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A wide range of terrestrial wildlife species inhabit the synthesis area. This sec-
tion of the report focuses on three of those species: two forest carnivores, the 

fisher (Pekania pennanti) and the Pacific marten (Martes caurina), and one raptor, 
the California spotted owl (Strix occidentalis occidentalis). Recent taxonomic revi-
sions have changed the scientific names of the fisher and marten in California. The 
fisher was formerly known as M. pennanti (Sato et al. 2012), and the Pacific marten, 
found in western North America, was formerly classified with the American marten 
(M. americana), which now refers to martens in eastern North America (Dawson 
and Cook 2012). Chapter 7.1, “The Forest Carnivores: Marten and Fisher,” describes 
the ecology and context of fisher and marten, summarizing population trends, iden-
tifying threats, and highlighting science-based implications for the management of 
their habitats. Chapter 7.2, “California Spotted Owl: Scientific Considerations for 
Forest Planning,” describes the ecological context, population trends, and habitat 
needs of this top predator, highlighting recent findings on the effects of forest 
management, wildfire, and other important ecological stressors. Several aquatic 
species of concern to management, including native trouts and 
amphibians, are addressed in chapters 6.1 “Water and Stream 
Ecosystems,” and 6.4, “Lakes: Recent Research and Restoration 
Strategies.”

The species in this section are not the only ones that could 
be affected by management actions, but they have been priorities 
for conservation in the synthesis area because of ecological and 
social factors. They are important values at risk because of their 
roles as predators, relative scarcity, declining populations over 
past decades, and association with large trees, dead trees, and 
other characteristics found in old forests. These three species 
have been featured in previous synthesis reports for the Sierra 
Nevada (North 2012, North et al. 2009). They use large areas 
and have special habitat requirements and designations, which 
complicate landscape-scale management and restoration in the 
Sierra Nevada and southern Cascade Range. They have also been 
designated as Forest Service Sensitive Species (and Pacific fisher 
has been identified as “warranted” for listing under the Endan-
gered Species Act). Therefore, they are likely to be a focus of 
further monitoring and analysis under the “fine filter” approach 
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outlined in the planning rule to address species of concern. Many other species, 
including wolverine (Gulo gulo) and the Sierra Nevada red fox (Vulpes vulpes neca-
tor), might be prioritized based on similar criteria. A much broader analysis would 
be needed to systematically review species that may be appropriate as fine filter 
indicators. From a resilience perspective, and especially in light of climate change, 
it is important to consider how future fire severity and size may affect biodiversity, 
especially species that may be positively or negatively associated with high-severity 
burn patches of different sizes (see chapters 1.2, “Integrative Approaches: Promot-
ing Socioecological Resilience,” and 4.3, “Post-Wildfire Management”).

The three species featured in this section provide useful focal points for a dis-
cussion of strategies to promote long-term, large-scale socioecological resilience in 
the synthesis area. Losses of biodiversity, declines of predators, and other changes 
to trophic webs are an important threat to ecological resilience (see chapter 1.2). 
However, chapter 1.3, “Synopsis of Emergent Approaches,” cautions that empha-
sizing needs of a few species can pose challenges to long-term, landscape-scale 
restoration efforts for a broader range of values, including overall native biodi-
versity. Consequently, the integrative approaches in this synthesis emphasize the 
importance of weaving habitat requirements of these three species into a broader 
landscape and long-term perspective for forest planning. 
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William J. Zielinski1

Summary
Martens and fishers, as predators, perform important functions that help sustain 
the integrity of ecosystems. Both species occur primarily in mature forest envi-
ronments that are characterized by dense canopy, large-diameter trees, a diverse 
understory community, and abundant standing and downed dead trees. Martens 
occur in the upper montane forests, where the threat of wildfire is less, and fish-
ers predominately occur in the lower montane forests, where the threat of severe 
wildfire is much greater. Both species use habitat at multiple scales: the resting/
denning site, the stand, the home range, and the landscape. Thus, management 
of habitat may benefit from considering these components when evaluating the 
effects of treatment activities. These species’ diets are relatively diverse and their 
prey occurs in a variety of habitats within their home ranges. It appears that the 
heterogeneous conditions that are predicted to occur with the restoration of fire as a 
disturbance process may yield habitat for martens, fishers, and their diverse sources 
of food. New science, however, will be needed to test this assumption. Mechanical 
thinning may mimic some aspects of disturbance that would ideally be caused by 
fire, but this alternative would appear to be more justified—based on departures 
from fire return intervals—in the lower montane forests where fishers occur than in 
the upper montane forests where martens occur. During the course of mechanical 
treatments, however, it would be important to restore or maintain the distributions 
of large trees, conifers, and—for the fisher—black oaks, as well as sufficient under-
story habitat for both species. Management actions to reduce fire risk, or to restore 
ecological resilience to fire, may be consistent with the maintenance of landscapes 
capable of supporting fishers, as long as sufficient resting/denning structures are 
retained and the composition and configuration of the residual landscape is compat-
ible with home range requirements. New scientific tools have been developed in the 
last 10 years to help evaluate the effects of proposed treatments on habitat features 
for fishers, in particular, but these have not yet been used in a coordinated manner 
to evaluate effects at multiple scales (resting/denning, home range, and landscape). 
Similar tools need to be developed to evaluate marten habitat. This chapter of the 
synthesis identifies the threats to each species in the Sierra Nevada and outlines the 
science available to assist managers in dealing with these threats. Our knowledge 
base is far from complete, however, which is why monitoring fisher and marten 

Chapter 7.1—The Forest Carnivores:  
Marten and Fisher

1 Research wildlife biologist, U.S. Department of Agriculture, Forest Service, Pacific 
Southwest Research Station, 1700 Bayview Dr., Arcata, CA 95521.
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populations and their habitats is an important centerpiece of their management. 
Monitoring, together with new ideas about adaptive management (especially for the 
effects of treatments on fishers and their habitat), is critical to ensuring that imple-
mentation of an ecosystem management scheme for the forests of the Sierra Nevada 
will benefit long-terms goals for marten and fisher conservation. 

The Important Role of Predators in Ecosystems
Predators have important effects on the structure of biological communities, 
primarily because the act of killing and eating other species transfers energy and 
nutrients through the ecosystem. However, they also have important indirect effects 
on community structure because their consumption of prey—and their simple 
presence—affects the distribution of herbivores, which, in turn, affects the abun-
dance and distribution of plants. These “trophic cascades” have been most clearly 
demonstrated by research on the effects of the return of wolves to the Yellowstone 
ecosystem (Ripple and Beschta 2004). The retention of predators in an ecosystem is, 
therefore, integral to the maintenance of biodiversity and, hence, the resilience and 
proper functioning of that system (Finke and Denno 2004, Finke and Snyder 2010). 
In addition, when larger predators are absent, intermediate-sized (meso) predators 
can increase to the point that they have destabilizing effects on their prey, a phenom-
enon referred to as “mesopredator release” (Crooks and Soulé 1999, Roemer et al. 
2009). The “top down” control of community structure by predators, which has been 
demonstrated on every continent and ocean, is primarily why researchers work to 
understand the ecology of montane mammalian predators and to collect information 
that will help ensure their persistence in the face of environmental change. California 
has already lost some key mammalian predators (e.g., grizzly bear [Ursus arctos], 
gray wolf [Canis lupus]), and some species are so rare that they no longer play effec-
tive ecological roles (i.e., wolverine [Gulo gulo] and Sierra Nevada red fox [Vulpes 
vulpes necator]). Thus, the disproportionately important functional roles of mam-
malian predators are already reduced in montane forest ecosystems in California, 
and elsewhere in North America (Laliberte and Ripple 2004). Using research results 
from studies on carnivores to inform management will help ensure that additional 
predators, especially the two species of forest mesocarnivores, the fisher (Pekania 
pennanti) and the Pacific marten (Martes caurina),2 are not lost from our forest eco-
systems and can continue their important roles throughout their geographic ranges.

2 Recent taxonomic revisions have changed the scientific names of the marten and fisher in 
California. What was formerly the American marten (Martes americana) in western North 
American is now the Pacific marten (M. caurina) (Dawson and Cook 2012). The fisher, 
which was formerly M. pennanti, is now Pekania pennanti (Sato et al. 2012).
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This chapter considers the relevant science necessary to assist in the manage-
ment of the fisher and Pacific marten. These are not the only species that could be 
affected by management decisions, but they are among the most prominent conser-
vation concerns across many national forests in the synthesis area. A case could be 
made for the inclusion of the wolverine and the Sierra Nevada red fox species that 
have generated recent interest (Moriarty et al. 2009, Perrine et al. 2010), but given 
time and space limitations, this chapter is focused only on the fisher and the marten.

Figure 1—Fisher in an incense cedar (Calocedrus decurrens), Fresno County, Sierra National Forest. 
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The Fisher and the Marten in Context
The fisher, a medium-sized member of the family Mustelidae, is the only species 
in its genus and it occurs only in North America. Its dark brown, glossy fur often 
looks black. Fishers have white or cream patches on the chest and around the 
genitals, and the head and shoulders are often grizzled with gold or silver (Douglas 
and Strickland 1987). The conical shape of the tail, thicker near the body and taper-
ing to a thinner tip, distinguishes the silhouette of the fisher from that of the Pacific 
marten, M. caurina; fishers also have relatively smaller ears than martens, and lack 
the marten’s yellow or orange gular or ventral patches. There is a single subspecies 
of fisher in California, the Pacific fisher (P. pennanti pacifica) (fig. 2).

Figure 2—Fisher geographic range in western North American (adapted from Lofroth et al. 2010). 
Gray ovals in the Olympic Peninsula and in the northern Sierra Nevada refer to the locations of 
recent reintroductions.
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There are 14 subspecies of marten recognized by Hall (1981) (fig. 3). Recent 
genetic and morphological evidence has warranted splitting the American marten 
into two species: the American marten east of the Rocky Mountain crest (M. 
americana) and the Pacific marten (M. caurina) west of the crest (Dawson and 
Cook 2012) (fig. 4). Two subspecies of the Pacific marten are recognized in Califor-
nia: the Sierra marten (M. c. sierrae) in the Sierra Nevada, Cascades, and Klamath/
Trinity Mountains, and the Humboldt marten (M. c. humboldtensis) in the redwood 
zone along the north coast. For the purposes of this chapter, I hereafter refer to all 
martens in California as the Pacific marten (M. caurina), with most of the focus on 
the Sierra Nevada subspecies (M. c. sierrae).

Figure 3—The subspecies of marten in North America (from Dawson and Cook 2012, reprinted from Biology and 
Conservation of Martens, Sables and Fishers: A New Synthesis, Keith B. Aubry, William J. Zielinski, Martin G. 
Raphael, Gilbert Proulx, and Steven W. Buskirk, eds. Copyright © 2012 by Cornell University. Used by permis-
sion of the publisher, Cornell University Press.).
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Marten Ecology
Martens are generally associated with late-successional conifer forests (Powell et 
al. 2003) characterized by an abundance of large dead and downed wood, and large, 
decadent live trees and snags (Buskirk and Ruggiero 1994), especially in boreal and 
montane forests of western North American (Thompson et al. 2012). The marten 
distribution overlaps the fisher distribution slightly in the Sierra Nevada but extends 
to much higher elevation (about 1350 to 3200 m [4,500 to 10,500 ft]) red fir and 
lodgepole pine forests. Martens are extremely sensitive to the loss and fragmenta-
tion of mature forest habitat and rarely occupy landscapes after >30 percent of the 

Figure 4—The geographic boundary between Martes americana (dark circles enclosed by light 
grey ellipse) and M. caurina (open circles enclosed by dark gray ellipse) based on cytochrome b 
gene sequence data. Although not depicted, the martens in California are within the new species, 
the Pacific marten (M. caurina). Illustration from Dawson and Cook (2012), adapted from Carr and 
Hicks (1997). Reprinted from Biology and Conservation of Martens, Sables and Fishers: A New 
Synthesis, Keith B. Aubry, William J. Zielinski, Martin G. Raphael, Gilbert Proulx, and Steven W. 
Buskirk, eds. Copyright © 2012 by Cornell University. Used by permission of the publisher, Cornell 
University Press.
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mature forest has been harvested (Bissonette et al. 1997, Chapin et al. 1998, Hargis 
et al. 1999, Potvin et al. 2000). Home ranges of Pacific martens in the Sierra Nevada 
average 300 to 500 ha (740 to 1235 ac) for males and 300 to 400 ha (740 to 990 ac) 
for females (Spencer et al. 1983). The physical structure of forests appears to be 
more important to marten habitat quality than plant species composition (Buskirk 
and Powell 1994). Martens require abundant large trees and dead-wood structures 
to provide prey resources, resting structures, and escape cover to avoid predators. 
How these elements are provisioned over space and time in a manner that permits 
martens to persist is unknown. However, as discussed in chapter 1.2, “Integrative 
Approaches: Promoting Socioecological Resilience”—and foreshadowed in PSW-
GTR-220 (North et al. 2009)—restoring forests to conditions where natural distur-
bances can affect vegetation structure and composition may likely provide sufficient 
habitat for martens, fishers, and other species that have evolved with periodic 
disturbance, especially low-intensity fire. 

In the Sierra Nevada and Cascade Range of California, martens are associated 
with late-successional forests dominated by true fir (Abies spp.) and lodgepole pine 
forests and are most abundant where old-growth forest characteristics are abundant 
(Ellis 1998, Spencer et al. 1983). Riparian zones, especially near mature forests, are 
important foraging areas (Martin 1987, Spencer et al. 1983, Zielinski et al. 1983). 
Other than this, little is known about the effect of topography on the distribution 
of marten habitat or marten behavior. Resting sites used by Sierra Nevada martens 
differ with the season. Aboveground cavities in the largest diameter trees and snags 
are primarily used during the summer (fig. 5), whereas subnivean logs, snags, and 
stumps are typically selected for resting during the winter (Martin and Barrett 1991, 
Spencer 1987). Martens can inhabit younger or managed forests as long as some of 
the structural elements found in older forests remain, particularly those required 
for resting and denning (Baker 1992, Porter et al. 2005, Thompson et al. 2012). On 
the Lassen National Forest, male martens preferentially used open shelterwood 
stands during the summer, when chipmunks and ground squirrels were available in 
these relatively open areas; however, females showed strong year-round selection 
of old-growth stands (uncut, large-tree stands with tree cover >69 percent) (Ellis 
1998). The size of openings that martens will cross in the Sierra Nevada or Cascade 
Range is currently under study (see box 7.1-2 on page 420). However, in the Rocky 
Mountains, the average width of clearcuts (openings) crossed by martens was 140 
m (460 ft); this distance is significantly less than the average width of clearcut 
openings that martens encountered but did not cross (average = 320 m [1,050 ft]) 
(Heinemeyer 2002). Moreover, martens were more likely to cross larger openings 
(maximum distance = 180 m [600 ft]) that had some structures in them (i.e., isolated 
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trees, snags, logs) than smaller openings (average distance = 50 m [160 ft]) that had 
no structures (Heinemeyer 2002). Cushman et al. (2011) reported that snow-tracked 
martens in Wyoming strongly avoided openings and did not venture more than 17 
m (55 ft) from a forest edge. 

