Item No. 34
STAFF SUMMARY FOR AUGUST 4-5, 2015

34. ENVIRONMENTAL PROTECTION INFORMATION CENTER'S INDEPENDENT
REPORT (CONSENT)
Today’s Item Information Action [

Receive Environmental Protection Information Center's (EPIC) independent report on the
petition to list northern spotted owl as a threatened or endangered species under the California
Endangered Species Act.

Summary of Previous/Future Actions

e Publish notice of receipt of petition Oct 5, 2012
e DFW's initial evaluation Feb 7, 2013
e Candidacy decision Aug 7, 2013
e Today's receipt of independent report Aug 5, 2015
e DFW's status report Dec 9-10, 2015; San Diego
e Take action to determine if listing is warranted Feb 2016
Background

On June 2, 2015, EPIC submitted a status report of the northern spotted owl petition, pursuant
to Subsection 670.1(h), which allows interested parties to submit a detailed written scientific
report to FGC on the petitioned action.

Significant Public Comments

FGC received a letter from EPIC regarding the status of DFW's status report for the northern
spotted owl.

Recommendation (N/A)

Exhibits

1. EPIC independent status report, dated May 7, 2015
2. Peer review comments on independent report, dated Jul 3, 2015
3. Letter from EPIC, received May 11, 2015

Motion/Direction

Moved by and seconded by that the Commission adopts the Consent
Calendar, items 33-37.
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Introduction

This Independent Status Report was prepared pursuant to the California Endangered Species
Act’s (CESA) implementing regulations, specifically Cal. Code Regs., tit. 14, § 670.1 (h), which
allows “interested parties . . . to submit a detailed written scientific report to the commission on
the petitioned action.” This same regulation explains that parties “may seek independent and
competent peer review of this report prior to submission”, and the author did so (see
acknowledgements section at end of each chapter). Furthermore, to comply with the Fish and
Game Code, section 2074.6, this report must be “based upon the best scientific information
available.”

This report was prepared by Wildlife Ecologist, Dan L. Hansen. His CV is attached, and a brief
description of his qualifications is included herein (see Project Author and Funding).

This Independent Status Report was commissioned by the Environmental Protection Information
Center (EPIC). However, its contents, conclusions, and management recommendations were
exclusively developed by the author.
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Executive Summary

This synthesis is organized into two parts. Part I consists of a single chapter: Status and Trends
in California (Ch. 1). Part Il covers four primary potential threats to northern spotted owls (Strix
occidentalis caurina; NSOs) in California: Timber Harvesting (Ch. 2), Wildfires (Ch. 3), Barred
Owils (Ch. 4), and Outdoor Marijuana Cultivation (Ch. 5). Following these chapters, a brief list
of management recommendations is provided based on the information reviewed herein.

Chapter 1 is a review of the current status and trends of NSOs in California. Multiple types of
information are available for evaluating the subspecies' status and trends in the state, including
potential changes in its range, distribution, population densities, occupancy rates, demographic
rates, metapopulation dynamics, and genetics. However, the most compelling information
comes from long-term demographic studies in northwestern California (Forsman et al. 2011,
Higley and Mendia 2013, Franklin et al. 2014, Green Diamond Resource Company 2014).
These studies indicate that NSOs are declining in that portion of the state and that the rate of
decline is accelerating. Competitive pressure from the congeneric barred owl (S. varia) appears
to be the primary cause of increasing rates of population decline in the three demographic study
areas. Occupancy data further support conclusions that NSOs in California's three demographic
study areas are declining at an increasing rate and that the decline is largely driven by negative
effects of barred owls (Franklin et al. 2014, Green Diamond Resource Company 2014). Less
rigorous information is available for describing the NSO's current status and trends in California
outside the state's demographic study areas. Only one published paper described occupancy in
the eastern portion of the NSO's range in California (eastern Klamath and southern Cascades)
(Farber and Kroll 2012). That paper described a substantial decline in occupancy by NSOs,
which was likely associated with intensive timber harvesting and possibly, wildfires. Recent
reports from demographic studies in southern Oregon further suggest that NSOs may be
declining in relatively nearby and ecologically similar areas in California (eastern Klamath and
southern Cascades) (Davis et al. 2013b, Dugger et al. 2014). Most of the other information for
describing the subspecies' status and trends in California comes from monitoring reports by
National Parks and industrial timber companies. NSOs appear to have been mostly displaced by
barred owls in the Redwood National and State Parks (Schmidt 2013). In contrast, few barred
owls have invaded National Park land in Marin County and occupancy by NSOs appears to be
relatively stable in the area (Ellis et al. 2013). Industrial timber companies in California have
uniformly concluded that NSO populations are stable on their lands (Calforests 2014). However,
the available information for those ownerships does not support strong conclusions about the
NSQO's status or trends and some of the information actually appears to indicate at least gradual
declines in occupancy.

Chapter 2 is a review of timber harvesting as a potential threat to NSOs in California. Habitat
loss to timber harvesting was a primary impetus for listing the NSO under the federal
Endangered Species Act (USFWS 1990). An estimated 60-88% of old forest was harvested
within the NSO's range during the 19th and 20th centuries (USFWS 1990, Strittholt et al. 2006).
Following federal listing of the NSO and adoption of the Northwest Forest Plan in the early
1990s, timber harvesting was dramatically curtailed on federal lands (Healey et al. 2008, Davis
and Dugger 2011, Moeur et al. 2011, Kennedy et al. 2012). However, there is currently
considerable interest among some ecologists, land managers, and agencies in use of widespread
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forest thinning to reduce the risk of large severe wildfires on public lands (USFS and BLM 1994,
USFWS 2008, 2011, 20123, Franklin and Johnson 2012). The term thinning can encompass a
wide array of silvicultural practices and prescriptions but the limited available evidence suggests
that NSOs and their primary prey in California generally respond negatively to thinning and
partial harvesting (see Ch. 2). Timber harvesting is still responsible for most habitat loss and
degradation for NSOs on private lands (Davis and Dugger 2011). Habitat loss and degradation
on private lands does not appear to be offset by habitat recruitment; even in California, which
has more stringent habitat protection measures on private lands than do Oregon and Washington
(Davis and Dugger 2011, Moeur et al. 2011). Although timber harvesting is generally accepted
to have been the primary cause of the NSO's initial decline and federal listing, its effects on the
subspecies are poorly known. Several rigorous studies in the southern part of the NSO's range,
including in northwestern California, have found that the NSQO's fitness (a function of survival
and reproduction) is typically highest in landscapes with both a core concentration of mature and
old forest and some degree of habitat heterogeneity (e.g., a moderate amount of habitat edge due
to convoluted shapes of older forest patches) (Franklin et al. 2000, Olson et al. 2004, Dugger et
al. 2005, Schilling et al. 2013). Timber harvesting that substantially reduces either of these
habitat attributes could negatively affect NSOs (USFWS 2009). The U.S. Fish and Wildlife
Service (2009) concluded that current habitat retention guidelines for NSOs on industrial
timberlands in interior California (CAL FIRE 2014) are inadequate and are not based on a
current understanding of the subspecies' ecology.

Chapter 3 is a review of wildfire as a potential threat to NSOs in California. Several studies have
investigated responses of NSOs to wildfires but their inferences are limited due to small sample
sizes, short time frames, confounding effects of post-fire salvage logging, or pooling of data
from all three subspecies. This information is supplemented in Chapter 3 with reviews of studies
of effects of fire on California spotted owls (S. 0. occidentalis) and Mexican spotted owls (S. o.
lucida). Inferences from those studies are similarly limited by small sample sizes, short time
frames, confounding effects of post-fire salvage logging, or pooling of different kinds of fire
(prescribed fires, wildfires, and wildfires allowed to burn under specified conditions). Currently
available information indicates that spotted owls respond in variable and complex ways to fire.
The species appears to be generally resilient to low-, moderate-, and mixed-severity or patchy
fires (Ch. 3: Table 3.1). It is possible that fires such as these sometimes benefit spotted owls by
temporarily increasing access to prey that respond positively to fire (Ream 1981, Zwolak and
Foresman 2007, Zwolak 2009, Bond et al. 2013). In contrast, spotted owls appear to generally
respond negatively to extensive severe wildfires (Ch. 3: Table 3.1). While some spotted owls
may preferentially forage in or near severely burned areas, they rarely nest and roost in such
areas and may generally avoid foraging deep within them (Ch. 3: Table 3.1). The limited
available information suggests that post-fire salvage logging negatively affects spotted owls
(Clark 2007 and Clark et al. 2013, Lee et al. 2012, 2013). Salvage logging could reduce prey
availability after fires by removing important structures, such as snags, logs, and shrubs. Habitat
suitability modeling projected that wildfires caused substantial loss, degradation, and
fragmentation of nesting and roosting habitat for NSOs on federal lands during the first 15 years
of the Northwest Forest Plan (Davis and Dugger 2011). Most of these habitat changes were
caused by a small number of extensive severe fires in southern Oregon and northern California.
There is scientific debate regarding recent versus historical frequencies of high severity fire in
southern Oregon and northern California (e.g., Hanson et al. 2009, 2010 vs. Spies et al. 2010).
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Nonetheless, it is clear that large wildfires are now relatively common within the NSO's range in
California (CAL FIRE 2008, Davis et al. 2011), and that some recent wildfires have severely
burned very large areas (e.g., 2002 Biscuit Fire). Climate change research generally projects that
large wildfires will become more common in California (Westerling et al. 2006, Lenihan et al.
2008, Westerling and Bryant 2008, Littell et al. 2009, Moritz et al. 2012, Stavros et al. 2014). It
is reasonable to assume that some of these large wildfires will include extensive areas of high-
severity fire and will therefore continue to be a source of habitat loss for NSOs.

Chapter 4 contains an evaluation of the barred owl as a potential threat to NSOs in California.
The available information suggests that barred owls are currently the primary threat to NSOs
throughout their range, including in California. Information from long-term demographic studies
indicates that barred owls have contributed to the NSO's population declines in multiple study
areas (Forsman et al. 2011) and that the barred owl's presence and negative impacts on NSOs are
continuing to increase (Davis et al. 2013b, Higley and Mendia 2013, Franklin et al. 2014, Dugger
et al. 2014). A large body of research conducted across much of the NSO's range has also shown
that barred owls are associated with declines in occupancy rates by NSOs (Kelly 2001, Kelly et
al. 2003, Pearson and Livezey 2003, Gremel 2005, Olson et al. 2005, Kroll et al. 2010, Dugger et
al. 2011, Higley and Mendia 2013, Franklin et al. 2014, Green Diamond Resource Company
2014). Barred owls negatively affect NSOs by competing for space, habitat, and food (Gutiérrez
et al. 2004, 2007, USFWS 2013, Wiens et al. 2014). The barred owl appears to be a superior
competitor to the NSO due to its larger size, more aggressive behavior, higher reproductive
potential, higher population densities, and broader ecological niche (e.g., USFWS 2013, Wiens et
al. 2014). The available information suggests that lethal control of barred owls is a viable
management option for some areas, although there is ethical and emotional resistance to this
within some segments of society (Diller et al. 2013, Higley 2014). The negative effects of
habitat loss and fragmentation on NSOs can be exacerbated by the presence of barred owls
(Dugger et al. 2011). Thus, the barred owl threat magnifies the importance of habitat
conservation for NSOs, rather than reducing it.

Chapter 5 is a review of outdoor marijuana cultivation as an emerging potential threat to NSOs in
California. Marijuana is one of California’s largest cash crops (Gettman 2006) but little is known
about the environmental effects of its cultivation. Recent research in northwestern California has
shown that both fishers (Pekania pennanti) and barred owls are regularly exposed to anti-
coagulant rodenticides used to protect marijuana plants from rodents (Gabriel et al. 2012, 2014).
Multiple fishers are known to have died due to poisoning from anti-coagulant rodenticides
(Gabriel et al. 2012, 2013). Fishers and barred owls have overlapping distributions, habitat
associations, and diets with NSOs so it is likely that many NSOs in California are likewise
exposed to these toxicants. This was supported by recovery of a dead NSO in Mendocino
County, which tested positive for exposure to anti-coagulant rodenticides (Calforests 2014).
Marijuana cultivation could also negatively affect NSOs through habitat changes caused by
illegal and poorly planned logging, road construction, pollution, and water diversion (Gabriel et
al. 2013, Bauer et al. 2015). Marijuana cultivation can particularly impact riparian areas. These
impacts could indirectly affect NSOs, which often show a preference for nesting, roosting, and
foraging in riparian areas (e.g., Hamer et al. 2007, Irwin et al. 2012). Safety concerns about
encounters with armed marijuana growers are resulting in reduced conservation research and
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monitoring effort and efficiency for NSOs and other sensitive wildlife species in California
(Keane et al. 2011, Gabriel et al. 2013, D. Hansen pers. obs.).

