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Preface

The California spotted owl (Strix occidentalis occidentalis) Conservation Strategy is a strategic
framework for active conservation of the California spotted owl on National Forest System lands
in the Sierra Nevada. This Strategy provides scientific information and management
recommendations; it is not a legally enforceable document that commits to any agency action or
inaction. The intent of this Strategy is to apply adaptive management as new information
becomes available and conservation outcomes are achieved. Development, review, and editing of
this document was conducted by USDA Forest Service, Pacific Southwest Region. Public review
was conducted in spring 2018. External peer review was conducted in fall 2018, prior to
finalizing the strategy.

We would like to thank the external peer reviewers for their thoughtful feedback.

Recommended citation: USDA Forest Service. 2019. Conservation Strategy for the California
spotted owl (Strix occidentalis occidentalis) in the Sierra Nevada. Publication R5-TP-043.

Introduction

For more than a quarter of a century, the Forest Service has been engaging in proactive California
spotted owl conservation focusing on retaining suitable habitat and minimizing disturbance to
breeding owls. Several factors have emerged suggesting a new strategy is needed to maintain owl
persistence and to develop resilient owl habitat. New science indicates threats to spotted owls are
shifting and evolving, environmental conditions are changing, and owl populations are declining
in some areas of the species’ range.

The “Conservation Strategy for the California Spotted Owl in the Sierra Nevada” (Strategy) has
been developed to achieve three main goals for the California spotted owl across the species’
range: (1) promote and maintain well-distributed owl habitat by developing key habitat elements
and connectivity; (2) promote California spotted owl persistence by enhancing habitat resilience
to multiple disturbances, considering climate change; and (3) maintain a well-distributed and
stable California spotted owl population by minimizing impacts from non-habitat threats. The
Strategy’s conservation approaches and measures are designed to achieve desired conservation
outcomes for the California spotted owl.

The Strategy is primarily based on the following sources:

e The California Spotted Owl: Current State of Knowledge [PSW-GTR-254 (Gutiérrez, et al.
(technical editors) 2017)]

e United States Fish and Wildlife Conservation Objectives Report (U.S. Fish and Wildlife
Service 2017)

e Natural Range of Variation for Yellow Pine Mixed-Conifer Forests in the Sierra Nevada,
Southern Cascades, and Modoc and Inyo National Forests [PSW-GTR-256 (Safford and

Stevens 2017)]

e emerging new science

o local expertise and public input



https://www.fs.fed.us/psw/publications/documents/psw_gtr254/index.shtml
https://www.fs.fed.us/psw/publications/documents/psw_gtr254/index.shtml
https://www.fws.gov/sacramento/outreach/2017/10-05/docs/CSO_COR_Final_Oct_2017.pdf
https://www.fws.gov/sacramento/outreach/2017/10-05/docs/CSO_COR_Final_Oct_2017.pdf
https://www.fs.fed.us/psw/publications/documents/psw_gtr256/index.shtml
https://www.fs.fed.us/psw/publications/documents/psw_gtr256/index.shtml
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The Strategy is meant to be a living document that can be modified as new information becomes
available.

Geographic Scope

The Strategy focuses on the 10 Sierra Nevada national forests within the Pacific Southwest
Region, which comprise the majority of owl abundance and distribution (figure 1). Most of the
information on which this Strategy is based was gathered west of the Sierra Crest, particularly in
the mid-elevation, mixed-conifer forests on the west slope of the Sierra Nevada where the
majority of the owls occur (MVerner et al. 1992). However, many of the recommendations and
measures in this Strategy can be applied range wide for the conservation of the California spotted
owl. A 2004 strategy exists for California spotted owl populations on national forests in southern
California (USDA Forest Service 2004a) and should also be updated to reflect new information
and conditions in that part of the species’ range.

Section 1. Guiding Principles

Forests that support California spotted owl (CSQO) populations are dynamic ecosystems operating
at multiple scales with diverse vegetation types, structures, functions, and processes that vary
over space and time. Current forest conditions are generally departed from historic conditions and
today’s forests are expected to be less resilient to future conditions like increasing temperatures,
changes in precipitation and fire regimes, and increased drought (Stephens et al. 2016a). CSO
populations have been declining in portions of their range and emerging threats (mega fires,
climate change, barred owl range expansion, toxicant exposure) are causing concern for
maintaining CSO persistence on the landscape.