Martens are dietary generalists, although their diet changes with seasonal prey 
availability, and during particular seasons they may specialize on a few specific 
prey species (Martin 1994, Zielinski et al. 1983). The diet is dominated by mam-
mals, but birds, insects, and fruits are seasonally important (Martin 1994). The diet 
of the marten in the Sierra Nevada changes with season, as does the time of day 
that martens search for particular prey (Martin 1987, Zielinski et al. 1983). Winter 
prey is primarily Douglas squirrel (Tamiasciurus douglasii), snowshoe hare, voles 
(Microtus sp.), and flying squirrels (Glaucomys sabrinus). In the summer, the diet 
switches to include ground-dwelling sciurids, and voles continue to be important 
prey (Zielinski et al. 1983). Several of the key prey species reach their highest 
densities in forest stands with old-growth structural features (e.g., red-backed vole 

Figure 5—Marten in a red fir (Abies magnifica), Plumas County, Lassen National Forest.
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(Clethrionomys californicus), Hayes and Cross 1987, Zabel and Waters 1992;3  
flying squirrel, Waters and Zabel 1995; Douglas squirrel, Carey 1991).

Pacific martens typically occur in forested regions that receive considerable 
snowfall, and they are well adapted to these conditions. They have relatively low 
foot loading (i.e., high foot surface area to body mass ratio), which allows them to 
move relatively easily over deep, soft snow, and they are adept at using subnivean 
environments for foraging and resting. This gives martens a competitive advantage 
over larger carnivores that may otherwise compete with or prey on martens, such as 
bobcats (Lynx rufus), coyotes (Canis latrans), and fishers, whose distributions are 
limited by deep, soft snow (Krohn et al. 1997, 2004). 

Fisher Ecology
In western North America, fishers are associated with late-successional conifer 
or mixed-conifer-hardwood forests characterized by an abundance of dead and 
downed wood, dense canopy, and large trees (Buskirk and Powell 1994, Lofroth et 
al. 2010, Purcell et al. 2009, Raley et al. 2012, Zielinski et al. 2004a). Fishers occur 
in a variety of low and mid-elevation forests (primarily the ponderosa pine and 
mixed-conifer types) where canopy is moderate to dense, but the vegetation types 
constituting the home range can be heterogeneous (Lofroth et al. 2010, Thompson 
et al. 2011). In the Sierra Nevada, fishers occur primarily in mixed-conifer and 
ponderosa pine forests from 1065 to 2030 m (3,500 to 7,000 ft), elevations that do 
not typically receive deep and persistent snow, which is thought to restrict their 
movements (Krohn et al. 1995, 1997). Powell and Zielinski (1994) hypothesized that 
forest structure was more important than tree species for fisher habitat. Complex 
structure, including a diversity of tree sizes, snags, downed trees and limbs, and 
understory vegetation, provides den and rest sites and hiding cover for fishers, as 
well as habitat for their prey. Both inactive (resting and denning) and active (forag-
ing) fishers are typically associated with complex forest structure (Lofroth et al. 
2010, Zhao et al. 2012). 

Fishers forage in a manner that suggests that they use habitat at four scales: the 
resting site, the stand, the home range, and the landscape. Resting and denning (i.e., 
parturition and neonatal care) typically occur in trees, snags, and logs that are in 
the largest diameter classes (Aubry et al. 2012, Lofroth et al. 2010, Raley et al. 2012) 
and are either deformed or in some form of decay (Weir et al. 2012). For example, 

3 Zabel, C.J.; Waters, J.R. 1992. Associations between forest structure and abundances of 
flying squirrels and other small mammals. 12 p. Unpublished report. On file with: U.S. 
Department of Agriculture, Forest Service, Pacific Southwest Research Station, Arcata, CA 
95521. 
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the average diameters at breast height (dbh) of conifer and hardwood rest trees in 
one study in the Sierra Nevada were 109 and 66 cm (43 and 26 in), respectively 
(Zielinski et al. 2004a). In an innovative new study using LiDAR to characterize the 
vegetation structure surrounding den trees, Zhao et al. (2012) found that tree height 
and slope were important variables in classifying the area immediately surrounding 
denning trees. At scales larger than 20 m (65 ft), forest structure and complexity 
became more important. The variables identified using LiDAR were consistent with 
those identified from previous studies describing fisher resting structures.

The strong association of fishers with dense forest stands that contain a diver-
sity of tree sizes complicates the ability of management activities to achieve what 
seem like mutually exclusive goals: the reduction of stand densities and fuels, 
and the maintenance of fisher habitat. The basal area of small-diameter trees is an 
important predictor of fisher resting sites (Zielinski et al. 2004a). The smaller trees 
may provide the requisite canopy cover needed by fishers, as long as a suitably large 
resting structure (tree or snag) is also available (Purcell et al. 2009). Some research-
ers have speculated that the dense forest conditions that appear attractive to fishers 
today may be an artifact of past logging practices and fire suppression. These 
factors may have changed forest conditions from stands dominated by large trees 
and snags to dense stands with size class distributions that included more small-
diameter trees (Collins et al. 2011, Scholl and Taylor 2010). Topography affects the 
distribution of dense forests and the effect of fire severity (North et al. 2009), as 
well as the distribution of fisher resting sites. Underwood et al. (2010) found that 
fisher activity locations were disproportionately found in lower topographic posi-
tions (i.e., canyons), as well as in southerly and northerly mid-slope positions. 

As generalized predators, fishers prey on a variety of small and medium-sized 
mammals and birds, and they also feed on carrion (Martin 1994, Powell 1993). In 
California, reptiles and insects are also notable components of the diet (Golightly 
et al. 2006, Zielinski et al. 1999). Home range size appears to be a function of the 
abundance of food, in that fishers whose diet includes a significant component of 
relatively large (>200 g) food items (e.g., woodrat [Neotoma sp.] and western gray 
squirrel [Sciurus griseus]) have significantly smaller home ranges (Slauson and 
Thompson4 ). 

4 Slauson, K. 2013. Unpublished data from fisher diet and home range study. On file with: 
U.S. Department of Agriculture, Forest Service, Pacific Southwest Research Station, 1700 
Bayview Dr., Arcata, CA 95521. 

Thompson, C. 2013. Unpublished data from fire effects on fisher study. On file with: U.S. 
Department of Agriculture, Forest Service, Pacific Southwest Research Station, 2081 E 
Sierra Ave., Fresno, CA 93710.
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Predation is probably the predominant cause of death, and fishers are regularly 
killed by cougars (Puma concolor), coyotes, and bobcats (Lofroth et al. 2010). 
Fishers are also affected by viral and parasitic diseases, such as canine distemper, 
parvovirus, and toxoplasmosis, and they are victims of poison distributed to control 
rodents (Brown et al. 2006; Gabriel et al. 2012a, 2012b). 

Population Status
Marten Populations
Martens were legally trapped for fur in California until 1954, and the earliest 
summary of the trapping records indicated that the marten was well distributed 
across its native range in the early 1900s (Grinnell et al. 1937). However, declining 
numbers resulting from intense trapping pressure during this period resulted in the 
prohibition of trapping. Before and during this period, California’s primary forests 
were heavily harvested (Bolsinger and Waddell 1993, Franklin and Fites-Kaufmann 
1996, McKelvey and Johnston 1992), adding to the pressure on marten populations. 

Recent research has focused on the distributional dynamics of the marten in the 
Sierra Nevada and Cascade Range. Concern about the decreasing distribution of 
martens in some regions of the Pacific States has been voiced for decades (Dixon 
1925, Kucera et al. 1995, Zielinski et al. 2001). Historical and contemporary distri-
butions in the Sierra Nevada and Cascade Range were compared by contrasting the 
locations of animals trapped for their fur in the early 1900s (Grinnell et al. 1937) 
with surveys recently conducted (Zielinski et al. 2005) using noninvasive methods 
(track stations and cameras) (Long et al. 2008). These surveys revealed changes in 
the distributions of a number of carnivore species, including the marten, fisher, wol-
verine, and Sierra Nevada red fox. Historically, the marten was reported to occur 
throughout the upper montane regions of the Cascade Range and northern Sierra 
Nevada, but survey results indicate that populations are now reduced in distribution 
and fragmented (Zielinski et al. 2005). 

Change in habitat distribution in the Cascade Range and northern Sierra 
Nevada has also been demonstrated using predictive habitat modeling. The results 
of surveys were used to build landscape habitat suitability models by contrasting 
the environmental features at places where martens were detected with the features 
at places where they were not. This work confirmed that the available habitat for 
martens is isolated and has been reduced in area since the early 1900s (Kirk and 
Zielinski 2009). The model that best fit the data suggested that remaining marten 
populations are associated with sites with the largest amount of reproductive 
habitat (dense, old forest), the greatest number of nearby habitat patches, and 
nearby reserved land (land protected from timber harvest). The highest density 
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of detections was located in the largest protected area in the study region: Lassen 
Volcanic National Park. This is in stark contrast to descriptions of historical 
distribution, which described martens as evenly distributed in the region during the 
early 1900s, including at lower elevation sites (Grinnell et al. 1937, Zielinski et al. 
2005). 

The loss of marten distribution seems clear, but what is less clear is the cause. 
This is difficult to ascertain with data from such a large region; what is necessary 
instead is a more focused effort to contrast areas that have maintained their marten 
populations compared to those that have not. Recent work in the Sagehen Experi-
mental Forest (SEF), within the Sagehen Creek watershed on the Tahoe National 
Forest, may be helpful in this regard (Moriarty et al. 2011). The watershed has been 
the location for a number of studies on marten ecology in California, but the unique 
element of this body of work is that most of these studies also included a systematic 
survey of marten occurrence. Martens were assumed to be very common in the 
watershed in the 1970s and 1980s, but anecdotal observations have suggested that 
they subsequently became quite rare. This concern led to new surveys in 2007 and 
2008, which detected no martens during summer surveys (June through Septem-
ber), despite the fact that martens were regularly detected during the summer in 
earlier surveys (Moriarty et al. 2011). A few marten detections occurred in the 
winter, but these were in a small western portion of the watershed. Marten detec-
tions in 2007 and 2008 were approximately 60 percent fewer than in surveys in the 
1980s. Thus, at the scale of the Sagehen Creek watershed, the same phenomenon 
was observed that was described for the northern Sierra Nevada/southern Cascade 
Range as a whole (Zielinski et al. 2005). 

The cause of the decrease in marten numbers at Sagehen is uncertain. However, 
geographic information system analysis comparing older vegetation maps from 
1978 with maps from 2007 revealed a loss and fragmentation of important marten 
habitat (Moriarty et al. 2011). This included a decrease in habitat patch size, core 
habitat area, and total amount of marten habitat in the study area, as well as an 
increase in distance between important habitat patches. For example, the mean 
area of patches of reproductive habitat decreased from 56.6 ha to 44.5 ha, and the 
mean distance between these patches increased from 194 to 240 m over the almost 
30-year period (Moriarty et al. 2011). Many of these changes occurred between 
1983 and 1990, when 39 percent of the forest habitat in SEF experienced some form 
of timber harvest (i.e., regeneration, selection, hazard tree removal). The sensitiv-
ity of martens to forest fragmentation is well established (e.g., Bissonette et al. 
1989, Hargis et al. 1999, Potvin et al. 2000). Given this, and the fact that the loss 
of martens at Sagehen coincided with the period of greatest harvest activity in the 
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study area, the loss and fragmentation of habitat is the most likely explanation for 
the decline at SEF (Moriarty et al. 2011). Collectively, the evidence from studies at 
Sagehen, and from the larger Cascade Range and northern Sierra Nevada region, 
supports the conclusion that the distribution of martens in this region has decreased. 
On the contrary, however, evidence from surveys in the central and southern Sierra 
Nevada (Kucera et al. 1995, Zielinski et al. 2005) suggests that the marten popula-
tion is well distributed. 

Fisher Populations 
Following European settlement of North America, fisher range contracted drasti-
cally, particularly in the southern regions, because of deforestation and trapping 
(Powell 1993). In California, Grinnell et al. (1937) described the original range of 
the fisher as including the northern Coast Range, Klamath Mountains, southern 
Cascade Range, and the entire western slope of the Sierra Nevada. The status of 
the fisher in California has been of concern for almost 100 years, beginning with 
Dixon (1925), who believed that the fisher was close to extinction in California 
and proposed that protective measures be taken. Consequently, trapping of fishers 
in California was prohibited in 1946—considerably later than was suggested by 
Dixon (1925). Population decline and fragmentation have reduced genetic diversity 
in California, particularly in the southern Sierra Nevada (Drew et al. 2003, Tucker 
et al. 2012, Wisely et al. 2004), and the two native fisher populations in California 
are geographically and genetically isolated (Knaus et al. 2011, Tucker et al. 2012, 
Wisely et al. 2004, Zielinski et al. 1995). Due, in part, to the genetic and population 
data available at the time, the U.S. Fish and Wildlife Service determined that the 
West Coast Distinct Population Segment (as defined by the Endangered Species Act 
[ESA]) in California, Oregon, and Washington was “warranted but precluded” for 
listing under the ESA (U.S. Federal Register, April 8, 2004). 

Survey data indicate that fishers currently occur in two widely separated 
regions of the state: the northwest, including the northern Coast Range and Klamath 
Province, and the southern Sierra Nevada (Aubry and Lewis 2003, Zielinski et al. 
1995). This creates a gap in their distribution of approximately 400 km (250 mi) 
in the northern Sierra Nevada and southern Cascade Range, which has previously 
been attributed to the historical effects of trapping and timber harvest (Zielinski et 
al. 1995, 2005). Contrary to the conclusions of Grinnell et al. (1937)—and an earlier 
report suggesting fishers were trapped in the gap region in the early 1900s (Grinnell 
et al. 1930)—new genetic analysis suggests that the two populations in California 
were separated prior to European influence in the region (Knaus et al. 2011, Tucker 
et al. 2012). Further study of this genetic information is pending (see box 7.1-2), 
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but this new genetic information does not necessarily mean that fishers did not 
once occupy most of the Sierra Nevada and southern Cascade Range. Depending 
on one’s view of the size of the historical gap between fisher populations in the 
Sierra Nevada, the fisher currently occupies anywhere from 20 to 90 percent of its 
historical range in California. If the gap predates European influence and was as 
large then as it is today, the current range of fishers in California would be about 
90 percent of the pre-European historical range. If the gap was as small as a few 
fisher home ranges wide, then the current range may be no more than 20 percent 
of the historical range. In 2009, a small population of fishers was reintroduced to 
Butte and Tehama Counties (Facka and Powell 2010) within the presumed gap in 
the distribution; results from this reintroduction are pending (see box 7.1-2), and it is 
too soon to evaluate the contribution these animals will make to fisher populations 
in California. 

The distribution of the fisher population in the southern Sierra Nevada has been 
monitored since 2002, and there has been no change in the proportion of detec-
tion stations with a fisher detection (i.e., occupancy); the population appears stable 
(Zielinski et al. 2012). Based on habitat and population modeling, the size of the 
southern Sierra Nevada population has been estimated to be between 125 and 250 
adults (Spencer et al. 2011). This is consistent with an estimate extrapolated from 
fisher density calculated by Jordan (2007) from a mark-recapture study. 