Overall, this synthesis supports conclusions that NSOs in California are declining at an
increasing rate (Ch. 1) and that they face an array of threats to their persistence (Chs. 2-5).
Barred owls appear to pose the greatest current threat to NSOs (Ch. 4). If conservation of NSOs
IS to remain a priority then widespread barred owl removal programs may be necessary. Habitat
protection also remains an important aspect of NSO conservation. Listing under the California
Endangered Species Act, substantial changes to the California Forest Practice Rules habitat
retention guidelines, and greater involvement by knowledgeable spotted owl biologists in the
Timber Harvest Plan review process may be necessary to adequately protect habitat for NSOs on
private lands in the state. The available information suggests that large severe wildfires pose a
threat to NSOs on federal lands in California (Ch. 3). Some ecologists and land management
agencies have proposed widespread use of forest thinning and prescribed fire to reduce this risk.
However, the available information also suggests that spotted owls often respond negatively to
thinning (Ch. 2). It is important for land managers to consider potential tradeoffs in costs and
benefits of thinning in landscapes occupied by NSOs. Thinning could potentially be focused in
areas that generally receive the least use by spotted owls and that have the highest fire risk, such
as upper and southwesterly slopes (see Ch. 3). The limited information currently available
suggests that post-fire salvage logging negatively affects NSOs and their prey (Ch. 2). Further
research of this topic is needed but this practice does not appear to be generally concordant with
conservation of NSOs in California. Marijuana cultivation appears to pose a substantial
emerging threat to NSOs in California; particularly trespass operations on federal lands (Ch. 5).
Increased research, law enforcement, and site cleanup and restoration efforts are likely needed to
protect NSOs from negative effects of outdoor marijuana cultivation in California.
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Methods

The northern spotted owl (Strix occidentalis caurina; NSO) has been a focus of conservation
concern and research for more than three decades (see reviews in Courtney et al. 2004 and
USFWS 2011a). Although substantial habitat protection measures exist for NSOs on federal
lands, the subspecies has continued to decline across much of its range (Forsman et al. 2011).
Indeed, the U.S. Fish and Wildlife Service (2015) recently concluded that uplisting the NSO
from 'threatened' to 'endangered’ under the federal Endangered Species Act may be warranted.
The California Fish and Game Commission will soon decide whether or not to list the NSO
under the California Endangered Species Act. The large body of research and monitoring
information concerning the NSO can be challenging for natural resource agencies and
policymakers to evaluate. In order to inform the California Endangered Species Act listing
decision and other policy and management actions, | have endeavored to synthesize much of the
available scientific information concerning the NSO's current status, trends, and threats in the
state.

While writing this synthesis, | reviewed information from a variety of sources but generally gave
greater weight to peer-reviewed publications, particularly those based on more rigorous field and
analytical methods. For example, in Chapter 1, | attempted to carefully consider all available
information about the NSO's current status and trends in California but gave greatest weight to
results of long-term demographic studies. Some topics related to the NSO's ecology and
conservation are scientifically and politically contentious; for example, whether wildfire
constitutes a threat to the subspecies and, if so, whether or not it should be addressed through
active management approaches, such as forest thinning (see Ch. 3). In these situations, or when
published information was limited (e.g., regarding effects of forest thinning on NSOs: see Ch. 2),
| treated research results as 'case studies' and described each study's methods and findings in
more detail than is common in these kinds of reviews. Although this approach could have
underweighted peer-reviewed publications, it allowed me to thoroughly search for patterns
among numerous studies, draw tentative conclusions based on those patterns, and highlight gaps
in available information about the topic. 1 also felt that it was important to carefully consider all
available sources of information, rather than peer-reviewed publications alone, due to the
tremendous variation in ecology and management history that exists within the NSO's range in
California. For instance, | felt that it was especially important to evaluate timber industry and
National Park monitoring data for portions of California outside the area that includes the state's
three demographic studies (see Ch. 1: Figure 1.22 or USFWS 2011a Appendix C for California
ecoregional boundaries). In all cases, | was transparent about my approach and the strengths and
weaknesses of the available information.



The NSO in California: Current Status and Threats Dan L. Hansen

Project Author and Funding

Dan Hansen is a freelance wildlife ecologist (see attached CV). He has an M.S. in animal
behavior (conservation biology track) from the University of California at Davis and a B.A. in
biology (ecology, evolution, and behavior emphasis) from the University of California at Santa
Cruz. He has worked as a contractor for the U.S. Fish and Wildlife Service (USFWS) and U.S.
Forest Service (USFS) through the Humboldt State University Sponsored Programs Foundation
for most of the last decade. During this period, he primarily coordinated, wrote, and edited
scientific syntheses aimed at informing public policy and land management decisions.
Documents that Dan contributed to include the USFWS revised recovery plan for the northern
spotted owl (critical habitat modeling and effects of forest thinning), the USFS conservation
assessment for the northern goshawk in California (a peer-reviewed book to be published in
2015), a USFWS peer-reviewed white paper supporting changes to the California Forest Practice
Rules habitat retention guidelines for northern spotted owls in interior northern California, and a
USFWS 12-month finding on a petition to list two salamander species under the Endangered
Species Act. In addition to working as a technical coordinator, writer, and editor, Dan has
worked in the field researching or monitoring spotted owls, golden eagles, bald eagles, peregrine
falcons, northern goshawks, carnivores, small mammals, marine mammals, and other wildlife.
Prior to working at Humboldt State University, Dan co-managed a large study of California
spotted owls in the northern Sierra Nevada.

This document was funded by the Environmental Protection Information Center (EPIC), a non-
profit organization focused on environmental issues in northwestern California. EPIC filed a
petition with the California Fish and Game Commission in September 2012 to list the northern
spotted owl as 'threatened' or ‘endangered' pursuant to the California Endangered Species Act.
Although EPIC funded the following synthesis, they provided minimal feedback during its
writing and were supportive of Dan's goal of producing an unbiased, peer-reviewed synthesis
concerning the northern spotted owl's current status and threats in California. All conclusions
and management recommendations in this synthesis are the author's alone and do not necessarily
reflect those of EPIC or any of the document'’s reviewers.
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Part I, Ch. 1: Status and Trends in California

Introduction

Several lines of evidence are available for evaluating the northern spotted owl's (Strix
occidentalis caurina; NSO) status and trends in California. These include changes in the
subspecies' geographic range and distribution, density and abundance, occupancy and
demographic rates, meta-population dynamics, and genetics. The most reliable information
available for examining the NSQO's status and trends is provided by long-term demographic
studies. Data from these studies are periodically analyzed together in meta-analyses for
describing larger demographic patterns within ecoregions and rangewide. A new demographic
meta-analysis is expected to be released later this year. This document will provide the best
available information for determining the NSO's current status and trends. However, only a
small portion of the NSO's range in California occurs within demographic study areas and those
study areas all occur in relatively productive forests in the northwestern part of the state. It is
therefore important to consider other sources of information, such as data collected for
monitoring NSOs in National Parks and on industrial timber company lands and results of
demographic studies in areas that ecologically resemble portions of interior northern California.
The NSO's status and trends likely vary among regions, forest types, and ownerships and could
be influenced by a host of factors, such as differences in forest ecology, management history, and
stressors such as competition with invasive barred owls (Strix varia). It is also important to
remember that available sources of information for evaluating the NSO's status and trends in
California vary substantially in terms of their purpose and scientific rigor.

Range

The current range of the NSO includes southwestern British Columbia and the Cascade
Mountains, coastal ranges, and intervening forests of Washington, Oregon, and California
(USFWS 2011a). In California, the NSO’s range extends from the Oregon border through the
Northern Coast Ranges to Marin County, across the Klamath Mountains, and down the southern
Cascades to the vicinity of the Pit River, where it contacts the range of the California spotted owl
(S. 0. occidentalis) (Figure 1.1).

The precise historical range of the NSO is unknown. Thus, despite substantial loss, degradation,
and fragmentation of NSO habitat (see Ch. 2 and 3), there is no evidence that the subspecies’
range has contracted since Euro-American settlement (Thomas et al. 1990). However, British
Columbia’s NSO population has declined to very low numbers and is highly vulnerable to
extirpation (Chutter et al. 2004). NSO populations in the Cascades and Olympic Peninsula of
Washington and the Northern Coast Range of Oregon are also rapidly declining and may become
vulnerable to extirpation (Forsman et al. 2011; see Demography, below). Loss of NSO
populations could cause substantial contraction of the subspecies’ range. For example,
extirpation of NSOs from British Columbia alone would reduce the subspecies’ range by
approximately 8% (Cooper 2006).

10
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Distribution

NSOs are thought to have been well distributed throughout most coniferous forests in the Pacific
Northwest and northwestern California prior to Euro-American settlement (USFWS 2011a). The
abundance and distribution of NSOs have likely declined due to removal of most (ca. 60-88%)
old forest within its range (USFWS 1990; see Ch. 2). For example, the Puget Trough in
Washington and the Willamette Valley in Oregon no longer support NSOs due to land
conversion and timber harvesting and very few NSOs remain in British Columbia (Thomas et al.
1990, Courtney et al. 2004). The NSQO’s distribution has decreased in other areas of Washington
and Oregon as well, due primarily to negative effects of timber harvesting, wildfires, and
competition with barred owls (Strix varia) (Thomas et al. 1990, USFWS 2011a; see Ch. 2-4).

It is unknown if the NSO’s distribution has changed in California. A difference is evident in the
distribution of known historically (1971-1999) and recently (2000-2012) occupied activity
centers (ACs) in the Eastern Klamath, Interior Northern Coast Ranges, and Southern Cascades
regions of the state (Figure 1.1; see Figure 1.22 [left side] and USFWS 2011a Appendix C for
ecoregional boundaries generally followed in this synthesis). It is unclear from these data,
however, whether the distribution of NSOs has in fact decreased in these areas or if the apparent
decline in distribution is due to some other factor such as decreased survey effort or reporting of
detections. It is also possible that this difference is due to the greater number of years included
in the historical period than in the recent period (29 vs. 13 yrs). However, the two periods are
similar in length relative to federal listing of the NSO (10 vs. 13 yrs) when survey effort
presumably became more intensive and widespread. Some portions of the Klamath, Interior
Northern Coast Ranges, and Southern Cascades have experienced widespread intensive timber
harvesting or large wildfires, which could have reduced the NSO’s distribution (see Ch. 2 and 3).
These forms of disturbance, along with competition with invasive barred owls, have likely
contributed to declining occupancy by NSOs in some areas of California (see Occupancy,
below). Nonetheless, the Klamath and Interior Northern Coast Ranges (but not the Southern
Cascades) still appear to contain relatively large amounts of well connected suitable habitat and
may function as crucial population sources for NSOs (Schumaker et al. 2014; see Source-Sink
Dynamics, below). It is also possible that the distribution of NSOs has expanded at local or sub-
regional levels in some portions of California due to increased distribution or density of suitable
forest habitat in the absence of fire (Skinner 1995, Spies et al. 2006).

11
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Figure 1.1: Distribution of northern spotted owl activity centers in the California Department of
Fish and Wildlife’s Spotted Owl Observation Database (from California Department of Fish and
Wildlife 2013).

12
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Density and Abundance

Species are rarely uniformly distributed across their range. Knowledge of variation in the
density and abundance of NSOs is of potential conservation value because it can help identify
areas where limited conservation resources should be focused. For example, while declines in
low-abundance areas may be more likely to cause contraction of a species’ range or distribution
(see Range and Distribution, above), declines in high-abundance areas may disproportionately
impact the species’ probability of long-term persistence; particularly when high-abundance areas
function as population sources (Pulliam 1988, Rodriguez 2002, Schumaker et al. 2014; see
Source-Sink Dynamics, below).

Several studies have estimated either crude densities (owls or occupied territories per unit area)
or ecological densities (owls per unit area of specified habitat class[es]) of NSOs in California
(Blakesley et al. 2004; Table 1.1). These estimates are interesting in that they appear to reflect
geographic variation in the ecology of NSOs (see below). However, they have limited utility for
evaluating the NSO’s status or trends in California. Available density estimates for the state are
largely restricted to relatively mesic areas of northwestern California, which differ ecologically
from drier interior forests (e.g., in terms of climate, forest productivity, and prey communities).
Inferences from most density estimates are also limited because they are based on empirical
counts of unmarked NSOs, which can bias estimates (Franklin et al. 1990, Diller and Thome
1999). Many of the currently available density and occupancy estimates for NSOs in California
were provided by timber companies (Tables 1.1 and 1.2). While potentially useful for evaluating
effects of management activities on timber company lands, these estimates do not describe
population trends. Rigorous evaluation of NSO population trends require long-term statistically
valid sampling designs from which estimates of abundance, or population growth rate with
confidence intervals, can be repeatedly obtained within the same study area. In contrast, timber
companies generally shift their NSO survey areas over time as timber harvest projects are
completed in some areas and begun in others.

Based on limited information, both crude and ecological densities of NSOs appear to be
substantially higher in northwestern California than in the Oregon Coast Ranges (Blakesley et al.
2004; Table 1.1). Lower densities in the Oregon Coast Ranges could be partially related to
widespread intensive timber harvesting, which apparently contributed to a major decline in
densities during the early 1990s (Thrailkill et al. 1998). Some areas of northwestern California
have also experienced widespread intensive timber harvesting (see Ch. 2) but its effect on NSOs
might have differed from that in the Oregon Coast Ranges. In general, NSOs in California
primarily subsist on dusky-footed woodrats (Neotoma fuscipes) (in terms of biomass contribution
to diets). NSOs that primarily subsist on dusky-footed woodrat often have smaller home ranges,
and apparently occur at higher densities, than those that primarily rely on smaller-bodied prey
(Carey et al. 1992, Zabel et al. 1995). Furthermore, in contrast with other primary prey species,
such as northern flying squirrels (Glaucomys sabrinus) and tree voles (Arborimus spp.), dusky-
footed woodrats seem to respond positively, albeit temporarily, to some forms of intensive
timber harvesting (see Ch. 2).

