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Preface

This report is one of a set of periodic reports produced by the Northwest Forest Plan (the
Plan) interagency monitoring program. These reports attempt to answer questions about
the effectiveness of the Plan using the latest monitoring methods and research results. The
reports focus on establishing baseline information from 1994, when the Plan was approved,
and reporting changes that have occurred since then. The series includes late-successional
and old-growth forests, northern spotted owl (Strix occidentalis caurina) population and
habitat, marbled murrelet (Brachyramphus marmoratus) population and habitat, watershed
condition, government-to-government tribal relationships, socioeconomic conditions, and
project implementation. These monitoring reports are also intended to identify potential is-
sues and to recommend solutions for future adaptive management changes and, as noted in
the first reporting cycle, to resolve information management issues that inevitably surface
during these analyses.



Abstract

Davis, Raymond J.; Dugger, Katie M.; Mohoric, Shawne; Evers, Louisa; Aney,
William C. 2011. Northwest Forest Plan—the first 15 years (1994-2008): status
and trends of northern spotted owl populations and habitats. Gen. Tech. Rep. PNW-
GTR-850. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station. 147 p.

This is the second in a series of periodic monitoring reports on northern spotted owl (Strix
occidentalis caurina) population and habitat trends on federally administered lands since
implementation of the Northwest Forest Plan in 1994.

Here we summarize results from a population analysis that included data from long-
term demographic studies during 1985-2008. This data was analyzed separately by study
area, and also in a meta-analysis across all study areas to assess temporal and spatial pat-
terns in fecundity, apparent survival, recruitment, and annual rates of population change.
Estimated rates of annual population decline ranged from 0.4 to 7.1 percent across federal
study areas (weighted average of 2.8 percent). Covariates for barred owls (Strix varia),
weather, climate, habitat, and reproductive success were analyzed and had varying degrees
of association with owl demographic parameters. We now have more evidence that increas-
ing numbers of barred owls and loss of nesting/roosting habitat contributed to demographic
declines in some study areas.

We also summarize results from a habitat analysis that used the above data in conjunc-
tion with remotely sensed data from 1994 to 2007 to develop “habitat suitability” models
and habitat maps. These maps were used to quantify the amount and distribution of owl
habitats. We also report on causes of habitat change during this period. On federal lands,
nesting/roosting habitat declined by 3.4 percent rangewide, with some physiographic
provinces experiencing losses of 10 percent. Dispersal habitat increased by 5.2 percent, but
dispersal-capable landscapes declined by 1 percent.

Wildfire remains the leading cause of habitat loss. We developed a rangewide “wildfire
suitability” model and map to illuminate the portions of the owl’s range where suitable nest-
ing/roosting habitat overlaps with landscapes suitable for the occurrence of large wildfires.

Barred owls and management of owl habitat in fire-prone areas continue to be topics
for future monitoring, research, and management consideration.

Keywords: Northwest Forest Plan, effectiveness monitoring, northern spotted owl,
geographic information system, owl habitat, habitat suitability, wildfire suitability, demo-

graphic study, remote sensing, predictive model, habitat model.



Summary

For the eight federal study areas associated with the Northwest Forest Plan (the Plan)
effectiveness monitoring program, the average rate of population decline was 2.8 percent
per year. Strong evidence of declines in annual rates of population change were reported
for five of the eight individual effectiveness monitoring area study sites, but confidence
limits on point estimates for three areas in the center of the northern spotted owl (Strix
occidentalis caurina) range (southwest Oregon) overlapped lambda = 1.0, suggesting these
three populations may not be declining. Rates of population decline were highest in the
northern portions of the owl’s range (Washington and northern Oregon) where populations
are estimated to have declined 40 to 60 percent since the Plan’s implementation.

A variety of covariates including presence of barred owls (Strix varia), weather and
long-term climate cycles, the amount of suitable nesting/roosting habitat on and adjacent to
each study area, and the previous year’s reproductive success, were included in the analysis
of demographic data to explore associations between them and observed population trends.
These covariates had varying degrees of association with owl demographic parameters, but
at least one vital rate (i.e., fecundity, apparent survival, or population) was declining on all
study areas.

The long-term demographic data we continue to collect are the key to understanding
the range of factors that are affecting the recovery of spotted owl populations. At present,
the invasion of the competitive barred owl and the amount of suitable nesting/roosting
habitat are the factors most associated with spotted owl vital rates. Directly managing
barred owl encroachment into spotted owl habitats may be beyond the scope of the Plan,
but maintaining large blocks of suitable spotted owl habitat will likely play a key role in
decreasing negative interactions between the two species and increasing the likelihood of
the persistence of spotted owl populations.

On federal lands, we estimated nesting/roosting habitat losses for 1994 through 2007
in California, and 1996 through 2006 in Oregon and Washington at 3.4 percent rangewide.
Although rangewide losses have not yet exceeded what was anticipated under the Plan,
some physiographic provinces have incurred losses up to 10 percent. This and the fact that
most of the nesting/roosting habitat loss occurred within reserved land use allocations, and
not within the federal matrix outside of these reserves, raises some concern. But in spite
of this paradox, the large, repetitive design of reserves appears to still be functioning as
intended. Of the 12 million ac of nesting/roosting habitat remaining, 71 percent occurs on
federally administered lands, and approximately 70 percent of this is in reserved land use
allocations (not including riparian reserves). Over half of the nesting/roosting habitat occurs
in the central (core) portions of the owl’s range, within the Klamath Mountain provinces of
Oregon and California (27 percent) and the western Cascades of Oregon (26 percent). Not
enough time has yet elapsed for us to accurately detect or estimate any significant recruit-
ment of nesting/roosting habitat; however, increases were observed in “marginal” (younger)
forests indicating that future recruitment of nesting/roosting habitat is on track to occur, as
anticipated, within the next few decades.



In addition to providing potential future nesting/roosting habitat, some younger
forests function as dispersal habitat. Forest succession accounted for some dispersal habitat
recruitment, especially in the more productive tree-growing portions of the range (i.e.,
Oregon Coast Range). Partial disturbances of nesting/roosting habitat also accounted for
some of this recruitment as well. Loss of dispersal habitat, primarily from wildfires, was
observed, but recruitment rates exceeded losses, resulting in a net increase in dispersal
habitat of 5.2 percent (rangewide). In spite of this net gain, dispersal-capable landscapes
actually decreased by 1 percent within the owl’s range because of the spatial distribution
of this habitat. Even with this small decrease, the network of large reserves remains fairly
well connected, with the exception of the northern portion of the eastern Cascades of Wash-
ington and also within the southern tip of the range where some large reserves appear to be
isolated (including the Marin County population).

Recent improvements in remotely sensed vegetation and change-detection mapping
has resulted in better habitat maps to replace the baseline versions produced for the first
monitoring report. Progress in habitat “niche” modeling methods and software has im-
proved our ability to map not only habitat for spotted owls, but also “suitable habitat” for
large wildfires. Wildfire remains the leading cause of owl habitat loss. About 3.6 million ac
of nesting/roosting habitat remain in landscapes that are naturally prone to large wildfires.
Most of this “fire-prone” habitat (85 percent) occurs within the “core” of the owl’s range
(i.e., the Klamath Mountains and the western Cascades of Oregon). Not all habitat burned
is lost to owls, as fire intensity and frequency play a role in the effect of fire on owl habitat
use. Our monitoring showed that large wildfires resulted in 30 to 62 percent loss of the
nesting/roosting owl habitat within their perimeters.

