the overall
neutral trend for source habitats for group 19, many 
of the terrestrial communities were projected to have
changed dramatically from historical conditions. In
general, mid-seral forests increased in areal extent
basin-wide, whereas both early- and late-seral forests
declined (Hann and others 1997). Some forest cover
types, including western white pine, whitebark pine,
western larch, and limber pine no longer occur in
stands large enough to map at the broad scale, where-
as Pacific silver fir-mountain hemlock and western
redcedar-western hemlock increased, respectively,
1,700 and 853 percent basin-wide (Hann and others
1997). 

Within nonforest terrestrial communities, upland 
herbland and upland shrubland both strongly declined,
whereas three new terrestrial communities, urban,
agriculture, and exotic herbland, have emerged since
the historical period (Hann and others 1997). Examples
of declining nonforest cover types are native forb and
mountain big sagebrush, which declined, respectively,
by 91 and 34 percent basin-wide (Hann and others
1997). Within the four ERUs having overall declining
trends in source habitats for group 19, declines were
mostly in western white pine, whitebark pine, western
larch, limber pine, big sagebrush, and native forb (vol. 3,
appendix 1, table 4).
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Figure 58—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 19 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 59—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 19, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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Other factors affecting the group—Human-caused 
mortality is the major factor limiting the recovery 
of wolves and grizzly bears (Fritts and Mech 1981;
Knight and others 1988; Mattson and others 1996a,
1996b; Pletscher and others 1997; USDI Fish and
Wildlife Service 1987, 1993). About 84 percent of all
known mortalities of wolves on the Montana-British
Columbia-Alberta border were human caused, primar-
ily legal shootings in Canada (Pletscher and others
1997). In the northern Rockies, between 1974 and
1996, 85 to 94 percent of all deaths of marked grizzly
bears >1 year old were due to humans (Mattson and
others 1996a). 

For wolves, human-caused losses are due to shooting,
trapping, and vehicle accidents (Fritts and others
1985). Six of the nine mortalities that occurred in the
first 20 months after the reintroduction into Ye l l o w s t o n e
National Park were human caused: three wolves were
illegally shot, one was killed by Animal Damage
Control personnel after repeated sheep depredations,
and two were killed by vehicles (Bangs and Fritts
1996). In many cases, wolf mortalities are related to
real and perceived depredations of livestock.

For grizzly bears, human-caused mortalities stem from
(1) direct human-bear conflicts in wilderness areas and
parks (for example, hikers, photographers, or hunters);
(2) attraction of grizzly bears to improperly stored food
or garbage; (3) attraction of grizzly bears to improperly
disposed dead livestock; (4) chance interactions
between livestock and grizzly bears; (5) increased
human occupancy of grizzly bear habitat, causing
increased interactions and stress; and (6) hunting
(USDI Fish and Wildlife Service 1993). Legal hunting
of grizzly bears no longer occurs in the basin, but griz-
zly bears are taken by poachers and occasionally are
mistakenly shot during the black bear hunting season.

Wolves, particularly juveniles, are susceptible to
canine parvovirus and distemper, and these diseases
could affect recovery in the northern Rocky Mountains
if not monitored (USDI Fish and Wildlife Service
1987). Parasites and diseases do not appear to be sig-
nificant causes of natural mortality of grizzly bears
(Jonkel and Cowan 1971, Rogers and Rogers 1976,
both cited in USDI Fish and Wildlife Service 1993). 

Both species are negatively affected by roads. Roads
per se are not a physical barrier; wolves use gated
roads as travel corridors (Thurber and others 1994),

and grizzly bears in Montana exhibit neutral or posi-
tive selection for areas with roads having <10 vehicles
per day (Mace and others 1996). Roads, however, usu-
ally increase human presence and the likelihood of
negative contacts. A disproportionate number of
h u m a n -caused mortalities occur near roads, both for
wolves (Mech 1970, as cited in Frederick 1991) and
grizzly bears (Mattson and others 1996a). These mor-
talities are mostly legal and illegal shootings resulting
from human access provided by roads (Mace and 
others 1996, McLellan and Shackleton 1988); vehicle
collisions also play a role (Bangs and Fritts 1996,
Knight and others 1988). Thurber and others (1994)
cited three studies (Jensen and others 1986, Mech and
others 1988, Thiel 1985) indicating wolf packs would
not persist where road densities exceeded about 1.0 mi
per mi2 (0.6 km per km2 ). 

An additional, indirect effect of roads is that road
avoidance leads to underutilization of habitats that 
are otherwise high quality. Mace and others (1996)
found that grizzly bears in Montana avoided roads
having >10 vehicles per day. In southeastern British
Columbia, grizzly bears underutilized about 9 percent
of available habitats by avoiding areas 100 m (328 ft)
from roads, regardless of traffic volume (McLellan
and Shackleton 1988). Several other studies have 
documented road avoidance by grizzly bears in or
near the basin (Green and others 1997, Kasworm and
Manly 1990, Mattson and Reinhart 1997, Mattson and
others 1987). Similar effects have been observed with
wolves: packs in the Great Lakes region avoided habi-
tats with high road and human densities even though
densities of deer, a principal prey, were also high in
these areas (Mladenoff and others 1995). In northern
Montana, wolf travelways were at least 4 to 22 km
(2.5 to 13.6 mi) from the nearest driveable road,
which precluded their use of otherwise high-quality
habitats and food resources (Singer 1979). 

Road access also increases the likelihood of habitua-
tion to humans. Individual wolves and grizzly bears
can become accustomed to human presence, leading
to nuisance situations that can result in the death of
the habituated animal (Mattson and others 1992,
Meagher and Fowler 1989).

The neutral trends in source habitats projected for 
the basin do not reflect loss of habitat effectiveness
because of roads and human activities. Road densities
in the basin have substantially increased from histori-
cal levels and are estimated to be moderate to high in
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most ERUs (Hann and others 1997). Moreover, the
human population in the basin has increased and is
estimated currently at 3 million (McCool and others
1997). The increase in road densities and human pop-
ulation are believed responsible for the unoccupied
state of many source habitats of grizzly bears and
wolves in the basin. For example, Merrill and others
(1999) included roads, level of human activity, and
distance and size of nearby human populations in their
model of environmental suitability for grizzly bears in
Idaho. 

The demographic impact of human-caused mortality
is intensified for grizzly bears by their low reproduc-
tive rate. Litters range from one to four cubs with an
average of two, and females generally do not begin to
reproduce until 5.5 yr old (USDI Fish and Wildlife
Service 1993). Each female has the limited potential
of adding three to four females to a population during
her lifetime (USDI Fish and Wildlife Service 1993).
Using this demographic information in conjunction
with behavioral plasticity in food acquisition and dis-
persal capabilities, Weaver and others (1996) conclud-
ed that grizzly bears have fairly low resiliency to
human disturbances, whereas gray wolves, based 
on these same factors, are moderately resilient.

Lack of connectivity among habitat reserves is a
major factor affecting the long-term persistence of
grizzly bears, and perhaps also wolves (Noss and 
others 1996). Source habitats are currently fragmented
by human disturbances to a level where interchange
within the entire regional population occurs rarely if
at all (Noss and others 1996). Small, isolated popula-
tions are susceptible to extirpation from inbreeding,
chance breeding events (for example, no female births
in a given year), and environmental uncertainty (for
example, drought or disease) (Shaffer 1981). This
appears to be a concern for small, isolated grizzly 
bear populations (Allendorf and others 1991, cited in
Mattson and others 1996b). Insufficient connectivity
among local populations reduces the likelihood of
recolonization once a population has been extirpated.
The Bitterroot ecosystem is an example of a recent
extirpation with extremely low probability of recolo-
nization because of lack of connectivity with other
grizzly bear populations (Merrill and others 1999).

Ul t i m a t e l y, human attitudes towards wolves and 
grizzly bears are what will ensure their survival or
extirpation (Bangs and Fritts 1996, Mattson and others

1 9 9 6 a ) . Many of the negative effects of roads and
human activities could be diminished through
changes in human attitudes and behavior (Mattson
and others 1996a, 1996b).

Population status and trends—Wolf populations
were reduced to near extinction within the basin dur-
ing the 1800s to early 1900s (USDI Fish and Wildlife
Service 1987). Wolf numbers have increased, how
ever, within the last 10 years. In addition to natural
recolonizations of historical habitats in Washington,
Idaho, and northwestern Montana (Marcot and others
1997), wolves have been reintroduced to central Idaho
and the Yellowstone area as nonessential experimental
populations (Federal Register 1994) beginning in 1995.
Natural and experimental populations are currently
doing well in all three areas identified for recovery:
northwestern Montana, north-central Idaho, and the
Greater Yellowstone Ecosystem. As of 1999 (USDI
Fish and Wildlife Service 1999), northwestern Montana
had about 65 wolves and 5 confirmed breeding pairs;
central Idaho contained 140 wolves and 10 confirmed
breeding pairs; and the Yellowstone ecosystem con-
tained about 120 wolves and 8 breeding pairs.

Between 1800 and 1975, grizzly bear populations in
the lower 48 States receded from estimates of over
100,000 to <1,000 bears (USDI Fish and Wildlife
Service 1993). Extirpations within the basin include
Utah (1923) and Oregon (1931) (USDI Fish and
Wildlife Service 1993). The Interagency Grizzly Bear
Committee6 identified five recovery zones south of
Canada where grizzly bears and grizzly habitat are
managed for recovery, and within which the popula-
tion parameters will be monitored (Interagency
Grizzly Bear Committee 1998). The recovery zones
are referred to as ecosystems to emphasize the ecolog-
ical rather than jurisdictional nature of their bound-
aries (USDI Fish and Wildlife Service 1993). Four of
the recovery zones are within the basin—the Northern
Cascades, Selkirk, Cabinet-Yaak, and Northern
Continental Divide ecosystems—and the fifth, t h e
Yellowstone ecosystem, occurs on the eastern border 

6 The Interagency Grizzly Bear Committee is composed of top 
officials from the U.S. Department of the Interior, Fish and Wildlife
Service, National Park Service, Bureau of Land Management,
Bureau of Indian Affairs; U.S. Department of Agriculture, Forest
Service; state fish and game agencies of Montana, Wyoming, Idaho,
and Washington; and management authorities from British
Columbia and Alberta.
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of the basin. The Selway-Bitterroot ecosystem is
under consideration as a recovery zone, as outlined
in the Final Environmental Impact Statement for
Grizzly Bear Recovery in the Bitterroot Ecosystem
(USDI Fish and Wildlife Service 2000).

Grizzly bear population estimates currently are avail-
able only for the Northern Continental Divide Grizzly
Bear ecosystem (440 to 680 bears) (USDI Fish and
Wildlife Service 1993) and the Yellowstone ecosystem
(280 to 610 bears) (Eberhardt and Knight 1996). The
Selkirk Mountains and Cabinet-Yaak ecosystems are
believed to have breeding populations based on sight-
ings of females with young, but populations within
each ecosystem may be less than 20 grizzly bears
(Knick and Kasworm 1989, Wielgus and Bunnell
1995). Population status within the Northern Cascades
is unknown (Interagency Grizzly Bear Committee
1998, USDI Fish and Wildlife Service 1993). No griz-
zly bears currently live in the Bitterroot Mountains of
Idaho (Interagency Grizzly Bear Committee 1998).

Management Implications

The following issues, strategies, and practices may be
useful to managers as a starting point for integrating
potential resource objectives for group 19 with broad-
er, ecosystem-based objectives for all other resources
on FS- and BLM-administered lands in the basin.

Issues—The following issues have been identified as
major challenges to the conservation of the grizzly
bear and gray wolf:

1. Excessive mortality from conflicts with humans.

2. Excessive mortality related to the presence of
roads (accidents, poaching, and increased con-
flicts).

3. Displacement from suitable habitats because of
human activities.

4. Isolation of populations within each recovery area.

The goal of the revised Grizzly Bear Recovery Plan is
to identify actions necessary for the conservation and
recovery of the grizzly bear and to remove the grizzly
bear from threatened status in each recovery zone
(USDI Fish and Wildlife Service 1993). The goal of
the recovery plan for gray wolves is to remove the

Northern Rocky Mountain wolf from the endangered
and threatened species list by securing and maintain-
ing a minimum of 10 breeding pairs of wolves in each
of the three recovery areas for a minimum of 3 suc-
cessive years (USDI Fish and Wildlife Service 1987).

Potential strategies—The following strategies could
be used in the Northern Cascades, Northern Glaciated
Mountains, Upper Clark Fork, Lower Clark Fork,
Central Idaho Mountains, and Snake Headwaters ERUs
to support recovery of the gray wolf and grizzly bear:

1. (To address issue no. 1) Reduce the prevalence 
of conflict situations and the number of human-
caused mortalities of bears and wolves. Provide
secluded habitats that reduce the potential for 
conflicts with humans. 

2. (To address issue no. 2) Develop a policy for road
construction, maintenance, and obliteration on
public lands within gray wolf and grizzly bear
recovery areas and in source habitats that surround
and could potentially connect these habitats. 

3. (To address issue no. 3) Reduce human activities
in important grizzly bear foraging areas and
around known wolf dens.

4. (To address issue no. 4) Provide interregional habi-
tat connectivity across all ERUs with wolf and
bear populations (Northern Cascades, Northern
Glaciated Mountains, Upper Clark Fork, Lower
Clark Fork, Central Idaho Mountains, and Snake
Headwaters).

Practices that support strategies—Action items 
and practices for the recovery of the gray wolf and
grizzly bear are in the Northern Rocky Mountain 
Wolf Recovery Plan (USDI Fish and Wildlife Service
1987), the Grizzly Bear Recovery Plan (USDI Fish
and Wildlife Service 1993), the Interagency Grizzly
Bear Guidelines (Interagency Grizzly Bear Committee
1986) and the Grizzly Bear Compendium (LeFranc
and others 1987). The following practices have been
drawn from these documents as examples and would
be effective in implementing the strategies listed
above:

1. (In support of strategy no. 1) Alter the timing and
location of livestock grazing to reduce the need for
wolf and grizzly bear depredation control.
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the Southern Cascades and Columbia Plateau ERUs
(fig. 60). Most populations are native, but mountain
goats have been introduced into portions of Montana,
and reintroduced into the Elkhorn and Blue Mountains
of Oregon. Although the Hells Canyon population
stems from a transplant, recent archeological evidence
suggests historical occupancy of the Hells Canyon
area and the Wallowa Mountains (Matthews and
Coggins 1994).

Source habitats for mountain goats include 15 cover
types within six community groups: alpine, subalpine
forest, montane forest, lower montane forest, upland
shrubland, and rock-barren (vol. 3, appendix 1, table 1).
Mountain goats show no apparent preference for any
cover type, as long as they occur on steep terrain or
near cliffs and talus. Mountain goats seem to use all
structural stages within forested cover types except for
the stem-exclusion stage of montane and lower mon-
tane forests (vol. 3, appendix 1, table 1). Upland
shrublands provide important foraging habitat, and
forests provide both foraging habitat and protection
from inclement weather (Johnson 1983).

Special habitat features identified for mountain goats
are cliffs, talus, and seasonal wetlands (vol. 3, appen-
dix 1, table 2). Cliffs and talus are central to mountain
goat distribution and habitat use (Hjeljord 1973). Cliff s
provide escape terrain from predators (Johnson 1983,
Rideout 1978), and both cliffs and talus provide forag-
ing areas with little competition from other herbivores
(Rideout 1978).

Mountain goats forage on various plant species
depending on local and seasonal availability. Grasses
and sedges comprise a major portion of the diet in
most locales (Adams and Bailey 1983, Hjeljord 1973,
Saunders 1955), along with mosses, lichens, ferns,
and shrubs (Rideout 1978). Mountain goats exhibit
localized shifts in habitat use in response to changes
in food availability because of snow accumulation,
moisture, wind, and solar exposure (Rideout 1978).
Mountain goats are subject to predation from moun-
tain lions, golden eagles (Rideout 1978), wolves, and
grizzly bears (Smith 1986, Smith and others 1992). 

Broad-scale changes in source habitats—The fol-
lowing trends in source habitats for mountain goats
were derived without reference to the proximity of
cliffs and talus and therefore include habitat patches

2. (In support of strategy no. 1) Implement sanitation
practices, including law enforcement to support
these practices, to minimize the likelihood of griz-
zly bear attraction to human food, garbage, and
dead livestock.

3. (In support of strategy no. 1) Increase extent and
scope of public education programs regarding the
role of human-bear and human-wolf conflicts in
the conservation of these species.

4. (In support of strategies no. 1 and no. 2) Minimize
or avoid road construction within unroaded areas
in grizzly bear ecosystems and wolf recovery
areas. Obliterate or restrict use of roads in impor-
tant seasonal habitats, such as low-elevation ripari-
an areas (spring habitat for grizzly bears). 

5. (In support of strategies no. 1 and no. 3) Reduce or
temporarily discontinue activities such as livestock
grazing, timber harvests, backcountry use, mining,
and oil and gas development in important grizzly
bear foraging areas during peak foraging periods.
Restrict human access near wolf dens from April
15 to July 1. 

6. (In support of strategy no. 4) Use concepts
described in Noss and others (1996) to create
habitat connectivity among recovery areas.
Identify existing and potential dispersal corridors
for wolves and bears, and seek opportunities with
all landowners and affected parties to modify the
timing, intensity, and location of human activities
within these corridors.

Group 20—Mountain Goat

Results

Species ranges, source habitats, and special habitat
features—Group 20 consists of the mountain goat, a
year-round resident of the basin. Within the basin, the
mountain goat occurs in the mountains of central and
northeast Washington, northeast Oregon, central and
northern Idaho, and western Montana. These areas
correspond to five ERUs: the Northern Cascades,
Northern Glaciated Mountains, Lower Clark Fork,
Upper Clark Fork, and Central Idaho Mountains (fig.
60). The range also includes small, bordering areas of
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Figure 60—Ranges of species in group 20 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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that are not available to mountain goats. Trends
derived from a restricted subset of habitats near cliffs
could differ substantially in magnitude from those
reported here, but the general direction of the trends
likely would remain the same. 

The historical distribution of source habitats was
essentially the same as it is now, occurring in the
mountains of central and northeast Washington, north-
east Oregon, central and northern Idaho, and western
Montana (figs. 61A, and 61B). Because mountain
goats use various cover types, trends in the extent of
source habitats differed basin-wide. Trends were pro-
jected to be neutral in 32 percent of the watersheds
and positive in 42 percent of the watersheds basin-
wide (fig. 62). Positive trends were projected in more
than 50 percent of watersheds in the Blue Mountains
and Central Idaho Mountains ERUs, and declining
trends were most prevalent in the Lower Clark Fork
and Upper Clark Fork ERUs (figs. 61C and 62). All
other ERUs with source habitats exhibited mixed
trends.

Source habitats for mountain goats were most preva-
lent in the Northern Cascades ERU historically, and
this has not changed. The area occupied by source
habitats in this ERU comprised 51 percent of the area
of watersheds included in mountain goat range during
both time periods (vol. 3, appendix 1, table 3).

Interpreting Results
Composition and structure of vegetation associated
with changes in source habitats—Neutral trends in
source habitats were partly because alpine and rock-
barren community groups did not change in areal
extent from historical to current periods (Hann and
others 1997; vol. 3, appendix 1, table 4). Within 
other community groups, neutral trends resulted 
from declines in some cover types that were offset by
increases in other cover types used as source habitats.
For example, in the Northern Cascades ERU, a major
transition occurred from interior ponderosa pine to
both interior Douglas-fir and grand fir-white fir (Hann
and others 1997), but this resulted in static trends in
habitat extent because all three cover types are source
habitats (vol. 3, appendix 1, table 1). 

Declining trends in the Lower Clark Fork ERU were
due to total losses at the broad scale of old forests of
interior ponderosa pine, as well as declines in the
stand-initiation stage of lodgepole pine and Engelmann
spruce-subalpine fir (vol. 3, appendix 1, table 4).
Declines in the Upper Clark Fork were chiefly because
of nearly total losses of interior Douglas-fir and interior
ponderosa pine old forests (vol. 3, appendix 1, table 4).
Although less extensive in area, strong declines in
whitebark pine old forests also occurred in both the
Lower and Upper Clark Fork ERUs (vol. 3, appendix
1, table 4). In the Central Idaho Mountains, increases
in source habitat were primarily due to areal increases
in Engelmann spruce-subalpine fir, grand fir-white 
fir, interior Douglas-fir, lodgepole pine, mountain
mahogany, and shrub or herb-tree regeneration (vol. 3,
appendix 1, table 4). Increases in the Blue Mountains
were associated mostly with increases in grand fir-
white fir (Hann and others 1997).

Condition of special habitat features—The areal
extent of cliffs and talus has not changed between 
historical and current periods (Hann and others 1997).
Seasonal wetlands are highly dependent on annual
hydrologic cycles and therefore have fluctuated widely
in occurrence and productivity over time. 

Other factors affecting the group—Young of the
year and yearlings incur the highest mortality rates,
primarily because of harsh weather in conjunction
with predation, internal parasites, and diseases (Johnson
1983). Adults are highly susceptible to hunting mor-
tality, both legal and illegal (Kuck 1977, Matthews
and Coggins 1994, Smith 1986, Swenson 1985). 

Human activities disrupt mountain goats and can
cause displacement from source habitats. Low-flying
aircraft cause mountain goats to run, take alert defense
postures, or take refuge under trees (Chadwick 1973).
Road blasting and sonic booms also cause defensive
reactions in mountain goats (Chadwick 1973).
Mountain goats can become habituated to human 
disturbance, especially where they are not hunted, as
in Glacier National Park (Pedivillano and others 1987,
Singer and Doherty 1985), but more typically, moun-
tain goats exhibit signs of stress when exposed to
human disturbances. In Montana’s Rocky Mountain
Front, mountain goat reproduction and kid survival
was lower in a herd exposed to much human activity
(such as energy exploration, a downhill ski resort, and
developed recreation) compared to a herd in a more
remote area (Joslin 1986).
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Figure 61—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 20 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

MAP 

file://localhost/Users/WWPBoise/Desktop/V2MAPS/V2FIG61.PDF


270

Figure 62—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 20, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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Timber harvests can have both positive and negative
e ffects on mountain goats. Overstory removal can
increase forage productivity in areas where fire 
suppression has reduced the extent of open habitats
(Johnson 1983). Sufficiently large stands of mature
forests, however, must be retained for winter cover
(Johnson 1983). Timber harvests also increase human
access to mountain goat habitat through road 
construction (Chadwick 1973), and this has led to
increased hunting mortality in some herds that were
formerly less accessible (Johnson 1983). 

Roads, particularly highways, also increase mortality
rates through vehicle collisions (Singer 1978). In
Glacier National Park, however, highway mortality
was reduced by placing two highway underpasses on
Highway 2 to allow goats to reach two mineral licks
(Pedivillano and others 1987). 

Many goat populations are small because of habitat
fragmentation, hunting pressure, and the establishment
of new herds with few individuals. A potential conse-
quence of low numbers is a high probability of delete-
rious effects from inbreeding. For example, even after
hunting of the Wallowa Mountain goat population was
discontinued, the population remained static for many
years until new genetic stock was introduced in the
1980s (Matthews and Coggins 1994). 

Population status and trends—Mountain goat popu-
lation trends differ across the basin. Populations in
Wa s h i n g t o n7 and Montana8 have declined, whereas
populations in the Wallowa and Elkhorn Mountains
in northeastern Oregon have increased (Matthews
and Coggins 1994). Native populations in Idaho have
decreased, whereas introduced populations are stable
or increasing.9

7 Personal communication. 1997. Rolf Johnson, manager, deer and
elk section, Washington Department of Fish and Wildlife, 600
Capitol Way North, Olympia, WA 98501.

8 Personal communication. 1997. John McCarthy, special projects
coordinator, Montana Department of Fish, Wildlife, and Parks, P.O.
Box 200701, Helena, MT59620-0701.

9 Personal communication. 1997. Lonn Kuck, wildlife game and
research manager, Bureau of Wildlife, Idaho Department of Fish
and Game, P.O. Box 25, Boise, ID 83707-0025.

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 20 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—Important issues affecting mountain goats
were taken both from the literature and our habitat
analysis.

1. Increased human disturbance in formerly isolated
habitats. 

2. Reduction in forage quantity and quality because
of successional changes in source habitats from
fire suppression.

3. Habitat fragmentation because of human land uses
and successional changes in source habitats from
fire suppression.

Potential strategies—

1. (To address issue no. 1) Reduce human activities,
particularly where mountain goat herds are static
or declining.

2. (To address issue no. 2) Restore quality and quan-
tity of forage where forage has declined because of
successional changes and changes caused by fire
suppression.

3. (To address issue no. 3) Seek opportunities to
reduce fragmentation in historical range caused by
human land uses and fire suppression.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1 ) Incorporate mitiga-
tion measures for human activities within or adja-
cent to known mountain goat herds into all
relevant planning documents.



2. (In support of strategy no. 1) Carefully regulate
frequency and height of low-flying aircraft over
known mountain goat herds, including military
exercises, helicopter logging, recreational flights,
and wildlife surveys. 

3. (In support of strategies no. 2 and no. 3) Use under-
s t o r y thinning and prescribed burns to improve the
quantity and quality of forage, and increase links
with isolated herds.

4. (In support of strategy no. 3) Use land acquisi-
tions, exchanges, and easements to consolidate
blocks of suitable mountain goat habitat, including
blocks of currently unoccupied habitat.

Group 21—Long-Eared Owl

Results

Species ranges, source habitats, and special habitat
features—Group 21 is comprised of the long-eared
owl. Long-eared owls are year-round residents of the

basin, but some individuals move long distances sug-
gestive of migratory behavior during fall and spring
(Marks and others 1994). The current range of the
long-eared owl includes all 13 ERUs (fig. 63). 

Source habitats for the long-eared owl include a broad
range of vegetation types from mid-elevational forests
to low-elevational shrublands. The six vegetation
community groups in which source habitats occur are
montane forests, upland woodlands, upland shrub-
lands, upland herblands, riparian woodlands, and
riparian shrublands (vol. 3, appendix 1, table 1). Source
habitat cover types within the montane forest commu-
nity include interior Douglas-fir, western larch, grand
fir-white fir, Sierra Nevada mixed conifer, and red fir.
Nearly all structural stages within these cover types
except for managed young forests are considered
source habitats. 

Long-eared owls tend to nest and roost in dense vege-
tation, but they hunt almost exclusively in open habi-
tats (Getz 1961, ICBEMP 1996h, Marks and others
1994, Thurow and White 1984). As such, they are con-
sidered a contrast species (vol. 3, appendix 1, table 2),
requiring a juxtaposition of contrasting vegetative
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Figure 63—Ranges of species in group 21 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, separate
maps are shown for historical and current ranges; otherwise, the current range map also
denotes the historical range.
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structure to meet all aspects of their ecology. W h e r e
forests are adjacent to open areas, trees are typically
used for nest sites. Where forests are not present, nests
are placed in tall shrubs (Holt 1997). This owl typically
lays its eggs in abandoned stick nests of other species,
especially common raven, American crow, and black-
billed magpie nests (Marks and others 1994).

Broad-scale changes in source habitats—The histor-
ical distribution of source habitats was most concen-
trated in the Columbia Plateau, Northern Great Basin,
and Owyhee Uplands (fig. 64A). The current distribu-
tion is about the same (fig. 64B), although significant
declines have occurred in the northern half of the
Columbia Plateau and in the eastern basin, and signifi-
cant increases have occurred in the north, the central
basin, and in the southwest (fig. 64C). 

Trends in extent of source habitats are mixed across
the basin: 29 percent of watersheds with source habi-
tats showed no change in areal extent between the his-
torical and current periods; 40 percent of watersheds
had declining trends, and 31 percent had increasing
trends (fig. 65). Four ERUs had declining and strongly
declining trends in source habitats in >50 percent of
watersheds. These were the Columbia Plateau (53 per-
cent of watersheds), the Upper Clark Fork (75 percent
of watersheds), the Upper Snake (76 percent of water-
sheds), and the Snake Headwaters (67 percent of
watersheds). Increasing and strongly increasing trends
occurred in >50 percent of watersheds in the Upper
Klamath (63 percent of watersheds) and Blue
M o u n t a i n s (52 percent of watersheds) ERUs, and the
Southern Cascades had increasing trends in 9 percent
of watersheds (figs. 64C and 65).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Most vegetation
types that provide source habitats for the long-eared
owl have changed in extent from the historical period,
but these changes have resulted in no net increase or
decrease in source habitats.  

Within the Upper Klamath, Blue Mountains, and
Southern Cascades ERUs, increases in source habitats
were largely due to increases in interior Douglas-fir,
grand fir-white fir, juniper/sagebrush woodland, and
big sagebrush (Hann and others 1997; vol. 3, appen-
dix 1, table 4). Declines in the northern portion of the

Columbia Plateau and the Upper Snake are primarily
due to transitions from big sagebrush to agriculture
and the conversion of many cover types in the upland
shrubland and riparian shrubland community groups
to exotic forbs-annual grass (Hann and others 1997;
vol. 3, appendix 1, table 4). Declines in the Upper
Clark Fork are due to increases in cropland and
Engelmann spruce-subalpine fir cover types (Hann
and others 1997), neither of which are source habitats
for the long-eared owl, and declines in all structural
stages of interior Douglas-fir (Hann and others 1997).
Declines in the Snake Headwaters are due to transi-
tions in both the upland herbland and upland shrub-
land communities to agriculture (Hann and others
1997). 

Condition of special habitat features—No special
habitat features were identified for the long-eared owl.
The amount of edge habitat, however, may be a land-
scape-level variable of some importance to long-eared
owls. The mid-scale analysis of vegetation changes in
the basin (Hessburg and others 1999) indicated that
the amount of edge increased significantly in 6 of 13
ERUs. Assuming that this scale of analysis is appro-
priate for long-eared owls, and assuming that inter-
spersion of habitats is beneficial to this species, the
increase in edge is considered a positive change in
habitat condition.

Other factors affecting the group—The long-eared
owl generally nests in trees, using stick nests created
by other bird species, especially common raven,
American crow, and black-billed magpie. Programs
designed to reduce these species could therefore 
negatively affect the long-eared owl. 

Little is known about effects of pesticides on 
this species. Henny and others (1984) discovered
organochlorine residues in one-third of all long-eared
owl eggs they examined. 

Roads apparently do not impact long-eared owls.
Mean distance to nearest road was not different for
successful and unsuccessful nests (Marks 1986).

Population status and trends—Long-eared owls 
are common in most Western states, although they are
considered rare in Montana (Craig and Trost 1979).
Long-eared owl numbers appear to be stable in most
states (Marti and Marks 1989). Within the basin, pop-
ulations seem to attain peak densities in southern
Idaho (Craig and Trost 1979).
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Figure 64—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 21 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 65—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 21, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 21 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—The primary issue related to long-eared owl
conservation is degradation and loss of native upland
shrublands, riparian shrublands, and riparian wood-
lands. 

Potential strategies—

1. Maintain and restore native upland shrublands,
riparian shrublands, and riparian woodlands across
the basin, particularly in the northern half of the
Columbia Plateau and in the Upper Snake and
Snake Headwaters ERUs.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. Limit livestock grazing and recreational activities
in riparian shrublands and woodlands to allow
growth of dense vegetation for nest sites.

2. Explore options under the Conservation Reserve
Program (CRP) (Johnson and Igl 1995), or develop
other incentive programs, to encourage restoration
of agricultural areas to native cover types. 

3. Restore native vegetation by appropriate treat-
ments and seedings of native shrub, grass, and forb
species.

Group 22—California Bighorn
Sheep and Rocky Mountain
Bighorn Sheep

Results

Species ranges, source habitats, and special habitat
features—Group 22 consists of two subspecies of
bighorn sheep, the California and Rocky Mountain
bighorn sheep; both are year-round residents of the

basin. Although they use similar habitats, the two sub-
species are separated by disparate ranges of remnant
populations and by different geographic areas that have
been designated for their reintroduction. In general,
California bighorn occur in the western and southern
portions of the basin, and Rocky Mountain bighorn
occupy the eastern and northern portions of the basin
(fig. 66). 

Historically, California bighorns occurred in central
and southeastern Oregon, the eastern slope of the
Cascade Range in Washington, northwestern Nevada,
and the mountains of southwestern Idaho (fig. 66).
Populations declined in the late 1800s, and bighorns
were extirpated from all four states between 1900 and
1930 (Thorne and others 1985). Because of a series of
reintroductions, California bighorns currently are
found in many disjunct populations within their for-
mer range (fig. 66).

Rocky Mountain bighorns historically occurred in
northeastern Oregon, central Idaho, Montana and
Wyoming, and northeastern Nevada (Thorne and oth-
ers 1985) (fig. 66). After a severe population decline
in the early 1900s, bighorns remained in only a few
isolated areas of their former habitat. The current
range represents an increase in occupied habitat since
that time, because of a combination of reintroductions
and protection of remnant populations (Thorne and
others 1985). Much of the historical range, however,
is still unoccupied (fig. 66). 

Source habitats for both subspecies are primarily in
the alpine, subalpine, upland shrubland, and upland
herbland community groups. Old-forest and stand-
initiation stages of whitebark pine are source habitat,
but only the stand-initiation stage of other forest cover
types is used (vol. 3, appendix 1, table 1). Bighorn
sheep prefer open habitats with short vegetation, both
for high-quality forage (McWhirter and others 1992)
and to maintain high visibility for predator avoidance
(Risenhoover and Bailey 1985, Wishart 1978), and a
negative correlation between forest cover and bighorn
occurrence has been observed (Bentz and Woodard
1988). Postfire habitats can benefit bighorn sheep by
improving forage quality (McWhirter and others
1992) and increasing visibility (Bentz and Woodard
1988). 