Densities of NSOs are also thought to be higher in northwestern California than in the state’s
interior (Calforests 2014). However, there are apparently only two density estimates currently

13
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available for interior northern California and both of these were for crude densities of occupied
territories, rather than for individual owls as estimated by most studies in northwestern California
(Table 1.1). These crude territory densities are substantially lower than those found on two
timber companies’ lands in the Redwood Region (Table 1.1). NSO densities may be relatively
low in the Southern Cascades of California due to the prevalence of drier, less productive forests,
a history of widespread intensive harvesting, and effects of recent large wildfires (see Ch. 2 and
3). Additional density estimates are needed for the Eastern Klamath of California. It is uncertain
whether Sierra Pacific Industries’ (2013) estimates are representative of densities across the
region as a whole. Most ACs included in Sierra Pacific’s density estimates were located near the
margins of the company’s lands or on adjacent ownerships, rather than within the interiors of the
company’s holdings (see Maps 2-5 in Sierra Pacific Industries 2013, which are copyrighted and
cannot be reproduced without permission). This pattern suggests that densities could be higher
on neighboring lands, such as the Shasta-Trinity National Forest, which have generally
experienced less intensive management.

The California Forestry Association cited annual density estimates in timber company
monitoring reports as evidence of stable or increasing NSO populations on private timberlands in
the state (Calforests 2014). Reported crude densities on Humboldt Redwood Company,
Mendocino Redwood Company, and The Conservation Fund lands in the Redwood Region were
indeed relatively similar among years (Calforests 2014). However, it is unclear how changing
survey methods and survey areas, as well as changing detectability of NSOs, influenced these
companies’ estimates over time (see Franklin et al. 1990). For example, recent adoption of
survey protocols requiring more survey passes and use of electronic callers likely increased
detection rates, and thus density estimates, on some of these lands. Estimates of crude densities
of NSOs and numbers of ACs on Green Diamond Resource Company lands in the Redwood
Region suggest that NSO densities have declined on that ownership (Figure 1.2; Table 1.1). The
number of NSO ACs on Green Diamond lands briefly increased in 1998, apparently due to the
company’s acquisition of 70,000 acres of timberland that year (Green Diamond Resource
Company 2014). Following a substantial decline during 2004-2008, the number of ACs began to
gradually increase in 2009 (Figure 1.2). This increase appears to have been due to the
company’s adoption of a more rigorous survey protocol and implementation of a barred owl
removal experiment during that same year (Green Diamond Resource Company 2014; see Ch.
4). Sierra Pacific Industries’ (2013) density trends for its ownerships in the Eastern Klamath are
difficult to evaluate and are therefore not included here. Sierra Pacific Industries’ (2013)
estimates are empirical, potentially influenced by changing survey effort and areas, mostly
descriptive of ACs at the margin of or outside the company’s ownership, and were compared
among blocks of years, rather than annually.
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Figure 1.2: Number of NSO activity centers (“sites”) on Green Diamond Resource Co. lands
during 1992-2013 (from Green Diamond Resource Co. 2014).
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Rigorous ecological density estimates can be used to estimate population sizes for ecologically
similar areas (Franklin et al. 1990). However, there are currently insufficient data for producing
such an estimate for California or any of its regions. The California Forestry Association
estimated that as many as 6,000 NSO territories currently exist in the state (Calforests 2014).
This figure was based on an estimated statewide crude density of 0.28 territories per mile2. This
density estimate was, in turn, based on the cumulative number of known NSO ACs in California
(see Distribution, above) and the proportion of “potential” habitat in the state that has been
surveyed. The number of ACs known to have been recently occupied is substantially lower than
the cumulative number that have been identified since the early 1970s (USFWS 2011a; see
Distribution, above). This could be due to multiple factors, including declining occupancy rates
(see Occupancy, below) and NSOs’ use of different ACs over time. Thus, the timber industry’s
estimate provides little or no insight into the current number of NSOs or occupied ACs in the
state. Furthermore, while reasonable projections of suitable habitat exist for NSOs in California
(Davis and Dugger 2011, USFWS 2011a Appendix C, Schumaker et al. 2014), the California
Forestry Association did not cite these data and it is unclear how it estimated the total and
surveyed areas of suitable habitat in the state.
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Table 1.1: Density estimates for NSOs in California and Oregon.

Dan L. Hansen

Crude
Density Ecological
Crude (occupied Density
Density (owls/ | territories/ (owls/
Study Region Owner Method mi2)* mi2)* mi2)**t
Diller and Thome Mark- 0.54
1999 N Redwood | Green Diamond Recapture (0.24-0.91) 0.97-2.72
Green Diamond Empirical 0.34
Resource Co. 2014 N Redwood | Green Diamond (marked) (0.12-0.53)
Tanner and Gutierrez
1995 cited in Diller Redwood
and Thome 1999 N Redwood | National Park Empirical 0.57
Humboldt Redwood Humboldt
Co. 2013 N Redwood | Redwood Empirical 0.53-1.01 0.36-0.50
Mendocino Redwood Mendocino
Co. 2014 N Redwood | Redwood Empirical 0.47-.077
The Conservation
Fund unpubl. data in The Conservation
Calforests 2014 N Redwood | Fund Empirical 0.29-.036
Chow 2001 S Redwood | Public (Various) Empirical 0.97 2.09
Six Rivers
National Forest, Mark-
Franklin et al. 1990 W Klamath | Other Recapture 0.61 1.41-1.71
Sierra Pacific Sierra Pacific
Industries 2013 E Klamath Industries Empirical 0.17-0.18
Woodbridge and Klamath National
Cheyne 1995 So Cascades | Forest Empirical 0.05-0.20
OR Coast Bureau of Land
Thrailkill et al. 1998 | Ranges Management Empirical 0.07-0.25 0.57-0.90
Anthony et al. 2000
cited in Blakesley et OR Coast Oregon Dept. of
al. 2004 Ranges Forestry Empirical 0.13-0.27

*Ranges = low-high survey areas (Woodbridge and Cheyn 1995, Thraillkill et al. 1998, Diller and Thome 1999, Anthony et al. 2000, Green Diamond
Resource Co. 2014), low-high survey years (Humboldt Redwood Co. 2013, Mendocino Redwood Co. 2014). **Habitat definitions used to calculate
ecological densities: Franklin et al. 1990: all conifer cover classes weighted by NSO use (based on telemetry), but mostly >20.6 in DBH; Diller and Thome
1999: all forest classes weighted by NSO use (based on nest locations) but mostly >40 yrs; Chow 2001: all forested area; Thrailkill et al. 1998: old, mature,
old over young, mature over young. tRanges of ecological densities: Franklin et al. 1990: with two different habitat definitions; Diller and Thome 1999: low-

high survey areas.

Occupancy

NSO population trends are most directly evaluated with demographic data (see Demography,

below). However, occupancy data are often more logistically and economically feasible to

collect than demographic data and, with proper accounting of detection probability, can provide
a useful index of spotted owl population rates (MacKenzie 2005, Olson et al. 2005, Mackenzie et
al. 2012, Tempel 2014). Occupancy data that inadequately incorporate detection probabilities
for spotted owls must be interpreted carefully since they can be strongly influenced by survey
effort, habitat attributes, social and reproductive status of NSOs, presence of barred owls, and
other factors (Mackenzie 2005, Olson et al. 2005). Recent research in NSO demographic study
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areas suggests that competition with barred owls is driving NSOs to move large distances
(several miles) between different territories within the same season (Davis et al. 2013, Higley
and Mendia 2013). Higley and Mendia (2013) warned that occupancy estimates for unmarked
populations may therefore be inflated (i.e., the same individual could appear to occupy multiple
territories within the same season) and suggested using the presence of pairs, rather than
individuals, to determine occupancy.

There is limited information available for describing occupancy trends for NSOs in California.
Much of the available information is from annual monitoring reports provided by industrial
timber companies (Table 1.2). These data show trends in annual proportions of known,
surveyed, or previous year’s ACs found to be occupied (see Table 1.2 footnote). It is important
to acknowledge that much of the data presented in Table 1.2 provide only crude indices of
occupancy in California and that most of them cannot be compared among ownerships due to
differences in monitoring and analytical methods. Future efforts to evaluate the status of NSOs
in California would benefit from greater consistency in occupancy monitoring and from
reporting of modeled occupancy rates, which account for detectability of NSOs and other factors
that can obscure occupancy trends (e.g., Figure 1.5).

Recent occupancy estimates are unavailable for the Redwood National and State Parks in the
northern portion of the Redwood Region. The National Park Service has discontinued surveying
most historical territories in these parks due to apparent widespread displacement of NSOs by
barred owls (Schmidt 2013; see Ch. 4). In contrast with an apparently strong decline in
occupancy in the Redwood National and State Parks, NSO occupancy rates on National Park
Service lands in the southern portion of the Redwood Region have fluctuated annually but
suggest a stable trend over time (Ellis et al. 2013; Table 1.2; Figure 1.3). Perhaps due to the
area’s geographic isolation, barred owls are still relatively uncommon the southern Redwood
Region (Ellis et al. 2013; see Ch. 4). Occupancy by NSOs appears to be gradually declining on
industrial timberlands in the northern Redwood Region (Table 1.2; Figures 1.2, 1.4, 1.5, and
1.7). Given the substantial and increasing presence of barred owls in NSO territories on these
lands (see Ch. 4), it is surprising that more dramatic declines in NSO occupancy are not evident
(e.g., see Table 1.2 for occupancy rates in Washington and Oregon). It is possible that NSOs
respond differently to barred owls on these lands than elsewhere within their range. It is also
possible that a more rapid decline is currently occurring than is indicated by the crude data
presented in these companies’ reports. Yet another possibility is that a more rapid decline will
occur on these lands after a post-colonization lag period has elapsed or a critical threshold level
of barred owl presence is reached (USFWS 2013).

NSO occupancy in the Northwestern California demographic study in the Western Klamath
Region has declined dramatically in recent years (Franklin et al. 2013, 2014; Table 1.2). This
decline has coincided with increasing barred owl presence in the study area, suggesting that
NSOs are being displaced by barred owls (see Ch. 4). The recently increased rate of declining
occupancy by NSOs in this study area appears to support the hypothesis that barred owls can
have lag or threshold effects on NSO populations. Recent declines in occupancy in the
Northwestern California study area may also be related to effects of multiple consecutive years
of poor weather conditions on demographic rates (see Demography, below). Recent annual
reports from the Hoopa demographic study did not include analyses of occupancy data for NSOs
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(Higley and Mendia 2012, 2013). However, unmodeled occupancy rates in 2012 and 2013 were
low (0.40 and 0.35, respectively). Low occupancy rates on the Hoopa Reservation may be
related to substantial declines in numbers of NSOs, likely due to decreasing demographic rates
(see Demography, below) and increasing numbers of NSO territories with barred owl detections
(see Ch. 4). Greater declines in numbers of NSOs and increases in NSO territories with barred
owl detections beginning in 2005 provide additional support for the hypothesis that barred owls
have lag or threshold effects on NSOs.

There is currently no clear pattern in occupancy data available for the Eastern Klamath and
Southern Cascades of California. Timber companies in those regions have reported evidence of
stable occupancy rates (Sierra Pacific Industries 2013, Michigan-California Timber Company
2014; Figure 1.6; note: Sierra Pacific’s estimates are not provided in Table 1.2 for reasons
discussed in Density and Abundance, above). However, more rigorous, published research
conducted primarily on industrial timberlands in the Eastern Klamath and Southern Cascades
found substantial declines in both simple (total) and pair occupancy (Farber and Kroll 2012;
Figure 1.7). The barred owl invasion appears to still be in the early colonization phase in the
Eastern Klamath, where this study was primarily conducted (Farber and Kroll 2012; see Ch. 4).
Thus, declining occupancy during the study was likely caused by some other factor, such as
timber harvesting on the industrial timberlands that comprised much of the study area or
wildfires on neighboring public lands (see Ch. 2 and 3). Research in other areas of the NSO’s
range indicates that occupancy can be negatively affected by habitat loss and fragmentation
(Dugger et al. 2011, Sovern et al. 2014).
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Dan L. Hansen

Table 1.2: Estimates and indices of occupancy by northern spotted owls in California, Oregon, and Washington.