Wildfire is a natural ecological process under which northern spotted owls have
evolved, but the landscapes in which this occurred were heavily altered during the 20t
century. Most remaining nesting/roosting habitat is now contained on federal land, and
its fragmented condition makes it, and the populations that rely on it, more vulnerable to
future large wildfires. Conservation management for northern spotted owls in relation to
wildfire will involve understanding (1) where suitable owl habitats overlap suitable habitat
for large wildfire; (2) the effect of fuel reduction treatments to reduce fire risk on owl habi-
tat use and demographics; and (3) the relationships of fire frequency, severity, and extent

with owl habitat use and demographics.
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Chapter 1: Introduction and Background
Raymond J. Davis, Katie M. Dugger, and Shawne Mohoric

In 1994, the Northwest Forest Plan (referred to hereafter as
the Plan) amended 19 existing Forest Service and 7 Bureau
of Land Management resource management plans within
the range of the northern spotted owl (Strix occidentalis
caurina). An interagency effectiveness monitoring frame-
work was implemented to meet requirements for tracking
the status and trends for late-successional and old-growth
forests, northern spotted owl populations and habitat,
marbled murrelet (Brachyramphus marmoratus) popula-
tions and habitat, watershed condition, social and economic
conditions, and tribal relationships. Monitoring results

are reported at l-year intervals and evaluated at 5-year
intervals. The first regional monitoring reports roughly
covered the first 10 years of Plan implementation and were
documented in a series of General Technical Reports posted
at http:/www.fs.fed.us/pnw/publications/gtrs.shtml. The
first northern spotted owl population and habitat monitoring
report was produced in 2005 covering status and trends of
populations up to 2003 and habitat up to 2002 (Lint 2005).
This report is the second in the series of northern spotted
owl effectiveness monitoring reports (Lint et al. 1999) and
covers population status and trend up to 2008 and habitat
status and trend up to 2007.

The goal of the northern spotted owl monitoring
program is to evaluate the success of the Plan in arresting
the downward trends in populations and habitats that were
largely responsible for the establishment of the Plan. In part,
the Plan was designed to maintain and restore habitat condi-
tions necessary to support viable populations of the north-
ern spotted owl on federally administered lands throughout
the owl’s range (fig. 1-1). The objectives for northern spotted

owl effectiveness monitoring are as follows:

1. Assess changes in population trends and demographic
rates of spotted owls on federal lands within the owl’s

range.

2. Assess changes in the amount and distribution of
nesting, roosting, foraging and dispersal habitat for
spotted owls on federal lands.

The first monitoring effort reporting on status and
trends of northern spotted owl populations and habitat (Lint
2005) included a summary of the fourth northern spotted
owl meta-analysis (Anthony et al. 2006) and produced a
habitat baseline map using the latest technology and best
available data at the time. This report covers the first 15
years of implementation under the Plan, including a summa-
ry of the fifth northern spotted owl population meta-analysis
(Forsman et al. 2011) and the development of new habitat
maps based on new vegetation data, analytical methods, and
habitat modeling technologies.

Lint (2005) realized that as technology advances, there
will be a need to refine or adapt old monitoring methods for
new analytical approaches. With the help of leaders in the
fields of statistics and wildlife demographics, the analyti-
cal methods for conducting the population meta-analysis
continue to advance. Barred owl (Strix varia), climate, and
habitat covariates were included in the latest analysis for the
first time in 2009 (Forsman et al. 2011). The habitat covari-
ates used were products from the 10-year report (Davis and
Lint 2005). The inclusion of these new modeling techniques
and covariates allowed us to investigate relationships be-
tween them and owl demographics for the very first time.

Likewise, the habitat analysis has evolved to incor-
porate new habitat modeling and forest pattern analysis
software that can be used for identifying habitat conditions,
characterization of change to those conditions, and the
recruitment of those conditions through forest succession.
Improvements were made to the vegetation data used to
characterize owl habitat, including the addition of more
variables for habitat modeling and analysis. Most notable,

a consistent vegetation data set was produced for the entire
range of the northern spotted owl, which has never been
available before. This new vegetation data set replaces the
two previously used data sets (IVMP and CALVEG) and,
along with new modeling software, allowed us to refine
the previous baseline habitat map. Therefore the baseline
amounts and distribution of owl habitat reported in the 10-

year report are replaced by results presented in this report.
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The Range of the
Northern Spotted Owl
From Space

On April 25, 2004, a rare cloud-
free image of the Pacific Northwest
was captured by a NASA satellite's
moderate resolution imaging
spectroradiometer (MODIS).

The burned footprints of the recent
Biscuit Fire (2002) in the Oregon
Klamath Province and the B&B Fire
(2003) in Oregon's Eastern Cascades
(yellow arrows) can be seen from over
400 mi in space. Snow-covered
mountaintops denote the highest
elevations of the owl's range, much

of which is not capable of supporting
nesting/roosting habitat.

Physiographic Provinces

1. Washington Olympic Peninsula
2. Washington Western Lowlands
3. Washington Western Cascades
4. Washington Eastern Cascades
5. Oregon Western Cascades

6. Oregon Eastern Cascades

7. Oregon Coast Range

8. Oregon Willamette Valley

9. Oregon Klamath

10. California Klamath

11. California Coast Range

12. California Cascades

N

&

0 50 100 150 200 Miles

0 80 160 240 320 Kilometers

Figure 1-1—The range of the northern spotted owl. NASA = National Aeronautics Space Administration.
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Improvements were also made to the remotely sensed
data used for estimating habitat changes. These improve-
ments include a finer time sequence of change-detection
(annual versus 4- to 5-year intervals) and an improved
ability to detect lower intensity disturbances (i.e., thinning,
insects, and disease). Another improvement in our ability to
detect habitat changes came from the creation of a vegeta-
tion data set that contains the same variables as the baseline
data set, but for a later period. We called these vegetation
data sets “bookends.” Our first bookend is from 1994 in
California and from 1996 in Oregon and Washington. The
other bookend is from 2007 in California and from 2006 in
Oregon and Washington. Therefore our habitat maps and
our analysis of habitat status and trends cover the period
from 1994/96 to 2006/07.

The spotted owl monitoring plan includes two phases
of monitoring (Lint et al. 1999). Phase I entails demographic
monitoring of individual territorial owls on eight federal
study areas to estimate population demographics including
survival, fecundity, and rate of population change while
also tracking habitat conditions rangewide. The eight
federal study areas that are part of phase | occur on federal
lands administered by the U.S. Forest Service, Bureau of
Land Management, and the National Park Service. They
provide population trend data for a representative mix of
areas considered key to the success of owl management
under the Plan. The scientists who developed the monitor-
ing plan determined that these eight study areas were the
minimum number needed to be able to make scientifically
credible and defensible inferences of population trends to
the broader federal landscape within the owl’s range (Lint
et al. 1999, Mulder 1997). It is hoped that eventually the
demographic monitoring data can be combined with the
habitat monitoring data to develop predictive models of
owl occurrence and demographic performance based on
observed habitat conditions. This would allow for imple-
mentation of phase II, which increases emphasis on habitat
monitoring and decreases the population monitoring to a
minimum of four study areas, which would provide a means

to validate the population predictions of the habitat models.

Implementation of phase II depends on our ability to relate
owl demography to habitat conditions such that we can
relate habitat status and trends directly to population status
and trends with acceptable confidence. To date, attempts to
develop predictive models have had mixed results (Dugger
et al. 2005, Franklin et al. 2000, Olson et al. 2004) and have
generally been unsuccessful across the range of the owl;
however, some progress has been made as noted above and,
as technology continues to advance, this remains our goal.
After 15 years, agency managers continue to be
proactive and supportive of the monitoring program. As
Lint (2005) stated, this support is, “of utmost importance to
the future of the effectiveness monitoring program.” The
Northwest Forest Plan’s effectiveness monitoring program
(Mulder et al. 1999) has received national and international
attention (Gosselin 2009) and has been noted as the largest
and most comprehensive regional forest plan monitoring
ever conducted (McAlpine et al. 2007). The monitoring data
created and the analysis results presented in the 10-year
monitoring report have provided valuable information for
managers and policymakers in making informed decisions.
Examples include northern spotted owl recovery planning
(USDI 2008b) and designation of critical habitat (USDI
2008a) and increased emphasis by regulatory and manage-
ment agencies to reduce risk of owl habitat and old forests

from high-severity fire in dry provinces (Spies et al. 20006).
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Chapter 2: Population Status and Trend
Katie M. Dugger and Raymond J. Davis

Introduction

The collection of demography data is the foundation of the
effectiveness monitoring program for northern spotted owls
(Strix occidentalis caurina) (Lint et al. 1999), designed to
monitor the effect of the Northwest Forest Plan (the Plan) on
populations. Demographic surveys for spotted owls follow-
ing standardized data collection protocols began on some
study areas as early as 1985 (northwest California: Franklin
et al. 1996a, 1996b) even before the monitoring plan was
actually finalized. The first rangewide meta-analysis was
conducted in 1991 (Anderson and Burnham 1992), then
again in 1993 (Burnham et al. 1996), and every 5 years
thereafter (1998: Franklin et al. 1999; 2004: Anthony et

al. 2006; 2009: Forsman et al. 2011). This long history of
owl surveys and demographic data collection represents

the single largest, long-term mark-recapture data set in the
world for a threatened species (Courtney et al. 2004), and
these data are invaluable for monitoring spotted owls under
the Plan.