In the basin, Rocky Mountain bighorn sheep exhibit
more seasonal movements than do California bighorn
sheep. Alpine and subalpine community groups are
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Figure 66—Ranges of species in group 22 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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primarily summer range for the Rocky Mountain sub-
species, whereas upland herbland and shrubland are
used in both seasons, depending on elevation (vol. 3,
appendix 1, table 1). 

Special habitat features identified for these two sub-
species include cliffs, talus, and seasonal wetlands
(vol. 3, appendix 1, table 2). The location of cliff s
and talus ultimately defines the distribution of bighorn
s h e e p because such features are essential for escape
cover and the secure rearing of young (Wa k e l y n
1987). Cover types listed as source habitats (vol. 3,
appendix 1, table 1) generally are not available to
bighorns unless they are near cliff s .

Broad-scale changes in source habitats—The 
following trends in source habitats for bighorn sheep
were derived without reference to the proximity of
c l i ffs and talus and may not accurately represent
changes in the more restricted subset of stands avail-
able to bighorns. Trends derived from a restricted sub-
set of habitats could differ substantially in magnitude
from those reported here, but the general direction of
the trends likely would remain the same.

Source habitats (regardless of proximity to cliffs) 
currently occupy the same general geographic extent
as the historical distribution of habitats but are less
prevalent within each watershed (figs. 67A, and 67B),
thereby resulting in overall negative trends in habitat
e x t e n t . Many areas that formerly had bighorn sheep
habitat in 25 to 50 percent of each watershed now
meet source habitat conditions in less than 25 per-
cent of each watershed, particularly in the central
and northern regions of the basin (fig. 67B). Habitats
declined in 57 percent of the watersheds throughout
the basin and in most watersheds in five ERUs: the
Blue Mountains, Northern Glaciated Mountains, Lower
and Upper Clark Fork, and Upper Snake (fig. 68).
Declining trends also were noted in the Northern and
Southern Cascades, but these ERUs are on the western
edge of the geographic range and contain little habitat
(vol. 3, appendix 1, table 3). Most watersheds of the
Northern Great Basin and Owyhee Uplands ERUs
exhibited no change in the amount of source habitats,
whereas watersheds in the Snake Headwaters exhibit-
ed mixed trends in habitat extent (fig. 68).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Declines in source
habitats were due primarily to declines in big sage-
brush, mountain big sagebrush, fescue-bunchgrass,
interior ponderosa pine, native forb, western larch,
wheatgrass bunchgrass, whitebark pine-alpine larch,
and whitebark pine (vol. 3, appendix 1, table 4). A
notable change that has affected bighorn sheep is the
widespread conversion of native shrublands and grass-
lands to agricultural cover types (Hann and others
1997), particularly in historical winter range. Also,
source habitats with high visibility for predator avoid-
ance have been replaced by stands with reduced visi-
bility, primarily through the transition of whitebark
pine old forests to Engelmann spruce-subalpine fir
and the transition of stand-initiation stage forest cover
types to mid-seral stages (Hann and others 1997).

Condition of special habitat features—Cliffs and
talus (represented by the community group rock-bar-
ren) have not changed between historical and current
periods (Hann and others 1997). Cliffs and talus can
be significantly altered through direct human disturb-
ance such as blasting and road construction, but this
type of activity generally has not occurred in remote
areas currently used by bighorn. Seasonal wetlands
are highly dependent on annual hydrologic cycles and
therefore have fluctuated widely in occurrence and
productivity over time. 

Other factors affecting the group—Bighorn sheep
are highly susceptible to pneumonia after exposure 
to bacteria (Pasteurella spp.), viruses (Parainfluenza
type-3), lungworm, and stress agents (Foreyt 1994,
Wishart 1978). Major reductions or total extirpation 
of bighorn herds because of pneumonia outbreaks are
well documented (Cassirer and others 1996, Coggins
1988, Onderka and Wishart 1984, Spraker and others
1984). A recent episode of P a s t e u re l l a- a s s o c i a t e d
pneumonia in the Hells Canyon area resulted in a
known loss of 327 bighorn sheep between November
1995 and March 1996, which represented 50 to 75
percent of four herds in Oregon and Washington
(Cassirer and others 1996). 

Abundant circumstantial evidence indicates that
domestic and exotic sheep are the source of nonen-
demic bacteria and viruses predisposing bighorn sheep
to pneumonia (Coggins 1988, Foreyt and Jessup 1982,
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Figure 67—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 22 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 68—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 22, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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Martin and others 1996); moreover, direct evidence
recently has been acquired through experimental con-
tact between sheep and bighorns in enclosures (Foreyt
1994), and through bacterial swab cultures and DNA
analysis of Pasteurella spp. collected from free-rang-
ing bighorn sheep with pneumonia in Nevada and
Oregon (Rudolph and others, in prep.). Domestic goats
also may be reservoirs, although the evidence is less
compelling. A feral goat was associated with diseased
bighorn at the start of the outbreak in Hells Canyon
and had genetically identical Pasteurella to one of the
bighorn ewes; however, these bacteria were not com-
mon among bighorns sampled during the episode
(Cassirer and others 1996; Rudolph and others, in
prep.). 

Bighorn sheep also are affected by grazing competi-
tion from livestock (USDI Bureau of Land Management
1995). Intensive grazing pressure that occurred between
the late 1800s and early 1900s is believed a factor in
the reduction in bighorn sheep populations of that era
(Johnson 1983). Grazing competition with domestic
sheep has been reduced in recent times because of
e fforts to maintain buffers between sheep and bighorns
to reduce the potential for disease transmission. The
leading source of grazing competition is from cattle
(Blood 1961, Demarchi 1965, and Lauer and Peek
1976, as cited in Van Dyke and others 1983). Late
winter grazing by cattle, however, has proven benefi-
cial to the Lower Imnaha bighorn herd in Oregon.10

The condition of bighorn sheep habitats has been
altered over the last century because of changes in 
historical fire regimes. Fire suppression has resulted 
in an increase in the density of trees of formerly open
stands, reducing forage quality and causing bighorns
to avoid these areas because of reduced visibility.
Some cliff areas are currently inaccessible to bighorns
because the stands of open timber through which
bighorns formerly traveled have developed into dense
stands that bighorns avoid (Wakelyn 1987). For the
Rocky Mountain bighorn, fire-suppressed stands have
created barriers between historical winter and summer
range, thereby preventing occupancy of the total range
even though each isolated range is currently suitable
(Wakelyn 1987).

10 Personal communication. 1998. Victor Coggins, regional wildlife
biologist, Oregon Department of Fish and Wildlife, 65495 Alder
Slope, Enterprise, OR 97828.

Some historical ranges have become fragmented by
urban, mining, agricultural, and recreational develop-
ments (USDI Bureau of Land Management 1995). In
some cases, this has created a barrier between season-
al ranges, as described above for fire-suppressed habi-
tat. Additionally, fragmentation has resulted in habitat
islands that can support only small, isolated herds
(USDI Bureau of Land Management 1995).

Direct disturbance by humans can affect bighorn
sheep by shifting their distribution (Hamilton and others
1982, Hicks and Elder 1979) and by increasing physi-
ologic stress (MacArthur and others 1979). Hunted
populations generally react more strongly than non-
hunted populations (Hamilton and others 1982, Hicks
and Elder 1979). Among the human activities that
elicit the strongest negative response are low-flying
aircraft (helicopters and military air exercises). Hiking
in lambing areas is also disruptive to bighorns (USDI
Bureau of Land Management 1995). The human pop-
ulation in the basin has increased from a relatively
small number of native people to 3 million (McCool
and others 1997); therefore, the number of human 
disturbances in bighorn sheep habitat likely has
increased. 

Population status and trends—Bighorn sheep 
populations declined substantially throughout their
geographic range in the late 1800s and early 1900s.
Ho w e v e r, because of the establishment of hunting
regulations, a better understanding of disease trans-
m i ssion, and concentrated reintroduction efforts
throughout the West, bighorn numbers have steadily
increased over the last 50 years (Thorne and others
1985). By 1995, many reintroductions of California
bighorn resulted in the establishment of 6 herds in
Idaho, 29 herds in Oregon, and 8 herds in Washington
(USDI Bureau of Land Management 1995). 

Populations of Rocky Mountain bighorn also have
been widely reintroduced into their historical habitats
within the basin. As of 1995, the reintroduced and
native populations comprised 10 herds in Idaho, 9
herds in Oregon (1 extends into Washington), 3 addi-
tional herds in Washington, and 9 herds in Montana
(USDI Bureau of Land Management 1995). 
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Population trends differ by herd. Some reintroduced
herds are still increasing; for example, the Pueblo
Mountains herd in southeast Oregon currently num-
bers 130 and is still growing.11 This herd was started
with three reintroductions in 1976, 1980, and 1983
that totaled 40 animals (Coggins and others 1996).
Some herds have static trends; for example, the Steens
Mountain bighorn herd was started with 11 animals in
1960 (Coggins and others 1996) and increased to 275
(USDI Bureau of Land Management 1995), but cur-
rently numbers 250 and seems to be static for unknown
reasons (see footnote 11). Several herds in the Hells
Canyon area of Washington and Oregon have recently
declined because of an outbreak of Pasteurella-associ-
ated pneumonia (Cassirer and others 1996).

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 22 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues–Issues were taken from the literature and the
results of our habitat analysis for these two sub-
species. 

1. Incompatibility with domestic sheep and possibly
domestic goats because of the potential for disease
transmission and competition for forage.

2. Reduction in forage quantity and quality because
of successional changes in source habitats.

3. Habitat fragmentation (poor juxtaposition of 
seasonal ranges as well as isolation of small herds)
because of successional changes in source habitats.

4. Habitat fragmentation because of agricultural,
industrial, and recreational development.

5. Disturbance and habitat displacement because of
human activities such as low aircraft fly-overs and
hiking in lambing areas. 

11 Personal communication. 1998. Ron Garner, assistant district
wildlife biologist, Oregon Department of Fish and Wildlife, P.O.
Box 8, Hines, OR 97738.

Potential strategies—

1. (To address issue no. 1) Actively control the poten-
tial for disease transmission and forage competi-
tion between bighorns and domestic livestock.

2. (To address issue no. 2) Restore quality and quan-
tity of forage where forage has declined because of
successional changes in vegetation.

3. (To address issue no. 3) Restore habitat links
between summer and winter range and access to
escape cover that have been lost because of
changes in historical fire regimes.

4. (To address issue no. 4) Seek opportunities to
reduce fragmentation in historical range caused by
human land uses.

5. (To address issue no. 5) Reduce human activities
in key foraging and lambing areas.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Avoid direct contact
between bighorn sheep and domestic sheep and
goats. Guidelines established by the BLM for
domestic sheep management in bighorn sheep
habitats (USDI Bureau of Land Management
1995) recommend that buffers (having no domestic
sheep or goats) are placed around bighorn sheep
habitat and that bighorn sheep reintroductions do
not occur in areas that have been grazed by domes-
tic sheep or goats within the last 2 years.

2. (In support of strategy no. 1) Reduce forage com-
petition with livestock by factoring bighorn sheep
forage consumption into total forage utilization.
Light to moderate cattle grazing during spring or
early summer can be used to improve forage quali-
ty on bighorn sheep winter ranges (Bodie and
Hickey 1980). 

3. (In support of strategies no. 2 and no. 3) Use under-
story thinning and prescribed burns to improve the
quantity and quality of forage and to restore open
habitat links between winter and summer ranges and
to provide access to cliffs that currently are inacces-
sible to bighorns.
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4. (In support of strategy no. 4) Use land acquisi-
tions, exchanges, and easements to consolidate
blocks of suitable bighorn sheep habitat (USDI
Bureau of Land Management 1995).

5. (In support of strategy no. 5) Incorporate mitiga-
tion measures into all planning documents for
mines, highways, canals, and recreational develop-
ments within or adjacent to occupied bighorn
sheep range to minimize human disturbance.

6. (In support of strategy no. 5) Regulate activities
that cause unacceptable disturbance to bighorns,
such as flights of low-flying aircraft and back
country recreation.

Group 23—Rufous
Hummingbird and Broad-
Tailed Hummingbird 

Results

Species ranges, source habitats, and special habitat
features—Group 23 consists of the rufous humming-
bird and the broad-tailed hummingbird, both of which
are migratory breeders in the basin. The rufous hum-
mingbird is distributed throughout forested portions 
of the basin (fig. 69), whereas the range of the broad-
tailed hummingbird is restricted to small areas of
Idaho and Montana (fig. 69). Both of these species are
mostly associated with coniferous forests. The rufous
hummingbird is found in 12 coniferous forest types
and occurs in 53 combinations of forest types and
structural stages. The broad-tailed hummingbird has
source habitats in four coniferous types: Engelmann
spruce-subalpine fir, interior Douglas-fir, grand fir-
white fir, and interior ponderosa pine (vol. 3, appendix
1, table 1). Within the forest types, both species use
old forests, understory reinitiation, and stand initia-
tion. Source habitats for both species also include
shrub-wetlands and aspen, and each species uses some
woodland types. These species generally are found in
more open forests, forests with openings, or in areas
where open areas and forest habitats are adjacent
because it is within these areas that the potential for
deciduous shrubs and herbs is higher. Deciduous
shrubs and herbs provide important foraging substrates
(flowers) for these birds.

Both species typically nest in conifers in areas that
support an abundance of nectar-producing flowers,
which serve as a foraging substrate. Nectar-producing
flowers are a special habitat feature for hummingbirds
(vol. 3, appendix 1, table 2). 

B road-scale changes in source habitats—H i s t o r i c a l l y,
source habitats for group 23 were broadly distributed
throughout the mountainous regions of the basin (fig.
70A). Currently, source habitats are still widely dis-
tributed but more concentrated in fewer watersheds
in most of the ERUs (fig. 70B).

Overall, the projected trend in source habitats for
group 23 declined from historical to present. Basin-
wide, about 36 percent of the watersheds had strong
declines in source habitats, and 19 percent had moder-
ate declines (fig. 71). Eight ERUs were projected to
have moderate or strong declines in source habitats 
in more than 50 percent of watersheds (fig. 71). More
than 50 percent of the watersheds in the Upper Klamath
and Northern Great Basin were projected to have
moderate or strong increases (fig. 71). The Northern
Cascades, Snake Headwaters, and Central Idaho
Mountains generally had no change in amount of
source habitats (fig. 71).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—The increase in
source habitats in the Upper Klamath and Northern
Great Basin is directly related to an increase in late-
seral montane forests (vol. 3, appendix 1, table 4).
Decreases in source habitats in six ERUs are due 
primarily to reductions in late-seral ponderosa pine,
western larch, and western white pine. Six ERUs
(Southern Cascades, Upper Klamath, Columbia Plateau,
Northern Glaciated Mountains, Lower Clark Fork, and
Upper Clark Fork) also showed substantial declines in
early-seral forests, particularly ponderosa pine, west-
ern larch, and western white pine. Decreases in the
Upper Snake resulted from declines in aspen (under-
story reinitiation) and chokecherry-serviceberry-rose.
The decline in available source habitats in the Owyhee
Uplands primarily was because of a decrease of about
2 percent in shrub-wetlands, but this figure may
underrepresent the actual loss of habitat due to the
small size of shrub-wetland patches relative to map-
ping unit size at the broad scale.
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Figure 69—Ranges of species in group 23 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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Figure 70—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 23 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 71—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 23, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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Condition of special habitat features—An analysis
of the abundance of nectar-producing flowers, the pri-
mary food source for these hummingbirds, is not pos-
sible at the scale of this analysis, and no information
on condition or trend is available. The increasing
trend in shade-tolerant, multi-storied stands likely
decreased the abundance of forest-associated flowers
by reducing the amount of sunlight needed for flower
development.

Other factors affecting the group—Grazing has an
overall negative impact on nectarivores because of
these species’ dependence on understory plants as a
food source. Negative effects of grazing on broad-
tailed hummingbirds have been documented in two
studies (Page and others 1978, Schulz and Leininger
1991, cited in Saab and others 1995). Negative
responses to grazing also were reported for the rufous
hummingbird (Page and others 1978, cited in Saab
and others 1995).

Because both species are Neotropical migratory birds,
habitat used during migration and winter also may
influence population trends. Russell and others (1994)
observed that the quality of “stopover” habitats for
migrant rufous hummingbirds differs greatly because
of the natural variation in flowering, and found a posi-
tive correlation between variation in flowering and
hummingbird survival. Little is known about the
abundance or trend of wintering habitat of these
species. 

Population status and trends—Based on BBS data
from 1968 to 1994, rufous hummingbirds in the basin
have shown stable population trends (Saab and Rich
1997). There are insufficient BBS data for the broad-
tailed hummingbird to analyze population trends 
within the basin (Saab and Rich 1997). Specialized
monitoring techniques are needed to track population
trends for both species of hummingbirds.

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 23 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—The following issues are drawn from our
analysis of source habitat trends in combination with
issues identified from other literature:

1. Decline in abundance of natural forest openings
specifically within ponderosa pine, interior
Douglas-fir, grand fir, and western larch. There
also has been a nearly complete loss of open
forests of western white pine (all structural stages).

2. Decline in abundance of forest-associated flower-
ing plants because of exclusion of fire, establish-
ment of shade-tolerant trees, and subsequent
decrease in shrub and herbaceous understories. 

3. Decline in abundance of understory flowering
shrubs, particularly in riparian areas, because of
cattle grazing.

Potential strategies—Habitat for rufous and broad-
tailed hummingbirds would benefit from the following
strategies that address the issues listed above:

1. (To address issue no. 1) Promote the development
of forest openings and single-layered old-forest
structures of ponderosa pine, interior Douglas-fir,
grand fir, and western larch, particularly in the
ERUs where source habitats have declined
(Southern Cascades, Columbia Plateau, Blue
Mountains, Northern Glaciated Mountains, 
Lower Clark Fork, and Upper Clark Fork).

2. (To address issue no. 1) Increase the amount of
early-seral forest in the ERUs where it has
declined (Southern Cascades, Upper Klamath,
Columbia Plateau, Northern Glaciated Mountains,
Lower Clark Fork, and Upper Clark Fork).

3. (To address issue no. 2) Restore fire as an ecologi-
cal process to encourage development of forest
openings and growth of shrubs and forbs.

4. (To address issue no. 3) Reduce impacts to flower-
ing herbs and shrubs from grazing.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:



1. (In support of strategy no. 1) Remove shade-toler-
ant understory trees to promote stand health and
longevity in old-forest stands. Hand removal, or in
some cases prescribed burning, may be effective.

2. (In support of strategies no. 2 and no. 3) A c c e l e r a t e
development of flowering shrubs and forbs with the
use of prescribed underburning and thinning, or
allow for natural wildfires to occur particularly in
the following ERUs: Southern Cascades, Columbia
Plateau, Blue Mountains, Northern Glaciated
Mountains, Lower Clark Fork, Upper Clark Fork,
Owyhee Uplands, and the Upper Snake.

3. (In support of strategies no. 2 and no. 3) Select
areas that have been burned by wildfire or harvest-
ed for timber, and try to extend the duration of the
early-seral stage, which is rich in forbs and shrubs,
by not planting conifers. Areas of primary impor-
tance are the Southern Cascades, Upper Klamath,
Columbia Plateau, Northern Glaciated Mountains,
Lower Clark Fork, and Upper Clark Fork.

4. (In support of strategy no. 4) Remove or explicitly
control the timing and intensity of grazing to
develop and promote the long-term persistence of
shrub communities.

Group 24—Sharptail Snake,
California Mountain
Kingsnake, and Black-
Chinned Hummingbird

Results

Species ranges, source habitats, and special habitat
features—Group 24 consists of three species that 
primarily depend on open forest and woodland habi-
tats: the black-chinned hummingbird, the sharptail
snake, and the California mountain kingsnake. The
range of the black-chinned hummingbird covers the
entire basin except the high elevations of the Cascade
Mountains in both the Northern and Southern Cascades
ERUs and the high elevations of the northern Rocky
Mountains (fig. 72). Both species of snakes occur in
scattered, isolated populations along the eastern slope
of the Cascade Range (fig. 72). The two species of
snakes are only known to occur in the same location
near the Columbia River Gorge. 

These three species primarily group together based 
on their consistent use of interior ponderosa pine, and
interior Douglas-fir vegetation types in all structural
stages except stem-exclusion, closed-canopy forests.
They also use mixed-conifer woodlands and Oregon
white oak (vol. 3, appendix 1, table 1).

The black-chinned hummingbird is the only member
of the group whose source habitats include juniper,
juniper/sagebrush, chokecherry-serviceberry-rose,
mountain mahogany, shrub wetlands, and old-forest
aspen (vol. 3, appendix 1, table 1). The sharptail snake
uses more source habitats than the kingsnake, includ-
ing nearly all seral stages of cottonwood-willow (also
used by the black-chinned hummingbird), nearly all
structural stages of western redcedar-western hem-
lock, and the stem-exclusion, closed-canopy, and
stand-initiation structural stages of western larch 
(vol. 3, appendix 1, table 1).

Logs and talus are special habitat features for both
species of snakes because of their dependency on
moist environments (vol. 3, appendix 1, table 2). In
the absence of nearby streams, microhabitats with
higher moisture are found under logs and within talus
(Brown and others 1995). These features also provide
protection from predators and habitat for potential
prey. Additionally, deciduous tree riparian is also a
special habitat feature for the sharptail snake (vol. 3,
appendix 1, table 2).

Nectar-producing flowers are considered a special
habitat feature for the black-chinned hummingbird
because of the dependence on nectar as a primary
food source (vol. 3, appendix 1, table 2).

Broad-scale changes in source habitats—Because
the distribution of the two species of snakes is restrict-
ed to a few disjunct locations, the results of our analy-
sis for this group are primarily based on source habitats
for the black-chinned hummingbird, which is widely
distributed throughout the basin both historically 
(fig. 73A) and currently (fig. 73B). Source habitats are
most abundant in northeastern Washington, the Upper
Klamath, and central Oregon (figs. 73A, and 73B).

Overall, source habitats appeared to increase since the
historical period, primarily in Oregon, Washington,
and southeastern Idaho, whereas much of northern and
central Idaho and Montana experienced declines (fig.
73C). About 53 percent of the watersheds basin-wide
were projected to have increasing trends (fig. 74). The
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Figure 72--Ranges of species in group 24 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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Figure 73—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 24 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 74—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 24, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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three ERUs with declining trends were Lower and
Upper Clark Fork and Central Idaho Mountains (fig.
74), whereas mostly neutral trends were projected for
the Blue Mountains and Northern Glaciated
Mountains ERUs (fig. 74).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Changes in broad-
scale habitat trends differed across the basin because
of the wide array of cover types and structural stages
used by group 24. Declining trends were fairly consis-
tent for interior ponderosa pine old forest (both multi-
and single-storied), and for stand-initiation stages of
both ponderosa pine and Douglas-fir. Increases in
habitat occurred in nearly all ERUs in both ponderosa
pine and Douglas-fir young forests and in all wood-
land types (vol. 3, appendix 1, table 4). The increase
in woodlands contributed substantially to the overall
increase in source habitats, especially in rangeland-
dominated ERUs (Upper Klamath, Northern Great
Basin, Columbia Plateau, Snake Headwaters, and
parts of the Blue Mountains). The increase in source
habitats for group 24 closely reflects the increase in
upland woodland reported for the basin (see map 3.58
in Hann and others 1997).  

Condition of special habitat features—Trends in 
the condition of logs, talus, and flowers are not avail-
able at the broad scale. Activities that may negatively
affect these variables include timber harvesting, road
building, grazing, mining, and fire suppression.
Timber harvesting and road building can lead to the
direct removal of logs and flowers; mining can lead 
to disturbance of talus. Fire suppression can impact
flower abundance by increasing forest canopy closure
and reducing the amount of sunlight needed for flower
development on herbaceous plants in the understory.

Other factors affecting the group—Humans have
directly affected snakes through collection, harass-
ment, and accidental mortalities. Because of its strik-
ing coloration, the California mountain kingsnake is 
in demand by collectors (ICBEMP 1996a). Humans
also intentionally kill various snake species because of
fear and hate, and are responsible for unintentional
mortality caused by motorized vehicles (Brown and
others 1995). 

Population isolation was raised as a concern by the
viability panel that evaluated sharptail snakes (ICBEMP
1996b). Although the viability panel did not evalu a t e
the California mountain kingsnake, the same con-
cerns and considerations are presumably important for
this species because of its patchy and restricted range
in the basin. 

Because the black-chinned hummingbird is a
Neotropical migrant, habitat used during migration
and wintering habitat could impact its populations.
In a study on migrating rufous hummingbirds,
researchers found a correlation between abundance
of nectar-producing flowers and hummingbird sur-
vival in habitat used during migration (Russell and
others 1994). A similar correlation likely exists with
black-chinned hummingbirds. Little is known about
the abundance or trends of the wintering habitat of
the black-chinned hummingbird.

Heavy grazing has had an overall negative impact on
nectarivores by reducing the density of understory
plants used as a food source (Saab and others 1995).
Direct effects on the black-chinned hummingbird are
unknown.

Population status and trends—There are no esti -
mates of population change for either the sharptail
snake or the California mountain kingsnake within the
basin. According to Brown and others (1995), how-
ever, loss of snake habitat and population declines 
in snakes worldwide have increased because of the
increased paving of roads, fast cars, intensive agricul-
ture, urban sprawl, desertification of arid lands, defor-
estation of the tropics, pesticides, hobby collecting,
rattlesnake “roundups,” and a general aversion to
snakes. Sharptail snakes have declined in the
Willamette Valley of Oregon, just west of the basin
(Marshall and others 1996, Oregon Department of
Fish and Wildlife 1987).

Population trend estimates for the black-chinned 
hummingbird in the basin are not available because 
of insufficient data from established BBS routes (Saab
and Rich 1997). Specialized monitoring techniques
would be needed to adequately measure population
trends because they are difficult to detect (Saab and
Rich 1997).
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Management Implications
The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 24 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—Although the results of our analysis show 
an increase in source habitats across the basin, other
sources of information have indicated that habitat and
populations have decreased since the historical period.
The trend of special habitat features for these species
may affect populations more strongly than the broad-
scale changes in source habitats. The following are
issues that relate to special habitat features and other
management concerns:

1. Loss of down logs and surface litter used by
snakes as a result of timber harvest.

2. Loss of habitat connectivity for snakes as a result
of habitat loss and road construction.

3 Decline in availability of understory flowering
shrubs, particularly in riparian areas, because of
cattle grazing.

4. Decreases in natural forest openings and shrub
understories because of exclusion of fire and 
invasions by shade-tolerant trees.

5. Collection of California mountain kingsnakes.

Potential strategies—The issues identified above
suggest the following broad-scale strategies to main-
tain the long-term persistence of sharptail snakes,
California mountain kingsnakes, and black-chinned
hummingbirds:

1. (To address issue no. 1) Survey and manage for
downed logs and litter for the two species of
snakes. 

2. (To address issue no. 2) Seek opportunities to
improve connectivity between isolated populations
of both the sharptail snake and California moun-
tain kingsnake.

3. (To address issue no. 3) Maintain and restore 
flowering herbs and shrubs in areas that have been
negatively affected by cattle grazing.

4. (To address issue no. 4) Restore fire as an ecologi-
cal process, particularly in interior ponderosa pine
and interior Douglas-fir plant communities, to
encourage forest openings that are occupied by
flowering shrubs and forbs.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Maintain and protect
down logs at a level that is ecologically sustainable
and meets the habitat requirements for snakes. 

2. (In support of strategy no. 2) Close roads to mini-
mize human disturbance and maximize dispersal
capabilities, particularly in areas known to be
occupied by either sharptail snakes or California
mountain kingsnakes.

3. (In support of strategy no. 3) Remove or explicitly
control the timing and intensity of grazing to
develop and promote the long-term persistence of
shrub communities.

4. (In support of strategies no. 3 and no. 4) A c c e l e r a t e
development of flowering shrubs and forbs by the
use of prescribed underburning and thinning, or
allow for natural wildfires to occur, particularly in
the Douglas-fir and ponderosa pine plant commu-
nities. Highest priorities for following these prac-
tices are in the Lower Clark Fork, Upper Clark
Fork, and Central Idaho Mountains ERUs.

Group 25—Northern 
Goshawk (Winter)

Results

Species ranges and source habitats—Group 25 
consists of winter habitat for the northern goshawk.
Summer habitat for the northern goshawk is described
in group 5. During winter, the range of the goshawk 
is basin-wide (fig. 75). Throughout North A m e r i c a ,
little is known about goshawks in winter, but indica-
tions are that northern goshawks are partial migrants.
Some of the population regularly winters outside the



breeding area, whereas some do not migrate at all
(Squires and Reynolds 1997). The degree to which
goshawks migrate during winter may relate to prey
a v a i l a b i l i t y. In the Yukon Territory in winter, goshawk-
numbers fluctuate with snowshoe hare numbers (Doyle
and Smith 1994). Some goshawks may travel short
distances in winter to lower elevations or more open
habitats (Squires and Reynolds 1997), and migrations
may consist of predominately immature birds (Sibley
1993).

Source habitats are found in old forest and unmanaged
young forests in montane, lower montane, and riparian
woodland community groups and chokecherry-
serviceberry-rose (vol. 3, appendix 1, table 1). Also,
contrary to summer source habitats, winter source
habitats include all of the upland woodland types.

Important attributes of goshawk prey habitat include
snags, downed logs, woody debris, large trees, open-
ings, herbaceous and shrubby understories, and an
intermixture of various forest structural stages
(Reynolds and others 1992).

Broad-scale changes in source habitats—Goshawk
winter source habitats were projected to be broadly
distributed, primarily throughout the forested areas of
the basin, in historical times (fig. 76A). Source habi-
tats are still widely available, although more disjunct
in many areas, and there has been an increase in habi-
tats in some areas that provided little or no source
habitats historically (fig. 76B).

Trends in source habitat availability differed geo-
graphically (fig. 76C). Most areas with strong nega-
tive trends were in the northeast portion of the basin,
within the Northern Glaciated Mountains, Lower
Clark Fork, and Upper Clark Fork ERUs, where habi-
tat loss was generally greater than 90 percent (figs.
76C and 77; vol. 3, appendix 1, table 3). A preponder-
ance of watersheds in the Northern Cascades, Blue
Mountains, Snake Headwaters, and Central Idaho
Mountains ERUs had moderate and strong negative
trends (fig. 77). The most significant gains in source
habitats occurred in the Upper Klamath and Northern
Great Basin ERUs (fig. 77). About 50 percent of the
watersheds in the Columbia Plateau, Owyhee Uplands,
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Figure 75—Ranges of species in group 25 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, separate
maps are shown for historical and current ranges; otherwise, the current range map also
denotes the historical range.
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Figure 76—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 25 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 77—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 25, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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and Upper Snake ERUs also experienced strongly
increasing trends (fig. 77). Trends in source habitats
in the Southern Cascades showed a slight decrease
(fig. 77).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats— In areas with neg-
ative trends, projected declines occurred in nearly all
source habitats, though predominately in the old-forest
types (vol. 3, appendix 1, table 4). Some old-forest
types increased in the Southern Cascades, Upper
Klamath, and Blue Mountains ERUs. Further elabora-
tion of the changes in old forest for the goshawk is
found in the results for group 5, which includes
goshawk (summer).

Large increases in juniper/sagebrush in the Upper
Klamath, Northern Great Basin, Columbia Plateau,
Blue Mountains, Upper Snake, and Snake Headwaters
ERUs contributed to much of the increases in these
ERUs or parts of these ERUs (fig. 77; vol. 3, appen-
dix 1, table 4). Areas with increasing trends in source
habitats correspond closely with the increases in
upland woodlands as shown in map 3.58 in Hann and
others (1997).

Other factors affecting the group—Little is known
about population dynamics of goshawks, though it is
thought that food availability may play an important
role (Squires and Reynolds 1997). Goshawks prey pri-
marily on relatively large-bodied mammals and birds,
including tree squirrels, ground squirrels, lagomorphs,
galliformes, corvids, piciforms, and passerines. Several
studies have documented a positive relation of prey
abundance with nest success (Doyle and Smith 1994,
Linden and Wikman 1983, Ward and Kennedy 1996).
Important components of habitat for many of the prey
species listed above are snags, downed logs, woody
debris, openings, large trees, herbaceous and shrubby
understories, and interspersion of different vegetation
structural stages (Reynolds and others 1992). In many
areas in the basin, fire suppression, timber harvesting,
and livestock grazing have resulted in a decrease in
many of the attributes listed above as important char-
acteristics of prey habitat for goshawks (Hann and
others 1997). 

Some evidence indicates that diet composition may
change drastically during the nonbreeding season in
Sweden, but winter food habits are unknown in North
American populations (Squires and Reynolds 1987,
Widen 1987). 

E ffects of falconry, shooting, and trapping of goshawks
in North America are thought to be minimal (Squires
and Reynolds 1987).

Human disturbance at nest sites can cause failure, but
there is no information on the effects of human activi-
ties during the nonbreeding or winter season (Anon.
1989, Boal and Mannan 1994, Speiser 1992, Squires
and Reynolds 1987).

Population status and trend—The BBS data for the
goshawk were insufficient to determine population
trends for the basin (Saab and Rich 1997) or for any
state or physiographic region within the basin (Sauer
and others 1996), because of low detection of goshawks
by using the BBS survey method. Sufficient data,
however, were available for western North America 
to indicate a stable trend in numbers between the
years 1966 and 1995 (Sauer and others 1996). 

A separate trend estimate was derived from fall migra-
tion counts conducted by Hawkwatch International at
four locations in Utah and New Mexico. These data
indicated an average rate of decline in migrating
goshawks of about 4 percent annually between 1977
and 1991 (Hoffman and others 1992). The extent to
which the migration data represented local declines
near the survey stations was not determined.