Proportion | Proportion Modeled Modeled
Number Occupied Occupied Occupancy | Occupancy
Study Region Owner Years of Sites (Total) (Pairs) (Total) (Pairs) Apparent Trend
2001-2013
(proportion);
Mendocino Redwood 2001-2008 0.88 -
Company 2013 N Redwood Private (modeled) 0.75 - 0.69* 0.78*t Declining (weak)
Humboldt Redwood 0.81 -
Company 2014 N Redwood Private 2003-2013 0.63*t Declining (weak)
1999-2013
Green Diamond (no. sites);
Resource Company 2009-2013 135- 0.88 -
2014 N Redwood Private (occupancy) 108*t 0.83*f Declining (weak)
Ellis et al. 2013 S Redwood NPS 1999-2012 0.86-0.94* | 0.72-0.87* Stable
Franklin et al. 2002, USFS, BLM,
2003, 2010-2014 W Klamath Private 2001-2013 0.67 - 0.37* | 0.59-0.28* Declining (strong)
E Klamath, S
Farber and Kroll 2012 Cascades Private, USFS 1995-2009 0.81-0.50* | 0.75-0.46* Declining (strong)
0.35-0.52
(2001-2013:
Michigan-California E Klamath, S 0.66 -
Timber Company 2014 | Cascades Private 2000-2013 0.52)*t Stable
BLM, State,
Davis et al. 2013a OR Klamath Private 2001-2013 0.86 - 0.49* | 0.62-0.30* Declining (strong)
w/o barred
owls: 0.86 -
0.71*t;
w/ barred
1991/1992- owls: 0.87 -
Dugger et al. 2011 OR S Cascades USFS 2006 0.11*f Declining (strong)
w/o barred
owls: 0.83 -
0.64*t;
w/ barred w/o barred
NPS, USFS, owls: 0.73 - owls: 074 -
Kroll et al. 2010 WA E Cascades Private 1990/1-2003 0.30*t 0.36*t Declining (strong)

*Start and end values. fEstimated from graph. $Occupancy of previous year's sites.
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Figure 1.3: Occupancy status at monitored northern spotted activity centers on National Park Service

lands in Marin County, California during 1999-2012 (from Ellis et al. 2013).
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Figure 1.4: Annual numbers of known and occupied northern spotted owl activity sites (activity centers)
on Humboldt Redwood Company lands during 2003-2013 (from Humboldt Redwood Company 2014).
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Figure 1.5: Annual proportion of northern spotted owl activity centers occupied (blue line) and modeled
occupancy probability (red line) on Mendocino Redwood Company lands (from Mendocino Redwood
Company 2013). Note the apparent decline in modeled occupancy compared with the lack of a clear
trend in unmodeled occupancy.

Figure 1.6: Percent of surveyed northern spotted owl sites occupied on Michigan-California Timber
Company lands during 2000-2013 (from Michigan-California Timber Company 2014).
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Figure 1.7: Estimated annual simple (total) and pair occupancy probabilities (with 85% confidence
intervals) for northern spotted owls in the Eastern Klamath Region of California during 1995-2009
(from Farber and Kroll 2012).
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Demography

Reproduction

Reproductive data are commonly collected as part of monitoring efforts for NSOs (e.g., Calforests
2014). They are easier and more cost-effective to obtain than those required for estimating survival or
population trends. NSOs exhibit considerable annual fluctuations in reproduction (Forsman et al. 2011,
Calforests 2014). Given often large annual fluctuations in reproduction, evaluation of trends in
reproduction could require longer-term datasets than are available for many monitoring areas.

The 2011 demographic meta-analysis reported that fecundity of NSOs (number of female fledglings per
female) significantly declined during 1985-2008 in four of 11 density study areas, may have declined in
three other areas, and was stable in four areas (Forsman et al. 2011). Two of the four study areas with
significant declines in fecundity were located in California (Northwestern California in the Western
Klamath Region and Green Diamond in the Redwood Region). Two others were located in portions of
southwestern Oregon (Klamath and South Cascades) that are nearby and ecologically similar to the
Eastern Klamath and Southern Cascades of California (see USFWS 2011a Appendix C, USFWS 2012a,
and Figure 1.22 [left side] for regions). Also, the one area in California with stable fecundity (Hoopa)
had low fecundity estimates compared to other areas. Together these data, which represent the most

22



The NSO in California: Current Status and Threats Dan L. Hansen

reliable evidence currently available, indicate that NSO reproduction could be declining across much of
California and southwestern Oregon.

Annual fluctuations in fecundity were evident in all three demographic studies in California and were
remarkably synchronous (Forsman et al. 2011; Figure 1.8). Forsman et al. (2011) found that variation in
fecundity was associated with a variety of variables, including the age of breeding females, whether the
year was even or odd, weather or climate (e.g., early nesting season temperature or precipitation),
percent cover of suitable habitat, and the presence of barred owls. Franklin et al. (2013) noted a pattern
of “good” and “bad” reproductive years in the Northwestern California demographic study area, which
is likely associated with annual variation in weather during the early nesting season (also see Franklin et
al. 2000). Franklin et al. (2013) also observed that particularly poor reproductive years have occurred in
their study area at four-year intervals, suggesting that “some other extrinsic factor may be operating,
such as seed production governing small mammal populations.” Forsman et al. (2011) reported that
barred owl presence was in the top models explaining fecundity in the Green Diamond study area,
suggesting that competition with barred owls contributed to declining reproduction on that ownership.
Reports from the Klamath and South Cascades demographic studies in southern Oregon noted negative
associations between reproduction and rainfall during the early nesting season (Davis et al. 2013b,
Dugger et al. 2014). Declining reproduction in these study areas also appears to be related to increasing
presence of barred owls.

Following publication of the 2011 meta-analysis, California’s demographic studies reported three
consecutive years (2011-2013) of very low reproduction (Franklin et al. 2013, Higley and Mendia 2013,
Green Diamond Resource Company 2014). This dip in reproduction might have been partially driven
by high rainfall during the early nesting season during 2010-2012 (see below). Those three consecutive
years of low reproduction exacerbated the negative long-term trend that was already occurring on Green
Diamond lands (Green Diamond Resource Company 2014; Figure 1.9). Negative trends in reproduction
also occurred in the Klamath and South Cascades demographic study areas subsequent to the end of the
2011 meta-analysis study period (Davis et al. 2013b, Dugger et al. 2014; Figures 1.10 and 1.11). Davis
et al. (2013b) concluded that particularly poor reproduction during recent years “...may indicate
potentially serious problems with maintaining a stable population. This is even more alarming since
these results are following a long term downward trend.”
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Figure 1.8: Mean annual fecundity in California’s three northern spotted owl demographic studies
during 1985-2008 (from Forsman et al. 2011).

Figure 1.9: Number of fledglings produced per monitored pair of northern spotted owls on Green
Diamond Resource Company lands during 1992-2013 (from Green Diamond Resource Company 2014).
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Figure 1.10: Fecundity of northern spotted owls (“STOC”) in the Klamath demographic study area
during 1990-2013 (from Davis et al. 2013a). Dashed line is a polynomial trend line (r2 = 0.419).
Vertical line represents the first year in which barred owls (“STVA”) were detected in more than 10% of
spotted owl territories.

Figure 1.11: Fecundity of northern spotted owls in the South Cascades demographic study area during
1990-2013 (from Dugger et al. 2014).
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Information is also available for describing recent trends in NSO reproduction in portions of California
outside of demographic study areas. Ellis et al. (2013) found below average fecundity during 2007 and
2010-2012 on National Park Service lands in the southern Redwood Region (Figure 1.12). Humboldt
Redwood Company (2013) and Mendocino Redwood Company (2014) likewise reported low
reproduction during those years (Figures 1.13 and 1.14). These observations, along with those from
demographic studies in California and southern Oregon described above, suggest that low reproduction
during recent years was primarily driven by a factor that acted at a very large spatial scale, rather than at
the scale of individual ownerships or ecological regions. As noted above, high rainfall during the early
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nesting season was likely a primary cause of low reproduction during recent years. This apparent
relationship is illustrated by the negative association between NSO reproductive success and early
season rainfall observed on Mendocino Redwood Company lands (Figure 1.13).

Monitoring results suggest a stable long-term trend in reproduction on National Park Service lands in the
southern Redwood Region (Figure 1.12). In the northern Redwood Region, Humboldt Redwood
Company (2013) data likewise suggest little or no trend, although the period covered could be too short
to capture long-term trends in reproduction (Figure 1.14). Mendocino Redwood Company (2014)
provided a longer-term data set that suggests that a shallow decline in reproduction has occurred on their
lands, primarily due to below average reproduction during seven of eight years during 2006-2013
(Figure 1.13). Data provided by the Fruit Grower’s Supply Company (2014) suggests that a decline in
reproduction occurred on their lands in the Eastern Klamath and Southern Cascades regions of
California during 1990-2005 (Figure 1.15). It is important to note, however, that these are only
descriptions of apparent trends based on patterns in relatively crude data. A more rigorous analysis of
the data is needed to support strong conclusions about reproductive trends on industrial timberlands in
California.

Figure 1.12: Fecundity of northern spotted owls on National Park Service lands in Marin County
during 1999-2005 and 2007-2012 (from Ellis et al. 2013). The solid line indicates mean fecundity
during these periods combined, the dashed lines are one standard deviation from the mean, error bars
indicate +1 standard error, and n is the total number of spotted owl territories.
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Figure 1.13: Reproductive success (average number of fledglings/pair) of northern spotted owls and
amounts of rainfall during the early nesting season on Mendocino Redwood Company lands during
1989-2013 (from Mendocino Redwood Company 2014).
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Figure 1.14: Reproductive rate and numbers of nesting pairs and juveniles on Humboldt Redwood
Company lands during 2003-2012 (from Humboldt Redwood Company 2013).
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Figure 1.15: Fecundity of northern spotted owls on Fruit Growers Supply Company land during 1990-
2005 (from Fruit Growers Supply Company 2014).
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Available information concerning recent survival rates of NSOs is mostly limited to that provided in the
2011 demographic meta-analysis (Forsman et al. 2011). Survival data are not collected by timber
companies other than Green Diamond Resource Company, which submits its data for analysis and
reporting in the demographic meta-analyses. Forsman et al. (2011) reported statistically significant
declines in apparent survival for 10 of 11 NSO demographic study areas, including all three study areas
in California (Figure 1.16). Declines in many study areas were most precipitous during the last five
years of the study period (i.e., 2003-2007 for survival; Figure 1.16). The Klamath in southern Oregon
was the only study area that did not have a significantly declining survival rate through 2007. Forsman
et al. (2011) stated that “collectively, the declines in apparent survival of Northern Spotted Owls across
much of the subspecies’ range are cause for concern because Spotted Owl populations are most sensitive
to changes in adult survival rates (Noon and Biles 1990, Lande 1991).”
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Figure 1.16: Model averaged estimates of apparent survival of adult female northern spotted owls three

study areas in Washington (a), five study areas in Oregon (b), and three study areas in California (c)
during 1985-2007 (from Forsman et al. 2011).
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NSO demographic studies have largely deferred reporting of more recent survival data to the
forthcoming meta-analysis, which is expected to be released in 2015. The limited information available
prior to release of that meta-analysis suggests that survival has continued to decline since the 2011 meta-
analysis study period. Davis et al. (2013b) reported that subsequent *...data regarding occupancy (in the
Klamath study area) has shown a rapid decline, which suggests the stability of the survival rate may no
longer be valid.” Franklin et al. (2013) reported an alarming drop in apparent survival in 2011 on the
Northwestern California demographic study area (Figure 1.17). Their subsequent annual report deferred
reporting of 2012-2013 survival data to the forthcoming meta-analysis (Franklin et al. 2014). Higley
and Mendia (2013) reported a statistically non-significant decline in survival of NSOs on the Hoopa
Valley Indian Reservation in the Western Klamath (Figure 1.18). Their best model explaining survival
of NSOs suggested that the decline was at least partially related to increasing numbers of barred owls in
the study area.

Figure 1.17: Annual estimates (solid dots with 95% confidence intervals) of, and trend in (solid line),
apparent survival for subadult and adult northern spotted owls in northwestern California during 1985-
2012 (from Franklin et al. 2013).
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Figure 1.18: Estimates and 95% confidence intervals for NSO apparent survival on the Hoopa Valley
Indian Reservation, Humboldt County, California during 1994-2012 (from Higley and Mendia 2013).
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Forsman et al. (2011) reported that the presence of barred owls was included in the best model structures
for several study areas, including the Green Diamond and Klamath, and was in a competitive model for
Northwestern California (Forsman et al. 2011). Given evidence that barred owl presence continued to
increase after the study period covered by Forsman et al. (2011) (see Ch. 4), it is likely that the
forthcoming meta-analysis will report continued declines in apparent survival for many, if not all,
demographic study areas. Franklin et al. (2013) noted that apparent survival in the Northwestern
California study area, like reproduction, is influenced by annual variation in weather during the early
spring. Thus, recent consecutive years with poor weather during the early spring further suggest that
survival has likely continued to decline since the period analyzed by Forsman et al. (2011).

