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R esource managers are increasingly confronted
with the problem of how to make informed deci-
sions that rely on new information or tools. This is es-
pecially true as we attempt to shift land management
practices to a regional or ecosystem perspective. Fed-
eral agencies and others have variously defined ecosys-
tem management, which has led to many debates over
the concept (Haeuber 1996). Recently, increasing con-
flicts over resource management have resulted in a
number of area ecosystem planning efforts (e.g., Great
Lakes—St. Lawrence River Basin, Interior Columbia
Basin Ecosystem, Everglades-South Florida, Sierra
Nevada Ecosystem Project, and Southern California
Natural Communities [Johnson et al. 1999]). There
have also been many well-publicized efforts to develop
comprehensive landscape plans for managing individ-
ual species, focusing mainly on those that are federally
listed under the Endangered Species Act (ESA) such as
the northern spotted owl (Strix occidentalis caurina;
USDA/USDI 1994a,b), California spotted owl (Strix
occidentalis occidentalis; Verner et al. 1992), and griz-
zly bear (Ursus arctos; Burroughs and Clark 1995).
For a variety of reasons, not all of these planning ef-
forts have been successful, but all were costly.
Adaptive management has been emerging as a cen-
tral theme in the management of natural resources on
federal lands in the United States, particularly as it ap-
plies to the concept of ecosystem management (Wal-
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ters and Holling 1990). A true adaptive process in-
volves a rigorous scientific and repeatable approach to
resource planning (Holling 1978; Walters 1986).
There is a distinction between active and passive adap-
tive management where in the former there is an ac-
tive pursuit of information as an objective of the deci-
sion-making process (Nichols et al. 1995). Walters
(1997) stated that "adaptive management should
begin with a concerted effort to integrate existing in-
terdisciplinary experience and scientific information
into dynamic models that attempt to make predictions
about the impacts of alternative policies." He empha-
sized that this serves three functions: (1) problem clar-
ification and enhanced communication among scien-
tists, managers, and other stakeholders; (2) policy
screening to eliminate options that are least likely to
succeed; and (3) identification of key knowledge gaps.

Adaptive management is complex and conceptual,
and the methods are ambiguous and rarely or only
partially applied (Lee 1993; Gunderson et al. 1995;
Walters 1997; Carpenter 1998; Rogers 1998). Failures
of traditional management that did not use an adap-
tive approach have occurred most obviously with
problems in large complex ecosystems (Johnson
1999b). Many efforts to implement large-area man-
agement plans (including early attempts on the north-
ern spotted owl, hereafter spotted owl, or owl) failed
for a variety of reasons. Managers are often limited
by one or more of the following: a lack of data,
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inadequate knowledge or understanding of available
data, lack of useful methods to analyze and interpret
data in a meaningful way, and/or lack of effective
communication with researchers (Arnett and Salla-
banks 1998). Modeling has seldom been a part of nat-
ural resource management efforts where model predic-
tions could be tested and used to enhance knowledge
and improve management (Conroy 1993). In some
cases, there may be considerable information, but it
may not be useful for informing decision makers.
Often there are insufficient resources to use the data,
especially in a timely manner. Other problems such as
political pressures or resistance to change within fed-
eral agencies have also contributed. A few, efforts,
such as those on North American waterfowl (Nichols
et al. 1995), are succeeding because the primary con-
stituents agreed that a problem existed, that specific
information was needed to address the issue (and was
sought), and how the resulting data would be used to
modify management plans (Johnson and Williams
1999).

Many recent books and papers discuss problems
and lessons learned from attempts at large-scale re-
source management, including those of manager-
scientist interactions (e.g., Marzluff and Sallabanks
1998; Bormann et al. 1999; Carey et al. 1999; Con-
cannon et al. 1999), but few described specific steps
and results that led to successful implementation of a
management plan. Although some tools and particu-
larly some of the lessons that were learned from exer-
cises such as those cited above were pertinent to parts
of our work, comprehensive guidance or consistent
methods had not emerged. This is not unusual given
the evolving state of large-landscape-scale assessments
under an adaptive management construct.

We were confronted with many of these problems
in our roles as managers and regulators of the spotted
owl on federal lands in northern California. The ques-
tions we sought to address led to a unique collabora-
tive approach in adaptive management that would
support informed decision making. We did not begin
this effort in a formal structured way. Instead, we
went through a process of trial and error until we
eventually realized the importance of following a se-
quential and integrated adaptive approach to address-
ing species issues at a large-landscape scale. This was

not an easy process, particularly at a spatial scale cov-
ering four national forests (more than 2.2 million
hectares). Although we experienced lessons similar to
those reported elsewhere, we believe our eventual
process was unique because we put the main concepts
of adaptive management into practice using a gen-
uinely collaborative process. Resource managers and
specialists developed hypotheses to test in collabora-
tion with the scientists. We then developed predictive
models to apply on a large-landscape basis that ad-
dressed a suite of ecological factors. This was a much
more direct method than operating separately, as had
traditionally been done, and it developed trust, open
communication, and understanding among team mem-
bers. Although the process was time consuming, it
turned out not to be difficult. As a result, managers
(with scientists' support) will be using the information
that was generated for guiding future land-manage-
ment efforts for the owl. Because we were successful
in applying a structured adaptive process, we believe
the description of our approach offers a significant
learning opportunity that has wider application to fu-
ture resource planning.

Background

The northern spotted owl has captured the attention
and interest of research biologists, land managers, reg-
ulators, politicians, lawyers, and the public for over
twenty-five years. It has been the focus of numerous
management plans by federal, state, and private
groups (e.g., USFWS 1990; Thomas et al. 1990; Simp-
son Timber Company 1992; FEMAT 1993; USDA/
USDI 1994a,b; The Pacific Lumber Company 1999).
The Northwest Forest Plan (hereafter Forest Plan)
established a system of late-successional reserves
(LSRs or reserves) covering over 24 million acres on
eighteen national forests and seven Bureau of Land
Management districts, including the four national
forests analyzed in this effort. Over a one-hundred-
year planning period these reserves w should provide
habitat for multiple late-successional-associated
species, including the spotted owl (see Fig. 19.1 in
color section). Given this assumption, there was an
implicit expectation that further analyses to test and
adapt management approaches would occur. These
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analyses would provide the information necessary to
address future changes to species and forest manage-
ment throughout this period.