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
i n g potential resource objectives for group 25 with
b r o a d e r, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in the
b a s i n .

Issues—Conservation issues for goshawk winter habi-
tat, based on results of our analysis of source habitats
in combination with empirical literature, include the
following:
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1. Reduction in the amount of old forests in the 
montane, lower montane, and riparian woodland
community groups.

2. Possibly unsustainable conditions of old forests
where there have been large transitions from
shade-intolerant to shade-tolerant tree species. 
This issue stems from the exclusion of fire from
many forested communities, which has resulted in
increased susceptibility to stand-replacing fires
(USDAForest Service 1996).

3. Loss of important attributes of prey habitat, includ-
ing large trees, snags, downed logs, forest open-
ings, and herbaceous and shrubby understories
because of fire suppression, timber harvesting, 
and livestock grazing.

Potential strategies—Potential strategies that would
be effective for maintaining source habitats for winter-
ing goshawks within the basin are as follows:

1. (To address issues no. 1 and no. 2) Especially in 
the northern areas of the basin, promote greater
diversity in forest structure at the landscape scale.
Mid-seral stages currently predominate and do 
not provide source habitats. Maintain stands with
active goshawk nests in old-forest condition, and
identify opportunities to increase the representation
of old forests in individual watersheds.

2. (To address issue no. 2) Reduce the risk of loss 
of habitat by focusing old-forest retention and
restoration efforts on areas with low probability 
of stand-replacing fires. In ERUs where old-forest
habitat has remained stable or increased from 
historical conditions, efforts could be focused on
retaining existing habitat in areas with lower fire
and insect risk while managing other areas to
reduce risks of catastrophic loss of habitat.

3. (To address issues no. 1 and no. 3) Throughout the
basin, provide for an abundant and sustainable
prey base for goshawks by increasing the abun-
dance of large trees, snags, downed logs, forest
openings, and herbaceous and shrubby understo-
ries across the landscape.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) In the northern basin,
identify representative stands of old forests for
retention, and mid-successional stages for develop-
ment into old-forest conditions. Priority should be
given to large blocks having high interior-to-edge
ratios and few large openings.

2. (In support of strategies no. 1 and no. 3) Actively
recruit snags and logs from green trees to increase
the representation of old-forest structures (snags
and logs) in mid-seral stands and in old forests
where snags and logs are in low density or absent.

3. (In support of strategy no. 2 and no. 3) Thin small-
diameter trees, either through hand equipment or
prescribed burns, to reduce fuel loading and
increase herbaceous and shrubby understories for
prey habitat and improve growth of overstory
trees.

Group 26—Yuma Myotis, Long-
Eared Myotis, Fringed Myotis,
and Long-Legged Myotis
Results

Species ranges, source habitats, and special habitat
features—Group 26 is comprised of four species of
bats: the Yuma myotis, long-eared myotis, fringed
myotis, and long-legged myotis. All four species are
year-round residents of the basin, active from spring
through fall and hibernating during winter. The species
in group 26 are similar in their use of a broad range of
forest and woodland habitats for foraging.

The ranges of the long-legged myotis and long-eared
myotis encompass the entire basin (fig. 78). The Yuma
myotis occurs across most of the basin except for an
area in the southeast portion (fig. 78). The fringed
myotis occurs in the western half of the basin and in
the Upper Clark Fork ERU (fig. 78). 

Source habitats shared by all members of group 26 
are all cover types in the montane, lower montane,
riparian woodland, and upland woodland community
groups, and the mountain hemlock cover type in the
subalpine community group (vol. 3, appendix 1, table
1). The long-eared myotis ranges somewhat higher
than the other species and uses whitebark pine, white-
bark pine-alpine larch, and Engelmann spruce-sub-
alpine fir as source habitats. Source habitats for the
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Figure 78—Ranges of species in group 26 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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Yuma myotis and long-eared myotis extend into big
sagebrush, mountain big sagebrush, and low sage
cover types (vol. 3, appendix 1, table 1).

The long-eared and fringed myotis forage primarily
by hover-gleaning insects off of foliage (Barclay
1991, Nagorsen and Brigham 1993, Perkins 1996).
The long-eared myotis consumes moths, beetles, and
other insects (Whitaker and others 1977, 1981), and
the fringed myotis consumes mostly beetles (Black
1974, cited in O’Farrell and Studier 1980). Surveys
based on bat vocalizations indicate that in forested
habitats, foraging is highest in clearcuts and mature
stands, and low in precommercially thinned and
young, unthinned stands (Erickson and West 1996).
The Yuma myotis is primarily found in association
with rivers, lakes, ponds, and streams, where it for-
ages over water and eats midges and emergent aquatic
insects (Whitaker and others 1977). 

Several special habitat features were identified for
group 26 (vol. 3, appendix 1, table 2). Large-diameter
(>53 cm [21 in]) snags with exfoliating bark provide
maternity roosts for the long-legged myotis (Nagorsen
and Brigham 1993, Ormsbee and McComb 1998,
Rabe and others 1998), the fringed myotis (Chung-
MacCoubrey 1996, Rabe and others 1998), and the
long-eared myotis (Chung-MacCoubrey 1996, Rabe
and others 1998). Caves, mines, and buildings provide
maternity roosts for the fringed myotis, Yuma myotis,
and long-eared myotis (Christy and West 1993,
Nagorsen and Brigham 1993). Caves and mines also
are used as hibernacula by all four species (Nagorsen
and Brigham 1993). Various structures are used for
day and night roosts, including exfoliating bark, rock
crevices, mines, caves, and buildings (Manning and
Knox-Jones 1989, Nagorsen and Brigham 1993,
O’Farrell and Studier 1980). Ormsbee and McComb
(1998) found that snags extending above the canopy
were most frequently used by long-legged myotis for
day roosts.

Rabe and others (1998) suggested that snag-roosting
bats may require higher densities of snags than cavity-
nesting birds, because the stage at which snags are
suitable for bat roosts (exfoliating bark) is extremely
short lived, requiring the use of several snags over 
the course of a lifetime of a bat. Bats frequently shift
maternity roosts, possibly to find snags with better
thermal conditions when the bark on the previous
roost is no longer suitable (Rabe and others 1998). 

The presence of water is considered a special habitat
feature for the Yuma myotis because it forages mostly
by flying low over water (permanent or seasonal) and
feeding on emerging aquatic insects (Whitaker and
others 1977). Although less dependent on water, long-
legged myotis (Ormsbee and McComb 1998) and
long-eared myotis (Ports and Bradley 1996) forage
over or near water, and the fringed myotis frequently
forages over thickets along streams (Nagorsen and
Brigham 1993). In shrubland habitats, nearby riparian
woodlands may provide the only available roost sites.
Thus, all species in group 26 have a strong association
with water and riparian vegetation.

Broad-scale changes in source habitats—When 
the need for suitable roost sites is ignored, few changes
have occurred in the extent of source habitats between
historical and current periods (figs. 79A, B). Declining
trends were most pronounced in the northern half of
the Columbia Plateau and in the Upper Snake ERU,
and increasing trends occurred mostly in the southern
half of the Columbia Plateau, and in a few watersheds
of the Northern Glaciated Mountains, Upper Klamath,
Central Idaho Mountains, and Snake Headwaters
ERUs (fig. 79C). Neutral trends in habitat extent were
found in 59 percent of watersheds within the basin,
and neutral trends predominated in all 13 ERUs (fig.
80). In most ERUs, the number of watersheds with
increasing trends exceeded those with declining trends
(fig. 80).

Interpreting Results

Composition and structure associated with changes
in source habitats—Neutral trends in habitat extent
reflect the ability of species in group 26 to use a wide
variety of cover types and nearly all structural stages
of forests as source habitats. The basin has experi-
enced dramatic declines in old-forest structural stages
of all forest cover types (Hann and others 1997; vol.
3, appendix 1, table 4). For group 26, however, these
losses have been offset by increases in mid-seral
stages that also serve as source habitats, as long as
suitable roost sites are available.

Declines in the northern portion of the Columbia
Plateau, the southern portion of the Central Idaho
Mountains, and portions of the Owyhee Uplands and
Upper Snake ERUs are due to losses of big sagebrush
and mountain big sagebrush to agriculture (Hann and
others 1997). Increases in the Northern Glaciated
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Figure 79—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 26 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 80—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 26, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an increase
or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent. Number of
watersheds from which estimates were derived is denoted by n.

file://localhost/Users/WWPBoise/Desktop/V2FIGS/V2FIG80.PDF


Mountains are due primarily to areal increases in
managed young forests of interior Douglas-fir and
interior ponderosa pine (vol. 3, appendix 1, table 4).
Increases in the Central Idaho Mountains are due 
primarily to areal increases in managed young forests
and understory reinitiation stages of several forest
cover types, including Engelmann spruce-subalpine
fir, interior Douglas-fir, grand fir-white fir, lodgepole
pine, and western larch (vol. 3, appendix 1, table 4).

Within the riparian woodlands community group, 
old forests had strongly declining trends throughout
the basin (vol. 3, appendix 1, table 4) and generally
remain only in stands smaller than the 1-km2 (0.4-
mi2) mapping unit used in this analysis. These losses
occurred from changes in historical hydrologic regimes:
reservoirs have eliminated many aspen and cotton-
wood-willow stands, a lowered water table has reduced
others, and loss of periodic flooding has prevented
establishment of seedlings (Merigliano 1996, Rood
and Heinze-Milne 1989).

Condition of special habitat features—The number
of caves has not changed significantly from historical
to current times, but human disturbance from recre-
ation has increased, causing some caves to be less
available to hibernating bats. Mines proliferated in 
the early part of the historical period and provided
additional habitat, but during the 1980s, thousands 
of abandoned mines throughout the West were closed
with no input from biologists, thereby resulting in
unknown loss of established roosts (Idaho State
Conservation Effort 1995). The extent of cliffs and
rocky areas has not changed since the historical peri-
od, but habitat quality of some cliffs has declined
because of human disturbances (Lehmkuhl and 
others 1997).

L a rge-diameter snags >53 cm (21 in) have been
reduced basin-wide in roaded areas with a history of
timber sales (Hann and others 1997, Hessburg and
others 1999, Quigley and others 1996). Consequently,
the neutral trends in source habitats for the long-
legged myotis may give a more positive assessment
of habitat availability than is actually the case. 

In addition to riparian woodlands large enough to 
map at the broad scale, smaller patches of riparian
vegetation have declined in extent basin-wide,
because of disruption of hydrologic regimes from
dams, water diversions, and road construction, along
with grazing and trampling of riparian vegetation by

livestock and increased recreational use along stream
courses (USDA Forest Service 1996). These fine-scale
changes have caused additional declines in bat foraging
habitat and potential roost sites. 

Other factors affecting the group—Roost avail-
ability has greatly influenced the distribution of all
Nearctic bat species (Humphrey 1975), and the con-
servation of group 26 bats is largely dependent on
maintaining suitable roost sites. The most straightfor-
ward source of impact is destruction of the structure,
that is, loss of snags through timber harvests, and
removal of old buildings and bridges or closure of
mines and caves for safety reasons (Perlmeter 1995,
Pierson and others 1991). Perkins and Peterson (1997)
attributed the low detection of bats in the Owyhee
Mountains to the lack of suitable roosts, particularly
in the form of cottonwood and juniper snags. 

The second source of impact is disturbance of roost-
ing bats, primarily by recreational activities in or
near caves but also from mining, road construction,
road access and any other activities near roosts
(Pierson and others 1991). During winter, rising out
of torpor requires a large caloric output, and repeated
disturbances can drain the energy reserves of a bat
and lead to starvation (Nagorsen and Brigham 1993).
Recreational use of caves during the hibernation and
nursery periods seriously affects persistence of indi-
vidual colonies if disturbances are frequent
(Nagorsen and Brigham 1993). 

The third source of impacts at roost sites is purpose-
ful killing of bats. Because of their high visibility at
colonial roosts, bats have suffered high mortality
rates; total loss of colonies has occurred from shoot-
ing by individuals who often are guided by negative
folklore regarding bats (Nagorsen and Brigham 1993).
Destruction of a single colony may represent a signifi-
cant impact across large areas because of the patchy
distribution of bats related to roost availability.

Roads may indirectly affect bat species by increasing
human access to roost sites. Caves have become more
accessible, thereby increasing the amount of human
visitation and potential harassment of bats. The pres-
ence of roads increases the likelihood that snags will
be cut for safety concerns or fuel wood (see Hann and
others 1997). The additional loss of snags in areas
where snag densities are currently low could limit
populations of group 26 species.
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Direct contact with pesticides can cause illness or
death in bats. Although most organochlorine pesti-
cides that cause accumulation of chemicals up the
food chain have been banned or highly restricted in
the United States, the relatively short-lived org a n o -
phospates can provide high risks during application
(Clark 1988). For example, a large die-off of bats
observed in Arizona after application of methyl
parathion was believed to be linked to direct contact
with this chemical (Clark 1988). 

Population status and trends—There are insufficient
population data on any species in group 26 to deter-
mine population trends. In general, however, bats in
the basin are believed to be declining because of
increased human disturbance of roosts, declining 
snag densities, decrease of late-seral lower montane
and montane forests, decreased acreage and quality
of riparian areas, pesticide use, direct killing, and
decreases in water quality (Lehmkuhl and others 1997).

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 26 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—Our results, combined with literature and
other empirical information, suggest that the following
issues are important for group 26:

1. Basin-wide loss of large-diameter snags (>53 cm
[21 in]) for the long-legged myotis maternity
roosts and day roosts.

2. Destruction of roosts, disturbance of roosting bats,
or both.

3. Degradation and loss of native riparian vegetation.

4. Impacts of pesticides on bats and their prey.

5. Lack of information on hibernacula, including
locations, special features, and numbers of bats
associated with them.

6. Lack of population trend data.

Potential strategies—The following strategies could
be used to maintain and improve habitat for these bat
species:

1. (To address issue no. 1) Actively manage for the
retention and recruitment of large-diameter snags
in all forest cover types and structural stages.

2. (To address issue no. 2) Protect all roosts and
reduce human disturbances near roosts.

3. (To address issue no. 3) Maintain and improve the
condition of riparian and wetland vegetation for
bat foraging areas.

4. (To address issue no. 4) Alleviate impacts of 
pesticides on bat populations.

5. (To address issues no. 5 and no. 6) In cooperation
with other state, Federal, and tribal agencies, estab-
lish a coordinated approach to search for hibernac-
ula, and to protect these sites. 

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Retain existing snags,
particularly if >53 cm (21 in) and provide meas-
ures for snag replacement. Review existing snag
guidelines or develop guidelines that reflect local
ecological conditions and address snag numbers,
diameter, height, decay class, species, and distribu-
tion. Retain snags in clusters to provide adjacent
roosts for maternity colonies. Maintain snags at
higher than historical levels to restore loss in 
previously harvested areas (ICBEMP 1996d). 

2. (In support of strategy no. 1) Emphasize retention
of snags that provide best solar exposure to bark or
cavity roost sites (Betts 1996). 

3. (In support of strategy no. 1) Reduce road densities
in managed forests where snags are currently in
low abundance. Close roads after timber harvests
and other management activities, and minimize 
the period when such roads are open to minimize
removal of snags along roads. In addition or as an
alternative to road management, actively enforce
fuel wood regulations to minimize removal of
snags. 
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4. (In support of strategy no. 1) Restrict fuel wood
permits to disallow snag cutting where snags are 
in low abundance, and particularly where existing
roads cannot be closed. Blair and others (1995)
recommend that public fuel wood harvest should
be limited to trees <38 cm (15 in) d.b.h.

5. (In support of strategy no. 2) Monitor known
roosts for potential human disturbances, and initi-
ate closures of recreational or construction activity
near roost sites.

6. (In support of strategy no. 2) If possible, stabilize
old structures that are important for maternity
roosts and hibernacula.

7. (In support of strategy no. 2) Survey caves, 
mines, and abandoned buildings before removal 
or closure, and protect roosting bats from human
presence and disturbance. During closures, use
specialized gates designed to allow continued use
of mines and caves by bats (Pierson and others
1991). 

8. (In support of strategy no. 2) Assure that construc-
tion of roads and rights-of-way are not going to
cause siltation, slumping, or water run-off to enter
cave habitats or alter other roosting structures
(Perkins 1992-1994).

9. (In support of strategy no. 3) Identify areas of
existing riparian and wetland habitats that are
important bat foraging areas, and design conser-
vation measures to protect and enhance foraging
opportunities for bats.

10.(In support of strategy no. 3) Modify grazing 
practices to improve condition of degraded riparian
areas for bat foraging and roosting.

11.(In support of strategy no. 3) Restore degraded
areas by appropriate mechanical treatments and
with seedings of appropriate native species.

12.(In support of strategy no. 4) Avoid pesticide 
use in areas of high bat foraging activity or near
nursery colonies.

13.(In support of strategy no. 5) Use existing intera-
gency cooperative agreements, or develop agree-
ments where needed to conduct surveys for
hibernacula. 

14.(In support of strategy no. 5) Use individual 
project planning (such as timber sales, road con-
struction, mineral extraction, or recreational devel-
opment) as opportunities for conducting surveys
for new roost sites and to assess population status
of known roosts.

Group 27—Pine Siskin and
Townsend’s Big-Eared Bat

Results

Species ranges, source habitats, and special habitat
features—Group 27 includes the pine siskin and the
Townsend’s big-eared bat, both of which are year-
round residents of the basin. The pine siskin occurs
throughout the basin except for low-elevation, non-
forested areas, and the Townsend’s big-eared bat is
found basin-wide (fig. 81).

Both species are forest generalists within the sub-
alpine, montane, upland woodland, and riparian wood-
land community groups. Most cover types within
these community groups are source habitats for both
species, but Engelmann spruce-subalpine fir is consid-
ered source habitat for only the pine siskin, whereas
aspen is used only by the big-eared bat. Source habitat
for both species was considered to be in all structural
stages except the stem-exclusion and stand-initiation
stages (vol. 3, appendix 1, table 1). Source habitats 
for the big-eared bat also include several cover types
within the upland shrubland, upland herbland, and
riparian shrubland community groups (vol. 3, appen-
dix 1, table 1). 

No special habitat features were identified for the pine
siskin. Breeding takes place in various conifer species,
including ornamentals, and foraging occurs in trees,
shrubs, and grassy areas (Dawson 1997). Diet consists
primarily of small seeds from annual plants, conifers,
and deciduous trees (Dawson 1997). Pine siskin popu-
lations are highly irruptive on a continental scale,
causing local abundance or scarcity of siskins from
one year to the next, apparently in response to food
availability (Bock and Lepthien 1976, Dawson 1997). 

The Townsend’s big-eared bat is colonial in its use of
caves and cavelike structures for nursery colonies, day
roosts, and hibernacula (Idaho State Conservation
Effort 1995, Nagorsen and Brigham 1993; vol. 3,

305



306

Figure 81—Ranges of species in group 27 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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appendix 1, table 2). Big-eared bats do not roost in
crevices like many other bat species but rather restrict
their roosting sites to the ceilings of cavelike struc-
tures (caves, mines, and buildings), where they aggre-
gate in large colonies. A stable, cold temperature and
moderate airflow may be important criteria for hiber-
nation (Genter 1986, Humphrey and Kunz 1976). 
The distribution of big-eared bats is patchy across 
the basin because of their restrictive roosting require-
ments. 

The big-eared bat is a moth specialist (Idaho State
Conservation Effort 1995; Nagorsen and Brigham 1993;
Whitaker and others 1977, 1981). In central Oregon,
they forage in sagebrush, bitterbrush, and open pon-
derosa pine forests (Dobkin and others 1995).

Broad-scale changes in source habitats—Source
habitats were widespread across the basin historically,
with greatest concentrations in the mountains of the
Northern Cascades, Southern Cascades, Upper
Klamath, Blue Mountains, Northern Glaciated
Mountains, Upper Snake, and Snake Headwaters
ERUs (fig. 82A). Extensive shrubland and grassland
habitats suitable only for the big-eared bat occurred 
in the Columbia Plateau, Northern Great Basin, and
Owyhee Uplands. The current extent of habitat is sim-
ilar to the historical distribution (fig. 82B), although
the abundance of habitat has changed in some areas.
Watersheds with declining trends were primarily in
the northern half of the Columbia Plateau, the Upper
Snake, and Snake Headwaters ERUs (figs. 82C and
83). Watersheds with increasing trends were mostly 
in the Upper Klamath, Blue Mountains, Northern
Glaciated Mountains, and Central Idaho Mountains
(figs. 82C and 83). Basin-wide, the number of water-
sheds with declining, increasing, or static trends was
nearly equal, representing 34, 34, and 31 percent of
watersheds, respectively (fig. 83). 

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Mixed trends in
habitat extent reflect the association of both species in
group 27 with several cover types and nearly all struc-
tural stages of forests as source habitats. The basin has
experienced dramatic declines in old-forest structural
stages of all forest cover types (Hann and others 1997;
vol. 3, appendix 1, table 4), but for group 27, these
losses have been offset by increases in mid-seral stages

that also serve as source habitats. Increases in the
areal extent of habitats in the Upper Klamath were
due to transitions from the fescue-bunchgrass cover
type to mixed-conifer woodlands and an areal increase
in the extent of interior Douglas-fir, historically less
than 2 percent, but currently 15 percent of the ERU
(Hann and others 1997). In the Blue Mountains,
Northern Glaciated Mountains, and Central Idaho
Mountains, increasing trends were largely due to
increases in the areal extent of grand fir-white fir.
Engelmann spruce-subalpine fir increased in the
Central Idaho Mountains as well (Hann and others
1997; vol. 3, appendix 1, table 4).

Static trends in nonforested habitats are partially due
to transitions from big sagebrush to juniper/sagebrush
and juniper woodlands (Hann and others 1997), which
have resulted in no net change in source habitats for
the big-eared bat. Declines have occurred in the north-
ern portion of the Columbia Plateau because of transi-
tions from big sagebrush to agriculture (Hann and
others 1997).

Condition of special habitat features—The number
of caves likely has stayed the same from historical to
present periods, but human disturbance from recre-
ation has increased, thereby causing some caves to be
abandoned by big-eared bats (Idaho State Conservation
Effort 1995). Mines proliferated in the early part of
the historical period and provided additional habitat,
but during the 1980s, thousands of abandoned mines
throughout the West were closed with no input from
biologists, thereby resulting in unknown loss of estab-
lished roosts (Idaho State Conservation Effort 1995). 

Other factors affecting the group—Pine siskin for-
aging behavior, geographic location, and population
levels are highly influenced by the combination of
current population level and food availability—an
abundance of seeds will cause the population to
expand, and if the next year’s crop is unable to sup-
port the expanded population, the birds will move
elsewhere (Bock and Lepthien 1976).

Because the distribution of Townsend’s big-eared 
bats is dependent on specialized roosting require-
ments, alterations and disturbances of any structures
used for day roosts, nursery colonies, or hibernacula
(caves, mines, old buildings) could affect the persis-
tence of individual colonies. The most straightforward
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Figure 82—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 27 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 83—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 27, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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source of impact is destruction of the structure, that 
is, removal of old buildings or closure of mines and
caves for safety reasons (Pierson and others 1991). 

The second source of impact is disturbance of roost-
ing bats, primarily by recreational activities in or near
caves but also from mining, road construction, and
any other activities near roosts (Idaho State Conser-
vation Effort 1995). Females at nursery colonies are
alert and readily take flight if disturbed (Perkins and
Schommer 1992), and frequent interruptions are
known to result in abandonment of the roost site
(Idaho State Conservation Effort 1995, Nagorsen and
Brigham 1993). During winter, rising out of torpor
requires a large caloric output, and repeated disturb-
ances can drain the energy reserves of a bat and 
lead to starvation (Nagorsen and Brigham 1993).
Recreational use of caves during the hibernation and
nursery periods seriously affects persistence of indi-
vidual colonies if disturbances are frequent (Idaho
State Conservation Effort 1995, Nagorsen and
Brigham 1993). 

The third source of impacts at roost sites is purpose-
ful killing of roosting bats (Idaho State Conservation
Effort 1995). Because of their high visibility at colo-
nial roosts, big-eared bats have suffered high mortality
rates and sometimes total loss of a colony from shoot-
ing by individuals who often are guided by negative
folklore (Nagorsen and Brigham 1993). Destruction of
a single colony may represent a significant impact on
big-eared bats across large areas because of the patchy
distribution of bats related to roost availability.

The big-eared bat is negatively affected by the pres-
ence of roads. Increased road networks have made
caves more accessible and have increased the amount
of human visitation and potential harassment. 

Because the big-eared bat is insectivorous, use of
insecticides in foraging areas has the potential to
impact bat species, primarily by reducing the prey
base. For example, forest spraying for tussock and
spruce budworm moths, although targeted at the larval
stage of these insects, ultimately affects the number of
flying adults and can cause a sufficient reduction in
the prey base to suppress a year or two of Townsend’s
bat reproduction (Perkins and Schommer 1992). Also,
exposure to insecticides can directly affect the health
of bats. Although most organochlorine pesticides that
cause accumulation of chemicals up the food chain

have been banned in the United States or their use
highly restricted, the relatively short-lived organo-
phospates can cause illness or death to bats during
application (Clark 1988). 

Population status and trends—Population trends 
for the pine siskin are difficult to obtain because the
irruptive tendencies of this species result in highly
variable annual numbers at any given locale (Dawson
1997). The BBS data show no significant population
trends in most states, Canadian provinces, or BBS
physiographic regions because of wide fluctuations 
in numbers or insufficient routes to determine a trend
(Sauer and others 1996). Two areas with significant
annual declines from 1966 to 1995, however, have
been reported, which reflect possible population
trends in the basin: an annual decline of 4.5 percent 
(n = 52, P < 0.01) has occurred on BBS routes in
Washington, and an annual decline of 4.1 percent 
(n = 196, P < 0.01) has occurred in USDI Fish and
Wildlife Service Region 1 (five Western states) (Sauer
and others 1996).

Wintering populations of the big-eared bat seem to
have declined, based on a comparison of counts made
at hibernacula in central Oregon in the 1960s compared
to the 1980s (Perkins 1987). In general, several species
of bats in the basin have declined because of increased
human disturbance of roosts, declining snag densities,
decrease of late-seral lower montane and montane
forests, decreased acreage and quality of riparian areas,
pesticide use, direct killing, and decreases in water
quality (Lehmkuhl and others 1997).

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 27 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—Our results, combined with literature and
other empirical information, suggest that the following
issues are important for group 27:

1. Unknown causes for population declines of pine
siskins.
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2. Direct loss of big-eared bat roosts because of cave
and mine closures and destruction of abandoned
buildings.

3. Excessive disturbance of roosting bats because of
human activities.

4. High mortality of roosting bats or total loss of
colonies because of vandalism and shooting.

5. Reduction in bat prey base (moths) through exces-
sive use of insecticides.

Potential strategies—Strategies for reversing the
declining trends in pine siskin populations are difficult
to formulate because of the irruptive nature of siskin
populations at the continental scale. The following
strategies have been identified to reverse broad-scale
declines in populations of the big-eared bat:

1. (To address issue no. 2) Protect all known roost
sites (nursery, day roosts, and hibernacula) of 
big-eared bats and restore historical roosts where
feasible.

2. (To address issue no. 3) Reduce levels of human
activities around known bat roosts.

3. (To address issue no. 4) Reduce vandal-related
mortalities of roosting bats

4. (To address issue no. 5) Reduce impacts of insecti-
cide use on principal prey of big-eared bats.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Survey all mines and
caves scheduled for public closure for big-eared
bats before closure. If roosting colonies are found,
or if the structure has potential as a roosting
colony, carry out the closure with gates that allow
bats to enter and exit the structure. Unless super-
seded by other designs, use the bat gate designs 
in Tuttle and Taylor (1994), also presented in
appendix B of Idaho’s conservation strategy for
To w n s e n d ’s big-eared bat (Idaho State conserva-
tion Effort 1995). If possible, stabilize old struc-
tures that are important for maternity and
hibernacula sites (Perkins 1992-1994). 

2. (In support of strategy no. 2) Initiate seasonal pub-
lic closures of caves used as big-eared bat roosts
during critical time periods, by using signs, road
closures, and bat gates. 

3. (In support of strategy no. 2) Reduce surveys to
the minimum needed for assessing colony health
and population status. Coordinate research efforts
to minimize entry of roosts for data collection.

4. (In support of strategy no. 3) Increase public 
education and awareness of bat ecology and the
current conservation status of big-eared bats. 

5. (In support of strategies no. 2 and no. 3) Reduce
human access to bat roosting structures by closing
roads that facilitate access to such habitat.

6. (In support of strategy no. 4) Avoid or minimize
application of pesticides near bat roosts (Perkins
1992-1994). Utilize a 3.2-km (2-mi) “no-spray”
buffer zone around roost sites (Idaho State
Conservation Effort 1995). Within a 16-km (10-mi)
radius of known roosts, use a strip-spraying tech-
nique to reduce the amount of area sprayed.

Group 28—Spotted Bat, 
Pallid Bat, and Western 
Small-Footed Myotis

Results

Species ranges, source habitats, and special habitat
features—Group 28 consists of three bat species that
generally are associated with low-elevation woodlands
and shrublands: the spotted bat, pallid bat, and west-
ern small-footed myotis. The spotted bat and pallid bat
occur in low numbers throughout eastern Washington
and Oregon, and the spotted bat also occurs in eastern
and southern Idaho (fig. 84). The small-footed myotis
is somewhat more abundant and occurs throughout the
basin except for high-elevation sites in the Cascade
Range (fig. 84).

This analysis addresses year-round source habitat for
all three species. The small-footed myotis is known to
hibernate in the basin, but it is not known whether the
spotted bat and pallid bat hibernate or leave the basin
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Figure 84—Ranges of species in group 28 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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during winter (Nagorsen and Brigham 1993). With no
migratory information, we have assumed that source
habitats for all three species include winter hibernacula.

Cover types used as source habitats by all species in
group 28 include interior ponderosa pine, juniper
woodland, juniper/sagebrush, big sagebrush, mountain
big sagebrush, and low sage (vol. 3, appendix 1, table
1). Additional cover types used as source habitats by
one or two group members include cottonwood-wil-
low (small-footed myotis), interior Douglas-fir and
shrub wetlands (spotted bat), and salt desert shrub
(spotted and pallid bats). Within interior ponderosa
pine, the pallid bat is limited to old-forest structural
stages, whereas the spotted bat and small-footed
myotis also use young forest and understory reinitia-
tion stages (vol. 3, appendix 1, table 1). All three
species use both open- and closed-canopy structures
of the shrub cover types.

A special habitat feature associated with all source
habitats is the presence of cliffs or other rocky areas
for roost sites (vol. 3, appendix 1, table 2). For the
spotted and pallid bats, it is not necessary for roost
structures to be adjacent to foraging areas because the
spotted bat is known to travel up to 10 km (6.2 mi)
between day roosts and feeding areas (Wai-Ping and
Fenton 1989), and the pallid bat commutes up to 4 km
(2.5 mi) (Nagorsen and Brigham 1993). Distances far-
ther than these, however, would render shrub habitats
unsuitable as source foraging areas. Commuting dis-
tances have not been reported for the small-footed
myotis, but it seems to be versatile in its selection of
roost sites, using boulders, vertical banks, and talus
slopes in addition to cliffs (Nagorsen and Brigham
1993). Within this group, the spotted bat appears most
limited in roost site selection, with all roosts reported
in crevices of high cliffs (Nagorsen and Brigham
1993, Sarell and McGuinness 1993, Wai-Ping and
Fenton 1989). The pallid bat primarily roosts in rock
crevices but also uses tree cavities, buildings, and
mines (Nagorsen and Brigham 1993).

The small-footed myotis and spotted bat are both aerial
feeders, with diets that differ according to local prey
availability (Nagorsen and Brigham 1993). In eastern
Oregon, the small-footed myotis was reported to con-
sume primarily moths, true bugs, and flies (Whitaker
and others 1981). In eastern British Columbia, the
spotted bat consumed mostly moths (Wai-Ping and

Fenton 1989). The pallid bat can aerial feed, but mostly
gleans prey from vegetation and the ground. In eastern
Oregon, the diet was grasshoppers and moths (Whitaker
and others 1981).

B road-scale changes in source habitats—H i s t o r i c a l l y,
source habitats for group 28 were concentrated in the
Columbia Plateau, Northern Great Basin, Owyhee
Uplands, and Upper Snake ERUs, and patchily dis-
tributed elsewhere in the basin (fig. 85A). The current
distribution of habitats resembles the historical extent;
significant losses of habitat in the Columbia Plateau
and total loss of the former patchy habitats have
occurred in the Upper Clark Fork ERU (fig. 85B).
Trends in habitat extent were variable across the basin,
but in general, habitats declined in the northern portion
of the basin and were static to increasing in the south,
except for the Snake Headwaters, a southern ERU with
declining trends (fig. 85C). 

About one-third of the watersheds within the basin
had static trends in the areal extent of source habitats,
but nearly half had declining or strongly declining
trends (fig. 86). Eighty percent of watersheds in the
Lower Clark Fork and 54 percent of watersheds in the
Columbia Plateau had declining and strongly declin-
ing trends (fig. 86). Increasing and strongly increasing
trends were projected in 43 percent of the watersheds
in the Southern Cascades and 50 percent of the water-
sheds in the Upper Klamath (fig. 86). These represent
the two ERUs with the highest percentages of increas-
ing habitat extent for group 28. 