This Strategy focuses on the immediate need for maintaining high-quality habitat, especially
around occupied nest sites, while developing resilient habitat across the landscape. Maintaining
well-distributed territories across the CSO range will increase population resilience to the effects
of climate change and other environmental stressors. Historic abundance and density of the CSO
remain unknown; however, historic ecological conditions in which the CSO evolved and
persisted, as in the natural range of variation (NRV) of the Sierra Nevada, are better understood
(Safford and Stevens 2017, page 244). Managing the landscape toward NRV is a central and
guiding principle of this Strategy and can help develop resilient habitat conditions that provide
CSO conservation in the long term. Development of resilient landscapes will not happen
overnight. The conservation measures aimed at maintaining the CSO and their suitable habitat
where they exist today provide some immediate stability for individual owls while we work to
align the landscape with NRV. This Strategy recognizes this may entail some short-term,
localized risk to resilience as more sustainable and dynamic habitat is developed through active
management. Aligning the landscape with NRV is the first step towards an eventual resilient
future range of variation.

Section 2. Vision

The Forest Service’s vision for the future of the California spotted owl is:

Thriving, well-distributed owl populations with diverse habitat that is resilient to disturbances at
multiple scales over the long term (decades to centuries).
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Section 3. California Spotted Owl Ecology

Geographic Range and Distribution

The CSO occurs in the Sierra Nevada mountain range, the mountains of central coastal
California, and the peninsular and transverse ranges of southern California. CSO distribution is
geographically distinct between the Sierra Nevada and southern California populations (Verner et
al. 1992). Approximately 75 percent of the CSO’s range (5 million acres [2 million hectares]), is
on national forests (Gutiérrez et al. 2017).

The CSO is continuously distributed on the western slope of the Sierra, with fewer detections on
the drier, east side of the range (figure 1) (Verner et al. 1992). The CSO inhabits elevations
ranging from 1,000 to 7,740 feet in the Sierra (86 percent of owls occur between 3,000 and 7,000
feet) and up to 8,500 feet in southern California (Stephenson 1991, Verner et al. 1992).

Population Trends

Information on CSO demographic rates comes from long-term demography studies, three of
which occur primarily on National Forest System lands in the Sierra Nevada (Lassen, Eldorado,
and Sierra) and one which occurs on the Sequoia and Kings Canyon National Parks (figure 2).
Studies began in 1986 on the Eldorado and in 1990 in the other areas. Another demography study
occurred in southern California on the San Bernardino National Forest from 1988 to 2000 (figure
2). The study areas on national forests (Sierra Nevada Mountains and San Bernardino Mountains)
were derived from a subset of areas of concern for the CSO identified in the CASPO Technical
Report (Verner et al.1992). While these demography studies have been the sole source of
empirical data about population trends, they may not be entirely representative of forest,
ecological province, or rangewide trends for the CSO (see Verner et al. 1992, chapter 1, for
detailed information on CSO areas of concern).

From the 1990s to 2013 in the Sierra Nevada, CSO populations declined within the demography
study areas on national forests: Sierra (31 percent), Lassen (44 percent), and Eldorado (50
percent) (Conner et al. 2016, Tempel et al. 2014b). Reproduction appears to be relatively constant
in all study areas in the Sierra Nevada except the Eldorado, where measured parameters continue
to be highly variable between years (Blakesley et al. 2010). The Sequoia-Kings Canyon National
Park (SEKI) population appears to be stable or increasing over the same period. Differences in
population trends between the national forests and the national parks could be related to forest
management strategies (Blakesley et al. 2005, Seamans and Gutiérrez 2007, Tempel et al. 2014a).
For example, the disparity may be related to SEKIs recent extensive and growing use of fire for
ecological restoration, while general fire suppression has continued on National Forest System
lands (Kilgore and Taylor 1979, van Wagtendonk 2007). The most recent scientific analysis
indicates current population declines in the study areas on National Forest System lands are likely
not the result of current forest management strategies but are instead likely a lag effect from
historic large tree removal and a century of fire suppression (Jones et al. 2017). Continued fire
suppression and other activities that maintain or increase forest homogeneity are likely
contributing to these declines, due to effects on CSO prey species (Hobart et al. in review).
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Figure 1. California spotted owl conservation strategy area for the Sierra Nevada

