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The fisher was extirpated from much of the Pacific Northwestern United States during the mid- to late-
1900s and is now proposed for federal listing as a threatened species in all or part of its west coast range.
Following the translocation of 90 fishers from central British Columbia, Canada, to the Olympic Peninsula
of Washington State from 2008 to 2010, we investigated the landscape-scale habitat selection of reintro-
duced fishers across a broad range of forest ages and disturbance histories, providing the first information
on habitat relationships of newly reintroduced fishers in coastal coniferous forests in the Pacific
Northwest. We developed 17 a priori models to evaluate several habitat-selection hypotheses based on
premises of habitat models used to forecast habitat suitability for the reintroduced population.
Further, we hypothesized that female fishers, because of their smaller body size than males, greater vul-
nerability to predation, and specific reproductive requirements, would be more selective than males for
mid- to late-seral forest communities, where complex forest structural elements provide secure foraging,
resting, and denning sites. We assessed 11 forest structure and landscape characteristics within the home
range core-areas used by 19 females and 12 males and within randomly placed pseudo core areas that
represented available habitats. We used case-controlled logistic regression to compare the characteristics
of used and pseudo core areas and to assess selection by male and female fishers. Females were more
selective of core area placement than males. Fifteen of 19 females (79%) and 5 of 12 males (42%) selected
core areas within federal lands that encompassed primarily forests with an overstory of mid-sized or
large trees. Male fishers exhibited only weak selection for core areas dominated by forests with an over-
story of small trees, primarily on land managed for timber production or at high elevations. The amount
of natural open area best distinguished the use of core areas between males and females, with females
using substantially less natural open area than males. Although sex-specific selection has been suspected
for fishers, we identified factors that distinguish the selection of core areas by females from those of
males, information which will be valuable to managers planning reintroductions or providing suitable
habitat to promote fisher recovery in the Pacific Northwest.

� 2016 Elsevier B.V. All rights reserved.
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1. Introduction

The fisher is a mid-sized forest carnivore that once occurred
broadly throughout boreal and temperate forests of North America,
but was extirpated from much of the northern United States and
southern Canada during the mid to late 20th century as a result
of over-trapping, incidental capture, poaching, incidental mortality
through predator-control campaigns, and loss of habitat (Powell,
1993; Powell and Zielinski, 1994; Lewis and Zielinski, 1996;
Lewis et al., 2012). These factors contributed to the extirpation of
the fisher from Washington State by the mid-1900s (Aubry and
Lewis, 2003; Hayes and Lewis, 2006), and its listing as an endan-
gered species in Washington State in 1998. The fisher is also cur-
rently proposed for federal listing as a threatened species in all
or part of its West Coast range in the United States (westernWash-
ington, western Oregon, and California; USFWS, 2014).

From 2008 to 2010 we translocated 90 fishers from British
Columbia, Canada, to northwestern Washington State in an effort
to restore fishers and enhance the species’ conservation status
throughout the Pacific Northwest coastal region (Lewis, 2014).
Because fishers were extirpated from Washington and much of
Oregon by the mid-1900s (Aubry and Lewis, 2003), there was little
information beyond museum and trapping records and anecdotal
observations as a basis for identifying the most suitable habitats
for supporting a reintroduced fisher population in the Pacific
Northwest. Consequently, we assessed habitat suitability and iden-
tified optimum reintroduction sites in Washington based on
resource selection studies from other regions, which suggested
low to mid-elevation late-seral forest stands were the highest-
quality habitats (Lewis and Hayes, 2004). However, forested envi-
ronments in coastal Washington, and particularly the Olympic
Peninsula, are unique compared to forests elsewhere in the Pacific
Northwest due to the protection of large areas of late-seral temper-
ate rainforests within Olympic National Park and Olympic National
Forest, the extraordinary productivity and size of trees present in
late-seral stands, and the diversity of forest management practices
on the peninsula. We examined landscape-scale selection patterns
of fishers translocated to Washington’s Olympic Peninsula as a
basis for refining habitat models for future reintroductions and
understanding fisher-habitat relationships in the Pacific Northwest
coastal region.

Where their habitat associations have been studied in western
North America, fishers commonly prefer low- and mid-elevation
landscapes dominated by mid- to late-seral forests with
moderate-to-high canopy cover (Buskirk and Powell, 1994;
Powell and Zielinski, 1994; Lofroth et al., 2010; Raley et al.,
2012; Weir et al., 2012; Aubry et al., 2013), where large woody
structures such as large cavity trees, snags, and logs are relatively
common features (Hansen et al., 1991; Spies and Franklin, 1991).
Forests with moderate-to-high canopy closure are likely to pro-
vide: (1) overhead cover and escape cover for fishers (which are
good climbers; Powell, 1993), (2) cover for fisher prey, (3) suitable
microclimates for den and rest sites (Weir et al., 2004), and (4) a
sufficient canopy to intercept snow that would otherwise accumu-
late in greater depths on the forest floor and potentially impede
efficient travel (Krohn et al., 1995, 1997, 2004). Fishers will cross
small forest openings to access forest stands within their home
ranges, however they will typically avoid large open areas (e.g.,
wetlands, meadows, agricultural fields, and clearcuts; Buskirk
and Powell, 1994; Powell and Zielinski, 1994; Zielinski et al.,
2004a). Recent studies suggest that female fishers may be more
selective of habitats than males at the home range scale, and at
finer scales, as a result of their dependence on woody structures
for den sites and greater security requirements than males
(Zielinski et al., 2004a,b; Raley et al., 2012), although these rela-
tionships remain poorly understood.

Our objectives in this studywere to identify forest-structure and
landscape characteristics associated with home range establish-
ment by translocated male and female fishers, and determine if
landscape-scale habitat selection differed by sex. First we examined
the premise of the initial habitat suitability model (Lewis and
Hayes, 2004), whichwas based on the hypothesis that fisherswould
favor relatively dense, low to mid-elevation (<1300 m, i.e., average
upper limit of the Pacific silver fir [Abies amabilis] zone) conifer for-
ests dominated by mid- to late-seral forest stages of development
(>25 cm quadratic mean diameter [QMDA]), and would avoid open
areas (<40% canopy closure) and early-seral stands that lacked com-
plex forest structures associated with denning and resting. More-
over, because developed areas, paved roads, and areas with an
abundance of human activity (e.g., campgrounds, off-road vehicle
recreation areas, timber harvest units, ski areas) may pose threats
to fishers (Naney et al., 2012), we speculated that fishers would
likely avoid areas with more paved roads (i.e., more vehicle traffic),
where human disturbances were likely to be greatest.