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Throughout the
basin, declines in source habitats of shrubland bats
were associated with declines in big sagebrush, moun-
tain big sagebrush, and old-forest structural stages of
interior ponderosa pine and interior Douglas-fir (vol.
3, appendix 1, table 4). Source habitats declined in the
Columbia Plateau and Snake Headwaters because of
the conversion of 46 and 41 percent of the big sage-
brush cover type to agriculture within each ERU,
respectively (Hann and others 1997). In the Lower
Clark Fork ERU, 66 percent of the interior ponderosa
pine cover type was replaced by grand fir-white fir
(Hann and others 1997), a cover type that does not
serve as source habitat for group 28. 
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Figure 85—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 28 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 86—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 28, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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Increases in habitat extent generally were due to
increases in juniper woodlands and juniper/sagebrush
cover types (vol. 3, appendix 1, table 4). These
increases often occurred in ERUs that experienced
declines in native shrublands, resulting in overall
mixed trends (for example, in the Owyhee Uplands)
(vol. 3, appendix 1, table 4). 

Condition of special habitat features—The extent 
of cliffs and rocky areas in the basin has not changed
since the historical period, but the habitat quality of
some cliffs has declined because of human disturb-
ances (Lehmkuhl and others 1997).

Other factors affecting the group—Human disturb-
ance can affect bat nursery colonies by disrupting
young during the critical periods of growth and devel-
opment. For spotted and pallid bats, nursery colonies
are often inaccessible, and therefore disturbance
potentials are low. The exception could occur if one 
or more rock climbing routes passed through a nurs-
ery colony and were visited frequently by climbers.
Currently, no situation of this kind has been identified
in the basin, but this may be due to a lack of monitor-
ing rather than an absence of nursery colony-climber
interactions. 

Human activities can result in habitat degradation or
disturbance at day roosts. Examples include road con-
struction, dam building, mineral extraction, and the
stabilizing of hazardous falling rocks above develop-
ments (Sarell and McGuinness 1993). 

Direct contact with pesticides can cause illness or
death in bats. Although most organochlorine pesti-
cides that cause accumulation of chemicals up the
food chain have been banned in the United States or
their use highly restricted, the relatively short-lived
organophospates can provide high risks during appli-
cation (Clark 1988). For example, a large die-off of
bats was observed in Arizona after the application of
methyl parathion, and was believed to be linked to
direct contact with this chemical (Clark 1988). 

Pesticides also can impact bat populations by reduc-
ing the availability of arthropods that serve as prey.
Bats in group 28 are impacted by the spraying of
forests and agricultural crops for insect pests.

Population status and trends—Population estimates
for bat species in the basin are either unknown or
local in scale. Lehmkuhl and others (1997), however,

reported that habitat conditions for most bat species
have declined significantly from historical conditions
because of the conversion of native vegetation to agri-
culture and urban development, increased human dis-
turbance of roosts, reduced large snag densities,
decreased acreage and distribution of late-seral mon-
tane and lower montane forests, and reduced acreage
and quality of riparian areas. 

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 28 with
broader, ecosystem-based objectives for all other
resources.

Issues—Our results and the conclusions drawn from
published literature suggest the following issues are
important for group 28:

1. Loss of native shrub vegetation.

2. Disturbances at nursery and day roosts.

3. Impacts of pesticides on bats and their prey.

4. Lack of information on hibernacula, including
locations, special habitat features, and numbers of
bats associated with them.

5. Lack of population trend data.

Potential strategies—The following strategies could
be used to maintain and improve habitat for these bat
species:

1. (To address issue no. 1) Maintain and improve the
condition of native shrublands to provide foraging
areas.

2. (To address issue no. 2) Reduce human disturb-
ances near known roosts.

3. (To address issue no. 3) Alleviate impacts of 
pesticides on bat populations.

4. (To address issues no. 4 and no. 5) In cooperation
with other state, Federal, and tribal agencies,
establish a coordinated approach to search for
hibernacula. 
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Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Identify areas of
existing native shrubland that could be managed
for long-term persistence of native shrub cover
types.

2. (In support of strategy no. 1) Explore options
under the CRP (Johnson and Igl 1995), or develop
other incentive programs to encourage restoration
of agricultural areas to native cover types. Focus
on areas that would increase patch size or links
with existing source habitat patches.

3. (In support of strategy no. 1) Restore degraded
areas by appropriate mechanical treatments and
with seedings of native shrub, grass, and forb
species.

4. (In support of strategy no. 2) Monitor known nurs-
ery roosts for potential disturbances, and initiate
seasonal closures of recreational activity where
appropriate. For example, seasonal restrictions on
rock climbing would be appropriate if climbing
routes passed through spotted bat nursery colonies. 

5. (In support of strategy no. 2) Provide access for
bats when mines are permanently closed.

6. (In support of strategy no. 2) Conduct surveys for
bat roosts and hibernacula before road construc-
tion, mineral extraction, or slope stabilization
where such activities are scheduled to occur near
cliffs or caves with potential roosts. Provide miti-
gation or seasonal restrictions of potentially dis-
turbing activities within the appropriate planning
documents.

7. (In support of strategy no. 3) Avoid pesticide 
use in areas of high bat foraging activity or near
nursery colonies.

8. (In support of strategy no. 4) Use existing intera-
gency cooperative agreements, or develop agree-
ments where needed to conduct surveys for
hibernacula.

Group 29—Western Bluebird

Results

Species ranges, source habitats, and special habitat
features—Group 29 consists of migratory breeding
habitat for western bluebirds. Within the basin, west-
ern bluebirds are distributed across eastern Oregon
and Washington, northern and western Idaho, and
northwestern Montana (fig. 87). They are present in
all ERUs except the Upper Snake and Snake
Headwaters.

Western bluebirds use open forest stands and wood-
lands in combination with shrub and grass habitats.
Specific source habitats (vol. 3, appendix 1, table 1)
include old forest, single-storied western white pine
and ponderosa pine; old-forest aspen; stand-initiation
stages of most montane forest and lower montane for-
est community groups; juniper and white oak wood-
lands; the open-canopy low-medium shrub stage of
most of the upland shrub community type; and native
bunchgrasses and forbs. Additionally, burned pine
forests created by stand-replacing fires likely are
source habitats (Saab and Dudley 1998). Burned habi-
tats, however, were not identified for this analysis. 

Juxtaposition of forested and open areas is a necessary
characteristic of source habitats for western bluebirds
because they typically nest in tree cavities and forage
for insects in adjacent openings (DeGraaf and others
1991; vol. 3, appendix 1, table 2). Because juxtaposi-
tion of cover types is important for nesting western
bluebirds, they are considered a “contrast” species,
and a finer scale analysis is needed to fully evaluate
the status of their source habitats.

Western bluebirds are secondary cavity-nesters, so s n a g s
are a special habitat feature (vol. 3, appendix 1, table
2). They will use old woodpecker holes, natural cavi-
ties, and nest boxes (Brawn and Balda 1988, DeGraaf
and others 1991). Their nests are located in open
forests or at forest edges. In burned ponderosa pine
forests of western Idaho, nesting western bluebirds
favored partially salvage-logged compared to un-
logged stands (0.44 nests per km surveyed [0.71 nests
per mi] in logged vs. 0.16 nests per km [0.26 nests
per mi] in unlogged) (Saab and Dudley 1998). Openings
in partially logged, burned forests likely provided
greater opportunities for aerial foraging by the blue-
birds. In salvaged units, snag (>23 cm [9 in] d.b.h.)
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densities at bluebird nest sites (n = 65) averaged 
65 + 5.9 snags per ha (26.3 + 2.4 snags per acre), and
at nonnest random sites (n = 180) 31.4 + 1.9 snags 
per ha (12.7 + 0.8 snags/acre). Average diameter of
nest trees in the burned forests of western Idaho was
34.8 + 1.5 cm (13.7 + 0.6 in).

Broad-scale changes in source habitats—Source
habitats for western bluebirds declined strongly
throughout most of the basin. Throughout the basin,
source habitats for western bluebird had declined
strongly in 50 percent of watersheds and moderately
in another 25 percent of watersheds (figs. 88 and 89).
The apparent strong negative trends were in seven
ERUs: the Northern Cascades, Southern Cascades,
Columbia Plateau, Blue Mountains, Northern
Glaciated Mountains, Lower Clark Fork, and Upper
Clark Fork (fig. 89). More moderate declining trends
were projected for the Upper Klamath and Central
Idaho Mountains (fig. 89), whereas there was little
change in source habitats from historical to current in
the Northern Great Basin and Owyhee Uplands (fig. 89).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Hann and others
(1997, see table 3.139) reported ecologically signifi-
cant basin-wide declines for four of the terrestrial
communities that support components of western blue-
bird source habitats. Communities that declined signif-
icantly were early-seral lower montane forest,
late-seral lower montane single-layer forest, upland
shrublands, and upland herblands. Of the terrestrial
communities providing source habitats for bluebirds,
only upland woodlands showed a basin-wide signifi-
cant increase from historical to current (table 3.139 in
Hann and others 1997). Decreases in habitats impor-
tant to western bluebirds were also significant at the
level of individual ERUs. The upland herb community
declined significantly in all 11 ERUs within the range
of the western bluebird, early-seral lower montane for-
est and late-seral lower montane single-layer forest
declined in 10 ERUs, upland shrub declined in 8
ERUs, and early-seral montane forest declined in 6
ERUs (tables 3.141 through 3.165 in Hann and others
1997). Late-seral single-layer montane forest declined

Figure 87—Ranges of species in group 29 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, sepa-
rate maps are shown for historical and current ranges; otherwise, the current range map
also denotes the historical range.

MAP 
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Figure 88—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 29 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

MAP 
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Figure 89—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 29, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.

file://localhost/Users/WWPBoise/Desktop/V2FIGS/V2FIG89.PDF
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in four ERUs while increasing in five ERUs, and
upland woodlands declined in three ERUs while
increasing in six ERUs. Our evaluation at the broad
scale did not assess the distribution of foraging habitat
in relation to that for nesting habitat. Additional analy-
sis of the juxtaposition of foraging with nesting habi-
tats is needed at a finer scale of resolution. Results for
source habitats shown here for both the current and
historical time periods are likely overestimates as they
do not take into account the need for juxtaposition of
habitats. 

Condition of special habitat features—Densities 
of large-diameter snags (>53 cm [21 in] d.b.h.) have
declined basin-wide from historical to current levels
(Hann and others 1997, Hessburg and others 1999,
Quigley and others 1996). Trends in densities of
smaller snags are variable (Hann and others 1997). 

The scale of the analysis does not allow determination
of change in the amount of edge or amount of edge
habitat. Thus, this special habitat feature was not eval-
uated for changes in source habitats presented in the
above results. Some levels of decrease in total habitat
area may be associated with increases in edge habitat.
Consequently, the large decreases reported here for
western bluebird habitat may be somewhat mitigated
by increases in edge as habitat blocks are harvested.

Other factors affecting the group—Some western
bluebirds that breed in the basin migrate to California
and Baja California in winter (DeGraaf and others
1991). Conditions on these wintering grounds could
affect the status of populations in the basin. Western
bluebirds respond positively to artificially constructed
nest boxes in areas where the availability of cavities is
limiting. In one study (Brawn and Balda 1988), blue-
bird densities increased from 8 to 31 pairs per 40 ha
(100 acres) after the construction of nest boxes.
Usurpation of nest cavities by Lewis’ w o o d p e c k e r s
(Saab and Dudley 1995) could have negative eff e c t s
on western bluebirds. Stress and elevated energ e t i c
costs could be associated with territorial encounters
with Lewis' woodpeckers and potentially reduce
reproductive success of western bluebirds.

Population status and trends—Saab and Rich (1997)
reported that western bluebird populations in the basin
were stable over the period 1968-94 based on BBS
data. Stable population trends also have been reported
for this western species throughout its range for the
period 1966-96 (Sauer and others 1996). Specialized

monitoring techniques may be needed for better esti-
mates of bluebird population trends (Saab and Rich
1997). 

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 29 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—Primary issues affecting source habitats of
western bluebirds are as follows:

1. Reductions in snag densities. 

2. Reductions in early- and late-seral montane and
lower montane forests. 

3. Possibly unsustainable conditions in late-seral
montane and lower montane forests where there
have been large transitions from shade-intolerant
to shade-tolerant species.

4. Reductions and degradation of native upland
shrublands and herblands.

Potential strategies—Habitat for western bluebirds
could be improved by implementing the following
strategies:

1. (To address issue no. 1) Maintain large remnant
trees and snags in all seral stages of montane,
lower montane, and woodland forests.

2. (To address issue no. 2) Maintain and restore
early- and late-seral montane and lower montane
forests where those types have been reduced in
extent. Both the extent and pattern of these habitats
are of concern because source habitats for western
bluebirds are found in edge areas. Where possible,
retention efforts for late-seral forests should be
focused on areas where the potential for stand-
replacing fires is low (USDAForest Service 1996). 

3 . ( To address issue no. 3) Restore fire regimes 
that maintain a natural mosaic of shrublands and
forests in those ERUs and portions of ERUs where
substantial habitat remains (for example, Northern
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Great Basin, Owyhee Uplands, southern portion of
Columbia Plateau). In some areas, such strategies
will result in temporary declines and periodic 
fluctuations in habitat abundance.

4. (To address issue no. 4) Restore native upland
shrub and herblands.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Snag management
practices could be designed to retain snags along
forest edges in areas used by nesting western blue-
birds, and artificial nest boxes could be used to
help support western bluebird populations in areas
where snags are not available as nesting structures.

2. (In support of strategy no. 1) In burned ponderosa
pine-Douglas-fir forests selected for postfire sal-
vage logging, retain about 65 snags per ha (26 per
acre) of snags >23 cm (9 in) d.b.h.

3. (In support of strategies no. 2 and no. 3) Use wild-
fire and prescribed fire to restore natural forest
openings and enhance shrub understories to attract
insect prey.

4. (In support of strategy no. 3) Accelerate develop-
ment of mid-successional stages of ponderosa 
pine to old forests by silvicultural treatments of
prescribed underburning and thinning of small-
diameter trees (<25 cm [9 in] d.b.h.).

5. (In support of strategy no. 4) Discourage spread 
of exotic plants by minimizing human-associated
disturbance activities.

Group 30—Ash-Throated
Flycatcher and Bushtit 

Results

Species ranges, source habitats, and special habitat
features—Group 30 consists of the bushtit and ash-
throated flycatcher. The bushtit is a year-long resident
in the basin, whereas the ash-throated flycatcher is a
summer migrant. For both the ash-throated flycatcher
and the bushtit, the basin constitutes the northern edge

of their ranges. Both species have similar distributions
within the basin, occurring along the western and
southern extent of the basin (fig. 90).

The bushtit and ash-throated flycatcher depend on 
a similar mix of source habitats (vol. 3, appendix 1,
table 1), including mixed-conifer woodlands, juniper/
sagebrush woodlands, Oregon white oak, and moun-
tain mahogany. Cottonwood/willow in the old-forest
multi-storied structural stage also is considered source
habitat for the ash-throated flycatcher.

Ash-throated flycatchers nest in cavities (either 
natural, woodpecker-excavated, or human-made [nest
boxes]) of taller trees and snags (Austin and Russell
1972, Dunning and Bowers 1990, Sharp 1992). Snags
were identified as a special habitat feature for ash-
throated flycatchers (vol. 3, appendix 1, table 2).
Bushtits place their nests in tall shrubs. Both species
forage on arthropods.

Broad-scale changes in source habitats—Source
habitats for this group historically were distributed
within the western and southern parts of the basin, 
and watersheds with habitat appeared to be disjunct
(fig. 91A). Currently, source habitats are more abun-
dant and in some areas more continuous in distribu-
tion (fig. 91B). The largest concentration of both
current and historical habitats is within the southern
part of the Columbia Plateau (figs. 91A, B). The
watersheds with increases in source habitats were
most often the same as or adjacent to watersheds that
supported source habitats historically (figs. 91A, B).

Overall, source habitats for this group strongly
increased within the basin. Over 60 percent of the
watersheds in the basin had strongly increasing trends,
whereas about 17 percent had decreasing trends (fig.
92). Nearly 50 percent or more of the watersheds in
seven of the nine ERUs with greater than 1 percent 
of the area as source habitats had strongly increasing
trends since the historical period (fig. 92). These were
the Upper Klamath, Northern Great Basin, Columbia
Plateau, Blue Mountains, Owyhee Uplands, Upper
Snake, and Snake Headwaters. Only the Northern
Cascades had a greater number of watersheds with
decreasing rather than increasing amounts of source
habitat (fig. 92). The Southern Cascades generally had
no net trend (fig. 92). The amount of source habitat in
the Northern Glaciated Mountains is minimal (<1 per-
cent of the ERU) (vol. 3, appendix 1, table 3). 
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Figure 90—Ranges of species in group 30 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.

MAP 
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Figure 91—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 30 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

MAP 
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Figure 92—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 30, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.

file://localhost/Users/WWPBoise/Desktop/V2FIGS/V2FIG92.PDF
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Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—The increasing
trend in source habitats was attributed to increases in
the juniper/sagebrush cover type (vol. 3, appendix 1,
table 4). The extent of juniper/sagebrush woodlands
has more than doubled in the basin, primarily because
of excessive livestock grazing and fire suppression
(Hann and others 1997). 

Broad-scale trends in the other source habitat types,
especially old-forest cottonwood-willow, Oregon
white oak, and mountain mahogany, are difficult to
determine at the 1-km2 (0.4-mi2) scale of analysis
because of small patch size or linear configuration 
of these cover types across the basin. 

Condition of special habitat features—The trend
and condition of nest cavities for ash-throated fly-
catchers are unknown. Presumably, as the number of
juniper trees increases, the aging of these junipers will
produce natural cavities as snags develop and older
branches fall off. 

Other factors affecting the group—The primary
prey for these species during the breeding season is
insects (Ehrlich and others 1988, Sharp 1992). Native
understory shrubs and grasses provide important sub-
strates for production of insects, and excessive grazing
can reduce or eliminate many of these key substrates
for insects.12

A common management action is to reduce the densi-
ties of juniper especially where encroachment of or
densities of junipers have increased. Removal of
juniper may improve rangeland productivity and
restore native biodiversity in some areas; however,
management efforts to remove juniper trees would
negatively affect source habitats for group 30. 

Population status and trends—Data for ash-throated
flycatchers and bushtits in the basin were insufficient 
to determine a population trend. Because both species
have naturally low population numbers and narrow
distributions, specialized monitoring techniques are
required to estimate their numbers (Saab and Rich
1997). 

12 Personal communication. 1997. David Dobkin, wildlife biologist,
High Desert Ecological Research Institute, 15 SWColorado, Suite
300, Bend, OR 97702.

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 30 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—Primary issues affecting source habitats for
ash-throated flycatchers and bushtits are as follows:

1. For ash-throated flycatchers, loss of trees with 
natural cavities or trees suitable for excavation by
other species because of juniper removal.

2. Degradation and loss of native understory shrubs
and grasses that provide substrates for arthropod
prey.

Potential strategies—The issues identified above
suggest the following broad-scale strategies would be
effective in contributing to the long-term persistence
of bushtits and ash-throated flycatchers:

1. (To address issue no. 1) Retain contiguous blocks
of mature juniper/sagebrush, especially in areas
containing old junipers with cavities and hollow
centers for potential nest sites of ash-throated 
flycatchers. Old-growth specimens usually have
round or flat tops as compared to young, actively
growing individuals that have a symmetrical, 
cone-shaped top (Oregon Department of Fish 
and Wildlife 1994)

2. (To address issue no. 2) Protect and restore native
understory shrubs and grasses in source habitats.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Consider site-specific
ecological potential and response to management
before removing juniper trees. 

2. (In support of strategy no. 1) Retain junipers with
cavities and hollow centers that are potential nest
sites for ash-throated flycatchers.
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3. (In support of strategy no. 1) Retain blocks of old-
growth juniper during juniper control projects.

4. (In support of strategy no. 2) Restrict the use of
herbicides, pesticides, and grazing in areas with
contiguous blocks of source habitat that have
intact native understories.

5. (In support of strategy no. 2) Restore native
understories through seedings and plantings of
native shrubs and grasses. 

6. (In support of strategy no. 2) Minimize the likeli-
hood of invasion of exotic vegetation by minimiz-
ing human-associated disturbances such as road
building, motorized activity, grazing, and mining.

Group 31—Ferruginous 
Hawk, Burrowing Owl, Short-
Eared Owl, Vesper Sparrow,
Lark Sparrow, Western
Meadowlark, and Pronghorn

Results

Species ranges, source habitats, and special habitat
features—Group 31 consists of breeding habitat for
the migratory ferruginous hawk, burrowing owl, ves-
per sparrow, lark sparrow, and western meadowlark,
and year-round habitat for the short-eared owl and
pronghorn. The short-eared owl, vesper sparrow, and
western meadowlark are the most widely distributed
species within this group (fig. 93), occurring through-
out the basin. Less widely distributed are the burrow-
ing owl and lark sparrow, which are both absent from
the mountainous portions of central and northern
Idaho (fig. 93). The ferruginous hawk uses less of the
basin but is still widespread in the lower elevations
(fig. 93). The least widely distributed species in this
group is the pronghorn, which currently occupies
most of the Northern Great Basin ERU, a large part
of the Owyhee Uplands ERU, and small, disjunct
areas over the southern half of the basin (fig. 93). In
contrast, the historical range of the pronghorn includ-
ed almost all of southern Idaho and eastern Oregon
(fig. 93). Nelson (1925) stated that pronghorn histori-
cally occurred in Washington as well, but Yoakum
(1978) disagreed. We have followed the recommenda-
tions of the latter author.

Source habitats for this group include various shrub,
grass, and herbaceous cover types (vol. 3, appendix 1,
table 1). All seven species have source habitats in big
sagebrush and fescue-bunchgrass cover types, six
share low sagebrush, and five have source habitats in
juniper/sagebrush, mountain big sagebrush, native
forb, and wheatgrass bunchgrass types. Whereas par-
ticular plant species may differ geographically, a key
feature of this group is their preference for open cover
types with a high percentage of grass and forbs in the
understory. All species use the shrub component of the
vegetation directly for nest sites, perch sites, or hiding
cover. Pronghorn move into areas of higher shrub
cover during winter. The ferruginous hawk is the only
species that will use trees, especially junipers, which
provide preferred nest sites in some geographic areas.

Burrowing owls depend on burrows and natural cavi-
ties in lava flows or rocky areas for nest sites; thus,
burrows are a special habitat feature for this species
(vol. 3, appendix 1, table 2). Burrows are almost
always provided by burrowing mammals such as
ground squirrels, marmots, prairie dogs, coyotes, and
badgers, and the use of an area by owls may be closely
tied to populations of these mammals (Haug and
Oliphant 1990, Rich 1986, Thomsen 1971).

Populations (White and Thurow 1985) and productivity
(Bechard and Schmutz 1995, Schmutz and Hungle
1989, Steenhof and Kochert 1985) of the ferruginous
hawk fluctuate in response to prey population densi-
ties. Similarly, breeding populations of the short-eared
owl are nomadic, and high densities of breeding birds
may occur when rodent densities are high (Marti and
Marks 1989). Thus, the status of all three raptors in
this group is rather closely tied to the status of various
mammal populations. Notably, these three raptor
species are more tolerant of degraded shrub-steppe
habitats with exotic vegetation than are other species
in this group.

Significant correlations were documented between the
coverage of grass and the densities of western mead-
owlark (r = 0.62, P < 0.001) and lark sparrow (r = 0.37,
P < 0.05) (Wiens and Rotenberry 1981). Similar corre-
lations occurred for the coverage of litter and these
songbird species (r = 0.36, P < 0.05 and r = 0.34, 
P < 0.05, respectively).

Pronghorn may depend on free water during summers
of dry years when they cannot meet water require-
ments from succulent forbs (Beale and Smith 1970,
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Figure 93—Ranges of species in group 31 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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Figure 93—Ranges of species in group 31 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.

MAP 
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Figure 94—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 31 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Clemente and others 1995). In most years, however,
availability of free water probably does not affect
pronghorn habitat use (Deblinger and Alldredge 1991).

B road-scale change in source habitats—H i s t o r i c a l l y,
source habitats for this group were widely available
throughout the basin, but particularly in the Northern
Great Basin, Columbia Plateau, Owyhee Uplands, and
Upper Snake ERUs (fig. 94A). The most contiguous
shrub-steppe habitat occurs at lower elevations, and
source habitats for this group become less extensive at
higher elevations. This is demonstrated by the narrow
band of watersheds with 25 to 50 and 0 to 25 percent
of area in source habitats within higher elevation
ERUs (fig. 94B).

The projected extent of decreasing and strongly
decreasing trends in source habitats was dramatic 
(fig. 94C). The Columbia Plateau and Upper Snake
ERUs were dominated by decreasing trends, the latter
having no watersheds with increasing trends. In con-
trast, large, contiguous portions of the Northern Great
Basin and Owyhee Uplands ERUs, areas of higher
elevation and precipitation, show a stable trend and
continue to provide source habitats for this group.

Basin-wide, 54 percent of the watersheds had moder-
ately or strongly declining trends in source habitats
(fig. 95). The Columbia Plateau ERU historically 
provided the most watersheds with source habitats for
this group (fig. 95), but over 72 percent of the water-
sheds in that ERU had moderately or strongly declin-
ing trends. The second most important ERU, the
Owyhee Uplands, had stable trends in about 81 per-
cent of its watersheds, but another 19 percent were
moderately or strongly declining. The number of
watersheds with moderately or strongly declining
trends in source habitats outnumbered those with
increasing trend in all other ERUs (fig. 95) except 
the Central Idaho Mountains.

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—The single largest
loss in cover types within the basin has been the
decline in big sagebrush (Hann and others 1997).
Habitat losses were also significant for fescue-bunch-
grass and wheatgrass bunchgrass (Hann and others
1997). This loss was most striking in the Columbia

Plateau and Upper Snake ERUs (figs. 94C and 95).
Other notable reductions include the near complete
loss of source habitats in the Upper Clark Fork and
Lower Clark Fork ERUs. 

In the Columbia Plateau, major losses from historical
conditions occurred in big and mountain sagebrush
types, which declined by nearly half and over three-
fourths, respectively (vol. 3, appendix 1, table 4).
Native grass cover types also were heavily impacted,
with a three-fourths decline in wheatgrass bunchgrass,
and a nearly total loss of fescue-bunchgrass (Hann
and others 1997). In the lower elevations of the
Owyhee Uplands, big sagebrush was reduced by 25
percent (Hann and others 1997). Fescue-bunchgrass
types had significant negative declines in nine ERUs
(Hann and others 1997). Nearly all of the native forb
cover type, source habitats for five of these species,
was converted to other cover types (Hann and others
1997). Native forbs were projected to have covered a
small portion of the basin historically but likely pro-
vided important local breeding habitats within larger
blocks of more xeric vegetation.

In the Central Idaho Mountains ERU, nearly 33 per-
cent of the watersheds had strongly increasing trends
(fig. 95). This was attributed to large relative increases
in juniper/sagebrush, juniper woodlands, and low
sagebrush, all of which covered only a small fraction
of the unit. A similar situation resulted in strongly
increasing trends in the Northern Cascades, Blue
Mountains, Northern Great Basin, and Snake Head-
waters ERUs (fig. 95; vol. 3, appendix 1, table 4;
Hann and others 1997). Any increases in wheatgrass
bunchgrass or native forb cover types (vol. 3, appen-
dix 1, table 4) should be viewed with caution because
these cover types can be dominated by exotic vegeta-
tion, which is not considered source habitat for
species of this group.

Several factors contributed to large-scale losses of
sagebrush and fescue-bunchgrass habitats; foremost was
conversion to agriculture. Agricultural lands have in-
creased significantly in every ERU in the basin (vol. 3,
appendix 1, table 4). In fact, the largest transitions
among terrestrial communities from the historical to
current periods were that of upland shrubland and
upland herbland to agriculture (Hann and others
1997). This transition explains much of the pattern
evident in figure 94C.
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Figure 95—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 31, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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A second factor contributing to loss of sagebrush
habitat was conversion of shrub-steppe vegetation to
exotic forbs and annual grass. Notable portions of the
Owyhee Uplands and Upper Snake ERUs underwent a
conversion from upland shrubland to exotic herbland
(Hann and others 1997). Conversion of native vegeta-
tion to exotics was augmented by the increased fre-
quency of wildfire and by improper grazing (Quigley
and others 1996, USDAForest Service 1996).

Condition of special habitat features—Burrowing
owls rely on burrows provided by burrowing mam-
mals for nest sites (Haug and Oliphant 1990, Rich
1986, Thomsen 1971). Populations of many burrow-
ing mammals have declined because of various pest
control programs, which may have reduced nest site
availability for burrowing owls. No special habitat
features were identified for other members of this
group.

Other factors affecting the group—Losses of native
perennial grass and forb understories within the sage-
brush types, associated with intensive livestock graz-
ing, cheatgrass invasions, and noxious weed invasions,
are microhabitat changes that could not be evaluated
by our broad-scale analysis. Because species in group
31 favor grass or shrub-grass types for nesting, forag-
ing, or hiding, we know that the grass component of
historical shrublands was important (for example,
Wiens and Rotenberry 1981, Marti and Marks 1989).
Removal of grass cover by livestock potentially has
detrimental effects on the short-eared owl (Marti and
Marks 1989). Finer scale analysis is needed to deter-
mine the extent of this problem because the broad-
scale data may show source habitats in upland shrub
types, where the shrubs are present but the understory
is gone. The presence of livestock also may attract
brown-headed cowbirds and subsequently increase the
incidence of brood parasitism (Robinson and others
1995). The western meadowlark and vesper sparrow
are common cowbird hosts, whereas the lark sparrow
is only occasionally parasitized (Ehrlich and others
1988).

Ferruginous hawks prefer trees for nest sites, particu-
larly junipers (Jasikoff 1982), and are most common
in the juniper/sagebrush ecotone (Powers and others
1973, Smith and Murphy 1973, Thurow and others
1980). Expansion of juniper woodlands and juniper/
sagebrush in the basin as a result of fire suppression
likely has benefitted the species.

Fields of hay and cereal grains attract vesper sparrows
(Perritt and Best 1989) and western meadowlarks
(Lanyon 1994) for nesting, where nests, young, or
adults may be destroyed during harvest. Short-eared
owls and lark sparrows also likely are affected by this
process. These fields function as sinks for local popu-
lations.

Species in this group evolved in shrub-steppe habitats
where microbiotic crusts were broadly distributed 
(see Kaltenecker and Wicklow-Howard 1994).
Microbiotic, or cryptogamic, crusts consist of lichens,
bryophytes, algae, microfungi, cyanobacteria, and
bacteria growing on or just below the soil surface in
arid and semiarid environments (Kaltenecker and
Wicklow-Howard 1994); these crusts developed with-
out large herds of grazing ungulates (St. Clair and
Johansen 1993). In addition, these crusts are projected
to have been widely distributed throughout the source
habitats for this group, particularly in the Northern
Great Basin, Owyhee Uplands, and Upper Snake
ERUs but also scattered in the Columbia Plateau ERU
(Hann and others 1997, map 3.59). Increasing evi-
dence suggests that microbiotic crusts improve soil
stability, productivity, and moisture retention, moder-
ate extreme temperatures at the soil surface, and
enhance seedling establishment of vascular plants
(Belnap and Gardner 1993, Harper and Pendleton
1993, Johansen and others 1993, St. Clair and others
1993), thus contributing to high ecological integrity of
shrub-steppe habitats. Idaho BLM has recognized the
potential importance of microbiotic crusts by propos-
ing standards for rangeland health that include the
maintenance of these crusts to ensure proper function-
ing and productivity of native plant communities
(USDI Bureau of Land Management 1997). T h e s e
crusts were widely destroyed by trampling during the
excessive livestock grazing of the late 1800s and early
1900s (Daubenmire 1970, MacCracken and others
1983, Mack and Thompson 1982, Poulton 1955).
C u r r e n t l y, high-intensity grazing and altered fire
regimes modify shrub-steppe plant communities and
threaten the maintenance and recovery of microbiotic
crusts (Belnap 1995, Kaltenecker 1997, St. Clair and
Johansen 1993).

Roads, human activities, and domestic dogs are
k n o w n to impact ferruginous hawks, short-eared
owls, burrowing owls (Bechard and Schmutz 1995,
Green and Anthony 1989, Lokemoen and Duebbert
1976, Olendorff and Stoddart 1974, Ramakka and
Woyewodzic 1993, Schmutz 1984, White and
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Thurow 1985) and western meadowlarks (Lanyon
1994). Harassment of pronghorn by snowmachine and
all-terrain vehicles stresses animals at all times of the
year (Autenrieth 1978). Pronghorn also avoid sheep
dogs (Yoakum and O’Gara 1990). Human disturbance
might be especially significant for those species that
are attracted to features of the agricultural-shrubland
or agricultural-grassland contact zones; that is, bur-
rowing owl, short-eared owl, and pronghorn.

Recreational shooting of marmots and ground squir-
rels impacts burrowing owls because the owls are
accidentally or deliberately shot, whereas more gener-
al illegal shooting impacts short-eared owls (Marti
and Marks 1989). Pesticide use leads to direct mortali-
ty in burrowing owls, short-eared owls (Marti and
Marks 1989), and western meadowlarks (Griffin 1959)
and an indirect loss in burrowing owls through a
reduction in the populations of burrowing mammals.

Pronghorn movement is restricted or completely
impeded by net-wire and other fences that prevent
them from crossing beneath the lower strand (Helms
1978, Oakley and Riddle 1974, Yoakum 1980). Roads
are readily crossed by pronghorn, but snow accumu-
lating in roadside ditches also might present barriers
to movement during winter (Bruns 1977).