Northern spotted owls are among the most-studied
and well-known owls in the world (Gutiérrez et al.
1995) and the best-known owl in northern California
(e.g., Solis and Gutiérrez 1990; Blakesley et al. 1992;
Hunter et al. 1995; Zabel et al. 1995; Gutiérrez et al.
1998; LaHaye and Gutiérrez 1999; Thome et al.
1999; Franklin et al. 2000). However, major gaps in
our understanding of spotted owl habitat selection re-
main, particularly from the large-landscape perspec-
tive. Survey results were inadequate for large-scale
analyses because of biases in selection of sites (e.g.,
centered around timber sales), inadequate descriptions
of survey boundaries, and to a lesser extent variation
in survey protocol. Lastly, data were not always avail-
able or in a useable format. Data that were available
only partially represented the full range of habitat
conditions found within this ecologically heteroge-
neous area of northern California.

Current Situation

Most planning and regulatory evaluations for owls
continue to apply the traditional project-by-project or
site-by-site approach. Interagency efforts to plan proj-
ects, such as timber harvests, that meet the National
Forest Management Act (NFMA), ESA, and Forest
Plan requirements are also hampered by organiza-
tional and logistical factors. These include differences
in terminology, inconsistent habitat descriptions, vary-
ing quality of owl-habitat databases, difficulty of eval-
uating proposed management activities beyond the
project or site level to a larger landscape scale, varying
opinions of individuals involved, and a lack of meth-
ods to adequately assess cumulative impacts of pro-
posed management activities in time and space. As a
result, resource specialists mostly rely on their profes-
sional judgment to evaluate impacts. In some cases,
each national forest, U.S. Department of Interior
(USDI) Fish and Wildlife Service (hereafter Fish and
Wildlife Service) field station, and U.S. Department of
Agriculture (USDA) Forest Service (hereafter Forest
Service) ranger district uses its own unique descrip-
tion(s) of suitable habitat or evaluation methods. In
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addition, owl surveys are no longer conducted in most
areas, resulting in a greater dependence on analyses of
habitat rather than on evaluation of known owl nest
locations. Consequently, there remains a strong em-
phasis on evaluating and planning around individual
owl sites instead of at larger spatial scales. These is-
sues have resulted in disagreements between the regu-
latory and land management agencies on owl manage-
ment, even among personnel from different agencies
with similar objectives.

A Collaborative Process in Adaptive Management

In 1995, the Fish and Wildlife Service and Forest Ser-
vice in northern California began an informal effort to
improve the ability of managers to address questions
about owl management under the Forest Plan. Early
efforts focused on updating the spotted owl habitat
database on national forest lands in the California
portion of the Klamath Province. Although this infor-
mal approach is common to everyday application of
resource assessments under the ESA, NFMA, and
other laws, these early informal efforts to address
large-landscape issues had little success. Finally, in
1997, managers formally directed a team of biologists
from the four national forests and the Fish and
Wildlife Service's three northern California field offices
to improve the basis for resource planning and deci-
sion making under the Forest Plan. This project even-
tually represented a three-way collaboration among
resource managers, specialists, and scientists, with
each team member bringing their own unique expert-
ise. Although the primary group responsible for this
effort consisted of wildlife biologists, we were sup-
ported throughout by a variety of specialists, include-
ing resource planners, foresters, forest ecologists, silvi-
culturists, geographic information system (GIS)
specialists, fire/disturbance modelers, and ingrowth
modelers. The term "resource specialist” refers to this
larger group-. The four major tasks the team under-
took were to

1. Update and improve the quality of the forest vege-
tation databases for owl habitat.

2. Identify and apply more applicable tools to analyze
and interpret the data at multiple scales.

3. Determine how to provide the results to decision
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makers in a form that would be useful for owl
management at larger landscape and longer tempo-
ral scales.

4. Create and implement an adaptive approach to
owl management on Forest Service lands in north-
ern California.

Because of the importance of these steps to large-
area planning, herein we describe the approach, out-
come, and implications of our efforts and products.

Collaboration among Resource Specialists

The initial basis for successful resource planning,
whether for single or multiple species, is development
of a credible up-to-date habitat database and, map.
The recent improvement and general availability of
GISs has greatly increased our ability to develop these
products for use at larger spatial scales and with
greater spatial consistency. Although existing forest
vegetation and spotted owl habitat databases in north-
ern California were about twenty years old, each of
the four national forests had recently made efforts to
update their timber-attributed databases to support re-
source planning. These databases set the limits of our
efforts to develop habitat descriptions and a new map
that reflected spotted owl habitat use in northern Cal-
ifornia (i.e., we were unable to include some habitat
features that we felt were relevant to owls when those
features did not exist in the GIS databases).

Map Development, Quality, and Accuracy

We used published information on owl habitat use
within the province and expanded the description of
owl habitat based on limited analyses of known owl
sites and the vegetation types in which they occurred,
and the professional judgment of resource specialists
knowledgeable about owls in the Klamath Province.
The draft descriptions were evaluated and corrected
using a modified Delphi approach (Coughlan and Ar-
mour 1992) until specialists were comfortable with
the quality of the results. To improve our understand-
ing of future habitat conditions and trends, we also
used this approach to describe criteria to identify veg-
etation that would be capable of becoming owl habi-
tat in the future. The resulting map was consistent
with our understanding of owl habitat use and was

more amenable to evaluating ecosystems, as required
by the Forest Plan.

Development of an acceptable map was more diffi-
cult and time-consuming (nearly three years) than
anyone on the team expected. The quality and accu-
racy of the forest vegetation databases and our inter-
pretation of owl habitat relative to those databases
were significant issues that had to be addressed. Our
efforts were hampered by the fact that the existing GIS
vegetation databases among northern California
forests were not always compatible (not an uncom-
mon situation among resource agencies and adminis-
trative units). For example, each database originated
from different mapping efforts, and coding or labeling
was not consistent for the same attributes. In addition,
resource specialists and managers had rarely ques-
tioned the quality of the information contained on old
maps, which made it difficult to ensure map accuracy.
This resulted in numerous false starts as errors were
found and the maps had to be recreated. Eventually a
single seamless map of suitable and capable owl habi-
tat across the four forests was completed. Based on
our best professional judgment, we assumed this map
offered a better basis for analyzing management ac-
tions on owls under the Forest Plan.

Collaboration among Scientists

In response to questions raised about the use and
quality of the updated vegetation database and habitat
descriptions, scientists from the USDA Pacific South-
west Research Station undertook an effort to quanti-
tatively evaluate the effectiveness of these habitat de-
scriptions at predicting owl presence-absence. They
also recommended that formally applying a proba-
bilistic approach to modeling the landscape for owl
occurrence would significantly enhance the quality of
the map. This step represented a significant departure
from management and regulatory agencies' traditional
approach to using available data and maps. Involve-
ment of scientists required integrating their goals with
those of management. Consequently, the following
specific goals were agreed upon:

1. Develop habitat models for predicting owl pres-
ence-absence using both the old and new habitat
descriptions.
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2. Determine the optimal spatial scale to apply the
models.