The goal of the population component of the monitoring
program is to determine if the Plan is arresting or slowing
the declining trend in northern spotted owl populations
on federally administered lands throughout the owl’s
range. This is accomplished with annual data collection on
eight federal study areas associated with the effectiveness
monitoring plan (Lint et al. 1999). For the 10-year report
(Lint 2005), these eight areas and data from three other
independent study areas provided relevant data to address
this question on federal lands managed under the Plan (An-
thony et al. 2006). After 15 years, we report results from the
eight federal demographic study areas and one independent
study area. These nine areas are spread throughout the owl’s
range (fig. 2-1) and data on owl occupancy, survival, and
productivity were gathered annually from each to estimate
apparent adult survival, reproduction, and annual rate of
change of owl populations. Detailed results of the analyses
of these data and data from two other, independent study

areas within the range of the owl are reported by Forsman

et al. (2011). The objectives of the most recent population

status and trend meta-analysis were as follows:

»  Estimate age-specific survival and fecundity rates
and their sampling variances for individual study
areas.

*  Determine if any trends in adult female survival and
fecundity exist across study areas.

»  Estimate annual rates of population change (1) and
their sampling variances for individual study areas.

*  Determine if the declines in apparent survival and
populations, which were documented previously
(Anthony et al. 2006), have continued or stabilized.

*  Determine whether changes in the amount of suit-
able habitat, the presence of barred owls (Strix
varia), or climate explain the observed annual vari-
ability in owl vital rates.

»  Estimate components of the rate of population
change, including apparent survival and recruit-
ment rates that were not done in previous analyses
(Anthony et al. 2006, Burnham et al. 1996, Franklin
et al. 1999).

Data Sources and Methods

Data from eight demographic study areas in Washington,
Oregon, and California were used to estimate status
and trends of owl populations on federal lands (fig. 2-1).
Although it is not part of the monitoring plan, data from
the Rainier study area in Washington were also included be-
cause the study area occurs primarily on federal land. The
two additional study areas in the latest meta-analysis are
the Hoopa on tribal lands and the Green Diamond Resource
study area on private timber company lands (Forsman et al.
2011). Because Hoopa and Green Diamond Resources did
not include any lands managed under the Plan, they were
excluded from this monitoring report, except when meta-
analysis results including all 11 study areas are presented.
This monitoring report is based on nine study areas
managed under the Plan that include variation in climate,
vegetation, and topography and encompass most of the
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Northwest Forest Plan
Northern Spotted Owl
Demographic Study Areas

Type of Study Area

- Independent

Forest-CapabIe Land

- Federal
- Nonfederal

* These are the eight study areas
that were selected for phase 1
population monitoring under
Lint et al. (1999).

Physiographic Provinces

1. Washington Olympic Peninsula
2. Washington Western Lowlands
3. Washington Western Cascades
4. Washington Eastern Cascades
5. Oregon Western Cascades

6. Oregon Eastern Cascades

7. Oregon Coast Range

8. Oregon Willamette Valley

9. Oregon Klamath , _ _
10. California Klamath "/ \ Northwest
11. California Coast Range California
12. California Cascades

;N
0 50 100 150 200 Miles
0 80 160 240 320 Kilometers

Figure 2-1—Location of nine demography study areas comprising primarily federal lands administered under the
Northwest Forest Plan and included in the 2009 northern spotted owl meta-analysis. Source: Forsman et al. (2011).
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northern spotted owl’s geographic distribution. The forests
on all study areas are dominated by conifers or mixtures

of conifers and hardwoods, although there are regional
differences in species composition (for more details, see
Forsman et al. 2011). The nine study areas range from 396
to 1514 mi2; the median study area size was 691 miZ, and
the mean was 829 mi? (table 2-1). These nine study areas
encompassed 7460 mi? or approximately 8 percent of the
owl’s range, and the numbers of years included in these data
sets ranged from 17 (Rainier) to 24 (Northwest California).
Four of these study areas (Olympic, H.J. Andrews, South
Cascades, and Northwest California) primarily comprised
federal lands administered by USDA Forest Service, the
USDI Bureau of Land Management, and the USDI National
Park Service (table 2-1). The other five (Cle Elum, Rainier,
Coast Ranges, Tyee, and Klamath) included a mixture of
federal, private, and state lands intermixed in a checker-

board pattern of ownership (table 2-1).

Field Data Collection

Data on individually identifiable (i.e., banded) owls were
collected from the nine demographic study areas annually.
During each breeding season (March through August),
multiple visits (usually > three per season) were made to
owl territories to locate banded owls; confirm band num-
bers, sex, and age; and band any unmarked owls. In addi-
tion, the number of young produced was documented for
each territorial owl, and fledglings were banded resulting
in a known-age population of spotted owls on each study
area. For details on the standardized field methods used

to capture, mark, age, sex, and estimate productivity, see
Franklin et al. (1996a). These methods resulted in complete
capture histories over time of every owl banded during this
study and the number of young fledged per territorial female
(NYF) located each year. From these data, annual apparent
survival (@) by sex and age, annual productivity (NYF)

by age, and the annual rate of population change (1) were
estimated (Forsman et al. 2011).

Data Analysis
During a 9-day period in January 2009 (9th through 17th),

a workshop was held at Oregon State University in

Corvallis, Oregon, to analyze the data from 11 study areas.
This workshop was led by research scientists with inter-
nationally recognized expertise in population dynamics,
statistics, and the analysis of capture-recapture data. The
analyses were conducted under the direct guidance of these
scientists. Consistent with the previous four workshops con-
vened since 1991 to analyze spotted owl demographic data,
all participants adopted formal protocols for error-checking
data sets and for the development of a priori model sets for
each parameter of interest (Anderson et al. 1999). Thus, the
data were collected and prepared in a consistent manner
among study areas, and there were no analyses of additional
models after post hoc examination of initial results (i.e.,

all data sets were analyzed the same way). Detailed results
from this workshop (summary presented here) are reported
in Forsman et al. (2011), and these analyses represent a
retrospective, observational study, which assesses the
strength of association between owl vital rates and a variety
of explanatory covariates rather than addressing direct
cause-effect relationships.

Error Checking

Crew leaders from each study area compiled survival,
fecundity, and rate of population change data sets in a
consistent manner, following specific instructions provided
by workshop organizers. When digital files were completed,
data entry was error checked by independent members of
the workshop organizing team. The capture-history files

for estimation of survival and annual rate of population
change were error checked by randomly drawing 10 capture
histories from each study area file and comparing them to
paper copies of the field data that supported each of these
capture histories. Fecundity data entry was error checked in
a similar way, with 10 records of reproductive success for a
specified female in a given year compared to paper copies of
the field data forms. If errors were found in the first round
of checking, the errors were corrected and the process was
repeated with another sample of 10 records. If errors were
found in the second round of data checking, the entire file
was returned to the crew leader and principal investigator
for review and correction. This sequence of error checking
and correction was continued until no errors were found
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in 10 randomly drawn records, although it is possible that
a low level of data entry error might still persist. Copies
of error-checked records and field data forms submitted to
confirm these records were archived, and all crew lead-
ers signed statements before submitting data for analysis
certifying the accuracy of their data.

Estimating Survival

Cormack-Jolly-Seber open population models (CJS)
(Franklin et al. 1996a, Lebreton et al. 1992) in Program
MARK (White and Burnham 1999) were used to estimate
apparent survival of owls each year. Because survival esti-
mates from CJS models cannot separate losses of individu-
als who died from losses owing to permanent emigration,
these models estimate apparent survival, which incorporates
the annual site fidelity of individuals (true survival x site
fidelity = apparent survival). Spotted owls show high annual
site fidelity (Forsman et al. 2002), so permanent emigration
does not seriously bias model estimates, and apparent sur-
vival is believed to be very close to true survival (Anthony
et al. 2006, Forsman et al. 2011). The general approach used
to generate survival estimates from capture-recapture data

on individual study areas was as follows:

*  Decide on a set of a priori models for analysis and
the order in which models will be run.