Population status and trends—Based on BBS data
summarized for the basin (Saab and Rich 1997), sig-
nificant declines were reported for the period 1966-94
for western meadowlark (-0.8 percent per yr, n > 14, 
P < 0.10) and lark sparrow (-2.9 percent per yr, n > 1 4 ,
P < 0.05). Saab and Rich (1997) identified western
meadowlark and lark sparrow as two of 15 species
that are of high concern to management under all
future management themes for the basin. Vesper spar-
row, burrowing owl, and ferruginous hawk had stable
population trends within the basin for the same time
period (Saab and Rich 1997). In physiographic region
89 (Columbia Plateau), which corresponds to much of
the range of this group within the basin, trends over
the period 1966-95 (Sauer and others 1996) were pos-
itive for the ferruginous hawk (+6.3 percent per yr,
n = 18, P < 0.05).

Burrowing owl populations are increasing across the
West (+6.3 percent per yr; n = 116, P < 0.001; Sauer
and others 1996). No detectable trend was found for
the short-eared owl in the basin (Saab and Rich 1997)
or in physiographic region 89 (Columbia Plateau;

Sauer and others 1996). Marti and Marks (1989)
reported that short-eared owl numbers were stable,
with fluctuating populations.

Burrowing owls, short-eared owls, and ferruginous
hawks are not adequately monitored by the BBS tech-
nique so apparent population trends, or the lack there-
of, for these species may not be reliable (Saab and
Rich 1997).

An estimated 99 percent of the continental pronghorn
population was killed by indiscriminate hunting
between 1850 and 1900, but numbers have increased
dramatically since then in Idaho and Oregon (Yoakum
1968, 1978, 1986a; Yoakum and O’Gara 1990). Popu-
lations reached peaks in 1989 of 21,800 in Idaho and
22,650 in Oregon (O’Gara 1996). The most recent
estimates (1995) are 12,500 in Idaho and 17,122 in
Oregon (O’Gara 1996). 

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 31 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—The condition of the habitat for group 31 can
be summarized by the composite ecological integrity
ratings (Quigley and others 1996, p. 122) that show
most of the habitat to have a “low” rating. Fescues
and bunchgrasses—critical habitat components for
this group— “. . . were irreversibly modified by
extensive grazing in the late 1800s and early 1900s”
(USDA Forest Service 1996, p. 51). Most of the cur-
rent habitat for this group was classified into
Rangeland Clusters 5 (generally corresponding to
much of the Owyhee Uplands ERU) and 6 (generally
the Northern Great Basin, Owyhee Uplands, and
Upper Snake ERUs) where the primary risk to ecolog-
ical integrity is “continued declines in herbland and
shrubland habitats” (Quigley and others 1996, p. 112,
114). Further, Rangeland Cluster 6 has the additional
risk of being “. . . highly sensitive to overgrazing and
exotic grass and forb invasion” (Quigley and others
1996, p. 114). These widespread and overriding issues
provide a clear statement of the problems facing this
group over the long term.
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Primary issues:

1. Permanent and continued loss of large acreage of
shrub-steppe and fescue-bunchgrass habitat
because of agricultural conversion, brush control,
and cheatgrass invasion.

2. Soil compaction and loss of the microbiotic crust.

3. Adverse effects of human disturbance. For the 
burrowing owl, a primary issue is the loss of nest-
ing burrows through poisoning and recreational
shooting of burrowing mammals. For ground-nest-
ing birds, the issue is nest mortality in agricultural
fields from farm machinery during spring weed
control and early harvests. For pronghorn, a pri-
mary issue is disruption of movement patterns
because of fence constructions that inhibit passage.
For all species in group 31, the issue is general 
disruption of breeding activity and movements
because of human intrusion.

Potential strategies—

1. (To address issue no. 1) Identify and conserve
large remaining areas (contiguous habitat >1000 ha
[2,470 acres]) of shrub-steppe vegetation where
ecological integrity is still relatively high, and
manage to promote their long-term sustainability.
Large contiguous blocks of public land in the
Northern Great Basin and Owyhee Uplands are the
most obvious sites. These generally include the
subbasins in Rangeland Cluster 5 (Quigley and
others 1996). These areas will provide long-term
habitat stability for populations and provide the
anchor points for restoration, corridor construction,
and other landscape-level management.

2. (To address issue no. 1) Restore the grass and forb
components of the shrub-steppe cover types to
approximate historical levels throughout the basin.

3. (To address issue no. 2) Restore the microbiotic
crust in ERUs where potential for redevelopment
is high; that is, in areas near propagule sources that
have suitable soil, vegetation, and climatic charac-
teristics [see Belnap 1993, Belnap 1995, Kaltenecker
1997, Kaltenecker and Wicklow-Howard 1994]).
Ecological reporting units with highest potential
for redevelopment include the Northern Great

Basin, Owyhee Uplands, Upper Snake, and to a
lesser extent, the Columbia Plateau (map 3.59 in
Hann and others 1997).

4. (To address issue no. 3) Maintain burrows for nest-
ing and roosting by burrowing owls. Reduce mor-
tality of ground-nesting birds in agricultural areas.
Construct fences in pronghorn range that allow
pronghorn passage. Minimize the adverse effects
of human intrusion.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Identify large areas
of high ecological integrity to be managed for 
sustainability by analyzing current vegetation, 
precipitation patterns, elevation, temperature
(Klemmedson and Smith 1964, Morrow and
Stahlman 1984, Stewart and Hull 1949), and the
presence of priority species in this group. These
sites most likely will be successful on large areas
of Federal land managed by BLM. Evaluation cri-
teria for protection or enhancement include main-
taining or increasing the size of smaller patches,
preventing further habitat fragmentation, and pro-
tecting or increasing the size and integrity of corri-
dors among patches, all in connection with the
location of core areas.

2. (In support of strategy no. 1) Explore options
under the CRP (Johnson and Igl 1995), or develop
other incentive programs, to encourage restoration
of agricultural areas to native cover types. Focus
on areas that would increase patch size or links
with existing source habitat patches.

3. (In support of strategy no. 2) Use fire prevention
and suppression to retard the spread of cheatgrass
in areas that are susceptible to cheatgrass invasion
but currently are dominated by native grass species.
Planting of fire-resistant vegetation through “green
stripping” is being experimentally tested (Pellant
1994) and may be used to protect existing vegeta-
tion. 

4. (In support of strategy no. 2) Restore selected
areas of cheatgrass monocultures through seeding
and other manipulations (Allen 1995, Daubenmire
1970, Evans and Young 1978, Hosten and West
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1994, Kennedy 1994, Monsen and McArthur 1995,
Ogg 1994, Whisenant 1995, Yoakum 1986b), where
such restoration would increase the size of existing
shrub-steppe patches or provide links between
patches.

5. (In support of strategy no. 2) Restore native vege-
tation by appropriate treatments and seedings of
native shrub, grass, and forb species.

6. (In support of strategy no. 2) Design livestock
grazing systems to promote an abundance of forbs
and grasses in the understory (Yoakum 1980). 

7. (In support of strategy no. 3) Encourage the 
redevelopment of microbiotic crust by reducing 
or eliminating livestock grazing in areas where
restoration of microbiotic crusts is encouraged
(Mack and Thompson 1982, St. Clair and others
1993). Explore the use of ground-based and aerial
soil inoculation to increase the speed and extent of
dispersal of the organisms that create microbiotic
crust (Belnap 1993).

8. (In support of strategy no. 4) Allow burrowing
mammals such as ground squirrels and marmots 
to persist or expand to provide nesting burrows 
for burrowing owls (Coulombe 1971; Gleason and
Johnson 1985; Rich 1984, 1986). Provide artificial
burrows for burrowing owls where burrowing
mammals must be controlled (Trulio 1995).

9. (In support of strategy no. 4) Modify agricultural
practices to minimize direct mortality of nesting
birds by delaying hay mowing until young birds
are fledged (Clark 1975, Rodenhouse and others
1995, Vickery 1996). Avoid surface tillage for
spring weed control. An alternative is to use the
“undercutting” method, which is much less detri-
mental to meadowlarks (Rodgers 1983).

10.(In support of strategy no. 4) Control, reduce, or
eliminate pesticide applications in and around agri-
cultural areas, especially in the Columbia Plateau
ERU where source habitats are small and virtually
all surrounded by agricultural lands (USDAForest
Service 1996). The Upper Snake ERU, and to a
lesser extent the Owyhee Uplands, also have rela-
tively many miles of interface with agricultural
lands. 

11. (In support of strategy no. 4) Avoid construction of
net-wire and similar fences in pronghorn habitat or
in pronghorn migration routes (Oakley and Ridle
1974). Modify existing fences and construct new
fences in pronghorn range with the following speci-
fications (these are standard policy on BLM lands
occupied by pronghorns): bottom wire at least 41 cm
(16 in) from the ground and smooth, not barbed; n e x t
wire up is 66 cm (26 in) from the ground; top wire
is 91 cm (36 in) from the ground (Yoakum 1980).

12.(In support of strategy no. 4) Protect pronghorn
winter ranges and fawning areas from intrusion by
snowmobiles and all-terrain vehicles (Autenrieth
1978) through timed access control and area clo-
sures. Minimize access roads and, where possible,
locate them on the periphery of the pronghorn use
areas (Autenrieth 1978). Provide artificial nesting
structures in areas away from human disturbance
to attract ferruginous hawks to safer sites (Apple
1994, Niemuth 1992, Schmutz 1984). Protect bur-
rowing owl nesting sites from disturbance by domes-
tic dogs (Green and Anthony 1989, Martin 1983).

Group 32—Preble’s Shrew,
Uinta Ground Squirrel, White-
Tailed Antelope Squirrel,
Wyoming Ground Squirrel,
Washington Ground Squirrel,
Striped Whipsnake, Longnose
Snake, Ground Snake, Mojave
Black-Collard Lizard, and
Longnose Leopard Lizard

Results

Species ranges, source habitats, and special 
habitat features—Group 32 consists of year-round
habitat for the residents in this group: Preble’s shrew,
Uinta ground squirrel, white-tailed antelope squirrel,
Wyoming ground squirrel, Washington ground squir-
rel, striped whipsnake, longnose snake, ground snake,
Mojave black-collared lizard, and longnose leopard
lizard. 

Mammals—Little is known about the Preble’s shrew,
but they may be widely distributed in the basin (fig. 96),
based on records from the area’s borders (Cornely and
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Figure 96—Ranges of species in group 32 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.

MAP 
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Figure 96—Ranges of species in group 32 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.

MAP 

file://localhost/Users/WWPBoise/Desktop/V2MAPS/V2FIG96B.PDF


339

Figure 96—Ranges of species in group 32 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.

MAP 
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others 1992, Zeveloff and Collett 1988). Among the
four species of ground squirrels, the Uinta is restricted
to the upper end of the Snake River drainage in the
Snake Headwaters, Upper Snake, and Central Idaho
Mountains ERUs (fig. 96). The range of the white-tailed
antelope squirrel occurs in the Northern Great Basin
and Owyhee Uplands ERUs and is nearly distinct
from that of the Uinta ground squirrel (fig. 96). Two
subspecies of the Wyoming ground squirrel occur in
the basin, Spermophilus elegans nevadensis that over-
laps with the antelope squirrel in the Owyhee Uplands,
and Spermophilus elegans aureus that overlaps with
the Uinta ground squirrel in northeastern Idaho (fig.
96). Finally, both the current and historical (fig. 96)
range of the Washington ground squirrel is allopatric
with the other three species, being confined almost
entirely to the northern part of the Columbia Plateau
ERU. The current range of the Washington ground
squirrel is r e d u c e d and disjunct compared to the histor-
ical period.

Reptiles—The striped whipsnake is widely distributed
at lower elevations in Washington, Oregon, and Idaho
(fig. 96). Narrowly distributed and largely sympatric,
the longnose snake and ground snake occur only in
the Owyhee Uplands (fig. 96). The Mojave black-col-
lared lizard has a distribution similar to the previous
two species but has an additional portion of its range
in the Northern Great Basin (fig. 96). Finally, the
longnose leopard lizard is found largely in the Owyhee
Uplands but has disjunct populations in the Northern
Great Basin, Upper Snake, Columbia Plateau, and
Southern Cascades ERUs.

Source habitats for group 32 include several shrub,
grass, and herbaceous cover types (vol. 3, appendix 1,
table 1). All 10 species have source habitats in big
sagebrush, mountain big sagebrush, fescue-bunch-
grass, and wheatgrass bunchgrass types. Ten species
also have source habitats in low sage, whereas eight
share juniper/sagebrush or mountain mahogany.

The striped whipsnake uses cliffs and talus where 
they occur in source habitats; these are special habitat
features for this species (vol. 3, appendix 1, table 2).
Preble’s shrew requires a good understory of forbs
and grasses and a dense overstory of sagebrush; it is
associated with more mesic sites near ephemeral and
perennial streams (Ports and George 1990). Down
logs provide important foraging and hiding cover 
(vol. 3, appendix 1, table 2). Washington ground

squirrels prefer deeper soils with less clay at 10 cm 
(4 in) and at 50 cm (20 in) compared to unoccupied
sites (Betts 1990).

Talus slopes, canyon rims, and shadscale habitats are
preferred over other types by ground snakes and col-
lared lizards (Diller and Johnson 1982, Whitaker and
Maser 1981). Collared lizards similarly prefer rock
outcrops and sparse vegetation (Sanborn and Loomis
1979). Striped whipsnakes are much more apt to be
encountered on canyon rims than on mid-slopes or in
canyon bottoms (Gerber and others 1997).

B road-scale changes in source habitats—H i s t o r i c a l l y,
source habitats for this group were projected to occur
throughout the basin, with greatest concentrations in
the Northern Great Basin, Columbia Plateau, Owyhee
Uplands, and Upper Snake ERUs (fig. 97A). Substantial
amounts of source habitats also occurred in the Blue
Mountains, Northern Glaciated Mountains, Central
Idaho Mountains, and Upper Klamath ERUs. Only the
most mountainous and forested regions did not sup-
port members of this group.

The extent of decreasing and strongly decreasing
trends in source habitats was dramatic (fig. 97C), 
particularly for the state of Washington, the northern
half of Oregon, and the upper Snake River drainage.
Nine ERUs had declining trends for most watersheds,
whereas only two ERUs (Northern Great Basin and
Owyhee Uplands) showed stable trends. The only
noteworthy source habitat increases were in the
Central Idaho Mountains (fig. 98). 

Basin-wide, 56 percent of the watersheds showed a
moderately or strongly declining trend in source habi-
tats (fig. 98). The Columbia Plateau ERU historically
provided the most watersheds with source habitats for
this group (fig. 98). But over 83 percent of the water-
sheds in that ERU had moderately or strongly declin-
ing trends, and only about 5 percent were increasing.
In the Blue Mountains, nearly 84 percent of the water-
sheds had moderately or strongly declining trends 
(fig. 98), and <4 percent were increasing. The Upper
Snake ERU had no watersheds with increasing trends
(fig. 98) and over 67 percent with moderately or
strongly declining trends. In the Owyhee Uplands,
over 81 percent of watersheds had stable trends, and
17 percent had moderately or strongly declining
trends (fig. 98).
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Figure 97—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 32 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

MAP 
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Figure 98—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 32, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Declines in source
habitats were primarily due to reductions in the
amount of big sagebrush, fescue-bunchgrass, wheat-
grass bunchgrass, and interior ponderosa pine (Hann
and others 1997). These losses were most striking in
the Columbia Plateau and Upper Snake ERUs (fig.
97B; vol. 3, appendix 1, table 4). In the Columbia
Plateau, big and mountain sagebrush types declined
by nearly half and three-quarters, respectively, from
historical conditions. Wheatgrass bunchgrass declined
by three-fourths and fescue-bunchgrass was nearly
eliminated (Hann and others 1997) in the Columbia
Plateau. 

Large-scale losses of sagebrush and native bunch-
grass habitats were primarily due to conversion to
agriculture. Basin-wide, the largest transitions among
terrestrial communities from the historical to current
periods were that of upland shrubland and upland
herbland to agricultural (Hann and others 1997).

Another factor contributing to loss of sagebrush habi-
tat is conversion of shrub-steppe vegetation to exotic
forbs and annual grass. Substantial portions of the
Owyhee Uplands and Upper Snake ERUs have und e r-
gone conversions from upland shrubland to exotic herb-
land (Hann and others 1997). Noteworthy increases 
in this cover type have occurred in all major shrub-
steppe ERUs. Conversion of native vegetation to
exotics is augmented by the increased frequency of
wildfire and by improper grazing (Braun and others
1976, Daubenmire 1970, Evans and Young 1978,
Quigley and others 1996, USDA Forest Service 1996).

Any increases in wheatgrass bunchgrass or native 
forb cover types (vol. 3, appendix 1, table 4) should
be viewed with caution because these cover types 
can be dominated by exotic vegetation, which is not
considered source habitat for species of this group.
Additionally, in some cases the wheatgrass bunchgrass
cover type was misclassified as an upland herbland
group instead of an early-seral forest group that was
created as a result of timber harvest or recent large-
scale wildfires (see Hann and others 1997). 

Relatively large increases have occurred in the source
habitats of juniper woodlands (tripled), mountain
mahogany (tripled), juniper/sagebrush (doubled), and
low sage (one-third increase) in the Central Idaho
Mountains (Hann and others 1997) (vol. 3, appendix 1,
table 4).

Condition of special habitat features—The avail-
ability of mesic sites used by the Preble’s shrew has
declined as part of the general and widespread decline
in riparian habitat conditions throughout the basin
(Lee and others 1997, Quigley and others 1997).
Cliffs and talus habitat for the striped whipsnake,
although difficult to measure at the scale of this analy-
sis, were estimated to be in much the same condition
now as historically.

Other factors affecting the group—Poisoning and
other eradication potentially affect populations of all
four species of ground squirrels. Ground squirrels also
are popular targets for recreational shooting. T h e
Mojave black-collared lizard, longnose leopard
lizards, and longnose snakes use small-mammal bur-
rows for cover (Beck and Peterson 1995, Brown and
others 1995, Nussbaum and others 1983, Pough 1973),
and therefore could be indirectly affected by both poi-
soning and shooting. The effect of these factors on
these species in the basin is unknown.

Accidental and deliberate mortality of snakes poten-
tially increases with increased roading and traffic in
the basin. Although the three species of snakes in this
group may not be as frequently killed by vehicles as
are some more common species (such as gopher snake
and western rattlesnake), increasing human access to
source habitats will predictably result in more deli-
berate killing of snakes. Currently, large areas of the
Owyhee Uplands ERU support moderate to high road
densities (see figs. 21 and 22 and “Species and Groups
Affected by Factors Associated with Roads” in vol. 1).

The typical small size of Washington ground squirrel
colonies makes them vulnerable to extirpation (To m i c h
1982). Source habitats for this species were estimated
to have undergone the fourth greatest decline among
91 broad-scale species of focus analyzed in this report
(vol. 1, table 7). Washington ground squirrels may
benefit from corridors of vegetation created by culti-
vation that allow exchange among colonies and gen-
eral dispersal (Betts 1990).



344

Four of the reptilian species of this group (Mojave
black-collared lizard, longnose leopard lizard, long-
nose snake, and ground snake), are located in isolated
disjunct areas within the basin that make them vulner-
able to extirpation.

Areas dominated by dense stands of cheatgrass or other
exotic plants may preclude use by longnose leopard
lizards (Stebbins 1985), longnose snakes (Beck and
Peterson 1995), and collared lizards. In the Owyhee
Uplands, areas with low vegetative cover and high
amounts of bare ground or rock have the highest
lizard densities (Whitaker and Maser 1981). In a study
of off-road vehicle and grazing effects in the Mojave
Desert in California, leopard lizards were found only
in plots unused by off-road vehicles (compared with
moderately and heavily used plots), and were absent
from grazed plots (Busack and Bury 1974).

Because reptiles are increasingly popular as pets, 
all reptile species in this group, but particularly the
lizards, are potentially affected by collecting (Lehmkuhl
and others 1997). This impact will increase as the
human population in the basin increases.

Soil compaction caused by livestock grazing could
negatively affect both the longnose snake and ground
snake. These burrowers benefit from loose, sandy, and
friable soils (Beck and Peterson 1995, Nussbaum and
others 1982).

Species in this group evolved in shrub-steppe habitats,
where microbiotic crusts were broadly distributed 
(see Kaltenecker and Wicklow-Howard 1994).
Microbiotic, or cryptogamic, crusts consist of lichens,
bryophytes, algae, microfungi, cyanobacteria, and
bacteria growing on or just below the soil surface 
in arid and semiarid environments (Kaltenecker and
Wicklow-Howard 1994), and they developed without
l a rge herds of grazing ungulates (St. Clair and
Johansen 1993). These crusts are projected to have
been widely distributed throughout the source habitats
for this group, particularly in the Northern Great Basin,
Owyhee Uplands, and Upper Snake ERUs but also
scattered in the Columbia Plateau ERU (Hann and
others 1997, map 3.59). Increasing evidence indicates
that microbiotic crusts improve soil stability, produc-
tivity, and moisture retention; moderate extreme tem-
peratures at the soil surface; and enhance seedling
establishment of vascular plants (Belnap and Gardner
1993, Harper and Pendleton 1993, Johansen and others

1993, St. Clair and others 1993), thus contributing to
high ecological integrity of shrubsteppe habitats. T h e
BLM in I d a h o has recognized the potential importance
of microbiotic crusts by proposing standards for
rangeland health that include the maintenance of these
crusts to ensure proper functioning and productivity of
native plant communities (USDI BLM 1997). These
crusts were widely destroyed by trampling during the
excessive livestock grazing period of the late 1800s
and early 1900s (Daubenmire 1970, MacCracken and
others 1983, Mack and Thompson 1982, Poulton 1955).
Currently, high-intensity grazing and altered fire
regimes modify shrub-steppe plant communities and
threaten the maintenance and recovery of microbiotic
crusts (Belnap 1995, Kaltenecker 1997, St. Clair and
Johansen 1993). 

Population status and trends—Quantified popula-
tion trends are not available for any of these species.
The Washington ground squirrel has experienced range
contraction (fig. 96), with 23 colonies in Washington
and 12 in Oregon disappearing from 1980 to 1989.
This area includes most of the colonies in the northern
part of the basin (Betts 1990). This decline is wholly
consistent with known habitat loss.

Lehmkuhl and others (1997) projected a decline from
historical in populations of the Mojave black-collared
lizard as a result of the cumulative effects of habitat
loss because of agricultural conversion, exotic weed
invasion, and reservoir development.

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 32 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—The condition of the habitat for group 32 can
be summed up by the composite ecological integrity
ratings (Quigley and others 1996) that show most of
the habitat to have a “low” rating. Most of the current
habitat for this group is classified into Rangeland
Clusters 5 (generally corresponding to much of the
Owyhee Uplands ERU) and 6 (generally the Northern
Great Basin, Owyhee Uplands, and Upper Snake
ERUs), where the primary risk to ecological integrity
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is “continued declines in herbland and shrubland habi-
tats” (Quigley and others 1996). Further, Rangeland
Cluster 6 has the additional risk of being “. . . highly
sensitive to overgrazing and exotic grass and forb
invasion” (Quigley and others 1996, p. 123). These
widespread and overriding issues provide a clear
statement of the problems facing this group over the
long term. The results of our habitat trend analysis,
combined with other literature cited here, suggest the
following issues are of high priority for group 32:

1. Permanent and continued loss of large areas of
shrub-steppe and fescue-bunchgrass habitat to agri-
cultural conversion, brush control, cheatgrass inva-
sion, and expansion of juniper woodlands and
mountain mahogany.

2. Increased soil compaction and loss of the 
microbiotic crust.

3. Reduction in burrow availability for lizards and
snakes.

4. Human-caused mortality and capture of reptiles for
pets.

5. Loss of downed logs.

6. Loss of surface water and riparian vegetation.

Potential strategies—The following strategies could
be used to reverse broad-scale declines in source habi-
tats. These strategies should be applied basin-wide:

1. (To address issue no. 1) Identify and conserve
remaining large areas of shrub-steppe, fescue-
bunchgrass, wheatgrass bunchgrass, and other
source cover types where ecological integrity is
still relatively high (Gray and Rickard 1989, Rickard
and Poole 1989, Schuler and others 1993, Smith
1994, Yoakum 1980). Large contiguous blocks of
Federal land in the Northern Great Basin and
Owyhee Uplands are the most obvious sites to
consider. These generally include the subbasins in
Rangeland Cluster 5 (Quigley and others 1996).
However, native shrublands that currently exist on
military lands in the state of Washington (Rickard
and Poole 1989, Schuler and others 1993, Smith
1994) also are important. These core areas will
provide long-term habitat stability for populations

and provide the anchor points for restoration, corri-
dor construction, and other landscape-level manage-
m e n t .

2. (To address issue no. 1) Minimize further spread of
juniper woodlands, juniper/sagebrush, and moun-
tain mahogany that have expanded because of fire
suppression, particularly in the Central Idaho
Mountains and the Columbia Plateau.

3. (To address issue no. 2) Reduce causes of soil
compaction, particularly within source habitats of
the longnose snake and ground snake. This factor
may be important in the Owyhee Uplands ERU in
particular. Restore microbiotic crusts in ERUs with
potential for redevelopment (that is, areas near
propagule sources, and with suitable soil, vegeta-
tion, and climatic characteristics [see Belnap 1993,
1 9 9 5 ; Kaltenecker 1997; Kaltenecker and Wi c k l o w -
Howard 1994]): Northern Great Basin, Owyhee
Uplands, and Upper Snake ERUs and, to a lesser
extent, the Columbia Plateau ERU (Hann and oth-
ers, map 3.59).

4. (To address issue no. 3) Maintain and restore
small-mammal populations to provide burrows for
the collared lizard, longnose leopard lizard, long-
nose snake, and ground snake. 

5. (To address issue no. 4) Determine the impact of
the capture of reptiles, especially lizards, for pets.
Take action as necessary to allow wild populations
to persist. 

6. (To address issue no. 4) Reduce the direct and indi-
rect effects of human disturbance on populations of
species within group 32. 

7. (To address issue no. 5) Increase the number of
downed logs in the basin.

8. (To address issue no. 6) Improve the condition of
riparian systems throughout the basin.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Identify large areas of
high ecological integrity to be managed for long-
term protection by analyzing current vegetation,
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precipitation patterns, elevation, temperature
(Klemmedson and Smith 1964, Morrow and
Stahlman 1984, Stewart and Hull 1949), and the
presence of priority species in this group. These
sites are most likely to be successful on large areas
of Federal land managed by BLM. Apply special
management designations as necessary to protect
these sites for the long term.

2. (In support of strategy no. 1) Explore options
under the CRP (Johnson and Igl 1995), or develop
other incentive programs, to encourage restoration
of agricultural areas to native cover types. Focus
on areas that would increase patch size or links
with existing source habitat patches.

3. (In support of strategy no. 1) Avoid further loss of
sagebrush cover through burning, plowing, seed-
ing, and other brush “control” methods where
sagebrush cover types are below historical levels.

4. (In support of strategy no. 1) Avoid further conver-
sion of sagebrush and native grasslands to agricul-
tural lands through policy and land management
allocations. If conversion cannot be avoided, then
tracts slated for conversion will have less impact if
located so as to (a) minimize further fragmentation
of shrub-steppe throughout the basin; (b) avoid fur-
ther reducing the size of smaller, isolated patches,
particularly in the Columbia Plateau ERU; and (c)
avoid conversion in areas that currently occur in
large blocks of moderate Composite Ecological
Integrity (Quigley and others 1996), primarily in
the Owyhee Uplands and Northern Great Basin
ERUs.

5. (In support of strategy no. 1) Use fire prevention
and suppression to retard the spread of cheatgrass
in areas that are susceptible to cheatgrass invasion
but currently are dominated by native grass species.
Planting of fire-resistant vegetation through “green
stripping” (Pellant 1994) should be examined for
its value to protect existing vegetation as well as
allow degraded sites a chance to recover.

6. (In support of strategy no. 1) Restore selected areas
of cheatgrass monocultures through seeding and
other manipulations (Allen 1995, Daubenmire
1970, Evans and Young 1978, Hosten and West
1994, Kennedy 1994, Monsen and McArthur 1995,

Ogg 1994, Whisenant 1995, Yoakum 1986b)
where such restoration would increase the size of
existing shrub-steppe patches or provide links
among patches.

7. (In support of strategy no. 1) Restore native vege-
tation by appropriate mechanical treatments and
seedings of native shrub, grass, and forb species. 

8. (In support of strategy no. 2) Apply wildland fire
and grazing practices that arrest the advances of
juniper woodlands in areas that historically did not
support this vegetation type.

9. (In support of strategy no. 3) Reduce or eliminate
livestock grazing in critical habitat for the ground
and longnose snakes if soil compaction is found 
to contribute to population declines. Encourage the
redevelopment of microbiotic crust by reducing or
eliminating livestock grazing (Mack and T h o m p s o n
1982, St. Clair and others 1993). Explore the use
of ground-based and aerial soil inoculation to
increase the speed and extent of dispersal of the
organisms that create microbiotic crust (Belnap
1993).

10.(In support of strategy no. 4) Allow burrowing
mammals such as ground squirrels and marmots 
to persist or expand to provide burrows for the
lizards in this group and for the longnose snake.

11.(In support of strategies no. 5 and no. 6) Minimize
accidental and deliberate killing of snakes by vehi-
cles and by humans on foot. Road densities, which
provide an index to the potential for disturbance,
reveal that the Owyhee Uplands, Northern Great
Basin, and northern part of the Columbia Plateau
ERUs are least susceptible to disturbance (Quigley
and others 1996). Determine the direct effect of
recreational shooting of ground squirrels on popu-
lations in this group. Effects may be serious only
in local situations where the demand for this recre-
ation and access to squirrels coincide. Washington
ground squirrels are especially vulnerable because
of their limited distribution and known losses to
date. Avoid poisoning or otherwise controlling
ground squirrel populations. Encourage and
enforce laws that protect reptiles from collection. 
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12.(In support of strategy no. 8) Maintain strips of
trees and snags along riparian corridors. Restore
and enhance riparian and shoreline vegetation
around permanent and seasonal water sources.

Group 33—Brewer’s Sparrow,
Lark Bunting, Sage Sparrow,
Sage Thrasher, Sage Grouse,
Pygmy Rabbit, and Sagebrush
Vole

Results

Species ranges, source habitats, and special habitat
features—Group 33 includes breeding habitat for the
migratory Brewer’s sparrow, lark bunting, sage spar-
r o w, and sage thrasher, summer and winter range for
the sage grouse, and year-round habitat for the pygmy
rabbit and sagebrush vole. The basin encompasses a
substantial portion of the entire range of all species 
in this group, with the exception of the lark bunting,
which is peripheral to the basin, occurring only in 
the southeastern part of the basin (fig. 99). Both the
pygmy rabbit and sage grouse (current range) have
notable gaps in their distribution, with significant dis-
junct populations primarily in the Columbia Plateau
ERU. The current range of the sage grouse also has
disjunct populations occurring in the Upper Klamath
and Snake Headwaters ERUs. In comparison, the his-
torical range of the sage grouse (fig. 99) was substan-
tially more extensive and included portions of the
Columbia Plateau, Blue Mountains, Northern Glaciated
Mountains, Lower Clark Fork, and the Upper Clark
Fork ERUs, where the species does not occur today.

The seven species in this group have source habitats
in two structural stages of big sagebrush and mountain
big sagebrush: open canopy, low-medium shrub, and
closed canopy, low-medium shrub (vol. 3, appendix 1,
table 1). Four of the species (pygmy rabbit, sagebrush
vole, sage grouse, and sage sparrow) also have source
habitats in both structural stages of low sagebrush.
Other habitats of importance are juniper/sagebrush
( B r e w e r’s sparrow, sage sparrow, sage thrasher) and
the closed herb structural stage of big sagebrush
( B r e w e r’s sparrow, lark bunting, sage sparrow, and
sage thrasher). Habitats used by only a single species
in the group include mountain mahogany (Brewer’s
sparrow), salt desert shrub (sage sparrow), and herba-
ceous wetlands (sage grouse).

A special habitat feature for sage grouse during the
brood-rearing period is riparian vegetation, especially
wet meadows with forbs (vol. 3, appendix 1, table 2).
Native forbs provide spring and summer food for hens
and broods (Autenrieth and others 1982, Call 1979,
Oakleaf 1971, Peterson 1970, Roberson 1986, Savage
1969, Wallestad and others 1975). Herbaceous vegeta-
tion is also important to sagebrush voles (Hall 1928)
and pygmy rabbits (Lyman 1991), which augment their
sagebrush diet with forbs and grasses. An understory
composed of native grasses is believed important f o r
most species in group 33 (Bock and Bock 1987, C o n n e l l y
and others 1991, Cooper 1868, Dobler and others 1996,
Gregg 1991, Hall 1928, Mullican and Keller 1986).

Bare ground is an important foraging substrate for
sage sparrows and sage thrashers (Rotenberry and
Wiens 1980). Brewer’s sparrows, however, forage
mostly in sagebrush. The value of bare ground to the
other bird species in this group and the sagebrush vole
is unknown. Because pygmy rabbits choose tall, dense
sage for their burrows and foraging sites, we assume
that vegetative cover that provides protection from
predators is important (Lyman 1991) and that areas 
of bare ground would be avoided.

Broad-scale changes in source habitats—Source
habitats for group 33 were historically widespread and
continuous over much of the planning area (fig. 100A),
particularly in the Columbia Plateau, Northern Great
Basin, Owyhee Uplands, and Upper Snake ERUs. 