Population Change

A new demographic meta-analysis is expected to be released in 2015. Until then, the 2011 meta-
analysis (Forsman et al. 2011) provides the most current available estimates of population change for
NSOs across their range. Except for the Green Diamond Resource Company, which submits its data for
analysis and reporting in periodic meta-analyses, timber companies do not estimate population change
for NSOs. Forsman et al. (2011) stated that their results likely “...reflected conditions on federal lands
and areas of mixed federal and private lands within the range of the Northern Spotted Owl because the
study areas were (1) large, covering = 9% of the range of the subspecies, (2) distributed across a broad
geographic region and within most of the geographic provinces occupied by the owl, and (3) the percent
cover of owl habitat was similar between our study areas and the surrounding landscapes.” Only one of
the study areas included in the meta-analysis was entirely located on private lands (Green Diamond).
Thus, it is unclear whether results from the 2011 meta-analysis reflect demographic trends on private
lands across the range of the NSO. Given weaker habitat conservation measures for NSOs on many
private ownerships compared with federal lands, Forsman et al. (2011) stated that, *“if anything, our
results depict an optimistic view of the overall population status of the Northern Spotted Owl.”
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Forsman et al. (2011) reported estimates of the annual finite rate of population change (A) for 11 study
areas located across the NSO’s range. Estimates of A ranged from 0.929 to 0.996 (i.e., declines of 0.4 to
7.1% per year) for these study areas during the period of 1990-2006. There was strong evidence of
population declines on seven of the study areas, including the Northwestern California (-1.7% per year)
and Green Diamond (-2.8% per year) study areas in California. Negative population trends were also
found on the Hoopa study area in California (-1.1% per year) and on the Klamath and South Cascades in
southern Oregon (-1.0% and -1.8% per year, respectively) but they were not statistically significant.
The weighted mean estimate of A for all study areas combined was 0.971, indicating an average
population decline of 2.9% per year during the study. Variables included in the best model in the meta-
analysis of A indicated effects of ecoregion (geographic location and major forest type) and the
proportion of NSO territories with barred owl detections.

In addition to estimates of annual rate of population change, Forsman et al. (2011) provided estimates of
realized population change, which describes population change over the study period (Figure 1.19).
NSO populations in Washington and northern Oregon declined by approximately 40-60% during 1990-
2006. Populations on the Northwestern California and Green Diamond study areas declined by 20-30%
during the study period, although the 95% confidence intervals for these estimates slightly overlapped
zero (Figure 1.19). Declines of 5-15% were evident on the Hoopa, Klamath and South Cascades study
areas but these trends were not statistically significant (Figure 1.19).
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Figure 1.19: Estimates of realized population change with 95% confidence intervals for northern
spotted owls in California and southern Oregon (from Forsman et al. 2011).
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Figure 1.19 (cont.).
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Following the 2011 meta-analysis study period (i.e., >2007), NSOs in the Northwestern California study
area experienced a further decline in A (mean = 0.978 or -2.2% per year) (Figure 1.20). The last year
included in this analysis (2011) had the lowest annual estimate of A found during the 24-year analysis
period (Figure 1.20). The forthcoming meta-analysis should reveal whether the substantial drops in
apparent survival and A in the Northwestern California study area in 2011 were anomalous or indicative
of an increased rate of population decline in the study area. Franklin et al. (2013) found that fecundity,
apparent survival, and A in the study area fluctuated during “good” and “bad” years, which was likely at
least partially related to weather (see above). Annual rate of population change was also apparently
negatively affected by increasing presence of barred owls. Given continued increases in barred owls
(see Ch. 4), poor weather during the early spring during 2010-2012, and poor reproduction by NSOs
during 2011-2013 (see above), it is likely that A continued to decline on this study area and probably
others in California and southern Oregon.

Figure 1.20: Annual estimates of (dots with 95% confidence intervals) and trend in (solid line) rate of
population change in the Northwestern California study area (from Franklin et al. 2013).
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Higley and Mendia (2013) reported that the estimate of ARJS (Jolly-Seber Capture-Recapture model) for
the Hoopa demographic study during 1995-2012 was 0.977, indicating a mean annual population decline
0f 2.3%. The decline was statistically significant in 2011 and 2012 (point estimates of ARJS not
included in the 95% CI; Figure 1.20). Higley and Mendia (2013) noted that “the recent decline in
survival, the point estimate of ARJS and the actual number of birds detected this past season all point to
a population that is in fact, declining. This apparent decline in spotted owls corresponds with an increase
in total annual barred owl detections and proportion of spotted owl territories with barred owl
detections.” They further noted that the forthcoming meta-analysis will show that it is "...very clear that
northern spotted owls are in decline across all 11 study areas and that in many cases the decline is
accelerating."
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Figure 1.21: Trend in rate of population change on the Hoopa Valley Indian Reservation, Humboldt
County, California during 1994-2012 (from Higley and Mendia 2013).

1.6
1.4
1.2
1 - —_— A
r 4
v - | ambda
S )
0.8 wmsShrinkage
Lower Cl
0.6 Upper Cl
0.4
0.2
0 T T T T 1
1990 1995 2000 2005 2010 2015

Source-Sink Dynamics

As described by Gutiérrez and Harrison (1996), source-sink dynamics exist for species “...that occupy
both high-quality habitats (sources) where populations grow and produce emigrants, and low-quality
habitats (sinks) where populations cannot sustain themselves in the absence of immigration.”
Population sinks potentially function as reservoirs for repopulation of sources that go extinct but may
also reduce population growth rates (Pulliam 1988, Gutiérrez and Harrison 1996). Identifying source
and sink areas is therefore, an important component of conservation research and planning. For
example, identification of population sinks might be useful for determining where to focus habitat
restoration or barred owl removal efforts. Empirical studies of relationships between NSO fitness and
habitat attributes (Habitat Fitness Potential sensu Franklin et al. 2000) provide a rigorous measure of
sources and sinks but only at the territory scale and within a given study area, rather than at population
or regional levels (see Ch. 2 and 3 for further discussion of Habitat Fitness Potential). In the absence of
direct empirical measures of large-scale source-sink dynamics, it may be useful to evaluate the results of
source-sink simulation modeling based on empirical data.

Schumaker et al. (2014) recently published a rangewide study of source-sink dynamics for NSOs at the
spatial scales of ecological regions and physiographic provinces. Their source-sink simulation modeling
incorporated an array of regional data for NSO movement distances and rates, life history attributes,
habitat suitability and connectivity, encounter rates with barred owls, and environmental stochasticity.
Source-sink dynamics in this study emerged from simulated interactions between individual NSOs and
landscapes, rather than being predefined based on habitat suitability as was done in previous studies.
The simulation models by Schumaker et al. (2014) predicted that most ecological regions and
physiographic provinces currently function as population sinks for NSOs (Figures 1.22 and 1.23). The
study’s results projected that the Klamath Provinces of California and Oregon and the Interior Northern
Coast Ranges of California are the subspecies’ strongest population sources (Figure 1.23). The Klamath
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Provinces may be particularly important for maintaining NSO population stability due not only to being
net population sources but to their high levels of population connectivity with multiple surrounding
regions (Schumaker et al. 2014; Figure 1.23). The Redwood and Southern Cascades regions in
California were both classified as moderate population sinks. Schumaker et al. (2014) identified the
Klamath Provinces and California Cascades as areas in which it could be particularly important to focus
habitat protection and restoration efforts, respectively.
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Figure 1.22: Relative source and sink values in northern spotted owl modeling regions and
physiographic provinces (from Schumaker et al. 2014). The sizes of symbols denote major versus minor

or moderate sources and sinks.
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Figure 1.23: Graphical representation of net movement (“Net Flux”) of individual (simulated) northern
spotted owls from one modeling region or physiographic province to another (from Schumaker et al.
2014). The largest Net Flux values are shown in black, intermediate values in gray, and smallest values
in white. Gray ovals highlight two areas with strong patterns of Net Flux.

Net Flux

70% - 100%
40% = 70%
10% = 40%

saoutA0a g ddeasoisAyg

SU0ISAY SUIPPo

Genetics

Funk et al. (2010) found statistically significant evidence that NSOs have experienced genetic
bottlenecks during recent decades in the Washington Cascades, Oregon Coast Ranges, and “Klamath
Mountains” of Oregon and California (Figure 1.24). An earlier report on this study indicates that
evidence of a bottleneck in the Klamath Mountains analysis area was primarily driven by data from the
southern Cascades of Oregon and California, rather than from the Klamath Provinces (Funk et al. 2008;
Figure 1.24). Evidence of recent genetic bottlenecks in the Washington Cascades, Oregon Coast
Ranges, and southern Cascades are concordant with recent demographic declines in these regions
(Forsman et al. 2011; see Demography, above). Surprisingly, Funk et al. (2010) did not find evidence of
a genetic bottleneck in the Olympic Mountains of Washington, where NSOs have recently experienced
dramatic population declines (Forsman et al. 2011). However, they noted that their small sample size
for this region limited their power to detect a genetic bottleneck if one occurred. Funk et al. (2010) did
not find statistically significant evidence of a recent genetic bottleneck in northwestern California
(Western Klamath and Redwood regions). They suggested that this could likewise have been due to low
statistical power or to the relatively gradual population declines reported for that area at the time (see
Demography, above). The analyses of Funk et al. (2010) did not address whether genetic bottlenecks
were solely a result of population declines or were also contributing to them. Genetic declines can
contribute to reduced demographic rates through effects of inbreeding depression and loss of adaptive
genetic variation (reviewed in Funk et al. 2010).
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Figure 1.24: Recent population bottlenecks in NSOs. Points represent 352 individual owls included in
the analysis which are grouped into six (A) and 16 (B) regions. Statistically significant bottlenecks are
represented by solid lines (A) or yellow (p = 0.05) and red (p = 0.01) lines (B). (A) represents
significant bottlenecks under 5, 10, and 15% multi-step mutation models as solid bold lines and under 10
and 15% multi-step mutation models as finer solid lines (see Funk et al. 2010). (B) indicates greater
magnitude bottlenecks with bolder lines. From Funk et al. 2010 (A) and 2008 (B).

Summary of Current Status and Trends

Rigorous long-term research has indicated that NSO populations are dramatically declining in
Washington and northern Oregon and more gradually declining in southern Oregon and California
(Forsman et al. 2011). Yet, while less precipitous than those in the northern portion of the NSO’s range,
the rapidity of population declines in southern Oregon and California are cause for grave concern
regarding the subspecies’ status and trends. A new demographic meta-analysis, which is due for public
release during 2015, will replace the 2011 meta-analysis and provide the most reliable information for
evaluating the NSO’s current status and trends. Based on information available in annual research
reports, it is clear that the forthcoming meta-analysis will show that populations in southern Oregon and
California are declining more rapidly than was evident in the 2011 meta-analysis (Davis et al. 2013a,
Franklin et al. 2013, Higley and Mendia 2013, Dugger et al. 2014, Green Diamond Resource Company
2014).

The NSO'’s status and trends are less clear in portions of California outside the state’s three demographic
study areas. Much of the information for these areas is provided by industrial timber companies, which
have uniformly concluded that NSO populations on their lands are stable (Calforests 2014). However,
the data provided by these companies are insufficient for drawing strong conclusions about the NSO’s
status and trends, and may in fact indicate declines in occupancy and reproduction on some ownerships
(see Occupancy and Demography, above). Forsman et al. (2011) suggested that, due to weaker habitat
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protection, NSO demographic trends could generally be worse on non-federal lands than on the federal
and mixed federal/non-federal lands on which most demographic studies are conducted. This appears to
be true in California, where NSOs experienced greater declines on Green Diamond Resource Company
lands than on nearby tribal and Forest Service lands (Forsman et al. 2011; see Occupancy and
Demography, above). However, the degree to which these differences were due to variation in land
management, effects of competition with barred owls, or other factors is unclear.

It is likewise unclear if demographic trends in California’s three demographic study areas accurately
represent those in drier, less productive forests in the state’s interior. An occupancy study in
California’s Eastern Klamath and Southern Cascades (Farber and Kroll 2012) and demographic studies
in ecologically similar areas of southern Oregon (Davis et al. 2013a, Dugger et al. 2014) could provide
the most reliable information currently available for evaluating NSO’s status and trends in interior
California (see Occupancy and Demography, above). These studies indicate that NSOs are currently
declining in at least some portions of the Eastern Klamath and Southern Cascades regions (note: these
regions cover portions of both California and southern Oregon as they are ecologically rather than
politically defined; see USFWS 2011a Appendix C and Figure 1.22 [left side]). Evidence of population
declines in the Klamath regions (Forsman et al. 2011, Farber and Kroll 2012, Davis et al. 2013a, and
Franklin et al. 2013) are particularly concerning in light of the critical contributions these areas may
provide to the NSO’s long-term persistence (Schumaker et al. 2014; see Source-Sink Dynamics, above).

