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Abstract

| used radio-telemetry to monitor 24 fish&tgrtes pennanjiin the Chilcotin area of
British Columbia. Fisher used heart rot cavities inlotthepole pineRinus contorta,
Douglas-fir Pseudotsuga menziesii var. glajicand trembling aspe®¢pulus
tremuloide$ trees located primarily on south aspects for reproceickdns. Den trees in
the Chilcotin were smaller in diameter than thoseudwmnted elsewhere in western
North America, but were locally large. Fisher used laoboreal and terrestrial rest sites
in the Chilcotin, but terrestrial sites were preferdeding periods of deep snow.
Arboreal rest sites were usually on rust brooms in vwdptecce Picea glauca and
terrestrial rest sites were typically associatedhatge diameter coarse woody debris.
Mean home range size for 10 females in my study was 3@#kdthe male fisher |
monitored had a home range of 166°knithin home ranges, fisher preferred areas

close to streams.

Keywords: fisher, Martes pennantiBritish Columbia, radio telemetry, reproductive

dens, rest sites, home range
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1: General Introduction

1.1 Fisher (Martes pennantj

1.1.1 Description

Fisher Martes pennanjiare medium-sized carnivores with the long thin body it
characteristic of the weasel family (Powell 1993). iThars are large and set close to
the head. Their fur is deep brown to black with lightecaloured guard hairs around
the face, neck, and shoulders. The species exhibitslsBmaaphism with females
weighing 2-3 kg and measuring 75-95 cm in length while males we@kg and
measure 90-120 cm in length. Fisher have 5 toes witlctabla claws and relatively
large feet, presumably for traveling on snow. Most oftleay travel using a typical
loping gait of the weasel family where one foot landghsly in front of the other and the
hind feet land in the same location as the front. Hewhen snow is deep and soft or

there is a thin crust, fisher will walk (Powell 1993).

1.1.2 Life history

Parturition and breeding occur in late winter to eapsing with gestation lasting nearly a
full year (Powell 1993). Fisher mate approximately 7 dalyswing parturition and are
polygamous breeders. Both male and female fisher arbleamfabreeding at 12 months,
but generally do not breed until their second year (DowgldsStrickland 1987). The
fisher’s long gestation is due to delayed implantatiorctvidielays normal development

with a period of embryonic dormancy during the blastocysfesta he blastocysts lie



dormant for approximately 10 months until February whew timplant (Douglas and
Strickland 1987). Final development of the foetus labtsit 40 days (Frost al. 1997)
and parturition occurs between February and early Apnilsacthe species’ range
(Douglas and Strickland 1987). In British Columbia (B&hér parturition has been
reported between March ¥2ind April 10" (Hall 1942; Weir 2000). Typically, fisher
give birth to 1-3 kits (Powell 1993) with an average ofésimated from counts of

corpora lutea in harvested fisher (Weir 2003).

Kits weigh 40-50 g and depend completely upon their mothevéiPand Zielinski
1994). The young nurse for 8-10 weeks (Powell 1993), and areeéportisperse the
following fall in Maine (Arthuret al. 1993). Weir (2003) reported that dispersal may
occur later in the Williston Lake area of BC with ygutsher taking up to 2 years to

successfully establish a home range.

Fisher home ranges are intra-sexually exclusive andaslagly larger in BC than
reported elsewhere (Weir 2003). In western conifer dontdrfatests, fisher habitat is
generally associated with habitat features that ardlysaand in late successional
stands (Jones and Garton 1994, Weir 1995). This is espeniglgf structures used for
resting, whelping, and rearing. Resting sites are tijpittaund on spruce brooms, on

large limbs, in tree cavities, or beneath coarse woodysd@ieir 1995).

Fisher forage for a wide range of prey species acressrdnge, but focus primarily on
snowshoe hard_gpus americanysred squirrels{amiasciurus hudsonicysand other

small mammals in BC (Weir 2003). Foraging habitat is usuralhatches of high density



prey that are searched intensively using frequent changi&®gation (Powell 1993).
When foraging in areas of low density prey, fisher traveelatively straight lines and
deviate opportunistically to capture prey (Powell 1993). Jreatest source of mortality
for fisher is from humans, primarily due to trapping in tiadied populations (Powell
1993). However, canids, large raptors, lyhyr(x canadensjswolverine Gulo gulg,

and conspecifics also occasionally kill fishers (Dosglad Strickland 1987; Roy 1991;

Weir 2000).

1.1.3 Fisher in British Columbia

Fisher is a Provincially blue-listed species in BC thdbund at relatively low densities
and has a population estimate of less than 3800 individiials.species is vulnerable to
over trapping and habitat loss is a major threat (Bdhs€rvation Data Centre 2006).
Throughout their range, fishers are reported to requiestemwith overhead cover (de
Vos 1952; Coulter 1966; Kelly 1977; Powell 1977; Artbetual 1989; Weir 1995), and in
western coniferous forests have an affinity for halatatbutes that are usually
associated with late successional stands (Jones at@h@G894; Weir 1995). The
permanent loss of forested habitats due to land conveashydroelectric
development, especially in productive lower elevatiaedts, is a threat in some areas of
the Province (Weir 2003). However, forest harvestingthagreatest potential to affect
fisher habitat negatively, due to the prevalence of datharvesting (Weir 2003).
Clear-cut harvesting affects the temporal availabditforested cover and, generally,
decreases the abundance of late successional foréxsitatt over time. The current

mountain pine beetldgndroctonus ponderospéMPB) infestation affecting BC is



exacerbating habitat loss over a large portion of gteefis range due to the loss of MPB
impacted forest and accelerated salvage harvesting. @wrtlere is little information
on fisher habitat requirements in pine dominated habitat$iance there is little

guidance that biologists can contribute to managementigedg.

Fisher are found throughout most of BC in forested hisbitéh the greatest occurrence
in the central and northeastern areas of the Proyie& 2003). Within the Central
Interior of BC, a large portion of fisher range occunglee Chilcotin Plateau (Weir
2003). Forests on the Chilcotin Plateau are dominateddggepole pineKinus

contortg stands of which approximately 80% are susceptible to thmtam pine beetle
attack. Previous research in the Chilcotin includesck transect based study on fisher
habitat ustand two pilot DNA-based inventories for fishiér The track transect based
study used logistic regression to model habitat charaaterddt fisher use sites and
found that stands composed of old spruce, mature spruceapohérembling aspen
(Populus tremuloidgshad greater probability of containing fisher. Standsainimtg
greater amounts of large diameter coarse woody debresal®y more likely to be used

by fisher.

! Davis, L.R. 2003. Stand level habitat use by furbearingepé@tithe Anahim Lake Area of BC.
Unpublished report prepared for Yun Ka Whu'ten Holdings Ltd.

2 Davis, L.R. (2003). DNA Pilot Inventory for Fishertire Anahim Supply Block. Unpublished Report
for Yun Ka Whu'ten Holdings Ltd.

% Davis, L.R. (2003). DNA Pilot Inventory for Fishertime Redbrush. Unpublished Report for Tsi Del
Del Enterprises Ltd.



Several studies of fisher habitat indicate that oltkemnds with continuous canopy cover
are required to provide security (Coulter 1966; Artitual. 1989; Weir 1995; Weir and
Harestad 1997) and snow interception (Leonard 1980; Raine 1988)ndathre spruce
and mixed tree species stands used by fisher in the Chilgetierally have greater
canopy cover than pure pine stands and so may providectieased security and snow
interception that fisher are thought to require. Canopgrcmay be important during
winter to minimize costs of locomotion. Fisher sadeper into soft snow than marten
(Martes americanpand avoid areas with deep soft snow (Leonard 1980; Raine.1983)
Vegetation in foraging areas also influences the catlityadi prey (Powell 1993) and
the presence of structural elements, such as coarse webdyg (CWD), can provide
fisher with access to subniveare( below snow) prey in winter. | have followed fishe
tracks and observed individuals zig-zaging from elemenetaent during winter and on

2 occasions observed prey remains beneath CWD.

Fisher are selective in their choice of resting stmas (Weir 2003). Weir (2003)
identified 4 distinct types of rest structures: branch tgagoarse woody debris, and
ground. In the Chilcotin, | have observed fisher usingregtgpes of structures as rest
sites: large branches, brooms in white spritee@ glauca caused by spruce broom rust
(Chrysomyxa arctostaphyljiyed squirrel Tamiasciurus hudsonicugests in the canopy
of lodgepole pine and Douglas-fiP¢eudotsuga menziesii var. glajdaeart rot cavities

in large diameter lodgepole pine, Douglas-fir, and tremblsmer; beneath complexes of
large woody debris; and below ground in red squirrel middethashy-tailed woodrat

(Neotoma cinereanests (personal observations). Weir (2003) has linkdxesun



temperature to the choice of rest structure with CWdgound-based structures used

more frequently than more exposed types when temperatergsrg cold and windy.

Fishers have low reproductive output relative to thigspan (Weir 2003) and low rates
of juvenile survival (Krohret al. 1994; Strickland 1994; Weir 2003). Therefore,
understanding fisher reproductive requirements is importantintaining this species.
Whelping and rearing structures are usually in cavitieargel diameter trees with
deciduous trees used typically across the species rangel(R893; Weir 2000). In BC,
fisher have only been reported using cavities in largerdegl|black cottonwood
(Populus balsamiferapp.trichocarpg or balsam poplar @pulus balsamiferapp.
balsamifera for whelping and rearing (Weir 2003). However, therenaa@y areas of the

Province, such as the Chilcotin, where these treesespa@ rare or absent.

My project examines denning, resting, and home range lebghhaelection by fisher at
different spatial scales. Habitat selection by anirhalsbeen hypothesized to occur at
several different spatial scales or orders, and thecéxgbfinition of the spatial scale of
inquiry is important in the interpretation of study resu Weir and Harestad (2003)
pointed out that failure to identify the spatial scdlenquiry can lead to inappropriate
application of management strategies when findingspked to different regions.
Johnson (1980) identified first order selection as the gpb@a range of a species and
second order as the home range of an individual orlggroap within the geographical
range. Third order selection occurs when animals chuoalsieat component® (g, forest
stands) within home ranges, and fourth order selectionipsito the choice of individual

food items at a site (Johnson 1980). Lofroth (1993) asstraeéthe fourth order could



be extended to any habitat component a species uses arifieidiéime forest patch and
element €.g, tree, broom, log) as additional levels of selechietween the third and
fourth orders. Forest patches are small areas of hé&higg100 nf) within forest stands
that can differ from the stand in tree species coitipasage, or other habitat
characteristics. The latter three orders can tleerelated to the scales used to describe
forest ecosystem dynamics: stand, patch, and elem&t &nd Harestad 2003). These
scales are nested with elements located within patph&d)es within stands, stands

within home ranges, and home ranges within landscapes ¢FigLix.

1.2 Project Rationale

Most of the information on fisher ecology in BC hasne from studies near Williston
Lake and east of Williams Lake. Information on habit& fasm other areas is required
to guide management and conservation options for fishéne &rovincial level. Key
knowledge gaps identified for fisher in BC are habitat mseraproductive denning
ecology in pine dominated habitats of BC’s central intdlBC Conservation Data
Centre 2006). As well, the long-term effects of moumpane beetle kill and associated

forest management on fisher habitat is of managemenenoan

My study examines habitat use and selection by fishéren ecosystems of the Central
Interior of BC to address current knowledge gaps for thisiepe The Chilcotin Plateau
lies west of Williams Lake in the Central Interior®€ and in the rain shadow of the
Coast Mountains. The area is rated as medium tofisigér habitat capability (Weir
2003) and local trappers consistently capture fisher (Erioth, BC Ministry of

Environment, pers. comm.). My project will also providee& managers with



information to guide retention strategies for standuiest and structural elements that are

important for fisher habitat.

1.3 Study Area

My study areas are on the Interior Plateau of Briisumbia near Anahim Lake and
Puntzi Lake. They are in primarily the Sub-boreal FSpetice (SBPS) Biogeoclimatic
(BEC) Zone but small portions are in the Interior Dagefir (IDF) BEC zone near
Puntzi Lake and the Montane Spruce (MS) BEC zone ath@éeations of both study

areas (Meindinger and Pojar, 1991, Figure 1.2).

The Anahim study area is approximately 200G lmd bounded by Kappan Lake to the
south, Tweedsmuir Park on the west, Gatcho Lake todtih,rand Itcha llgatchuz Park
to the north east. The Puntzi study area is approxiyna®@80 kni and bounded by Itcha
llgatchuz Park to the northwest, the headwaters of hiled@in River to the north, Alexis
Lakes to the east, and Highway 20 on the south. Etewsatange from 1100-1500 m and

are similar in both study areas.

Several biogeoclimatic subzones are present withinttisly sireas: MSxv (very dry, very
cold) subzone, the SBPSxc (very dry, cold), the SBP®madst, cold), and the IDFdk4
(dry cool 4) subzones. Inthe SBPS and MS, lodgepoleipthe leading species in the
tree layer of most stands with white spruce and tremlalspgn leading occasionally.
The tall shrub layer (B1 layer; >2 m tall) is dominabgdodgepole pine and white

spruce with lesser amounts of trembling aspen and wigaliXsp.). Soopolallie



(Sheperdia canadengiand willow dominate the B2 layer (<2 m tall) with mino
amounts of lodgepole pine, common junip&rm(iperuscommuni¥, and white spruce. In
wetlands, willow, bog birchBetula glandulosp and sedgeGarexsp.) are the dominant

plants (Meidinger and Pojar 1991).

In the portions of the study area containing IDFdk4, pure Dodiglakands are patchily
distributed at lower elevations with mixed stands of lodgepoie and Douglas-fir
forming the most common forest cover. Small standsenfibling aspen are locally
abundant with black cottonwood found in low elevation igraareas. The tall shrub
(B1) layer is dominated by Douglas-fir and lodgepole pine, sottpolallie and common

juniper leading in the B2 layer (Meidinger and Pojar 1991).