3. Compare and rank the various models using objec-
tive criteria.

4. Test the highest-ranked models on independent
data sets.

5. Evaluate various methods to apply the best
model(s) for management needs.

Because of the significance of these products (from
an ecological and economic perspective), this sci-
ence-based modeling approach became the major
focus of our effort and laid the foundation of our
adaptive process (for a thorough treatment of the
modeling effort, see Zabel et al. in review).

Model Development

Developing habitat-based models to predict the pres-
ence-absence of wildlife species is relatively straight-
forward. First, several attributes hypothesized to be
important to the species in areas that are occupied and
unoccupied (though apparently available to the
species) are measured. Then, sites with and without
the species are compared to determine which attrib-
ute(s) are most closely associated with presence-
absence. Alternative models developed in this manner
are evaluated and compared, and the best model is se-
lected (e.g., Johnson et al., Chapter 12; Young and
Hutto, Chapter 8).

To develop habitat models for this project, we used
data from sites that had been randomly selected and
surveyed for spotted owls on national forests in north-
ern California. These sites had been surveyed accord-
ing to a standardized protocol for two consecutive
years (1988 and 1989) so that both occupied and un-
occupied sites were determined. To facilitate our un-
derstanding of owl-habitat associations, we developed
models that discriminated between sites with and
without owls at three spatial scales using concentric
circles that approximated different aspects of an owl's
home range size: 200 hectares, 550 hectares, and 900
hectares. Models were developed by placing concen-
tric circles over the vegetation polygons using
ARCANFO software (ESRI 1998) and then calculat-
ing the quantity of each covariate within those circles.
Three habitat covariates were evaluated: (1) the total
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Figure 19.2. Example of linear, quadratic, and threshold forms
of the relationship between habitat quantity and probability of
owl occupancy.

area of nesting, roosting, and foraging habitat; (2) the
total length of linear edge between habitat and non-
habitat; (3) and the amount of core area within each
polygon (defined by buffering each polygon by 100
meters and determining the interior area). Linear,
quadratic, and threshold forms of the relationship be-
tween the probability of owl occupancy and the three
habitat covariates were then evaluated using logistic
regression (sensu Franklin 1997) (Fig. 19.2). Six habi-
tat descriptions were also compared that allowed us to
take into account different quantities and forms of re-
lationships between the covariates and probability of
owl occupancy.

Ranking and Selecting Models

We developed approximately one hundred models at
each of the three spatial scales (200, 550, and 900
hectares). The bias-corrected Akaike's Information
Criterion (AIC; see Burnham and Anderson 1998) was
used to determine the most parsimonious model(s)
that discriminated between occupied and unoccupied
owl sites. The two models with the lowest AIC within
each of six habitat descriptions, and at each of three
spatial scales, were selected for further comparison
and testing on independent data (i.e., a total of thirty-
six models).

After critically evaluating the merits of both AIC
and percentage correct classification, we decided that
AIC and the percentage of owl-occupied sites correctly
classified would be used to select the best models.
Under percentage correct classification, predicted
probabilities of occupancy are considered correct (as-
signed a value of 1) if they exceed some predetermined
cutoff point, and incorrect (assigned a value of 0) if



246 PREDICTING SPECIES OCCURRENCES

they fall below that cutoff point. Although most statis-
tical software packages use 0.5 as the arbitrary cutoff
point, there are many instances when 0.5 may be in-
adequate. Choice of a probability cutoff point is anal-
ogous to decisions regarding Type I and II errors. As
Nichols et al. (1995) noted, in science there is a strong
bias against Type I errors in which a null hypothesis is
mistakenly rejected. Therefore, scientists typically as-
sign a low probability (e.g., 0.05) for Type I errors de-
spite the fact that lower probabilities of Type I errors
produce higher probabilities for Type II errors (failure
to reject false hypotheses) and, hence, to detect real
differences. As a result, this places the burden of proof
with resource managers. Because of ESA requirements
to protect known individuals of a species, the Fish and
Wildlife Service was more concerned with errors of
omission (i.e., predicting absence when owls were
present) than errors of commission (i.e., predicting
presence when owls are absent). Therefore, we de-
cided it was more important to correctly predict owl
presence than it was to correctly predict their absence.
We separately determined an optimal cutoff point for
each model based on the following criteria: (1) per-
centage correct classification of owl-occupied sites was
greater than 75 percent, and (2) any loss in percentage
correct classification of owl-occupied sites was more
than compensated for by a gain in percentage correct
classification of unoccupied sites. Final model rank-
ings were based on the average of the AIC rank plus
ranks of percentage correct classification of owl-
occupied sites. As recommended by Nichols et al.
(1995) and Burnham and Anderson (1998), an empir-
ical Bayesian approach was also used to rank the
models and compare results.

Model Testing

Models should not be used as the basis for manage-
ment decisions without testing (Conroy 1993). Testing
should be conducted on truly independent data (Field-
ing, Chapter 21). Therefore, we selected the best two
models within each habitat description at each spatial
scale and then tested them using eight independent
data sets. Each independent study area had been com-
pletely censused for owls. Thus, both presence and ab-
sence were documented, most over periods of longer
than two years. The study areas were well distributed

throughout the Klamath Province and provided a rep-
resentative test of our best models for this region.
Again, we used both AIC and the percentage of owl
sites correctly classified to evaluate the performance of
each model on the independent data sets. This allowed
us to compare the accuracy of the twelve best models
at each spatial scale. Model ranks for the best models
were fairly consistent for both the development data
set and the test data sets. In addition, the percentage
correct classification of owl-occupied sites was greater
than 90 percent for our best models. The approach we
developed (JAIC rank + percentage correct classifica-
tion rank] / 2) and the Bayesian approach gave very
similar results for the top models. This further
strengthened our confidence in our choice of the best
models; they fit all of the independent study areas with
a high degree of accuracy. This exercise produced a
best habitat model and two potentially competing
models. We used the best model to evaluate the qual-
ity of owl habitat across the landscape.

Owing to the collaboration of researchers and man-
agers, this phase of our process differed from what
would have been done had this been a pure research
project. First, we would not have selected the top two
models within each habitat description for subsequent
testing. Instead, we would have chosen a subset of the
top-ranking models. Our decision to keep the best two
models within each description was management
driven. For example, the top-ranking model (habitat
description) currently used by the management and
regulatory agencies ranked fifty-fifth using the devel-
opmental data set, nowhere near the top twelve mod-
els. However, since it was the habitat description being
used, it seemed important to give it a "fair chance" in
both the model development and testing phases be-
cause our results could ultimately lead to a change in
that habitat description.