Although the Redwood Region is projected to currently function as a population sink, it still retains high
densities and abundances of NSOs and is therefore important to the subspecies’ conservation
(Schumaker et al. 2014; see Density and Abundance and Source-Sink Dynamics, above). There is
limited information available for evaluating the NSO’s status and trends in portions of the Redwood
Region outside of Green Diamond’s lands. Monitoring on National Park Service lands and adjacent
ownerships suggest that the population in Marin County is stable while NSOs in the Redwood National
and State Parks have substantially declined. These differences appear to be largely due to negative
effects of high barred owl densities in the Redwood National and State Parks and the relatively slow rate
of the barred owl invasion in Marin County (see Occupancy, above). In contrast with the Green
Diamond Resource Company, other timber companies in the northern portion of the Redwood Region
have concluded that their NSO populations are stable (Calforests 2014). It is possible that NSOs have
indeed fared better on these ownerships than on Green Diamond lands; for example, due to less
intensive timber harvesting or more recent colonization by barred owls. However, the data provided by
these companies are insufficient for drawing firm conclusions about the NSO’s status and trends on
these lands, and actually appear to indicate at least gradual declines in some areas. More consistent and
rigorous monitoring (e.g., consistent survey areas and protocols; reporting of modeled occupancy rates)
would assist future evaluations of the NSQO’s status and trends on industrial timberlands in California.
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Part I1: Threats to Northern Spotted Owils in California

Forsman et al. (2011) concluded that habitat loss was partly responsible for declines in NSO fecundity,
apparent survival, and/or populations observed in most demographic study areas. Due to a lack of a
suitable habitat map at the time, they did not include a habitat variable in models for California.
However, a substantial body of research has shown that stand- and landscape-level habitat attributes
influence habitat selection, densities, occupancy, reproduction, survival, and metapopulation dynamics
of NSOs in California and southern Oregon (e.g., Carey et al. 1992, Gutiérrez et al. 1998, Hershey et al.
1998, Thome et al. 1999, Franklin et al. 2000, Zabel et al. 2003, Carroll and Johnson 2008, Schumaker
et al. 2014). Loss of approximately 60-88% of all old forest within the NSOs range during the 19" and
20" centuries was a primary reason for the subspecies’ federal listing (USFWS 1990, Strittholt et al.
2006). Despite greater habitat protection following federal listing and implementation of the Northwest
Forest Plan, intensive timber harvesting and large wildfires have continued to cause a downward trend in
suitable habitat for NSOs and thus, continue to threaten the subspecies (Davis and Dugger 2011, USFW
2011). Yet, NSOs in California and southern Oregon may have complex relationships with these
disturbances. For example, low-to-moderate or mixed severity wildfires could sometimes benefit NSOs
in these areas by contributing to prey diversity and abundance, provided they do not excessively remove
nesting and roosting habitat. In-depth reviews of these topics are provided in Chapters 2 and 3 of this
volume.

Demographic analyses indicate that worsening NSO population declines in California and southern
Oregon have been driven to a large degree by increasing competitive pressure from invasive barred owls
(Forsman et al. 2011, Davis et al. 2013a, Franklin et al. 2013, Higley and Mendia 2013, Dugger et al.
2014, Green Diamond Resource Company 2014). A large body of quantitative and anecdotal
information indicates that barred owls negatively affect NSOs in a variety of ways and that they
currently pose one of the primary threats to the NSO’s long-term persistence (USFWS 2013). These
topics, with particular emphasis on information from California, are reviewed in Chapter 4.

Outdoor marijuana cultivation has dramatically increased in recent years and has emerged as a serious
potential threat to NSOs in California (Gabriel et al. 2013, Calforests 2014). There is little quantitative
information concerning impacts of outdoor marijuana cultivation on NSOs. However, published
research of fishers (Pekania pennanti), which have overlapping home ranges, habitat associations, and
diets with NSOs, suggests that anti-coagulant rodenticides and other pesticides used in outdoor
marijuana cultivation currently pose a widespread risk to NSOs in California (Gabriel et al. 2012, 2013,
Thompson et al. 2014). In addition to potential behavioral and demographic effects of pesticides on
NSOs, outdoor marijuana cultivation could impact the subspecies through suppression of prey
populations; ecological changes due to water diversion, clearcutting, and pollution; or habitat loss to
wildfires ignited by growers (Gabriel et al. 2013, Bauer et al. 2015). Marijuana cultivation could also
impact conservation of NSOs by reducing the ability of biologists to safely and efficiently conduct
conservation research and monitoring (Gabriel et al. 2013). These topics are further discussed in
Chapter 5.

The apparent effects of weather and climate variables on NSO demographic rates suggest that
anthropogenic climate change could pose a major threat to the subspecies (Glenn et al. 2010). This
hypothesis is further supported by projections of increased numbers of large wildfires in California
under plausible climate change scenarios (see Ch. 3). Climate change could also impact NSOs in
California through other climate or weather effects (e.g., increased frequency of droughts), outbreaks of
insects and pathogens, large-scale redistribution of major vegetation types, and unpredictable effects on
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prey communities (reviewed in USFWS 2012b). Due to limited time and funding, and the complex and
ever-increasing body of science covering these topics, a synthesis of this information is not included in
this document. State and federal agencies should thoroughly evaluate climate change as a potential
threat to NSOs and other species prior to determining their conservation status.

Although not reviewed herein, the stressors described above and in the remainder of this document
could have cumulative and interactive impacts on NSOs. For example, Dugger et al. (2011) found that
barred owls and habitat fragmentation had an additive negative effect on NSO occupancy rates in
southern Oregon. This finding suggests that habitat loss and fragmentation due to timber harvesting or
severe wildfires can increase competitive pressure from barred owls. Decreasing population sizes,
apparently due primarily to habitat loss and competition with barred owls, can increase risks posed to
NSOs by other factors. For example, small NSO populations may become vulnerable to extinction due
to chance events such as epidemics or extreme weather or climate events (Franklin et al. 2000).
Decreasing population sizes may also have negative genetic effects on NSOs. For example, genetic
bottlenecks could further reduce demographic rates through inbreeding depression and loss of adaptive
variation (Funk et al. 2010). Also, hybridization between NSOs and barred owls could become more
frequent in the future as NSOs become less able to find conspecific mates (Gutiérrez et al. 2007).
Policymakers and land managers should acknowledge that, despite limited research of the topic,
multiple past and current stressors for NSOs could have important cumulative and interactive impacts on
the subspecies.
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Ch. 2: Timber Harvesting
Introduction

Timber harvesting was a primary impetus for federal listing of the NSO and is still regarded as one of
the major threats to the subspecies (Thomas et al. 1990, USFWS 1990, Courtney et al. 2004, USFWS
2011a). Timber harvesting can directly impact NSO populations by removing, degrading, or
fragmenting habitat for them or their prey (reviewed below). Harvesting might also indirectly affect
NSOs by increasing effects of other stressors, such as competitive pressure from barred owls (Strix
varia) (Forsman et al. 2011, USFWS 2011a; see Ch. 4). However, timber harvesting likely has complex
effects on NSOs in the southern part of their range due to divergent effects of habitat conditions on
survival versus reproduction (Franklin et al. 2000, Olson et al. 2004, Diller et al. 2010). The
information reviewed herein suggests that some forms and amounts of harvesting may be sustainable in
northern California but that large-scale removal or fragmentation of habitat around activity centers can
have strong negative impacts on NSOs (reviewed below and in USFWS 2009).

The kinds of habitat concentrations associated with high survival and fitness of NSOs may be limited in
some parts of the subspecies’ range due to removal of the majority of old forest during the 19" and 20™
centuries (USFWS 1990, Strittholt et al. 2006). Harvesting has been substantially curtailed on federal
lands since implementation of the Northwest Forest Plan (Healey et al. 2008, Davis and Dugger 2011,
Moeur et al. 2011, Kennedy et al. 2012). However, removal of suitable NSO habitat continues on
federal lands and is occurring at higher rates on non-federal lands (Davis and Dugger 2011). On non-
federal lands, habitat loss to logging is only partially offset by recruitment of new habitat (Davis and
Dugger 2011, Moeur et al. 2011; reviewed below). This is cause for concern since non-federal lands
contain a considerable portion of remaining suitable breeding habitat for the subspecies (e.g., >30% of
older forest in the Pacific Northwest and northwestern California currently exists on non-federal lands:
Moeur et al. 2011) and because recovery of the NSO could partially depend on voluntary conservation
efforts on these lands (USFWS 2011a). The timber industry has cited relatively strict harvest
regulations in California as evidence that listing of the NSO under the California Endangered Species
Act is unnecessary (Calforests 2014). Yet, contemporary harvesting has still resulted in a net loss of
suitable breeding habitat for NSOs on non-federal lands in California (reviewed below). Furthermore,
the U.S. Fish and Wildlife Service (2009) recently concluded that California’s regulations for avoiding
"take" of NSOs inadequately protect the subspecies and do not reflect the best available science.
Inconsistent or poor implementation of existing regulations could further weaken protections for NSOs
on private timberlands in California (reviewed below).

Responses of NSOs to Timber Harvesting

Interior of Northern California and Southern Oregon

NSOs in interior northern California show a strong general preference for relatively old, structurally
complex forest. This is illustrated by studies describing both small-scale plots around NSO locations
(Solis and Gutiérrez 1990, Rissler 1995, White 1996, Hershey et al. 1998; but see Irwin et al. 2013) and
landscape-scale analysis areas around activity centers (Chavez-Leon 1989, Solis and Gutiérrez 1990,
Hunter et al. 1995, Gutiérrez et al. 1998). This body of research can be used to inform conservation
measures for NSOs in interior northern California (e.g., for evaluating appropriate habitat definitions in
take-avoidance guidelines: USFWS 2009). However, the following review is focused on studies of
associations between landscape-scale habitat attributes and NSO demography in interior forests
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(Franklin et al. 2000, Olson et al. 2004, Dugger et al. 2005, Schilling et al. 2013). These studies are
based on rigorous demographic data and provide the best available insight into potential effects of
timber harvesting on NSO populations (USFWS 2009). This review is supplemented with information
from studies of associations between landscape-level habitat characteristics in southern interior forests
and NSO home range sizes and probability of occurrence (Carey et al. 1992, Carey and Peeler 1995,
Zabel et al. 2003, Carroll and Johnson 2008, Schilling et al. 2013).

In the California Klamath, Franklin et al. (2000) found that NSO survival was highest when estimated
breeding core areas (390 ac) contained large amounts of both interior (>326 ft from edge) older forest
(conifer or mixed forest with conifer QMD >21 in and canopy cover >70%) and edge with other
vegetation classes. In contrast, reproduction was typically highest with lower amounts of interior older
forest and greater amounts of edge. Estimated breeding core areas supporting high fitness for NSOs (a
function of both survival and reproduction) contained both a large concentration of interior older forest
and considerable habitat edge provided by a mosaic of other vegetation patches with convoluted shapes.
Franklin et al. (2000) emphasized the difference between total area of older forest versus area of interior
older forest. For example, they noted that large amounts of older forest edge cannot occur with low total
amounts of older forest. This study did not directly address effects of timber harvesting on NSOs.
Vegetation other than older forest was combined into a single class and edges occurred wherever that
class and older forest met. Franklin et al. (2000) noted, however, that the dominant silvicultural system
in their study area at that time was large-scale clearcutting, which they concluded was unlikely to
contribute to the kinds of habitat mosaics found in territories supporting high fitness.

In an unpublished report, Matthews et al. (2008) evaluated the demography of NSOs on the Hoopa
Valley Indian Reservation in the California Klamath. Their best performing model explaining NSO
survival indicated that survival increased with greater amounts of interior mature or old forest (>80 yrs
with “heavy” canopy cover, >328 ft from edge) up to about half of a 200-acre analysis area around
activity centers and then slightly declined with higher proportions. Survival also increased with
increasing amounts of brushy pole-timber forest (conifer stands 10-20 yrs with a “heavy brush
component”, meant to represent dusky-footed woodrat [Neotoma fuscipes] habitat) within estimated
territories (917 ac) up to about 16% of the area and then leveled off. Survival was negatively associated
with pre-commercial thinning (prescription not described) of brushy pole-timber forest, which Matthews
et al. (2008) attributed to a negative long-term effect of thinning on dusky-footed woodrat populations.
The best performing model explaining patterns of NSO reproduction indicated that the influence of
woodrat habitat on reproduction depended on whether it was a high or low reproduction year and on
amounts of mature and old forest. During years with high reproduction, productivity was highest at sites
with moderate amounts (19%) of woodrat habitat in a larger core analysis area around activity centers
(517 ac), whereas woodrat habitat had little influence on NSO reproduction during low reproduction
years. Furthermore, high amounts of mature and old forest apparently offset negative effects of low
amounts of woodrat habitat on reproduction; possibly by providing access to alternative prey (e.g.,
northern flying squirrels) or greater protection from predators or inclement weather (Matthews et al.
2008).

In the interior of the Oregon Coast Range, Olson et al. (2004) found that NSO survival was positively
associated with greater amounts of both “mid-seral” (9.5-31.5 in DBH) and “late-seral” (>31.5 in DBH)
forest in landscapes around activity centers (<4,921 ft) and lower amounts of early-seral forest and non-
forest (<9.5 in DBH). Reproduction, in contrast, was negatively associated with area of mid- and late-
seral forest and positively associated with edge between early-seral and non-forest and other vegetation
classes. Olson et al. (2004) encountered technical difficulties with the habitat fitness potential portion of
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their modeling but noted that territories supporting high fitness must contain attributes associated with
both high survival and high reproduction. This was supported by diagrams made from aerial photos of
landscapes around activity centers, which showed remarkably similar habitat mosaics to those presented
by Franklin et al. (2000).

Dugger et al. (2005) found a positive association between NSO survival in the Oregon Klamath
Province and greater amounts of mature and old forest (>100 yrs) within estimated breeding core areas
(413 ac) and a moderate amount of non-habitat (non-forest, early-seral vegetation, and older forest with
harvest entries >40% basal area) in the landscape beyond the core area (3,430-ac ring). The specific
contribution of timber harvesting (and of different harvest types and intensities) to the non-habitat class
and thus, its effects on NSO fitness, were not reported. This study’s findings differed from others in that
reproduction was positively, rather than negatively, associated with greater amounts of older forest
within estimated core areas. These findings suggest that widespread harvesting of older forest within
NSO core areas would negatively affect both survival and reproduction in this area but that some level
of harvesting might be sustainable in the broader landscape (to the degree that it contributes to “optimal”
amounts of non-habitat in the 3,430-ac ring surrounding estimated core areas).