*  Evaluate goodness-of-fit of the data to the general
CJS model and estimate an over-dispersion param-
eter (c-hat = ¢) using the median c-hat approach in
Program MARK.

e Use the estimated c-hat to adjust covariance matri-
ces for over-dispersion and to obtain quasi-Akaike’s
information criteria (QAIC,) for model selection.

*  Run all models for capture probability and apparent
survival developed in the pre-analysis a priori model
set.

*  Select appropriate models for inference based
on QAIC; model selection results (Burnham and
Anderson 2002).

Several covariates expected to affect survival, includ-
ing age, sex, the cost of reproduction, the proportion of

territories where barred owls were detected each year,

and climate covariates, were also included in the analysis.
The nature (positive or negative) of these effects was
hypothesized a priori, and the appropriate models reflecting
these effects were included in the initial model sets prior to
analysis.

The meta-analysis of all 11 study areas combined was
conducted in a similar fashion, but in addition to study area,
time trends, the cost of reproduction, and the barred owl
covariate, models also included land ownership, ecological
region, latitude, climate, and habitat change.

Estimating Fecundity

All analyses of reproductive rate were based on the annual
number of young produced per territorial female (NYF), but
to be consistent with previous reports (Anthony et al. 2006,
Forsman et al. 1996, Franklin et al. 1999), estimates from
these models were presented as “fecundity,” where fecundi-
ty is the average annual number of female young produced
per female owl (NYF/2). This adjustment assumes a 1:1 sex
ratio at birth, which has been supported by previous genetic
analyses of blood collected from juveniles (Fleming et al.
1996). Models were developed a priori to investigate the ef-
fects of age, general time variation, a variety of time trends,
the proportion of owl territories where barred owls were
detected each year, and an even-odd year effect, which has
previously been shown to reflect a temporal cycle in spotted
owl reproduction (i.e., Anthony et al. 2006). In addition,
climate and habitat covariates were included in the analysis.
The general approach used to generate fecundity estimates

was as follows:

* Decide on a set of a priori models for analysis and
the order in which models will be run.

*  Determine whether spatial variance (the random ef-
fect of territory) should be included in the modeling
process.

»  Use Proc Mixed in SAS (SAS Institute Inc. 2008) to
fit all a priori models to the annual averages of NYF
using a regression model based on a normal distribu-
tion.

»  Select appropriate models for inference based
on QAIC, model selection results (Burnham and
Anderson 2002).
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There was no consistent pattern regarding the best
model for fecundity among study areas, so a nonparametric
approach was used to estimate mean NYF by age class. The
mean NYF was computed for each year and age class. Then
these means were averaged across years within each age
class. The estimated standard error was computed as the
standard error of the average of the averages among years.
This method gave equal weight to all years, regardless of
the number of birds actually observed, and it did not force a
model for changes over time.

As was done for survival, a meta-analysis of fecundity
with all 11 study areas combined was conducted, and in
addition to the covariates included in the individual study
area analysis, land ownership, latitude, climate, and ecologi-
cal region were also included. Analysis details and meta-

analysis results are reported in Forsman et al. (2011).

Estimating Annual Rate of Population Change and
Realized Population Change

The reparameterized Jolly-Seber method (Pradel 1996) was
used to estimate annual rates of population change (4 5)

in Program MARK using capture-recapture data. A param-
eterization was used to generate annual estimates of 4 (4;)
for each study area, which allowed for decomposition of 4
into two components, apparent survival (¢) and recruitment
(f), where:

A= oty

Apparent survival (¢;) reflects both survival of territory
holders within study areas and site fidelity at time t (year),
so both death and permanent emigration are included in this
parameter. Recruitment (fy) is the number of new owls in
the population at time t+1 per animal in the population at
time t and reflects both individuals born on the study area
that become established territory holders, and immigration
of recruits from outside the study area. Thus, the estimate
of 4, accounts for all of the losses and gains in the study
area populations during each year and results in minimum
bias in estimation of the annual rate of population change
(Anthony et al. 2006).
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In addition to an analysis of annual population change
for each individual study area, a meta-analysis was conduct-
ed with all 11 study areas combined, where landownership,
latitude, climate and weather, and ecological region were
also included. Analysis details and meta-analysis results are
reported in Forsman et al. (2011).

Estimates of realized population change (A) were also
computed and reflect the proportional change in estimated
population size relative to population size in the initial year
of analysis, and were computed following the methods of
Franklin et al. (2004). On each study area, annual estimate

of realized population change was calculated as:

)
L
Il
-
I
m

A;

i=x

where X was the year of the first estimated lt. For example,
given three, year-specific lambdas of say 0.9 in 1993, 1.2 in
1994, and 0.7 in 1995, the realized population change would
be 0.9 x 1.2 x 0.7 = 0.756. This value means that at the end
of 1995, the population was 75.6 percent of the starting
population in 1993. Thus, estimates of realized population
change clearly illustrate the long-term, cumulative trends in
annual population changes.

Results

The following is a summary of the demographic analysis
of apparent survival, fecundity, annual rate of population
change, and realized population change for the northern
spotted owl reported by Forsman et al. (2011). These
analyses are the most long-term and comprehensive to date
across the range of the owl; however, although the 11 study
areas included in this analysis covered a large portion of the
owl’s geographic range, they were not randomly selected.
Thus, results cannot be considered representative of owl
populations throughout its entire range and cannot be used
to assess demographic trends on nonfederal lands because
only two study areas on nonfederal lands were included

in the analysis. However, Forsman et al. (2011) believed

their results to be representative of most owl populations
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on federal lands as they include nine large study areas,

with comprehensive geographic coverage and a variety of
landownership and management strategies. Thus, the results
from the nine study areas associated with federal land
managed under the Plan can be used to make inferences to
populations on those lands.

Survival

For the nine individual study areas, the number of banded
owls included in the survival analysis were 615 1-year-olds,
668 2-year-olds, and 2,910 adults (>3 years old) with 19,680
total encounters across all individuals and age classes (table
2-1). The number of recaptures in this data set was 4.5 times
the number of initial captures.

In general, survival was similar between sexes (except
for Olympic where survival was higher for males) and
higher for adults compared to subadults (table 2-2). Factors
including time and time trends, the proportion of territories

where barred owls were detected each year, reproductive

rate (fledglings per pair) in the previous year, and weather
had varying effects on survival depending on the study
area. Mean annual estimates of model-averaged apparent
survival of female owls ranged from 0.529 to 0.794 for
1-year-olds, 0.674 to 0.864 for 2-year-olds, and 0.819 to
0.865 for adults (>3 years old) (table 2-2). Most notably, sur-
vival was declining on all but the Klamath study area, and
in some cases, the declines occurred primarily in the last
10 years or so (Coast Ranges, H.J. Andrews, Tyee, South
Cascades). Declines were most evident in Washington and
strongest in the last 5 years for the Cle Elum and Rainier
study areas. The Klamath study area was the only one for
which no trend in survival was observed, although large
amounts of annual variation in adult survival were observed
(see fig. 5b in Forsman et al. 2011).

For the Rainier and Olympic study areas in Washing-
ton, survival was negatively associated with high rates of
reproduction in the previous year, but this effect was not

evident on any of the other study areas. In the meta-analysis

Table 2-2—Average survival rates with standard errors (SE) for female northern spotted owls by age class in
the nine demographic study areas associated with land managed under the Northwest Forest Plan

Age class
Landowner 1 year old 2 years old >3 years old

Study area class Survival? SE Survival? SE Survival? SE
Washington:

Cle Elum® Mixed 0.794 0.051 0.820 0.023 0.819 0.013

Rainier Mixed 0.541 0.181 0.674 0.156 0.841 0.019

Olympicb Federal 0.529 0.148 0.786 0.081 0.828 0.016
Oregon:

Coast Rangesb Mixed 0.742 0.072 0.864 0.031 0.859 0.009

H.J. Andrews? Federal 0.717 0.084 0.830 0.042 0.865 0.010

Tyeeb Mixed 0.761 0.043 0.864 0.020 0.856 0.008

Klamath® Mixed 0.788 0.040 0.858 0.020 0.848 0.008

South Cascades? Federal 0.692 0.069 0.733 0.053 0.851 0.010
California:

Northwest

California® Mixed 0.774 0.031 0.784 0.031 0.844 0.009

Note: See table 2-1 for data years.

a Average survival is the arithmetic mean of model-averaged annual survival estimates for females. Standard errors were calculated using the

delta method.