A Framework for Future Collaboration

Although it may seem obvious to some, it is critically
important for managers and resource, specialists to un-
derstand (at least conceptually) the analytical tech-
niques that will be used by those who develop wildlife
habitat models. For example, once the resource special-
ists and managers on our team understood what AIC
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was, we collectively made purposeful choices regarding
the weight we gave it relative to errors of commission.
If this had been a pure research project, different crite-
ria may have been chosen and the results may have
been less understandable or useful to resource man-
agers. Equally important, the scientists had to under-
stand the needs of managers and specialists. This was
an example of the collaborative interaction between sci-
entists and managers that embodies the principles of
conservation biology and adaptive management: the
application of the best information to management,
even in the absence of complete information, where the
results of the application will provide new information.

To accommodate the application of habitat models
in resource management, we suggest the following hi-
erarchical (adaptive) approach to model development,
testing, and application:

1. Resource scientists, managers, and specialists
should work together closely from the beginning
phases of any planning effort to ensure the useful-
ness of resulting models.

2. Models should be developed using data from large-
enough areas to warrant their application to a vari-
ety of conditions.

3. Models should be tested on independent data to
evaluate their accuracy.

4. Models should be tested in a manner consistent
with how they are intended to be used.

Although incredibly useful for elucidating features of
the biology of organisms of interest, many wildlife-
habitat models have fallen short of being applied practi-
cally. To be fair, many times model application has not
been the goal of the scientists, although we suspect that
most expect their work will be of practical use. Regard-
ing the concerns of scientists versus managers about
models, Salwasser (1986) noted that "determining ac-
curacy is the purview of the scientist; practicality, that
of the manager." Therefore, ultimate decisions on the
performance of habitat models must be made with or
by the managers who will be using them.

Collaboration for Successful Adaptive Management

The final collaborative step in this exercise was for the
managers, resource specialists, and scientists to estab-
lish a basis for interpretation of owl habitat quality so
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TABLE 19.1.

Questions used to identify and prioritize Late Successional
Reserves for managing northern spotted owls (Strix
occidentalis caurina) in the Klamath Province in northwest
California.

Question 1 What is the quality of owl habitat within and
between reserves and groups of reserves?

Question 2 Does an opportunity exist (and where) to im-
prove owl! habitat through silvicultural treat-
ments?

Question 3 Is there a need (and where) to manage for

fuel hazard and risk?

that management recommendations pertinent to the
scale of the Klamath Province could be developed.
Our thoughts on approaches and methods for analysis
evolved as we refined our questions about owl habitat
relationships through the process of map development
and model testing. We eventually realized that many
of our traditional ideas about data analysis and meth-
ods at the site scale were not appropriate at larger
scales. Consequently, we strove to complete our ef-
forts with a more rigorous and collaborative approach
to developing management recommendations within
an adaptive management framework.

The first step was to jointly refine the questions of
management interest in northern California. Table
19.1 identifies the three primary questions that we
agreed were the most significant to both regulatory
evaluation and owl management under the Forest Plan
in the Klamath Province. These questions helped focus
our efforts to select appropriate landscape features,
evaluate the available data, and use the results to rate
habitat quality for spotted owls at different scales.

Application of the Model to the Map

The primary task in the interpretive process was to as-
sess the current habitat quality of individual reserves
and their potential quality. Thus, we evaluated how
best (or whether it was reasonable) to apply the habi-
tat model at the scale of a reserve or. a group of inter-
acting reserves. The models generated spatially ex-
plicit predictions within a large landscape, but the
absolute results (i.e., the quality of habitat within each
reserve) were the values of interest. Using the best
model, we applied a hexagonal grid that covered the
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Figure 19.3. Example of hexagon grid applied to a group of
Late Successional Reserves in the Klamath Province in north-
western California. Each hexagon has the probability of north-
ern spotted owl (Strix occidentalis) occupancy attached to it.

landscape using the scale of the model that performed
best: 200 hectares. The spatially explicit predictions
were only applicable to this scale. We chose to use
hexagons rather than circles to apply our model. When
linked in a grid network, hexagons fully cover the
landscape, unlike circles, and their shape closely resem-
bles a circle (Fig. 19.3; Noon and McKelvey 1996b).
The product of this exercise was a map in which each
hexagon contained a probability of owl occupancy
that we assumed to represent habitat quality. This ap-
proach allowed us to evaluate habitat quality at differ-
ent spatial scales, from small to large reserves, to
groups of reserves and intervening forested land.
Knowledge of landscape patterns and the factors
that affect them are important to fully understand re-
source issues (Concannon et al. 1999). For example,
Perry (1995) discussed the importance of considering
the role and scale of disturbance in managing land-

scapes. To ensure an adequate suite of factors were in-
cluded, we identified a set of other qualitative and
quantitative factors that were important to evaluate
the reserves to complement the modeling results.
These factors included the probability and estimated
intensity of wildfire, estimates of reserve connectivity
based on published spotted owl dispersal distances,
and projections of areas that were capable of becom-
ing suitable or higher quality in the future. Because it
is also important to know the scale at which these fac-
tors interact, we determined the spatial and temporal
nature of each and whether they lent themselves to
qualitative or quantitative analysis. For example, fire
data were provided as probabilities of future occur-
rence across relatively large areas, while distance be-
tween reserves was used to assess connectivity. Data
representing these factors were compiled and tabu-
lated from other planning documents or databases de-
veloped by the national forests. Although there were
concerns about the accuracy and currency of some of
these data, there were neither useful methods nor
other data to address them. These factors were mod-
eled, reported as percentages, or qualitatively summa-
rized in tabular form to make further comparisons of
the reserves.

Application of the Results by Management

To provide the basis for interpretation of the compiled
data, a spreadsheet was created that was linked to the
updated GIS database. Within this spreadsheet, we di-
vided the more than 2.2 million hectares of national
forest lands in northern California into different land-
scape categories associated with the Forest Plan (re-
serves, non-reserved or matrix lands, and other ad-
ministratively reserved areas such as wilderness). This
spreadsheet allowed us to easily evaluate and compare
results among reserves for a suite of factors pertinent
to federal owl management at a large-landscape scale.
The probability results from the hexagon model
and the summary data from each of the selected fac-
tors were evaluated and numerical ratings or condi-
tion indices were generated for each. The resulting
table of indices provided the basis for a qualitative cu-
mulative assessment of habitat quality or condition
for both current and expected future conditions
within each reserve. The indices and base data for
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TABLE 19.2.
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Summary results of Late Successional Reserve (LSR) analyses for each management question about northern spotted owls in

northern California.