Schilling et al. (2013) found additional evidence of a positive influence of both older forest and habitat
heterogeneity on NSO survival in the Oregon Klamath. Their best performing model indicated that
monthly survival probabilities for NSOs were highest when home ranges (based on radio-telemetry)
contained more patches of mature and old forest (>20 in DBH and >40% canopy cover). The second
best performing model indicated a positive association between survival and clustering of (i.e., close
distances between) older forest patches. Unlike other studies, they did not find an association between
survival and total amount of older forest. They noted that this could have occurred due to their small
sample size or because most NSO home ranges in their study had amounts of mature and old forest
(mean = 72%) that exceeded threshold amounts required for survival. A third competitive model
suggested that survival was also positively associated with a moderate amount of edge between forest
(mean DBH >5 in) and other cover classes; thus providing additional support for the value of habitat
heterogeneity for NSOs in southern interior forests.

Zabel et al. (2003) modeled probability of NSO occurrence (i.e., habitat suitability) across interior
northern California based on habitat conditions at an estimated core area scale (500 ac). The best
performing model in their study indicated that the probability of NSOs occurring in a given location was
highest with large amounts of suitable nesting-roosting habitat (generally >17 in DBH and canopy cover
>60%) and intermediate amounts of foraging habitat (>10 in DBH and canopy cover >40%) at the core
area scale. The second and third best performing models at the core area scale included habitat edge.
The results of this modeling study provide further support for conclusions that a combination of both a
large concentration of suitable habitat and some form of habitat heterogeneity is important to NSOs in
interior northern California.

Carroll and Johnson (2008) also modeled probability of NSO occurrence in interior northern California.
Based on their best model, predicted abundance of NSOs in the area was highest when most of the
landscape (5,930-ac areas) consisted of mature and old forest (>50 yrs). However, predicted abundance
slightly declined when area of mature and old forest increased beyond about 80% of the landscape. This
study therefore, provides evidence of at least a slight positive effect of other vegetation classes on
probability of NSOs occurring in a given area. These results contrasted with the study’s findings for
more northern parts of the NSO’s range, where the probability of occurrence continued to increase
(albeit diminishingly) with greater amounts of older forest.

46



The NSO in California: Current Status and Threats Dan L. Hansen

Studies of home range sizes provide another line of evidence concerning habitat and harvesting
influences on NSOs in interior southern forests. Home range studies in the Oregon Klamath found that
home range size increased with habitat fragmentation (Carey et al. 1992, Schilling et al. 2013). NSOs in
the area are known to use regenerating harvest units for foraging, particularly when closer to the activity
center or outside the breeding season (Carey and Peeler 1995, Irwin et al. 2013). However, Carey and
Peeler (1995) concluded that the energetic benefit of increased access to dusky-footed woodrats in
heavily fragmented forest is often outweighed by the energetic cost of increased travel.

In summary, studies in interior northern California have found that NSOs in the region benefit from both
large amounts of older forest concentrated around activity centers and some form of habitat
heterogeneity (Franklin et al. 2000, Zabel et al. 2003, Carroll and Johnson 2008, Matthews et al. 2008).
Similar results have been found in the Klamath (Dugger et al. 2005, Schilling et al. 2013) and interior
Coast Range of Oregon (Olson et al. 2004). These findings suggest that NSO populations in southern
interior forests can tolerate some level of timber harvesting provided suitable breeding habitat is retained
in sufficiently large concentrations around activity centers (USFWS 2009). However, whether and how
timber harvesting contributes to beneficial habitat heterogeneity in interior southern forests is unclear.
Available studies differed in their findings of types, amounts, and locations of beneficial heterogeneity
and did not directly evaluate whether timber harvesting contributed to it. In contrast, it is clear from
research of associations between landscape-level habitat attributes and the demography, presence, and
home range sizes of NSOs that harvesting within core concentrations of suitable habitat has the potential
to negatively affect populations in southern interior forests (USFWS 2009).

Redwood Province

Most of the literature concerning NSOs in the Redwood Province pertains to research on intensively
harvested lands owned by the Green Diamond Resource Company. Studies on these lands found a
preference among NSOs for landscapes with greater amounts of intermediate-age or older forest than
expected based on general availability of those forest classes (Thome et al. 1999, Folliard et al. 2000,
Keithley and Motroni 2000, Gonzales 2005, Diller et al. 2010). However, site fidelity and reproduction
on these lands were positively associated with presence of younger forest classes and measures of
habitat heterogeneity (e.g., edge) (Thome et al. 1999, 2000, Diller et al. 2010). Studies of the habitat
associations of dusky-footed woodrats on these lands appear to provide additional support for the value
of younger forest and habitat heterogeneity to NSOs in the area (Hamm et al. 2007, Hamm and Diller
2009). Unpublished but relatively rigorous modeling of associations between landscape-level habitat
attributes and NSO fitness and population growth rate has confirmed that NSOs on Green Diamond
lands have complex relationships with timber harvesting (Diller et al. 2010). NSOs on Green Diamond
lands indeed appear to benefit from some level of habitat heterogeneity, which is currently maintained
through “small-patch” (<20 ac) clearcutting (Diller et al. 2010). Yet, habitat quality on these lands
(measured as habitat fitness potential, sensu Franklin et al. 2000) is positively associated with protection
of suitable breeding habitat, and both habitat quality and population growth rate are negatively
associated with harvesting of suitable habitat (Diller et al. 2010). Thus, appropriate management of
NSOs on Green Diamond lands appears to include avoiding take, setting aside suitable habitat from
harvesting, and focusing economically-driven harvest requirements in relatively homogeneous blocks of
unsuitable forest created by past large-block clearcutting. Diller et al. (2010) did not describe habitat
conditions associated with habitat fitness potential >1 (i.e., conditions associated with NSOs replacing
themselves or contributing to a population surplus). Peer reviewed reporting of these conditions could
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be used to refine current take-avoidance guidelines for the Redwood Province (see USFWS 2011b, CAL
FIRE 2014).

There does not appear to be any published information concerning the ecology and appropriate
management of NSOs on other ownerships within the Redwood Province. Habitat conditions available
to and selected by NSOs appear to differ among public and private ownerships (Keithley and Motroni
2000), industrial timber company ownerships (Appendix 2.1), and industrial versus non-industrial
timberland ownerships (K. Hoffman, pers. comm.). This variability could reflect differences among
forest types (e.g., redwood vs. mixed-evergreen), management regimes (e.g., intensive even-age,
intensive uneven-age, and low-intensity uneven-age), and natural disturbance regimes (e.qg., pre-
settlement fire return intervals in northern vs. southern forests) (see Stuart and Stephens 2006, Sawyer
2007).

The USFWS (2011a, 2012a) recently conducted habitat suitability modeling based on attributes of
landscapes (494 ac) surrounding 392 activity centers distributed across much of the Redwood Province.
The model selected for the region included a suite of habitat variables and performed well in terms of its
ability to discriminate between areas around NSO activity centers and random sites. The resulting map
of relative habitat suitability was incorporated into the USFWS (2012a) process for designating critical
habitat for NSOs but has limited utility for characterizing habitat selection by the subspecies. However,
“deconstruction” of the habitat suitability modeling outputs (cf. Dunk and Hawley 2009, Woodbridge et
al. 2012, Zielinski et al. 2012) allows evaluation of associations between habitat suitability and the full
range of candidate variables, including ones not included in the best performing model. Deconstruction
of the habitat modeling output for the Redwood Province shows that the probability of NSOs occurring
in a given area in the region increases with larger amounts of forest with relatively dense canopy cover
and large diameter trees (Appendix 2.2). Compared with those in the lowest suitability class, landscapes
in the highest suitability class contained an average of 1.8 times more nesting-roosting habitat; 2.4 times
higher basal area of conifers >20 inches DBH; 2.3 times higher basal area of live trees >30 inches DBH;
and 2.0, 1.8 and 1.9 times higher densities of conifers >20, 30, and 39 inches DBH, respectively. There
was a high degree of variability (standard deviation) in terms of structural attributes within habitat
suitability classes, particularly for rare habitat elements such as very large diameter trees. As noted
above, this variability likely reflects the high diversity of forest types, management histories, and natural
disturbance regimes in the region (see Stuart and Stephens 2006, Sawyer 2007). Nonetheless, consistent
patterns of association between habitat suitability and mean amounts of these variables are evident. In
addition, variability in amounts of many of these habitat attributes (coefficient of variation) declined
with increasing habitat suitability, further indicating that they are often important to NSOs in the
province. These results suggest that timber harvesting that reduces availability of these structural
attributes would generally reduce the probability of NSOs occurring in a given area within the Redwood
Province. Changes in availability of these structural attributes can occur with a variety of silvicultural
approaches and are not solely caused by even-age harvesting.

Effects of Uneven-Age Harvesting and Thinning

Some private landowners in northern California currently emphasize uneven-age regeneration or
management, which typically cause less visually dramatic changes to forests than does even-age
harvesting. These forms of harvesting, particularly intensive uneven-age regeneration, nonetheless have
the potential to cause substantial changes to forest structure or composition. For example, intensive
selective logging of Douglas-fir (Pseudotsuga menziesii) has resulted in extensive conversion of mixed-
evergreen forest to hardwood-dominated forest in parts of the Redwood Province (Sawyer 2006).
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Relatively little harvesting has occurred on federal lands within the NSO’s range since adoption of the
Northwest Forest Plan (Davis and Dugger 2011, Moeur et al. 2011, Kennedy et al. 2012; see below).
However, federal agencies have expressed support for widespread thinning to reduce wildfire risk,
restore wildlife habitat, and meet economic objectives in the Plan area (USFS and BLM 1994, USFWS
2011a, 2012a).

Effects of contemporary uneven-age harvesting and thinning on NSOs are difficult to evaluate due to the
paucity of rigorous research on the topic. Most of the available information about NSO responses to
these silvicultural systems is based on the behavior of very small numbers of telemetered owls and was
gathered in an opportunistic fashion during studies of other topics (reviewed in Hansen and Mazurek
2010, USFWS 20114a; see below). Evaluation of this topic is further complicated by poor descriptions of
harvest methods, locations and intensities and, perhaps more importantly, post-harvest habitat
conditions. The terms uneven-age harvesting and thinning encompass a tremendous variety of harvest
types, objectives, and effects (e.g., Graham et al. 1999). Harvesting described in relation to NSO
telemetry consisted of a variety of commercial thinning or partial harvesting (leaving residual trees)
prescriptions, including understory thinning of various intensities, removal of most trees up to a
relatively large diameter class, and shelterwood harvests prior to or without removal of residual trees
(see Hansen and Mazurek 2010). The effects of thinning and uneven-age harvesting on NSOs may also
be influenced by the condition of the landscape surrounding the harvest unit (e.g., amount, contiguity,
and location of suitable NSO habitat), which could be affected by climate, soils, natural disturbance
regimes, and past harvesting.

In a synthesis prepared for the 2011 revised recovery plan for the NSO (USFWS 2011a), Hansen and
Mazurek (2010) provided detailed summaries of data concerning responses of both NSOs and California
spotted owls (S. 0. occidentalis; CSOs) to uneven-age harvesting, partial harvesting, and thinning. This
information was gleaned from both peer-reviewed and gray literature and was based on small sample
sizes. The authors therefore, opted to review each data source as a “case study” so that relatively
detailed descriptions of harvesting and post-harvest conditions could be provided and so that the
methodological strengths and weaknesses of studies could be evaluated. Their review is summarized
below, with the addition of thee citations: Matthews et al. 2008, Gallagher 2010, and Tempel et al. in
press.