Threats to the Species and Implications  
for Management 
Marten—Threats
Timber harvest, vegetation management, and wildfire— 
Timber harvest and fur trapping are regarded as the primary causes of reductions 
in marten populations in the Western United States (Buskirk and Ruggiero 1994). 
Commercial fur trapping is the most direct way that humans have affected marten 
populations, but California prohibited marten trapping in 1954. Current threats 
include the continuing effects of habitat loss and fragmentation from timber har-
vest, particularly clearcutting, and vegetation management to reduce fuels. Wildfire 
is a serious threat, as well, especially if wildfire size and severity are exacerbated 
by climate change; these issues are discussed in a separate section below, entitled 
“Climate Change Implications—Marten and Fisher.” 

Given the current rarity of clearcutting on public lands in California, the largest 
potential direct threat from human activities is the effect of forest thinning. Abun-
dant literature notes the sensitivity of martens to the effects of forest fragmentation 
(Bissonette et al. 1997, Chapin et al. 1998, Hargis et al. 1999, Potvin et al. 2000), 
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but in these cases, the fragmentation is typically due to regeneration or clearcut 
harvests. How thinning treatments fragment habitat is poorly known, but it is under 
study in the Cascade Range in California (see box 7.1-2). Although we have little 
local information on the effects of thinning on martens, Fuller and Harrison (2005) 
evaluated how partial harvests affect martens in Maine and summarized the few 
data on this subject that predated their study. Partial harvests (also referred to as 
“partial overstory removal” in the Eastern United States) leave residual forest cover 
in harvest blocks. In Fuller and Harrison’s (2005) study area, 52 to 59 percent of the 
basal area was removed in partial harvests. In these conditions, martens used the 
partial harvest stands primarily during the summer. When they were using partial 
harvest stands, their home ranges were larger, indicating poorer habitat quality in 
these areas. Partial harvested areas were avoided during the winter, presumably 
because they provided less overhead cover and protection from predators. How this 
work relates to predicting the effects of thinning in marten habitat in the Sierra 
Nevada is unclear, but the most conservative generalization would suggest that 
martens would associate with the densest residual areas in thinned units and may 
also increase their home ranges, which may lead to decreased population density. 
The negative effects of thinning probably result from reducing overhead cover. 
Thinnings from below, which retain overstory cover, probably have the least impact 
on marten habitat, provided they retain sufficient ground cover. Downed woody 
debris provides important foraging habitat for martens. Andruskiw et al. (2008) 
found that physical complexity on or near the forest floor, which is typically pro-
vided by coarse woody debris, is directly related to predation success for martens; 
when this complexity is reduced by timber harvest (a combination of clearcut and 
selection harvests with subsequent site preparation in their study area), predation 
success declines. Marten home ranges in uncut forests had 30 percent more coarse 
woody debris (>10 cm diameter) from all decay classes combined than in cut forests 
(Andruskiw et al. 2008). Retaining sufficient understory vegetation and downed 
wood, which are necessary marten habitat elements, will be a challenge in applying 
fuels treatments that are meant to reduce the density of surface fuels. 

Recent genetic work in Ontario finds that forests managed for commercial value 
(via clearcutting) appear to be sufficiently connected to maintain gene flow, at least 
at the level of the province (Koen et al. 2012). This would also appear to be the case 
in landscapes like those planned for the Sierra Nevada forests, where thinning is the 
dominant silvicultural treatment, because the impact on canopy is much less. Thus, 
it appears possible for gene flow to be maintained in commercial forests, even when 
forest fragmentation reduces the abundance or distribution of martens. Commercial 
harvest and thinning both occurred in the Pacific Southwest Research Station’s 
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(PSW) Sagehen Experimental Forest (Tahoe National Forest) in the last 30 years, 
and their cumulative effect on habitat loss was the most likely cause for the marten 
decline reported there (Moriarty et al. 2011). Similarly, shelterwood harvests in 
the red fir zone of PSW’s Swain Mountain Experimental Forest (Lassen National 
Forest) led to open conditions (i.e., percentage of canopy cover from largest size 
class trees = 10 to 19 percent) that were used less often by martens during the 
winter (Ellis 1998). Thus, clearcutting, and partial cutting and thinning, have been 
reported to have negative effects on populations, though they may not necessarily 
have deleterious effects on gene flow. 

Recreation— 
Recreation has the potential for significant impacts to marten populations, espe-
cially winter recreation that occurs in high-elevation montane forests or subalpine 
zones. The sound of engines from off-highway vehicles (OHVs) may disturb marten 
behavior directly, but in winter, the use of snowmobiles can also have indirect 
effects by compacting the snow, which permits access to marten areas by compet-
ing carnivores that would not typically be able to traverse deep snow (Buskirk et 
al. 2000). The only study to explore the effects of OHVs on martens in the Sierra 
Nevada found that marten occupancy at two study areas was unaffected by year-
round OHV use (Zielinski et al. 2008). Martens were ubiquitous in both control and 
OHV use areas, and there was no effect of use areas on probability of detection, 
nor were martens more nocturnal in the OHV use areas than the control areas. 
Moreover, females were not less common in the OHV use areas compared to the 
controls. However, martens were exposed to relatively low levels of disturbance 
overall, and most OHV use occurred at a time of day when martens were inactive 
(Zielinski et al. 2008).   

Ski resorts are considered likely to affect marten populations because they 
remove and fragment high-elevation fir forest habitat. There are about 25 ski resorts 
in the Sierra Nevada, and nearly all occur within the range of the marten. The Lake 
Tahoe region includes approximately half of these resorts, constituting the highest 
density of resorts in the Sierra Nevada and one of the highest in North America. 
To create ski runs, chair lifts, and associated facilities, trees are removed, creating 
open areas and fragmenting forest. Martens typically avoid open areas that lack 
overhead cover or tree boles that provide vertical escape routes from predators 
(Drew 1995), are more susceptible to predation if they must cross such areas, 
and have been shown to avoid areas when >30 percent of mature forest has been 
removed (Bissonette et al. 1997). Snow compaction from grooming alters surface 
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consistency, making it easier for larger bodied carnivores (e.g., coyotes)—which, 
unlike martens, are not adapted for deep, soft snow—to expand their winter ranges 
and compete with or prey on martens (Bunnell et al. 2006, Buskirk et al. 2000). 
Skiers and staff are active during most of the day, and grooming and some skiing 
activity occur at night. Thus, martens that are sensitive to these activities may not 
find time for important foraging activities. Ski resort effects are not limited to win-
ter, as habitat fragmentation is a year-round effect and many resorts are developing 
summer recreational activities (e.g., hiking, mountain biking). 

Kucera (2004) conducted the only intensive study of martens in a ski area in 
California. He captured 12 individuals at the Mammoth Mountain ski area, 10 of 
which were males, 1 was female, and 1 was of unknown sex, resulting in a highly 
skewed sex ratio. The single female raised two kits but did not use developed areas 
and used only natural rest sites. Martens appeared to move away from the ski area 
and into unmanaged forest after winter. Kucera (2004) suggested that this fits a 
seasonal use pattern where martens occupy ski areas during winter when natural 
prey is least available and human-supplied food is most plentiful, then they move 
into unmanaged forests in spring. This migration would allow them to exploit arti-
ficial food sources during winter but return to places where females maintain home 
ranges to breed in summer. Realizing that this study required confirmation and a 
larger sample, Slauson and Zielinski (see box 7.1-2) began a 4-year study in 2008 to 
evaluate the effects of ski area development and use on home range and demogra-
phy of marten populations. Field work is completed and a final report is pending. 

Roads, predation, and other mortality—
Roads represent a direct threat to martens (via road kill), as well as an indirect 
threat by facilitating an increase in the interactions between martens and their 
predators and competitors (Slauson et al. 2010). Martens are susceptible to preda-
tion by coyote, red fox, bobcat, and great horned owl (Bubo virginianus) (Bull and 
Heater 2001, Lindström et al. 1995, Thompson 1994). Marten populations in highly 
altered forest landscapes (i.e., dominated by landscapes fragmented by regeneration 
and partial harvests and roads) show higher rates of predation and lower annual 
survival rates than those in less altered forest landscapes (Belant 2007, Bull and 
Heater 2001, Thompson 1994). The mechanism for these demographic effects is 
presumably linked to the risk of predation incurred by martens when they use 
stands with less cover or, for example, when fragmented habitat requires martens 
to use additional energy to travel through their home ranges using only the patches 
of residual stands. Use of rodenticides, particularly at illegal marijuana cultivation 
sites on public and private lands, is also a potential threat (Gabriel et al. 2012b). 
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Management Implications—Marten
It makes sense that treating forests to reduce the severity of fire be conducted 
in proportion to the expectation of catastrophic fires and priorities for restora-
tion. Fortunately, fire return intervals in the true fir and subalpine zones, where 
martens are most common, are not as short as in the mid-elevation forest types 
(mean maximum fire return interval in red fir = 130 years; Van de Water and 
Safford 2011), so red fir forests are not a high priority for restoration treatments, 
especially given the backlog of treatments in more fire-prone forest types. Thus, 
it would appear that there is less impetus for land managers to thin canopies 
and reduce surface fuels—both actions that potentially reduce habitat qual-
ity for martens—in true fir forests than in the mixed-conifer forests at lower 
elevations. Although there may be a need for restoration treatments in the 
high-elevation forests, this should be initiated based on strategic fire planning 
that accounts for the habitat needs of martens at multiple scales (i.e., landscape 
connectivity, home range quality, and the provision of microhabitat elements). 

Long-term viability for martens will most likely require evaluating habitat 
connectivity and restoring it where is it is found to be lacking. This is challenging 
for a number of reasons: (1) there are few studies evaluating the viability of martens 
under alternative forest management regimes (e.g., Carroll 2007, Fuller and Har-
rison 2005, Lacey and Clark 1993), and none in California; and (2) fragmented 
marten habitat is at additional risk from a warming climate because it occurs near 
the upper elevational range of forests (Carroll 2007, Lawler et al. 2012, Purcell et al. 
2012). Thus, if maintaining adequate marten habitat is desired, plans could be made 
for connectivity of upper montane forest stands that may migrate to higher eleva-
tions in the future. The California Essential Habitat Connectivity Project (Spencer 
et al. 2010) may be of some value in this regard, but it is a coarse-scale project of 
statewide scope. Guidelines for developing connectivity maps at finer resolution 
are available (e.g., Beier et al. 2011, Spencer et al. 2010), and some work of this 
nature has been conducted in the vicinity of Lassen National Forest to evaluate the 
effects of projects on connectivity (Kirk and Zielinski 2010). Furthermore, predict-
ing marten habitat connectivity along the length of the Sierra Nevada and Cascade 
Range in California is underway (see box 7.1-2). Also noteworthy is the recent effort 
to reestablish fishers in the northern Sierra Nevada (Facka and Powell 2010); the 
implications of the growth of this new fisher population on martens in the Califor-
nia Cascades should be explored. 

The Sierra Nevada Framework (USDA FS 2001, 2004) specifies a marten 
monitoring program on Forest Service lands. Periodically, over the 10-year duration 
of the fisher monitoring program (Zielinski and Mori 2001, Zielinski et al. 2012), 
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some sample units at sufficiently high elevation have detected martens, but martens 
have not been the target of a species-specific program, nor have the data from the 
fisher monitoring program been analyzed for their value in monitoring change in 
occupancy of the Sierra marten population. A marten-specific monitoring program 
would produce benefits to managers similar to the occupancy monitoring program 
for fishers in the southern Sierra Nevada. 

Fisher—Threats 
Timber harvest, vegetation management, and wildfire—
Fishers are sensitive to loss of late-successional habitat via timber harvest and veg-
etation management and to loss of habitat by uncharacteristically severe fire. Weir 
and Corbould (2010), studying fishers in British Columbia, found that a 5-percent 
increase in clearcut logging (equivalent to 240 ha [590 ac] of a 4775 ha [11,800 ac] 
study area, over 12 years) decreased the probability of home range occupancy by 50 
percent. This is probably because fishers avoid establishing home ranges in areas 
with a high density of openings (Weir and Corbould 2010). Resting and denning 
structures are probably the most limiting habitat element (Powell and Zielinski 
1994, Purcell et al. 2012). Because fishers move between rest sites on a daily basis, 
and reuse is low (Lofroth et al. 2010), suitable resting structures need to be numer-
ous and well distributed throughout home ranges. Fishers prefer to rest in shade-
intolerant trees, such as black oaks and ponderosa pines (Purcell et al. 2009), which, 
due to selective harvest and fire suppression, are now less abundant than they were 
historically (Collins et al. 2011, McDonald 1990, Roy and Vankat 1999, Scholl and 
Taylor 2010). However, white fir, which is more abundant than it was historically, 
is also frequently used for resting sites in the Sierra Nevada (Purcell et al. 2009, 
Zielinski et al. 2004a). Thus, any management actions or disturbance factors (e.g., 
logging of large-diameter trees, high-severity fire) that further reduce the abun-
dance of large conifers (>76 cm [30 in] dbh), particularly ponderosa pines, sugar 
pines and white fir, as well as black oaks, will negatively affect fishers. Therefore, a 
long-term strategy for the regeneration and growth of black oak and ponderosa pine 
(the two most shade-intolerant species that fishers use as resting sites) will prob-
ably be an important conservation action for fishers. This will require reducing the 
density of species that have benefited from fire suppression (e.g., incense cedar and 
white fir), as specified by North et al. (2009), especially trees that are in the smaller 
size classes (particularly <50 cm [20 in] dbh). Because fishers, martens, and other 
species, however, will rest in the cavities in the larger white fir, and we do not know 
the minimum number of cavities to maintain habitat for these species, a conserva-
tive approach would call for retaining white fir trees in the largest size classes. 
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Naney et al. (2012) summarized the significant threats to fishers for each biore-
gion within the fisher’s range in the Pacific states and provinces. In the Sierra Nevada, 
the highest threats were determined to be severe wildfire and fire suppression activi-
ties, fuels reduction and timber harvest, and fragmentation. A tradeoff exists between 
the loss of habitat value that occurs when forests are thinned to reduce the severity of 
future fires and the loss of habitat that occurs when untreated stands are consumed by 
wildfire. Treatments to reduce fire severity can be beneficial if they do not reduce the 
density of important habitat elements, such as the largest size classes of trees, snags, 
and logs, or affect canopy cover on topographic positions where it is naturally dense, 
typically on north- and east-facing slopes (North et al. 2009). The definition of “large” 
is important, because managers frequently request threshold values. Subtracting one 
standard deviation from the mean dbh of fisher resting sites could be a reasonable, and 
conservative, threshold for the interpretation of “large” trees. Using this assumption, 
“large” live conifers and snags would be those that exceed 63.5 and 71 cm (25 and 28 
in) dbh, respectively (data from Purcell et al. 2009). 