Further, we examined whether translocated fishers exhibited
different levels of selectivity that may reflect sex-specific differ-
ences in reproductive requirements and body size (Powell, 1993).
Because females give birth and raise young in large snags, cavity
trees, and down logs, we hypothesized that females would be more
selective than males of landscapes dominated by contiguous mid-
or late-seral forests, where these structural components of forests
are most abundant (Raley et al., 2012). Females are also smaller
than males (2–3 kg versus 4–6 kg; Powell, 1993; Lewis et al.,
2011), which results in greater vulnerability to predation by other
mid-sized carnivores (e.g., bobcats [Felis rufus] and coyotes [Canis
latrans]; Wengert et al., 2013). We therefore hypothesized that this
would reinforce their selection for continuous mid- to late-seral
forests and avoidance of highly fragmented forest landscapes
(e.g., industrial timberlands), where bobcat and coyote densities
were likely greatest (Voigt and Berg, 1987; Anderson and Lovallo,
2003). In recognition that resource selection following transloca-
tions may reflect social and behavioral factors as well as habitat
cues that signal requisite prey and security values (Stamps, 1988;
Smith and Peacock, 1990; Stamps and Swaisgood, 2007), we con-



Fig. 1. Study area and land ownerships on the Olympic Peninsula, Washington, where fishers were reintroduced and monitored using aerial and ground-based telemetry
from 2008 to 2011. Stars indicate general areas where fishers were released.
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clude by discussing the potential roles of non-habitat related
factors affecting home range establishment of translocated
fishers.
2. Material and methods

2.1. Study area

The study area (14,412 km2) included most of the Olympic
Peninsula in western Washington, which is bordered by the Pacific
Ocean to the west, the Strait of Juan de Fuca to the north, and Hood
Canal to the east (Fig. 1). The center of the peninsula is dominated
by the Olympic Mountains and Mt. Olympus (at a height of
2215 m) within Olympic National Park. Eleven major watersheds
radiate outwards from the mountainous core of the peninsula,
sloping down to a pronounced coastal plain near sea level to the
west and to smaller plains to the north and east.

The Olympic Peninsula has a temperate maritime climate char-
acterized by warm summers and cool winters (Peel et al., 2007).
There is a pronounced orographic influence of the Olympic Moun-
tains on precipitation across the peninsula, which ranges generally
from 300 to 500 cm on the west slope of the mountains to 40 cm in
the northeastern corner of the peninsula on the leeward side of the
Olympic Mountains (Gavin and Brubaker, 2015). Eighty percent of
annual precipitation on the Olympic Peninsula falls from October
through March, primarily as rain at elevations below 300 m and
as snow above 800 m.
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Conifer forests dominate the peninsula from sea level to the
subalpine and alpine zones, which generally prevail above about
1500 m, depending on temperature and precipitation (Houston
and Schreiner, 1994). Forest zones ordered along elevational gradi-
ents range from the Sitka spruce (Picea sitchensis) zone (<�250 m
in coastal areas and west-side floodplains), to the western hemlock
(Tsuga heterophylla) zone at low to mid-elevations (<�1100 m), the
Pacific silver fir at mid-elevations (<�1300 m), and mountain hem-
lock (Tsuga mertensiana) and subalpine fir (Abies lasiocarpa) zones
that extend to timberline (Franklin and Dyrness, 1988; Houston
and Schreiner, 1994). Forests in the Sitka spruce zone on the west
side of the Olympic Mountains are often referred to as temperate
rainforests, and are characterized by large-diameter trees (>1 m
diameter at breast height), epiphytic plants, and dense understory
vegetation (Franklin and Dyrness, 1988). Hardwoods including red
alder (Alnus rubra), bigleaf maple (Acer macrophyllum) and black
cottonwood (Populus trichocarpa) are common in riparian forests
along major rivers (Fonda, 1974; Houston and Schreiner, 1994).
Sixteen meadow communities have been identified in subalpine
parklands and alpine zones of the park, generally above 1500 m,
comprising diverse assemblages of herbaceous forbs, grasses,
sedges, and low ericaceous shrubs (Schreiner, 1994).

A wide variety of land ownerships and management uses com-
prise the Olympic Peninsula. Olympic National Park and Olympic
National Forest make up the Olympic Recovery Area as defined in
the Washington State Fisher Recovery Plan on the basis of the
extent and quality of protected, late-seral forested ecosystems
(Hayes and Lewis, 2006). Olympic National Park preserves about
284,955 ha (704,139 ac) of forested habitat that is off-limits to
commercial timber production and other extractive uses, almost
all (96%) of which is designated as wilderness. Much of the park’s
circumference is bounded by Olympic National Forest (Fig. 1),
which encompasses mountainous terrain in the middle portions
of many of the drainages that originate in the park. Olympic
National Forest also contains 35,719 ha of designated wilderness
where resource extraction is prohibited. The remainder of Olympic
National Forest (218,465 ha) was managed for timber and other
values from the 1950s to the 1990s, but is now managed under
the Northwest Forest Plan (USDA Forest Service and USDI Bureau
of Land Management, 1994) to protect late-seral forests and accel-
erate the development of late-seral forest characteristics in regen-
erating forests resulting from past logging. Lower elevation lands
outside the Olympic National Forest boundary are owned and
managed by Washington Department of Natural Resources
(WDNR), Native American tribes, private timber companies and
other private landowners, counties, and local municipalities.
Washington Department of Natural Resources’ lands are managed
under the guidance of a Habitat Conservation Plan (Washington
Department of Natural Resources, 1997), which targets the reten-
tion of older forests for northern spotted owls (Strix occidentalis
caurina) and marbled murrelets (Brachyramphus marmoratus) in
portions of the western Olympic Peninsula. Private and tribal lands
are dominated by second-growth forests as a result of past timber
management practices.

Because of the drier climate in the eastern and northeastern
Olympic Mountains, wildfires in this area have had a more pro-
nounced role in forest succession than in other areas of the Olym-
pic Peninsula (Henderson et al., 1989). Extensive stand-replacing
wildfires (i.e., >1 million ha) burned a broad swath along the north-
ern and eastern perimeter of the Olympic Mountains at approxi-
mately 200 year intervals in the early 1300’s, 1500’s, and 1700’s
(Gavin and Brubaker, 2015). Considerable areas burned again on
the northern Olympic Peninsula and along Hood Canal during the
human settlement period from 1860 to 1900, mostly due to fires
that escaped from land-clearing activities (Gavin and Brubaker,
2015). Fire history in the northern and eastern Olympic Mountains
has left large landscapes dominated by mid- to late-seral stands at
mid-elevations. Although much of this region of the peninsula is
dominated by mid-sized trees, a notable characteristic of these
aging burns is the high frequency of patches of large trees and indi-
vidual legacy trees that survived fire, leaving a fine-grained mosaic
of diverse forest ages and structures (Henderson et al., 1989).