Management questions

Number of LSRs with Number of LSRs with

Ecological Number of Number of LSRs with high priority for high priority for
zone LSRs analyzed low habitat silvicultural treatment  fuels reduction treatment
Western Klamath 18 0 2 15

Eastern Klamath 5 3 1 2

Western Cascades 2 2 2 0

Modoc 1 1 1 0

Interior Coast 7 3 4 0

each factor were ranked and displayed as a frequency
distribution. This frequency distribution was used to
determine whether obvious thresholds or cutoff points
existed that would relate to levels of management
interests or needs. Finally, a new table was created
that rearranged the reserves into threshold categories
for each factor. This new list was used to rank the re-
serves for each of the three management questions
noted earlier (see Table 19.1). Three separate lists
were generated that prioritized reserves (Table 19.2)
according to (1) quality of habitat (question 1), (2)
need for silvicultural treatment to improve quality of
owl habitat (question 2), and (3) need for fuel or wild-
fire reduction treatment (question 3). An array of rec-
ommendations for management and regulatory use
was then collaboratively determined for each reserve
based on the cumulative assessment and priority of
management need. Recommendations included pre-
scribed burning, thinning, timber harvest, and other
activities that would contribute to management of
spotted owl habitat at different landscape scales and
were specific to the needs of individual reserves. The
range of recommendations we developed offers flexi-
bility for resource management at different spatial and
temporal scales that endeavors to meet owl conserva-
tion needs. As further conditions or data change, the
assessment can easily be revised and recommendations
adjusted accordingly.

Future Application of Model Results

Adaptive management, in which science is a substan-
tial part of planning, evaluating, and modifying man-

agement strategies, can improve interactions between
scientists and managers thereby increasing the effec-
tiveness of planning, allocation, and management of
resources (NAS 1997). To ensure the results of our ex-
ercise have lasting utility to both the regulatory and
management agencies, we developed four products to
support future planning and decision making: (1) a
comprehensive database and seamless map (and asso-
ciated metadata), (2) a table that ranks and lists rec-
ommendations for each reserve and larger area, (3)
guidelines for using the information and tools, and (4)
a procedure for incorporating new information and
adjusting recommendations. We expect these products
to be used by managers to draw reasonable and sup-
portable conclusions about owls and owl habitat at
scales much larger than an individual owl site, allow-
ing for more-efficient land management planning and
fulfillment of regulatory requirements under the ESA
and NFMA. For example, the model can be used as a
planning tool to help regulators evaluate potential ef-
fects of management activities and to identify areas
where projects (management activities) such as timber
harvests are most likely to improve owl habitat quality
or to minimize the reduction of habitat quality. How-
ever, we realize this cannot be accomplished without
educating staff and managers to use the products and
process we have developed.

We envision an active approach to continuing ap-
plication of our efforts, as described by Nichols et al.
(1995). Adaptive management treats management as
an experiment and evaluates whether the desired and
hypothesized outcome emerges after some period of
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time (Gunderson 1999). In our case, the experiment
was evaluating a large number of competing habitat
models. Our treatment is implementing the new
map/model in resource management where implemen-
tation has a hypothesized outcome, in particular, sta-
bility of owl populations in the long term and a reduc-
tion in the rate of population decline in the short term
(5-10 years). Although the specific steps to do this
have not yet been implemented, we have identified a
number of key activities that will allow us to continue
to test, improve, and revise both the products and
their implementation over time.

To ensure that our initial attempt at applying an
adaptive approach succeeds, several critical tasks re-
main. There is a need to continue to collect and test
data because of the complexity of owl-habitat rela-
tions, the stochastic nature of forest dynamics, and the
recognition that our efforts reflect only what we cur-
rently know. This will provide the data to allow our
predictions to be tested (Walters 1997). A major step is
to integrate this exercise into the owl-monitoring pro-
gram so that results from studies of spotted owl demo-
graphics can be used to link demographic performance
with habitat quality and management actions. This will
allow us to evaluate associations among management
activities (actions), probability of owl occupancy, and
demographic parameters. Related to this is the need to
test the results of our "Delphi" approach to refine the
different habitat descriptions used in the five ecological
zones and in particular to investigate the effects of vari-
ation in vegetation structure within these different
habitat types. We made other assumptions that can
and should be tested concurrently with this process.
These include evaluating whether the owl is an indica-
tor or umbrella species for other late-successional
species, investigating the utility of this process to ad-
dressing other species/habitat conflicts, and under-
standing how forest management and manipulation of
habitat quantity and distribution affects spotted owl
and barred owl (Strix varia) interactions. Future suc-
cess, however, is predicated upon a continuing effort to
improve and maintain GIS vegetation databases, using
new remotely sensed and ground-plot data, and ensur-
ing that the databases accurately reflect continuing
changes in the forests due to fires and other distur-
bances. A formalized cyclic approach needs to be un-
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Figure 19.4. Conceptual model of the collaboration process
among managers, resource specialists, and scientists.

dertaken in which use and revision of the above prod-
ucts are linked with research and monitoring pro-
grams, both at the regional and national-forest scale.

We hope that the application of our best model to
the landscape and our focused concern on reserves
that are not currently providing well for owls will re-
sult in a reduction in the rate of population decrease
in northern California in the short term (ten years).
However, because of the new approach described
here, we must view these products as a first generation
that will be improved and revised as we learn more
about analyses, management, and owl habitat use and
population dynamics at this scale. As a result, we will
need to continue to work to integrate this process into
future planning efforts so that our respective field
units can repeat it indefinitely. This will enable us to
routinely test and revise our results and associated
management recommendations as new information
becomes available—in other words, to practice adap-
tive management (Fig. 19.4).

Lessons Learned

Although we did not begin this effort under an adap-
tive management framework, the learning process it-
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self became an adaptive process by default. Over the
four years of this effort, we learned much about the
steps involved and the problems encountered in using
large-scale resource information for management in a
structured and adaptive setting. In particular, main-
taining contacts among disciplines and between scien-
tists and managers has become more critical than in
the past. However, there is an increasing workload as-
sociated with resource management, primarily due to
the complexity and general lack of understanding
about ecosystem management at any scale. Therefore,
although the following is by no means an exhaustive
list, we offer a synopsis of the key lessons learned that
may be helpful to others attempting to undertake sim-
ilar efforts.

Collaboration

Close collaboration between managers and scientists
has not been the traditional approach to resource
management. Large-scale resource planning, especially
from a landscape perspective, requires an interdiscipli-
nary approach, specialized knowledge, open commu-
nication, team compatibility, and integrated thinking.
Although it has been recommended that scientists and
managers should have a "translator" to foster com-
munication (Schonewald-Cox 1994), we realized it
was more critical for our team to have each group do
the translating. Through this interaction, we eventu-
ally realized that scientists, managers, and resource
specialists need to work closely from the beginning
phases of any planning effort and should maintain
their collaboration into implementation. By applying
an adaptive and collaborative approach from the
start, research could more easily be directed to sup-
port management needs, and management could more
efficiently take research findings into consideration,
thus reducing uncertainty and improving resource
management. Although we did not include representa-
tives from special interest groups on our team, we
gave several public presentations to such groups.
Based on their comments, all seemed supportive of our
process and conclusions.