Simulation studies have revealed that carefully applied treatments (thinning from 
below and the treatment of surface fuels) within fisher habitat may be more effective 
at reducing the loss of habitat than when treatments are placed outside such habitat 
(Scheller et al. 2011). Unlike the California spotted owl (Strix occidentalis occidenta-
lis), for which the response to fuel treatments has been explored both empirically and 
via modeling (e.g., Lehmkuhl et al. 2007, Roberts et al. 2011), there is no published 
work to evaluate the direct effects of fuels treatment (mechanical or prescribed fire) 
on fishers. A recent study, however, evaluated the effects of various treatment types 
on predicted values of fisher resting habitat (Truex and Zielinski 2013). The effects 
of actual treatments were compared by evaluating their effects on predicted fisher 
habitat based on fisher habitat models developed in the southern Sierra Nevada. The 
effects of mechanical thinning, prescribed fire, and the combination of mechanical 
thinning and prescribed fire were compared to controls at the University of Califor-
nia–Berkeley’s Blodgett Forest Research Station in the central Sierra Nevada. The 
combination of thining and fire had significant short-term impacts on predicted fisher 
resting habitat quality, as well as on canopy closure, a key habitat element for fisher in 
California. Early (June) and late season (September and October) prescribed fire treat-
ments were compared at Sequoia-Kings Canyon National Parks. The late-season burn 
treatment had a significant negative impact on modeled fisher habitat suitability when 
measured 1 year later (Truex and Zielinski 2013). Although predicted resting habitat 
suitability was significantly reduced by some treatments, there were no negative 
effects on predicted foraging habitat. Although the treatments that included mechani-
cal methods had greater short-term reduction on modeled fisher resting habitat suit-
ability than prescribed fire, these effects were mitigated by the fact that mechanical 

Treatments to reduce 
fire severity can be 
beneficial if they do 
not reduce the density 
of important habitat 
elements, such as the 
largest size classes 
of trees, snags, and 
logs, or affect canopy 
cover on topographic 
positions where it 
is naturally dense, 
typically on north- and 
east-facing slopes.



413

Science Synthesis to Support Socioecological Resilience in the Sierra Nevada and Southern Cascade Range

treatments could target or avoid individual trees. Hardwoods and all large trees and 
snags could more easily be avoided using mechanical means of treatment. Further-
more, even the use of fire could be controlled somewhat by raking debris from the 
base of particular trees that were viewed as important to protect. Thus, it appears 
that if care is taken to apply treatments with the goal of protecting large hardwoods 
and conifers, and there are funds to conduct the raking, the potential reduction in 
predicted habitat quality may be mitigated (Truex and Zielinski 2013). Long-term 
strategies that encourage the regeneration, and growth to large size, of black oaks, 
ponderosa pines, and white fir will also be an important conservation action (e.g., 
North et al. 2009). Some white fir may need to be removed to encourage the develop-
ment of oaks and pines, but cavities in large white fir are used as resting sites by 
fishers and martens. The large white fir may need to be retained during the transition 
to forests that eventually produce pines and oaks of cavity-bearing size, particularly 
for fishers. However, martens use large white fir at an elevation above where black 
oaks and ponderosa pines occur, so the maintenance of an abundant supply of large 
white fir in the upper montane zone will be an important component of marten 
habitat management. 

Studies on spotted owls suggest that the use of prescribed fire to reduce the 
density of small trees can be compatible with owl occupancy (Ager et al. 2007, 
Lehmkuhl et al. 2007, Roberts et al. 2011, Roloff et al. 2012). Some of this research 
predicts, via modeling, that fuels treatments on a relatively small proportion of 
the forest landscape result in significant decrease in the probability of owl habitat 
loss following wildfire (e.g., Ager et al. 2007). If this work also applies to fishers, 
it suggests that in fire-suppressed forests, a “no action” management option may 
involve greater risk to fishers than some form of treatment because these ecosystems 
have diverged from historical (and also more resilient) conditions (Purcell et al. 
2012, Thompson et al. 2011). Management to reduce fire risk, or to restore ecological 
resilience to fire, may be consistent with the maintenance of landscapes capable of 
supporting fishers, as long as sufficient resting/denning structures are retained and 
the composition and configuration of the residual landscape is compatible with home 
range requirements (e.g., Thompson et al. 2011). 

Because prescribed fire can pose a threat to fisher habitat, early-season burns 
appear to be preferable to late-season burns (Truex and Zielinski 2013). Early burns, 
which are timed to follow the fisher denning period in spring, will minimize the 
likelihood of disturbing denning female fishers. If conditions necessitate burning 
earlier than mid-May, efforts could be made to avoid treating areas that have a 
high density of structures likely to be used by females for denning (for reference to 
denning structures and denning habitat, see Lofroth et al. 2010 and Thompson et al. 
2010, and box 7.1-2). 
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Roads, predation, and other mortality—
Because of their delayed maturation and the fact that not all females reproduce 
each year, fisher population growth rates are relatively low (Lofroth et al. 2010). 
Thus, the recently reported high rates of predation on fishers (Thompson et al. 2010; 
see box 7.1-2), especially by bobcats and cougars, are of concern. Fisher mortality 
associated with roads is another important concern (see box 7.1-2). Use of roden-
ticides, particularly at illegal marijuana cultivation sites on public lands, is also a 
growing threat (Gabriel et al. 2012b). Fishers are also affected by viral and parasitic 
diseases (Brown et al. 2006, Gabriel et al. 2012a), but the magnitude of the direct 
and indirect effects of these organisms on fisher populations is unknown. 

Management Implications—Fisher
Recent research findings (summarized in Purcell et al. 2012) support the validity 
of previous recommendations to focus habitat management for fishers in areas 
where, historically, fires would have burned less frequently, such as north 
and east-facing slopes, canyon bottoms, and riparian areas (North et al. 
2009). Resting sites are often found close to streams and on relatively steep slopes 
(Purcell et al. 2009, Zielinski et al. 2004a), and fisher telemetry locations include 
more observations in canyons and fewer observations on ridges (Underwood et 
al. 2010). These are landscape-scale recommendations, but as noted earlier in this 
review, home range and stand-scale level recommendations frequently center on 

Box 7.1-1
Pending Research on Fisher Resting Habitat
A recent meta-analysis of fisher resting habitat studies throughout the Western United States and 
Canada provides some overarching conclusions about the features that distinguish resting sites 
from random forest sites (Aubry et al. 2013). This work includes the results of five studies in Cal-
ifornia and reinforces the conclusions of those independent studies in terms of the importance of 
retaining large trees, snags, and logs and dense cover for fisher resting habitat. The authors found 
that resting sites differed from random points at all eight study areas in the following respects: 
resting sites had steeper slopes, lower heat load indices, higher overhead cover, greater volume 
of logs ≥26 cm in mean diameter, greater basal area of large (51 to 100 cm diameter at breast 
height [dbh]) conifers, greater basal area of large hardwoods, greater basal area of large snags, 
larger mean dbh of live conifers ≥10 cm dbh, and larger mean dbh of live hardwoods ≥10 cm dbh. 
Reductions in the values for these features should be considered threats to the availability  
of resting habitat for fishers in the Sierra Nevada, and elsewhere in the fisher’s western range.



415

Science Synthesis to Support Socioecological Resilience in the Sierra Nevada and Southern Cascade Range

protecting large-diameter hardwoods and conifers (but not specifying how many 
per acre are necessary) and maintaining canopy cover (e.g., a minimum of 56 to 61 
percent canopy cover in stands, depending on the method of measurement; Purcell 
et al. 2009). Stand- and home range-scale management is often more problematic 
because areas used are not homogeneous, and no single threshold should be 
applied to all stands or home ranges. This is why a landscape-scale approach to 
management of forests in the Sierra Nevada would help ensure adequate fisher 
habitat. Not all stands need to meet the minimum standard for occupancy, 
but for occupancy to occur in a home-range-sized area, there is a typical 
collection of composition and configuration attributes that are derived from 
stand-level information (e.g., Thompson et al. 2011). A process-based approach 
to generating heterogeneity in landscape condition, like that offered in PSW-
GTR-220 (North et al. 2009), will not only be superior to a stand-by-stand level 
approach, but may be the only approach possible given the logistical challenges 
of describing stand-level variables and the difficulty of recording and tracking 
the changes in stand-level conditions in large areas over space and time. 

The approach recommended in North et al. (2009) also encouraged the retention 
of oaks and pines, and stressed the importance of hardwoods, especially California 
black oaks (Quercus kelloggii). Black oaks require openings for regeneration and 
subsequent growth (McDonald 1990), suggesting that the creation of small open-
ings around mature productive trees would aid establishment of young trees 
needed to replace dying oaks. It would be best to balance this approach with 
retaining smaller trees around oaks with visible cavities that are currently 
suitable as resting or denning structures. Most oaks used by fishers are live trees, 
although dead portions (e.g., broken limbs with access to cavities) of otherwise 
healthy trees are important (Purcell et al. 2009, Zielinski et al. 2004a). 

Monitoring of fisher habitat and populations is an essential component of 
adaptive management. Fortunately, a number of research and management efforts 
have established the groundwork for these components. There now exist empirical 
models that can be used to assess and monitor fisher habitat at the resting site, 
home range, and landscape scales for various locations in the Sierra Nevada. 
The effects of forest practices on fisher resting habitat can be quantitatively evalu-
ated with the development of a model for the southern Sierra Nevada that predicts 
resting habitat value from plot data (Zielinski et al. 2006, 2010). The model is 
specifically developed to use Forest Inventory and Analysis data, but can use other 
types of plot data, as well. This model has also been integrated with the Forest 
Vegetation Simulator to forecast future effects of proposed activities on fisher rest-
ing habitat (Zielinski et al. 2010). A number of regional landscape suitability models 
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are also available (Davis et al. 2007, Spencer et al. 2011), and they can be used for 
assessment and monitoring of large-scale habitat distribution and connectivity. 
The California Essential Habitat Connectivity Project (Spencer et al. 2010) may 
be of some value in this regard, but it is a coarse-scale project of statewide scope. 
Guidelines are now available for the development of finer scale connectivity maps 
(e.g., Beier et al. 2011, Spencer et al. 2010). Using these practices, a new effort is 
underway to model fisher habitat connectivity and to specify linkages in the central 
and southern Sierra Nevada (Spencer and Rustigian-Romsos 2012). 

A specific research need identified in North et al. (2009) entailed examination 
of potential outcomes of proposed forest treatments based on modeling habitat in 
female fisher home ranges. This shortcoming has been partially addressed through 
the recent development of an analytical tool that predicts the relative impacts of 
management actions on fisher habitat in the vicinity of the Sierra National Forest 
(Thompson et al. 2011). This approach is a form of ecological risk management and 
is based on quantifying the range of variation in currently occupied female fisher 
home ranges. It assumes that if we manage landscapes to resemble those occupied 
home ranges, there is a high likelihood that the landscape will remain functional 
fisher habitat and minimize the risk of negative population impacts. Results in the 
Sierra National Forest study area indicate that female fishers use landscapes with 
relatively high proportions of large trees and snags, and where patches of high-
quality habitat are connected in a heterogeneous mix of forest ages and conditions. 
Unfortunately, it is not known what size these patches must be nor how far apart 
they can be to assure that they become incorporated into a fisher home range. 
However, Thompson et al. (2011) specify the average values for female fisher home 
ranges in respect to a number of variables, including canopy closure, basal area, and 
a number of common indices of patch size and connectivity (see table 2 in Thomp-
son et al. 2011). Values for these variables suggest the importance of variation in 
canopy cover and tree size values among stands within home ranges. These values, 
however, apply only to the region where the model was developed, but the results 
suggest that some level of management to reduce fire risk may be consistent 
with maintaining fisher habitat, as long as sufficient resting/denning structures 
are retained. A decision tool that will allow managers to evaluate project areas for 
their suitability as female fisher home ranges and to adjust prescriptions accordingly 
is being developed for the Sierra National Forest (see box 7.1-2). Managers could 
also benefit if similar fisher home range habitat “templates” were developed 
for other areas where sufficient data on the vegetation characteristics of home 
ranges have been collected by researchers. 
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Based upon reviews of relevant science, members of the synthesis team con-
cluded that one of the most scientifically and economically defensible ways to 
protect biodiversity in the Sierra Nevada—including the habitat of martens 
and fishers—is to promote prescribed fire and managed wildfire for its ben-
eficial ecological effects, including the capacity to make the forests of the Sierra 
Nevada more resilient to climate change. Fire is a disturbance that has historically 
influenced the vegetation structure and composition in the synthesis area and pro-
duced patterns to which the fauna and flora of the area have adapted. Chapters 1.2, 
“Integrative Approaches: Promoting Socioecological Resilience” and 1.3, “Synopsis 
of Emergent Approaches,” provide more details about this approach. To minimize 
impact on individual fishers, prescribed fire and other treatments as needed 
could be dispersed over space and time. Testing the hypotheses discussed under 
Information Gaps (below) in a rigorous assessment framework can lead to better 
guidelines for the spatial and temporal application of treatments.

Part of an assessment framework is a credible monitoring program. The 
Sierra Nevada Framework (2001, 2004) specified the development of a fisher moni-
toring program and a study plan was conceived (Zielinski and Mori 2001) that led 
to annual occupancy monitoring beginning in 2002. Analysis of the first 8 years of 
sampling data revealed that occupancy was stable over that period (Zielinski et al. 
2012). Results of this population monitoring program could be reconciled with 
multiscale habitat monitoring for a dual-monitoring approach (population and 
habitat) in the future. This combined monitoring program will reassure us that the 
assumptions we are making about restoring resilient forest ecosystems with the use 
of prescribed fire and some mechanical treatment of surface and ladder fuels (see 
chapter 1.2) will indeed produce the amount and distribution of habitat that favors 
the persistence of fishers and martens. 

Finally, of great concern is the recent news that rodenticide, most likely associ-
ated with marijuana cultivation, may be a new source of morbidity and mortality 
in fishers (Gabriel et al. 2012b). Reducing the application of rodenticides and 
remediating the environmental damages that have already occurred is an  
acute need. 

Climate Change Implications—Marten and Fisher
Lawler et al. (2012) investigated the potential direct and indirect effects of climate 
change on select species of the genus Martes. Climate change predictions suggest 
that the range of the Pacific marten in California will contract to the north and move 
up in elevation over the coming century (Lawler et al. 2012). Furthermore, warming 
climate may favor the upward elevation expansion of fishers into areas currently 
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occupied by martens (increasing potential competition), and marten habitat will 
become less common and more fragmented (Lawler et al. 2012). This is because the 
biggest predicted change in forests in California is the increase in mixed woodland 
and hardwood-dominated forest types and the reduction in conifer-dominated forest 
types (Lenihan et al. 2003). Because oaks—especially California black oaks—are 
a key component of fisher habitat, floristic changes may benefit fishers as long as 
temperature effects do not result in upward range shifts. Reductions in snowpack, 
as a result of climate change, could also favor fishers, because deep snow normally 
excludes fishers from marten habitat in winter (Krohn et al. 1997). 