Historically, the major disturbance agent over mdshe Chilcotin Plateau was stand-
initiating fires which occurred primarily in the SBP31aviS BEC zones. These fires
were often very large and resulted in dense stanasigépole pine. In the IDF, low
severity stand maintaining fires and mixed severity fivese2 more common. Since the
1950s in the West Chilcotin, additional disturbance hasrmed through clear cut and
diameter limit harvesting, but most of the logging\attihas occurred in the last 20
years. However, the area that has been harvestét islatively small compared to the
area burned by fires. The majority of harvesting isceatrated near sawmills that are
centred in William’s Lake with smaller operations inakim Lake and Hanceville.
Historically, MPB has existed at endemic levels indheas forests with larger outbreaks

occurring periodically such as in 1985 and the current ep@de®wer the past 10 years



MPB has infested large areas of the Chilcotin with rsaktage logging operations

concentrated on areas within 200 km of sawmills locatalilliams lake.

1.4 General Methods

| obtained an animal care certificate from the Prasing/ildlife Veterinarian prior to
beginning the project in the 2005. Procedures for the captamcdpandling of fisher
followed guidelines in Resource Inventory Committee (RI®¢ Animal Capture and
Handling Guidelines for Wild Mammals, Birds, Amphibiansl &eptiles No. 3, V2 (BC
Ministry of Environment Lands and Parks. 1998a). | contdalcteal trappers to capture
fisher in the area of their traplines. All trappersaiged training on the ethical treatment
of animals prior to beginning the project. Fisher weretirapped using Tomahawk Live
Traps that were covered and lined with hay. Feedingstaivere baited and monitored
until fisher sign was found at the station. At thiauet, traps were set and visited daily
until the animal was caught. | then transported thealsito veterinary facilities in
Williams Lake using insulated travel boxes containing fwochinimize stress due to

cold and noise.

The implantation of radio transmitters and monitoriolipfved guidelines in standards
for RIC Wildlife Radio Telemetry (BC Ministry of BAaronment Lands and Parks.
1998b). The fisher were implanted with Telonics IMP140Laddinsmitters by
licensed veterinarians. A small sample of hair withsdapproximately 8-10 hairs) was
also plucked for DNA analysis while the animal was undeesthesia. Captured
animals had a patch of hair on their shoulders dyediidorthat trappers could

immediately recognize and release those individualddmhialready been implanted.
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Once the animals had recovered from the anaesthesjawere fed and returned to the

field at the same location that they were captured.

1.5 Objectives and Approach of Thesis

The focus of my study is to address knowledge gaps idehtdrefisher in BC
concerning habitat use and reproductive denning ecology in pineakeaihabitats of
BC'’s central interior. The long-term effects of mtain pine beetle kill is of
management concern and forest managers require stsat@dielp preserve fisher
habitat (BC Conservation Data Centre 2006).

My specific objectives are to:

1. Identify and describe natal and maternal fisher denning habita¢ Chilcotin
area of BC. This includes ecological site charactessphysical characteristics
of habitat elements within adult female fisher hommges, and factors associated
with the origin of important characteristics of tingbitat elementse(g, diseases,

physical damage, fire, etc.).

2. ldentify and describe rest structures used by fisher in kiled@in area of BC,
including ecological site characteristics, physical chargatics of habitat
elements used for resting, and factors associated weitbrigin of important
characteristics of these habitat elements.

3. Examine habitat use by fishers at the home range and #g®lscales. This
includes describing the composition of important habitatsypw® relating the

composition to availability in the landscape.

4. Provide recommendations to guide management of forestsanthin fisher
habitat in pine-dominated areas of the central interior.
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Chapter 1 of my thesis examines the selection of reprivduwinning structures by
fisher at the element, patch, and stand levels. Chapmtescribes the selection of resting
structures at the element, patch, and stand levels.tatlablection and composition of
home ranges by fisher are examined in Chapter 3. In @hépt summarize the results
of my research, discuss its management implicatr@e®mmend strategies to maintain

fisher habitat, and consider the limitations of my aesk.
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2. Reproductive Denning Ecology of FisherNlartes
pennant) in the Chilcotin Area of British Columbia

2.1 Abstract
| used radio-telemetry to identify 20 reproductive den sitdgldemale fisher in the
Chilcotin area of British Columbia between 2005 - 2008. s€éheproductive dens were
in cavities of large diameter trees similar to othadi&s from across the fisher’s range.
Trees used as reproductive dens by fisher in the Chilcotia svealler in diameter than
reported elsewhere in western North America, but werergén large compared to other
trees within the same forest patch. As well, den glatsgreater numbers of large trees
(>27.5 cm dbh) compared to random plots in a fisher’'s hamger Fisher used cavities
in trembling aspenRopulus tremuloidggn = 7, x = 45.8 cm dbh, SE = 1.4), lodgepole
pine Pinus contorta (n = 9, x = 39.0 cm dbh, SE =1.7), and Douglasfséudotsuga
menziesii var. glaugan = 4,x = 68.4 cm dbh, SE = 5.1) for natal and maternal dens.
Fisher used live declining trees (wildlife tree class 2fgrentially for den trees, but trees
in more advanced stages of decay were also used. Asfhaenced the location of den
trees with most of the reproductive dens found on ahsamspect. This finding may be
related to the very cold temperatures that occur i€thieotin during late winter and
early spring. Fisher dens located on southern aspects Wwenefit from the heat
provided by solar radiation during these periods. Age classanother important
predictor of for den trees with older stands more likelpe used than younger stands.

Mesoslope position was not a predictor of fisher den poesédowever, this may be
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confounded by the different tree species used for dens ast¢lconditions associated
with those species. All natal dens in aspen werdddaa the toe position next to
riparian features. Increased moisture available inidpaones likely increases site
index and thus produces the larger trembling aspen that aregieds den trees.
Female fisher using dens in riparian areas may alsoib&oei increased prey
abundance and prey diversity. Most conifer den trees wehe mid and upper
mesoslope positions, generally in open stand types tnathawve resulted in lower
incidence of crown fire and allowed tree survival to olges. The incidence of heart
rot is greater in older stands and older age is alsciagso with larger tree diameter.
The mean age of the 3 largest diameter trees in denegat@re 177 years, for lodgepole
pine, 372 years for Douglas-fir, and 96 years for tremblipgmas The ages of den trees
could not be used in this calculation due to the presenoeanof rot. The average age of
coniferous den trees in the Chilcotin was much older thees of these species in

random plots.

2.2 Introduction

Forest dwelling wildlife are affected by habitat changési@ed by fire, forest pests, and
forest harvesting, as well as subsequent silviculfuiaadtices (Hunter 1999). These
disturbances can result in loss of decaying old treteatand level and, if extensive, at
the landscape level. Such changes to the availabilisrgé decaying trees can reduce
the abundance and diversity of primary and secondartyaaasters (Thomas 1979).
Given this, the loss of mature forest stands due to moupine beetle and associated

salvage harvesting has the potential to reduce fisheraratahaternal denning habitat in
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pine dominated landscapes. Fisher have low reproductipeitaaative to their lifespan
(Weir 2003) and low rates of juvenile survival (Kragtnal. 1994; Strickland 1994; Weir
2003). Further impacts on reproductive habitat may restheiextirpation of local
populations. Therefore, understanding fisher reproductiverezgents is important in
maintaining this species. Structures used for whelpingearihg are usually cavities in
larger diameter trees with deciduous species typicadlgl asross the fisher’s range
(Powell 1993; Weir 2000). Often, more than one structreeised by fisher for raising
young in a season. The structures can be definedatalalan to identify the structure
used for whelping and maternal dens for subsequent struaseddor rearing fisher
kits. | refer to these structures collectively asodpctive dens or if they are in trees,
then den trees. In BC, fisher have been reported oimly gavities in large declining
cottonwood Populus balsamifera spp trichocarpar balsam poplaPppulus balsamifera spp
balsamiferg for natal and maternal dens (Weir 2003); however, thexenany areas of

the Province, such as the Chilcotin, where these sfsdes are rare or absent.

Within the Central Interior of BC, a large portion @ffer range occurs on the Chilcotin
Plateau (Weir 2003). Forests on the Chilcotin Platead@renated by lodgepole pine
stands, of which approximately 80% are susceptible to the aiayihe beetle attack.
Most of the information on fisher ecology in BC hasne from studies located near
Williston Lake and in the Cariboo that are generatigiracterized by wetter, more
productive forest habitat than is found in the Chilcoterasf BC. Information on
habitat use from other areas is required to guide managameicbnservation options

for fisher especially areas where the forest covdorsinated by lodgepole pine (B.C.
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Conservation Data Centre 2006). My study helps addressfdhe key knowledge gaps
identified for fisher in BCj.e., denning ecology in pine dominated habitats of BC's

Central Interior (BC Conservation Data Centre 2006).

In this chapter, habitats used by fisher for denning willdvegared to those available at

3 spatial scales: stand, patch, and element. My spebiictives are to:

1. Identify and describe natal and maternal fisher denning habttee SBPS

Biogeoclimatic Zone.

2. Describe the abundance and distribution of maternal mighabitat elements

within adult female fisher home ranges.

3. Provide recommendations for forest management inqonanated forests of the

Central Interior.

My project will provide forest managers with informatimnguide retention strategies for
stand features and structural elements that are impdotairsher habitat in areas
dominated by lodgepole pine. As well, other wildlife speasssthe same structures and
old trees that are used by fisher. Hence forest manag@naescriptions directed at
fisher will benefit other wildlife dependent on olddst and structures characteristic of

old trees.

2.3 Methods
In BC, fisher natal denning occurs in late March througly éeoril (Hall 1942, Weir

2000). | used radio-telemetry to collected data on theitotahd site characteristics of
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fisher den sites between April and June over threes\@a05/2006, 2006/2007 and
2007/2008). | located natal dens by radio-tracking adult fentwadea daily basis once
they begin to exhibit activity around a central locatiben sites were marked and
described during the period of use. | re-visited each demfdl vegetation description
after the snow had melted. At den locations (determinadsinal detection or signal
isolation to one structure), | collected informatiomadslope, topography, aspect, broad
ecosystem unit, structural stage, biogeoclimatic unit,gmeage cover vegetation, tree
characteristics, presence of prey, and temperature (Tpbhkerecommended by BC
Ministry Environment, Lands, and Parks and BC Ministry afeSts (1998). Site
information and variable radius plot data were codldcit a random distance (1-10 m)
and direction from the den tree. Fisher often rekrmge trees (Seglund 1995; Weir and
Harestad 2003; Zielinski et al. 2004; Yaeger 2005) which has thetjabte bias some
habitat parameterg (g, crown closure). Offsetting the plot allowed me to pare site
information with random plots that were also nottoeshon a large tree. 1 also
conducted an 11.28-m fixed radius plot centred on the dewtrexe detailed wildlife
tree information was collected (BC Ministry Environmerands, and Parks and BC
Ministry of Forests 1998). Within each fisher’'s homege, | collected the same data at
random plots so | could conduct analyses for habitatteaty. However, the random
fixed radius plots were not tree centred and wildlife tlata were collected only on trees
>27.5 cm diameter at breast height (DB, 1.3 m above the ground) for 9 out of 10
plots with a full plot conducted on every 10th plot.isTprocedure was used because

fisher never used trees smaller than 27.5 cm DBH for dejotive dens.
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| measured the height and width of openings to den tragesato characterize access
points to reproductive dens. | also measured the depth ¢y caing a weighted string
that was lowered into the cavity and plumbed until th#oloo of the cavity was located.
The internal diameter of the cavity was determineddayny (0.64 cm hole) the tree at
points located at 10 cm, 20 cm, and 30 cm above the bofttra den and measuring the
length of a rod inserted into the tree. Boring and meagwacurred at 4 points (cardinal
directions) at each elevation above the bottonh@iden. These measurements were
averaged and then subtracted from the trees exteemaéter at each elevation to provide
the average thickness of the trees shell (or holding wobls measurement was
doubled and then subtracted from the external diametgeltbthe average internal
diameter of the den cavity. All holes created by lyprere plugged with a wooden
dowel. These measurements were possible only on a silissts due to safety

concerns.

| collected information on site characteristics in tbioene ranges of fisher with > 25
relocations for comparisons with fisher use sitesm&habitat types are relatively rare in
the study areas, but were considered important for fre&sting. To ensure that |
obtained sufficient data on rare habitat types, | usqulmaged stratification to obtain at
least 5 plots in each stratum in a fisher's home rahtghitat was stratified based on

stand age and tree species composition data on forestroaps (Table 2).

2.3.1 Data Analyses
| compared characteristics of den trees, the den patdithe forest stand between used

and unused locations using conditional exact logistic ssgre (Proc Phreg, SAS 9.1) in
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a case — control design. | compared the den trees wfdodl fisher to other trees within
the fisher den patch and compared characteristics of delmegao random plots within
the fisher’'s home range. To develop and test modelscpireglfisher den use, | first
conducted univariate analyses on individual habitat varidbéaght to affect the choice
of fisher dens. | conducted multivariate comparisonsgugariables that appeared to
influence fisher den selection in univariate analy§es (.25) after removing highly
correlated variables. | used the remaining variables telol@®d models that were
compared using an information-theoretic approach (Burnhafaderson 2002).
Models that are ranked within 2-4 units of the “best” madelain attributes likely to

have a significant effect on selection of denning strusthyefisher.

2.4 Results

Fourteen female fisher were live trapped and implantedradtio transmitters between
2005 and 2008. Twelve of the fisher had a total of 20 reproduaive dlring this

period. Two of the 12 fisher were later discovered dead ahdodihave enough

locations to delineate their home range, while 1 of thiessh2r was captured late in the
project and only information on the den site was ctdigc All reproductive dens were
found in cavities of trees that were, generally, #rgdst in the patch. For a subset of den
trees, measurements of the den opening and internal domensere taken. The den
openings averaged 8.9 cm (SE = 0.62 cm) wide by 10.7 cm (SE =&I%h the 10

trees that were examined. Cavities averaged 116.6 cm (S cm) deep and 26.0 cm

(SE = 2.37 cm) in internal diameter for the 6 treesltiaaas able to measure.
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A range of tree species was used for whelping includidgdpole pine, trembling aspen,
and Douglas-fir. The number of reproductive dens by freeiss, reproductive type, and
estimated age are shown in Table 3. Most den trees bag dethe height (1.3 m) that |
bored the tree preventing accurate aging; thereforer ties in the plot of the same size
and species were included to estimate the den tree’sUsymlly, the den tree was much
larger in diameter than all other trees in the patol, thus it is likely that the mean age
of reproductive trees is underestimated. Conifers ginmlage to den trees were rare on
the landscape. For example, 56 trees were aged in 28mgidts yielding only one tree
>150 years and twelve 100 - 150 years. Other data collectegratiuctive dens are

presented in Appendix 1.