Changing Paradigms

Dealing with change, particularly change brought
about by applying new concepts, was critical in our

endeavor to adaptively manage. However, there con-
tinues to be resistance among people and institutions
to change. For example, even six years after the Forest
Plan mandated the change from project-scale to
large-area planning, this shift had not occurred. Seek-
ing, analyzing, and applying new information and
methods involves taking levels of risk that make some
people and institutions uncomfortable. We believe
that people will be more open to change if they are in-
cluded from the beginning phases of a project rather
than having new systems imposed on them from
higher levels of government. Adaptive management is
a structured and formal approach that requires fo-
cused and collaborative efforts to successfully inte-
grate it into everyday operations. That had not been
our experience as agency resource specialists or scien-
tists, where it was often treated as an additional task
or sometimes a constraint, if it was applied at all.
Adaptive management offers a potential solution to
dilemmas encountered when managing natural re-
sources, such as uncertainty, conflicting information,
and how to evaluate whether management is success-
ful, and if not, why not (Lancia et al. 1996). We need
to take a proactive approach to acquire the informa-
tion necessary to avoid reacting to a problem after it
has occurred. This is particularly important given the
assumptions that underlie management policies, espe-
cially over these large areas.

Temporal and Spatial Scales

Temporal and spatial scale (extent and grain) issues
are poorly understood in resource management, par-
ticularly when evaluating larger landscape units. We
often found that data we had used to make manage-
ment decisions prior to this project were applicable
only at the site or local level and often had little rele-
vance to questions that were pertinent to resource
management at larger scales such as reserves or eco-
logical zones. Although not usually considered, we
should recognize that landscape goals dictate the level
of analysis. By analyzing the context of an action
within the larger landscape, we felt that we were bet-
ter able to understand not just the effects of an action,
but also the significance of those effects important to
the scale of the Forest Plan. Managers and scientists
must continue to ask whether a species needs to be
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managed at a coarse or fine scale, and to identify ques-
tions and apply techniques that are appropriate to that
scale.

Data Quality and Availability

There is an increasing need for more resource data
that address critical management questions, and par-
ticularly for data and maps of known quality and ac-
curacy to carry out large-area assessments such as this
one. The quantity of new and existing information
about spotted owls is immense (Fig. 19.5). Even with
all of the previous work completed on the spotted
owl, we were continually surprised at how poorly
data were maintained, how inconsistently they were
reported, or how few data were accessible or even use-
ful. This problem alone caused the most frequent and
longest delays in our effort. This, coupled with the
rapid rate of emerging ideas on habitat analyses, re-
source selection, mathematical and statistical models,
and issues of scale, makes it extremely difficult for
agency managers and specialists to remain current. As
agencies attempt to improve their efforts toward
ecosystem management, major emphasis needs to be
placed on maintaining and spatially linking data,
keeping data accessible, and using long-term data sets,
all in collaboration with scientists.

Methods and Tools

There is a general lack of applicable and easily used
methods or models for resource specialists and man-
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Figure 19.5. Cumulative number of publications on northern
spotted owls (Strix occidentalis caurina) from 1985 through
1998.

agers to apply when addressing large-landscape-level
questions. The lack of supported methods and incon-
sistent terminology continually hampered our project.
In addition, the way in which we used tools such as
GIS add a level of complexity, cost, and time that man-
agers and resource specialists are reluctant to fund. Be-
cause of skepticism regarding conceptual or theoretical,
approaches, testing or piloting new methods in real sit-
uations with actual data is critical and should be a nor-
mal part of the process (Ringold et al. 1999). This is
particularly important in testing assumptions and ad-
dressing the relationships in species/habitat interac-
tions. We agree with the suggestion of considering mul-
tiple models (rather than a single most-probable
model) in developing management strategies and then
assessing their relative credibility by comparing com-
peting predictions with subsequent observations (Con-
roy 1993). We also agree with the perspective of Young
and Varland (1998) regarding "meaningful" research
in a management environment-in other words, re-
search that can be used to help make management
decisions.

Conclusions

Our process is amenable to new information (e.g., dis-
persal data, habitat relationships in additional areas,
etc.) that may emerge in the future. It is specifically set
up to be an adaptive (repeatable) process that will fur-
ther the progress we have made through this collabo-
rative effort. Using an adaptive approach should not
only change the way we work but also should make
our work more efficient and proactive. It is our hope
that this analytic process will serve as an effective
model during future efforts to develop a comprehen-
sive owl conservation plan for all public and private
lands in northern California.

Close collaboration increased our appreciation and
understanding of each other's perspectives and priori-
ties. This effort was not easy and was at times frus-
trating (see Hejl and Granillo 1998 for additional in-
sights). Had we not learned to work together,
however, we would not have gained the ability to shift
our way of viewing, and thus managing, the landscape
from a deterministic to a probabilistic manner. Project
impacts would have continued to be evaluated indi-
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vidually without looking at cumulative effects in time
and space. We would have had no quantitative way to
guide project planning into the future as our knowl-
edge improved and changed. We strongly encourage
this model of collaboration among scientists, resource
specialists, and managers because we found it was
fundamental to successful adaptive management.

Acknowledgments

We could not have succeeded without the assistance
and ideas from a large number of managers, special-
ists, and scientists. A multitude of meetings, work-
shops, and individual discussions were held through-
out the four-year period, so we apologize for names

253

omitted from this list. Team members: Laura Finley,
George Mayfield, (Fish and Wildlife Service); Jesse
Plumage (Forest Service). In addition to our other
team members, we thank our earlier collaborators
for their contributions: Jean Elder, John Hamilton,
and Laurie Simons (Fish and Wildlife Service); Steve
Clausen, John Larson, Colleen Pelles-Madrid, Greg
Schmidt, and Linda Tatum (Forest Service). We
especially want to thank Alan Franklin, Kevin
McKelvey, Barry Noon, and Darrin Thome, whose
ideas benefited this endeavor, and lastly the man-
agers from all three agencies who believed in and
supported this effort. J. R. Waters and two anony-
mous reviewers provided helpful comments on drafts
of the manuscript.



Arnett, E. B., and R. Sallabanks. 1998. Land manager perceptions of avian research and information
needs: A case study. In Avian conservation, ed. J. M. Marzluff and R. Sallabanks, 399-413.
Washington, D.C.: Island Press.

Blakesley, J. A., A. B. Franklin, and R. J. Gutiérrez. 1992. Spotted owl roost and nest site selection in
northwestern California. Journal of Wildlife Management 56:388-392.