2.2. Fisher release

We released 90 fishers (50 F, 40 M) at 10 sites in Olympic
National Park from 27 January 2008 to 20 February 2010 with
the goal of reestablishing a self-sustaining population of fishers
on the Olympic Peninsula (Fig. 1; Lewis et al., 2011; Lewis,
2014). Release sites were distributed widely in the park to facilitate
fisher occupancy of landscapes dominated by late-seral conifer for-
ests. All fishers were released immediately upon arrival at a release
site; there was no acclimation period prior to release, as has been
the case for some fisher reintroductions (i.e., soft releases; Roy,
1991; Heinemeyer, 1993; Weir, 1995). Of the 90 fishers released,
82 (50 F, 32 M) were equipped with a 40-g VHF radio-collar (model
MI-2 with mortality sensor, Holohil Systems Ltd., Carp, Ontario,
Canada; http://www.holohil.com; accessed 15.02.16). Among the
remaining eight fishers, five males (each weighing >4.5 kg) were
equipped with a 120-g Argos satellite collar (Kiwisat 202, Sirtrack
Ltd, Havelock North, New Zealand; http://www.sirtrack.com;
accessed 15.02.16) and three males were equipped with a 41-g
VHF transmitter surgically implanted in the abdominal cavity
(model IMP/310/L with mortality sensor, Telonics Inc., Mesa, AZ,
USA; http://www.telonics.com; accessed 15.02.16). Animal-
handling procedures met or exceeded the guidelines of the
American Society of Mammalogists for the use of wild mammals
for research (Sikes and Gannon, 2011) and were approved by
Washington Department of Fish and Wildlife’s Animal Care and
Use Committee.

2.3. Telemetry monitoring

We tracked the movements of transmitter-equipped fishers for
up to 2 years following their release using standard aerial teleme-
try methods from a single-engine, fixed-wing airplane. We
attempted to locate each fisher at least once per week, but incle-
ment weather prevented flights during some weeks. Furthermore,
the extensive and rugged nature of the study area, the relatively
short transmission distance of VHF radio-collars, and the long-
distance movements of many fishers made it impossible to locate
each fisher every week. Occasionally, we determined locations
using standard ground–tracking techniques, generally to supple-
ment aerial locations of fishers in areas where ground telemetry
was feasible, to locate den sites, or retrieve dead fishers. Once we
determined a fisher’s specific location, either by ground or air,
we recorded Universal Transverse Mercator grid coordinates with
a global positioning system (GPS) and rated accuracy based on sub-
jective judgments of signal strength, altitude of the aircraft, and
terrain. An accuracy rating of 1.5 was given to locations with an
estimated error <500 m, a rating of 2 for locations with an esti-
mated error 500 m–1 km, a rating of 3 for locations with an esti-
mated error 1–5 km, and a rating of 4 for locations with an
estimated error >5 km. A location-accuracy rating of 1 was given
to ground locations where the location was known (e.g., carcass
found, visual observation, fisher occupying a known den) or con-
sidered accurate within 100 m.

We evaluated the accuracy of aerial-telemetry locations by
placing test collars at 31 known locations within the study area
that were representative of the range of topographic and vegeta-
tion conditions occupied by fishers, and unknown to the tracking
pilot. Locations given an accuracy rating of 1.5 had a mean location

http://www.holohil.com;
http://www.sirtrack.com;
http://www.telonics.com;
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error of 281 ± 47 m (±SE) and locations given an accuracy rating of
2 had a mean location error of 420 ± 117 m. Thus, the accuracy of
test-collar locations was generally greater than the accuracy rating
we assigned to those locations during the test flights.

For analyses of home range and core area estimation, we only
used locations with an accuracy rating 63; however, <5% of the
locations used in our analyses had an accuracy rating of 3. To avoid
temporal autocorrelation, we used locations collectedP24 h apart.
We limited the number of ground locations that were mixed with
aerial locations to no more than 1 ground location during each
7-day period to minimize any bias associated with a greater num-
ber of ground locations obtained for fishers that occupied more
accessible areas. An exception to this rule was made for male
M011 because the area M011 inhabited was entirely accessible
by vehicle and its movements were consistently monitored from
the ground by the staff of the Makah Tribal Forestry Department.

2.4. Home range and core area estimation

Reintroduced fishers generally explored their new environment
prior to establishing a home range (Heinemeyer, 1993; Proulx
et al., 1994; Weir, 1995; Lewis, 2014). The nature of this explo-
ration varied considerably among individuals, but once a translo-
cated fisher found a suitable location, its movements become
localized and the distances between subsequent locations become
smaller as it established a home range (Weir, 1995; Lewis, 2014).

We defined home ranges and home range core-areas of estab-
lished fishers after each settled into a consistent space-use pattern.
We distinguished post-release exploratory movements from
movements associated with home range establishment following
methods of Weir (1995) and Weir et al. (2009) by plotting the
mean-squared distance (MSD) between consecutive sets of 6 suc-
cessive locations for each fisher (generally obtained over
6–12 weeks), and subjectively determining when movements
became localized within a consistently used home range. Follow-
ing home range establishment, we estimated home range and core
area boundaries using the fixed-kernel method (Worton, 1989) to
create 95% and 50% utilization distributions, respectively. We used
Animal Space Use to calculate smoothing parameters (Horne and
Garton, 2009) and Home Range Tools for Arc GIS to delineate home
range and core range boundaries (Rodgers et al., 2007). All home
ranges and core areas were based on >20 locations collected over
>6 months from the time the home range was established until
the fisher died or its radio-transmitter failed. Animals failing to
meet that minimum sampling requirement were not considered
further for analysis. Occasionally a fisher left its home range, often
during the breeding season, and returned 12–130 days later (Lewis,
2014), but locations associated with such forays were not included
in location tallies or home range calculations.

2.5. Resource selection

We assessed landscape selection patterns by comparing charac-
teristics of habitats within core areas (i.e., 50% utilization contour)
used by fishers to characteristics within a randomly placed sample
of ‘pseudo’ core areas that represented habitats available to the
translocated fishers. This method has been used to study landscape
selection patterns of fisher home ranges (Weir and Corbould, 2010;
Sauder and Rachlow, 2014). Prior to making the decision to focus
our analyses on core areas rather than home ranges, we examined
patterns produced from both analyses and found remarkably con-
sistent results (Lewis, 2014), although patterns were more pro-
nounced based on core areas. We reasoned that selection should
be more meaningful if the analysis is based on the most frequently
used and highly selected portion of each animal’s utilization
distribution.
For each fisher with >20 locations, we defined the landscape
available for core area establishment as all land area within
66 km (for females) and 108 km (for males) of each fisher’s release
site. These distances were equal to the greatest distance observed
between a release site and the center of a used core area for female
and male fishers. We inscribed the area available for core area
establishment based on the maximum distances between release
sites and core areas because most fishers traversed a greater dis-
tance away from the release site before returning closer to the
release site to establish a home range.

To assess the characteristics of available areas, we generated a
sample of 50 pseudo core areas for each fisher, and each pseudo
core area was identical in shape and configuration to the used core
area. Pseudo core areas were placed in random locations within the
available landscape but were rotated in random directions (0–360
degrees) (Katnik and Weilgus, 2005). The random placement of
pseudo core areas for each individual was constrained to prevent
overlap; however, overlap was allowed among different individu-
als. Pseudo core areas that were located at the periphery of the
study area (i.e., the core area centroid was within the boundary)
were clipped to exclude areas beyond the study area boundary,
including the Pacific Ocean, Strait of Juan de Fuca, and Hood Canal.