Within reproductive den patches, most natal den treest(@fd2) were wildlife tree
class 2 (live tree with defects) or had recently beeadith the case of one lodgepole
pine (mountain pine beetle — red attack), while a widegeaf wildlife tree classes
characterized maternal den trees (range: 2 — 6). | cechpln tree diameters to other
trees in the reproductive den patch for natal den tbe¢ls,natal and maternal den trees,
and for each tree species used for denning (Figure 3, Tableoth).n&al and all
reproductive (natal and maternal) den trees were signifyclanger in diameter (DBH)
than other trees in the same patch. When diamdtdendrees were compared by
species, trembling aspen that contained dens were signiyitéarger than other aspen in
the patches, whereas Douglas-fir that contained deresnet larger than the other
Douglas-fir present. For lodgepole pine, the analysis alideach convergence;

however, all pine containing dens were the largest tré®ei patches and ranged between
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3.4 — 25.3 cm greater in diameter than the next largsst 1 also compared den trees to
the largest 4 other trees in the patch to reduce the icBugfirsmall trees on the results.

Den trees were significantly larger than other largegiin the patch (Table 4).

| compared site characteristics between reproductiveldésn (natal and maternal) and
plots located in random locations of fisher home randege class, the number of large
CWD (coarse woody debris), the number of large trees/®a % cm DBH) and average
tree height were the continuous variables with thetgse@redictive ability for fisher den
patches (Table 5). For categorical data, stratum andtaspee significant predictors of
fisher den patches (Table 6). Lodgepole pine stands ve&srdildely to contain fisher den
trees than other stand types. Warm (southerly) aspecesmuch more likely to contain
fisher den trees than were areas classified as cotthétly) or no aspect (< 5% slope)

(Table 7).

Multivariate analysis on continuous variables withaiues < 0.25 revealed high Q.6)
correlations between basal area, tree height, tresr cand several other variables.
Removing basal area and tree height resulted in all nemgacorrelations dropping

below 0.6. Modelling using the remaining variables identifiedo8lels that were ranked
within 4 units of the top model (Table 8). Aspect was foarall 4 top models with

warm aspects having 5 — 9 times the odds of having a reproddetiveee (Table 9).
When all den sites are examined, 9 were on warm aspelsésl no aspect€., flat), and
only one den was found on a cold aspect. Age classomad in 3 of the top 4 models
with increases in stand age class associated withcagaise of 4 — 4.5 times the odds of a

reproductive den. Seventeen of the den trees weredbicaséands >100 years old and 3
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were in stands aged between 60 — 100 years. Increaseswmtber of large trees
(>27.5 cm DBH) was also found in three of the top modAls.increase of 100 large
trees/ha resulted in the odds of a fisher den treeasitig by 70%. Large CWD (>27.5

cm diameter) was found in two of the top models.

2.5 Discussion

Reproductive dens of fisher in my study were generallgiwihe largest tree in a patch.
The dens were all in heart rot cavities and most frequemfg in a live declining tree.
Other research has also identified greater use ofriaes than dead trees for natal dens
(Weir 2003, Aubry and Raley 2006). The harder wood associatkdive trees may
provide greater security from potential predators and greaestability than dead trees.
In the Chilcotin, lodgepole pine, trembling aspen, and Datfijlaare the most prevalent
trees that have large heart rot cavities. Fisher aathimaternal denning occurs almost
exclusively in tree cavities across the species ranp@glP1993, Weir 2000, Aubry and
Raley 2006). My study is the first to document fisherafssoniferous trees for
whelping and rearing in British Columbia (Weir 2003), althoaghiferous trees are

used in the Northwest United States (Aubry and Raley 2006).

Trees used for reproductive denning in the Chilcotin have sndifimeter boles than
any previously reported in western North America (Wad Blarestad 2003, Aubry and
Raley 2006). In the Chilcotin, den trees were old comp@arether trees in the
landscape despite their small size. Considerableisimegjuired for trees to reach
sufficient diameter for fisher denning and for decay fuagiroduce heart rot cavities

large enough for fisher dens. Heart rot cavities only ldeve live trees and take many
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years to reach states suitable for wildlife (Manion 181l et al. 1997). When the
decay becomes advanced, the interior core of heartwallaghges creating internal
cavities in the tree. In my study areas, access tmaiteavities was created by pileated

woodpeckersiryocopus pileatus broken branches, and cracks in the tree bole.

Deciduous trees provide important reproductive denning habitatsabm$fisher’s range
(Powell 1993, Weir and Harestad 2003, Weir 2003). In the Chilcwémbling aspen are
locally abundant on mesic sites; however, large dianatpen are most abundant in
moist, productive locations near streams and wetlanden Ewmpared to the larger trees
found in den patches, the aspen den trees were stifigathe largest trees available.
Often aspen is found with white spruce in the Chilcotin; éweawv, fisher dens were not
found in white spruce although large mistletoe brooms @sgiecies are frequently used
as rest sites (Weir and Harestad 2003, Chapter 3). Fudherthere are no records of
fisher reproductive dens in spruce anywhere in North AraerAlthough small cavity
openings were observed in white spruce during surveys ofmaptids, the species does
not appear to develop the large internal cavity with hateriex shell that appears

necessary for denning by animals the size of fisher.

Large diameter trees are rare in the Chilcotin, eaflgan dry, pine dominated stands.
The lodgepole pine den trees used by fisher during my studyssealler in diameter
than other species used in the Chilcotin, but much lahgerthose trees found in the
same patch. As well, large trees were more abundaanrpatches than in random plots.
Den sites in lodgepole pine tended to be in older farfesh within small patches that

escaped fire or had low intensity ground fires as reddajdire scars at bases of the

27



trees. Soil conditions were mesic to dry at modgépole pine den patches resulting in
open stands with relatively low stem densities that hee decreased the potential for

crown fires and, thus, allowing the trees to survive lotigen those in denser stands.

Similar to the den sites in lodgepole pine patches, des isitDouglas-fir patches were
always in areas with mesic to dry soil conditionsstétically, open stands of Douglas-
fir were maintained by frequent low intensity fire i tBC interior (Wonget al. 2003)

with stand replacement fires estimated to occur every@afs (BC Ministry of Forests
and BC Ministry of Environment 1995). Fire scars were comon most trees at den
sites and the mean age of trees in these forestsegdscmuch older (372 years) than the
estimated stand replacing return interval. The forashpa containing Douglas-fir den
trees generally were composed of large diameter, deglior dead trees reflecting the

advanced stand age.

Several researchers have found that fisher selewtsste forest with a continuous
canopy that provides security cover (Coulter 1966, Kelly 197thuA et al. 1989, Weir
and Harestad 2003). In my study areas, den trees weralljemecontinuous stands of
mature to old forest, although one natal den was logatagatch of trees isolated by
recent harvesting and three others were isolated vster&® — 100 year old stands.
Canopy cover of forested stands in my study is lewy,(0 — 20% tree cover in most
Chilcotin pine stands) compared to fisher habitats inraggions where forests are more
productive. Perhaps the presence of vertical escapatan the form of trees, is more

important to fisher than high values of crown closufer example, a female in the
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Anahim study area travelled along a narrow corridanadll residual trees within a clear

cut to access her den that had been isolated by hageestin

Variables other than forest cover also appear to infeiéme selection of den sites.
Aspect and slope position are 2 physical variables whichasg to measure and readily
available from terrestrial databases throughout Brifislumbia. Their relationships to
factors such as thermal regime (shelter and microtd#mplant communities, and prey
abundance and diversity are important because aspedbpadssition can be, in part,
surrogates for habitat quality. For example, only orth@®0 fisher dens in the
Chilcotin was located on a cold aspect, with the i@mstd on warm aspects or locations
with flat terrain. This finding may reflect the coldviperatures that are common across
the Chilcotin Plateau during late winter and early springmwhelping occurs. Fisher
kits are altricial (.e., born blind and helpless with only a sparse coveringnef tiair)
(Coulter 1966). Female fisher must leave their youngardtdn tree after birth to forage
and mate. Females mate within 10 days following partar(titall 1942, Powell 1993)
and were recorded far from their den in the weeks fatigwhelping (L. R. Davis,
unpublished data). Temperatures in the Chilcotin have te@ended as low as -15° C
during this period and den trees located on southern aspeuwits benefit from solar
radiation. Many den trees were located in fire rerhpatches and warm aspects may
also have greater numbers of larger trees if warncéspee more prone to low severity
ground fires than other aspects. However, post hoc ceuaparof tree diameter at
random plots revealed no differences in the numbergé lrees among flat terrain,

north, and south aspects.
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Like aspect, slope position also appeared to influencseleetion of reproductive den
sites. Many den sites were located on the toe of slabeve wetlands and watercourses,
although other slope positions were also used. Riparcatibns were used by fisher
that denned in black cottonwood trees in the Cariboo arB& ¢¥Weir and Harestad
2003). These riparian stands are among the most prodirctive dry climate of the
Chilcotin and deciduous trees are likely to grow largeéh@se stands than in upland
areas. Riparian forests may also have more abuaddrdiverse prey populations due to
the availability of water, increased productivity, and pneseof edge habitat (Stevesis

al. 1995). Reconnaissance level surveys near the Puntyiatea found greater bird and
small mammal diversity near riparian features (L. Bvi®B unpublished data).
Reproductive dens located at the lower to toe positian mgarian areas would be close

to a greater prey base that may allow female fishepémd less time foraging.

Other slope positions were also used by fisher for denninghandhoice appears to be
related to the tree species used for dens. LodgepolapiBouglas-fir den trees were
typically in mid to upper mesoslope positions and all weggatehes classified as mesic
to dry. These species are more competitive on tliteseatlowing survival to greater
sizes and ages. Ultimately, availability of suitabla ttees is most strongly related to
the presence of large, old trees and this will occuififardnt locations for different tree

species.

Aspect and slope position are useful as coarse haliiees) but other characteristics of
trees important to fisher are only revealed at finelewof resolution. Old trees are more

likely to have attained sufficient size for fisher denningwever, tree age is also related
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to susceptibility to decay by heart rot fungi. Infectiorhlegrt rot fungi typically requires
damage to the bole. Young healthy trees can often headdscand thus protect the tree
from infection, whereas older, unhealthy trees are ksahie of responding to injuries
and infection by heart rot fungi (Wagener and Davidson 1954, Mdr$i81). In general,
older stands have much higher rates of heart rot deaayythunger stands although heart
rot fungal spores are abundant in all ages of forest (Wagad Davidson 1954, Manion
1991). Fisher denning habitat in the Chilcotin is consistéhtthis pattern because den
trees were generally in mature to old stands that caatareater numbers of large trees
in advanced stages of decay. These types of treesaatt$ stre detected by more direct

measures of forests that comprise denning habitat of fisher

The habitat models that | tested thus contain botrsecand fine scale variables that
appear to influence habitat choice by fisher. Variablékdriop multivariate models
indicated that tree diameter, stand age, aspect, andrtiiteen of large CWD were the
most important predictors of the presence of fishertdess in the Chilcotin. Large
diameter trees are typically old and more likely toehbeart rot. Large trees with heart
rot cavities are rare in the Chilcotin and the locatibsuitable den trees depends on tree
species. Older deciduous and mixed species stands in thettotoe mesoslope
position are likely locations for potential den tre&ens in lodgepole pine may occur in
any slope position where small patches of old forest bagaped fire. Often, these
stands are dryer and more open which decreases the ddtergr@awn fires allowing the
trees to survive to greater age. Patches of old Douglasef younger stands with large

remnant Douglas-fir are also likely areas to find deedr As with lodgepole pine, den

31



trees in Douglas-fir may be in any slope position, bustmoll be on mesic to dry sites
with open stand conditions that decreases the prolyatild¢rown fire. For all three
species (lodgepole pine, Douglas-fir and trembling aspen)reles are more likely to be

on flat to sloping terrain with south aspects thatjpl® warmer sites in spring.

The cavities used by fisher as reproductive dens are pramfietselogical processes such
as forest growth, disease.d, heart rot), and fire regime. When abandoned byrishe
these cavities can also be used by a host of other sgegeflying squirrels, owls).
Hence, forest management prescriptions that retaineandirr den trees for fisher will

also benefit other cavity dependent wildlife.
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Figure 3. Comparison of fisher den tree diameter at lgast height (1.3 m) between den trees
and other trees in the 11.28-m radius plot with standard ewr. Significant
(#=0.05) comparisons made using Proc Phreg (SAS 9.1.3) are iraded with an
asterisk (*).
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Table 1: Habitat attributes measured at den sites dfsher. Attributes surveyed using
methodology inField Manual for Describing Terrestrial Ecosystems — Land
Management Handbook 28BC Ministry Environment, Lands, and Parks and BC
Ministry of Forests 1998).

Attribute

Descriptior

GPS positio
Ave tree heiglt
Slope

Aspec
Structural stac
Surface topograpl
BEU

Elevatior

BEC Unit
Mesoslop
Site serie

Moisture/nutrier
Variable radius plc

Fixed radius plc

Vegetatiol

%CWD cove
CWD/30n
Canopy cove
Snow dept
Prey presenc

Tree ag

Comment

UTM coordinates (NAD 8:

Average height of trees in plot (r

Percentage slope of 11-m radius plo

Warm: 91- 26€’; cold: 270- 9C°; none: sites with a slope <6
Dominant structural stage in 11-m radius plot. Reduced tc
categories for analysis: young: 1-5; old: 6-7.

Shape of slope

Broad ecosystem urthat best describes the 11-m radius plc
Elevation in meter

Biogeoclimatic subzon

Slope position of site in local catchment a

Base on BEC unit, the sites position on edatopic grid detechby
moisture and nutrient regime.

Soil moisture and nutrient ley

Trees were tallied by species, size class (small-27.4 cm, large
>27.5 cm DBH¥*), and decay class.

11.2¢&-m fixed radius plot with irormation on DBH, height, cron
condition, bark condition, wildlife tree class, wood conditiard a
wildlife activity for each tree in plot.