Climate change is also predicted to change fire regimes, increasing fire fre-
quency, area, and intensity (e.g., Flannigan et al. 2000), and these changes are 
expected to result in loss of late-seral habitat important to both species (McKenzie 
et al. 2004). Decreases in the density of large conifer and hardwood trees and 
canopy cover are projected as fire severity increases (Lawler et al. 2012). As these 
factors are closely related to fisher rest site and home range use in the southern 
Sierra Nevada (Purcell et al. 2009, Zielinski et al. 2004b), the expectation is for an 
overall decrease in the availability of fisher habitat. The largest climate impacts to 
these species will probably occur at the southernmost portion of their ranges (the 
southern Sierra Nevada) (Lawler et al. 2012). The authors recommend protecting 
fisher habitat through targeted fuels treatments, and applying more liberal fire 
management policies to naturally ignited fires during moderate weather conditions. 

The change in marten distribution at the SEF (Moriarty et al. 2011) appeared to 
occur rapidly owing to the influence of traditional timber harvest methods during 
the mid to late 1900s. It occurred more rapidly than changes in the flora and fauna 
that affect marten populations might be expected to change because of a warm-
ing climate. Yet the marten is a species that may not fare well given the predicted 
changes in vegetation distribution as a result of a warming climate. The true fir 
forests where martens typically occur are predicted to diminish in area (Lenihan et 
al. 2003, Mortenson 2011), resulting in a poor prognosis for martens (Lawler et al. 
2012). Climate change may also increase fire frequency and intensity in the upper 
montane zone, calling for increased levels of thinning treatments in this elevation, 
which may also diminish marten habitat. 

Information Gaps
Purcell et al. (2012) summarized some of the gaps in knowledge that are preventing 
application of science to the management of fisher and marten habitat. They noted 
that there is a great deal of uncertainty around predicting impacts on marten and 
fisher habitat, particularly cumulative effects. This is largely because our knowledge 
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of how habitat change influences survival and reproduction is limited, and because 
we do not yet understand how landscape heterogeneity affects these species at 
multiple scales. Managing for appropriate stand conditions in terms of density 
and abundance of large trees may be insufficient if the nature of the arrangement 
of these stands on the landscape is not also considered. If forests of the future 
will be more heterogeneous, and this heterogeneity will be a result of a strategic 
mixture of, for example, three types of patches: (1) high vegetation density, (2) low 
vegetation density resulting from thinning, and (3) openings—then it will be critical 
to understand how much of each should occur in landscapes managed for fishers 
and martens. In particular, resource managers need information about the necessary 
extent and connectivity of older forest patches, and the spatial heterogeneity and 
composition of the remaining landscape. Research is moving in this direction (e.g., 
Thompson et al. 2011), but we cannot yet provide these recommendations. Nor can 
we determine how fishers will respond to landscapes that have been managed to 
include active fire regimes, because there are too few of those landscapes available 
for study or they occur in atypical landscape settings. 

Central to moving forward in treating forest fuels is the need to understand 
the tradeoff between the loss of habitat value that occurs during proactive fuels 
treatments (when surface fuels are reduced or canopies are thinned), and the loss of 
habitat that occurs when untreated stands are consumed by wildfire. Some simula-
tion work has been done that indicates that the indirect negative effects of treat-
ments are justified, at least in terms of modeled fisher habitat (Scheller et al. 2011). 
However, much more work needs to be done on this subject for martens and fishers. 
Ongoing field studies on martens in the Cascade Range (see box 7.1-2) are seek-
ing to understand the direct effects of fuels treatments on these important wildlife 
species. Whether animals stay or relocate—and for how long—during management 
activities is important to know. More critical, however, is how to allocate treatments 
in space and time so that predicted fire intensity and the distribution of habitat are 
within acceptable ranges. There are examples of research that lead in this direction 
(e.g., Cushman and McGarigal 2007, Thompson et al. 2011), but this topic needs 
more urgent attention and results. Finally, it is important to note that our lack of 
knowledge about the effects of fuels treatments on fishers and marten extends 
to their prey. We know very little about the effects of management activities on 
important prey species and on foraging behavior. 

Future work will need to explore the effect of understory management on 
fishers and martens. It is understood that treating surface fuels (shrubs and downed 
wood) and ladder fuels is necessary, and perhaps sufficient, to reduce the potential 
for high-intensity fires (Agee and Skinner 2005), and that this will have only modest 

Central to moving 
forward in treating 
forest fuels is the 
need to understand 
the tradeoff between 
the loss of habitat 
value that occurs 
during proactive 
fuels treatments 
(when surface fuels 
are reduced and/or 
canopies are thinned), 
and the loss of habitat 
that occurs when 
untreated stands are 
consumed by wildfire.



420

GENERAL TECHNICAL REPORT PSW-GTR-247

Box 7.1-2
Pending Research and Monitoring on Marten and Fisher
Pending studies of effects of fuels treatments—
• Field studies on martens are being directed by Keith Slauson (Pacific Northwest Research Station 

[PNW]) and Katie Moriarty (Oregon State University) in the Cascade Range, and field studies on 
fishers are being directed by Craig Thompson and Kathryn Purcell (Pacific Southwest Research 
Station [PSW]) in the Cascade Range and the Sierra Nevada. These studies are expected to help 
understand the direct effects of fuels treatments on these important wildlife species.

• Katie Moriarity is studying the size of openings that martens will cross in the Sierra Nevada  
and Cascade Range.

• Craig Thompson is directing new research at Kings River (Sierra National Forest) to understand 
how females with kits respond to nearby management activities (i.e., people, heat and smoke  
from prescribed fire).

Other ongoing studies—
• Keith Slauson and Bill Zielinski (PSW) began a 4-year study in 2008 to evaluate the effects of 

ski area development and use on home range and demography of marten populations. Field work 
is completed and a final report is pending.

• Research at both Kings River (led by Craig Thompson) and by the Sierra Nevada Adaptive 
Management Project (currently led by Rick Sweitzer and formerly by Reginald Barrett, 
University of California–Berkeley) is investigating various causes of fisher mortality, including 
predators, road kill, and rodenticides. 

• Mourad W. Gabriel, University of California–Davis, is conducting research on effects on fisher  
of rodenticides. A subcommittee of the interagency Southern Sierra Fisher Working Group is 
exploring ways to mitigate this source of mortality.

Translocation of fisher—
• Aaron N. Facka, North Carolina State University, is studying the translocation of fisher as part  

of his Ph.D. research.

Genetics—
• Michael K. Schwartz (Rocky Mountain Research Station) is evaluating the genetic data on fisher.

Connectivity—
•  Preliminary models are available (Spencer and Rustigian-Romsos 2012).

Decision support tool—
• PSW researchers led by Craig Thompson are currently developing a decision tool that will allow 

managers to evaluate project areas for their suitability as female fisher home ranges and to adjust 
prescriptions accordingly.
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effects on the habitat for some species associated with mature forests (Stephens 
et al. 2012). Focusing on ladder fuels without reducing overstory canopy cover 
has been considered a compromise that will achieve fuel reduction goals but still 
maintain habitat for mature forest-associated species. However, these prescriptions 
have the potential to result in greater homogeneity because residual overstory 
cover is generally uniformly high, but vertical complexity is generally very low. 
Additionally, the high residual overstory cover may inhibit regeneration of shade-
intolerant species (e.g., oaks and shrubs), which are important habitat elements for 
fishers. There may, in fact, be undue attention directed to diameter limits and the 
need to promote and protect large trees, when understory management may be a 
potentially greater source of conflict between achieving fire goals and fisher habitat 
goals. Lofroth et al. (2010) concluded that management that reduced or removed 
understory vegetation may decrease prey availability, disrupt movements, and 
make fishers more vulnerable to predation. Furthermore, Naney et al. (2012: 39–40) 
noted that “a successful conservation strategy must…. recognize the importance of 
understory vegetation to support abundant prey populations and provide adequate 
fisher cover, and the contribution of diverse native vegetation to fisher habitat and 
the maintenance of resilient landscapes.” It is necessary to determine what levels 
of surface fuels treatments are compatible with the retention of fisher and marten 
foraging habitat, and habitat for their prey. It is possible that the approach advocated 
in PSW-GTR-220 (North et al. 2009), which would retain understory structural 
diversity on north- and east-facing slopes, may provide sufficient understory 
for fishers, martens, and their prey, but this remains an assumption to be tested. 
The ability to describe fisher habitat features using LiDAR (Zhao et al. 2012) 
is a technological breakthrough that will help characterize treatment effects on 
understory structure. 

Our current understanding of fisher habitat use is also prejudiced by the fact 
that all fisher research has been conducted in forests where fires have been sup-
pressed. This shortcoming means that we continue to assume that the places that 
fishers choose for home ranges and for resting sites are the same types of places that 
fishers would select if forest ecosystems were more heterogeneous, less dense in 
places, and if fire were a dominant disturbance. Even when we possess this infor-
mation, however, ecologists do not know how to influence vegetation dynamics to 
produce habitat that will replace the habitat lost to different stressors. Dense stands 
of preferred species, without the action of fire or thinning, will not guarantee the 
replacement of large conifers and oaks for use as resting sites. Maintaining habitat 
in riparian areas and on topographic positions that may have burned less frequently, 
and at times more severely—as advocated by North et al. (2009)—may help provide 
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resting habitat elements, as well as connectivity, without significantly reducing the 
effectiveness of treatments designed to restore resilient forests. However, the result-
ing habitat connectivity in landscapes managed with these objectives is unknown. 
New analytical tools (e.g., Thompson et al. 2011, Zielinski et al. 2010) will help 
evaluate the merits of landscapes that develop under these new management 
regimes, but the tools may be inappropriate if they are modeled on forest conditions 
indicative of fire-suppressed forests.

We also still lack important information about specific life-history characteris-
tics, such as reproductive site requirements for martens and fishers, including their 
requirements for den trees (parturition sites) and denning habitat at multiple spatial 
scales (Purcell et al. 2012). As suggested in PSW-GTR-220 (North et al. 2009), one 
way to help ensure the retention of key forest structures would be to provide a list 
of attributes and representative photos of resting and denning structures for use 
by marking crews (see Lofroth et al. 2010 for descriptions of the specific types of 
structures used by fishers for resting and denning). It is one thing to identify these 
potential structures, but another to understand the effects of nearby disturbance, 
including prescribed fire, on the occupant(s)—especially if they are reproductive 
females (see box 7.1-2 for ongoing work on how females with kits respond to nearby 
management activities). However, much more work needs to be done to determine 
whether the administration of treatments near known dens, and in areas where den 
locations may not be known but will still be affected, will have tolerable effects 
on fisher behavior, physiology, and reproductive output. And, finally, there is very 
little known about how fishers use landscapes that have recently burned. Our 
understanding of the risks fishers face from loss of habitat under these conditions 
would be advanced with new studies that study the behavior of fishers shortly after 
a landscape has been transformed by fire. 
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John J. Keane1

Summary
California spotted owls (Strix occidentalis occidentalis) are top trophic-level avian 
predators associated with mature forests characterized by dense canopies and large 
trees, snags, and logs in the Sierra Nevada. Owls show the strongest associations 
with mature forest conditions for nesting and roosting and will forage in a broader 
range of vegetation types. California spotted owls use habitat at multiple scales 
ranging from (1) patches and stands used for nesting and foraging, (2) home ranges 
that support a territorial pair of owls, and (3) landscapes necessary to support viable 
populations. Multiscalar management is needed to address the habitat requirements 
of California spotted owls. Recent research reinforces the importance of mature 
forest to spotted owl occupancy, survival, and habitat quality. These studies have 
also demonstrated that some level of heterogeneity is also associated with high-
quality habitat for spotted owls. California spotted owls seem to be able to persist in 
landscapes that experience low- to moderate-severity fire, as well as some level of 
mixed-severity wildfire. Little information is available to evaluate how California 
spotted owls and their habitats are affected by mechanical treatments. New forest 
management concepts, based on recent research, have proposed focusing efforts on 
restoration of vegetation conditions at patch, stand, and landscape scales that would 
be more similar to the heterogeneous conditions that would occur under a wildfire-
dominated natural disturbance regime. Although some degree of uncertainty exists, 
management approaches that seek to restore ecological resilience and the role of 
wildfire as the primary natural disturbance agent may produce landscapes capable 
of supporting viable populations of spotted owls, provided that mature forest 
conditions characterized by dense canopies and important large conifer and oak 
trees can be maintained. Current knowledge is incomplete regarding the conditions 
necessary to maintain high-quality owl territories and viable populations under 
these new forest management concepts. Future forest management efforts will 
require carefully constructed monitoring and adaptive management components to 
reduce uncertainty and advance current knowledge about owl territory needs and 
population viability. In addition to habitat concerns, California spotted owls face a 
significant emerging threat owing to the recent range expansion of barred owls into 
the Sierra Nevada. Barred owls appear to be competitively dominant over spotted 

Chapter 7.2—California Spotted Owl:  
Scientific Considerations for Forest Planning

1 Research ecologist, U.S. Department of Agriculture, Forest Service, Pacific Southwest 
Research Station, 1731 Research Park Dr., Davis, CA 95618.
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owls and have the capacity to displace or replace spotted owls at sites where they 
co-occur. Future planning efforts may need to consider the potentially confounding 
effect of barred owls on California spotted owl habitat requirements, should barred 
owls continue to increase their distribution and abundance in the Sierra Nevada. 
This synthesis reviews the current knowledge and threats to California spotted owls 
in the Sierra Nevada reported since publication of the Sierra Nevada Forest Plan-
ning Amendment in 2001.

Introduction
California spotted owls (Strix occidentalis occidentalis) (fig. 1) have been at the 
forefront of Sierra Nevada management and conservation debates for 25 years 
because of their strong habitat associations with commercially valuable large 
trees, snags, and late-successional forests. Initial concerns focused on the effects 
of timber harvest on large trees and late-successional habitat and potential risks to 
California spotted owl population viability. In recent years, the debate over Sierra 
Nevada forest management and California spotted owls has broadened with grow-
ing recognition that past management practices, specifically timber harvest and 
fire suppression, have fundamentally changed forest structure, composition, and 
function over the last 100 years (North et al. 2009). Removal of fire as a primary 
natural disturbance process, coupled with reductions in large trees and late-succes-
sional forests through timber harvest, has resulted in contemporary Sierra Nevada 
forests that are generally more homogenous at multiple spatial scales, have higher 
densities of shade-tolerant tree species and reduced numbers of large trees, and are 
at greater risk of high-severity wildfire compared to their historical counterparts. 
Additionally, the extent and severity of wildfire has increased in the Sierra Nevada 
and across the Western United States as a result of climate change (Miller et al. 
2009, Westerling et al. 2006). Eighty-five percent of known California spotted owl 
sites occur in moderate- or high-risk fire areas in the Sierra Nevada (USDA FS 
2001), and though management and restoration of large trees and late-successional 
forest remains a primary objective of spotted owl management, there is uncertainty 
about the relative tradeoffs of actively managing forests to reduce wildfire risk and 
no-management approaches that leave habitat intact but do not address wildfire 
concerns. This issue is embedded within broader discussions about the most effec-
tive strategies for addressing long-term resilience and restoration of Sierra Nevada 
forests (North et al. 2009). Finally, range expansion of the barred owl (Strix varia) 
in the Sierra Nevada poses an increasing risk factor to California spotted owls. 