Basin-wide, nearly 48 percent of the watersheds
showed a moderately or strongly declining trend in
habitat, and declines exceeded increases in every ERU
(fig. 101). Extensive habitat reductions were estimated
in the Columbia Plateau and Upper Snake ERUs, with
moderate declines in the Owyhee Uplands (figs. 100
and 101). Strongly increasing trends in habitat, how-
ever, were apparent in about 20 percent of watersheds
in the Central Idaho Mountains and Columbia Plateau
ERUs (fig. 101). Only the Northern Great Basin ERU
has changed little from historical conditions (figs. 100
and 101).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—The single largest
loss in cover types within the basin was the decline in
big sagebrush (Hann and others 1997). Larg e - s c a l e
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Figure 99—Ranges of species in group 33 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.

MAP 

file://localhost/Users/WWPBoise/Desktop/V2MAPS/V2FIG99A.PDF
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Figure 99—Ranges of species in group 33 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.

MAP 

file://localhost/Users/WWPBoise/Desktop/V2MAPS/V2FIG99B.PDF
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Figure 100—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in per-
centage of area of source habitats from historical to current periods (C), for group 33 within each of 2,562 watersheds in the
basin. Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 =
a decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

MAP 

file://localhost/Users/WWPBoise/Desktop/V2MAPS/V2FIG100.PDF
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Figure 101—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 33, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.

file://localhost/Users/WWPBoise/Desktop/V2FIGS/V2FIG101.PDF
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loss of sagebrush habitat was attributed to several
factors. The first factor was conversion to agricul-
ture. Agricultural lands have increased significantly
in every ERU in the basin (Hann and others 1997).
In fact, the largest transition of any terrestrial commu-
nity was from upland shrubland to agriculture (Hann
and others 1997). The ERUs with the biggest changes
were the Columbia Plateau and Upper Snake. The for-
mer is now nearly half agricultural lands, whereas the
latter is nearly one-third. These ERUs have had the
greatest degree of conversion among all ERUs in the
basin. Agriculture also now occupies over a tenth of
the Owyhee Uplands ERU. Only the Northern Great
Basin ERU has been relatively free of agricultural
conversions.

A second factor contributing to loss of sagebrush
habitat was conversion of shrub-steppe vegetation to
exotic forbs and annual grass. Significant increases 
in this cover type occurred in all the major sagebrush
ERUs. Exotic forbs and annual grass now occupy
small portions of the Northern Great Basin, Columbia
Plateau, and Owyhee Uplands ERUs, and over a tenth
of the Upper Snake ERU (Hann and others 1997). 

Increases in source habitats in the Central Idaho
Mountains and Columbia Plateau ERUs were attrib-
uted to expansions of juniper/sagebrush and mountain
mahogany cover types (Hann and others 1997). 

Habitat condition for group 33 can be described by
the composite ecological integrity ratings (Quigley
and others 1996) that show most of the habitat to have
a “low” rating. Most of the current habitat for this
group was classified into Rangeland Clusters 5 (gen-
erally corresponding to much of the Owyhee Uplands
ERU) and 6 (generally the Northern Great Basin,
Owyhee Uplands, and Upper Snake ERUs), where
the primary risk to ecological integrity is continued
losses of herbland and shrubland habitats (Quigley
and others 1996). Further, Rangeland Cluster 6 is
vulnerable to overgrazing and to exotic grass and
forb invasions (Quigley and others 1996).

Condition of special habitat features—Wet mead-
ows and riparian vegetation, cover types used for
brood-rearing by sage grouse, have declined substan-
tially since historical times (Lee and others 1997,
Quigley and others 1996). 

Other factors affecting the group—Roading
(Quigley and others 1996) has contributed to increased
human disturbance in ERUs most important for sage
grouse. Moderate road densities (0.4 to 1.0 km per
k m2 [0.7 to 1.7 mi per mi2]) are typical for the
Northern Great Basin ERU, the Owyhee Uplands
ERU, and the Upper Snake ERU. Roads and associated
human disturbance can be especially harmful to sage
grouse during the lekking and wintering periods.
Habitat loss caused by roads is a direct effect.

The quality of soil may be important to the two bur-
rowing species in this group (sagebrush vole and
pygmy rabbit) because the soil must be capable of
sustaining burrows. Weiss and Verts (1984) deter-
mined that burrow sites for pygmy rabbits are found
in areas where soils are significantly deeper and looser
than adjacent soils. Grazing, if not managed properly,
can potentially damage pygmy rabbit habitat (Wa s h i n g t o n
Department of Wildlife 1993b).

Voles seldom use compacted or rocky soil (Maser and
others 1974) and may be absent from areas that have
suffered soil erosion because of heavy livestock graz-
ing (Maser and Strickland 1978).

Heavy livestock grazing could negatively impact other
species in group 33 by altering the structure and com-
position of the soil and removing native herbaceous
understory vegetation. Thus, areas that are currently
judged to be source habitat because of the presence of
sagebrush cover may not be currently suitable because
of changes in soil or understory vegetation that cannot
be mapped at the broad scale. Additionally, changes in
natural wildfire regimes have contributed to invasions
of exotic vegetation in native sagebrush habitats.

Species in this group evolved in shrub-steppe habitats,
where microbiotic crusts were broadly distributed (see
Kaltenecker and Wicklow-Howard 1994). Microbiotic,
or cryptogamic, crusts consist of lichens, bryophytes,
algae, microfungi, cyanobacteria, and bacteria grow-
ing on or just below the soil surface in arid and semi-
arid environments (Kaltenecker and Wicklow-Howard
1994); these crusts developed without large herds of
grazing ungulates (St. Clair and Johansen 1993). In
addition, these crusts are projected to have been widely
distributed throughout the source habitats for this
group, particularly in the Northern Great Basin,
Owyhee Uplands, and Upper Snake ERUs but also
scattered in the Columbia Plateau ERU (Hann and
others 1997, map 3.59). Increasing evidence indicates
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that microbiotic crusts improve soil stability, produc-
tivity, and moisture retention; moderate extreme tem-
peratures at the soil surface; and enhance seedling
establishment of vascular plants (Belnap and Gardner
1993, Harper and Pendleton 1993, Johansen and others
1993, St. Clair and others 1993), thus contributing t o
high ecological integrity of shrub-steppe habitats.
The BLM in Idaho has recognized the potential
importance of microbiotic crusts by proposing stand-
ards for rangeland health that include the mainte-
nance of these crusts to ensure proper functioning
and productivity of native plant communities (USDI
Bureau of Land Management 1997). These crusts
were widely destroyed by trampling during the exces-
sive livestock grazing of the late 1800s and early
1900s (Daubenmire 1970, MacCracken and others
1983, Mack and Thompson 1982, Poulton 1 9 5 5 ) .
C u r r e n t l y, high-intensity grazing and altered fire
regimes modify shrub-steppe plant communities and
threaten the maintenance and recovery of microbiotic
crusts (Belnap 1995, Kaltenecker 1997, St. Clair and
Johansen 1993).

Little information is available on effects of landscape
patterns on species in this group. Brewer’s sparrows
are known to have small territories, and individual
pairs will occupy small patches of suitable habitat
placed within a matrix of unsuitable vegetation. Sage
thrashers also appear to use discontinuous, patchy
habitats surrounded by other types but rarely occur 
as single pairs; the probability of habitat occupancy
increases with shrub patch size (Knick and Rotenberry
1995). Sage sparrows seem to be both area sensitive
and more social (Rich 1981) than the previous two
species. Individual pairs essentially never occur alone.
The species does not occupy small patches of habitat,
and large patches of seemingly suitable habitat may 
be unoccupied. Thus, sage sparrows occur in large
expanses of shrub-steppe where many pairs share ad-
jacent territories (Knick and Rotenberry 1995) and
apparently do not use slopes of greater than a few 
percent.

Disjunct patches of sagebrush that were previously
connected to other patches may now be unsuitable
source habitat for sage grouse because wintering
flocks have large home ranges. Grouse select winter
use sites based on snow depth and topography
(Connelly 1982, Hupp 1987, Robertson 1991) where
sagebrush is accessible. Sagebrush heights of 25 to 
30 cm (10 to 12 in) and canopy cover of 10 to 25 
percent, regardless of snow cover, are important for

winter use by sage grouse. Because seasonal move-
ments differ among regions and populations, this
effect needs to be assessed case by case.

Populations of pygmy rabbits historically occurred in
five counties in Washington, but current records indi-
cate that populations occur in isolated fragments in
only one county (Douglas) (Washington Department
of Wildlife 1993b). These small, disjunct populations
are susceptible to extirpation by habitat degradation
and loss, as well as catastrophic events such as fire,
disease, flooding, or intense predation.

The sage sparrow, Brewer’s sparrow, and lark bunting
are not frequently parasitized by brown-headed cow-
birds (Ehrlich and others 1988). Both sparrows appar-
ently accept the eggs (Rich 1978). The sage thrasher
also is parasitized but rejects cowbird eggs (Rich and
Rothstein 1985). Sage grouse using agricultural areas
may be adversely affected by pesticide applications
(Blus and others 1989, Post 1951, Ward and others
1942).

Population status and trends—Quantitative popula-
tion trend data are available only for the bird species
in group 33. No information is available for the
pygmy rabbit, only anecdotal notes are available for
the sagebrush vole and, because the lark bunting is
peripheral to the basin, sample sizes for this species
are inadequate.

Historical reports indicate that the sagebrush vole was
abundant in grasslands around Walla Walla in 1868
(Cooper 1868), although it has not been found there
since. Currently, other subspecies of this vole occur in
higher elevation grasslands in Utah and California
where sagebrush does not occur. This suggests that the
species may occur today largely in shrub-steppe habi-
tats because the large grasslands, which it may actual-
ly prefer, no longer exist. Thus, the species probably
experienced substantial population declines.

Brewer’s sparrow has the most clear population trend,
decreasing 1.3 percent per yr (n > 14, P < 0.01) over
the period 1968-94 and 4.3 percent per yr (n > 14, 
P < 0.01) over the period 1984-94 (Saab and Rich
1997) in the basin. This sparrow also is declining in
Idaho (6.3 percent per yr, 1966-95; n = 40, P < 0.01)
and in physiographic region 89 (Columbia Plateau; 5 . 2
percent decline over the same period, n = 57, P < 0.01)
(Sauer and others 1996). Among 15 Neotropical migrants
in the basin, Brewer ’s sparrow, sage sparrow, sage
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thrasher, and lark bunting were designated as species
of high concern to management under all future man-
agement themes for the basin (Saab and Rich 1997). 

Population trends for the sage sparrow and sage
thrasher are not consistent with the population declines
demonstrated by Brewer’s sparrows and sage grouse.
The sage sparrow shows no trend in the basin (Saab
and Rich 1997) and a nonsignificant decline of -1.0
percent per yr (1966 to 1995, n = 38) in physio-
graphic region 89 (Columbia Plateau; Sauer and oth-
ers 1996). The sage thrasher also shows no trend in
the basin (Saab and Rich 1997), a nonsignificant 1.1-
percent decline per yr in Idaho (n = 28), a 2.1-percent
per yr increase in Oregon (n = 27, P < 0.01), and a
nonsignificant 0.8-percent increase in physiographic
region 89 (Columbia Plateau; n = 51) over the period
1966-95 (Sauer and others 1996). 

Sage grouse populations have shown significant, 
steep declines since the 1940s in Idaho,1 3 O r e g o n
(Crawford and Lutz 1985), and Washington (Ti r h i
1995). The rates of decline in Idaho and Oregon are
not significantly diff e r e n t .1 4 M o r e o v e r, the rate of
decline in Washington appears to be similar to that in
Idaho and Oregon, thereby suggesting common, wide-
spread factors affecting these populations. A compli-
cating factor is that sage grouse in this geographic
area may exhibit population cycles with a periodicity
of around 10 years (Rich 1985, Willis and others
1993b). Thus, apparent trends over short periods
should be regarded with caution. Populations in
Washington were heavily impacted by habitat loss
before surveys were established. Remaining popula-
tions now exist as isolated remnants (Tirhi 1995).

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 33 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

13 Personal communication. 1997. John Connelly, Upland Bird
Research Coordinator, Idaho Department of Fish and Game, P.O.
Box 25, Boise, ID 83707-0025.

14 Personal communication. 1997. Terrell D. Rich, National Avian
Ecologist, USDI Bureau of Land Management, 1387 S. Vinnell
Way, Boise, ID 83709.

Issues—The results of our habitat trend analysis 
suggest the following issues are of high priority for
group 33:

1. Permanent and continued loss of large areas of
shrub-steppe habitat to agricultural conversion,
brush control, and cheatgrass invasion.

2. Soil compaction, erosion, and loss of microbiotic 
crust.

3. Continued degradation of wet meadow and 
riparian vegetation adjacent to springs, seeps, and
streams by improper grazing and, in some areas,
spring development to provide livestock water 
supplies.

4. Adverse effects of human disturbance.

Potential strategies—The following strategies could
be used to reverse broad-scale declines in source 
habitats:

1. (To address issue no. 1) Identify and conserve
large remaining areas of shrub-steppe vegetation
where ecological integrity is still relatively high
(Gray and Rickard 1989, Rickard and Poole 1989,
Schuler and others 1993, Smith 1994, Yoakum
1980). Basin-wide, maintain or restore 15 to 25
percent of sagebrush cover with heights of 36 to
79 cm (14 to 31 in) (Autenrieth 1981, Connelly
and others 1991, Fischer 1994, Gregg 1991,
Klebenow 1969, Patterson 1952, Peterson 1970,
Wakkinen 1990, Wallestad 1975). In sage grouse
winter range, maintain a mosaic of sagebrush
height and cover classes to allow access to sage-
brush with canopy cover of 10 to 25 percent and
heights of 25 to 30 cm (10 in to 12 in) regardless
of snow cover (Connelly 1982, Hupp 1987,
Robertson 1991).

2. (To address issue no. 1) Restore native grass and
forb understories to historical levels, where
restoration potential exists, and retard the spread of
nonnative vegetation.

3. (To address issue no. 2) Reduce and eliminate soil
compaction and erosion to benefit both pygmy rab-
bits and sagebrush voles.
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4. (To address issue no. 2) Restore microbiotic crusts
in ERUs with potential for redevelopment (that is,
areas near propagule sources, and with suitable
soil, vegetation, and climatic characteristics [see
Belnap 1993, Belnap 1995, Kaltenecker 1997,
Kaltenecker and Wicklow-Howard 1994]): the
Northern Great Basin, Owyhee Uplands, Upper
Snake, and to a lesser extent, the Columbia Plateau
(Hann and others, map 3.59).

5. (To address issue no. 3) Restore vegetation around
springs, seeps, streams, meadows, and other ripari-
an areas.

6. (To address issue no. 4) Minimize the adverse
effects of human disturbance.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Identify sites of high
ecological integrity to be managed for long-term
protection by analyzing current vegetation, precipi-
tation patterns, elevation, temperature (Klemmedson
and Smith 1964, Morrow and Stahlman 1984,
Stewart and Hull 1949), and the presence of priori-
t y species in this group. These practices are most
likely to be successful on large areas of Federal
land managed by the BLM.

2. (In support of strategy no. 1) Explore options under
the CRP (Johnson and Igl 1995), or develop other
incentive programs, to encourage restoration of
agricultural areas to native cover types. Focus on
areas that would increase patch size or links with
existing source habitat patches.

3. (In support of strategy no. 1) Avoid further loss of
sagebrush cover through burning, plowing, seed-
ing, and other brush “control” methods where
sagebrush cover types are below historical levels.

4. (In support of strategy no. 1) Avoid further con-
version of source habitats to agricultural lands, or
strive to minimize the impacts of further conver-
sions through landscape design, to minimize 
further fragmentation of shrub-steppe.

5. (In support of strategy no. 2) Use fire prevention
and suppression to retard the spread of cheatgrass
in areas that are susceptible to cheatgrass invasion

but currently are dominated by native grass species.
Planting of fire-resistant vegetation through “green
stripping” (Pellant 1994) could be explored to
evaluate its effectiveness in protecting existing
native vegetation.

6. (In support of strategy no. 2) Restore selected
areas of cheatgrass monocultures through seeding
and other manipulations (Allen 1995, Daubenmire
1970, Evans and Young 1978, Hosten and West
1994, Kennedy 1994, Monsen and McArthur 1995,
Ogg 1994, Whisenant 1995, Yoakum 1986b),
w h e r e such restoration would increase the size of
existing shrub-steppe patches or provide links
among patches.

7. (In support of strategy no. 2) Plant perennial
bunchgrasses or native forbs where these com-
ponents of the habitat have been lost or reduced
(Braun and others 1976, Daubenmire 1970, Evans
and Young 1978, Yoakum 1986b). Criteria for
enhancement include maintaining or increasing the
size of smaller patches, preventing further habitat
disassociation, and protecting or increasing the
size and integrity of corridors among patches, all
in connection with the location of sites with high
ecological integrity as identified above.

8. (In support of strategies nos. 2-4) Modify grazing
systems or reduce grazing use where native peren-
nial bunchgrasses have been depleted. 

9. (In support of strategy no. 4) Encourage the rede-
velopment of microbiotic crust by reducing or
eliminating livestock grazing (Mack and
Thompson 1982, St. Clair and others 1993).
Explore the use of ground-based and aerial soil
inoculation to increase the speed and extent of dis-
persal of the organisms that create microbiotic
crust (Belnap 1993, 1994).

10.(In support of strategy no. 5) Protect existing 
riparian, spring, and seep sites of high ecological
integrity from degradation, restore degraded sites,
restore historical water tables in nonfunctioning
riparian systems, and eliminate or greatly reduce
water diversions. Seeding of native forbs, in par-
ticular, may be desirable in certain mesic areas to
improve sage grouse brood-rearing habitat.
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11.(In support of strategy no. 6) Protect sage grouse
leks from human disturbance by designating leks
and winter concentration sites as special manage-
ment areas closed to public access, avoiding the
placement of new roads or the improvement of
existing roads in important sage grouse areas, and
closing existing roads in sensitive areas. 

12.(In support of strategy no. 6) Control, reduce, or
eliminate pesticide use around agricultural areas
adjacent to sage grouse habitat (Blus and others
1989, Post 1951, Ward and others 1942). Avoid 
use of toxic organophosphorus and carbamate
insecticides in sage grouse brood-rearing habitats. 

13.(In support of strategy no. 6) Restrict organized
recreational events in sage grouse nesting, brood-
rearing, and wintering habitats at the appropriate
times of year (Call 1979, Roberson 1986).

Group 34—Kit Fox and 
Black-Throated Sparrow

Results

Species ranges, source habitats, and special 
habitat features—Group 34 consists of two shrub-
land species, the kit fox and black-throated sparrow.
Both species occur in the most southern shrublands 
of the basin, and the black-throated sparrow also is
found in south-central Washington (fig. 102). The kit
fox is a year-round resident of the basin, whereas the
black-throated sparrow is a summer resident, migrating
to southern portions of its range and Baja California
for the winter. The basin represents the northern
periphery of the continental distribution for these
species, both of which are more commonly associated
with desert shrublands of southwestern North
America.

Source habitats for both species are big sagebrush 
and salt desert shrub, and the black-throated sparrow
also uses mountain big sagebrush (vol. 3, appendix 1,
table 1). Structural stages within these cover types 
are open- and closed-canopy stages of low-medium
shrubs. In southeastern Oregon and northern Nevada,
black-throated sparrows are found predominantly in
sites with higher shrub cover, greater maximum shrub
height, and greater shrub species diversity than used
by another shrub-steppe species, the sage sparrow
(Wiens and Rotenberry 1981). 

Aspecial habitat feature identified for the kit fox is the
presence of burrows for den sites (vol. 3, appendix 1,
table 2). Kit foxes often use the abandoned dens of
other species, and most home ranges include several
dens (Egoscue 1962). In addition to reproductive pur-
poses, dens provide resting habitat that modifies the
extremes of desert weather and furnishes protection
from predators (Golightly and Ohmart 1983). No spe-
cial habitat features have been identified for the black-
throated sparrow.

Broad-scale changes in source habitats—Source
habitats have undergone localized declines since his-
torical times. Historically, source habitats were con-
centrated along the southeastern border of Oregon 
and southern border of Idaho, extending also into the
portions of Nevada and Utah that are included in the
basin (fig. 103A). Source habitats for the black-throated
sparrow also occurred in south-central Washington.
The current distribution of source habitats is roughly
the same, but declines in habitat availability have
occurred primarily in south-central Washington and
south-central Idaho (fig. 103B). 

The amount of source habitats was estimated as
roughly the same as the historical extent in 65 percent
of the watersheds in which these species occur, but 33
percent of the watersheds have exhibited declining
trends (fig. 104). The greatest declines occurred in 
the Upper Snake ERU, where 29 of 55 watersheds 
had strongly declining trends (fig. 104). The Blue
Mountains and Snake Headwaters ERUs also had
strongly declining trends, but only three watersheds in
each ERU provided source habitats historically, so the
magnitude of change may not be significant. Habitat
trends were mostly static in the Owyhee Uplands
ERU, although 82 of the 256 watersheds with source
habitats have declining trends (fig. 104).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—The principal
cause for observed declines in habitat availability is
the alteration of sagebrush and salt desert shrub to
other cover types, primarily agriculture, urban, juniper/
sagebrush, and exotic forbs-annual grass. In the
Columbia Plateau ERU, nearly one half of the big
sagebrush cover type was converted to croplands
(Hann and others 1997). Virtually all broad-scale
patches of mountain big sagebrush in the Columbia
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Figure 102—Ranges of species in group 34 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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Figure 103—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in per-
centage of area of source habitats from historical to current periods (C), for group 34 within each of 2,562 watersheds in the
basin. Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 =
a decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

MAP 
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Figure 104—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 34, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.

file://localhost/Users/WWPBoise/Desktop/V2FIGS/V2FIG104.PDF
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Plateau within the range of the black-throated sparrow
were eliminated (vol. 3, appendix 1, table 4). In the
Owyhee Uplands, the dominant cover type transition
was from the big sagebrush cover type to croplands
and exotic forbs-annual grass (Hann and others 1997).
In the Upper Snake ERU, an estimated 41 percent of
the sagebrush cover type was converted to croplands
(Hann and others 1997).

Condition of special habitat features—No infor-
mation is available to determine whether changes in
availability of burrows for kit fox dens, or in soil con-
ditions needed for burrow excavation, have occurred
in the basin. Lack of suitable loose-textured soil for
burrow construction may be a natural, limiting factor
for kit foxes in southeastern Oregon (Keister and
Immell 1994). The soil surface there is predominantly
desert pavement, whereas soils near Fallon, Nevada,
where higher densities of kit foxes occur than in
Oregon, are typically sandy (Keister and Immell
1994). Land uses that increase soil compaction or
cause the destabilization of dunes may inhibit burrow
establishment.

Other factors affecting the group—The black-
throated sparrow seems to show a positive numerical
response to moderate livestock grazing (Bock and 
others 1984, cited in Saab and others 1995).

Because the kit fox is a predator, population health 
is affected by the availability of small-mammal prey,
which in turn is affected by vegetation composition
and structure. Land uses that do not directly affect kit
foxes may nevertheless affect prey availability.
Livestock grazing can impact small-mammal abun-
dance and diversity (Bock and others 1984; Hanley
and Page 1982, as cited in Horning 1994).

Kit foxes are vulnerable to poisoned baits placed for
destruction of coyotes (Orloff and others 1986). They
are also susceptible to hunting and trapping, usually as
a nontarget species (DeStefano 1990). Coyote preda-
tion is a major cause of kit fox mortality in the San
Joaquin Valley of California (White and others 1994),
and is a potential limiting factor of kit foxes in the
basin.

Population status and trends—Population trend data
are not available for the black-throated sparrow within
the basin. The only statistically significant population

trend for the black-throated sparrow is based on num-
bers recorded on all BBS routes in North America
with black-throated sparrow occurrences between 1966
and 1995. This survey-wide trend indicated a 4-percent
annual decline across the range of the species over the
28-yr period (n = 258, P < 0.05; Sauer and others
1996). Occurrences of the black-throated sparrow on
BBS routes within the basin are insufficient to conduct
a statistically robust trend analysis (Saab and Rich
1997). Saab and Rich (1997), however, included the
black-throated sparrow as one of 15 Neotropical
migrants in the basin that are of high concern to man-
agement under all future management themes for the
basin primarily because of its association with just
four cover type-structural stage combinations. We
know of no estimates of kit fox numbers within the
basin. 

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 34 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—Primary conservation issues for group 34 are
as follows:

1. Loss of desert shrub habitat to other land uses and
to shrub-control programs.

2. Degradation of desert shrub habitat quality through
exotic weed invasions.

3. Effect of adverse land uses on understory vegeta-
tion that supports kit fox prey base.

4. Lack of information on the location and status of
kit fox dens.

Potential strategies—Strategies for addressing the
issues listed above include the following:

1. (To address issue no. 1) Maintain remaining native
desert shrublands, especially in the Upper Snake
ERU and in all watersheds within the Owyhee
Uplands where strong negative trends have
occurred.
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2. (To address issue no. 2) Restore desired vegetation
composition and structural attributes of shrublands
that no longer meet source habitat conditions.

3. (To address issue no. 3) Avoid land use practices
that potentially affect kit fox prey by reducing the
grass-forb component of shrub communities.

4. (To address issue no. 4) Locate and protect active
dens of the kit fox.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (To address strategy no. 1) Identify areas of native
shrubland vegetation with high ecological integrity,
particularly within the Columbia Plateau and
Upper Snake ERUs, and actively manage to
promote their long-term sustainability.

2. (To address strategy no. 2) Use prescribed burns,
shrub planting, and exotic weed control to restore
degraded shrublands, but avoid burning areas 
susceptible to invasion by noxious weeds. 

3. (To address strategy no. 3) Adjust or maintain
grazing management plans to promote long-term
persistence of the grass and forb components of
shrub communities. 

4. (To address strategy no. 4) Conduct surveys for kit
fox burrows, and provide protective measures for
active burrows in all relevant planning documents.

Group 35—Loggerhead Shrike

Results

Species ranges and source habitats—Group 35 
consists of breeding habitat for the loggerhead shrike.
Range of the loggerhead shrike (fig. 105) includes
most of the basin except for the mountainous portions
of Idaho and Montana and the eastern slope of the
Cascade Range. Outside the planning area, the species
is widespread as a breeder or year-round resident in
the United States and Mexico (Yosef 1996). 

This shrike uses various woodland and shrub cover
types including juniper, sagebrush, mountain shrub
types, salt desert shrubs, and bitterbrush/wheatgrass
(vol. 3, appendix 1, table 1). The common structural
feature is a good component of woody vegetation in 
a landscape dominated by more open structure. Nests
are typically placed in the taller woody vegetation,
whereas the bird forages in open areas.

Broad-scale changes in source habitats—High per-
centages of contiguous watersheds with source habi-
tats for the loggerhead shrike historically occurred in
the Columbia Plateau, Northern Great Basin, Owyhee
Uplands, and Upper Snake ERUs (fig. 106A).

Basin-wide, moderate and strong declines (44 percent
of watersheds) in source habitats exceeded moderate
and strong increases (24 percent), but over 30 percent
of watersheds showed no estimated change from the
historical condition (fig. 107). Although declining
trends in the Columbia Plateau seem to balance
against increasing trends (fig. 107), these upward
trends were due to large relative increases in vege-
t ation that actually covered <8 percent of the ERU.
The biggest losses occurred in the Upper Snake ERU
(fig. 107), with over 57 percent of the watersheds
showing strong decreases. In contrast, the Upper
Klamath ERU was estimated to have nearly 62 per-
cent of its watersheds strongly increasing in source
habitats (fig. 107).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Among source
habitats basin-wide, big sagebrush types have declined
by one-third, the most serious habitat change for
shrikes because of the total acreage affected (vol. 3,
appendix 1, table 4; Hann and others 1997). Salt desert
shrub and mixed-conifer woodlands also have declined
s u b s t a n t i a l l y, one-third and one-half, respectively.
To g e t h e r, the latter declines affected only a small part
of the basin (vol. 3, appendix 1, table 4; Hann and 
others 1997). The only other significant basin-wide
changes have been increases in juniper/sagebrush,
juniper woodlands, and mountain mahogany (Hann
and others 1997). The latter three types combined,
h o w e v e r, cover only a small percentage of the basin.
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The largest changes have been in the Upper Snake 
and Columbia Plateau ERUs, where big sagebrush 
has declined by about 50 percent (vol. 3, appendix 1,
table 4). In the Upper Clark Fork and Blue Mountains
ERUs, mixed-conifer woodlands have declined by
over four-fifths and one-half, respectively (Hann and
others 1997). Declines in the Upper Clark Fork can be
attributed to a near total loss of mixed-conifer wood-
lands, although this type historically only covered a
small portion of the ERU. Increases in the southern
Columbia Plateau are due to juniper/sagebrush, which
more than doubled, and mountain mahogany, up near-
ly sixfold; these types together now are estimated to
occupy nearly one-tenth of the ERU. Similarly,
juniper/sagebrush in the Upper Klamath is estimated
to have tripled, making the availability of source habi-
tats there significantly greater (Hann and others 1997).
Large increases in source habitats in the Northern
Glaciated Mountains are most likely because of rela-
tively large increases in mixed-conifer woodlands,
though source habitat is limited in this ERU.

Large-scale loss of sagebrush habitats is due to several
factors. The first factor is conversion to agriculture.
Agricultural lands have increased significantly in
every ERU in the basin (Hann and others 1997). In
fact, the largest transition of any terrestrial community
from historical to the current period was that of upland
shrubland to agriculture (+9.0 percent), and the sec-
ond largest was that from upland herbland to agricul-
ture (+6.6 percent, Hann and others 1997). T h i s
transition, occurring in the fundamental source habi-
tats for this group, explains much of the pattern evi-
dent in habitat trends for loggerhead shrike (fig. 106).

A second factor contributing to loss of sagebrush
habitat is conversion of shrub-steppe vegetation to
exotic forbs and annual grass. Increases in exotic
cover types have occurred in all the major shrub-steppe
ERUs. Substantial portions of the Owyhee Uplands
and Upper Snake ERUs have undergone a conversion
from upland shrubland to exotic herbland (Hann and
others 1997). 

Figure 105—Ranges of species in group 35 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, sepa-
rate maps are shown for historical and current ranges; otherwise, the current range map
also denotes the historical range.

MAP 
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Figure 106—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in per-
centage of area of source habitats from historical to current periods (C), for group 35 within each of 2,562 watersheds in the
basin. Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 =
a decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

VIEW 

MAP 
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Figure 107—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 35, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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The condition of the habitat for group 35 can be
described by the composite ecological integrity
ratings (Quigley and others 1996) that show most of
the habitat to have a “low” rating. Most of the current
habitat for this group was classified into Rangeland
Clusters 5 (generally corresponding to much of the
Owyhee Uplands ERU) and 6 (generally the Northern
Great Basin, Owyhee Uplands, and Upper Snake ERUs),
where the primary risk to ecological integrity is contin-
ued losses of herbland and shrubland habitats (Quigley
and others 1996). Further, Rangeland Cluster 6 also is
vulnerable to overgrazing and to exotic grass and forb
invasions (Quigley and others 1996).

Other factors affecting the group—Shrikes prefer
tall plants for nest sites, often choosing particularly
tall individual big sagebrush plants or, more generally,
sites with tall average shrub heights (for example, 
>1 m [3 ft]) (Leu 1995, Sharp 1992, Yosef 1996). This
type of sagebrush community is apt to be a big sage-
brush site with deeper soils and a slightly more mesic
moisture regime. These sites are precisely where agri-
cultural conversion has most commonly occurred in
the past and where future risks of conversion remain
the greatest (Hann and others 1997).

Shrikes also prefer to hunt from elevated perches 
such as fence posts, utility lines, and woody vegeta-
tion (Bohall-Wood 1987, Gawlik and Bildstein 1993,
Yosef and Grubb 1992), and to restrict their foraging
to an area within 10 m of such perches (Chavez-
Ramirez and others 1994). Their use of any area may
correspond directly to the availability of such perches.
Young shrikes prefer to forage on bare ground and
sites with little vegetative cover (Leu 1995). Foraging
opportunities for young shrikes may be severely
reduced because shrub-steppe habitats with natural
openings of bare ground have been altered by exotic
grasses (for example, cheatgrass) and forbs, creating 
a continuous vegetative layer (see Leu 1995).

In a study area generally corresponding to the Northern
Great Basin ERU, shrike densities were negatively
correlated with the cover of grass and positively cor-
related with woody cover, bare ground, and vegetation
height (Rotenberry and Wiens 1980). Shrike densities
were negatively correlated with those of Brewer’s
sparrow and positively correlated with those of rock
wrens. Among habitat variables, shrikes were posi-
tively associated with the cover of rock and shrubs,
and with shrub species diversity (Wiens and
Rotenberry 1981).

Loggerhead shrikes evolved in shrub-steppe habitats,
where microbiotic crusts were broadly distributed 
(see Kaltenecker and Wicklow-Howard 1994).
Microbiotic, or cryptogamic, crusts consist of lichens,
bryophytes, algae, microfungi, cyanobacteria, and bac-
teria growing on or just below the soil surface in arid
and semiarid environments (Kaltenecker and Wi c k l o w -
Howard 1994); these crusts developed without larg e
herds of grazing ungulates (St. Clair and Johansen
1993). In addition, these crusts were projected to have
been widely distributed throughout the source habitats
for this group, particularly in the Northern Great Basin,
Owyhee Uplands and Upper Snake ERUs, but also
scattered in the Columbia Plateau ERU (Hann and 
others 1997, map 3.59). Increasing evidence indicates
that microbiotic crusts improve soil stability, produc-
t i v i t y, and moisture retention; moderate extreme tem-
peratures at the soil surface; and enhance seedling
establishment of vascular plants (Belnap and Gardner
1993, Harper and Pendleton 1993, Johansen and others
1993, St. Clair and others 1993), thus contributing to
high ecological integrity of shrub-steppe habitats.
I d a h o BLM has recognized the potential importance
of microbiotic crusts by proposing standards for
rangeland health that include maintaining these crusts
to ensure proper functioning and productivity of
native plant communities (USDI Bureau of Land
Management 1997). These crusts were widely
destroyed by trampling during the excessive livestock
grazing of the late 1800s and early 1900s (Daubenmire
1970, MacCracken and others 1983, Mack and
Thompson 1982, Poulton 1955). Currently, high-
intensity grazing and altered fire regimes modify
shrub-steppe plant communities and threaten the
maintenance and recovery of microbiotic crusts
(Belnap 1995, Kaltenecker 1997, St. Clair and
Johansen 1993).