Estimated percentage cover by layer in 1-m radius plot with the -
dominant species present listed in order of greatesepirge cover to
least.

Estimated percentage woody debris cover in an -m radius plot by
category (0%, 1-5%, 5-15%, 15-25%, >25%).

Number of pieces >7.5 cm diameter by decay class-m transec
centered on plot and oriented in a random direction.
Percentage canopy cover using a canopy densitometer 1@l eRilee
2005).

Snow depth in cm at random location on animal’s

Evidence of prey species present wit5.64 m of plot cente

Three trees were aged at each fisher den site anergt K" random
plot.

Any additional information on how the animal is using the tad

*DBH: diameter at breast height (1.3 m).

36



Table 2: Sampling stratification used to obtain random samigs from fisher home ranges in
the Chilcotin area of BC.

Stratum

Description

Spruce-Aspen

Lodgepole pine

Habitats containing >25% white spruce or >50% tremk
aspen.
Pine dominated (>75% lodgepole pine).

Douglas-fir Douglas-fir dominated (>50% Douglas-fir).

Age class 1 Forest age class 1 (0-20 years)/ structural stages 1-3.
Age class 2 Forest age class 2-3 (20-60 years)/ structural stage 4.
Age class 3 Forest age class 4-5 (60-100 years)/ structural stage 5.
Age class 4 Forest age class 6-8 (100+ years)/ structural stages 6 - 7.

Table 3: Number of fisher reproductive dens and estimattage by tree species and type.

Mean age (rare)

Tree species Natal Maternal
(years)
Lodgepole pine 4 5 176.6 (112-275)
Trembling aspen 6 1 95.5 (80-111)
Douglas-fir 2 2 371.9 (279-419)
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Table 4: Comparison of fisher den tree diameter at brast height (1.3 m) using Proc Phreg
(SAS 9.1.3) between den trees and other trees in the 1Xr@8adius plot. Significant
(¢=0.05) comparisons in bold and the odds ratio indicates tttrection and
magnitude of an effect with no effect equal to 1. An inerase/ decrease of 0.01
indicates that the odds of choosing a rest site changed b¥6 for each unit change in
the attribute.

Mean

Group Type (cm) SE n P-value  Odds ratio
Natal Der 46.C 3.5( 12

Other tree 23. 0.81 177 00001 1250
All dens Der 47.: 2.81 20

Other tree 22.¢ 0.6 31¢ 00001 1282
Lodgepole pine Der 39.C 1.6 9

Other tree 19.¢ 0.5t 127
Trembling asper  Der 45.¢ 1.44 7

Other tree 22.L 0.8( 11¢€ 0.0104 1.287
Douglasfir Der 68.4 5.07 4

Other tree 56.C 3.8¢ 13 0.2147 1.079
Large trees** Der 47.% 2.81 20

Other tree 29.¢ 1.51 71 0.0012 1.310

*The lodgepole pine analysis did not reach convergence.
**Large trees compared the den tree to the four largest inethe plot that were not used.
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Table 5: Comparison of habitat variables using Proc Pheg (SAS 9.1.3) between all den
sites and random sites in fisher home ranges. Signidint (2#=0.05) variables in bold
and the odds ratio indicates the direction and magnitudef an effect with no effect
equal to 1. Anincrease/decrease of 0.01 indicates thilaeé odds of choosing a den
site changed by 1% for each unit change in the attribute.

Varilable Type Mear SE n P-value  Odd: ratic
Age Zlan gz;don g?: 8:(132 29132 0.0026  6.785
Slope \ gzgdon 32 ggg Zéz 0.3409 1.021
C
Tree cove 4 gz; o 52:52@ 8133 29132 0.0650  1.035
:
mowd BT R D e om
: .
Small CWEC 6 gz;don 2:; (1326 29132 0.2057  1.068
Large CV\:D gz;don 8:?;’ 8:(1) : 29132 0.0007  4.081
Basal are | gz; o ijéi g;g; 291)7 0.1126  0.999
e 20 BE 8L T o oo
Large tf.eeS/l ? gz;don 128-; 52:2; 29132 0.0001  1.013
Tree height ) gg;don 12285 8:21 232 00131  1.164
. - (
Large Sapl.lnlg gz;don ﬂg:‘l‘:‘ 13?;_-; 29132 07251  1.000
el I Qg

TAge class: Four class system based on structural 8@#lihistry Environment, Lands, and Parks and
BC Ministry of Forests 1998) (1: structural stages 1 — 3rdctural stage 4; 3: structural stage 5;
and 4: structural stages 6-7).

“Slope: percentage gradient of terrain in 11.28-m radius plot.

*Tree cover: percentage cover of trees >12.5 cm DBH (déarae 1.3 m height from the ground) in 11.28-
m radius plot.

“Shrub cover: percentage cover of shrubs in 11.28-m radius plot

*Small CWD: number of pieces of small woody debris (7274 cm diameter) encountered on a 30-m
transect.

®Large CWD: number of pieces of woody debris (> 27.4 cm diafiencountered on a 30-m transect.

"Basal area: the cross sectional area of trees ptrheneasured at DBH {fha).

8Small trees/ha: number of trees <27.6 cm DBH per hectar

°Large trees/ha: number of trees >27.5 cm DBH per hectare

Tree height: average height of co-dominant trees in a 1i.28lius plot.

Y| arge sapling: number of large tree saplings/ha (>2 I tal

2Small sapling: number of small tree saplings/ha (<2l t
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Table 6: Comparison of categorical habitat variables usig Proc Phreg (SAS 9.1.3) between
den tree sites and random sites in fisher home rangeSignificant (¢=0.05) variables

are in bold.

Attribute Level Count (proportior P-value

Res Randon

Stratum® Douglasfir 3(0.18 16 (0.05
Lodgepole pin 7 (0.41 208 (0.71 0.0274

Sprucw-aspel 7 (0.41 69 (0.24

Aspect Cold 1 (0.06 47 (0.16
None 7(0.41 186 (0.63 0.013C

Warmr 9 (0.53 60 (0.21

Mesoslop?® Lower 8 (0.4 106 (0.36
Mid 7(0.41 147 (0.50 0.599¢

Uppel 2(0.12 40 (0.14

Site Serie’ Dry 2(0.12 106 (0.36
Mesic 7(0.41 147 (0.50 0.157:

Wel 8 (0.47 40 (0.14
Prey Preser 8 (0.47 93(0.32 0.162¢

Absen 9 (0.53 200 (0.68

IStratum: Distinct vegetation cover based on broagystem units (BC Ministry of Water, Land and Air
Protection 2004) (Douglas-fir30% cover in Douglas-fir; Lodgepole pireZ0% cover in lodgepole
pine; Spruce-asper30% cover in either white spruce or trembling aspen).

Aspect: describes the direction of slope (none: aréhdess than 5% slope; cold: >5% slope and 270-
90°; warm: >5% slope and 91-269° azimuth).

3Mesoslope: Slope position is a 3 class system basEehManual for Describing Terrestrial
Ecosystem@&C Ministry Environment, Lands, and Parks and BC Miniefriforests 1998): Upper: crest
and upper; Mid: mid and level; Lower: lower, toe, and degion)

*Site series: classification of moisture and nutrienimegat den site (BC Ministry Environment, Lands,
and Parks and BC Ministry of Forests 1998).

®Prey: presence of prey sign within 5.64 m of plot centre.

Table 7: Contrasts for rest tree categorical habitat vamables using Proc Phreg (SAS 9.1.3).
Significant (¢=0.05/3 = 0.0167) contrasts are in bold.

Attribute Contras DF Chi-squar: P-value
Stratun Lodgepole pine vs other 1 6.676¢ 0.009¢
Dougla«fir vs other: 1 2.898° 0.088¢

Spruc-aspen vs othe 1 0.076° 0.781¢

Aspec Warm vs others 1 6.949: 0.008¢
Cold vs other 1 1.540¢ 0.214¢

None vs othel 1 0.379: 0.538(
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Table 8: Test of models used to predict the probabilitgf a fisher den tree site in the
Chilcotin area of BC. K is the number of parameters ficluding a constant). Akaike
Information Criterion (AIC) values are a relative index of model parsimony with
AAIC values giving the distance between any model and the migsarsimonious
model. AIC® is the relative strength of each model, and rank givefe ratio of
evidence relative to the best model (n = 360) (Burnham améhderson 2002). Top
models and significant parameters are ifbold type.

Model K Descriptior AIC AAIC AlICo Rank
Aspect +Prey +Ageclass +Tree
cover +Large CWD + Large
1 6 trees 76.24 0.00 1.00 1.0
2 3 Aspect + Ageclass + Large trec 7745 1.21 0.55 1.8
Stratun' + Aspect’ + Site Serie®
+ Prey + Ageclass + Tree

Full 10 covef + Small CWD + Large 77.79 1.55 0.46 2.2
CWD?® + Small tree3+ Large
trees’
Stratum +Aspect +Ageclass -
5 4 Large trees 78 1.76 0.41 24
6 2 Aspect + Large tre: 81.42 5.18 0.08 13.3
Aspect +Tree cover HLarge
10 3 trees 83.19 6.95 0.03 32.3
4 3 Stratum + Aspect + Agecle 85.81 9.57 0.01 119.7

IStratum: Distinct vegetation cover based on broagystem units (BC Ministry of Water Land and Air
Protection 2004) with model based on Lodgepole pine versus &ofighnd Spruce-aspen
stratum (Douglas-fir=30% cover in Douglas-fir; Lodgepole pireZ0% cover in lodgepole
pine; Spruce-asper30% cover in either white spruce or trembling aspen).

Aspect: describes the direction of slope (none: aréhdess than 5% slope; cold: >5% slope and 270-
90°; warm: >5% slope and 91-269° azimuth) with model basegaom versus none and cold.

Age class: Four class system based on structural (@&gelinistry Environment, Lands, and Parks and
BC Ministry of Forests 1998) (1: structural stages 1 — 3rdctural stage 4; 3: structural stage
5; and 4: structural stages 6-7).

3Site series: classification of moisture and nutrienimeg

*Prey: presence of prey sign within 5.64 m of plot centre.

°Age class: Four class system based on structural #&gMlifistry Environment, Lands, and Parks and
BC Ministry of Forests 1998) (1: structural stages 1 — 3rdctural stage 4; 3: structural stage
5; and 4: structural stages 6-7).

®Tree cover: percentage cover of trees >12.5cm DBH (diamieie3 m height from the ground) in 11.28-

m radius plot.

’Small CWD: number of pieces of small woody debris (7274 cm diameter) encountered on a 30-m
transect.

8_arge CWD: number of pieces of woody debris (> 27.4 cm diafiencountered on a 30-m transect.

°Small trees: number of trees <27.6 cm DBH per hectare.

% arge trees: number of trees >27.5 cm DBH per hectare
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Table 9: Odds ratio for significant (@=0.05) attributes in the top four models for fisher den
tree plots. The odds ratio indicates the direction andnagnitude of an effect with no
effect equal to 1. An increase/decrease of 0.01 indicateat the odds of choosing a
den site changed by 1% for each unit of change in the atbute.

Attribute Odds ratio
Aspect (warm vs other aspects) 5.110-9.280
Large CWD 4.035 - 5.042
Age clas3 4.225 - 4.473
Large Tree$ 1.007 — 1.008

TAspect: describes the direction of slope (none: ar@hdess than 5% slope; cold: >5% slope and 270-
90°; warm: >5% slope and 91-269° azimuth) with model basegaom versus none and cold.

2l arge CWD: number of pieces of woody debris (> 27.4 cm diafiencountered on a 30-m transect.

3Age class: Four class system based on structural #&gMlifistry Environment, Lands, and Parks and
BC Ministry of Forests 1998) (1: structural stages 1 — 3rdctural stage 4; 3: structural stage
5; and 4: structural stages 6-7).

“Large trees: number of trees >27.5 cm DBH per hectare
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3: Rest Site Selection by FishemMartes pennani) in the
Chilcotin Area of British Columbia
3.1 Abstract
Rest sites provide fisheMartes pennanjiwith shelter from inclement weather and
protection from predators. | used radiotelemetry to ileh@5 rest sites of 17 fisher in
the Chilcotin area between 2005 - 2008. More terrestred siere used than arboreal
sites for resting during winter which may be due to thd cbinate. Fisher did not use
terrestrial rest sites preferentially during cold peridus,did use terrestrial sites more
than expected when snow was deep. Temperatures <-15°Cocdyroocur in the
Chilcotin at times when there is little snow and,deenerrestrial sites may not provide
suitable microclimates unless snow is deep. Sprucespahatands and number of
large logs (>27.5 cm diameter) were important predictbtsrcestrial rest sites. Trees
used by fisher for resting were among the largest ing$teplot. White sprucd{cea
glaucg was used more than expected, but other species wenesaldoRust brooms
(Chrysomyxa arctostaphyhivere the most often used structure when fisher raésted
spruce trees. Large branches, cavities, and squirrtslwese used on other tree species.
Spruce , trembling aspeRd@pulus tremuloidgs Douglas-fir Pseudotsuga menziesii var.
glaucg, and mixed forest stands were more likely to contdinraal rest sites. Rest sites

were rarely in lodgepole pin®ifius contorta stands.
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3.2 Introduction

Rest sites provide fisher with protection from predatodsiuarfavourable weather
(Kilpatrick and Rego 1994; Weet al 2004). Rest sites used by fisher are often
associated with elements of old forest including cavitidsees, large limbs on live trees,
hollow logs, piles of woody debris, and animal burrowsiér et al. 1989; Kilpatrick
and Rego 1994; Seglund 1995; Gilbert et al. 1997; &tat. 2004; Zielinskiet al 2004;
Yaeger 2005). Trees used by fisher are generally large cedhfmaavailable trees and
have structural features that facilitate fisher usel(®egL995; Gilberet al. 1997;
Zielinskiet al 2004; Weir and Harestad 2003; Yaeger 2005). Arboreal restistes
rest locations in trees) provide fisher with positiomsrfwhere approaching predators
can be detected and, as well, may offer protection p@dators that are primarily

ground based (Raphael and Jones 1997).