One of eight study areas monitored under the northern spotted owl effectiveness monitoring program for the Northwest Forest Plan.

Source: adapted from Forsman et al. (2011).
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of all 11 study areas, the negative cost of reproduction

on survival was an important covariate and a consistent
effect across all study areas. The analyses of individual
study areas supported the negative effect of barred owls

on survival, but the effect was variable among study areas:
decreased survival was associated with higher proportions
of territories where barred owls were detected for Rainier,
Coast Ranges, and H.J. Andrews, with weaker evidence
found for the Olympic and Northwest California, and neg-
ligible evidence of a barred owl effect for Cle Elum, Tyee,
and Klamath study areas. The results of the meta-analysis
support much stronger negative effects of barred owl pres-
ence on spotted owl survival. The model with an additive
barred owl effect ranked higher compared to the model with
an interaction between barred owl presence and study area,
supporting the importance of a consistent barred owl effect
across all study areas, rather than an effect that varies in
magnitude among areas.

The effects of climate, weather, and the amount of
suitable owl habitat on survival were only investigated
during the meta-analysis. There was some support for de-
creasing time trends in survival and a negative relationship
between early nesting season precipitation and survival,
but the amount of suitable habitat had no effect (Forsman
et al. 2011). In addition, there was also some support for
differences in survival among ecological regions, with the
lowest survival rates reported for study areas in Washington
mixed-conifer regions and highest survival for the Coast
Ranges. The meta-analysis suggested several factors
affected survival, but none of the covariates explored in
this analysis explained a substantial portion of the variation

among years and study areas (between 0.0 and 5.7 percent
only).

Fecundity

The analysis across all 11 study areas by Forsman et al.
(2011) included 11,450 observations of the number of young
produced by territorial females, and 90 percent of those
observations were from adult females ( >3 years old). The
younger age classes were observed breeding much less fre-
quently (3.8 percent for 1-year-olds, 6.1 percent for 2-year-
olds), and age had a strong effect on productivity (Forsman
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et al. 2011). Mean fecundity was highest for adults (0.330,
SE = 0.025), lower for 2-year-olds (0.202, SE = 0.042), and
nearly negligible (0.07, SE = 0.015) for 1-year-olds (Forsman
et al. 2011).

Fecundity differed greatly by study area, and adult
fecundity was highest on Cle Elum (0.553, SE = 0.052) and
lowest in the Coast Ranges (0.263, SE = 0.04) (table 2-3).
There was considerable annual variation in fecundity, but
the patterns in variation were not consistent among study
areas. A cyclic, even-odd-year effect where fecundity was
high in even years and low in odd years was still important
for some study areas (Forsman et al. 2011), but has generally
become less evident since the last analysis (Anthony et al.
2006). Overall, fecundity was declining in four areas (Cle
Elum, Klamath, South Cascades, Northwest California),
stable in two areas (Olympic, Tyee), and increasing in three
areas (Rainier, Coast Ranges, H.J. Andrews) (table 2-4).

The effects of several covariates on owl fecundity were
also reported by Forsman et al. (2011). The proportion of
owl territories on each study area where barred owls were
detected at least once during a breeding season had a nega-
tive effect on fecundity for three study areas (Coast Ranges,
Klamath, South Cascades), a positive effect on fecundity in
one study area (H.J. Andrews), and no effect on the other
five areas. There was also evidence that low temperatures
during the early nesting season had negative effects on fe-
cundity in three study areas (Rainier, Coast Ranges, South
Cascades); late nesting season temperatures had a negative
effect on fecundity on one study area (Tyee); and high
precipitation during the early nesting season had negative
effects on fecundity in three study areas (Cle Elum, Coast
Ranges, Northwest California). Support for a negative effect
of barred owls and effects of climate and weather on fecun-
dity was generally weak. In Oregon, increased fecundity
on four of five study areas (Coast Ranges, H.J. Andrews,
Tyee, South Cascades) were associated with higher annual
estimates of the amount of suitable habitat associated with
each study area; however, more suitable habitat resulted in
decreased productivity on the Klamath study area (Forsman
et al. 2011). There was little indication of any association
between the amount of suitable habitat and fecundity on

the Washington study areas, and this association was not



Northwest Forest Plan—the First 15 Years (1994—-2008): Status and Trends of Northern Spotted Owl

Table 2-3—Mean (X), age-specific fecundity (number of female young produced per female) with standard errors
(SE) for northern spotted owls in the nine demographic study areas associated with land managed under the
Northwest Forest Plan

Age class
Landowner 1 year old 2 years old >3 years old

Study area class X SE X SE X SE
Washington:

Cle Elum?® Mixed 0.115 0.083 0.517 0.109 0.553 0.052

Rainier Mixed 0.100 0.100 0.111 0.111 0.302 0.065

Olympic? Federal 0.150 0.100 0.361 0.162 0.300 0.060
Oregon:

Coast Ranges? Mixed 0.000 0.000 0.094 0.039 0.263 0.040

H.J. Andrews? Federal 0.083 0.083 0.110 0.043 0.323 0.041

Tyee? Mixed 0.018 0.013 0.218 0.065 0.305 0.034

Klamath? Mixed 0.056 0.024 0.289 0.045 0.377 0.033

South Cascades? Federal 0.060 0.038 0.210 0.064 0.347 0.052
California:

Northwest

California® Mixed 0.088 0.054 0.152 0.038 0.324 0.027

Note: See table 2-1 for data years.
8 One of eight study areas monitored under the northern spotted owl effectiveness monitoring program for the Northwest Forest Plan.
Source: adapted from Forsman et al. (2011).

Table 2-4—Trends in fecundity and survival, and mean rate of population change (X) with standard errors (SE) and
95-percent confidence limits (95% CI) for northern spotted owls from nine demographic study areas associated with
land managed under the Northwest Forest Plan

Estimated annual rate
of population change (/g;s)?

Landowner Population

Study area class Fecundity Survival X SE 95% CI trend®
Washington:

Cle Elum® Mixed Declining Declining 0.937 0.014 0.910-0.964 Declining

Rainier Mixed Increasing Declining 0.929 0.026 0.877-0.977 Declining

Olympic® Federal Stable Declining 0.957 0.020 0.918 —0.997 Declining
Oregon:

Coast Ranges® Mixed Increasing Declining since 1998 0.966 0.011 0.943-0.985 Declining

H.J. Andrews® Federal Increasing Declining since 1997 0.977 0.010 0.957-0.996 Declining

Tyee® Mixed Stable Declining since 2000 0.996 0.020 0.957-1.035 Stationary

Klamath® Mixed Declining Stable 0.990 0.014 0.962-1.017 Stationary

South Cascades®  Federal Declining Declining since 2000 0.982 0.030 0.923-1.040 Stationary
California:

Northwest

California® Federal Declining Declining 0.983 0.008 0.968-0.998 Declining

a ﬂR jg = reparameterized Jolly-Seber estimate of population change (Pradel 1996).

b Population trends based on estimates of realized population change.

€ One of eight study areas monitored under the northern spotted owl effectiveness monitoring program for the Northwest Forest Plan.
Source: adapted from Forsman et al. (2011).

13



GENERAL TECHNICAL REPORT PNW-GTR-850

investigated for California study areas because comparable
maps to develop the covariate were not available (Forsman
et al. 2011).