CSO habitat also occurs on land that is privately owned by companies like Sierra Pacific
Industries (SPI), a large forest products company. SPI has initiated systematic surveys on five
study areas throughout the Sierras. On SPI lands, 45 CSO territories were occupied prior to 1996,
and all 45 were occupied at least once during the recent study period from 2012 to 2016 (Roberts

etal. 2017).
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Figure 2. Locations of long-term owl studies (Figure 4-3 in Gutiérrez et al. 2017)

California Spotted Owl Habitat Use

Suitable CSO habitat, as defined in this Strategy, consists of both high-quality nesting and
roosting habitat and sufficient habitat diversity/heterogeneity to provide for foraging. The highest
guality nesting and roosting habitat for the CSO consists of areas with large/tall tree (more than
24 inches, but preferable more than 30 in QMD*?) and moderate to high canopy cover (more than
40 percent cover). Suitable nest/roost/forage habitat also includes areas with medium-sized trees
(11 to 24 inches QMD) and moderate to high canopy cover.

1 QMD = quadratic mean diameter
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CSO demographic parameters (that is, occupancy, reproduction, and survival) have been
correlated with CSO habitat quality and availability at various spatial scales (Blakesley et al.
2005). A detailed synthesis of the research can be found in PSW-GTR-254, chapter 3 (Roberts
2017).

The majority of CSO research focuses on the relationship between CSO occupancy and the
percentage of canopy cover at the territory scale. Medium (40 to 70 percent) and high (more than
70 percent) canopy cover have been positively related to CSO occupancy, survival, and
productivity (Tempel et al. 2016). Ongoing research suggests CSOs select against areas of low
canopy cover (less than 40 percent) within 10 acres (4 hectares) of nest sites, yet CSOs are
tolerant of sparsely distributed low-canopy-cover areas in the 300 acres surrounding activity
centers (“protected activity centers”) and beyond (North et al. 2017a).

An important predictor of occupancy appears to be large/tall tree-dominated habitat with dense
canopy cover (Jones et al. 2017, North et al. 2017a). CSOs select for tall tree cover (more than
160 feet) and against short tree cover (less than 53 feet). North et al. (2017a) suggest density of
large/tall trees is likely the most important attribute for suitable owl nesting habitat, rather than
the amount of canopy cover. The large-tree category in most studies cannot differentiate between
large and very large trees, as the category often includes all quadratic mean diameters (QMDSs)
more than 24 inches. However, correlations between diameter breast height (dbh) and tree height
suggest areas of QMD greater than 30 inches are likely most important. Recent work using more
fine-scale vegetation information showed owl selection for larger tree, high canopy cover habitat
and selection against small and medium tree, high canopy habitat at higher elevation sites (more
than 4,250 feet), and no selection preference at lower elevations (M. Raphael personal
communication). North et al. (2017a) found both nest sites and protected activity centers (PACs)
were dominated by tall tree and codominant structure classes, which generally coincided with
more than 55 percent canopy cover, but territories and surrounding landscapes had much more
diverse distributions of structure and cover classes. Gaps or openings of any size were rare in nest
stands (approximately 10 acres surrounding the nest), but gaps in the PACs and territories were
more consistent with the surrounding landscapes (North et al. 2017a).

For foraging, some studies suggest CSOs tend to select edge habitat (Eyes 2014, Eyes et al. 2017,
Roberts 2017, Williams et al. 2011). Owls may benefit from mature forests with a mosaic of
vegetation types and seral stages promoting higher prey diversity and abundance by increasing
habitat diversity in foraging areas (Franklin et al. 2000, Tempel et al. 2014a, Ward et al. 1998,
Zabel et al. 1995). Small open areas, areas of low canopy cover (less than 40 percent), and edges
interspersed with high-quality habitat are considered important for owl foraging and habitat
diversity.

New science also suggests elevation may be one of the most important predictors of CSO
occupancy and reproduction, with lower elevation sites more likely to be occupied and
reproductive (Hobart et al. 2019). This is likely related to habitat heterogeneity, presence of
hardwoods, and increased woodrat in the CSO diet at lower elevations, among other things.
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California Spotted Owl Diet

Diverse forest conditions are likely to enhance prey habitat at all elevations (Jones et al. 2016a,
Sollmann et al. 2016). Woodrats (Neotoma spp.) and northern flying squirrels (Glaucomys
sabrinus) make up the majority of the CSO diet by biomass. Woodrats are larger-bodied and
occur at higher densities than flying squirrels and thus may be more energetically profitable CSO
prey when present (Hobart et al. in review). Pocket gophers are the second most important food
by biomass at all elevations (Munton et al. 2002). The CSO also consumes smaller mammals
such as birds, lizards, and insects (Gutiérrez et al. 1995, Munton et al. 1997).