Use of terrestrial rest sitesq, rest locations at ground level), such as woody debris
piles, is generally greater in regions and seasonscaitler temperatures (Arthet al.
1989; Jones 1991; Kilpatrick and Rego 1994; Weml. 2004). Subnivean (below the
snow) rest sites can have a warmer local ambiemie¢eature depending on snow depth
and wind velocity than arboreal locations (Taylor anglBrk 1994; Raine 1981).
Powell (1979) estimated that resting fishers could thexadétitolerate temperatures as
low as -60° C for females and -120° C for males. AmMiemperatures experienced by
fisher are generally well above this value; howevehgfignay still minimize energy

losses by selecting habitats that provide protection frmichtemperatures and wind.
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Many of the structural elements associated with fiségtrsites can be affected by forest
harvesting practices. Forest harvesting has the gtgaitential to negatively affect
fisher habitat in British Columbia (BC) due to the prewak of clear-cut harvesting

(Weir 2003). Clear-cut harvesting affects the tempaosailability of forest cover and,
generally, results in a decrease in the abundanegeo$liccessional forest attributes over
time. The current mountain pine beetlefdroctonus ponderospmfestation affecting
BC is expected to result in accelerated harvesting @lamge portion of the fisher’s

range and exacerbate these effects. The loss of niatast stands due to mountain pine
beetle and associated salvage harvesting has the plaienéduce fisher resting sites in
pine dominated landscapes. Therefore, understanding festerg requirements is

important in maintaining this species in the Centrariot of BC.

My objectives are to:

1. Identify and describe fisher resting habitat in the Chila@gion of British
Columbia.
2. Describe the abundance and distribution of restindgdtadde ments within adult

female fisher home ranges.

3. Provide recommendations to forest managers thamaititain rest sites in pine-

dominated areas of the Central Interior.
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3.3 Methods

| used radio telemetry to collect data on the locatimhsite characteristics of fisher rest
sites between November and August over 3 years (2005/2006, 2006/2007 and
2007/2008). At known rest locations (determined by visual deteotiisolation to one
structure), information about slope, topography, aspecidbeocosystem unit, structural
stage, biogeoclimatic unit, percentage cover vegetatiea ctiaracteristics, presence of
prey, temperature, and element used for resting weretsall¢Table 10) as
recommended by BC Ministry of Forests and BC MinistriEn¥ironment (1998). |
collected habitat information and variable radius plot datarandom distance (1-10 m)

and direction from the rest location.

Fisher often rest in large trees (Seglund 1995; Weir avddthd 2003; Zielinslat al
2004; Yaeger 2005) which has the potential to bias some hpaitanhetersg.g, crown
closure). Offsetting the plot allowed me to compae isformation with random plots
that were also not centered on a large tree. Forsetsabtrees, methods also included
an 11.28-m fixed radius plot centered on the rest treeendetailed wildlife tree
information was collected (BC Ministry of Environmengrids, and Parks and BC
Ministry of Forests 1998). All rest sites had a variabtiius plot conducted, but a fixed
radius plot was not conducted at terrestrial rest.sk®ghin each fisher's home range, |
collected the same data at random plots so | could coadattses for habitat
selectivity. However, the random fixed radius ploesewnot tree centered and wildlife
tree data were collected only on trees >27.5 cm diaraetgeast height (DBH.e., 1.3

m above the ground) for 9 out of 10 plots with a fultionducted on every TQlot.

46



This procedure was used because fisher rarely used treldey $hzan 27.5 cm DBH for

resting.

| collected information on site characteristics adi@m points in the home ranges of
fisher with sufficient sample sizesq., > 25 relocations) for comparisons with locations
used by fisher. Some forest types are relatively ratied study areas, but were
considered important for fisher resting. To ensureltbatained sufficient data on rare
habitat types, | used map-based stratification to olataimast 5 plots in each stratum in a
fisher's home range. Habitat was stratified basedandsage and tree species

composition data on forest cover maps (Table 11).

3.3.1 Data Analyses

| compared characteristics of the element, patch, tamd Hetween rest sites and
available locations using conditional exact logistic esgion (Proc Phreg, SAS 9.1) in a
case — control framework. | compared the rest tregsdofidual fisher to other trees
within the fisher rest plots and compared characterisfiesst plots to random plots
within the fisher’'s home range. To develop and test mqaeldicting rest site use by
fisher, | first conducted univariate analyses on individchadditat variables thought to
affect rest site use. | made multivariate comparisisingy variables that appeared to
influence fisher rest site selection in univariatelyses (P < 0.25) after removing highly
correlated variables. | used the remaining variables tel@i@wnodels that were
compared using an information-theoretic approach (Burnham\aderson 2002).
Models that are ranked within 2-4 units of the “best” madelain attributes likely to

have a significant effect on selection of restingatires by fisher.
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3.4 Results

| live trapped and implanted 24 fishers with radio trangrstbetween 2005 and 2007.
Seventeen of these fishers were recorded using 105 regéagluring this period. The
majority of fisher locations were from winter (Novken 1st — March 31st); however, |
also had a portion of locations from the spring (Apsil — June 30th) and summer (July
1st— August 31st). Fishers used significanily(.05) different proportions of terrestrial
and arboreal rest sites by season. During spring and su2daé of rest sites were
terrestrial, whereas, 52% of rest sites were teragsiuring winter (y > = 9.31, P =
0.002). | compared ambient temperatures during rest structubetwseen arboreal and
terrestrial sites (Table 12). In the Chilcotin, usanoreal rest sites did not vary with
temperature when compared to terrestrial sites0)(05). In contrast, snow depths were
twice as deep when terrestrial rest sites were usedithan arboreal sites were used

(Figure 4).

Trees were the most often used element for resting (a#ebrest trees were mostly
white sprucePRicea glauca (Figure 5, Table 13). When using spruce, fisher rested
primarily on brooms caused by spruce broom rG@sirysomyxa arctostaphyli For
Douglas-fir Pseudotsuga menziesii var. glajiceavities and large diameter branches
were the majority of rest structures. In lodgepole @ifeus contorty broom structures
caused by abnormal growth patterns associated with dwea fnpistletoe Arceuthobium
americanun), and red squirrel nests were the structures most ofeth The average
diameter (DBH) of rest trees varied by tree speciéls Bouglas-fir having the largest

and most variable diameters (Table 14). When resiBt¢ was compared to other
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trees in the rest plot, rest trees were significaftly0.05) larger at almost double the
diameter of the other trees in the plot (Table 15)weieer, this relationship was not

significant when rest trees were compared to the foges trees in the plot that were
not used. Coarse woody debris (CWD) comprised 30% of takrést sites with most
terrestrial rest sites found in cull piles locate@ieas recently harvested and usually

within 50 m of forest cover (Table 13).

Most continuous habitat variables differed between restpgatches and random plots
(Table 16). Age class, tree cover, basal area, nuailb@rge trees, and presence of a
large tree were significant variables that had a pesitifluence on probability of an
arboreal rest patch. Percentage shrub cover wastheariable that had a negative
influence on odds of fisher use. Of the categoricaabaes examined, stratum and
mesoslope had the greatest influence on arboreal rebepditable 17). Contrasts on
stratum indicate that the Douglas-fir and spruce — aspata stre much more likely to
contain a rest patch than the lodgepole pine stratubrié &8). For mesoslope, lower
slope positions were more likely to have an arboreslpatch than the middle slope

position.

Correlation analysis on continuous variables indicatatttee cover, basal area, number
of large trees and presence of a large tree were highiglated (r >0.6). Removing tree
cover and number of large trees resulted in correlati@fficients of <0.6 for all
remaining variables. Table 19 shows the results of nemdeparisons used to predict
the probability of an arboreal rest patch. Stratumlzasal area are the only significant

(o = 0.05) variables in the top models. For this analgtiatum was coded for Douglas-
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fir and spruce-aspen versus lodgepole pine. Lodgepole pimissteere 21-22 times less
likely to contain an arboreal rest patch (Table 20) Hasal area, increasing the basal

area by 1 rhresulted in a 3 — 3.5% increase in the odds of a pat¢hinig a rest tree.

Comparison of habitat variables between terrestr&lpatches and random locations
indicated that the number of large CWD (>27.5 cm diametas)the only continuous
variable with a significanto(= 0.05) positive influence on terrestrial rest pat@spnce
(Table 21). Age class, tree cover, shrub cover, nunfiteees/ha, and number of small
CWD all had significanto{ = 0.05) negative influences on rest patch presence. For
categorical variables, stratum was the only varialdeitifluenced rest sites (Table 22).
Spruce-aspen stands had a much greater probability of hatengstrial rest site than

lodgepole pine (Table 23).

Two habitat variables thought to influence terrestrial seéstusei(e., tree cover and
number of trees/ha) were highly correlated (r >0.6)nddetree cover was dropped from
further analysis and all correlation coefficients agnthe remaining variables were <0.6.
Only the model incorporating all variables (full modelpwied any predictive ability
during multivariate modeling (Table 24). Within the full mod#lattributes except the
number of trees/ha was significant< 0.05). Stratum had a significant£ 0.0167)
positive influence on the odds of a terrestrial restvsitle spruce-aspen sites 15 times as
likely to be a rest site as the lodgepole pine and Dodmglasata (Table 25). Large
CWD was also a positive indicator of rest sites @laith increases in age class, and

shrub cover, but small CWD was a negative indicatdéeweéstrial rest site presence.
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Cull piles associated with harvesting of mountaireeetle impacted stands dominated
the data on terrestrial rest sites (65%) and this bigshaae had an influence on site
characteristics. “Natural’ terrestrial rest sitesnprised approximately half (17 of 31) of
terrestrial rest sites allowing an examination of sitéors associated with only these
habitats. Table 26 shows the results of a univariatgsiean natural rest sites. Again,
the number of large CWD was the only continuous varmafile a significant ¢ = 0.05)
positive relationship with rest sites. Shrub cover, Ibeinof trees/ha, and number of
small CWD all had significantu(= 0.05) negative relationships with natural terrestrial
rest sites. For categorical variables, stratum wasrhevariable with a significantu(=
0.0167) influence on rest sites (Table 27) with spruce-aspEnts/ing a greater

probability than lodgepole pine sites of having a ter@stest site (Table 28).

Of the habitat variables predicting natural terrestaat sites, tree cover, basal area,
number of trees/ha, and number small trees/ha wereytaghielated (r >0.6). Retaining
only the number of tree/ha for use in the model redutteorrelation coefficients <0.6
between all remaining variables. Similar to the agialysing all terrestrial rest sites,
only the full model exhibited any predictive ability for natisites (Table 29). Again,
stratum had the greatest influence on natural rest sitleshe spruce-aspen stratum
having 10 times the odds of containing a rest site over lodgppmeand Douglas-fir
(Table 30). Numbers of large CWD also had a strong pesitiluence on the presence
of rest sites while increases in the number of sm&IDCGand shrub cover were

associated with decreased odds of the presence of ttietnest sites.
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3.5 Discussion

In the Chilcotin, fishers used a greater proportion bbegal rest sites during spring and
summer than during winter, similar to fishers in otleggions with cold winter
temperatures (Arthuet al 1989; Jones 1991; Kilpatrick and Rego 1994; \ieail

2004). Unlike other regions, fishers in the Chilcotin dummgter used a greater
proportion of terrestrial rest sites than arborestl sges. The greater use of terrestrial
rest sites that | observed may be due to the Chilcaixti®me climate. The SBPS
Biogeoclimatic Zone comprised the majority of the studaaand has a frost free period
of only 12 days (the shortest of any forested BEC zoB€in has 5 — 7 months of the
year when the mean monthly temperature is below 0°€Chas relatively low mean
annual precipitation (464-517 mm) (Meidinger and Pojar 1991). oUsest sites by
fisher that are subnivean has been suggested as a theriamggoehaviour that
minimizes heat loss ( Kilpatrick and Rego 1994; \Weial 2004). Taylor and Buskirk
(1994) examined the thermal properties of branch, cavityCMID rest elements for
American martenNartes americanp In their study, CWD rest sites (terrestrialtres
sites associated with large woody debris) had the wammesbenvironments only
during periods when temperatures were < 5°C, the snowpakitacm, and wind
speeds were high. | found that the choice of restitmtatas independent of air
temperature; however, fisher made much greater userestieal sites elements when

snow depths were deep. Temperatures in the Chilcotin oartar 5°C during any
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month of the yedroften when little or no snow is present. At théses, terrestrial sites
may not provide a warmer microclimate than arborgad s predicted by Taylor and
Buskirk (1994). My findings suggest that multiple factorgetfthe selection of optimal
resting location and these factors are likely to chavideseason. For example, fisher in
my study used terrestrial rest sites during summer wdrapdratures were very warm
(>25°C) when they may have been selecting for habitatsampler microclimates, or

responding to other factors.

In the Chilcotin, rest trees used by fisher had larger eliars than trees available in the
surrounding forest, similar to findings of other studi®sglund 1994; Weir and Harestad
2003; Zielinskiet al. 2004; Yaeger 2005). Some of these studies have also @mpar
rest tree diameter to that of the largest 4 tredsarmplot that were not used (Seglund
1994; Yaeger 2005), because the trees used as rest sitestareneny large and this
could influence the analysis. Unlike those studies, resstin my study were similar in
diameter to the four other large trees in the ploicatihg that the rest tree was not likely
to have had an undue influence on other plot charactsristis well, my comparison
used a randomly located plot in the vicinity of the tesst which is likely to reduce

biases associated with measuring site characterist®s © a large tree. Rest trees used
by fisher in the Chilcotin are generally small compdrcetiees used elsewhere in western
North America (Seglund 1994; Weir and Harestad 2003; Zieletski 2004; Yaeger

2005) with the exception of the Douglas-fir rest treekest differences suggest that,

* Environment Canada. 2009. Data from Puntzi Mountainheeatation, 20 year Normals.
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although fishers generally choose larger trees for gesfiameter is not the only factor

influencing choice of rest trees.