Annual Rate of Population Change

Estimates of the annual rate of population change (1) on
the nine study areas ranged from 0.929 to 0.996 (table 2-4).
There was strong evidence that populations on the Cle
Elum, Rainier, Olympic, Coast Ranges, H.J. Andrews, and
Northwest California study areas declined during the study
(table 2-4, fig. 2-2), with particularly low estimates of 4 for
Cle Elum and Rainier, which suggested population declines
of 6.3 and 7.1 percent per year, respectively (table 2-4).
Point estimates of A for the Tyee, Klamath, and South Cas-
cades study areas were all <1.0, but 95-percent confidence
intervals (CIs) included 1.0 (table 2-4), suggesting popula-
tions may be stationary. The weighted mean estimate of 4

for all the study areas included in the analysis by Forsman

et al. (2011) was 0.971 (SE = 0.007, 95-percent CI = 0.960
to 0.983), which indicated that the average rate of popula-
tion decline was 2.9 percent per year during the study. The
weighted mean estimate of A for the eight federal effective-
ness monitoring areas (excluding Rainier) was 0.972 (SE =
0.006, 95-percent CI = 0.958 to 0.985), which indicated an
estimated decline of 2.8 percent per year.

Results from the meta-analysis on the annual rate of
population change indicated that both survival and recruit-
ment differed by ecological region, with the highest survival
in the Oregon Coast Douglas-fir region and lowest survival
in Washington mixed-conifer region (Forsman et al. 2011).
Recruitment was highest in the Oregon/California mixed-
conifer region and lower elsewhere (Forsman et al. 2011).
A negative association between barred owl detections and
survival in the rate of population change analysis was also
evident and consistent with results from the meta-analysis

of survival (see above). A weak association between sur-

1.1
1.05
Stationary population
. 1 Iy pop! . I —
@
= T -t
0.95 i
——
0.9
0.85
Cle Elum Rainier Olympic  Coast Tyee Klamath  South  Northwest
Ranges Andrews Cascades California
Study area

Figure 2-2—Estimates of mean annual rate of population change (1), with 95-percent confidence intervals for northern
spotted owls in nine study areas associated with lands managed under the Northwest Forest Plan in Washington, Oregon,

and California. Source: Forsman et al. (2011).
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vival and the Pacific Decadal Oscillation was also evident,
with higher survival observed during warmer phases of this
regional climate cycle. No other climate or weather covari-
ates were important. Estimates of recruitment were higher
on study areas comprising primarily federal lands (Olympic,
H.J. Andrews, South Cascades, Northwest California)
compared to mixed or private ownerships. Recruitment was
also higher when the proportion of suitable owl habitat was
higher within study areas, but was lower in association with
higher proportions of suitable habitat outside study area

boundaries.

Realized Population Change

Estimates of realized population change reflected the trend
in the proportion of the population remaining each year,
based on annual changes in / in relation to the popula-

tion at the beginning of the study (Forsman et al. 2011).
Populations in Washington and northern Oregon (Olympic,
Rainier, Cle Elum, Coast Ranges) declined by 40 to 60
percent during this study (fig. 2-3), and there is some evi-
dence that populations on the H.J. Andrews and Northwest
California study areas were also declining (20 to 30 percent)
although 95-percent Cls around estimates of realized
population change overlapped 1.0 slightly (fig. 2-3). There
was less evidence that populations on South Cascades,
Tyee, and Klamath areas were in decline (5 to 15 percent),
but many point estimates of realized population change for
these areas were less than 1.0 even though 95-percent Cls
broadly overlapped 1.0 (fig. 2-3).

Discussion

These demographic results are a summary of Forsman

et al. (2011) and they represent the fifth meta-analysis of
demographic data from northern spotted owls (Anderson
and Burnham 1992, Anthony et al. 2006, Burnham et al.
1996, Franklin et al. 1999). The second meta-analysis of
demographic rates of northern spotted owls was conducted
in 1993 and included 11 study areas (Burnham et al. 1996,
Forsman et al. 1996). At that time, owl fecundity rates
varied among years and with owl age, and exhibited no
increasing or decreasing trend over time (Burnham et al.

1996). Survival rates were dependent on age, and there was

a decreasing trend in adult female survival. The annual rate
of population change was <1.0 for 10 of 11 areas examined,
with an estimated average rate of population decline of

4.5 percent per year (Burnham et al. 1996). By 2004, owl
fecundity was relatively stable among the 14 study areas
examined, survival rates were declining on 5 of the 14
areas, and populations were declining on 9 of 13 study areas
for which there were adequate data to estimate 1 (Anthony
et al. 2006). However, the annual rate of decline was less,
as mean A for the 13 areas was 0.963, indicating popula-
tions were declining 3.7 percent annually during the study
(Anthony et al. 2006).

Declines in fecundity, survival, and rate of population
change were observed across most study areas in this most
recent analysis by Forsman et al. (2011). Over the last 15
years, populations on all 11 areas included in the recent
meta-analysis declined on average 2.9 percent per year
(Forsman et al. 2011). This is a lower rate of decline than
the 3.7 percent reported in the last meta-analysis (Anthony
et al. 2000), but the rates of decline are not directly com-
parable between analyses. The current analysis represents
a different time series than past efforts, and data collection
on two of the study areas included in past analyses was
discontinued (Wenatchee, Warm Springs Reservoir), so
these areas could not be included in the most recent analysis
(Forsman et al. 2011). In addition to the Rainier study area,
apparent survival rates of owls were declining on seven
(Cle Elum, Olympic, Coast Ranges, H.J. Andrews, Tyee,
South Cascades, Northwest California) of the eight study
areas associated with the Plan (table 2-4) and fecundity
was also declining in four of these populations (table 2-4)
(Forsman et al. 2011). In Washington and northern Oregon,
the number of declining populations and the rate of decline
raises concern about the long-term sustainability of the owl
throughout its range (Forsman et al. 2011).

The reasons for declines in spotted owl populations
were not readily apparent in any of the previous meta-
analyses (Anthony et al. 2006, Burnham et al. 1996,
Franklin et al. 1999). The analysis done by Forsman et al.
(2011) incorporated covariates to investigate the influence of
barred owls, weather and climate, and habitat on fecundity,
survival, and rate of population change. As a result, we now
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have some evidence that increasing numbers of barred owls
and loss of habitat contributed to demographic declines
reported in some study areas (Forsman et al. 2011). The
presence of barred owls appeared to be the strongest and
most consistent negative factor relating to spotted owl sur-
vival, but the strength of the response was variable among
study areas. Forsman et al. (2011) concluded that although
their results do not represent cause-effect relationships, they
certainly suggest that barred owl invasion into the range of
the spotted owl is at least partly to blame for the continued
decline of the owl on federal lands. However, recovery of
habitat lost over the last century is a slow process and likely
continues to negatively impact owl populations.

From the perspective of evaluating the effectiveness
of the Plan on the conservation and recovery of the owl,
the relationship between demographic rates and habitat
are of particular importance. Because of the differences in
the vegetation data used to develop habitat models for the
10-year report, as discussed in chapter 3 of this report, the
development of the habitat covariate in California was not
possible, and its effect on demographic rates could only be
investigated for Washington and Oregon (see Forsman et al.
2011 for details). From this analysis, there was evidence that
the percentage cover of suitable owl habitat had a positive
influence on recruitment of owls in the meta-analysis of 1
(Forsman et al. 2011); however, this relationship was not
strong or prevalent for all demographic parameters or
among all study areas.

Based on the meta-analysis of 4, there was some
evidence that apparent survival was related positively to the
percentage cover of suitable habitat in the Cle Elum, Coast
Ranges, H.J. Andrews, and Tyee study areas in Washington
and Oregon (Forsman et al. 2011). Also, a positive relation-
ship between recruitment and the percentage cover of suit-
able owl habitat within the study area in the meta-analysis
of A was also found (Forsman et al. 2011). Recruitment was
also highest on federally owned lands where the amount
of suitable habitat was highest compared to private lands
(Davis and Lint 2005). One possible explanation for this
result is that more suitable habitat within the study areas
provided areas where nonterritorial owls could survive until

they were able to recruit into the territorial population.

Summary

After 15 years of population monitoring, we continue to ob-
serve significant annual declines in spotted owl populations
(2.9 percent all ownerships, 2.8 percent federal ownership)
(Forsman et al. 2011). Our ability to monitor the trend in
owl populations is improving with newer technologies, the
inclusion of explanatory covariates, and more years of data.
We now have some evidence to support the suggestions of
Anthony et al. (2006) that possible causes for declines in
owl survival and populations may include high densities

of barred owls and loss of habitat. However, a lot of uncer-
tainty remains, and we are just beginning to understand the
effects of these two factors on owl demography. We also
must continue to stress the caution put forth in the Plan for
projecting current estimates of population decline into the
future.