2.6. Environmental variables and models

We examined support for the influence of 11 environmental
variables on the selection of core areas by radio-collared fishers
(Table 1). We obtained 30 � 30-m pixel data from the Landscape
Ecology, Modeling, Mapping and Analysis (LEMMA) project of the
U.S. Forest Service and Oregon State University (http://www.fsl.
orst.edu/lemma/; Ohmann and Gregory, 2002; accessed 15.02.16)
to characterize forest structure within used core areas and pseudo
core areas. LEMMA data were derived from 2006 satellite imagery
of all lands within the analysis area of the Northwest Forest Plan
(western Washington, western Oregon, and northwestern Califor-
nia); thus, these data are most appropriate for analyses conducted
at large spatial scales (i.e., the landscape scale; Ohmann and
Gregory, 2002). We used only LEMMA data with accuracy assess-
ments that indicated >70% agreement between observed (plot)
and predicted (model) data (i.e., agreement was 0.75 for canopy
cover and 0.72 for QMDA of dominant/co-dominant trees).

We developed a series of 17 a priori models of factors influenc-
ing core area selection to evaluate our primary hypotheses that for-
est structure, landscape composition, and human disturbance were
expected to influence core area establishment by translocated
fishers (Table 2). To examine the hypothesis that females were
more selective than males, we evaluated each model separately
for male and female fishers. In addition to examining resource
selection patterns of male and female fishers relative to habitat
availability, we also contrasted selection patterns of male and
female fishers directly by comparing the composition of male
and female core areas (Table 2).

2.7. Statistical analyses

We used the one-to-many case-controlled logistic regression
outlined by Hosmer and Lemeshow (2000) to compare used and
pseudo core areas for male and female fishers. Landscape charac-
teristics of each used core area (i.e., one) were compared to charac-
teristics of 50 pseudo core areas (i.e., many) that were available to
that individual. We used PROC LOGISTIC with the STRATA com-
mand in program SAS (SAS Institute, Cary, NC) to run the case-
controlled logistic regressions, which enabled us to control for
the influence of unique shapes and sizes of core areas on the mea-
surement of environmental variables (Table 2). Because the case-
controlled logistic regression does not produce a single intercept

http://www.fsl.orst.edu/lemma/;
http://www.fsl.orst.edu/lemma/;


Table 1
Environmental variables and sources of data used to evaluate landscape-scale habitat selection by fishers on the Olympic Peninsula, Washington. We assessed each variable
within established core areas (50% utilization contours) of fishers and in pseudo core areas.

Variable Definition Data sourcea

Canopy cover Mean pixel value (%) for percent canopy cover of all live trees LEMMA – CANCOV
Mean QMDA Mean pixel value (cm) for QMDA of all dominant and co-dominant trees, an index of

relative abundance of large woody structures (e.g., large snags, cavity trees, and logs).
LEMMA – QMDA_DOM

Small tree classb % of pixels with CANCOV >40% and QMDA_DOM <25 cm LEMMA –STRUCCOND 3
Mid-sized tree classc % of pixels with CANCOV >40% and QMDA_DOM of 25–50 cm LEMMA –STRUCCOND 4
Mid-sized to large tree class % of pixels with CANCOV >40% and QMDA_DOM P25 cm LEMMA –STRUCCOND 4, 5, or 6
Large tree class % of pixels with CANCOV >40% and QMDA_DOM >50 cm LEMMA –STRUCCOND 5 or 6
Mean elevation Mean elevation (m) of the pixels USGS 10-meter digital elevation

models
Natural open aread % of pixels that are classified as natural open area National Landcover Database (2006)e

Managed open aread % of pixels within a contour that are classified as human-managed open area National Landcover Database (2006)e

Patch density Number of patches/km2 where patches were groupings of contiguous pixels of sparse/
open forest (STRUCCOND 1, 2 combined), small tree class (STRUCOND 3), and mid-sized to
large tree class (STRUCCOND 4-6 combined)

LEMMA – STRUCCOND

Paved roadsf % of pixels classified as a paved road Washington Department of Natural
Resources, Transportation data: using
the ROAD_SUR_TY variable

a LEMMA is the Landscape Ecology, Modeling, Mapping & Analysis project of the U.S. Forest Service and Oregon State University (http://www.fsl.orst.edu/lemma/; accessed
15.02.16) CANCOV is canopy cover; QMDA_DOM is Quadratic mean diameter of dominant trees; STRUCCOND refers to structure condition classes; ROAD_SUR_TY refers to
road surface classification.

b The small tree class was composed of both early-seral regenerating forests at low elevations and in older subalpine forests at higher elevations. Overstory trees are
defined as the dominant and co-dominant trees within a stand, or the evaluated pixel.

c The mid-sized tree class was composed primarily of mid-seral, even-aged stands resulting from forest harvesting outside of Olympic National Park, as well as consid-
erably older forests that regenerated following wildfires at higher elevations, primarily within Olympic National Park or Olympic National Forest.

d Natural open areas included open water, perennial snow/ice, barren land, shrub/scrub and, herbaceous vegetation (including seral stages resulting from clear-cut
logging), and wetlands. Managed open areas included developed open space, low- to high-intensity developed areas, hay/pasture, cultivated crop fields.

e National Landcover Database (2006) data was available at: http://www.mrlc.gov/nlcd2006.php (accessed 15.02.16).
f Paved road data from Washington Department of Natural Resources was available at: http://www.dnr.wa.gov/GIS); accessed 18.02.16).

Table 2
Hypotheses, corresponding apriori models, and predicted responses for evaluating landscape-scale selection of male and female fishers on the Olympic Peninsula, Washington.
Landscape-scale habitat selection is based on comparisons of used core areas with pseudo core areas within the study area. Model predictions (in parenthesis) for habitat
hypotheses reflect the expectation of selection (+) or avoidance (�) for both sexes. Model predictions for sex-based differences reflect the expectation for greater selection (+) or
avoidance (�) by females relative to males.

Hypotheses Modelsa Reference(s)

Habitat: Fishers will select core areas encompassing the following
characteristics:

Canopy cover: moderate to dense forest cover (1) Canopy cover (+) Carroll et al. (1999), Zielinski et al.
(2004a)

Large-diameter woody structures: For example, cavity trees, snags, large logs (2) QMDA of all dominant and co-dominant
trees (+)

Purcell et al. (2009), Weir et al. (2012)

Forest structure class: primarily mid-sized or large tree classes (3) Large tree class (+)
(4) Mid-sized to large tree class (+)
(5) Mid-sized tree class (+)
(6) Small tree class (�)

Jones and Garton (1994), Zielinski
et al. (2004a)

Elevation: low or mid-elevations (7–12) by adding ‘‘elevation” to models
1–6 above (�)

Buskirk and Powell (1994), Raley
et al. (2012)

Forest openings: low amounts of open-canopied habitat (13) Natural open areas (�)
(14) Managed open areas (�)
(15) Natural + managed open areas (�)

Weir and Corbould (2010), Sauder
and Rachlow (2014)

Forest fragmentation: low patch densities (16) Patch density (�) Weir and Harestad (1997), Thompson
et al. (2011)