Other researchers have examined the abundance otisaitdettures associated with rest
trees compared to trees not used by fishers. Weir arebstddr(2003) found that spruce
trees used for resting had greater numbers of rust bré@mdrees not used for resting
within the rest plot. Zielinsket al (2004) found that female fishers used cavities more
often than males and males used platforms more dftanfemales. Kilpatrick and Rego
(1994) found that fisher selected trees with platformsdsting on and avoided trees
with cavities during summer but there was no differanclectivity for these structures
during winter. Variability in use among structure tymexes, and seasons indicates that
fishers use a variety of tree based sites to meetrtbeds annually and across the
landscape. Spruce were the most often used restrrdes Chilcotin area of BC and this
affinity for spruce trees has also been noted in aheas of the BC interior (Weir and
Harestad 2003; Weet al 2004). Generally, suitable structures for restingratarge
diameter trees (Seglund 1995; Weir and Harestad 2003; Ziedinaki2004; Yaeger
2005). However, this association may be confounded withecguse older trees have
had longer exposure to disease and decay processes thsd@riated with the

development of many rest structures.

Douglas-fir and spruce-aspen forest types and stands wategltesal area had the
greatest influence on the probability of an arborestlsite being used by fisher in the
Chilcotin. Given that spruce was the most often usstdmee and that Douglas-fir was

the second most used tree species, this result is missuy because stands of these
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species tend to have greater basal area then lodgepelelpkewise, spruce in the
Chilcotin generally grows on wetter, more productive sies lodgepole pine, resulting
in larger tree diameters, increased stocking densitiesgieeater basal area. Other
researchers have also found that fisher rest sitessaoeiated with high basal area and
are often found in riparian ecosystems which are mardyative locations (Seglund

1995, Zielinskiet al. 2004, Yaeger 2005).

The probability of use of terrestrial rest elements wduenced by the presence of the
spruce-aspen habitat type and high numbers of large logs (E@2d&meter). This
relationship was significant even when man-made CWg&spiere removed from the
analysis. Other researchers have also reporteddisiseng large diameter logs at
subnivean rest sites (Jones 1991, Weir and Harestad 2003)tskishey study areas
used terrestrial rest elements in all seasons indg#tat microclimate is likely only one
factor influencing rest site use. Weiral (2004) proposed that fishers would select rest
structures based upon factors other than temperature wédremtiegulatory demands
were not restrictive, and a number of other reseasdire suggested that fishers locate

rests sites close to food sources (de Vos 1952; Coulter P86&Il 1993).

Some of the terrestrial rest sites used by fisher irstugty were close to where fisher
were feeding on winter killed animals.¢, moose and domestic cattle). These rest
locations may have provided protection from other pred#tatsvere also feeding on
the carrion, and | observed tracks indicating canids Imaag chased a fisher into a CWD
pile close to a carcass on one occasion. Some pegjes may also be more abundant

and/or accessible in terrestrial rest sites. CoxnBM/D piles that include large diameter
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pieces would allow fisher to enter subnivean sites inexviahd hunt prey that would
otherwise be inaccessible. A recent study near Widliaake, BC found that small
mammals made extensive use of the man-made pilesdoocatéear cut areas (Davis and
Calabrese 2009). Red-backed volekethrionomys gapperiare a prey of fisher that is
associated with CWD and makes greater use of larger diatogs (Hayes and Cross
1987; L.R. Davis unpublished data). Some of the rest elsmemy study were in
animal burrows, such as red squirfEhfniasciurus hudsonicusiddens, and these
structures may have provided both cover and prey for fishieis suggests that rest
locations serve multiple functions for fishers timiude providing a suitable

microclimate, secure location from other predators,aaessible prey.
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Rest structure use and snow depth (+/- SBJ fisher locations in the Chilcotin
area of British Columbia (2005 — 2008). Comparison based ontdecollected
between November ¥ and April 30™. Snow depth was significantly ¢=0.05)
deeper when terrestrial rest site were used (Proc Pag (SAS 9.1.3)).
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Table 10: Habitat attributes measured at fisher rest iges in the Chilcotin area of British
Columbia, Canada. Attributes surveyed using methodology in Eld Manual for
Describing Terrestrial Ecosystems — Land Management Handbé&a25 BC
Ministry of Environment, Lands, and Parks and BC Ministry of Forests

1998.
Descriptior
Attribute
GPS positio UTM coordinates (NAD 8:
Average tree heig Average height of trees in plot (r
Slope Percentage slope of 11-m radius plo
Aspec Warm: 91- 26€’; cold: 270- 9C°; none: sites with a slope <6

Structural stac
Surface topograpl
BEU

Elevatior

BEC Unit
Mesoslop

Site serie

Moisture/nutrier
Variable radius plc

Fixed radius plc

Vegetatiol

%CWD cove
CWD/30 nr
Canopy cove
Snow dept
Temperatur

Prey pesenc
Tree ag

Dominant structural stage in 11-m radius plot.

Shape of slope (Province of BC 19!

Broad ecosystem unit that best describes the -m radius plc.
Elevation in metel.

Biogeoclimatic subzon

Slope position of site in local catchment a

Base on BEC unit, the sites position on edatopic grid detechby
moisture and nutrient regime.

Sdil moisture and nutrient lev.

Trees were tallied by species, size class (small-27.4 cm, large
>27.5 cm DBH¥*), and decay class.

11.2¢-m fixed radius plot with information on diameter at Istdaeight
(DBH), height, crown condition, bark condition, wildlife trelass,
wood condition, and wildlife activity for each tree in plot
Estimated percentage cover by layer in 1-m radius plot with the -
dominant species present listed in order of greatdsaih percentage
cover.

Estimated percentage woody debris cover in an -m radius plot by
category (0%, 1-5%, 5-15%, 15-25%, >25%).

Number of pieces >7.5 cm diameter by decay class-m transec
centred on plot and oriented in a random direction.

Percentage canopy cover using a canopy densitometeand Pike
2005).

Snow depth in centimeters at a random location along the’§ghasl.
Ambient temperature in Celsii

Evidence of prey species present within 5.64 m of plot e

Three trees were aged at each fisher den site anergt K" random
plot.

*DBH: diameter at breast height (1.3 m).
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Table 11: Stratification used to obtain random samples &m fisher home ranges in the
Chilcotin area of British Columbia.

Stratun Descriptior
Leading speci¢  Spruc-Asper Habitats containing >25% white spruce or >5
trembling aspen.
Lodgepole pin Pine dominated (>75% lodgepoline)

Douglasfir Douglas-fir dominated (>50% Dougl-fir)

Age clas Age class Forest age class 1-20 years)/ structural sta¢* 1-3.
Age class Forest age class-3 (2(-60 years)/ structural stage
Age class Forest age class-5 (6(-100)/ structural stage
Age class Forest age class8 (100+)/ structural stages- 7.

IStructural stage: Seven-class stratification of s&ingture fronField Manual for Describing Terrestrial
Ecosystems — Land Management HandboofBZ5Ministry of Environment, Lands, and Parks and BC
Ministry of Forests 1998).

Table 12: Comparison of structure use and weather charéeristics at fisher rests locations
in the Chilcotin area of British Columbia (2005 — 2008). Amlgint temperature (°C)
and snow depth (cm) were compared using Proc Phreg (SASL.3). Terrestrial sites
include burrows and woody debris piles. Comparisons aredsed on data collected
between November ¥ and April 30™. Significant (@=0.05) variables in bold and the
odds ratio indicates the direction and magnitude of an &kct with no effect equal to
1. Anincrease or decrease of 0.01 indicates that the @daf choosing a rest site
changed by 1% for each unit change in the attribute.

Variable Type Mean SE n P value Odds ratio
Temperatur Arborea -0.45° C 2.5 11
Terrestria -2.50° C 2.0t 12 0.4101 1.050
Snow deptf Arborea 19.42 cn 2.2¢ 42
Terrestria 44.74 cn 5.2( 31 0.0071 0.975
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Table 13: Rest structures used by fisher in the Chittin area of British Columbia, Canada
between December 2005 and July 2008. Structures listed arearder of greatest to

least use.
Total Number
Number times
Rest site Uses Re-used % Use Structures used
White spruc 44 1 0.4¢  Broom, squirrel nest, bran
Coarse woody debi 30 12 0.3C  Cull pile, natural pile, hollow loc
beaver hutch, packrat nest
Undergroun 16 0.1€  Squirrel midden, muskrat den, ott
ground
Lodgepole pin 8 4 0.0:  Broom, squirrel ne
Douglasfir 6 0.0€  Cavity, branch, squirrel ne
Trembling aspe 1 0.01 Cavity
Total 105

Table 14: Average diameter at breast height (1.3 m) of regees used by fisher in the
Chilcotin area of British Columbia, Canada (2005-2008). Forrées used more than
once, only one entry was used in this analysis (CV: coeféat of variation).

Species Mean (cm) SE CVv n
White spruce 36.7 1.8 0.28 33
Douglas-fir 67.9 16.6 0.55 5
Lodgepole pine 23.8 1.5 0.13 4
Trembling aspen 40.2 1
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Table 15: Comparison of fisher rest tree diameter at teast height (1.3 m) between rest
trees and other trees in the 11.28-m radius plot. Signint (#=0.05) comparisons in
bold and the odds ratio indicates the direction and magnitde of an effect with no
effect equal to 1. An increase/decrease of 0.01 indicateat the odds of choosing a
rest site changed by 1% for each unit change in the aibyute.

Type Mean (cm) SE n P value Odds ratio
Rest tree 43.¢ 6.97 14
All other trees 23.C 0.5¢ 31C <0.000: 1.13¢
Other large tree: 37.1 0.16¢ 56 0.101: 1.04¢

*Other large trees compared the rest tree to the &gest trees in the plot that were not used.

Table 16: Comparison of habitat variables at rest treeites and random sites in fisher home
ranges in the Chilcotin area of British Columbia, Canada. Significant (@=0.05)
variables in bold and the odds ratio indicates the dirdton and magnitude of an
effect with no effect equal to 1. An increase or decrsa of 0.01 indicates that the
odds of choosing a rest site changed by 1% for each unitaitige in the attribute.

Variable . Type Mear SE n P value Oddk ratic
; C
TR R
0
s R B ww o
0 ) 1
% Tree cover 4 Egidon ig% (1)32’ ng <0.0001 1.053
0
oS e HBE L 2E 8 o ose
oatne L BL S % awe e
# Large trees/ta 8 Egidon 1§§g§ 121533 ng <0.0001 1.002
Presen:e large tre Egidon 8;? 88:' 33%;‘ 0.0002 4.792
c p
rowe Randon  42¢ 0z s 0025 0961

TAge class: Four class system based on structural &&g®lifistry of Environment, Lands, and Parks and
BC Ministry of Forests 1998). 1= structural stages 1 =3t&ctural stage 4; 3= structural stage 5; and
4= structural stages 6-7.

%9 Slope: percentage gradient of terrain in 11.28-m radius plot.

%9% Tree cover: percentage cover of trees >12.5 cm DBH @dé@rat 1.3 m height above the ground) in
11.28-m radius plot.

“9% Shrub cover: percentage cover of shrubs in 11.28-m radius plot

®Basal area: the cross sectional area of trees prheneasured at DBH {tha).

®Number Small trees/ha: number of trees <27.6 cm DBHgetare.

"Number Large trees/ha: number of trees >27.5 cm DBHeumtate.

8presence large tree: denotes presence of at leaseer27.5 cm DBH.

°Number CWD: number of pieces of woody debris >7.4 cm diareemountered in a 30-m transect.
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Table 17: Comparison of categorical habitat variables at r& tree sites and random sites in
fisher home ranges in the Chilcotin area of British Calmbia, Canada. Significant
(=0.05) variables are in bold.

Attribute Level Count (proportior P value

Res Randon

Stratum® Douglasfir 7(0.14 16 (0.05

Lodgepole pin 4 (0.09 232 (0.72 <0.0001

Sprucw-aspel 36 (0.77 76 (0.23

Aspec? Cold 12 (0.26 57 (C.18)
None 26 (0.55 198 (0.61 0.279(

Warmr 9(0.19 69 (0.21

Mesoslope Lower 26 (0.55 113 (0.35
Middle 16 (0.32 164 (0.50 0.037¢

Uppel 6 (0.13 47 (0.15

IStratum: Distinct vegetation cover based on broagystem units (BC Ministry of Water, Land and Air
Protection 2004)(Douglas-fir30% cover in Douglas-fir; Lodgepole pireef0% cover in lodgepole pine;
Spruce-aspere30% cover in either white spruce or trembling aspen).

Aspect: describes the direction of slope (none: aréhdess than 5% slope; cold: >5% slope and 270-
90°; warm: >5% slope and 91-269° azimuth).

3Mesoslope: Slope position is a 3 class system basEehManual for Describing Terrestrial
Ecosystem@C Ministry of Environment, Lands, and Parks and BC Miwiof Forests 1998).
Upper=crest and upper; Middle= middle and level; Lower=tpweee, and depression).

Table 18: Contrasts for rest tree categorical habitat variales using Proc Phreg (SAS 9.1.3).
Significant (¢=0.05/3 = 0.0167) contrasts are in bold.

Attribute Conras DF Chi-squar: P-value
Stratun’ Douglasfir vs Spruc-aspeil 1 0.729° 0.393(
Douglas-fir vs Lodgepole pine 1 18.673« <0.000:

Lodgepole pine vs Spruc-asper 1 34.052: <0.000:

Mesoslop? Lower vs Uppe 1 1.498: 0.220¢
Lower vs Middle 1 6.41¢2 0.011:

Middle vs Uppe 1 0.464: 0.495¢

IStratum: Distinct vegetation cover based on broasystem units (BC Ministry of Water, Land and Air
Protection 2004) (Douglas-fir30% cover in Douglas-fir; Lodgepole pireZ0% cover in lodgepole
pine; Spruce-asper30% cover in either white spruce or trembling aspen).

“Mesoslope: Slope position is a 3 class system basEehManual for Describing Terrestrial
Ecosystem@C Ministry of Environment, Lands, and Parks and BC Miwiof Forests 1998).
Upper=crest and upper; Middle= middle and level; Lower=toweee, and depression).
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Table 19: Test of models used to predict the probabilitgf a fisher rest tree site in the
Chilcotin area of British Columbia, Canada. K is thenumber of parameters
(including a constant). Akaike Information Criterion (A IC) values are a relative
index of model parsimony withAAIC values giving the distance between any model
and the most parsimonious model. Al@ is the relative strength of each model, and
rank gives the ratio of evidence relative to the best medl (n = 360). Top models and
significant parameters are in bold type.