At its implementation, the Plan’s assumption was that
owl populations across the range would continue to decline
for the first three to five decades, eventually stabilizing at
lower levels as losses of habitat lessen and habitat is restored
in the network of large reserves scattered throughout its
range. Since the Plan’s inception, the rate of habitat loss has
certainly lessened, and here we report an overall habitat de-
cline of 3.4 percent on federal lands in the last 15 years (see
chapter 3 in this report), which is less than the anticipated
rate of habitat loss of 5 percent per decade. We also report
an overall 2.8 percent annual population decline on federal
lands, with higher declines in the northern portions of the
range and stationary populations in the central portion of
the range as first noted by Anthony et al. (2006). These
stationary populations were also not expected at the Plan’s
implementation (Lint 2005). Although habitat is being
maintained, the restoration of habitat under the Plan is still
a few decades away. Forest succession is a slow process,
but there are suggestions that it can be accelerated through
well-designed silviculture (Garman et al. 2003, Muir et al.
2002). We were not yet able to accurately measure recruit-
ment of nesting/roosting habitat with current technologies;
however, we were able to detect recruitment of the younger
forests that serve as dispersal habitat (see chapter 3 in this

report). We speculate that declining spotted owl populations
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will not begin to stabilize across the range at least until
nesting/roosting habitat begins to increase significantly.
And although habitat is a key element in the conservation
of spotted owls (Lint 2005), it may no longer be the primary
factor affecting population stability in either the short
or long term. The rapidly increasing trend in barred owl
populations has produced an unanticipated and confounding
influence, as these species may compete for resources.

The answer to the question, “Will the Plan reverse
the declining population trend and maintain the historical
geographic range of the northern spotted owl?” still eludes
us. Five more years of monitoring has shed more light
on the subject, but a definitive answer will require more
long-term monitoring to better understand the temporal
and spatial variability in owl demographics and the factors
that affect owl vital rates. Until then, we believe that habitat
maintenance and restoration, as currently envisioned under
the Plan, remains essential to the owl’s recovery. However,
additional conservation measures (i.e., barred owl control)
that were not envisioned under the Plan may ultimately be
needed to recover the species in the face of the barred owl

expansion into the Pacific Northwest.
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Chapter 3: Habitat Status and Trend
Raymond J. Davis and Katie M. Dugger

Introduction

The first rangewide northern spotted owl (Strix occidentalis
caurina) habitat map was developed for the Forest Eco-
system Management Assessment Team (FEMAT) in 1993.
It was constructed through a combination of digital maps
derived from satellite imagery and maps derived from aerial
photo interpretation. The team used the best available data
and geographical information system (GIS) technologies

at that time to represent owl habitat conditions at the start
of the Northwest Forest Plan (the Plan), which we call the
“baseline.” However, the authors acknowledged that the
map was an estimate and had not been assessed for ac-
curacy (FEMAT 1993). Six years later, the northern spotted
owl effectiveness monitoring plan concluded that this map
lacked the spatial resolution and accuracy needed for a
baseline spotted owl habitat map for monitoring purposes
(Lint et al. 1999). They proposed the development of a new
rangewide baseline habitat map to “provide the landscape-
scale view of habitat conditions at different resolutions.”

Having a good baseline habitat map is essential to the
effectiveness monitoring program because it provides a
snapshot in time of what conditions were like when the
Plan was implemented. Without an understanding of base-
line conditions, we would not be able to answer the primary
question of whether owl habitat and dispersal habitat are
being maintained and restored under the Plan. The first
rangewide baseline habitat monitoring map was developed
by Davis and Lint (2005) for the 10-year monitoring report
(Lint 2005). The data sources and methods used to develop
that map are fully described in Davis and Lint (2005) and
are not repeated in this report. Limitations in the first base-
line map were noted by Davis and Lint (2005) and Raphael
(2006) and are reviewed in the following discussion.

The Northwest Forest Plan effectiveness monitoring
program was in its early stages of development at the time
of the 10-year reporting analysis. A consistent rangewide
vegetation data set as described in Lint et al. (1999) did
not exist. Instead, two distinctly different vegetation data
sources covered the owl’s range: Interagency Vegetation
Mapping Project (IVMP) data (Oregon and Washington)

and Classification and Assessment with Landsat of Visible
Ecological Groupings (CALVEG) data (California) (Davis
and Lint 2005, Moeur et al. 2005). The choice of vegetation
variables provided by these two sources was limited and
included only tree size class and cover attributes, which
were not mapped consistently between the two products.
Other habitat mapping “core elements” discussed by Lint
et al. (1999), such as stand age and tree species data, were
not available, resulting in omission of important habitat
relationship variables in the models used to create the first
baseline map. To compensate for lack of tree species data,
Davis and Lint (2005) used elevation as a variable in their
habitat modeling and also built a “habitat-capable” GIS
layer, largely based on a rangewide elevation isopleth that
would “mask out” subalpine forests, in which spotted owls
avoid nesting. There was no way to “mask” pine-dominated
forests or to include evergreen hardwoods, which are
important components of owl habitat in the southern phys-
iographic provinces. As a result, where tree size and cover
conditions were otherwise similar to those used by nesting
and roosting territorial owls, the models classified them as
suitable, even when they probably were not because of tree
species compaosition.

Another problem was the coarse spatial resolution and
lack of continuous attribution in the CALVEG data (Davis
and Lint 2005). This resulted in poorer estimates of habitat
in the California physiographic provinces and habitat maps
that were not directly comparable to the Oregon and Wash-
ington maps. The lack of a consistent rangewide habitat map
resulted in our inability to fully model associations between
spotted owl demography rates and habitat during the 2009
population meta-analysis (Forsman et al. 2011).

Additional limitations of the 10-year report’s baseline
owl habitat map (Davis and Lint 2005) included the use of
the median algorithm in the BioMapper habitat modeling
software (Hirzel et al. 2002), which was the only algorithm
available at the time (Davis and Lint 2005). This algorithm
assumed species distribution along the environmental
factors was normal (see fig. 3-8 on page 36 in the 10-year
report); however, in reality, this is not always the case, and
nonnormal relationships resulted in the overestimations of
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habitat suitability. In general, profile models like BioMap-
per are known to sometimes overpredict habitat suitability
(Engler et al. 2004). To compensate for this, Davis and Lint
(2005) provided a habitat map with a continuous scale from
0 to 100, where a value close to zero signified that an indi-
vidual map unit (pixel) had little in common with the condi-
tions found where territorial owls are present, and those
with values close to 100 had much in common with sites
having territorial owl presence. During this initial effort, a
threshold value that designated a cutoff between “suitable”
and “not suitable” habitat was not chosen. Instead, Davis
and Lint (2005) reported on status and trend of the spectrum
of habitat suitability (HS) divided into equal-interval bins,
and areas with HS >40, which “had characteristics similar
to areas where territorial owls have been found.”

Based on our latest work (presented here), we now
conclude that the baseline habitat map developed for the
10-year report did overestimate owl habitat suitability in
portions of the range. Overestimations occurred within
pine-dominated forests of the eastern Cascades for reasons
discussed above, and, as noted by Raphael (2006), habitat
suitability scores greater than 40 were achieved in stands
as young as 30 years in the Coast Range of Oregon and
50 years in Oregon western Cascades, providing further
evidence of profile model overpredictions. Based on visual
comparisons of the former baseline maps and the new one,
we also believe that the use of the coarser scale CALVEG
data in the 10-year habitat modeling resulted in consider-
ably more habitat suitability >40 estimated for California.

Since the 10-year report, much progress has been made
in developing a consistent rangewide vegetation data layer,
with a larger suite of vegetation attributes to be used as
“core elements” for habitat mapping, including tree spe-
cies information (Ohmann and Gregory 2002). These new
rangewide vegetation data are produced by the Landscape
Ecology, Modeling, Mapping, and Assessment group
(LEMMA) based at the Pacific Northwest Research Station
in Corvallis, Oregon (link to Web page: http:/www.fsl.orst.
edu/lemma/). Detailed attributes of forest composition and
structure were mapped for all forests in the Plan area for
two “bookend” dates. The bookend dates were 1996 and
2006 in Washington and Oregon, and 1994 and 2007 in
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California. This marks the first application of using multiple
satellite imagery dates to create “bookend” vegetation maps
for habitat monitoring purposes (Ohmann et al. 2010).