Bormann, B. T., J. R. Martin, F. H. Wagner, G. Wood, J. Alegria, P. G. Cunningham, M. H. Brookes, P.
Friesema, J. Berg, and J. Henshaw. 1999. Adaptive management: Common ground where managers,
scientists, and citizens can try to learn to meet society's needs and wants while maintaining ecological

capacity. In Ecological stewardship: A common reference for ecosystem management, ed. N. C.
Johnson, A. J. Malk, W. Sexton, and R. Szaro, 505-534. Kidlington: Elsevier Science.

Burnham, K. P., and D. R. Anderson. 1998. Model selection and inference: A practical information-
theoretic approach. New York: Springer-Verlag.

Burroughs, R. H., and T. W. Clark. 1995. Ecosystem management: A comparison of Greater
Yellowstone and Georges Bank. Environmental Management 19:649-663.

Carey, A. B., J. M. Calhoun, B. Dick, K. O'Halloran, L. S. Young, R. E. Bigley, S. Chan, C. A.
Harrington, J. P. Hayes, and J. Marzluff. 1999. Reverse technology transfer: Obtaining feedback
from managers. Western Journal of Applied Forestry 14:153-163.

Carpenter, S. R. 1998. Keystone species and academic-agency collaboration. Conservation Ecology
[online] 2:R2. http://www.consecol.org/Journal/vol/iss1/resp2.

Concannon, J. A., C. L. Shafer, R. L. DeVelice, R. M. Sauvajot, S. L. Boudreau, T. E. DeMeo, and J.
Dryden. 1999. Describing landscape diversity: A fundamental tool for ecosystem management. In
Ecological stewardship: A common reference for ecosystem management, ed. N. C. Johnson, A. J.
Malk, W. Sexton, and R. Szaro, 195-218. Kidlington: Elsevier Science

Conroy, M. J. 1993. The use of models in natural resource management: Prediction, not prescription.
Transactions of the North American Wildlife and Natural Resource Conference 58:509-519.

Coughlan, B. A. K., and C. L. Armour. 1992. Group decision-making techniques for natural resources
management applications. Resource Publication 185. Washington, D.C.: U.S. Department of the
Interior, U.S. Fish and Wildlife Service.

ESRI. Environmental Systems Research Institute. 1998. ARC/INFO Version 7.2. 1982-1998. Redlands,
Calif.: Environmental Systems Research Institute.

FEMAT. Forest Ecosystem Management Assessment Team. 1993. Forest ecosystem management: An
ecological, economic, and social assessment. Report of the Forest Ecosystem Management
Assessment Team. Washington, D.C.: U.S. Department of Agriculture, U.S. Department of
Commerce, U.S. Department of the Interior, Environmental Protection Agency.

Fielding Chapter 21

Franklin, A. B. 1997. Factors affecting temporal and spatial variation in northern spotted owl
populations in northwest California. Ph.D. dissertation, Colorado State University, Fort Collins.



Franklin, A. B., D. R. Anderson, R. J. Gutiérrez, and K. P. Burnham. 2000. Climate, habitat quality, and
fitness in northern spotted owl populations in northwestern California. Ecological Monographs
70:539-590.

Gunderson, L. 1999. Resilience, flexibility, and adaptive management: Antidotes for spurious certitude?
Conservation Ecology [online] 3:7. http://www.consecol.org/Journal/vol3/iss1/art7.

Gunderson, L. H., C. S. Holling, and S. S. Light. 1995. Barriers and bridges to the renewal of
ecosystems and institution. New York: Columbia University Press.

Gutiérrez, R. J., A. B. Franklin, and W. S. LaHaye. 1995. Spotted owl (Strix occidentalis). In The birds
of North America, No. 179.

Gutiérrez, R. J., J. E. Hunter, G. Chavez-Leon, and J. Price. 1998. Characteristics of spotted owl habitat
in landscapes disturbed by timber harvest in northwestern California. Journal of Raptor Research

32:104-110.

Haeuber, R. 1996. Setting the environmental policy agenda: the case of ecosystem management.
Natural Resources Journal 36:1-28.

Hejl, S. J., and K. M. Granillo. 1998. What managers really need from avian researchers. In Avian
conservation: Research and management, ed. J. M. Marzluff and R. Sallabanks, 431-437.
Washington, D.C.: Island Press.

Holling, C. S., ed. 1978. Adaptive environmental assessment and management. New York: John Wiley
& Sons.

Hunter, J. E., R. J. Gutiérrez, and A. B. Franklin. 1995. Habitat configuration around spotted owl sites in
northwestern California. Condor 97:684-693.

Johnson, B. L. 1999b. The role of adaptive management as an operational approach for resource
management agencies. Conservation Ecology [online] 3:8. http://wwwlconsecol.org/vol3/iss2/art8.

Johnson, F., and K. Williams. 1999. Protocol and practice in the adaptive management of waterfowl
harvests. Conservation Ecology [online] 3:8. http://www.consecol.org/vol3/iss1/art8.

Johnson, N. K., F. Swanson, M. Herring, and S. Greene, eds. 1999. Bioregional assessments.
Washington, D.C.: Island Press.

Johnson et al. Chapter 12

LaHaye, W. S., and R. J. Gutiérrez. 1999. Nest sites and nesting habitat of the northern spotted owl in
northwestern California. Condor 101:324-330.

Lee, K. N. 1993. Compass and gyroscope: Integrating science and politics for the environment.
Washington, D.C.: Island Press.

MarzIuff, J. M., and R. Sallabanks. 1998. Avian conservation. Washington, D.C.: Island Press.

NAS. National Academy of Sciences, National Academy of Engineering, Institute of medicine, and
National Research Council. 1997



Nichols, J.D., F. A. Johnson, and B. K. Williams. 1995. Managing North American waterfowl in the face
of uncertainty. Annual Review of Ecology and Systematics 26:177-199.

Noon, B. R., and K. S. McKelvey. 1996b. Management of the spotted owl: A case history in
conservation biology. Annual Review of Ecology and Systematics 27:135-162.

Perry, A. D. 1995. Forest ecosystems. Baltimore: John Hopkins University Press.

Ringold P. L., B. S. Mulder, J. Algria, R. Czaplewski, and T. V. Tolle. 1999. Establishing a regional
monitoring strategy: The Pacific Northwest Forest Plann. Environmental management 23:179-192.

Rogers, K. 1998. Managing science/management partnerships: A challenge of adaptive management.
Conservation Ecology [online] 2: R1. http://www.consecol.org/Journal/vol2/iss2/resp]1.

Salwasser, H. 1986. Conserving a regional spotted owl population. In Ecological knowledge and
environmental problem solving: Concepts and case studies, ed. N. Grossblatt, 227-247. Washington,
D.C.: National Academy Press.