Extensive scientific literature reviews on California spotted owls have been 
conducted as part of the California Spotted Owl Technical Review (CASPO) 
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(Verner et al. 1992) and during development of the Sierra Nevada Forest Plan 
Amendment (SNFPA) (USDA FS 2001). The goal of this chapter is to synthesize 
scientific information on the California spotted owl that has been reported since the 
SNFPA. Although this section is focused on California spotted owl, relevant papers 
from the northern spotted owl (S.o. caurina) and Mexican spotted owl (S.o. lucida) 
subspecies are also included. 

Ecological Context
As top-trophic level avian predators in Sierra Nevada forests, California spotted 
owls have several characteristics that are broadly associated with increased species 
vulnerability: they have large individual spatial requirements and low population 
densities, and they are habitat specialists. Spotted owls have high adult survival 
rates and low reproductive rates—life history characteristics associated with spe-
cies that are long lived with sporadic reproduction in response to variable environ-
mental conditions. Although they are adaptations to variable environments, these 
life history characteristics also render spotted owl populations slow to recover from 
population declines. Spotted owl populations are regulated by territorial behavior in 
which owl pairs defend non-overlapping territories that include nesting and forag-
ing habitat. They exhibit this behavior in response to resources and conditions, such 
as habitat, weather, prey, and competitors, that influence popula-
tion dynamics. Maintaining viable populations of owls requires 
consideration and management of landscape vegetation conditions 
and dynamics. Primary conservation and management concerns at 
the population-landscape scale include managing for a distribution 
of high-quality territories that support high adult survival and high 
reproduction (= high quality) and facilitate successful dispersal and 
recruitment. Management efforts would benefit from considering 
the nested structure of spotted owl habitat associations at multiple 
scales, ranging from patches/stands used by individual owls for 
nesting, roosting, and foraging, to territories required to support 
a pair of owls, and up to landscapes necessary to support viable 
populations. These different spatial scales are important to consider 
in formulating strategies to promote forest restoration, resilience, 
and fire management, and they are consistent with current forest 
management proposals advocating a multiscale perspective that 
encompasses a patch-scale focus to increase vegetation heterogene-
ity nested within a landscape-scale focus that considers topography, 
elevation, latitude, and natural disturbance regimes. Figure 1—California spotted owl. 
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Population Distribution, Status, Trends, and Genetics
Historical and Current Distribution 
Little is known about the historical distribution, abundance, and habitat associations 
of California spotted owls in the Sierra Nevada (Gutiérrez 1994, Verner et al. 1992). 
Early inventory and survey efforts are described in Verner et al. (1992). The first 
systematic efforts to survey California spotted owls occurred in 1973 and 1974, 
followed by broad efforts to inventory California spotted owls across the Sierra 
Nevada during the late 1980s and early 1990s. More recently, inventory and survey 
efforts have largely consisted of project-level surveys, generally conducted for 1 
to 2 years in support of project implementation, and demographic study area-level 
surveys at four study sites where consistent annual monitoring has occurred over a 
much longer time period (Blakesley et al. 2010, Franklin et al. 2004).

Verner et al. (1992) found no evidence of range contractions or expansions of 
California spotted owls in the Sierra Nevada. However, they identified 11 areas 
of concern where potential gaps in distribution may become an issue owing to 
fragmentation or bottlenecks in the distribution of owls or their habitat if the status 
of the owl in the Sierra Nevada were to deteriorate. No research has addressed the 
status of owls or their habitat in these areas of concern since the publication of 
CASPO in 1992. Anecdotal observations of California spotted owls suggest that 
they are still widely distributed across their historical range in the Sierra Nevada.

Population Status and Trends
The most recent estimate of population size for California spotted owls in the Sierra 
Nevada reported 1865 owl sites, with 1,399 sites on National Forest System (NFS) 
lands, 129 owl sites on National Park Service (NPS) lands, 314 sites on private 
lands, 14 sites on Bureau of Land Management lands, 8 on state of California lands, 
and 1 on Native American lands (USFWS 2006). Care should be used interpreting 
these estimates of population numbers as they represent a compilation of all sites 
where California spotted owls have been recorded over the past 30 to 40 years; 
they should not be interpreted as an accurate estimate of current population size 
because the proportion of sites still occupied by owls at the current time is not 
known, and there is evidence for recent population declines in the Sierra Nevada 
(see below). Demographic monitoring from four study areas from 1990 to 2011 
provides the sole source of empirical data on the status of and trends in California 
spotted owl populations in the Sierra Nevada. Three of the demographics studies 
are conducted on NFS lands (on the Lassen, Eldorado and Sierra National Forests), 
and the fourth study is located on NPS lands (Sequoia–Kings Canyon National 
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Parks). Two meta-analysis workshops have been conducted to analyze California 
spotted owl demographics and population trends across the four studies (Blakesley 
et al. 2010, Franklin et al. 2004). Recent research of population trends provides 
evidence for population declines on the three studies on NFS lands and a stable/
increasing population in the NPS study area, and it is providing new approaches for 
evaluating spotted owl population trends and interpreting the probability of popula-
tion declines (Conner et al. 2013; Tempel and Gutiérrez 2013). Tempel and Gutierrez 
(2013) reported declines in both territory occupancy and rate of population change 
measured by realized population change for the Eldorado National Forest study 
area. Conner et al. (2013) used a Bayesian approach for estimating the probability of 
different levels of population decline using realized population change and reported 
probabilities of decline of 93 percent and 78 percent for the Lassen and Sierra 
National Forests study areas, respectively, and an 8 percent probability of a stable or 
increasing population for the Sequoia-Kings Canyon study area. The factors driving 
these population trends are not known. 

Population Genetics
Population genetics studies support the recognition of three subspecies of spotted 
owls based on both microsatellites (Funk et al. 2008) and mitochondrial DNA 
(Barrowclough et al. 1999, 2005, 2011; Haig et al. 2001, 2004). Early descriptions 
of spotted owl distribution based on limited numbers of specimens and records 
suggested that the range of northern and California spotted owls did not overlap 
(Grinnell and Miller 1944). More recent extensive survey and inventory efforts have 
documented a continuous distribution of spotted owls between the subspecies, and 
initial genetic analyses indicated the boundary between subspecies to be in north-
ern California or southern Oregon (Barrowclough et al. 2005, Funk et al. 2008). 
Based on these initial genetic assessments, Gutiérrez and Barrowclough (2005) 
proposed the Pit River as a geographical boundary between the subspecies because 
it was located approximately halfway between populations known to consist largely 
of pure northern spotted owl haplotypes near Mount Shasta and largely pure 
California spotted owl haplotypes near Lassen Peak. However, recent research has 
refined understanding of genetic variation across this region and indicates that a 
hybrid zone exists from approximately 94 km north of Mount Shasta to southeast 
of Lassen Peak, and that a more appropriate place to designate a boundary between 
northern and California spotted owls would be between the Pit River and Lassen 
Peak (Barrowclough et al. 2011). 
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Habitat Associations 
Patch/Stand Scale
Nest and roost habitat—
Nest and roost site habitat requirements are the best studied aspect of California 
spotted owl habitat associations. Spotted owls nest in cavities, on tops of broken 
trees, and on platforms located in older, large-diameter live conifers, oaks, and 
snags. Conifer nest trees average about 110 cm (45 in) diameter at breast height 
(dbh) in the Sierra Nevada (Verner et al. 1992). Large conifers, oak trees, and snags 
are key habitat elements for California spotted owls, and large, downed logs result-
ing from these trees are important habitat elements for key prey species. Nests and 
roosts are typically located in stands that have ≥70 percent total canopy cover and 
contain one or several large trees of declining vigor and multiple canopy layers 
resulting from mixtures of differently aged trees. 

Foraging habitat—
Recent telemetry studies of spotted owl foraging habitat use consistently indicate 
that owls use a broader range of vegetation conditions for foraging than they do for 
nesting and roosting (Ganey et al. 2003, Glenn et al. 2004, Irwin et al. 2007, Wil-
liams et al. 2011). California spotted owl foraging habitat use across all forest types 
and vegetation conditions remains a poorly understood aspect of their ecology. Use 
of a broader range of vegetation conditions for foraging is likely governed by the 
abundance and availability of important prey species. Northern flying squirrels 
(Glaucomys sabrinus) and dusky-footed woodrats (Neotoma fuscipes) dominate  
the biomass of owl diets in the Sierra Nevada, with deer mice (Peromyscus  
maniculatus), pocket gophers (Thomomys spp.), and other small mammals, birds, 
and insects also a component of the diet (Verner et al. 1992). Williams et al. (1992) 
synthesized the available ecological and habitat association information for key 
California spotted owl prey species. Given the importance of prey to spotted owls, 
much research has focused on small mammal ecology and habitat associations 
(Coppeto et al. 2006, Innes et al. 2007, Lehmkuhl et al. 2006, Meyer et al. 2007) 
and the effects of forest treatments on small mammals (Amacher et al. 2008). 
Results from studies of small mammal habitat associations demonstrate the species-
specific importance of vegetation type, stand characteristics, and specific habitat 
elements (e.g., shrubs, downed logs, snags, truffles), and that habitat associations 
may vary in different parts of the Sierra Nevada. Fontaine and Kennedy (2012) and 
Stephens et al. (2012) provide recent reviews of fuels treatment effects on wildlife. 
A full review of the literature on habitat associations and forest management effects 
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on key California spotted owl prey species is beyond the scope of this review. How-
ever, given the importance of prey to California spotted owls and other carnivores 
in the Sierra Nevada, a future synthesis of scientific information on small mammal 
habitat associations and effects of forest management on their populations and habi-
tat is needed. This information may inform and help tailor development of future 
forest management treatments and desired landscape conditions to different parts of 
the Sierra Nevada, as well as identify important information and research gaps. 

Core Area/Home Range/Territory Scale
The size of California spotted owl home ranges is highly variable; it appears to vary 
with latitude and elevation, and likely in response to the availability and arrange-
ment of vegetation types and dominant prey species (Gutiérrez et al. 1995). Across 
the Sierra Nevada, home range sizes are smallest in low-elevation, hardwood-domi-
nated sites, where dusky-footed woodrats are the dominant prey species; intermedi-
ate in mixed-conifer forests; and largest in true fir forests of the northern Sierra 
Nevada, where northern flying squirrels are the dominant prey species (Zabel et al. 
1995). A number of studies have reported that the proportion of older forest is the 
best predictor of home range size, with smaller home ranges having higher propor-
tions of older forest (Glenn et al. 2004, Gutiérrez et al. 1995). Recently, Williams 
et al. (2011) reported that the number of vegetation patches (a measure of habitat 
heterogeneity) is the best predictor of home range size for California spotted owls in 
the central Sierra Nevada, with larger home ranges associated with greater habitat 
heterogeneity. Whether owls were selecting home ranges for vegetation heterogene-
ity, or simply using more heterogeneous home ranges that reflected habitat avail-
ability or increased travel distances associated with the lack of large areas of older 
forest within the study area, was uncertain (Williams et al. 2011). 

Recent research includes observational studies that describe associations 
between habitat and spotted owl occurrence, occupancy, and demographic 
parameters (survival, reproduction, habitat fitness potential) at the core area and 
home range scales (Blakesley et al. 2005; Dugger et al. 2005, 2011; Franklin et al. 
2000; Gaines et al. 2010; Irwin et al. 2004; Kroll et al. 2010; Lee and Irwin 2005; 
McComb et al. 2002; Olson et al. 2004; Seamans and Gutiérrez 2007a). Although 
the size of the analysis areas varied across studies, habitat associations were gener-
ally assessed at similar spatial scales (core areas or home range scales) around 
spotted owl nests and roost or activity centers. Vegetation classifications and habitat 
definitions also varied across studies, but the studies generally defined spotted owl 
habitat as stands with large trees and high canopy cover (hereafter referred to as 
mature forest; see individual studies for specific definitions of habitat used in each). 
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Although recent studies are geographically and spatially varied, they share 
many key themes. Results consistently reinforce original findings of the strong 
association between spotted owls and mature forest habitat in core areas around 
nest sites. Modeling of habitat conditions with survival and occupancy shows that 
important habitat metrics at core area and home range scales include the total 
amounts of mature forest or the amounts of interior mature forest (defined as the 
amount of mature forest greater than some distance from an edge). Adult spotted 
owl survival is positively associated with the amount of mature forest (Blakesley et 
al. 2005; Dugger et al. 2005, 2011; Franklin et al. 2000; Olson et al. 2004). Terri-
tory occupancy is also positively related to the amounts of mature forest at core 
area scales for both California and northern spotted owls, with higher colonization 
rates and lower extinction rates associated with territories with more mature forest 
(Blakesley et al. 2005, Dugger et al. 2011, Seamans and Gutiérrez 2007a). Dugger et 
al. (2011) reported that northern spotted owl extinction and colonization rates were 
negatively associated with the degree of fragmentation of mature forest across the 
larger home range.

Spotted owl reproduction exhibits high annual variation. Franklin et al. (2000) 
reported that 43 percent of annual variation in reproduction is explained by habitat 
covariates; however, most studies report little influence of habitat on variation in 
reproduction (Blakesley et al. 2005, Dugger et al. 2005, Olson et al. 2004). Weather 
may directly influence spotted owls, but it may also indirectly influence them by 
affecting the abundance or availability of prey. In general, annual variation in 
reproduction has been shown to be associated with weather (the importance of 
specific weather metrics differs among studies), owl age/experience, reproduction 
in the previous year, and the presence of barred owls nearby (Blakesley et al. 2005; 
Dugger et al. 2005, 2011; Kroll et al. 2010; MacKenzie et al. 2012; Olson et al. 2004; 
Seamans et al. 2001). 

Three studies have investigated territory habitat quality and its association with 
habitat amounts and patterns (Dugger et al. 2005, Franklin et al. 2000, Olson et al. 
2004). For the purposes of these studies, habitat quality was defined as habitat fitness 
potential, an integrative metric that incorporates territory-specific estimates of sur-
vival and reproduction to generate a territory-specific estimate of lambda. Lambda 
is the annual rate of population growth. A lambda value of 1.0 indicates a stable 
population, lambda values >1 indicate an increasing population, and lambda values 
<1.0 indicate a declining population. In terms of territory-specific lambda estimates, 
values >1.0 indicate territories with combinations of owl survival and reproduction 
that result in positive population growth. In all three studies, habitat fitness poten-
tial values (indicating high-quality territories) were highest for habitat conditions 
containing mature forest interspersed with a mix of other vegetation types.
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Several consistent patterns emerge from recent research efforts devoted to 
understanding the factors that contribute to high-quality owl habitat at core area 
and home range spatial scales (i.e., forest conditions that support viable territories). 
First, spotted owl occurrence and survival are significantly related to mature forest 
habitat. Second, higher owl survival and reproduction are also associated with areas 
that have a mix of different vegetation types and edge between mature forest and 
other vegetation types. Third, weather is an important factor influencing spot-
ted owl demographics, particularly reproduction. Finally, spotted owl population 
dynamics are likely governed by both habitat and weather.