In addition to improved vegetation map products, the
science of habitat modeling has evolved since the 10-year
report. Species distribution and habitat suitability modeling
has been the subject of much current research and discus-
sion in ecology (Elith et al. 2006, Guisan and Zimmermann
2000, Hirzel and Le Lay 2008), so we spent a substantial
amount of time reviewing modeling options and testing
several types of software used for habitat modeling before
deciding on the approach presented here.

One thing we have observed through these efforts is
that regardless of the methods used, the map products are
visually similar at the rangewide scale (fig. 3-1). Therefore,
it is important to test the map’s accuracy with actual spotted
owl nesting and roosting location data. This is one area
where the population monitoring and habitat monitoring
efforts connect, as we used different subsets of the demo-
graphic data to first train and then test the accuracy of our
habitat model mapped predictions.

The use of the new rangewide vegetation data set and
the latest habitat modeling software has resulted in an
improved baseline habitat map that has tested well with
actual owl pair location data (including independent data
sets). These improvements included better discrimination
of habitat in the eastern Cascades, where pine-dominated
forests mostly occur, and the use of the “habitat-capable”
layer from Davis and Lint (2005) was no longer required
for habitat modeling with the inclusion of a subalpine forest
type variable. We use this new baseline map (1994/96) and
the other bookend map (2006/07) for conducting our habitat
status and trend analysis.

The development of bookend maps was an innovative
advancement in our monitoring methods, but aspects of
it remain to be tested. Given its novelty, we restricted our
use of the 2006/07 bookend to only inform us on habitat
changes within areas that were identified as having experi-
enced a disturbance by the LandTrendr data. It is important
to make sure that the bookend maps used for later analyses
are generated with the same data sets and methods, and
tested so that the detection of change from one to the other
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Figure 3-1—Baseline maps are representative of habitat at the implementation of the Northwest Forest Plan.
They evolve with new mapping technology. Even so, at the range scale, the general spatial patterns of habitat
between them are similar. FEMAT = Forest Ecosystem Management Assessment Team.

is a fair comparison of “real” change and not one caused

by analytical or data differences. In future monitoring
cycles, we anticipate more advancements in both vegetation
data mapping and habitat modeling science; therefore, we
anticipate that future modifications will be made to the
baseline map, including the use of 1994 satellite imagery for
the entire range. This is appropriate as the status and trend
analysis is based on the use of the best available vegetation
and change-detection data and technologies.

Habitat Monitoring Under the Plan

Under the monitoring plan, habitat status and trends are to
be estimated approximately every 5 years after the baseline
map was developed because it was believed that changes

in forest vegetation conditions would not be discernable
from the remote sensed vegetation data on more frequent
intervals (Lint et al. 1999). The intent of habitat monitoring

is to determine if assumptions made during the develop-
ment of the Plan are holding true. Testing the assumption
that habitat will not decline faster than predicted in the final
environmental impact statement (USDA and USDI 1994)

is of particular interest. The initial list of assumptions is as
follows (Lint et al. 1999):

Habitat conditions within late-successional reserves
(LSRs) will improve over time at a rate controlled by
successional processes in stands that currently are not
habitat. However, this is not expected to produce any
significant changes in habitat conditions for several
decades.

2. Habitat conditions outside of reserved allocations
will generally decline because of timber harvest and
other habitat-altering disturbances, but the vegetation
structure across the landscape will continue to facilitate
owl movements.
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3. Catastrophic events are expected to halt or reverse
the trend of habitat improvement in some reserves;
however, the repetitive design of reserves should
provide resiliency, and not result in isolation of
population segments.

Central to these questions is the federal network of
reserved land use allocations designed to support groups
of reproducing owl pairs across the species’ range. These
reserves include LSRS, adaptive management reserves,
congressionally reserved lands, managed late-successional
areas, and larger blocks of administratively withdrawn
lands. It is also important to monitor the lands between
these reserves because they provide for recruitment of new
owls into the territorial populations (see chapter 2, this re-
port) and are important for dispersal and movement of owls
between larger reserves. These dispersal habitats occur in a
combination of matrix, adaptive management areas, riparian
reserves, small tracts of administratively withdrawn lands,
and other small reserved areas such as 100-ac owl core
areas. To understand whether the Plan is contributing to the
conservation and restoration of owl habitat, the condition
and trends of owl habitat must be regularly assessed. The
specific questions that were addressed in the 10-year report
and that will be addressed here as well include:

1. What proportion of the total landscape on federal lands
are owl habitat and dispersal habitat?

2. What are the trends in amount and changes in
distribution of owl habitat, particularly in large,
reserved blocks?

3. What are the trends in amount and distribution of

dispersal habitat outside of the large, reserved blocks?

4.  What are the primary factors leading to loss and
fragmentation of both owl habitat and dispersal habitat?

Following the approach of Davis and Lint (2005), the
condition of owl habitat will be reported at three broad geo-
graphic scales: (1) the physiographic province, (2) the state,
and (3) the geographic range of the owl. However, because
of changes that have occurred in federal land use alloca-
tions since the 10-year report (fig. 3-2), we will no longer
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report status and trends within every land use allocation.
Instead, we will report by broad federal land use allocations
representing “reserved” and “nonreserved” landscapes (fig.
3-3), which we feel is a more consistent and appropriate
scale for monitoring. Because the “large block” reserves
(see fig. 3-13, page 44 in the 10-year report) make up about
90 percent of the reserved landscape, we now consider our
reporting of status and trend in the reserved landscape as
one entity, whereas in the 10-year report we separated them.
Although the effectiveness monitoring is focused to address
questions about the Plan, its developers realized that the
status and trends of the subjects being monitored are often
influenced by conditions on the surrounding nonfederal
lands. Therefore, we will report on habitat conditions on
nonfederal lands at the state and range scales because these
were included in the 10-year monitoring synthesis report by
Raphael (2006).

As stated in the 10-year report, our objective was to
produce maps of forest stands (regardless of patch size and
spatial configuration) that showed the level of similarity to
stand conditions known to be used for nesting and roosting
by spotted owls. Forest stands with conditions most similar
to what is used by nesting and roosting owl pairs are what
we will refer to as “nesting/roosting habitat” throughout this
document. We will also report on forest stand conditions
that are known to be used by dispersing owls, which we

refer to as “dispersal habitat.”

Methods and Data Sources
Land Use Allocation Data

An updated map of the Plan’s land use allocations (LUA)
was produced in 2002 for the 10-year monitoring reports
(Huff et al. 2005, Lint 2005, Moeur et al. 2005). It updated
the original 1994 version, which was mapped with older
GIS technology and had a 40-ac resolution. This first
update corrected some mapping inconsistencies, but more
importantly, incorporated allocation changes that occurred
between 1994 and 2002. Although this map was considered
an improvement from the earlier version, some limitations
still remained (Davis and Lint 2005, Huff et al. 2005). The

major limitations were the inability to map riparian reserves
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Northwest Forest Plan
Changes in Land Use Allocations
From 2002 to 2009

Changes in federal
land use allocations

- No change

B Loss in reserves*
B Gain in reserves*

* Gains and losses of reserves
shown here are those totaling
more than 500 acres.

Physiographic Provinces

1. Washington Olympic Peninsula
2. Washington Western Lowlands
3. Washington Western Cascades
4. Washington Eastern Cascades
5. Oregon Western Cascades

6. Oregon Eastern Cascades

7. Oregon Coast Range

8. Oregon Willamette Valley

9. Oregon Klamath

10. California Klamath

11. California Coast Range

12. California Cascades
N

0 50 100 150 200 Miles
0 80 160 240 320 Kilometers

New wilderness
designations

Figure 3.2—Changes made to the land use allocations since the 10-year report (Lint et al. 2005).

25



GENERAL TECHNICAL REPORT PNW-GTR-850

Northwest Forest Plan
Nonreserved and Reserved
Land Use Allocations

Forest-Capable Land

- Federal nonreserved
- Federal reserved
- Nonfederal

Physiographic Provinces

1. Washington Olympic Peninsula
2. Washington Western Lowlands
3. Washington Western Cascades
4. Washi