Model K Descriptior AIC AAIC AlICo Rank

1 4 Stratum®+ Shrub cover -Basal ~ 135.2! 0.0cC 1.0C 1.C
area

4 3  Stratum + Basal are: 136.8° 1.64 0.4¢ 2.2
Stratun'+ Ageclas®+

Full 7 Mesoslop&+ Shrub covér+ 140.98 5.75 0.06 17.7

Basal area+ Large tre@

5 3 Stratum +Large tre 143.4. 8.1¢ 0.0z 60.(

6 5 Ageclass +Mesoslope + Shr 172.0( 36.7 <0.01
cover + Basal area >100.0

2 3 Ageclass 4Large tre 180.5¢ 45.3: <0.01 >100.(

3 3 Mesoslope 1Large tre: 183.5: 48.2¢ <0.01 >100.(

IStratum: Distinct vegetation cover based on broagystem units (BC Ministry of Water, Land and Air
Protection 2004) with model based on Douglas-fir and Sprysenagersus Lodgepole pine stratum
(Douglas-fir=>30% cover in Douglas-fir; Lodgepole pineZ0% cover in lodgepole pine; Spruce-aspen=
>30% cover in either white spruce or trembling aspen).

Age class: Four class system based on structural §&g®lifistry of Environment, Lands, and Parks and
BC Ministry of Forests 1998) (1= structural stages 1 — tl@stural stage 4; 3= structural stage 5; and
4= structural stages 6-7).

3Mesoslope: Slope position is a 3-class system bas&tthManual for Describing Terrestrial
Ecosystem@C Ministry of Environment, Lands, and Parks and BC Biyiof Forests 1998): Upper=
crest and upper; Mid = middle and level; Lower = lowee, Bnd depression).

“Shrub cover: percentage cover of shrubs in 11.28-m radius plot

®Basal area: the cross sectional area of trees ptarheneasured at 1.3 m (DBH).

®Large tree: denotes presence of at least one tree ciA7DBH.

Table 20: Odds ratio for significant @=0.05) attributes in the top two models for fisher rest
tree sites in the Chilcotin area of British Columbia,Canada. The odds ratio
indicates the direction and magnitude of an effect wit no effect equal to 1. An
increase/decrease of 0.01 indicates that the odds of chogsa rest site changed by
1% for each unit of change in the attribute.

Attribute Odd: ratic
Sprucaspen and Dougl-fir vs. Lodgepole pine stratd* 21.134-22.409
Basal are’ 1.030- 1.03¢

IStratum: Distinct vegetation cover based on broasystem units (BC Ministry of Water, Land and Air
Protection 2004) with model based on Douglas-fir and Sprysenagersus Lodgepole pine stratum
(Douglas-fir=>30% cover in Douglas-fir; Lodgepole pineZ0% cover in lodgepole pine; Spruce-aspen=
>30% cover in either white spruce or trembling aspen).

’Basal area: the cross sectional area of trees ptrhemeasured at 1.3 m (DBH).
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Table 21: Comparison of habitat variables at terrestral rest sites and random sites in
fisher home ranges in the Chilcotin area of British Calmbia, Canada. Significant
(¢=0.05) variables in bold and the odds ratio indicates their@ction and magnitude
of an effect with no effect equal to 1. Anincrease or deease of 0.01 indicates that
the odds of choosing a rest site changed by 1% for each tiohange in the attribute.

Variable 1 Type Mear SE n P valug Odd: ratic
: E
e 3R X @ oo ose
ot mm %G omm oo
E
e’ Re BEOAE G omms oo
el fe BT MK 2 oom  oa
el Re WS E owm om
ent e Sp BLZ own oo
WY fe A% 0% R owse omw
MY Rendon  01c o0 om 0007 25

TAge class: Four-class system based on structural S&gklinistry of Environment, Lands, and Parks
and BC Ministry of Forests 1998) (1= structural stage8]12= structural stage 4; 3= structural stage 5;
and 4= structural stages 6-7).

%S|ope: percent gradient of terrain in 11.28-m radius plot.

*Tree cover: percentage cover of trees >12.5 cm DBH (déarae1.3 m height from the ground) in 11.28-
m radius plot.

“Shrub cover: percentage cover of shrubs in 11.28-m radius plot

®Basal area: cross sectional area of trees per keutasured at DBH @ha).

®Trees/ha: number of trees >12.4 cm DBH per hectare.

’Small CWD: number of pieces of woody debris between 26 cm diameter encountered along a 30-m
transect.

8 Large CWD: number of pieces of woody debris >27.5 crmdtar encountered along a 30-m transect.
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Table 22: Comparison of categorical habitat variables aterrestrial rest sites and random
sites in fisher home ranges in the Chilcotin area ofgsish Columbia, Canada.
Significant (@=0.05) variables are in bold.

Attribute Level Count (proportion) P value

Resl Random

Stratum® Douglasfir 0 (0.00 16 (0.09)
Lodgepole pin 12 (0.39 297 (0.70 0.0013

Sprucw-aspel 19 (0.61 68 (0.24

Aspec? Cold 4(0.13 45 (0.16
None 21 (0.68 180 (0.64 0.904!

Warmr 6 (0.19 56 (0.20

Mesoslop?® Lower 12 (0.39 111 (0.40
Mid 11 (0.35 122 (0.23) 0.438:¢

Uppel 8 (0.26 48 (0.17

IStratum: Distinct vegetation cover based on broagystem units (BC Ministry of Water, Land and Air
Protection 2004) (Douglas-fir=30% cover in Douglas-fir; Lodgepole pineZ0% cover in lodgepole
pine; Spruce-aspern=30% cover in either white spruce or trembling aspen).

Aspect: describes the direction of slope (none= aréhdass than 5% slope; cold= >5% slope and 270-
90°; warm= >5% slope and 91-269° azimuth).

3Mesoslope: Slope position is a 3-class system bas&tthManual for Describing Terrestrial
Ecosystem@C Ministry of Environment, Lands, and Parks and BC Biyiof Forests 1998): Upper=
crest and upper; Mid = middle and level; Lower = lowee, Bind depression).

Table 23: Contrasts for terrestrial rest site categorial habitat variables at terrestrial rest
sites and random sites in fisher home ranges in the @totin area of British
Columbia, Canada. Significant ¢=0.05/3 = 0.0167) contrasts are in bold.

Attribute Contrast DF Chi-square P-value
Stratun’ Douglasfir vs. Spruc-aspel 1 0.000: 0.990:
Dougla«fir vs. Lodgepole pin 1 0.000: 0.991:
Lodgepole pine vs. Spruc- 1 13.239¢ 0.000:

aspen

IStratum: Distinct vegetation cover based on broasystem units (BC Ministry of Water, Land and Air
Protection 2004) (Douglas-fir=30% cover in Douglas-fir; Lodgepole pineZ0% cover in lodgepole
pine; Spruce-aspern=30% cover in either white spruce or trembling aspen).
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Table 24: Test of models used to predict the probabilitgf a fisher terrestrial rest site in the
Chilcotin area of British Columbia, Canada. K is thenumber of parameters
(including a constant). Akaike Information Criterion (A IC) values are a relative
index of model parsimony withAAIC values giving the distance between any model
and the most parsimonious model. Al@ is the relative strength of each model, and
rank gives the ratio of evidence relative to the best medl (n = 360). Top models and
significant parameters are in bold type.

Model K Description AIC AAIC AlIC ® Rank

Ful 7 Stratum'+ Ageclas?+ Shrub  55.% 0.0C 1.C 1
cover’ + Trees/ha+ Small
CWD? + Large CWD®
1 4  Stratum + Shrub cover 71.¢ 16.51 26x1* 3.8x1C
Trees/ha + Large CWD
5 3  Shrub cover + Small CWD +  78.C 2266 12x1* 83x1¢

Large CWD

3 3 Stratum + Shrub cover + larr  88.¢ 3357 53x1® 1.9x1(
CWD

6 5 Age class + Trees/ha + Lar 95.7 40.4C 1.7x1¢°® 5¢x1c
CWD

2 3 Stratum + Age cla: 108.C  52.6¢ 3.7x1(*?* 2.7x1™

4 3  Stratum + Large CW 112.¢  57.5¢ 3.2x1("® 3.2x1(*

IStratum: Distinct vegetation cover based on broagystem units (BC Ministry of Water, Land and Air
Protection 2004) with model based on Spruce-aspen versus lobelgpépe and Douglas-fir strata
(Douglas-fir=>30% cover in Douglas-fir; Lodgepole pineZ0% cover in lodgepole pine; Spruce-aspen=
>30% cover in either white spruce or trembling aspen).

Age class: Four-class system based on structural #&gklinistry of Environment, Lands, and Parks
and BC Ministry of Forests 1998) (1= structural stage8]12= structural stage 4; 3= structural stage 5;
and 4= structural stages 6-7).

3 Shrub cover: percentage cover of shrubs in 11.28-m radius plot.

* Trees/ha: number of trees >12.5 cm diameter at p8rrha.

*Small CWD: number of pieces of woody debris between 274 cm diameter along a 30-m transect.

®Large CWD: number of pieces of woody debris >27.5 cm elianalong a 30-m transect.
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Table 25: Odds ratio for significant @=0.05) attributes in the top model for fisher
terrestrial rest sites in the Chilcotin area of British Columbia, Canada. The odds
ratio indicates the direction and magnitude of an effectvith no effect equal to 1. An
increase or decrease of 0.01 indicates that the odds oboling a rest site changed by
1% for each unit change in the attribute.

Attribute Odds ratio
Sprucraspen vs. Lodgepole pine/Douc-fir strate" 15.08¢
Ageclas: 0.32¢
Shrub cove 0.91Z
Small CWLC 0.52¢
Large CWL 3.511

IStratum: Distinct vegetation cover based on broagystem units (BC Ministry of Water, Land and Air
Protection 2004) with model based on spruce-aspen versuptbelgene and Douglas-fir strata
(Douglas-fir=>30% cover in Douglas-fir; lodgepole pine#0% cover in lodgepole pine; spruce-aspen=
>30% cover in either white spruce or trembling aspen).
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Table 26: Comparison of habitat variables using Proc Pleg (SAS 9.1.3) at ‘natural’
terrestrial rest sites and random sites in fisher hom ranges that had >25 re-
locations. Significant ¢=0.05) variables in bold and the odds ratio indicates the
direction and magnitude of an effect with no effect egpl to 1. An increase or
decrease of 0.01 indicates that the odds of choosing a resé changed by 1% for
each unit change in the attribute..

Variakl)le Type Mear SE n P value Oddk ratic
Age Clas g:f]don g:‘ll : 8:3:; 1%2 0.2627 1.473
Slope 3 g:idon 2:25 8:35 1%2 0.3175 1.022
Tree cove 4 Eg?]don iggf‘ ig:' 1% 0.1814 0.970
et (B4 38 E o om
Basal ar: Res 19.7 2o M o0asw 1.032
e Re SR e oo ome
e (7SS RE s o
o (20 R B2 M eam im
o’ el e B E oo one
Large CWD EZf]don 8:? " 8:g§ 1#5 0.0022 3.248

TAge class: Four-class system based on structural S&gklinistry of Environment, Lands, and Parks
and BC Ministry of Forests 1998) (1= structural stage8]12= structural stage 4; 3= structural stage 5;
and 4= structural stages 6-7).

%Slope: percentage gradient of terrain in 11.28-m radius plot

*Tree cover: percentage cover of trees >12.5 cm DBH (déarae1.3 m height from the ground) in 11.28-
m radius plot.

“Shrub cover: percentage cover of shrubs in 11.28-m radius plot

®Basal area: the cross sectional area of trees perheneasured at DBH {fha).

®Trees/ha: number of trees >12.4 cm DBH per hectare.

’Small CWD: number of pieces of woody debris betweer27.8 cm diameter along a 30-m transect.

8 Large CWD: number of pieces of woody debris >27.5 cnméditer along a 30-m transect.
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Table 27: Comparison of categorical habitat variables at ‘atural’ terrestrial rest sites and
random sites in fisher home ranges in the Chilcotin aa of British Columbia,
Canada. Significant ¢=0.05) variables are in bold.

Attribute Level Count (proportior P value

Res Randon

Stratum® Douglasfir 0 (0.00 3(0.02
Lodgepole pin 4 (0.24 130 (0.73 0.0012

Sprucw-aspel 13 (0.76 46 (0.25

Aspec? Cold 1 (0.06 24 (0.13
None 11 (0.65 126 (0.71 0.270:!

Warmr 5(0.29 29 (0.16

Mesoslop?® Lower 6 (0.35 88 (0.49
Middle 6 (0.35 62 (0.34 0.321:

Uppel 5(0.30 29 (0.16

IStratum: Distinct vegetation cover based on broagystem units (BC Ministry of Water, Land and Air
Protection 2004) (Douglas-fir=30% cover in Douglas-fir; lodgepole pineZ0% cover in lodgepole
pine; spruce-aspen=30% cover in either white spruce or trembling aspen).

Aspect: describes the direction of slope (none= aréhdass than 5% slope; cold= >5% slope and 270-
90°; warm= >5% slope and 91-269° azimuth).

3Mesoslope: Slope position is a 3-class system bas€tthManual for Describing Terrestrial
Ecosystem@C Ministry of Environment, Lands, and Parks and BC Biyiof Forests 1998): Upper =
crest and upper; Mid = middle and level; Lower = lowee, Bind depression).

Table 28: Contrasts for ‘natural’ terrestrial rest site categorical habitat variables with
significant (@=0.05) results using Proc Phreg (SAS 9.1.3). Significawot«05/3 =
0.0167) contrasts are in bold.