Landscape Scale
Spotted owls are a territorial species with each pair defending an exclusive territory, 
and they appear to exhibit an ideal despotic distribution where dominant individu-
als occupy the highest quality sites (Franklin et al. 2000, Seamans and Gutiérrez 
2006, Zimmerman et al. 2003). In addition to habitat factors, the presence of other 
spotted owls in adjacent territories may also be a factor associated with the prob-
ability of a territory being selected (Seamans and Gutiérrez 2006). At the landscape 
scale, spotted owl territories tend to be more regularly spaced than randomly 
distributed. Little information is available at larger landscape scales on the relation-
ship between landscape vegetation patterns and California spotted owl population 
density or number of territories, especially comparative information to assess 
how the number of territories varies across landscapes with different amounts and 
patterns of vegetation. Limited information suggests that the number of spotted 
owl territories may be related to landscape-scale habitat availability (Zabel et al. 
2003). Additionally, creation of large gaps or large areas of low-quality habitat may 
affect dispersal of young and adult owls and successful colonization of unoccupied 
territories. Understanding of the relationships between landscape-scale vegetation 
condition and spotted owl territory density and dispersal behavior is a high priority 
for further research, as current forest fuels, restoration, and wildfire strategies are 
focused on larger landscape scales. 

Effects of Forest Management and Wildfire
Forest Management 
Two general approaches have been used to investigate the effects of forest manage-
ment on spotted owls: (1) modeling, which is used to project the effects of forest 
treatments on spotted owls and their habitat; and (2) field-based studies, which 
measure the response of spotted owls to forest management effects. Simulation 
modeling suggests that landscape-scale fuels treatments on a small proportion of 
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the landscape can minimize effects to owl habitat and reduce risk of habitat loss to 
wildfire (Ager et al. 2007, Lehmkuhl et al. 2007). Some treatments may also reduce 
fire risk within core areas with minimal effects on owl reproduction (Lee and 
Irwin 2005). Simulation modeling indicates that the long-term benefits of wildfire 
risk reduction may outweigh the short-term effects of treatments on spotted owl 
habitat (Roloff et al. 2012). Models have been developed to spatially integrate fuels 
treatments with protection of spotted owl habitat within landscape-scale restora-
tion efforts (Ager et al. 2012, Gaines et al. 2010, Prather et al. 2008). Results from 
simulation modeling also suggest that fuels treatments can be effectively used to 
reduce wildfire risk and support restoration efforts while providing spotted owl 
habitat at home range and landscape scales.

Numerous observational studies have described spotted owl habitat associations 
(see review above), but very few studies have directly assessed the effects of fuels 
and forest treatments on spotted owls and their habitat. Researchers have long 
advocated for experimental studies to evaluate the effects of forest management 
on spotted owls (Lee and Irwin 2005, Noon and Franklin 2002), and a lack of 
controlled experiments to test important hypotheses for forest management effects 
on spotted owls contributes to continuing controversy (Noon and Blakesley 2006). 
To date, no experiments using before-after control-impact (BACI) designs have 
been conducted, with the exception of a study of forest treatment effects on owl 
foraging on the Eldorado National Forest. These BACI studies are scientifically 
challenging to design, logistically difficult to implement, and expensive to conduct. 
Given the inherent variability in spotted owl populations, large numbers of 
individual owls or owl pairs in experimental and control groups may be necessary 
to have adequate statistical power to detect effects. Planning regulations, regulatory 
requirements (e.g., the National Environmental Policy Act), and legal challenges 
make it logistically difficult to implement extensive treatments across space and 
time to meet rigorous scientific design requirements. In lieu of experimental 
studies, passive adaptive management approaches (sensu Kendall [2001]) have 
been used to investigate the effects of forest management on California spotted 
owls. Under a passive adaptive management framework, managers dictate 
the implementation of treatments in time and space governed by management 
priorities. Researchers attempt to establish a baseline and monitor changes in owl 
response using models to evaluate the evidence for treatment effects on observed 
responses. Inferences from these quasi-experimental, passive adaptive management 
approaches are weaker than those from BACI designs because observed responses 
may result from other uncontrolled factors. Under a BACI design, or active adaptive 
management (sensu Kendall [2001]), treatments and controls are implemented 
in space and time to meet rigorous experimental design criteria as governed by 
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research priorities. Nevertheless, these passive adaptive management approaches 
may be the best option in situations where true experiments are not scientifically, 
logistically, or financially possible, or where political will may be lacking. 

Seamans and Gutiérrez (2007a) reported that California spotted owl territories 
with more mature forest had higher probabilities of being colonized and lower 
probabilities of becoming unoccupied. Alteration of ≥20 ha of mature forest in these 
spotted owl territories may decrease the probability of colonization. It is unclear 
whether breeding dispersal or other factors, such as lower survival, are associated 
with variability in the probability of a territory becoming unoccupied. Nor is it clear 
if the probability of a territory becoming unoccupied is related to the amount of 
mature forest within or among territories (Seamans and Gutiérrez 2007a). 

Three ongoing studies may provide further insight into the effect of forest 
management on California spotted owls. Twenty years of demographic monitoring 
at four study sites distributed across the Sierra Nevada have provided an unparal-
leled long-term data set on owl occupancy and demographics. Efforts are underway 
to develop post-hoc annual vegetation maps for each study area that can facilitate a 
retrospective meta-analysis to assess habitat associations and investigate the effects 
of forest management on California spotted owl occupancy, survival, and reproduc-
tion across the four study areas. Results from the Plumas-Lassen Study and the 
Sierra Nevada Adaptive Management Project will also provide further modeling 
and monitoring of forest treatment effects on California spotted owls. These on-
going efforts will further understanding of forest treatment and wildfire effects  
on California spotted owls and their habitat in the Sierra Nevada. 

Wildfire
Current information indicates that California spotted owls will occupy landscapes 
that experience low- to moderate-severity wildfire, as well as areas with mixed-
severity wildfire that includes some proportion of high-severity fire. Bond et al. 
(2002) reported that first-year postfire adult survival and site fidelity were similar 
at 11 territories that had experienced wildfire compared to unburned sites across 
the range of northern, Mexican, and California spotted owls. In contrast, Clark et 
al. (2011) reported lower adult owl survival 1 to 4 years postfire in eastern Oregon. 
However, their results were likely affected by past logging effects and postfire 
salvage logging that resulted in low overall amounts of remaining suitable habitat 
after the wildfires. Jenness et al. (2004) reported no effects of mixed-severity 
wildfire on Mexican spotted owls at burned sites that experienced an average 
of 16 percent high-severity fire. However, Jenness et al. (2004) stated that the 
statistically nonsignificant higher occupancy and higher reproduction observed at 
unburned sites (31 sites) compared to burned sites (33 sites) were suggestive of a 
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biologically significant effect. They recommended that their results, which indicate 
that wildfires do not affect spotted owls, should be interpreted cautiously because 
of concerns that limited sample sizes and high variability in both burn extent and 
severity across their burned sites may have limited ability (i.e., low statistical 
power) to detect biologically meaningful differences between burned and unburned 
sites. In Yosemite National Park, Roberts et al. (2011) estimated that spotted owls 
had similar occupancy and density between unburned (16 sites) and recently burned 
(16 sites) (<15 years since burn) montane forests that burned primarily at low to 
moderate fire severity. Lee et al. (2012) reported no difference in owl occupancy 
between unburned and burned territories from six fire areas in the Sierra Nevada. 
Further, Lee et al. (2012) concluded that the proportion of high-severity fire (an 
average of 32 percent of suitable vegetation burned within analysis areas) had no 
effect on postfire occupancy by spotted owls in the Sierra Nevada, although the 
amount of high-severity fire was not included in models of occupancy, colonization, 
and extinction and was only qualitatively assessed relative to burned sites. Recently, 
Lee et al. (2013) found no statistically significant effects of wildfire or salvage 
logging on California spotted owls in the mountains of southern California. 
Although not statistically significant, occupancy rates declined by 0.062 in burned 
sites in the first year after wildfire, and postfire salvage logging reduced occupancy 
by an additional 0.046 relative to burned sites without salvage logging. Differences 
in occupancy between unburned versus burned and burned-salvage logged sites 
increased over time. Colonization was positively associated, and extinction 
negatively associated, with the amount of suitable habitat within 203-ha core areas 
around owl sites, and extinction probability was significantly higher when >50 ha of 
suitable habitat burned at high severity within burned sites compared to unburned 
sites (Lee et al. 2013).

Little information is available on patch-scale habitat use in postfire landscapes. 
Bond et al. (2009) reported that owls nested and roosted in unburned or low- to 
moderate-severity patches of forest, and, 4 years after fire, they foraged selectively 
in high-severity burn patches that were located within larger home ranges that gen-
erally burned at low to moderate severities. Patches of early-successional vegetation 
recovering from high-severity fire may provide access to early-successional associ-
ated prey, such as woodrats and gophers, within the mosaic of mixed fire severity 
landscapes. Additional information is needed on habitat use by spotted owls in 
postfire landscapes. Further, it is important to know if the owls using the postfire 
landscapes are the original occupants or whether the postfire site was colonized by 
different owls to more fully understand the effects of wildfire on spotted owls. 
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Recent findings indicate that California spotted owls in the Sierra Nevada are 
able to persist in landscapes that experience low- to moderate-severity and mixed-
severity wildfires. However, several key uncertainties remain regarding long-term 
occupancy and demographic performance of spotted owls at burned sites. Specifi-
cally, uncertainty exists regarding how increasing trends in the amounts and patch 
sizes of high-severity fire will affect California spotted owl occupancy, demograph-
ics, and habitat over longer timeframes. Additionally, further information is needed 
on the effects of postfire salvage logging on spotted owl habitat. 

Additional Ecological Stressors
Barred Owls
Barred owl (Strix varia) range expansion has posed a significant threat to the 
viability of the northern spotted owl (Gutiérrez et al. 2007). Barred owls are native 
to eastern North America but have expanded their range westward into Wash-
ington, Oregon, and northern California in the past 40 years and are now found 
throughout the entire range of the northern spotted owl. During initial colonization, 
barred owls may hybridize with spotted owls to produce hybrids (i.e., “sparred” 
owls). As barred owl numbers increase in a local area, they pair with their own 
species. Compared to spotted owls, barred owls are larger, are active both day 
and night, consume a broader diet, have smaller home ranges, and occur at higher 
population densities. These factors render them competitively dominant over 
spotted owls, and they have displaced or replaced northern spotted owls over many 
portions of their range. Inferences regarding barred owl effects on spotted owls 
must be tempered by the fact that studies to date are based on observational and 
correlational studies and require confirmation through experimental assessment of 
barred owl effects. Results to date suggest two key findings: first, barred owls have 
replaced or displaced northern spotted owls over large areas of their range through 
the hypothesized mechanism of interference competition (Dugger et al. 2011); and 
second, although little information is available on how forest management affects 
spotted-barred owl interactions, there is recent evidence suggesting habitat patterns 
can influence occupancy and colonization dynamics (Dugger et al. 2011, Yackulic 
et al. 2012).   

Barred owls are an increasing risk factor for California spotted owls in the 
Sierra Nevada. Barred owls were first recorded within the range of the California 
spotted owl in 1989 on the Tahoe National Forest. Two sparred owls were reported 
in the Eldorado Demographic Study Area during 2003 and 2004 (Seamans et 
al. 2004), and one of these sparred owls is still present on the study area. Barred 
owls were first recorded in the southern Sierra Nevada in 2004 (Steger et al. 
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2006). Ongoing research has documented 73 records of barred or sparred owls in 
the Sierra Nevada to date, with the majority of records from the northern Sierra 
Nevada (Tahoe, Plumas, and Lassen National Forests). Of note, five new records of 
barred owls were documented in the Stanislaus and Sierra National Forests in 2012, 
indicating further range expansion of barred owls in the southern Sierra Nevada. 

Barred owl numbers are likely higher than documented in the Sierra Nevada, 
as there have been no systematic surveys for them to date. Rather, barred owls are 
recorded during spotted owl surveys or reported by the public. Spotted owl surveys 
are conducted annually within the four demographic study areas; however, outside 
of these study areas, spotted owl survey efforts are limited and sporadic over 
space and time in response to local project survey requirements. Thus, it is likely 
that additional barred owls are present in the Sierra Nevada given limited spotted 
owl survey work outside of the demographic study areas. Further, species-specific 
survey methods are required to account for differences in response behavior and 
imperfect detection between spotted and barred owls (Wiens et al. 2011). 

Climate Change
Across their range, spotted owls exhibit population-specific demographic relation-
ships with local weather and regional climates (Glenn et al. 2010, 2011; Peery et 
al. 2012). Based solely on projections of climate change (i.e., not incorporating 
other factors such as habitat, etc.), this population-specific variation is anticipated 
to result in population-specific responses to future climate scenarios, which could 
range from little effect to potentially significant effects. These population-specific 
responses could result in high vulnerability. For California spotted owls, Seamans 
and Gutiérrez (2007b) reported that temperature and precipitation during incuba-
tion most affected reproductive output, and conditions in winter associated with 
the Southern Oscillation Index (SOI) most affected adult survival on the Eldorado 
National Forest. Weather variables explained a greater proportion of the variation in 
reproductive output than they did for survival. Further, these two weather variables 
were also included in the best models predicting annual population growth rate 
(Seamans and Gutiérrez 2007b). MacKenzie et al. (2012) found that SOI or other 
weather variables explained little variation in annual reproduction for this same 
population of owls. Unlike results for California spotted owls in southern California 
reported in Peery et al. (2012), subsequent analyses testing for effects of weather 
variables on demographic parameters showed no clear temporal associations for 
owls on the Eldorado National Forest in the Sierra Nevada.2

2 Gutiérrez, R.J. 2013. Personal communication. Professor, Department of Fisheries, 
Wildlife, and Conservation Biology, University of Minnesota, 2003 Upper Buford Circle, 
St. Paul, MN 55108. 
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Future responses to climate change are likely to be governed by complex interac-
tions of factors that directly affect spotted owls and their habitat, as will indirect fac-
tors that can affect habitat (e.g., insect pests, disease, increased fire risk, etc.). Carroll 
(2010) recommended that dynamic models that incorporate vegetation dynamics and 
effects of competitor species in addition to climate variables are needed for rigorous 
assessment of future climate change on spotted owls. 

Disease and Contaminants
Disease can function as an important ecological limiting factor in wildlife popula-
tions, especially in the case of invasive diseases introduced into native populations 
that have not co-evolved mechanisms to cope with the risk. Little information exists 
on disease prevalence in California spotted owl populations, and no information 
exists regarding the effects of disease on individual fitness or population viability. 
Blood parasite prevalence sampling for California spotted owls in the northern Sierra 
Nevada documented that 79 percent of individuals were positive for at least one 
infection, whereas 44 percent of individuals tested positive for multiple infections 
(Ishak et al. 2008). Gutiérrez (1989) reported 100 percent blood parasite infection 
rates across all three spotted owl subspecies, suggesting long-term adaptation to high 
parasitism rates.