Paved roads/vehicle traffic: low percentage of paved roads (17) Paved roads (�) Naney et al. (2012)
Sex: Females will be more selective of habitats than males. Core areas of

females will differ from those of males
(1–16) (±, above, refers to female selection
pattern relative to males)

a Variables included in these models are defined in Table 1.
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value, the modelled probabilities represent relative probability of
use ranging from 0 to 1. We also used PROC LOGISTIC to compare
landscape characteristics of the used core areas of females to those
of males. For all analyses, we limited candidate models to two vari-
ables to maintain a >5 to 1 ratio in the number of independent
sampling units (i.e., 12 male fishers) to variables, as recommended
by Vittinghoff and McCulloch (2007). To avoid issues of multi-
collinearity, we limited our use of multivariate models to those
with variables that had Pearson correlation coefficients <0.65.
We used the small sample variant of Akaike’s Information Crite-
rion (AICc; Burnham and Anderson, 2002) to assess the support for
candidate models. We considered models with DAICc <2 to be
highly supported, those with DAICc from 2 to 4 to be moderately
supported, and those with DAICc >4 and <8 to have limited sup-
port. To incorporate the effects of model uncertainty on core area
selection, we averaged the predicted probabilities of use based
on models that accounted for the top 95% of the cumulative model
weights (i.e., a 95% confidence set). We model-averaged the

http://www.fsl.orst.edu/lemma/
http://www.mrlc.gov/nlcd2006.php
http://www.dnr.wa.gov/GIS);


Fig. 2. Spatial distribution of core areas (50% utilization contours) of 19 female and 12 male fishers reintroduced on the Olympic Peninsula, Washington, 2008�2011. Olympic
National Park is delineated by the black line; Olympic National Forest is adjacent to the park and is delineated by the dashed white line.
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predicted responses of models in the candidate set, rather than
deriving predictions from model-averaged parameters, as required
for non-linear models (Cade, 2015). We calculated odds ratios (and
95% confidence limits) to assess the direction and magnitude of
individual covariate effects in the highly supported models on core
area selection. We considered model variables influential in pre-
dicting core area selection if the estimated odds ratios and associ-
ated 95% confidence intervals did not overlap 1. To illustrate the
effect of key variables in the highly supported models of core area
use, we calculated the relative probabilities of use (Hosmer and
Lemeshow, 2000) and plotted these against the predictor variables
based on the range of values for predictor variables found within
pseudo core areas.
3. Results

We estimated home ranges and core areas for 19 females and
12 males (Fig. 2). Home ranges of male and female fishers averaged
128.3 ± 21.2 km2 and 63.5 ± 9.0 km2, respectively, whereas core
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area sizes averaged 32.8 ± 5.5 km2 and 15.3 ± 2.3 km2, respectively.
Core areas of 15 (79%) of the 19 females occurred within the
boundaries of Olympic National Park or Olympic National Forest
(i.e., the Olympic Recovery Area; Fig. 2), whereas the remaining
four females (21%) used core areas on primarily non-federal lands
(see ownerships in Fig. 1). By contrast, only five of the 12 males
(42%) used core areas primarily within Olympic National Park or
Olympic National Forest; the remaining seven males (58%) used
core areas that were primarily on non-federal lands (Fig. 2).

Core areas of males tended to encompass larger areas of small
trees and natural open areas than those of females, whereas core
areas of females tended to comprise larger proportions of area in
mid-sized and large trees (Table 3). Pseudo core areas, which
reflected landscapes available based on the extent of post-release
movements of males and females, also tended to differ between
males and females, with greater proportions of small trees and
low elevations available to males, and greater proportions of
mid-sized to large tree classes available to females (Table 3).
3.1. Core area selection by females

Core area selection by females was most closely associated with
forests comprised of mid-sized trees at higher elevations
(wi = 0.960; Table 4). This top model had 25 times more support
Table 3
Mean values and standard errors (SE) of landscape variables within used and pseudo core ar
variables are defined in Table 1.

Variables Females

Used (n = 19) Pseudo (n

Mean SE Mean

% canopy cover 71.84 1.88 69.94
Mean QMDA (cm) 34.74 1.35 36.34
% small tree class 20.37 3.67 19.63
% mid-sized tree class 42.91 3.03 29.97
% mid-sized to large tree class 68.35 4.29 63.09
% large tree class 25.43 3.28 33.12
Mean elevation (m) 811 106 642
% natural open area 12.23 2.26 20.68
% managed open area 3.04 1.77 3.47
Patch density (patches/km2) 6.03 0.64 6.39
% paved roads 0.32 0.15 0.43

Table 4
The 95% model set (based on cumulative wi) used to examine landscape-scale habitat selec
were based on data from used and pseudo core areas for 19 female and 12 male fishers. O

Model Odds ratio variable 1 Odds rati

Females
Mid-sized tree class + elevation 1.079a 1.002a

Males
QMDA + elevation 0.864a 1.001
Patch density 1.200
Small tree class + elevation 1.052a 1.001
QMDA 0.926
Canopy cover 0.925
Small tree class 1.026
Null
Canopy cover + elevation
Large tree class
Mid-sized to large tree class
Large tree class + elevation
Natural open
Paved roads
Mid-sized tree class
Managed open

a The 95% confidence interval for this odds ratio did not include 1.
than the second-ranking model, which included only the percent-
age of forests in the mid-sized tree class. Thus, the inclusion of
mean elevation resulted in much greater support from the data.
Five (26%) of the 19 females established core areas in low-
elevation forest landscapes (�x = 169 m, range: 22–299), whereas
14 females (74%) established core areas in mid-elevation forest
landscapes (�x = 1041 m; range: 657–1471).

Estimated odds ratios indicated that use of core areas by
females was influenced positively by the percentage of forest in
the mid-sized tree class and mean elevation (Table 4). Within core
areas, an increase in the relative probability of use was greatest as
the percentage of forest in the mid-sized class increased from 0% to
40% and as elevation increased from 25 to 800 m (Fig. 3).
3.2. Core area selection by males

The highest-ranked model for explaining male selection of
core areas included mean QMDA (�) and mean elevation (+)
(wi = 0.200); however, there were six models that were highly sup-
ported (i.e., DAICc < 2.0), all 17 models had at least limited support
(i.e., DAICc 6 6.1; Table 4), and notably, the null model of no selec-
tion was moderately supported (DAICc = 2.3). Collectively, these
indicators suggested that males were not highly selective of the
core area attributes included in the models we evaluated. The three
eas of female and male fishers on the Olympic Peninsula, Washington, 2008�2011. All

Males

= 950) Used (n = 12) Pseudo (n = 600)

SE Mean SE Mean SE

0.25 66.13 1.87 68.87 0.22
0.29 30.00 1.78 33.37 0.29
0.50 32.49 3.45 24.98 0.66
0.49 31.93 2.59 30.94 0.53
0.73 50.20 4.99 56.66 0.90
0.85 18.28 3.76 25.73 0.97
13 565 168 517 16
0.58 25.90 3.38 23.53 0.63
0.30 3.23 0.88 3.74 0.30
0.14 7.99 0.55 6.41 0.12
0.04 0.58 0.17 0.47 0.04

tion by fishers on the Olympic Peninsula, Washington, 2008–2011. Model evaluations
dds ratios were provided for highly supported models (i.e., DAICc <2.0).