Schonewald-Cox, C. 1994. Protection of biological diversity: Missing connection between science and
management. In Biological diversity: Problems and challenges, ed. S. K. Majumdar, F. J. Brenner, J.
E. Lovich, J. F. Schalles, and E. W. Miller, 170-183. Easton, Pa: Pennsylvania Academy of Science.

Simpson Timber Company. 1992. Habitat conservation plan for the northern spotted owl on the
California timberlands of Simpson Timber Company. Arcata, Calif.: Simpson Timber Company.

Solis, D. M., and R. J. Gutiérrez. 1990. Summer habitat ecology of northern spotted owls in
northwestern California. Condor 92:739-748.

The Pacific Lumber Company. 1999. Habitat conservation plan for the properties of The Pacific Lumber
Company, Scotia Pacific Company LLC, and Salmon Creek Corporation. Scotia, Calif.: The pacific
Lumber Company.

Thomas J.W., E. D. Forsman, J. B. Lint, E. C. Meslow, B. R. Noon, and J. Verner. 1990. A conservation
strategy for the northern spotted owl: Report of the Interagency Scientific Committee to address the
conservation of the northern spotted owl. Portland, Ore: U.S. Department of Agriculture Forest
Service; U.S. Department of the Interior, Bureau of Land Management, U.S. Fish and Wildlife
Service, National Park Service.

Thome, D. M., C. J. Zabel, and L. V. Diller. 1999. Forest stand characteristics and reproduction of

northern spotted owls in managed north-coastal California forest. Journal of Wildlife Management
63:44-59.

USDA/USDI. United States Department of Agriculture, Forest Service and United States Department of
Interior, Bureau of Land Management. 1994a. Record of decision for amendments to Forest Service
and BLM planning documents within the range of northern spotted owl; standards and guidelines for
management of habitat for late-successional and old-growth forest related species within the range of
the northern spotted owl. Washington, D.C.: USDA Forest Service and USDI Bureau of Land
Management.



USDA/USDI. United States Department of Agriculture, Forest Service and United States Department of
Interior, Bureau of Land Management. 1994b. Final supplemental environmental impact statement
on management of habitat for late-successional and old-growth forest related species within the range
of the northern spotted owl. USDA Forest Service and USDI Bureau of Land Management.

USFWS. United States Fish and Wildlife Service. 1990. Endangered and threatened wildlife and plants:
Determination of threatened status for the northern spotted owl; final rule. Federal Register 55:
26114-26194.

Verner, J., K. S. McKelvey, B. R. Noon, R. J. Gutiérrez, G. I. Gould, Jr., and T. W. Beck. technical
coordinators. 1992. The California spotted owl: A technical assessment of its current status.
General Technical Report PSW-GTR-133. Albany, Calif.: USDA Forest Service, Pacific Southwest
Research Station.

Walters, C. J. 1986. Adaptive management of renewable resources. New York: MacMillan.

Walters, C. J. 1997. Challenges in adaptive management of riparian and coastal ecosystems.
Conservation Ecology [online]1:1. http://www.consecol.org/Journal/vol1/iss2/art1.

Walters, C. J., and C. S. Holling. 1990. Large-scale management experiments and learning by doing.
Ecology 71:2060-2068.

Young and Hutto Chapter 8

Young, L. S., and D. E. Varland. 1998. Making research meaningful to the manager. In Avian
conservation: Research and management, ed. J. M. Marzluff and R. Sallabanks, 415-422.
Washington, D.C.: Island Press.

Zabel, C.J., K. S. McKelvey, and J. P. Ward Jr. 1995. Influence of primary prey on home range size and
habitat-use patterns of spotted owls (Strix occidentalis caurina). Canadian Journal of Zoology
73:433-439.

Zabel, C. J., J. R. Dunk, H. B. Stauffer, L. M. Roberts, B. S. Mulder, and A. Wright. In review. Northern
spotted owl habitat selection models for research and management application in California.
Ecological Applications.



Predicting
Species
Occurrences

Issues of
Accuracy
and Scale

Edited by
J. MICHAEL SCOTT

PATRICIA J. HEGLUND
MIiCHAEL L. MORRISON
JONATHAN B. HAUFLER

MARTIN G. RAPHAEL
WILLIAM A. WALL

FRED B. SAMSON

ISLAND PRESS

Washington ¢ Covelo * London



Copyright © 2002 Island Press

All rights reserved under International and Pan-American Copyright Con-
ventions. No part of this book may be reproduced in any form or by any
means without permission in writing from the publisher: Island Press, 1718
Connecticut Avenue, N.W, Suite 300, Washington, DC 20009.

ISLAND PRESS is a trademark of The Center for Resource Economics.

No copyright claim is made in the work of Brian B. Boroski, Joseph D.
Clark, Donald L. DeAngelis, C. Andrew Dolloff, Jeffrey R. Dunk, Mike
Gertsch, Greg Goldsmith, Steven J. Harper, Richard S. Holthausen, Carolyn
T. Hunsaker, Michael A. Huston, Douglas H. Johnson, Kristine Johnson,
Chirre Keckler, A. Ross Kiester, Steven T. Knick, William B. Krohn, William
A. Link, Sherri L. Miller, Randy Molina, Clinton T. Moore, Barry S. Muldar,
James T. Peterson, C. John Ralph, Martin G. Raphael, Bruce E. Rieman,
Lynn M. Roberts, Margaret J. Robertsen, J. Andrew Royle, Fred B. Samson,
Glen A. Sargeant, John R. Sauer, Ann-Marie Shapiro, Theodore R. Simons,
Jane E. Smith, David Solis, Howard B. Stauffer, George N. Steger, David R.
B. Stockwell, Glen Taylor, Kathryn Thomas, Bruce C. Thompson, Denis
White, Brian Woodbridge, Adrienne Wright, Cynthia J. Zabel, employees of
federal or state governments.

Library of Congress Cataloging-in-Publication Data

Predicting species occurrences : issues of accuracy and scale edited by
J. Michael Scott ... [et al.].
p. cm.
Includes bibliographical references (p. )
ISBN 1-55963-787-0 (cloth : alk. paper)
1. Zoogeography. 2. Animal populations. 3. Habitat (Ecology) 4.

Spatial ecology. I. Scott, J. Michael.

QL101 .P64 2001

578'.09—dc21

British Cataloguing-in-Publication Data available.
Printed on recycled, acid-free paper

Manufactured in the United States of America
10987654321



	CHAPTER
	
	
	
	Management questions
	
	Number of LSRs with
	Number of LSRs with



	Ecological
	
	Number of

	Number of LSRs with


	Eastern Klamath