Conversion of native vegetation to exotics is aug-
mented by the propensity of annuals, such as cheat-
grass, to spread with wildfire and with improper
grazing (Braun and others 1976; Daubenmire 1970;
Evans and Young 1978; Quigley and others 1996, p. 123).
Some losses of salt desert shrubs likely are due to
selective grazing of palatable forbs in this cover type,
combined with more xeric conditions that make vege-
tative resilience low.

Losses of pasture and old fields for wintering habitat
in the Southeastern United States have affected shrike
populations (Brooks and Temple 1990, Gawlik and
Bildstein 1993). Loss of pasture and prairie habitats
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for breeding in Canada and the Eastern United States
are widely cited as causes for population declines in
those regions (Yosef 1996). These habitat losses have
not been identified as limiting factors for shrike popu-
lations in the basin.

Because shrikes often forage and nest along roads
(Blumton 1989, Craig 1978, Flickinger 1995, Yo s e f
1996), vehicular collisions may be an important
source of mortality. Automobiles accounted for 29
percent of the observed fall and winter mortality 
of loggerhead shrikes in Vi rginia (Blumton 1989).
Shrikes also may have been affected by DDT in the
past and may suffer sublethal effects of certain insec-
ticides, although the evidence is weak (Anderson and
Duzan 1978, Grubb and Yosef 1994, Yosef 1996).
Cowbird parasitism of nests does not appear to be a
factor affecting productivity of loggerhead shrikes
( Yosef 1996).

Population status and trends—Populations of log-
gerhead shrikes have been declining significantly in
the basin, with a trend of -2.7 percent per yr (n > 14, 
P < 0.05) over the period 1968-94 (Saab and Rich
1997). The 1966-95 trend for BBS physiographic
region 89 (Columbia Plateau) was -2.3 percent per yr
(n = 41, P < 0.05; Sauer and others 1996). Saab and
Rich (1997) included the loggerhead shrike as one of
15 Neotropical migrants in the basin that are of high
concern to management under all future management
themes for the basin. 

Patterns of widespread declines throughout its range
(Yosef 1996) suggest that either (1) habitat losses
throughout its breeding range in various types of
breeding habitat are similar, or (2) additional, more
extensive factors are impacting the species, such as
pesticides or wintering ground problems. These possi-
bilities do not diminish the losses of source habitats in
the basin but suggest that widespread population
declines may be at least partly the result of a more
pervasive cause.

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 35 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—The results of our habitat trend analysis 
suggest the following issues are of high-priority for
group 35:

1. Permanent and continued loss of large acreage of
big sagebrush cover types to agricultural conver-
sion, brush control, reduction of microbiotic crusts,
and cheatgrass invasion.

2. Adverse effects of human disturbance.

Potential strategies—The following strategies could
be used to reverse broad-scale declines in source
habitats:

1. (To address issue no. 1) Identify and conserve
large remaining areas (contiguous habitat >1000 ha
[2,470 acres]) of shrub-steppe vegetation where
ecological integrity is still relatively high (Gray
and Rickard 1989, Rickard and Poole 1989,
Schuler and others 1993, Smith 1994, Yoakum
1980). Sites resistant to cheatgrass domination
because of their moisture regime (>30 cm [12 in])
in the Upper Snake, Owyhee Uplands, Northern
Great Basin, and Columbia Plateau ERUs are of
highest priority.

2. (To address issue no. 1) Restore microbiotic crusts
in ERUs with potential for redevelopment (that is,
areas near propagule sources, and with suitable
soil, vegetation, and climatic characteristics [see
Belnap 1993, Belnap 1995, Kaltenecker 1997,
Kaltenecker and Wicklow-Howard 1994]): the
Northern Great Basin, Owyhee Uplands, Upper
Snake, and, to a lesser extent, the Columbia
Plateau (Hann and others, map 3.59).

3. (To address issue no. 1) Retard the spread of 
cheatgrass in native shrub-steppe vegetation com-
munities.

4. (To address issue no. 2) Minimize adverse effects
of human disturbance.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Protect and restore
corridors and habitat blocks in areas of shrub-
steppe that support large, contiguous areas of high
ecological integrity so as to optimize long-term
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conservation of shrikes. These practices are most
likely to be successful on large tracts of Federal
land managed by BLM.

2. (In support of strategy no. 1) Restore existing 
agricultural lands to native vegetation when possi-
ble. Sites where this might be especially useful are
areas that were historically shrub-steppe and areas
that would augment corridors among existing
shrub-steppe patches.

3. (In support of strategy no. 1) Avoid further loss of
sagebrush cover through burning, plowing, seed-
ing, and other brush “control” methods where
sagebrush cover types are well below historical
levels.

4. (In support of strategy no. 1) Minimize the impacts
of further agricultural conversions through land-
scape design. If conversion cannot be avoided,
then tracts slated for conversion should be located
to minimize further disassociation of shrub-steppe,
to avoid reducing the size of isolated patches, and
to avoid areas that are currently in large blocks of
moderate Composite Ecological Integrity (Quigley
and others 1996).

5. (In support of strategy no. 1) Restore native vege-
tation by appropriate mechanical treatments and
seedings of native shrub, grass, and forb species
(Allen 1995, Monsen and McArthur 1995,
Whisenant 1995, Yoakum 1986b).

6. (In support of strategy no. 2) Encourage the 
redevelopment of microbiotic crust by reducing 
or eliminating livestock grazing (Mack and
Thompson 1982, St. Clair and others 1993).
Explore the use of ground-based and aerial soil
inoculation to increase the speed and extent of 
dispersal of the organisms that create microbiotic
crust (Belnap 1993, 1994). 

7. (In support of strategy no. 3) Use fire prevention
and suppression to retard the spread of cheatgrass
in areas that are susceptible to cheatgrass invasion
but currently are dominated by native grass
species. Explore the effectiveness of planting fire-
resistant vegetation through “green stripping”
(Pellant 1994) to protect existing vegetation as
well as allow degraded sites a chance to recover.

8. (In support of strategy no. 3) Restore selected
areas of cheatgrass monocultures through seeding
and other manipulations (Allen 1995, Daubenmire
1970, Evans and Young 1978, Hosten and West
1994, Kennedy 1994, Monsen and McArthur 1995,
Ogg 1994, Whisenant 1995, Yoakum 1986b),
where such restoration would increase the size of
existing shrub-steppe patches or provide links
among patches.

9. (In support of strategy no. 4) Minimize access to
roads and, where possible, locate them on the
periphery of areas known to have good shrike 
populations. Avoid construction of new roads or
improvement of old roads in shrike habitat. Plan
habitat enhancement projects for sites away from
heavily traveled roads.

10.(In support of strategy no. 4) Avoid insecticide
spraying during shrike breeding season.

Group 36—Columbian 
S h a r p - Tailed Grouse (Summer)

Results

Species ranges, source habitats, and special habitat
features—Columbian sharp-tailed grouse is a year-
round resident that is distributed patchily in mesic
shrubland and grassland types of the Upper Snake,
Snake Headwaters, Central Idaho Mountains, Northern
Glaciated Mountains, and Columbia Plateau ERUs
(fig. 108). Only trends in summer habitat are evaluat-
ed here, because winter cover types (primarily riparian
and upland shrub) occur in naturally small patches
that could not be analyzed at the broad scale. During
the late 1980s, early 1990s, 1996, and 1997, popula-
tions were augmented in Montana within the Northern
Glaciated Mountains ERU and reintroduced in Oregon
within the Blue Mountains ERU. 

Summer source habitats of Columbian sharp-tailed
grouse include open-canopied big, mountain, and low
sagebrush cover types, wheatgrass and fescue bunch-
grasses, herbaceous wetlands, upland or mountain
shrub cover types of chokecherry-serviceberry-rose,
and shrub wetland cover types (vol. 3, appendix 1,
table 1) (Marks and Saab Marks 1987a, Meints and
others 1992, Saab and Marks 1992). Within these
habitats, sharptails only use areas where the annual
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Figure 108—Ranges of species in group 36 within the basin (from Marcot and others, in prep.). For species whose ranges shift-
ed significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current
range map also denotes the historical range.
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precipitation is at least 30 cm (12 in) (Meints and 
others 1992), and where the topography is flat to
rolling (<30 percent slope) (Saab and Marks 1992).
During spring and summer, sagebrush and grasslands
provide nesting and brood-rearing habitat, whereas
mountain (upland shrub) and riparian shrubs are used
for escape cover. Fall and winter habitats are primarily
mountain shrub and riparian vegetation. Following
those seasonal changes in habitat use, herbaceous 
vegetation and associated arthropods provide food for
sharptails during spring and summer, whereas fruits
and buds of woody vegetation, insects, and agricultural
crops are consumed by grouse during fall and winter
(Giesen and Connelly 1993).

During spring and summer in western Idaho, nesting
and brood-rearing microhabitats used by sharptails are
characterized by moderate vegetative cover (>60 per-
cent), high structural diversity, and a high diversity of
native herbaceous vegetation (Marks and Saab Marks
1987a, Saab and Marks 1992). Native perennials
arrowleaf balsamroot and bluebunch wheatgrass were
especially important nesting and brood-rearing cover
during a drought year when many exotic annuals dried
up and provided no cover (Saab and Marks 1992).
Additionally, selected microhabitats in western Idaho
were least modified by livestock grazing and near
escape cover of mountain shrubs and riparian vegeta-
tion. Grouse broods in eastern Idaho preferred CRP
lands over native shrublands or agricultural fields 
during summer (Sirotnak and others 1991). Seedings
on CRP lands provide nesting cover and are often
good sources of food if the seedings include alfalfa,
Tragopogon species, and Lactuca species. Height of
nest-brood cover was identified as a critical microhab-
itat feature and averaged 25 + 16 cm (10 + 6.3 in) in
eastern Idaho (Meints and others 1992).

When native shrubland is used for nesting in Idaho,
most nests are placed beneath a shrub (Marks and
Saab Marks 1987a, Meints 1991). Thus, shrubs are a
special habitat feature for this species (vol. 3, appen-
dix 1, table 2). Shrub density at nests in eastern Idaho
averaged 11,000 shrubs per ha (2.5 acres) compared to
5,000 shrubs per ha (2.5 acres) at independent, ran-
domly located sites (Meints 1991). In a native grass-

land of northwestern Montana, preliminary data indi-
cated that nests were placed beneath wheatgrass and
fescue bunchgrasses.15

Spring and summer movements are typically within
1.0 to 2.5 km (0.63 to 1.6 mi) of dancing grounds 
(lek sites) (Saab and Marks 1992). Summer home
ranges averaged 187 + 114 ha (462 + 282 acres) in
western Idaho and 90 percent of all locations were
within 1.2 km (0.75 mi) of a dancing ground (Saab
and Marks 1992). Nests have been located <100 m
(328 ft) (Marks and Saab Marks 1987a) to >3 km (1.9
mi) (Meints 1991) from lek sites, with most females
nesting <1.6 km (1.0 mi) from the lek where they
were trapped (Marks and Saab Marks 1987a, Meints
1991, Oedekoven 1985).

Winter habitat requirements seem more restricted 
than in other seasons (Giesen and Connelly 1993).
Columbian sharptails in western Idaho wintered
almost exclusively in mountain shrub or riparian
cover types, the only cover types that provided food
and escape cover regardless of snow depth (Marks
and Saab Marks 1988). Fruits of Douglas hawthorn
and buds of serviceberry and chokecherry were the
main winter foods. Winter grouse locations in eastern
Idaho averaged 90 m (295 ft) to riparian cover
(Meints 1991). Movements of sharptails between
breeding and wintering areas varied from 2.6 km 
(1.6 mi) in western Idaho (Marks and Saab Marks
1987a) to 20 km (12.5 mi) in southeastern Idaho
(Meints 1991). Columbian sharptails apparently move
farther to wintering habitats in regions lacking a broad
distribution of winter food resources (Giesen and
Connelly 1993).

B road-scale change in source habitats—H i s t o r i c a l l y,
source habitats for Columbian sharp-tailed grouse
were broadly distributed in eastern Washington and
eastern Oregon, except in the Northern and Southern
Cascades ERUs (fig. 109A). Historical source habitats
were also in western portions of the Central Idaho
Mountains, in the southern Owyhee Uplands, southern
Snake Headwaters, and eastern portions of the Upper
Snake and Snake Headwaters ERUs (fig. 109A).

15 Personal communication. 1997. Tim Thier, wildlife biologist,
Montana Department of Fish, Wildlife, and Parks, P.O. Box 507,
Trego, MT59934.
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Figure 109—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in per-
centage of area of source habitats from historical to current periods (C), for group 36 within each of 2,562 watersheds in the
basin. Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 =
a decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 110—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 36, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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The current distribution of source habitats is limited
and highly disjunct compared to historical patterns
(fig. 109B). The western half of the Snake Headwaters
and eastern Upper Snake ERUs currently provide the
most contiguous habitat within the current range (figs.
108, 109B). In contrast, other remaining p o p u l a t i o n s
are restricted to small and isolated portions of the
Central Idaho Mountains, Northern Glaciated Mountains,
Columbia Plateau, Blue Mountains, and Lower Clark
Fork ERUs (fig. 108). Breeding populations reintro-
duced to northeastern Oregon in the early 1990s occu-
py small areas near Enterprise in the Blue Mountains,
and augmentations were conducted near Eureka,
Montana, in the Northern Glaciated Mountains during
the late 1980s and early 1990s (fig. 108).

Strong declines in source habitats were projected in
over 60 percent of watersheds throughout the basin,
whereas increases in habitat occurred in only 6 per-
cent of watersheds (figs. 109C and 110). Eight of 11
ERUs with historical source habitats had strongly
decreasing trends. The Northern Glaciated Mountains
experienced the greatest declines, where 94 percent of
the watersheds had strong decreases in source habitats
(fig. 110). 

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—The open-canopy
low-medium structural stage of mountain big sage-
brush and big sagebrush experienced some of the
greatest absolute declines on an ERU basis. The 
combined absolute decline for the open-canopy low-
medium structural stage of these two sagebrush types
declined in the Upper Snake (-40 percent), Owyhee
Uplands (-20 percent), Columbia Plateau (-13 per-
cent), Snake Headwaters (-7 percent), and Northern
Great Basin (-2 percent) (vol. 3, appendix 1, table 4).
In these open-canopied cover types, in the absence of
fire, shrubs and trees eventually invade much of the
area that was occupied by grasses and forbs. 

In addition, large-scale losses of sagebrush habitats
were attributed primarily to agricultural development.
Agricultural lands have increased substantially in all
ERUs within the basin (vol. 3, appendix 1, table 4).
The largest conversions of terrestrial communities
from historical to current levels were those of upland
shrubland to agriculture and from upland herbland to

agriculture (Hann and others 1997). These conver-
sions were widespread within the historical range of
sharptails and, in part, explained the broad-scale
changes in their source habitats (fig. 109C).

Mountain shrub (chokecherry-serviceberry-rose) and
shrub wetland terrestrial community groups are key
components of sharp-tailed grouse habitat during late
summer, fall, and winter. These cover types naturally
occur in small patches and were difficult to map at the
scale of this analysis. Therefore, accurate information
was not available on habitat trends in mountain shrub
and shrub wetlands.

Condition of special habitat features—Mesic sage-
brush lands, mountain shrub (chokecherry-serviceberry-
rose) communities, and riparian vegetation are special
habitat features used by sharptails. Loss and degrada-
tion of these features, as a result of livestock grazing
and agricultural conversions, were identified as factors
contributing to the widespread population declines in
Columbian sharp-tailed grouse within the basin (Marks
and Saab Marks 1987a, 1988; Meints and others 1992;
Saab and Marks 1992; Tirhi 1995). A d d i t i o n a l l y, losses
of native perennial grasses and forb understories of
the mesic sagebrush zones, because of livestock graz-
ing and exotic grass invasions, are microhabitat fea-
tures that could not be examined by the broad-scale
analysis. 

Other factors affecting the group—Livestock graz-
ing is the dominant land use in occupied Columbian
sharp-tailed grouse habitat. Habitat degradation by
high-intensity livestock grazing (also by native ungu-
lates) results in reductions or losses of native perenni-
al grasses and forbs, necessary for grouse nesting and
brood-rearing cover. Excessive grazing can alter the
native vegetation by allowing invasions of exotic
plants, including cheatgrass, medusahead, and mus-
tards. Additionally, deciduous trees and shrubs, which
are critical for sharptail escape cover and for winter
food (Marks and Saab Marks 1987a, 1987b, 1988;
Meints 1991; Tirhi 1995), may be reduced by inten-
sive cattle browsing during late summer (Kovalchik
and Elmore 1992).

Loss of lands managed under the CRP is potentially
another factor influencing Columbian sharptails. In
eastern Idaho, CRP lands provide important feeding,
nesting, brood-rearing, and relatively mild winter
habitat (Ulliman 1995). In Washington, however, CRP
lands receive little use by sharptails (Schroeder 1994).
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Although some females nest in CRP and other idle
croplands, the most successful nests in Washington
were built in native habitats of sagebrush or forbs
mixed with grass (Schroeder 1994).

Herbicides and pesticides have been identified as
potential threats to sharptails (Giesen and Connelly
1993). Herbicide spraying has negative effects on the
species because of losses in herbaceous and woody
vegetation that is used for nesting, brood-rearing, and
wintering habitat. Pesticide spraying may have nega-
tive impacts by directly killing young or by reducing
or eliminating insects used for food.

Fire can either enhance or degrade sharp-tail habitat,
depending on the cover type, timing, frequency, inten-
sity, size of burn (Giesen and Connelly 1993), soils,
and precipitation. Many species of deciduous shrubs
(for example chokecherry and rose) resprout after fire.
In contrast, most sagebrush species do not resprout
and may be eliminated by fires. Exotic vegetation can
invade following fire, depending on the soils and pre-
cipitation. 

Human disturbances related to the expansion of resi-
dential developments, increases in road densities, and
associated recreational activities likely will exacerbate
losses of suitable habitat within the historical range of
Columbian sharp-tailed grouse (Giesen and Connelly
1993, Tirhi 1995).

Population status and trends—Sharptails currently
occupy <5 percent of their historical range in the
basin. The BBS data summarized for western North
America indicate that population trends declined by
an average of -7.7 percent annually between 1966 and
1995 (n = 39, P < 0.05; Sauer and others 1996). 

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 36 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—The following issues were identified by our
analysis of source habitat trends and from the findings
of other studies on Columbian sharp-tailed grouse:

1. Fragmentation and loss of mesic shrubsteppe and
steppe habitats by conversion to agriculture.

2. Alteration of shrub-steppe and steppe habitats by
invasions of exotic forbs and grasses.

3. Degradation and loss of cover types within the
shrub-steppe, steppe, mountain shrub, herbaceous
wetlands, and shrub wetland community groups 
by excessive livestock grazing.

4. Loss of sagebrush cover because of burning, 
herbicide spraying, and other brush control methods.

5. Human disturbance of leks and wintering popula-
tions because of increased roading and human
presence.

6. Increased application of pesticides in and near
agricultural areas.

7. Loss of CRP lands by conversion back to active
croplands. 

8. Isolated and disjunct populations vulnerable to
extinction by stochastic events (that is, demo-
graphic, environmental, or genetic stochasticity).

Potential strategies—The issues identified above
suggest the following broad-scale strategies for the
long-term persistence of Columbian sharp-tailed
grouse:

1. (To address issue no. 1) Basin-wide, identify areas
of mesic shrub-steppe vegetation with high ecolog-
ical integrity and manage to promote their long-
term sustainability.

2. (To address issue no. 2) Restore shrub-steppe and
steppe habitats that have been altered by medusa-
head grass, cheatgrass, and exotic mustards, and
focus on areas that would increase patch size or
links with existing source habitat patches.

3. (To address issue no. 2) Protect shrub-steppe habi-
tats against wildfire in areas vulnerable to invasion
by exotic vegetation.

4. (To address issue no. 3) Reduce habitat degrada-
tion by livestock grazing in cover types within
shrub-steppe, mountain shrub, riparian, grassland,
and herbaceous wetland terrestrial community
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groups that are currently occupied by sharptails,
with a high potential of being recolonized by
sharptails, or that have been identified for reintro-
ductions. 

5. (To address issue no. 4) Maintain sagebrush and
mountain shrub cover, and increase these shrub-
lands in areas where substantial losses have
occurred because of brush control, especially in
locations currently occupied by sharptails, with a
high potential of being recolonized by sharptails,
or in locations that have been identified for 
reintroductions.

6. (To address issue no. 7) Maintain CRP lands that
are currently occupied by sharptails, lands that
have a potential of being used by sharptails, or 
are near locations that have been identified for 
reintroductions.

7. (To address issue no. 8) Expand the current range
of Columbian sharptails within their historical
habitats.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategies no. 1 and no. 4) Establish 
special management areas for maintaining high-
integrity shrublands where livestock grazing would
be eliminated or restricted. Manage areas of at
least 200 ha (494 acres) for summer nesting and
brood-rearing habitat; suitable wintering habitats
should be within 2.6 to 20 km (1.6 to 12.5 miles)
of summer areas.

2. (In support of strategy no. 2) Restore degraded
shrub-steppe, mountain shrub, and shrub wetland
habitats by plantings of native shrub and herba-
ceous vegetation, and by prescribed fire (in areas
not vulnerable to invasion by exotic plants).

3. (In support of strategy no. 2) Develop methods
through ongoing or new research to restore shrub-
steppe habitats altered by medusahead, cheatgrass,
and exotic mustards.

4. (In support of strategy no. 3) Plant native vegeta-
tion that is naturally resistant to wildfire, and
actively suppress wildfires in areas that are suscep-
tible to postfire invasions of exotic vegetation. 

5. (In support of strategy no. 4) Remove or explicitly
control the timing and intensity of grazing to
improve the ecological condition of degraded
rangelands in locations occupied by sharptails,
with a high potential of being recolonized by
sharptails, or that have been identified for reintro-
ductions.

6. (In support of strategy no. 5) Eliminate brush 
control for sagebrush and mountain shrubs in 
those areas currently occupied or with a high
potential of being recolonized by sharptails,
including the Snake Headwaters, Upper Snake,
Central Idaho Mountains, Blue Mountains, and
Columbia Plateau ERUs.

7. (In support of strategy no. 6) Promote the con-
tinuation and development of the CRP program,
whereby private landowners are encouraged to
reduce soil erosion and establish perennial cover,
especially in the Upper Snake and Snake
Headwaters ERUs.

8. (In support of strategy no. 7) Acquire lands that 
are currently occupied by sharptails but are not
specifically managed for the grouse. 

9. (In support of strategy no. 7) Reintroduce and 
augment sharp-tailed grouse populations after
habitat enhancement.

Group 37—Grasshopper
Sparrow, Clay-Colored
Sparrow, and Idaho Ground
Squirrel

Results

Species ranges, source habitats, and special habitat
features—Group 37 consists of breeding habitat for
the grasshopper sparrow and clay-colored sparrow,
and year-round habitat for the Idaho ground squirrel.
The breeding range of the grasshopper sparrow 
(fig. 111) includes most of the basin except for the
Northern Great Basin, Upper Klamath, Southern
Cascades, and Northern Cascades ERUs. The breeding
range of the clay-colored sparrow (fig. 111), on the
other hand, is restricted to the Northern Glaciated
Mountains, Upper Clark Fork, and Snake Headwaters
ERUs. Within the basin, ranges of these two sparrow
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Figure 111—Ranges of species in group 37 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.
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species overlap only in Montana and Wyoming. Two
subspecies of the Idaho ground squirrel occur in the
basin, the northern Idaho ground squirrel (S p e r m o p h i l u s
b runneus bru n n e u s) and the southern Idaho ground
squrriel (Spermophilus brunneus endemicus). Both of
these subspecies are found only in western Idaho (fig.
111), and of the two subspecies, the northern is the more
rare (Yensen 1991). The ecology and management con-
cerns of the northern subspieces are the basis for most
of the subsequent discussion of northern Idaho ground
squirrel in this document.

Fescue-bunchgrass is the one cover type shared by 
all three species (vol. 3, appendix 1, table 1). Open-
canopied mountain big sagebrush is source habitat
used by the grasshopper sparrow and Idaho ground
squirrel. A d d i t i o n a l l y, the open-canopied big sage-
brush is source habitat for the ground squirrel. T h e
clay-colored sparrow also has source habitats in
chokecherry-serviceberry-rose and native forb cover
t y p e s .

Neither sparrow has a clear preference for any special
habitat features, but the clay-colored may be attracted
to sites that have dense shrubs in a matrix of more
open grasslandlike vegetation (Janes 1983). Idaho
ground squirrels inhabit meadows, usually with shal-
low soils and small intrusions of deeper soil for nest
burrows (USDA Forest Service and USDI Fish and
Wildlife Service 1996).

B road-scale changes in source habitats—H i s t o r i c a l l y,
source habitats for the sparrows in this group were
widespread, but generally occupied <25 percent of
most watersheds (fig. 112A). High percentages of
contiguous watersheds with source habitats occurred
in the northeast end and along the eastern edge of the
Columbia Plateau ERU, and in the northern end of the
Blue Mountains ERU. In the rest of the basin, howev-
er, large, contiguous source habitats of high ecological
integrity were small and scattered. Nonetheless, the
sparrows likely occupied relatively small patches of
suitable habitat throughout their historical ranges. 

Habitat loss has been obvious as both contiguous areas
of source habitats and watersheds with relatively less
habitat have greatly diminished (fig. 112B). T h e
Columbia Plateau and Blue Mountains ERUs had
strongly declining trends in source habitats for
grasshopper sparrows. Similarly, the small but

important source areas for the clay-colored sparrow
in the northeastern portion of the basin and for Idaho
ground squirrel in the center of the basin have
decreased. Although much of the basin never had a
high percentage of watersheds with source habitats,
large acreages have been converted to landscapes with
no habitat (fig. 112B). 

Over 60 percent of the watersheds had strongly
declining trends in source habitats basin-wide (fig. 11 3 ) .
Within the two ERUs that constitute the heart of the
habitat for grasshopper sparrow, the Columbia Plateau
and Blue Mountains, changes were markedly negative
(fig. 113). Similarly, where the two sparrows occur
together in the Northern Glaciated Mountains and
Upper Clark Fork ERUs, trends were clearly declining
(fig. 113). Source habitats for the ground squirrel were
projected to have undergone the second greatest decline
among 91 species evaluated (vol. 1, table 7). All three
species in this group were in the habitat trend category
with the greatest decrease in source habitats (vol. 1,
table 7). 

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—The principal veg-
etation change corresponding to the negative trend in
source habitats was in the fescue-bunchgrass cover
type, which declined two-thirds from historical levels
basin-wide (Hann and others 1997). The largest
declines within the species ranges occurred in the
Columbia Plateau and Northern Glaciated Mountains
(>80 percent); Blue Mountains (75 percent); and
Upper Clark Fork and Central Idaho Mountains (60
percent; vol. 3, appendix 1, table 4). The decrease in
fescue-bunchgrass amounted to over 5 percent of all
changes in the basin, an amount exceeded only by the
decrease in big sagebrush (Hann and others 1997).

The open-canopy low-medium structural stage of
mountain big sagebrush and big sagebrush experi-
enced some of the greatest absolute declines on an
ERU basis. The combined absolute decline for the
open-canopy low-medium structural stage of these
two sagebrush types declined in the Upper Snake 
(-40 percent), Owyhee Uplands (-20 percent), Columbia
Plateau (-13 percent), Snake Headwaters (-7 percent),
and Northern Great Basin (-2 percent) (vol. 3, appen-
dix 1, table 4).  In these open-canopied cover types, in
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Figure 112—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 37 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.
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Figure 113—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 37, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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the absence of fire, shrubs and trees eventually invade
much of the area that was occupied by grasses and
forbs. 

Basin-wide declines in mountain big sagebrush were
substantial (Hann and others 1997) and resulted in
critical losses of source habitats for the grasshopper
sparrow and Idaho ground squirrel. Vegetation changes
affecting Idaho ground squirrels may be difficult to
discern for small meadows of sagebrush or native
herbaceous cover types within ponderosa pine-domi-
nated forests. This mosaic of habitats is not always
detectable at the 1-km2 (0.4-mi2) pixel size that was
used for evaluating habitat trends in this effort.

Increases in the Central Idaho Mountains were due to
the large relative increase in native forbs, although
this cover type occupies only a small fraction of the
ERU (vol. 3, appendix 1, table 4).

Conversion of upland shrubland to agriculture affected
9 percent of the basin (Hann and others 1997). Major
conversions in the Columbia Plateau, Owyhee Uplands,
and Blue Mountains greatly affected this group. The
basin-wide loss of fescue-bunchgrass and wheatgrass-
bunchgrass cover types was largely because of con-
version to agriculture. Transition of upland herbland
to agriculture affected 7 percent of the basin, a con-
version rate second only to that for upland shrubl a n d
(Hann and others 1997). Conversion in the C o l u m b i a
Plateau and Blue Mountains was particularly high—
up to 25 percent of upland shrublands. Basin-wide
declines in mountain big sagebrush and native forbs
also were attributed in part to agricultural conversion.

Habitat condition for group 37 can be described by
the composite ecological integrity ratings (Quigley
and others 1996) that show most of the habitat to have
a “low” rating. Fescues and bunchgrasses, critical
habitat components for this group, were irreversibly
modified by high-intensity grazing in the late 1800s 
to early 1900s (USDA Forest Service 1996). Most of
the current habitat for this group was classified into
Rangeland Clusters 5 (generally corresponding to
much of the Owyhee Uplands ERU) and 6 (generally
the Northern Great Basin, Owyhee Uplands, and
Upper Snake ERUs), where the primary risk to eco-
logical integrity is continued losses of herbland and
shrubland habitats (Quigley and others 1996). Further,
Rangeland Cluster 6 is vulnerable to overgrazing and
exotic grass and forb invasions (Quigley and others
1996).

Other factors affecting the group—Early season
mowing of hayfields causes major nest failures in
grassland-nesting species (Knapton 1994, Smith
1963). Where hayfields and similar agricultural lands
have replaced native source habitats or are now locat-
ed adjacent to such habitats, those sites likely serve as
significant population sinks, particularly for grasshop-
per sparrows.

Grasshopper sparrow populations temporarily decline
immediately after grassland fires (Bock and Bock
1992). Birds likely avoid recently burned areas
because of the lack of grass cover, and they are
expected to return to burned sites after grasses are
restored. This sparrow also avoids areas where shrub
cover exceeds 35 percent (Bock and Bock 1992,
Smith 1963). Thus, fire plays a beneficial role in 
habitat management for this species.

Although clay-colored sparrows are sympatric with
grasshopper sparrows in some regions, clay-coloreds
prefer the other end of the grass-shrub gradient,
becoming more common with increases in shrub
cover and patches of shrubs (Knapton 1979, 1994;
Owens and Myers 1973). Thus, clay-colored sparrows
also will respond negatively, in the short term, to
burning and may require more time to return to prefire
population densities while shrubs become reestab-
lished after fire (Pylypec 1991).

Species in this group evolved in shrub-steppe habitats,
where microbiotic crusts were broadly distributed 
(see Kaltenecker and Wicklow-Howard 1994).
Microbiotic, or cryptogamic, crusts consist of lichens,
bryophytes, algae, microfungi, cyanobacteria, and
bacteria growing on or just below the soil surface in
arid and semiarid environments (Kaltenecker and
Wicklow-Howard 1994); these crusts developed in the
absence of large herds of grazing ungulates (St. Clair
and Johansen 1993). In addition, these crusts are pro-
jected to have been widely distributed throughout the
source habitats for this group, particularly in the
Northern Great Basin, Owyhee Uplands, and Upper
Snake ERUs but also scattered in the Columbia
Plateau ERU (Hann and others 1997, map 3.59).
Increasing evidence indicates that microbiotic crusts
improve soil stability, productivity, and moisture
retention; moderate extreme temperatures at the soil
surface; and enhance seedling establishment of vascu-
lar plants (Belnap and Gardner 1993, Harper and
Pendleton 1993, Johansen and others 1993, St. Clair
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and others 1993), thereby contributing to high ecolog-
ical integrity of shrub-steppe habitats. Idaho BLM has
recognized the potential importance of microbiotic
crusts by proposing standards for rangeland health
that include the maintenance of these crusts to ensure
proper functioning and productivity of native plant
communities (USDI Bureau of Land Management
1997). These crusts were widely destroyed by tram-
pling during the excessive livestock grazing of the late
1800s and early 1900s (Daubenmire 1970, MacCracken
and others 1983, Mack and Thompson 1982, Poulton
1955). Currently, high-intensity grazing and altered
fire regimes modify shrub-steppe plant communities
and threaten the maintenance and recovery of micro-
biotic crusts (Belnap 1995, Kaltenecker 1997, 
St. Clair and Johansen 1993).

Grazing may reduce or completely exclude grasshop-
per sparrow populations (Bock and Webb 1984, Saab
and others 1995) because livestock remove grass, the
main feature of a given site that attracts this species
(Janes 1983).