o variable 2 K AICc DAICc wi

4 131.164 0.000 0.960

4 92.052 0.000 0.200
3 93.043 0.991 0.122
4 93.120 1.068 0.117
3 93.466 1.414 0.099
3 93.754 1.702 0.086
3 94.030 1.978 0.075
2 94.371 2.319 0.059
4 94.821 2.769 0.050
3 95.057 3.005 0.045
3 95.385 3.333 0.038
4 95.844 3.792 0.030
3 96.108 4.056 0.026
3 96.265 4.213 0.024
3 96.315 4.263 0.024
3 96.316 4.264 0.024



Fig. 3. Relative probability of female use of core areas based on the percentage of
forest with an overstory of mid-sized trees and mean elevation (the best model for
explaining female selection of core areas) for the range of values found within
pseudo core areas. Probability calculations are relative because no intercept values
are produced in conditional logistic regression for calculating a true probability.

Fig. 4. Relative probability of male use of core areas based on the mean QMDA and
mean elevation for the range of values found within pseudo core areas. Relative
probability predictions were determined from model-averaging predicted out-
comes of models that comprised 95% of cumulative model weights (wi). We used
median values for all variables in models except elevation and QMDA. Probability
calculations are relative because no intercept values are produced in conditional
logistic regression for calculating a true probability.
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top-ranked models, however, had 2–3 times greater support than
the null model based on ratios of model weights, suggesting there
was a weak tendency for males to use core areas with a greater
abundance of small trees, higher elevations, a greater percentage
of forest in the small tree class, and greater patch density. Of these,
the odds ratios indicated support only for selection of core areas
with smaller overstory trees and a greater percentage of forest in
the small tree class (Table 4). Graphical presentation of model-
averaged results substantiated that gradients of tree size and
elevation had minimal influence on relative probabilities of selec-
tion (Fig. 4).
3.3. Comparing female and male use of core areas

The best model for distinguishing female and male core areas
contained only the percentage of natural open area (wi = 0.465;
Table 5); all other models had less support from the data (DAICc

values >2.0). Estimated odds ratios indicated that, compared to
males, females used core areas with less natural open area
(Table 5). The predicted probability that a used core area belonged
to a female versus a male declined from >0.60 to negligible as the
percentage of natural open area increased from 0% to 60%, and the
probability also increased with the percentage of medium and
large trees (Fig. 5).
4. Discussion

Our findings partially supported the premise that translocated
fishers would choose landscapes dominated by late- and mid-
seral forests at low to mid-elevations for core area selection
(Lewis and Hayes, 2004). Female fishers selected core areas in pro-
tected landscapes (i.e., Olympic National Park and Olympic
National Forest) dominated by naturally regenerated stands of
mid-sized trees over those dominated by the largest trees available
in the study area and at middle rather than the lowest elevations.
Females clustered primarily in two landscapes; one defined largely
by historical wildfires that burned extensively throughout the
northern and eastern Olympic Mountains in the early 1700s and
late 1800s (Gavin and Brubaker, 2015), and the second found at
the interface of managed forestlands and Olympic National Park
on the west side of the peninsula (Fig. 2). Although both locations
are dominated by mid-seral forests, core areas selected by females
encompassed diverse mosaics of tree size and age classes (e.g. 25%,
43%, and 20% of stands dominated by large, mid-sized, and small
trees, respectively, Table 3), including remnant old-growth patches
and legacy old-growth trees that survived historical fires. The sec-
ond cluster of females was located on the margins of the logged
and protected forest landscapes, where older forests were available
nearby within Olympic National Park (Fig. 2). Our observations
were similar to those reported previously in northern Idaho, where
fishers selected many seral stages, including young stands initiated
by wildfires that retained scattered large trees and structures
important for denning, security or thermoregulation (Jones and
Garton, 1994). Our findings also support observations from north-
western California, where female fisher home ranges comprised an
average of 28%, 50%, and 23% late-, mid-, and early-seral stands,
respectively (Zielinski et al., 2004a). Collectively, our observations
corroborate the growing consensus that fishers are not as closely
linked to late-seral forests as once believed (Buskirk and Powell,
1994), but rather select mosaics of multiple stand ages that include
relatively high proportions of mid- to late-seral forests (Lofroth
et al., 2010; Raley et al., 2012).

Males were less selective in choosing core areas than were
females, settling in forests with a wider range of tree sizes and
age classes than females, including landscapes of younger forests
not previously identified as suitable habitat (Lewis and Hayes,
2004). Core areas selected by male fishers contained a greater
prevalence of small trees, higher patch density, and lower canopy
cover than was widely available throughout the study area. Male
core areas corresponded largely with private, State, and Tribal
lands where commercial timber production was a dominant land
use, or high elevation forests in Olympic National Park where small
tree classes were interspersed with natural meadows (Fig. 2).
Although there was weak support (relative to the null model of



Table 5
The 95% model set (based on cumulative wi) used to distinguish landscape characteristics of core areas used by 19 female and 12 male fishers on the Olympic Peninsula,
Washington, 2008–2011. Odds ratios were provided for highly supported models (i.e., DAICc <2.0).

Model Odds ratio
variable 1

Odds ratio
variable 2

K AICc DAICc wi

Natural open 0.894a 3 35.794 0.000 0.461
Natural open + managed open 4 38.231 2.437 0.136
Mid-sized to large tree class 3 39.338 3.544 0.078
Mid-sized tree class 3 39.382 3.588 0.077
Mid-sized tree class + elevation 4 40.101 4.307 0.054
Small tree class 3 41.096 5.302 0.033
Patch density 3 41.378 5.584 0.028
QMDA 3 41.448 5.654 0.027
Mid-sized to large tree class + elevation 4 41.637 5.843 0.025
Canopy cover 3 41.818 6.024 0.023
Canopy cover + elevation 4 43.337 7.543 0.011

a The 95% confidence interval for this odds ratio did not include 1.

Fig. 5. Predicted probability of female versus male use of a core area in relation to
the percentage of natural open area and the percentage of large and medium-sized
trees. Probability predictions were determined from model-averaging predicted
outcomes of models that comprised 95% of cumulative model weights (wi). We used
median values for all variables in models except % natural openings and % mid-sized
and large trees.
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no selection) for male fishers selecting landscapes dominated by
the small tree class, males selected core areas defined by high
diversity of tree size classes similar to females (18%, 32%, and
32% of stands dominated by large, mid-sized, and small trees,
respectively, Table 3), although the distribution for males was
skewed towards the smaller size class of trees. This composition
of core areas selected by males on the Olympic Peninsula is reason-
ably representative of forest age classes used by male fishers in
northwestern California (Zielinski et al., 2004a; 25%, 45%, 25% of
stands dominated by large, mid-sized, and small trees, respec-
tively), and corroborates previous indications that male fishers
are less selective of forested landscapes than females (Buck et al.,
1994; Zielinski et al., 2004a).