All of the reviewed studies that described habitat use patterns by NSOs or CSOs documented at least
some use of areas harvested with uneven-age harvesting, partial harvesting, or thinning. At least four of
the studies found owls nesting in harvest areas (Forsman et al. 1984, Zabel et al. 1992, King 1993, and
Buchanan et al. 1995) and at least five recorded roosting in them (Solis 1983, Sisco 1990, King 1993,
Hicks et al. 1999, and Meiman et al. 2003). It is important to note, however, that older-forest structural
attributes had been retained or regenerated in most of the harvest areas used for nesting or roosting.
Three of the four studies that documented nesting in harvest areas described the nest stands as mature or
old forest or an equivalent classification (USFS Region 5 “suitable habitat”; “understory reinitiation
phase...of stand development”). The other study did not describe the harvest area used for nesting
(King 1993). Harvest areas used for roosting in three studies likewise were either classified as mature or
old forest (Solis 1983) or contained some older-forest structural characteristics, such as relatively high
basal area or dense canopy cover (King 1993, Meiman et al. 2003). Two studies observed roosting in
harvested stands that appeared to differ from this pattern; but one of the authors thought that the deaths
of three spotted owls that roosted in them were due to higher predation risk in the more open stands
(Sisco 1990, Hicks et al. 1999).
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Most of the reviewed studies found that spotted owls foraged to some degree in uneven-age harvested,
partially harvested, or thinned areas. Irwin et al. (2005, 2008) stated that some NSOs in their study areas
selectively used certain harvest units but not others. However, they did not provide quantitative
comparisons of prescriptions, post-harvest conditions, or proximities of harvest units to activity centers.
Two other studies found that spotted owls generally avoided foraging in areas that recently experienced
moderate to intensive partial harvesting or thinning, whereas use of lightly harvested areas varied among
individuals (Anthony and Wagner 1999, Gallagher 2010). Anthony and Wagner (1999) found that
NSOs (n = 15) in southern Oregon foraged in heavy and moderate partial-cuts less than expected (old
stands with >30-40% of the original basal area removed and >“moderate” canopy cover reduction [not
described]). Light partial-cuts (old forest with <20% of the original basal area removed and “small”
reductions of “crown cover” [not described]) were used more than expected by two owls, as often as
expected by five, and less than expected by eight. In the northern Sierra Nevada, Gallagher (2010)
found that CSOs (n = 9) used heavily thinned “defensible fuel profile zones” (canopy cover reduced to
40%, removal of trees <30 in DBH, reduction of tree density and ladder and surface fuels) less than
expected based on availability. She also reported a near-significant tendency (p = 0.08, n = 5) for
avoidance of areas recently treated with understory thinning. Use and availability of harvest areas
varied among individuals. Most individuals exhibited avoidance of defensible fuel profile zones and
areas treated with understory thinning but one male showed strong selection for thinned areas (primarily
understory thinning). It is possible that understory thinning improved prey availability or otherwise
benefited this male. However, Gallagher (2010) noted that thinning treatments were located unusually
close to this male’s activity center, which potentially increased his likelihood of using them due to
central place foraging. She also noted that an unusually large proportion of understory thinning units in
the male’s home range were also treated with prescribed fire, which could have temporarily increased
abundances of deer mice (Peromyscus spp.) or other prey that tend to respond positively to fire (see Ch.
3).

The limited available information suggests that thinning and uneven-age harvesting causes some spotted
owls to increase their home range sizes, which could impose energetic costs on individuals (Meiman et
al. 2003, Gallagher 2010). Meiman et al. (2003) reported that a male NSO’s breeding season home
range in the Oregon Coast Range was slightly larger before commercial thinning than afterward but that
its nonbreeding season home range was 2.3 times larger afterward. The individual also appeared to shift
its breeding season core area to include less of the thinned area. In the northern Sierra Nevada,
Gallagher (2010) found that the home range sizes of CSOs (n = 9) significantly increased with greater
total area of fuels treatments (defensible fuel profile zones and understory thinning). She also reported
near-significant trends of increasing home range size with greater area of defensible fuel profile zone (p
=0.08) and group selection harvesting (p = 0.06).

Four studies reported that thinning or partial harvesting near nests or roosts displaced spotted owls from
those areas (Forsman et al. 1984, King 1993, Hicks et al. 1999, Meiman et al. 2003; also J. Reid, pers.
comm.). The only study to describe this effect for more than two NSOs suggested that pairs’ responses
to harvesting near their nests depended on the intensity of the harvest, whether or not habitat in the nest
area was excluded from harvesting, and whether or not suitable alternative habitat was available within
the home range (Forsman et al. 1984).

At least two studies have evaluated potential relationships between spotted owl demographic rates and
forest thinning. On the Hoopa Indian Reservation in the Western Klamath region of California,
Matthews et al. (2008) found a negative association between survival of NSOs and pre-commercial
thinning (prescription not described) of brushy-poletimber forest (conifer forest 10-20 yrs with a dense
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brush layer). The researchers attributed this finding to a long-term negative effect of thinning on dusky-
footed woodrat populations in the area (see below regarding timber harvest effects on spotted owl prey).
Tempel et al. (in press) examined associations between CSO demographic rates at 70 territories in the
central Sierra Nevada and area of “medium-intensity” harvesting (generally, retention of trees >30 in
DBH and 40% mean DBH, reduction of fuels). Their best performing model explaining reproduction
included a negative effect of medium-intensity harvesting, although evidence for this was statistically
weak (95% CI of the beta coefficient broadly overlapped zero).

A recent study modeled recruitment of habitat for NSOs under a particular wildfire and forest thinning
scenario in the Klamath and “dry Cascades” regions and concluded that negative effects of thinning on
NSOs will outweigh potential benefits to the subspecies due to reduced risk of severe wildfire (Odion et
al. 2014). Some of this study’s assumptions do not appear to reflect the current scientific understanding
of spotted owl-habitat relationships and wildfire and thinning effects on the species. For example,
recruitment of NSO habitat was broadly defined in the study (recruitment of forest with basal area >120
ft?/ac) and does not reflect the subspecies’ relationships with other structural attributes, such as canopy
cover, canopy layering, and large diameter trees. This study was also based on an assumption that
commercially thinned and severely burned areas are always unsuitable for NSOs. NSOs are known to
nest, roost, and forage in thinned areas (see above) and patchy severe fire appears to benefit NSOs in
some areas, provided it does not result in extensive loss or degradation of nesting and roosting habitat
(see above and Ch. 3). This study was further based on an assumption that federal agencies will blindly
apply thinning to landscapes, including substantial areas of NSO habitat, rather than strategically
locating treatments in areas more likely to burn at high severity and less likely to be used by NSOs (e.qg.,
upper slopes, southwesterly aspects, densely-canopied young forest: Skinner and Taylor 2006, Skinner
et al. 2006, Irwin et al. 2012). Modeling simulations have suggested that thinning can be strategically
applied to relatively small portions of landscapes to reduce fire risk while minimizing negative short-
term effects on spotted owls (Ager et al. 2007, Lehmkuhl et al. 2007, Prather et al. 2008).

Federal agencies have expressed support for widespread thinning to reduce the risk of severe wildfire in
dry forests within the NSO’s range (USFS and BLM 1994, USFWS 2011a, 2012a). The review
provided in Chapter 3 suggests that spotted owls are often resilient to wildfire, and may benefit from
some amount of low-to-moderate severity, mixed severity, or patchy fire in interior forests in southern
Oregon and California, but that extensive severe fire can negatively affect the species by reducing
amounts and contiguity of nesting and roosting habitat. This conclusion might appear to support
widespread thinning to reduce the risk of large severe fires in NSO home ranges. However, preliminary
findings of negative effects of thinning on spotted owls and the overall lack of reliable information on
the topic suggest that rigorous research is needed to determine how best to balance tradeoffs for habitat
conservation and fuels reduction objectives. If thinning is applied prior to conducting rigorous research
of its effects on NSOs, research of the subspecies' habitat and prey relationships suggests that it should
generally be located well away from activity centers and focused in young, closed-canopy stands with
poorly developed brush layers. Thinning in these stands has the potential to increase habitat
heterogeneity and accelerate development of complex, older-forest structure for NSOs and their prey
(Carey 2006; but see below regarding effects of thinning on primary prey species). Planning of
treatments should also integrate regional or local information about relationships between wildfires and
topography (see Ch. 3), the composition of NSO diets or prey communities, and other ecological factors
that could influence how thinning affects wildfires and NSOs.
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Timber Harvest Effects on Prey

The primary prey for NSOs in California are dusky-footed woodrats, northern flying squirrels
(Glaucomys sabrinus), and tree voles (Arborimus spp.) (Zabel et al. 1995, White 1996, Ward et al. 1998,
Farber and Whitaker 2005, Diller et al. 2010, Klamath National Forest, unpubl. data). Other important
prey in the state (either in terms of frequency or biomass contributions to diets) include other voles
(Myodes californicus, Phenacomys spp., and Microtus spp.), deer mice (Peromyscus spp.), pocket
gophers (Thomomys spp.), broad-footed moles (Scapanus latimanus), and juvenile brush rabbits
(Sylvilagus bachmani) and snowshoe hares (Lepus americanus). These species have a broad array of
habitat associations and thus, likely respond quite differently to timber harvesting and other forest
disturbances. The review below focuses solely on timber harvest effects on the three primary prey
species for NSOs in California. It is important to acknowledge, however, that NSOs typically have
broad diets (see diet studies cited above) and that other prey species may also influence spotted owl
demographic rates (Ward and Block 1995, Rosenberg et al. 2003).

Dusky-footed woodrats can occur in relatively high abundances in old forest, particularly in riparian
areas and other locations with a well developed understory or brush layer (Carey et al. 1992, 1999).
However, they generally reach their highest abundances in stands of brushy poletimber that develop
following severe disturbances (Carey et al. 1992, 1999, Sakai and Noon 1993, Anthony et al. 2003,
Hamm et al. 2007). Thus, intensive harvesting of intermediate-age stands could potentially result in
temporary increases in abundance of dusky-footed woodrats. There is little information regarding
effects of less intensive harvesting on dusky-footed woodrats. Hamm and Diller (2009) rarely found
dusky-footed woodrats in thinned stands on Green Diamond Resource Company lands in the Redwood
Region. They suggested that thinning without prescribed burning was insufficient for promoting growth
of the disturbance-adapted shrubs locally favored by the species (see Ch. 3 regarding short-term effects
of fire on prey). Matthews et al. (2008) did not directly evaluate effects of thinning on dusky-footed
woodrats in the California Klamath. However, they suggested that the negative association between
NSO survival and pre-commercial thinning of brushy-poletimber forest in their study was likely due to
long-term declines in woodrats following thinning.

Densities and demographic rates of northern flying squirrels are positively associated with habitat
elements found in forests (e.g., arboreal lichens, truffles, and snags: Rosenberg and Anthony 1992,
Carey 1995, Waters and Zabel 1995, Gomez et al. 2005, Meyer et al. 2005, Lehmkuhl et al. 2006).
Thus, they are likely to respond negatively to intensive forms of timber harvesting (e.g., Waters and
Zabel 1995). Northern flying squirrels are also generally sensitive to habitat fragmentation caused by
intensive harvesting (Smith 2007). For example, Rosenberg and Raphael (1986) found that densities of
northern flying squirrels in the California Klamath Province were substantially lower in the smallest and
most insular habitat patches (due to surrounding clearcut harvesting) than in the largest and best
connected patches.

Research concerning the effects of thinning and other lower-intensity forms of harvesting on northern
flying squirrels has generated inconsistent results (e.g., Carey 2000, Ransome and Sullivan 2002,
Ransome et al. 2004, Gomez et al. 2005, Manning et al. 2012). Some of the inconsistency appears to be
due to whether treated young stands are compared with structurally simple young stands (e.g., Gomez et
al. 2005), structurally complex young stands (e.g., Carey 2000), or stands that have not recently
experienced harvesting (Holloway and Smith 2011). The available research suggests that treated stands
are more likely to contain relatively low abundances of northern flying squirrels when compared with
structurally complex or mature and old stands, whereas they may exhibit similar or even higher
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abundances when compared with structurally simple young stands. Harvest intensity and levels of
retention appear to be another major determinant of thinning effects on northern flying squirrels, with
higher intensity thinning (lower retention levels) having stronger negative effects (Meyer et al. 2007,
Holloway and Smith 2011, Manning et al. 2012; but see Ransome et al. 2004). Whether thinning is
patchy or uniform (in terms of location and intensity) might also be important. For example, thinning
can reduce the availability of truffles, the northern flying squirrel’s primary food, for more than 10-20
years; but variable-density thinning appears to be less harmful than commercial thinning (Waters et al.
1994, Colgan et al. 1999, Luoma et al. 2003, Meyer et al. 2005).

Tree voles generally occur at higher densities in old forests than in young forests (reviewed in
Sztukowski and Courtney 2004, USFWS 2011c) and selectively use forests containing higher
concentrations of habitat elements typically found in older stands (e.g., older stand age, larger diameter
downed wood, greater basal area: Dunk and Hawley 2009). Tree voles are thought to be highly
vulnerable to logging and other disturbances that reduce the extent and contiguity of old forests (Carey
1991, Huff et al. 1992, Hayes 1996, Adam and Hayes 1998, USFWS 2011c). Some tree vole
populations occur in intensively managed landscapes with little or no old forest (e.g., Thompson and
Diller 2002). However, the U.S. Fish and Wildlife Service (2011b) noted that “the limited evidence
available suggests that tree vole occupation of younger forest stands may be relatively short-lived (Diller
2010, pers. comm.) or intermittent (Hopkins 2010, pers. comm.).” Based on the natural histories of
these species, reducing or fragmenting older forest could negatively affect them; but retention of older
Douglas-fir (Pseudotsuga menziesii) trees and patches of well-connected canopy might ameliorate those
impacts (Hayes 1996, Adam and Hayes 1998, USFWS 20011b). Clear-cutting and other severe
disturbances should have the strongest effects on tree voles, due to the species’ diet, nesting habitat
associations, arboreal mode of travel, and apparently poor mobility (USFWS 2011c). However, for
these same reasons, thinning could also negatively affect tree voles (Wilson and Forsman 2013).

Habitat Lost to Past Timber Harvesting (1800s to 1994)

Rigorous research has shown that the fitness of NSOs in the southern part of their range is highest in
landscapes with large concentrations of suitable breeding habitat (reviewed above). The following
review shows that the current availability of suitable breeding habitat was strongly affected by past
timber harvesting, which rem