The grasshopper sparrow may be area sensitive and
more likely to occupy large tracts of habitat than small
fragments (Samson 1980). Minimum area requirements
in Maine are about 100 ha (247 acres) (Vickery and
others 1994) and in Illinois are about 30 ha (74 acres)
(Herkert 1994).

Although brown-headed cowbirds parasitize nests of
grasshopper sparrows, the impact is believed to be
generally low because of the cryptic nature of the
nests of sparrows (Vickery 1996). Cowbirds also par-
asitize nests of clay-colored sparrows, which may
accept or reject the eggs. The overall impact on this
species is not known but may be lower than in many
species, as cowbird parasitism accounts for only 22
percent of egg loss (Knapton 1994).

Idaho ground squirrels are threatened by sport shoot-
ing or “plinking” (Moroz 1995). Several sites occu-
pied by the ground squirrels are regularly visited by
shooters for this purpose. When populations are small,
this activity could have a critical, detrimental impact.
Increases in human occupation in the basin likely
have caused an increase in human disturbance.

Idaho ground squirrels may experience competition
with Columbian ground squirrels (Moroz 1995,
USDAForest Service and USDI Fish and Wildlife

Service 1996). Both species use similar habitats, but
the Idaho ground squirrel tends to inhabit more xeric
areas that cannot support Columbian ground squirrels.
Columbian ground squirrels are larger and require
l a rger areas with deeper soils. Although the Idaho
ground squirrel can use the same habitats for hiberna-
tion, it may be competitively forced into the drier
areas with more shallow soils. The shallow soil areas
are more prone to fluctuating water tables and freez-
ing during harsh winters, causing overwinter mortality
in Idaho ground squirrels (Moroz 1995). 

Low population numbers of the Idaho ground squirrel,
probably no more than 600 to 800 individuals, make
the species vulnerable to (1) genetic drift, inbreeding,
and attendant loss of viability; (2) catastrophic 
invasions of predators, parasites, or diseases; and (3)
extirpation because of natural population fluctuations
(Moroz 1995). Populations are small and often isolated
by several kilometers (Yensen 1991).

Poisoning through the use of rodenticides may nega-
tively affect populations. Predation by domestic cats
also is a concern (USDA Forest Service and USDI
Fish and Wildlife Service 1996).

Forest encroachment into meadows due to fire sup-
pression and natural succession may be a threat to
Idaho ground squirrels (Moroz 1995). Encroachment
on meadows, replacement of open forest stands with
dense stands of trees, and human developments may
have eliminated or reduced dispersal corridors (USDA
Forest Service and USDI Fish and Wildlife Service
1996). 

Population status and trends—Sample sizes for the
clay-colored sparrow in the basin were insufficient to
determine population trend (Saab and Rich 1997). The
1966-95 trend for BBS physiographic region 64
(Central Rocky Mountains) is +11.4 percent per yr 
(n = 17, P < 0.05), but the sample size is small (Sauer
and others 1996).

Saab and Rich (1997) reported a stable population
trend for the grasshopper sparrow in the basin but also
stated that the species is not well monitored by the
BBS technique and advised specialized monitoring.
The trend for Washington is +7.5 percent per yr 
(n = 18, P < 0.1) and for physiographic region 89
(Columbia Plateau) is stable (n = 24, P > 0.1; Sauer
and others 1996). Again, sample sizes are too small 
to provide definitive results.
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There are 36 known historical and current population 
sites of northern Idaho ground squirrels (U.S. Government
2000b). Twenty-seven of these sites are currently
occupied by northern Idaho ground squirrels, and the
total population is estimated at less than 1,000 indi-
viduals. The northern subspecies was listed as threat-
ened by the U.S. Fish and Wildlife Service in A p r i l ,
2000 (U.S. Government 2000b).

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 37 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—The results of our habitat trend analysis 
suggest the following issues are of high priority for
group 37:

1. Continued loss of large acreage of fescue-bunch-
grass and mountain big sagebrush cover types.

2. Loss of microbiotic crusts.

3. Undesired changes in shrub:grass ratios because of
changes in historical fire regimes.

4. Direct mortality of ground nesting birds because of
agricultural practices.

5. The disjunct nature of remaining habitat for grass-
hopper sparrow populations.

6. Loss of meadow habitat because of forest encroach-
ment and human developments. 

7. Loss of dispersal corridors for Idaho ground 
squirrel from replacement of open forest stands
with dense stands and human developments. 

8. Vulnerability to extinction of small, isolated 
populations of ground squirrels because of 
poisoning, shooting, predation, disease, or natural
fluctuations.

9. Displacement from habitat because of interspecific
competition.

Potential strategies—The following strategies 
could be used to reverse broad-scale declines in
source habitats:

1. (To address issues no. 1 and no. 5) Identify and
conserve remaining large areas of mountain big
sagebrush and fescue-bunchgrass vegetation where
ecological integrity is still relatively high (Bock
and others 1993, Gray and Rickard 1989, Rickard
and Poole 1989, Schuler and others 1993, Smith
1994, Yoakum 1980). The remaining blocks of
habitat in the eastern Blue Mountains and southern
Central Idaho Mountains ERUs (fig. 112) may
serve as focal points for protection. For the clay-
colored sparrow, only the small watersheds in the
Upper Clark Fork and Northern Glaciated
Mountains ERUs (fig. 112) can be expected to
contribute to source habitats.

2 (To address issue no. 1) Restore native perennial
bunchgrasses and avoid further depletion because
of improper grazing (Braun and others 1976,
Daubenmire 1970, Evans and Young 1978).
Priority areas for the grasshopper sparrow are the
eastern Blue Mountains and southern Central
Idaho Mountains ERUs (fig. 113). For the clay-
colored sparrow, priority areas are the Upper Clark
Fork and Northern Glaciated Mountains ERUs.

3. (To address issue no. 2) Restore microbiotic crusts
in ERUs with potential for redevelopment (that is,
areas near propagule sources, and with suitable
soil, vegetation, and climatic characteristics [see
Belnap 1993, 1995; Kaltenecker 1997; Kaltenecker
and Wicklow-Howard 1994]): the Northern Great
basin, Owyhee Uplands, and Upper Snake ERUs
and, to a lesser extent, the Columbia Plateau ERU
(Hann and others 1997, map 3.59). 

4. (To address issue no. 3) Use fire to obtain desired
shrub:grass ratios. Enhance development of shrub
communities, particularly mountain sagebrush and
chokecherry-serviceberry-rose, in the Upper Clark
Fork and Northern Glaciated Mountains ERUs.
Maintain dense grassland cover in the eastern Blue
Mountains and southern Central Idaho Mountains
ERUs.

5. (To address issue no. 4) Minimize direct mortality
of ground nesting birds in agricultural areas.
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6. (To address issue no. 5) Maintain and restore the
largest areas of native grassland habitats.

7. (To address issues no. 6 and no. 7) Maintain mead-
ows and corridors currently used by Idaho g r o u n d
squirrels. Restore potentially suitable meadows
within the range of the species. Stop or reverse for-
est encroachment into meadows. 

8. (To address issue no. 8) Prevent direct human-
caused mortality of Idaho ground squirrels.

9. (To address issue no. 8) Restore populations of the
Idaho ground squirrel.

10.(To address issue no. 9) Explore the removal of
Columbian ground squirrels from adjacent habitats. 

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Use landscape plan-
ning to avoid further reductions in the size of large
blocks of mountain big sagebrush and fescue-
bunchgrass within each watershed, particularly in
the Blue Mountains and Central Idaho Mountains
ERUs, where sizable blocks of source habitats are
available.

2. (In support of strategy no. 1) Explore options
under the CRP (Johnson and Igl 1995), or develop
other incentive programs, to encourage restoration
of agricultural areas to native cover types. Focus
on areas that would increase patch size or links
with existing source habitat patches.

3. (In support of strategies no. 2 and no. 3) Modify
grazing systems or reduce grazing use where
native perennial bunchgrasses have been depleted.
The elimination of grazing may encourage the
redevelopment of microbiotic crust (Mack and
Thompson 1982, St. Clair and others 1993).

4. (In support of strategy no. 3) Explore the use of
ground-based and aerial soil inoculation to
increase the speed and extent of dispersal of the
organisms that create microbiotic crust (Belnap
1993, 1994).

5. (In support of strategies no. 1, 3, and 4) Develop 
a prescribed burning program designed to increase
native grass cover and reduce shrub cover (Vickery
1996) on limited acreages and in concert with
strategy no. 1. For example, summer burns, which
correspond to the period of increased natural light-
ning strikes, may be more beneficial for maintain-
ing source habitats than burns at other times of the
year (Shriver and others 1996); extensive, hot
burns in shrub-steppe habitats are probably less
beneficial than cooler, more controlled burns that
leave some shrub cover (Bock and Bock 1987). In
clay-colored sparrow habitats, fire control will
allow development of the shrub component that
this species prefers (Knapton 1994).

6. (In support of strategy no. 5) Where possible,
avoid early season mowing of hayfields and other
agricultural lands (Rodenhouse and others 1995,
Vickery 1996). Defer mowing on publicly owned
lands and develop incentives for private land own-
ers (Vickery 1996). Avoid creating hayfields and
similar crop fields adjacent to, or in the general
area of, natural nesting habitats.

7. (To address strategy no. 6) A breeding site of 100
to 200 pairs in an area of source habitats 800 to
1400 ha (1,330 to 2,330 acres) is recommended 
to sustain a population of grasshopper sparrows
(Delany and others 1995). Avoid fragmenting
existing source habitats below this size and work
to protect and restore other sites to at least this
standard.

8. (In support of strategy no. 7) Maintain meadow
and meadow-corridor habitats within ponderosa
pine cover types for Idaho ground squirrels. Retard
conifer invasion of meadows by thinning young
trees from stands, prescribed burning, and con-
trolled grazing (Moroz 1995). Replant with native
grasses. 

9. (In support of strategy no. 7) Develop livestock
grazing practices that retain grass seed-heads 
available to ground squirrels (Moroz 1995). 

10. (In support of strategy no. 7) Create new meadow
habitats at suitable locations with various deep and
shallow soils. Expand existing meadow habitats
through practices in issue no. 6, with attention to
corridors that could provide dispersal habitats for
existing populations of Idaho ground squirrels.
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11. (In support of strategy no. 8) Avoid use of rodenti-
cides in occupied habitats of Idaho ground squir-
rels.

12. (In support of strategy no. 8) Control recreational
uses such as off-road vehicles, roadside turnouts,
and camping within meadow complexes occupied
by Idaho ground squirrels. Encourage the public to
avoid shooting, poisoning, or trapping the squirrel.
Close important ground squirrel areas to discharge
of firearms. Inform the public about this endemic
Idaho species. 

13. (In support of strategy no. 9) Reintroduce Idaho
ground squirrels into suitable habitats. 

14. (In support of strategy no. 10) Determine if removal
or reduction of Columbian ground squirrel popula-
tions will provide more habitat for the Idaho
ground squirrel.

Group 38—Black Rosy Finch
and Gray-Crowned Rosy Finch

Results

Species ranges, source habitats, and special habitat
features—Group 38 consists of the black rosy finch
and the gray-crowned rosy finch, summer residents 
of alpine communities. The gray-crowned rosy finch
occurs throughout the basin, whereas the black rosy
finch is restricted to the eastern part of the basin (fig.
114). This analysis is focused on summer habitat only.
Both finches winter in open habitats at lower eleva-
tions and occasionally are observed in towns.

Source habitats for group 38 are alpine tundra, barren
rocky areas, and cliffs (vol. 3, appendix 1, table 1).
Rosy finches nest primarily on cliffs in rocky crevices
(French 1959), which are a special habitat feature
used by these species. Both finches feed on seeds 
and insects (French 1959).

Broad-scale changes in source habitats—Source
habitats coincide with the distribution of alpine tun-
dra, both historically and currently (figs. 115A, and
115B). The greatest amount of source habitat occurs
in the Rocky Mountains in Montana (fig. 115B). No
change in amount of source habitats was projected for
this group (figs. 115C and 116).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Neutral trends in
source habitats were attributed to insignificant changes
in the amount of alpine tundra since historical times
(Hann and others 1997). These projections were limited
by the coarse resolution of the data. Hann and others
(1997) suspected that finer resolution data would indi-
cate long-term degradation of soils and changes 
in the composition of vegetation resulting from exces-
sive domestic sheep grazing within alpine environ-
ments. Thus, the projected neutral trend should be
interpreted as describing habitat extent but not habitat
quality.

Condition of special habitat features—Changes in
the abundance of rocks and cliffs have not been docu-
mented but likely are insignificant.

Other factors affecting species within the group—
Potential overgrazing by sheep and human recreational
activities in alpine tundra could have a negative effect
on habitat suitability for these species (ICBEMP
1996g, Lehmkuhl and others 1997). Rock climbing
could cause local disturbances of nest sites.

Population status and trends—Trend data for popu-
lations of the black rosy finch or the gray-crowned
rosy finch are not available. Low population numbers
and limited habitat contribute to conservation con-
cerns for both species (ICBEMP 1996g, Marshall and
others 1996).

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 38 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—Results of our habitat trend analysis do not
lead to any management issues at the broad-scale.
Expert opinions (ICBEMP 1996g, Lehmkuhl and 
others 1997), however, suggest the following issues
may be important for the long-term viability of rosy
finches:
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Figure 114—Ranges of species in group 38 within the basin (from Marcot and others, in prep.). For species whose ranges shifted
significantly from historical conditions, separate maps are shown for historical and current ranges; otherwise, the current range
map also denotes the historical range.

MAP 

file://localhost/Users/WWPBoise/Desktop/V2MAPS/V2FIG114.PDF
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Figure 115—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 38 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

MAP 
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Figure 116—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 38, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.

file://localhost/Users/WWPBoise/Desktop/V2FIGS/V2FIG116.PDF
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1. Declines in quality of alpine vegetation in the
basin because of past and current sheep grazing
and recreational activities.

2. Disturbance to cliff and rock nest sites.

Potential strategies—The primary strategy for
addressing issue no. 1 is to minimize negative effects
of grazing and recreational activities in alpine tundra
habitat. Because of lack of information on the degree
of impacts to rock and cliff nest sites, no strategies are
proposed for issue no. 2.

Practices that support the strategy—The following
practices would be effective in implementing the strat-
egy listed above:

1. Restrict human access and livestock use in heavily
degraded areas of alpine tundra. 

2. Modify grazing allotment plans and trail use regu-
lations to prevent declines in good quality habitat.

3. Restore alpine areas that are in a degraded condition.

Group 39—Lewis’ Woodpecker
(Resident Population)

Results

Species ranges, source habitats, and special habitat
features—Resident Lewis’woodpeckers are distrib-
uted in a small area of open woodlands in the northern
end of the Southern Cascades and in southern portions
of the Northern Cascades ERUs (fig. 117), along the
eastern foothills of the Cascade Range. Birds use this
area year-round, unlike migratory Lewis’woodpeck-
ers described in group 2 that use the basin only during 
the breeding season. Source habitats of the resident
Lewis’woodpecker include oak woodlands (vol. 3,
appendix 1, table 1), parklike pine-oak, burned pine-
fir forests, and cottonwood groves (Galen 1989).
These vegetation types apparently were most abun-
dant, historically and currently, in a small area within
the northern portion of the Southern Cascades ERU
(fig. 118).

Figure 117—Ranges of species in group 39 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, separate
maps are shown for historical and current ranges; otherwise, the current range map also
denotes the historical range.

MAP 
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Unlike most woodpecker species, Lewis’woodpecker
is an aerial insectivore and requires openings for its
foraging maneuvers. This woodpecker breeds in habi-
tats that provide abundant insects (see group 2 for a
broader discussion on migratory Lewis’ w o o d p e c k-
ers) and winters in areas where temperatures are
warm enough to support flying insects and where
acorns are abundant. Acorns are harvested in fall and
stored for winter use. Birds overwinter within the
basin where a reliable acorn supply is available
(Galen 1989). 

Because this species has weak excavator morphology
(Spring 1965), Lewis’woodpeckers typically require
large snags in an advanced state of decay or trees 
with soft sapwood for ease of cavity excavation (Bock
1970, Raphael and White 1984, Saab and Dudley 1995,
Tobalske 1997). A d d i t i o n a l l y, Lewis’ w o o d p e c k e r s
usurp occupied cavities (Saab and Dudley 1995) or
reuse old cavities created by strong excavators (that 
is, hairy woodpecker, black-backed woodpecker, and
Northern flicker) or nest in natural cavities of trees
(Bock 1970, Galen 1989, Saab and Dudley 1995,
Tashiro-Vierling 1994, Vierling 1997).

Nest tree species of resident birds in the basin were
primarily Oregon white oak and ponderosa pine, and
less commonly Douglas-fir and cottonwood (Galen
1989). Snags and trees used for nesting are generally
larger and more heavily decayed than expected based
on availability of such snags (see group 2 for descrip-
tion of source habitats). In north-central Oregon, tree
diameters at 23 nests in Oregon white oak ranged
from 31.8 to 99 cm (12.5 to 39 in) and averaged 55.
9 cm (22 in); tree height ranged from 3.0 to 15.2 m
(10 to 50 ft) and averaged 9.7 m (32 ft) (Galen 1989).
Most of these nest trees, however, were living or had
light decay. Heavily decayed trees, typical of nest
trees elsewhere (see group 2 for source h a b i t a t
description), were probably not necessary in north-
central Oregon because nesting only occurred in pre-
existing cavities, and there was no evidence of Lewis’
woodpeckers excavating new cavities (Galen 1989). 

Nesting habitat in north-central Oregon was usually
open pine-oak woodlands and burned coniferous
forests (Galen 1989). Nests also were located in cot-
tonwood groves and narrow oak groves adjacent to
open areas. No nests were found in scrub-oak thick-
ets along south-facing slopes, unburned coniferous
forests, or clearcuts. Proximity to openness was con-

sidered a critical microhabitat feature for breeding
habitat (Galen 1989). Open woodlands provide suff i-
cient visibility and space for effective flycatching.
Most nests (36 of 53) were located in areas with >75
percent open canopy. Snags were also an important
component of nesting habitat. Snags were used for
perching during the breeding season and for acorn
storage during winter.

Nesting densities of resident woodpeckers in Oregon
differed from one breeding pair per 8 ha (20 acres) of
woodland to one breeding pair per 16 ha (40 acres),
depending on suitable snags, trees, and cavities avail-
able for nesting (Galen 1989). Nesting habitat required
for one pair of Lewis’woodpeckers was estimated at
10 ha (25 acres) of open pine-oak, oak, or cottonwood
when these woodlands are adjacent to open areas of
equal or greater size (Galen 1989).

Wintering habitat of resident Lewis’ woodpeckers in
the basin was associated with nest trees used during
the breeding season (Galen 1989). Nearly 90 percent
of 46 nests showed signs of wintering woodpeckers.
Acorns were stored in nest trees or in adjacent snags,
and oaks were nearby.

In foothills habitat of southeastern Colorado, acorns
were the primary winter food source (Vierling 1997).
Acorn crops were higher at occupied winter sites than
at random sites. Availability of storage sites for mast
was a critical feature of winter habitat (Vierling 1997).
Storage trees were significantly taller ( – = 17.5 m
versus 10.9 m [57.8 ft vs. 36 ft]) and of larger diameter
( – = 104.8 cm versus 61.7 cm [41.3 in versus 24.3 in])
than random trees (Vierling 1997). Crevices in dead
and decaying trees, and the deep furrowed bark of
cottonwoods, were important characteristics of acorn
storage sites. 

Broad-scale changes in source habitats—No appar-
ent broad-scale changes occurred in breeding and win-
tering source habitats of resident Lewis’woodpeckers
(figs. 118A, 118B, and 119). 

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats—Areal extent of
oak woodlands, the only source habitats used for this
group, was not estimated to have changed using the
large pixel size of this analysis (vol. 3, appendix 1,
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Figure 118—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 39 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

MAP 
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table 4; figs. 118A, and 118B). This cover type is lim-
ited within the basin and has had few threats of log-
ging activities but greater threats by development and
firewood cutting. Changes in oak woodlands may not
be discernable where oaks occur in small stands or
where they occur within conifer stands. Nearby pine-
oak, burned pine forests, and cottonwood woodlands
used by this resident population were not evaluated in
the broad-scale analysis. Thus, a broad-scale analysis
for this group has limited application. 

Condition of special habitat features—Abundance
of large, heavily decayed snags for nesting and acorn
storage may have declined in the range of resident
Lewis’woodpeckers within the basin. Densities of
large-diameter snags (>53 cm [21 in] d.b.h.) have
declined basin-wide from historical to current levels
(Hann and others 1997, Hessburg and others 1999,
Quigley and others 1996).

Oak mast-producing trees are critical for overwinter
survival of Lewis’woodpeckers in the basin. A 5 0 0 - y r-
old Oregon white oak attains large diameters (58 to 
89 cm d.b.h. [23 to 35 in]) on generally dry slopes
that offer slower growing conditions (Galen 1989).
Destruction of these old and mature trees by clearing
for pastures and firewood cutting could jeopardize
resident Lewis’woodpeckers.

Open woodlands that allow foraging maneuvers have
probably decreased as a result of fire control practices.
Historically, oak woodlands in Washington were
maintained by frequent wildfires, and through con-
trolled burning by early inhabitants (Ryan and Carey
1995). Oak woodlands currently are threatened by
encroachment of ponderosa pine and Douglas-fir. Fire
control also likely has reduced understory shrubs and
associated arthropods that provide food during the
breeding season. Additionally, understory shrubs may
have been altered by disturbances of grazing practices
and recreational activities.

Other factors affecting the group—Road densities
have significantly increased throughout the basin
(Hann and others 1997, Quigley and others 1996),
allowing greater human access into forested regions
and subsequent increases in snag removal for fire-
wood. Salvage logging is another threat to snags that
provide potential nest sites (Marshall and others
1996). Prolonged human presence at or near nest sites
may cause abandonment (Bock 1970); however, stable
populations coexist with park development and heavy
tourist use during the breeding season in British
Columbia (Siddle and Davidson 1991).

Chlorinated hydrocarbons, particularly DDT, which
were formerly used as pesticides in fruit orchards and
gardens, could have potentially negative effects on

Figure 119—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 39, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.
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Lewis’woodpeckers (Tobalske 1997) because these
woodpeckers sometimes nest in agricultural settings
(Sorensen 1986, Tashiro-Vierling 1994). Elevated
energetic costs and stress may be associated with high
rates of territorial encounters with European starlings,
which could reduce reproductive success even if
Lewis’woodpecker dominates the interaction (Siddle
and Davidson 1991). Altered fire regimes and subse-
quent changes in the structure and composition of
lower montane forests (Hann and others 1997) could
reduce suitable oak woodlands for breeding and win-
tering Lewis’woodpeckers. Large cottonwoods, used
for nesting and acorn storage, are threatened by
altered hydrologic regimes, grazing practices, and
urban development (Marshall and others 1996).

Population status and trends—No population trends
are available for the resident Lewis’woodpeckers that
occupy the eastern foothills of Mount Hood. Breeding
Bird Surveys for the entire basin indicate that popula-
tion trends have been stable during 1968-94 (Saab and
Rich 1997), but any relation to the resident population
is not known. Trend data generated by the BBS may
be more adequate for monitoring populations of resi-
dent Lewis’woodpeckers than migratory populations
(see group 2, “Population Status and Trends”). Dramatic
cycles of population abundance related to local changes
in habitat (Bock 1970) may not apply to resident birds
that will use acorns as a year-round food source, sup-
plemented by insects during the breeding season. 

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 39 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Issues—

1. Exclusion of fire in parklike oak and pine-oak
woodlands and subsequent decreases in natural
forest openings and shrubby understories because
of invasions by conifers (Marshall and others
1996).

2. Losses of large oak trees for mast production
because of firewood cutting, fire control, and pas-
ture development.

3. Decline in availability of large, heavily decayed
ponderosa pine for nesting and acorn storage sites. 

4. Losses of large cottonwoods used for nesting and
acorn storage (Marshall and others 1996).

5. Increase in application of agricultural insecticides.

Potential strategies—The issues identified above
suggest the following broad-scale strategies for the
long-term persistence of resident Lewis’woodpeckers
in the northern portion of the Southern Cascades ERU.

1. (To address issue no. 1) Return natural fire regimes
to oak and pine-oak woodlands.

2. (To address issues nos. 2–4) Retain large (>30 cm
d.b.h. [12 in]), old snags and trees of Oregon white
oak, ponderosa pine, and cottonwoods (Galen
1989).

3. (To address issues no. 3 and no. 4) Protect acorn 
storage sites in wintering areas (Galen 1989,
Marshall and others 1996). 

4. (To address issue no. 4) Maintain existing old-
growth cottonwood forests and manage young
forests for the long-term sustainability of cotton-
wood/riverine systems.

5. (To address issue no. 5) Avoid use of toxic 
chlorinated hydrocarbons and organophosphorus
insecticides near Lewis’woodpecker nesting and
wintering sites.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Maintain parklike
oak and pine-oak woodlands by using silvicultural
treatments of prescribed fire and thinning of small-
diameter ponderosa pine (<30 cm [12 in]).

2. (In support of strategy no. 2) Retain all Oregon
white oak and ponderosa pine trees or snags over 
3 m (10 feet) tall and >30 cm (12 in) d.b.h. (Galen
1989). Management of 10-ha (25-acre) units 
having about 25 percent canopy cover will likely
provide nesting habitat for one pair of Lewis’
woodpeckers (see Galen 1989).
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3. (In support of strategy no. 3) Control fuel wood
permits for removal of oaks, pines, or cottonwood
used for winter storage sites. Minimize the density
of roads open to motorized vehicles. Close roads
after timber harvest activities, and maintain short
periods during which such roads are open to
reduce removal of snags along roads. In addition
or as an alternative to road management, actively
enforce fuel wood regulations to minimize removal
of snags.

4. (In support of strategy no. 4) Survey and map 
existing old forests of cottonwoods and reference
their locations in land management planning docu-
ments. Monitor conditions of cottonwood stands to
ensure that sufficient seedling or vegetative regen-
eration, or both, is occurring. Identify factors limit-
ing regeneration so that appropriate corrective
measures can be taken. For example, return natural
hydrologic regimes to portions of large river sys-
tems that support cottonwood riparian woodlands
(for example, the Columbia River).

5. (In support of strategy no. 5) Establish zones 
with no use of toxic agricultural insecticides 
near Lewis’woodpecker breeding and wintering
habitats.

Group 40—Brown-Headed
Cowbird 

Results

Species ranges, source habitats, and special habitat
features—Group 40 consists of the brown-headed
cowbird, a migrant summer breeder found through-
out the basin (fig. 120). The cowbird is considered a
contrast species (vol. 3, appendix 1, table 2) because
it requires a juxtaposition of contrasting vegetative
structure to meet all aspects of its ecology. Foraging
areas are in disturbed sites near livestock, and breed-
ing areas generally are in forests and riparian areas
where passerine densities are high (Robinson and
others 1995). Source habitats for the brown-headed
cowbird are the agricultural community type (vol. 3,
appendix 1, table 1), and the presence of livestock is
a special habitat feature. A d d i t i o n a l l y, the cowbird is
dependent on the presence of active bird nests for
parental care of their offspring. Nest parasitism by

cowbirds has been documented for over 220 bird
species, primarily passerine species, and at least 144
species have fledged cowbird young (Friedmann and
K i ff 1985). 

Although not mappable at the broad-scale of our
analysis, horse corrals and pack stations in lower
montane and montane community groups also pro-
vide source habitats. Associated breeding sites are
located as far as 7 km (4.3 mi) (Rothstein and others
1987) from livestock areas, where cowbirds congre-
gate to forage. Because of the presence of livestock
areas, the distribution of source habitats is much
greater than estimated by our broad-scale analysis.

B road-scale changes in source habitats—S o u r c e
habitats for the cowbird were probably not present in
the basin historically (fig. 121A). Source habitats are
now present in all ERUs and are particularly wide-
spread in the Columbia Plateau and Upper Snake 
(fig. 121B). The trend in habitat availability has been
strongly increasing basin-wide (figs. 121C and 122).

Interpreting Results

Composition and structure of vegetation associated
with changes in source habitats— Increases in source
habitats were primarily attributed to the conversion of
native vegetation to agriculture. The establishment of
the cropland-hay-pasture cover type occurred on
sites previously dominated by the fescue-bunchgrass,
big sagebrush, and native forb cover types (Hann and 
others 1997). Agriculture now covers >10 percent of
the land area in five ERUs: Columbia Plateau (esti-
mated 44 percent), Blue Mountains (estimated 17 
percent), Northern Glaciated Mountains (estimated 
12 percent), Owyhee Uplands (estimated 12 percent),
and Upper Snake (estimated 33 percent; vol. 3, 
appendix 1, table 4).

Condition of special habitat features—The presence
of livestock is strongly associated with agricultural
land uses throughout the basin. Livestock areas suit-
able for cowbird foraging, therefore, have probably
increased in proportion to the estimated increase in
area used for agriculture. Moreover, livestock areas 
in the lower montane and montane community groups
likely have increased from historical conditions
because of the location of pack stations adjacent to
wilderness areas and parks, and rural expansion into
forested areas.
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O t h e r factors affecting the gro u p —Because cow-
birds rely on other bird species to raise their young,
they are affected by the same factors that govern
breeding success of their selected hosts. About 50 
percent of cowbird eggs are lost to normal nest-related
mortality such as weather and predation (Nice 1957).
Additional losses depend on the behavioral responses
of the host, including egg rejection, egg burial, and
nest desertion (Friedmann 1929).

Microsite conditions affect cowbird densities and par-
asitism rates. Cowbird numbers and parasitism rates
are higher near internal forest openings, powerline
corridors, and streams and in small versus large wood-
lots (Robinson and others 1995). Forest fragmentation
and high edge density are conducive to successful
breeding by cowbirds (Robinson and others 1995).

Population status and trends—Cowbirds have
undergone a dramatic range expansion across North
America, both eastward and westward. Expansion into

eastern forests occurred in the late 1700s; this expan-
sion was brought about by forest clearing and increases
in agriculture and livestock uses. Colonization west-
ward into Washington and Oregon began a century
later (Rothstein 1994); this range expansion was likely
associated with the clearing of lands for agricultural
and livestock uses. Population trends were stable
basin-wide from 1966 to 1994 (Saab and Rich 1997).
Within Oregon, BBS data suggested that populations
have been decreasing by 4 percent annually from 1966
to 1995 (n = 88; P < 0.05; Sauer and others 1996).

Management Implications

The following issues, strategies, and practices may 
be useful to managers as a starting point for integrat-
ing potential resource objectives for group 40 with
broader, ecosystem-based objectives for all other
resources on FS- and BLM-administered lands in 
the basin.

Figure 120—Ranges of species in group 40 within the basin (from Marcot and others, in
prep.). For species whose ranges shifted significantly from historical conditions, separate
maps are shown for historical and current ranges; otherwise, the current range map also
denotes the historical range.

MAP 

file://localhost/Users/WWPBoise/Desktop/V2MAPS/V2FIG120.PDF


394

Figure 121—Percentage of area identified as source habitats, historically (A) and currently (B), and the relative change in percent-
age of area of source habitats from historical to current periods (C), for group 40 within each of 2,562 watersheds in the basin.
Relative change for each watershed is shown as one of five trend categories, where -2 = a decrease of >60 percent; -1 = a
decrease of >20 percent but <60 percent; 0 = an increase or decrease of <20 percent; 1 = an increase of >20 percent but <60
percent; and 2 = an increase of >60 percent.

MAP 
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Figure 122—Percentage of watersheds within five trend categories of relative change in source habitats from historical to current
periods for group 40, basin-wide and by ecological reporting units. Trend categories correspond to the following relative changes
from historical to current periods: 2 = an increase of >60 percent; 1 = an increase of >20 percent but <60 percent; 0 = an
increase or decrease of <20 percent; -1 = a decrease of >20 percent but <60 percent; and -2 = a decrease of >60 percent.
Number of watersheds from which estimates were derived is denoted by n.

file://localhost/Users/WWPBoise/Desktop/V2FIGS/V2FIG122.PDF
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Issues—Issues primarily relate to the effect of nest
parasitism by cowbirds on host species. 

1. Reductions in nest success of host species, 
particularly state species of concern with known
high parasitism rates.

2. Continued invasion of cowbirds into lower 
montane and montane community groups through
the aid of small, remote livestock areas.

Potential strategies—

1. (To address issue no. 1) Minimize livestock con-
centrations in proximity to known source habitats
for state and federally listed sensitive avian
species.

2. (To address issue no. 1) Reduce parasitism rates on
state species of concern.

3. (To address issue no. 2) Reduce opportunities for
cowbird establishment in lower montane and mon-
tane community groups.

Practices that support strategies—The following
practices would be effective in implementing the
strategies listed above:

1. (In support of strategy no. 1) Consider the proxim-
ity of state species of concern before locating live-
stock-handling facilities on Federal land. Consider
relocation of livestock facilities if such facilities
exist in areas deemed important for recovery of an
avian species of concern.

2. (In support of strategy no. 2) Intensively trap and
remove cowbirds near nests of selected species of
concern with high parasitism rates (Robinson and
others 1995).

3. (In support of strategy no. 3) Delay annual 
establishment of livestock corrals within the lower
montane and montane community groups during
the early breeding season when cowbirds are
actively seeking host nests (Kie 1991, Sanders 
and Flett 1989).

4. (In support of strategy no. 4) Consolidate remote
livestock areas into fewer sites. 

Abbreviations
Centimeter (cm)
Hectare (ha)
Inch (in)
Kilometer (km)
Meter (m)
Mile (mi)
Year (yr)
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