In addition to tending to select for larger tree classes and less
patchy environments for core area establishment, females clearly
avoided forest openings to a greater degree than males (Fig. 5).
Weir and Corbould (2010) and Sauder and Rachlow (2014) both
reported that the amount of open area was the best (negative)
predictor of home range selection by fishers in central British
Columbia and Idaho, respectively. Core areas of females and males
on the Olympic Peninsula comprised about 12% and 26% natural
forest openings, respectively, which were considerably higher than
5–10% reported for females and males in northwestern California
(Zielinski et al., 2004a). Nonetheless, our findings support the
broad consensus that fishers generally avoid non-forested cover
types (Lofroth et al., 2010; Raley et al., 2012), but suggest that this
may be particularly true for females.

We were surprised that few fishers established core areas in the
extensive low-elevation old-growth forests on the western valleys
and flanks of the Olympic Mountains (Fig. 2). These forests were
identified as highly suitable in the habitat assessment presented
by Lewis and Hayes (2004), as they are renowned for the large sta-
ture of trees, complex forest structure, and the abundance of both
standing and downed dead trees (Franklin and Dyrness, 1988). We
hypothesize that differences in prey availability between old-
growth forests and the mid-seral stage forests areas may partially
explain why fishers did not establish core areas in old-growth.
Fishers prey on a wide variety of small and medium-sized mam-
malian prey throughout their range (Martin, 1994; Zielinski et al.,
1999; Weir et al., 2005), including snowshoe hares
(Lepus americanus), sciurids, small mammals, and mountain bea-
vers (Aplodontia rufa) (Lewis et al., 2010, 2011). Unfortunately,
the relative abundance and distribution of potential prey on the
Olympic Peninsula is poorly understood relative to gradients in
either precipitation or forest succession. Recent inventories sug-
gested the relative abundance and diversity of small mammals
was lower in the western rainforest valleys of the park than in rep-
resentative northern and southern drainages on the peninsula
(Jenkins et al., 2005). Similarly, northern flying squirrels (Glau-
comys sabrinus) appear to reach higher densities in drier Douglas
fir forests than in the wetter Sitka spruce zone (Carey et al.,
1995). Furthermore, the greater abundance of snowshoe hares
and bushy tailed woodrats (Neotoma cinerea) in the diets of north-
ern spotted owls in the eastern compared to the western Olympic
mountains suggests that they may be more abundant in drier than
moist mature coniferous forest ecosystems on the peninsula
(Forsman et al., 2001). Information comparing prey abundance
across successional stages that include recently harvested stands
and old-growth forests are lacking on the peninsula. In general,
mountain beavers are most abundant in regenerating (seedling,
sapling) and young stands in managed forests, which support an
abundance of herbaceous plants, woody shrubs, and seedlings that
make up their diet (Hacker and Coblentz, 1993; Verts and
Carroway, 1998; Feldhamer et al., 2003; Arjo and Nolte, 2006;
Arjo et al., 2007). Our anecdotal observations also suggest that
mountain beavers and snowshoe hares were abundant in early-
seral forests following logging and at the high elevation ecotone
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with subalpine forests, but data are lacking. Clearly, additional
research on prey selection by male and female fishers and the rel-
ative distributions of prey species would be useful to better under-
stand habitat relationships of fishers on the peninsula.

The fisher is often referred to as a secretive carnivore because it
generally avoids humans and areas of human activity (Powell,
1993); however, we did not detect avoidance by males or females
of managed open areas (e.g., agricultural fields, developed areas) or
areas with greater densities of paved roads in relation to available
areas. Such managed open areas comprised <4% of the study area
(Table 3), however, and avoidance similar to that of natural open-
ings (i.e., clearcuts and natural meadows) might be more easily
detected if managed openings were more extensive. Models that
included effects of managed open areas and paved roads were
among the lowest ranked models for both males and females, sug-
gesting neither negative nor positive associations between fisher
core area selection and areas of human development. We docu-
mented several mortalities of fishers associated with vehicle colli-
sions before home ranges were established (Lewis, 2014),
suggesting that the initial use of developed areas by newly released
fishers may have been greater than indicated from the study of
established fishers, but that such habitats may have been local
sinks due to high mortality risks.

Because we examined core area selection of male and female
fishers relative to sex-specific movement distances prior to home
range establishment (Lewis, 2014), interpretations of male and
female core area selection patterns could reflect differences in
landscapes considered available to each. All animals select
resources at hierarchically nested scales (Johnson, 1980). The
nested levels of resource selection are interdependent, such that
interpretation of resource selection at each level in the hierarchy
is inextricably linked to the other nested levels, hence also to the
scale of resources considered available for potential selection
(Johnson, 1980; Porter and Church, 1987). Males dispersed consid-
erably greater distances from their release sites than females on
the Olympic Peninsula (Lewis, 2014), thus encompassing a larger
area available for core area establishment than females, as well
as a greater proportion of low-elevation coastal plains and man-
aged forests on the Olympic Peninsula (i.e., outside the National
Park and National Forest). Because there were no obvious barriers
to females dispersing as far as males, differences in the areas avail-
able to males and females for core area establishment entailed
some level of spatial resource selection we did not explicitly con-
sider. Males tended to select managed forest lands (small tree
classes, more natural open areas) to a greater extent than females
despite the greater proportion of these forests available to them.
Females, by contrast, had proportionally more mid- to late-seral
forests available to them than males, and yet they selected them
at a disproportionally high rate compared to males. Consideration
of the resource selection patterns observed in the context of post-
release movements of males and females implies an even greater
support for sex-specific differences in resource selection patterns
than we discerned.

The segregation of male and female core areas we observed
along gradients of tree size class, patch density, and forest open-
ings is consistent with our predictions that habitat selection by
fishers reflects sex-specific differences in reproductive require-
ments, security needs, body size, and vulnerability to predation.
In California, Wengert et al. (2013) found that bobcat predation
on fishers was limited to female fishers, which they attributed to
the smaller size of females. Bobcats use all forest seral stages (from
regenerating to old-growth stands; Witmer and DeCalesta, 1986);
however, they appear to be particularly abundant in managed for-
est landscapes (Yengoyan, 1995; Wengert, 2013), which may be
related to the abundance of mountain beavers and other prey in
these environments (Brittell et al., 1979; Knick et al., 1984). We
hypothesize that selection by female fishers for extensive areas
of mid-sized and large trees in protected forests of Olympic
National Park and Olympic National Forest may reflect avoidance
of predator rich areas on managed forests. Further, we speculate
that selectivity by females for predominantly protected forest
landscapes may also reflect selection at finer spatial scales for suit-
able den sites or resting structures that are generally associated
with older forests (Lofroth et al., 2010; Raley et al., 2012). Recent
studies provide supportive evidence that females may be more
selective of specific rest sites than males (Aubry and Raley, 2006;
Zielinski et al., 2004b); for example, female fishers in California
selected rest sites that were more enclosed and appeared more
protective against potential predators than those selected by males
(Zielinski et al., 2004b). Additional multi-scale studies of sex-based
selection patterns by active and resting fishers would help to elu-
cidate the observed patterns of landscape partitioning by male and
female fishers (Raley et al., 2012).