In lower elevations (less than 5,000 feet) in the southern Sierra Nevada, woodrats tend to
dominate (74 percent by biomass) CSO diets in oak woodlands and riparian-deciduous forests
(Laymon 1988, Thrailkill and Bias 1989). Woodrats often occur in habitats that are more open,
oak woodlands, and early-seral-stage forests (Innes et al. 2007). The proportion of woodrats in
the CSO diet appears to be lower on National Forest System lands, where studies indicate
population declines, compared to SEKI, where populations appear stable (Hobart et al. in review).

Northern flying squirrels are associated with higher-elevation conifer forests (more than 5,000
feet) and comprise 46 percent of the CSO diet during the breeding season (Munton et al. 2002).
Flying squirrels often occur in closed-canopy forests (Meyer et al. 2005, Pyare and Longland
2002, Roberts et al. 2015). Northern flying squirrels may select nesting or foraging sites in
proximity to riparian habitat (Meyer et al. 2005, 2007) or in moist mixed-conifer stands (Meyer et
al. 2005, Wilson et al. 2008). Truffles, the fruiting bodies of ectomychorrizal fungi (Meyer and
North 2005), and tree hair lichen (Bryoria fremontii) (Rambo 2010) are the major food items of
northern flying squirrels (Meyer et al. 2005, Smith 2007). Truffle diversity is also positively
associated with proximity to riparian areas, which are generally characterized by wetter soils with
denser vegetation (Meyer and North 2005).

Shrub patches and early-seral forest conditions at low elevations (less than 1,400 meters or less
than 4,500 feet) may promote woodrat populations (Jones et al. 2016a, Wilson and Forsman
2013), while more closed-canopy, later-seral conditions may promote flying squirrel populations,
and exclude woodrat populations at higher elevations (more than 4,500 feet) (Jones et al. 2016a).
Increasing heterogeneity and restoring natural disturbance at higher elevations may allow for an
increased proportion of woodrats in the higher elevation CSO diet.

California Spotted Owl Areas of Ecological Importance

This Strategy focuses on areas of ecological importance for meeting CSO life history
requirements, including nest stand, protected activity center (PAC), territory, and home range.
Table 1 provides a description of each ecological area as used in this Strategy. Figure 3 provides a
conceptual model of CSO ecological areas of significance.
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Table 1. CSO areas of ecological importance for the Conservation Strategy described by habitat use
and habitat characteristics

Ecological
Area Habitat Use Description Size?
Nest stand | Egg development | Forest stand with complex structure, high Approximately 10
to juvenile post- canopy cover (more than 70 percent), large acres surrounding a
fledge rearing trees (more than 61 centimeters [24 inches] nest tree (North et al.
(Whitmore 2009) | dbh), and multiple canopy layers dominated 2017a)
by medium-sized trees (30 to 61 centimeters
[12 to 24 inches]) (Bias and Gutiérrez 1992,
Blakesley et al. 2005, Chatfield 2005, Moen
and Gutiérrez 1997, North et al. 2000,
Roberts et al. 2011). 2
Protected Best available Area a pair uses for nesting and roosting 300 acres (Verner et
activity habitat around (Berigan et al. 2012, Verner et al. 1992). al. 1992, SNFPA?)
center nest or roost in
(PAC) as compact an
area as possible
Territory Nesting, roosting, = Area defended by a resident pair of owls from | 800 acres (Southern
(ak.a, and foraging other owls of the same species (Bingham and | Sierra) or 1,000 acres
core area) | habitat Noon 1997, Blakesley et al. 2005, Gutiérrez (elsewhere in the
et al. 1995). range) (Tempel et al.
2016, SNFPA?3)
Home Nesting, roosting, | Area used by an individual to meet its life- 3,160 acres average
range foraging, history requirements. Often extensive overlap | (Roberts 2017)
dispersal, and with other owls (Roberts 2017).
territorial
activities

The sizes of ecological areas set forth in this table are either biological approximations, values established by
management documents, or a combination of the two. The true sizes of these ecological area are likely highly variable.