West Nile virus (WNV), a mosquito-borne flavivirus, was first detected in east-
ern North America in 1999 and spread rapidly across the continent. West Nile virus 
was first detected in southern California in late 2003 and spread throughout Califor-
nia in late summer of 2004 (Reisen et al. 2004). The virus has been demonstrated to 
have high acute species-specific mortality rates in many raptor species (owls, hawks, 
and their relatives) (Gancz et al. 2004, Marra et al. 2004). None of the 141 individual 
California spotted owl blood samples collected from the southern (Sierra National 
Forest, Sequoia-Kings Canyon National Parks) or northern (Plumas and Lassen 
National Forests) Sierra Nevada from 2004 to 2008 has tested positive for WNV 
antibodies, which would indicate exposure and survival (Hull et al. 2010). Adult, ter-
ritorial California spotted owls have high annual survival (80 to 85 percent) that has 
been stable across years, and no evidence has been published from the four long-term 
demographic studies indicating changes in adult owl survival. Nevertheless, although 
no effects have been documented to date, future outbreaks of WNV may pose a risk 
to California spotted owls.

Environmental contaminants have not been identified as potential ecological 
stressors on California spotted owls. However, recent reports of high exposure rates 
of fisher (Pekania pennanti) to rodenticides, likely associated with illegal marijuana 
cultivation, across the southern Sierra Nevada (Gabriel et al. 2012) may have implica-
tions for spotted owls and other forest carnivores, as they feed extensively on rodents.
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Human Recreation and Disturbance
Disturbance from human recreation and management activities has the potential for 
impacts on California spotted owls. Impacts from recreation and disturbance can 
range from the presence of hikers near owl nests and roosts to loud noises from chain 
saws or motorized vehicles. Additionally, disturbances can be acute (short term) or 
chronic (long term) depending on the type of recreational or management activity. 
Measures of behavioral response or fecal corticosterone hormone levels (hormones 
that reflect stress) have been used to assess spotted owl response to disturbance.

Mexican spotted owls in canyons on the Colorado Plateau exhibited low behav-
ioral responses to hikers at distances ≥55 m from roost sites, and adults and juve-
niles were unlikely to flush from hikers at distances ≥24 m and >12 m, respectively 
(Swarthout and Steidl 2001). Additionally, the presence of hikers near nests did not 
markedly change Mexican owl behavior, although cumulative effects of high levels 
of recreational hiking near nests may be detrimental (Swarthout and Steidl 2003). 
No differences in reproductive success were observed between Mexican spotted owl 
nests exposed to helicopter and chain saw noise; however, owls exhibited behavioral 
responses to both stimuli, and greater behavioral response to chainsaw noise than 
helicopter noise (Delaney et al. 1999). Results from this study supported manage-
ment use of a 400-m disturbance buffer around active Mexican spotted owl nests. 
Wasser et al. (1997) reported higher corticosterone hormone levels in male northern 
spotted owls within 0.41 km of roads in Washington, suggesting higher stress levels 
correlated with proximity to roads. Tempel and Gutiérrez (2003, 2004) found little 
evidence for disturbance effects from chain saws and roads, as measured by fecal 
corticosterone hormone levels for California spotted owls on the Eldorado National 
Forest, California. Recently, Hayward et al. (2011) reported a more complex asso-
ciation among road noise and northern spotted owl response on the Mendocino 
National Forest in California. They found no association between baseline hormone 
levels and distance to roads. Rather, owls in this study area exhibited increased 
corticosterone hormone levels in response to acute traffic exposure, and they found 
that owl response may vary with owl life history stage (adults versus juveniles) and 
physiological body condition. Of note, they reported lower reproductive success for 
owls near roads with loud noise versus owls near quiet roads.
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Integration of Current Forest Management With 
California Spotted Owl Management and Conservation 
Recent research suggests that fundamental changes in forest management may 
be required to promote resilience, given current forest conditions resulting from 
historical management practices, a changing climate, and an increased focus on 
wildfire, both as a threat to habitat and human values, as well as the primary natural 
disturbance agent that historically has shaped vegetation structure and function 
(Larson and Churchill 2012; North et al. 2009, 2012; Perry et al. 2011). North (2012) 
and North et al. (2009, 2012) have proposed a conceptual forest restoration frame-
work that focuses management perspective across multiple spatial and temporal 
scales when identifying future desired conditions. Key operating concepts focus on 
fine-scale vegetation heterogeneity resulting from the primary role of fire, embed-
ded within landscape vegetation patterns that are influenced by topography, eleva-
tion, latitude, and natural fire regimes over longer temporal scales and larger spatial 
scales. At the core of this framework is the hypothesis that forest resilience may 
best be realized by approaches that restore or mimic Sierra Nevada forest structure 
and function under a wildfire-dominated natural disturbance regime, with the goal 
of reintroducing fire as an important process to these systems where and when pos-
sible (North 2012; North et al. 2009, 2012).

One key measure of success for the proposed forest restoration framework 
focused on forest resilience will be to sustain biodiversity and well-distributed, 
viable populations of sensitive, focal wildlife species, such as the California spot-
ted owl, fisher, and marten. Similar to the multiscale management considerations 
for forests, management of California spotted owls and their habitat has parallel 
considerations of spatial scales, ranging from patches containing specific habitat 
elements used for nesting and foraging (e.g., large trees, downed logs) to landscapes 
capable of supporting high-quality territories and viable populations. For the past 
20 years, California spotted owl management has been based on recommendations 
provided by the California Spotted Owl Technical Report (Verner et al. 1992). This 
strategy consisted of establishing protected activity centers (PACs) of approxi-
mately 300 ac (121.5 ha) for each owl site, and using forest treatments designed to 
maintain large trees within treatment units. Following the Sierra Nevada Forest 
Plan Amendment (USDA FS 2004), management was adjusted to include a 1,000-
ac (405-ha) home range core, where an additional 700 ac (283.5 ha) outside of the 
PAC is designated and managed as foraging habitat around core areas. Originally, 
the PAC concept was adopted as an interim strategy to reduce risk from timber 
harvest and protect the large trees and mature forest known to be important habitat 
around spotted owl core areas, as well as large trees throughout treated forest areas, 
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until a more comprehensive forest management strategy could be developed. Little 
evaluation of the PAC strategy, and no evaluation of CASPO forest treatments, has 
been conducted, but recent work documents that PACs have been successful in 
protecting important nesting and roosting habitat and that owls use these PACs over 
very long periods of time (Berigan et al. 2012). However, it is uncertain if a reserve-
based PAC strategy can effectively provide habitat to support a viable population 
of California spotted owls over the long term in the wildfire-structured forests of 
the Sierra Nevada, given increasing trends in wildfire acres burned and amounts of 
high-severity wildfire associated with contemporary forest fuel loads and projected 
future climate change scenarios (Ager et al. 2007, 2012; Gaines et al. 2010; Miller et 
al. 2009; Roloff et al. 2012).

Recommendations proposed by North et al. (2009) focus on using topography, 
aspect, elevation, latitude, and desired vegetation conditions more consistent with 
patterns that would result under a natural disturbance regime structured by wildfire 
to guide management decisions. Management of denser forest habitat conditions 
would be targeted for topographic locations where wildfires would have burned less 
frequently or at lower severities, such as northerly aspects, canyon bottoms, and 
riparian areas. Conversely, south-facing slopes and ridge tops would be managed 
for more open vegetative conditions consistent with patterns that would be expected 
under a more natural fire regime. Nested within the overarching landscape scale, 
vegetation treatments would focus on generating patch-scale heterogeneity in forest 
structure and composition thought to be more consistent with conditions generated 
by a frequent, predominately low- to moderate-severity fire regime. Whether the 
management strategy proposed by North et al. (2009) can provide for viable popula-
tions of California owls is a hypothesis that requires field testing and validation.

No information is available on historical spotted owl distribution, numbers, 
or habitat associations under pre-Euro-American forest conditions in the Sierra 
Nevada. California spotted owls were present in these forests, but no information 
is available to evaluate how they interacted with forest landscapes that were gener-
ally less dense, more heterogeneous at multiple spatial scales, and dominated by 
large trees. Further, there is no information on the population size and densities of 
California spotted owls that occurred under these historical conditions. Thus, there 
is no base of historical information to convey how California spotted owls might 
respond to future conditions that may be more similar to the pre-Euro-American 
forest conditions in the Sierra Nevada. However, results from recent research on 
spotted owl habitat associations provides a strong basis for identifying and manag-
ing for vegetation types (e.g., mature forest) and habitat elements (i.e., large trees, 
logs, and snags) important to spotted owls. 
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Recent empirical studies of spotted owl habitat associations consistently rein-
force the importance of large trees and mature forest habitat at the stand, core area, 
home range, and landscape scales (Dugger et al. 2005, Franklin et al. 2000, Olson et 
al. 2004). Hence, management to protect and enhance large trees and mature forest 
habitat and their resilience to wildfire and climate change is an important founda-
tional piece for a successful strategy to maintain viable populations of California 
spotted owls in the Sierra Nevada. However, recent studies have also indicated that 
vegetation heterogeneity is a component of high-quality habitat at core area and 
home range spatial scales, and that owls will forage in a broader range of vegetation 
conditions relative to nesting and roosting habitat. Simulation modeling studies also 
project that forest fuels and restoration treatments may be compatible with main-
taining spotted owl habitat (Ager et al. 2007, 2012; Lehmkuhl et al. 2007; Roloff et 
al. 2012).

Considering that California spotted owls evolved within heterogeneous Sierra 
Nevada forests structured by wildfire as the primary disturbance agent, as well 
as results from recent empirical and modeling studies, it is reasonable to expect 
that carefully crafted forest treatments can meet fuels and restoration objectives 
and provide habitat for California spotted owls. However, several caveats must be 
considered and uncertainty exists regarding how treatments will affect owl popula-
tions and their habitat. First, current understanding of California spotted owl habitat 
associations is based on studies conducted under contemporary forest conditions 
in the Sierra Nevada, which are shaped by timber harvest and fire suppression 
policies and management activities that have resulted in significant reductions in 
large trees and mature forest, and increases in forest homogeneity across stand and 
landscape spatial scales. It is uncertain if current habitat conditions are optimal for 
spotted owls and how owls may respond to future vegetation conditions that shift 
the landscape vegetation trajectory toward a condition more similar to patterns that 
would be expected under a natural disturbance regime largely driven by wildfire, 
but also influenced by other natural disturbances, such as insects, diseases and 
wind. Second, uncertainty exists regarding what constitutes high-quality spotted 
owl habitat capable of maintaining territories and viable populations over time. 
Current ongoing research investigating California spotted owl demography-habitat 
associations will help address these knowledge gaps.

Current population status and declining population trends of spotted owls on 
NFS lands in the Sierra Nevada point to the importance of a careful approach to 
management of California spotted owls and their habitat. Although the causes of the 
population declines are unknown, it is likely that historical and current vegetation 
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management practices (primarily timber harvest and fire suppression) are a factor. 
Additionally, range expansion of the barred owl into the Sierra Nevada is a seri-
ous emerging threat to California spotted owl viability. Recent research indicates 
that comprehensive forest management strategies are required to address forest 
resilience and restoration in the Sierra Nevada, given current vegetation conditions, 
trends in wildfire, and projected climate change (North et al. 2009). Considerable 
scientific uncertainty exists regarding how California spotted owls and their habitat 
will be affected by the management direction proposed in North et al. (2009). Adap-
tive management and monitoring of California spotted owls and their habitat will 
be an important element of a management strategy to address forest resilience and 
restoration in the Sierra Nevada.

Adaptive Management, Monitoring, and  
Information Needs
A number of tools and assessments can be used to address current scientific 
uncertainty about how California spotted owls and their habitat will respond to 
the management direction proposed in North et al. (2009). Ongoing research will 
address some of the information needs, whereas other needs can be met by tailoring 
existing modeling tools and approaches that have been developed for other applica-
tions to specifically address California spotted owls in the Sierra Nevada. Key 
information needs are highlighted below. 
1. Integrated conservation planning efforts to synthesize existing and ongoing 

research efforts and develop adaptive management planning and assessment 
tools could better inform forest management. Improved habitat models 
specific to California spotted owls in the Sierra Nevada are a core need to 
further understand owl-habitat associations and to develop adaptive man-
agement tools to assess how owls may respond to management scenarios. 
The current effort to conduct an integrated meta-analysis to relate over 20 
years of California spotted owl demographic data to changes in habitat over 
20 years across the four long-term demographic study areas in the Sierra 
Nevada will provide the most comprehensive assessment of owl habitat 
associations to date. Models from this effort can be further developed to 
function as adaptive management tools. Similarly, ongoing research devel-
oping patch-scale nesting and foraging models using Forest Inventory and 
Analysis data can be developed into adaptive management tools for assess-
ing treatment effects.
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2. Results from climate change assessments across the three subspecies of 
spotted owls indicate population-specific associations with weather factors 
and projected responses to future climate change (Glenn et al. 2010, Peery 
et al. 2012). Modeling to project how California spotted owl populations 
in the Sierra Nevada may respond to future climate and habitat scenarios 
would provide insight into possible future scenarios. The four ongoing 
demographic studies provide existing long-term data on owl populations 
across the Sierra Nevada that can inform this assessment.

3. Models at home range and landscape scales are needed to assess tradeoffs 
between wildfire risk and treatment effects over short and long time periods 
specific to the Sierra Nevada (e.g., Ager et al. 2012, Lee and Irwin 2005, 
Roloff et al. 2012, Scheller et al. 2011, Thompson et al. 2011).

4. Improved information on vegetation status, structure, and condition is 
needed to facilitate development of habitat models and to assess the effects 
of treatments on California spotted owls and their habitat. Current, widely 
available vegetation data are not consistent across the Sierra Nevada 
and vary among forests. At patch scales, existing vegetation data are not 
adequate to describe the finer scale heterogeneity that will result from 
the proposed new management direction. New vegetation information 
is required that describes finer scale heterogeneity that can then be used 
to model and assess owl habitat and treatment effects. Efforts to develop 
vegetation information that is better able to capture fine-scale vertical and 
horizontal heterogeneity, such as LiDAR or WorldView2 imagery, are 
promising (García-Feced et al. 2011; Hyde et al. 2005, 2006), yet as of now, 
they are not available and operational enough to be able to conduct patch- 
to landscape-scale analyses of owl habitat associations.

5. Efforts are needed to assess the distribution and status of barred owls 
across the Sierra Nevada. Barred owls pose an increasing risk to California 
spotted owls in the synthesis area and require conservation focus. 

6. Additional research is needed on the effects of high-severity fire on 
California spotted owl occupancy, population dynamics, and habitat given 
increasing trends in the amounts and patch sizes of high-severity fire in the 
Sierra Nevada (Miller et al. 2009).
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7. Little information is available on how prey affects California spotted 
owl foraging behavior and population dynamics. Better understanding 
of California spotted owl-prey associations across different vegetation 
types and elevations would be beneficial for tailoring treatments and 
desired landscape conditions across different regions of the Sierra Nevada. 
Additionally, a synthesis of the literature on small mammal habitat associ-
ations in the Sierra Nevada, and comparative information from other 
western forests, would be valuable for identifying important forest types, 
stand structure characteristics, and habitat elements important to small 
mammals that could be used to inform future management. 
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Air quality is an important consideration in promoting the resilience of socioeco-
logical systems because it affects human health and activities, the condition of 

terrestrial and aquatic ecosystems, and the ability of land managers to use fire as a tool 
for managing forests. 

Section 8—Air Quality
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