Females in our study selected forested landscapes largely con-
sistent with habitat suitability findings presented by Lewis and
Hayes (2004); however, we offer the following caveats to this
interpretation, emphasizing that a certain level of caution is
needed when considering a short-term study of translocated ani-
mals. The limited overlap of male and female fisher core areas
(and home ranges), and the relatively small portion of our study
area being used by fishers, suggests that the study area was below
its carrying capacity and not all suitable habitat was occupied. We
expect that individuals in populations below carrying capacity
might occupy the highest quality landscapes; consequently, our
findings may not identify the full range of landscape characteristics
capable of supporting fishers on the Olympic Peninsula.

Core area choices of translocated fishers may also reflect behav-
ioral conditioning, previous experiences, and habitat cues learned
from their natal environment. The phenomenon known as natal
habitat preference induction (NHPI; Davis and Stamps, 2004)—
the tendency for dispersing or translocated animals to select
‘someplace like home’ (Stamps and Swaisgood, 2007) —is predicted
when displaced animals have considerable experience identifying
favorable habitats in a natal environment but must subsequently
gauge qualities in a new environment. Consequently, displaced
individuals may not accurately or meaningfully judge prey density,
predation risks, or other correlates of survival and fitness while
exploring a novel environment. Broad cues from the environment,
however, such as forest structure are easily interpreted and may be
used to judge suitable habitat, albeit with uncertain consequences.
NHPI has been observed in translocated mammals, including red
squirrels translocated in the UK (Kenward and Hodder, 1998),
and woodland caribou reintroduced into Idaho, USA (Warren
et al., 1996). Although we did not examine concordance of habitat
features selected by translocated fishers in Washington relative to
those prevalent in British Columbia, the spruce-pine forests of cen-
tral British Columbia are more similar to the forests of smaller
trees found in mid-seral forests in the northern and northeastern
Olympic Peninsula than they are to the peninsula’s old-growth
temperate rainforests. Additional cues from prey, snow, or other
environmental factors could also influence the resource selection
of translocated individuals (Stamps and Swaisgood, 2007).

Conspecific attraction has been reported for territorial species,
whereby dispersing or newly released individuals tend to establish
home ranges (or territories) in close proximity to those of resident
individuals (Stamps, 1988; Smith and Peacock, 1990). As men-
tioned previously, exploring a new environment is time consum-
ing, potentially risky, and not always likely to yield an optimal
choice; cuing on the presence of conspecifics may provide informa-
tion to naïve animals about the general suitability of habitat or the
availability of potential mates. The fact that we found disparate
distributions of male and female fishers lends little support for
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the idea that males and females were attracted to enhance mating
opportunities. Rather, we recorded long-distant movements by
both male and female fishers during the breeding season, followed
by their return to previously established ranges (Lewis, 2014), sug-
gesting that local habitat characteristics selected by male and
female fishers were more important considerations for core area
establishment than proximity to potential mates. The clustering
of female core areas in the northeastern and southwestern Olym-
pics suggests that core area establishment by females within the
study area may reflect either responses to local variations in
habitat conditions or conspecific attraction. The relative appeal of
habitat versus conspecific cues as influences for core area estab-
lishment in a new environment warrants additional study.

Ultimately, habitat suitability will be judged based on empirical
measures of individual fitness of translocated fishers (e.g., survival
and reproduction) and long-term persistence of the population. We
documented reproduction by at least 8 of 19 females included in
this study; reproduction was suspected for 2 other females,
whereas the reproductive success of 6 others could not be con-
firmed, and 3 females died before they could reproduce (Lewis
et al., 2011; National Park Service, Unpublished data). We suspect
that reproductive success was limited by mate availability for 6 or
more females as indicated by unprecedented breeding season
movements away from established home ranges during the breed-
ing season (Lewis, 2014). Despite limited mate availability and a
lack of familiarity with a new environment, the females in our
study sample demonstrated a level of reproductive success and
fidelity to home range areas (i.e., the return to pre-breeding season
ranges), which suggested that these females exhibited meaningful
selection for suitable habitats. Current ongoing studies of popula-
tion expansion and occupancy dynamics within the landscapes set-
tled by the founder population will help to confirm or augment our
understanding of fisher habitat suitability in coastal forests of the
Pacific Northwest.
5. Conclusions and management implications

Translocations have been instrumental in restoring the fisher to
much of the southern portion of its historical range in North America
(Lewis et al., 2012; Powell et al., 2012), and were the primary
means identified for recovering fishers in Washington (Lewis and
Hayes, 2004). The translocation of fishers to the Olympic Peninsula
was the first recovery action for fishers in Washington State largely
because this area had the largest amount and most contiguous dis-
tribution of suitable habitat (Lewis and Hayes, 2004). Suitable
habitat was defined as low and mid-elevation landscapes domi-
nated by late-seral conifer forests because such forests were
thought to provide the highest quality habitat for both male and
female fishers (Lewis and Hayes, 2004). Our results partially con-
firmed those expectations for females, but also suggested a greater
diversity of stands may be suitable for females and particularly
males. Fishers may have selected the most suitable habitats they
encountered for home ranges after they were released. However
the most reliable assessment of habitat suitability would require
longer-termed studies of individual fitness of fishers in an estab-
lished population (i.e., those in subsequent generations), including
estimates of long-term survival and reproductive outputs in vari-
ous landscape configurations. Additional study is also needed of
food habits and prey availability to more fully understand factors
that are likely to influence habitat suitability. Until these factors
are better understood, basing habitat suitability on the more
restrictive selection patterns of females would be a more conserva-
tive approach for future planning.

The affinity of female fishers for large protected forested land-
scapes may indicate that fisher recovery in western Washington
will be limited to the Olympic Peninsula and Cascade Range, where
such landscapes exist. Until more explicit measures of individual
fitness can be estimated, we suggest that habitat mosaics domi-
nated by mid-, and late-seral forests, and containing minimal area
of forest openings will provide suitable habitats for female fishers,
provided these components are maintained at the scale of individ-
ual home ranges. We note that the bulk of the mid-seral forest used
by females occurred in areas protected from logging; most of these
forests were naturally regenerated following fires and contained an
abundance of residual large woody structures (i.e., large cavity
trees, large snags, and large down logs) suitable as den sites and
rest sites. Because the area of forested habitat required to support
an individual fisher is large (�x = 64 km2 for females), the area
needed to support a self-sustaining population is likely to encom-
pass multiple land ownerships (e.g., National Forests, National
Parks, State Forests). Planning across the boundaries of ownerships
(e.g., the Northwest Forest Plan: USDA Forest Service and USDI
Bureau of Land Management, 1994) may be logistically and organi-
zationally complex but is essential for wide-ranging species that
require management at large spatial scales.
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