2This description is largely derived from CSO habitat use west of the Sierra Crest; nest stand on the east side may have
lower canopy cover, fewer canopy layers, or smaller trees, depending on site conditions. dbh = diameter at breast height.

3SNFPA= 2004 Sierra Nevada Forest Plan Amendment (USDA Forest Service 2004b)

Home Range
“ [avg 3160 ac
highly variable)

Territory
sl (800 ar
e 1000 ac)

o h"""-..._...-.n. T
) {300 ac)

"] Nest stand
(10 ac)

Figure 3. Conceptual model of spotted owl habitat ecological areas of
significance
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Nest Stand

CSOs nest in cavities, broken treetops and split tops with multiple terminal leaders, and
occasionally, on platforms, such as old nests or mistletoe brooms in large conifers, oaks, and
snags (Verner et al. 1992). Nest tree size varies by forest type, with mixed-conifer forests having
larger and taller trees [average nest tree = 124 centimeters (49 inches dbh) and 31 meters (103
feet) tall] (North et al. 2000, Verner et al. 1992) compared to hardwoods [average nest tree = 76
centimeters (30 inches dbh) and 17 meters (55 feet) tall] (Gutiérrez et al. 1992). CSOs select
strongly for nest stands with tall trees (more than 160 feet) and avoid areas with cover in small
trees (less than 53 feet) (North et al. 2017). CSOs tend to avoid nest trees close to forest edges
with sharp contrast, such as large trees adjacent to shrubs (Phillips et al. 2010).

Nest stands have fine-scale habitat features important for breeding, including high canopy cover
(at least 70 percent), abundant large trees (more than 61 centimeters [24 inches] dbh), multiple
canopy layers dominated by medium-sized trees (30 to 61 centimeters [12 to 24 inches]), and
higher-than-average basal area (185 to 350 square feet per acre) (Bias and Gutiérrez 1992,
Blakesley et al. 2005, Chatfield 2005, Gutiérrez et al. 1992, Moen and Gutiérrez 1997, North et
al. 2000, Roberts et al. 2011, Verner et al. 1992). CSOs’ selection for tall tree cover is greatest
within approximately 10 acres surrounding a nest (North et al. 2017a).

Protected Activity Centers (PACs)

An active nest or suspected nest stand (based on owl territorial behavior) is referred to as an
activity center. Since 1993, the USDA Forest Service (USFS) has designated a 300-acre protected
activity center (PAC) around each activity center. The PAC is a USFS land allocation designed to
protect and maintain high-quality CSO nesting and roosting habitat around active sites (Verner et
al. 1992). PACs have been found to generally accommodate spotted owl nesting and roosting
activities (Berigan et al. 2012).

The CSO exhibits high site fidelity. However, when a PAC becomes abandoned, research
suggests the probability of recolonization of a vacant PAC is relatively low (0.34 one year post
vacancy) and continues to decline through time. The recolonization probability is 0.20 the fourth
year and 0.06 the tenth year after abandonment (Wood et al. 2018). CSO occupancy and
reproduction are best predicted by previous year occupancy, and previous year occupancy and
reproduction, respectively (Hobart et al. 2019), suggesting unoccupied PACs tend to stay
unoccupied and, if colonized, are not reproductive the following year.

Territory or Core Area

Territorial owls, including pairs (with young), defend a geographic area consistently used for
nesting, roosting, and foraging, containing essential habitat for survival and reproduction
(Bingham and Noon 1997, Blakesley et al. 2005, Gutiérrez et al. 1995, Rosenberg and McKelvey
1999, Swindle et al. 1999, Williams et al. 2011). A territory has also been referred to as a core use
area (Swindle et al. 1999). Scientists in the central Sierra Nevada have defined the core area as a
radius equal to half the mean-nearest-neighbor distance between the centers of adjacent owl sites.
This equates to a distance of 1.1 kilometers (0.7 miles) and an area of 400 hectares (1,000 acres)
(Jones et al. 2017, Seamans and Gutiérrez 2007, Tempel et al. 2014a). For this Strategy, territory
size is 800 acres in the southern Sierra national forests (Inyo, Sierra, and Sequoia) and 1,000
acres in the north and central Sier