Attribute Contrast DF Chi-square P-value
Stratun’ Douglasfir vs. Spruc-aspel 1 0.000( 0.994:
Dougla«fir vs. Lodgepole pin 1 0.000( 0.995:.
Lodgepole pine vs. Spruc- 1 13.503« 0.000:

aspen

IStratum: Distinct vegetation cover based on broagystem units (BC Ministry of Water, Land and Air
Protection 2004) (Douglas-fir=30% cover in Douglas-fir; Lodgepole pine¥0% cover in lodgepole
pine; Spruce-asper=30% cover in either white spruce or trembling aspen).
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Table 29: Test of models used to predict the probabilitgf fisher using a ‘natural’
terrestrial rest site in the Chilcotin area of British Columbia, Canada. K is the
number of parameters (including a constant). Akaike Inbrmation Criterion (AIC)
values are a relative index of model parsimony witAAIC values giving the distance
between any model and the most parsimonious model. At&is the relative strength
of each model, and rank gives the ratio of evidence relaé to the best model (n =
360). Top models and significant parameters are in bold type

Model K Descriptior AIC AAIC AlICo Rank

Stratum®+ Trees/h®+ Large
Full 5 CWD®+ Small CWD + Shrub

cover 32.9 0.00 1.00 1.0
1 4 Stratum + Shrub cover -

Trees/ha + Large CWD 38.7 5.81 0.055 18.3
5 3 Shrub cover + Small CWD +

Large CWD 40.1 7.21 0.027 36.8
3 3 Stratum + Shrub cover + lar

CWD 448  11.91 0.003 385.7
6 5 Age class + Trees/ha + Lar

CWD 536 20.76 3.1x10 3.2x1d
2 3 Stratum + Age cla: 58.0 25.13 35x10 29x16
4 3 Stratum + Large CW 63.9 3101 18xI1I0 54x16

IStratum: Distinct vegetative cover based on broad stasyunits (BC Ministry of Water, Land and Air
Protection 2004) with model based on Spruce-aspen versus lobelgépe and Douglas-fir strata
(Douglas-fir=>30% cover in Douglas-fir; Lodgepole pineZ0% cover in lodgepole pine; Spruce-aspen=
>30% cover in either white spruce or trembling aspen).

2 Trees/ha: number of trees >12.5 cm diameter at p8rrha.

% Large CWD: number of pieces of woody debris >27.5 cm diemadétng a 30-m transect.

*Small CWD: number of pieces of woody debris betweer27.8 cm diameter along a 30-m transect.

®Shrub cover: percentage cover of shrubs in 11.28-m radius plot

Table 30: Odds ratio for significant @=0.05) attributes in the top model for ‘natural’
terrestrial rest sites used by fisher in the Chilcot area of British Columbia,
Canada. The odds ratio indicates the direction and magnite of an effect with no
effect equal to 1. An increase or decrease of 0.01 indieatthat the odds of choosing
a rest site changed by 1% for each unit change in thetabute.

Attribute Odd: ratic
Sprucraspen vs. Lodgepole pine/Douc-fir strate" 10.08:
Large CWI? 4.19¢
Small cwr® 0.62¢
Shrib cove’ 0.92:

IStratum: Distinct vegetative cover based on broad stasyunits (BC Ministry of Water, Land and Air
Protection 2004) with model based on Spruce-aspen versus lobelgépe and Douglas-fir strata
(Douglas-fir=>30% cover in Douglas-fir; Lodgepole pineZ0% cover in lodgepole pine; Spruce-aspen=
>30% cover in either white spruce or trembling aspen).

2 Large CWD: number of pieces of woody debris >27.5 cm diemadétng a 30-m transect.

3Small CWD: number of pieces of woody debris betweer27.8 cm diameter along a 30-m transect.

“*Shrub cover: percentage cover of shrubs in 11.28-m radius plot
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4: Home Range Level Selectivity by FisheMMartes
pennant) in the Chilcotin Area of British
Columbia, Canada

4.1 Abstract
Home range size of fisher in the Chilcotin area of&8€raged 30.6 khfor females (n =
9) and was 166.4 Knior the one male monitored in my study. Within homeyesn
fisher had an affinity for habitats closer to strealnog,selection was not detected for
locations closer to wetlands, although both featuresssociated with the spruce — aspen
stands that are preferred by fisher. This disparitylgcseity for riparian habitats may
be due to differences in the distribution of theseuiexst In the Chilcotin, wetlands are
often isolated from stream networks requiring fisher t@ss€them by crossing upland
areas. In contrast, streams provide linear arrangeraehébitat that generally connect
headwater areas to valley bottoms. Fisher using stneqorks to travel would

generally always be close to preferred habitat.

Selection was not shown for stand age or forestwpen fisher home ranges were
compared to random home ranges. This lack of selecthatybe due to habitats in
fisher home ranges being relatively fine grained. Finengdahabitats create landscapes
that have small average patch sizes relative to fishreehranges. Thus, fisher would

have access to high quality habitats from most placé®inhome range. The use of
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stream networks likely facilitates exploitation of f@reed resources by providing linear

arrays of high quality habitat.

4.2 Introduction

Fisher Martes pennanjiare predators that can travel long distances on alaksig and
have large home ranges. These large home rangedaeslito a fisher’'s body mass,
sex, food habits and, as well, are mediated by theadoiity of food (Harestad and
Bunnell 1979). Across North America, fishers require faresth overhead cover (de
Vos 1952; Coulter 1966; Kelly 1977; Powell 1977; Artetial 1989; Weir 1995a). In
the east, suitable fisher habitat is characterizedibysoccessional mixed deciduous and
coniferous forest (Arthuet al. 1989; Buskirk and Powell 1994; Kroleh al. 1994).
However, research in the west has suggested that feteeassociated with large tracts
of mature coniferous forests that contain habitat elsnsuch as snags, large diameter
woody debris, and large old trees, that are charactevklate seral stands (Jones 1991,

Bucket al. 1983; Ruggieret al. 1994).

Habitat selection at the landscape level is constrainedebgomposition of the
landscape (Weir and Harestad 1997). Viable populationsa@rgaimed in landscapes
that provide sufficient habitat for animals to establtisme ranges, survive and
reproduce, and successfully disperse to unoccupied terri{(Bbeshard 1991). Forest
management practices can affect the temporal avaijabfliate seral forest stands
resulting in the loss of suitable habitat for fishelnderstanding the requirements of
fisher at the home range and landscape level wilaltbest managers to maintain fisher

populations in managed forests.

74



The data for this study were collected in three biogeatic (BEC) zones: Sub-Boreal
Pine Spruce (SBPS), the Interior Douglas-fir (IDF), sr@lMontane Spruce (MS) zones.
However, sample sizes were very low in the IDF z@me fisher) and the study animals
only made marginal use of the MS zone. The IDFglyito see increased pressure for
access to timber once salvage of beetle-killed tseeesmplete in the other BEC units.
Further study within the IDF BEC unit would provide greateritgitib identify patterns
and confidence in the results. Despite this probleenSBPS zone is an area of British
Columbia that is rated as moderate to high value foefiand is highly impacted by
mountain pine beetle. Understanding fisher habitat nedtie SBPS will be important

in maintaining this species in pine dominated landscapes.

The objectives of this chapter are to:

1. Describe fisher home ranges and their spatial arrangement

2. Compare the habitat composition of fisher home rangasdiability in the
landscape.

3. Provide recommendations for forest management in pingrdbed areas of the

Central Interior.

4.3 Methods

| collected data on the location and site characiesisf fisher use sites between
November and April over three years (2005/2006 to 2007/2008). Adalidata were
also collected between May and August in 2006, 2007, and 2008umeonthabitat use
during the maternal season. | used ArcMap 9.3 and Home Rawdgefor ArcGIS.
Version 1.1 (Rodgerst al 2007) to examine fisher habitat use patterns at the hamge r

and landscape scales. Home range estimates are bas@@omMinimum Convex
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Polygons (MCP) and 95% fixed kernel isopleths with bandwseét by least squares
cross validation. Mapping data are based on standast fmreer and Vegetation
Resource Inventory data (2006). | generated paired randdswathin the home ranges
of all fishers with >25 locations to examine habitat ugbivhome ranges. To examine
home range selection at the landscape level, Iteeld®8 random locations in the
Anahim study area and 108 in the Puntzi study area usirtjstingution of home ranges
and the upper limit of the Sub-Boreal Pine Spruce biogeattmnit boundary to define
each study area. Random home ranges were circularl@sed on the average size of
female home ranges. Both fisher home ranges and rahdowa ranges were stratified
based on stand age and tree species composition dataassstgcbver and VRI
information (Table 31). Each fisher was then randaasligned 21 — 22 of the random
home ranges from its own study area for comparis@owiposition. Granularity of
fisher home ranges was also assessed using an inttexméan stand area compared to

home range area (Weir and Harestad 1997).

4.3.1 Data Analyses

| paired random locations with fisher use sites fdrdrswith >25 radio-telemetry
locations. | compared distance to wetlands and strbatgen locations used by fisher
and random locations using conditional exact logisticassion (Proc Phreg, SAS 9.1) in
a case — control framework. Similarly, | comparetdishome range composition
between fisher home ranges and randomly located airealae ranges in the same study

area as the fisher using conditional exact logisticasgion.
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4.4 Results

| live trapped and implanted with radio transmitters 2defidbetween 2005 and 2007.
Eight fishers had established home ranges near their eguiint (1 male and 7 female)
and two sub-adult female fishers established home rangesiaipersing (Table 32,
animals A3 and P9). These 2 fishers moved 30 km and 50 kmecte®ly, during late
March — April from areas that were shared with acertdles. Both dispersing females
established reproductive dens the following April. Home ramgs of females were
between 13.1 — 47.8 Krasing 95% fixed kernel estimates and 19.9 — 56.2ugimg
100% MCP estimates (Table 33). The male fisher had a hamge of 166 krihusing
95% fixed kernel estimates and 136°%uming 100% MCP estimates. The male’s home
range overlapped the home ranges of at least 3 fersatrd$i however, there was little
overlap between most adult female fishers. There wakfference in home range size

between study areas based on fixed kernel estimat@06, Table 33).

The difference in distance to wetland/lakes betwedfitocations and random
locations in home ranges was not significant (Figutg &sowever, a greater proportion
of fisher locations were found closer to streams thanandom pointso=0.05, Figure
4.2). Contrasts comparing the number of fisher locatiatisn 50 m of a stream to
those >50 m were significant as was the contrast liaear trend of decreasing use with

distance from streana£0.05, Table 34).

Habitat compositions of fisher home ranges, basedemdairhabitat types and age class,
were not significantly different from those of ramdtome ranges (Table 35). The mean

granularity ratio (mean stand area: home range ar@sa).0043 (SE=0.0007, n=9) for

77



fisher home ranges and on average there were 275 st&w$3(S, n=9) in the home

ranges of each fisher.

4.5 Discussion

Female home ranges in the Chilcotin are similar ia ®zhose of other studies in BC
(Weir and Harestad 1997) and Idaho (Jones 1991), but are appeyitmate the size
of fisher home ranges in California (Zielingkial. 2004). Larger home range sizes in
northern latitudes may, in part, reflect differencepriely abundance and diversity
(Harestad and Bunnell 1979). Similar to other studies, neeGhilcotin male fisher had
a home range that was much larger than those oéthalés (Zielinsket al 2004,
Seglund 1995; Jones 1991; Weir 1995a). | monitored other males @hilcotin study;
however, | obtained relatively few locations forgaeanimals which | attribute to their
large home ranges and poor access for telemetry. Twadiubfemale fisher dispersed
relatively long distances in the Chilcotin comparea &tudy in eastern North America
(Arthur et al. 1993). Animals in that study were subjected to relativells hayvest and
so vacant territories were likely available closehmfisher’s natal areas. Harvest by
trapping in the Chilcotin is relatively light and mosstier home ranges may already be

occupied, thus promoting further dispersal by the sub-aduélésm

At the stand level, fishers in the Chilcotin showeditpasselection for riparian spruce —
aspen standsge., use was greater than expected based on habitat avgiléDilapters 2
and 3). This finding is consistent with studies elsewhemeestern North America that
show fisher have an affinity for riparian habitats (Bet al. 1983; Jones 1991; Jones and

Garton 1994; Weir 1995b). At the home range level in my sanelgs, fisher did not
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select for locations closer to wetlands and lakes, bwt shiwend of increased use of
forest stands closer to streams. The reason fodiffesence in selection may be due to
poor of connectivity of wetlands in many areas of thddohin Plateau. On an area
basis, wetlands and lakes comprised 16% of home range butanade up 23% of the
frequency of habitat polygons indicating that there aeatgr numbers of small wetlands
than other habitat units. In contrast, streams aa¢ively rare in most areas of the
Chilcotin and have features that may have increased f@lfishers. Streams are linear
and provide continuous travel corridors for fisher and gnatygenerally connect larger
rivers to upland areas. Although wetlands are often agsalcwith streams, many are
isolated and do not provide continuous corridors of ripariditdta Further, these
isolated wetlands are often only seasonally inundatddwater resulting in lower forest
productivity than streamside habitats which may also leatbtreased use by prey of

fisher.

At the landscape level, fisher in the Chilcotin did i selectivity for the composition
of home ranges based on stand age or forest type. t®#spilack of habitat selectivity,
fishers selected for mature-old forest and spruce-aspest fiypes at the stand level
(Chapters 2 and 3). Weir and Harestad (1997) also foundghat €id not exhibit
habitat selectivity at the landscape level, but did exk@lictivity at the stand and patch
scales (Weir and Harestad 2003). They attributed the fassdextion at the landscape
level to the small size of habitat units relative te lome range size which affected the
researcher’s ability to detect differences in habitktcsien (Weir and Harestad 1997).

The granularity ratio for my study is similar to thatind by Weir and Harestad (1997)
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indicating that the Sub-Boreal Pine Spruce biogeoclimaticd)Bzone is similar to the
Sub-boreal Spruce BEC zone with respect to this claarsiit. Fine grained landscapes
are composed of many small interspersed stands resultanyipoint not being far from
suitable habitat and individual animals not being constthby access to resources (Weir

and Harestad 1997).

Fine grained landscapes may also contribute to larger hemge sizes where preferred
habitats are limited in availability. Thompson and Idtad (1994) suggest that energy
costs of acquiring resources in good habitat are loaaT in poor habitat and home
ranges with greater proportions of good habitat should hmcreased survival and
reproduction for individual marten, and this relationshiplir applies to fisher as well.
Spruce — aspen associations comprise only a small propoftiba Chilcotin landscape,
had the smallest average stand size of all habitatsranaell distributed across the
landscape. Individual fishers that seek to maximize fie@ss in this environment
cannot include greater area in good habitat without havergased home range size that
also includes greater amounts of poor habitat and assbaiateased energy costs.
However, the spatial arrangements of preferred halmitaysameliorate those effects.
Spruce — aspen stands are often associated with thesedne®isture associated with
streams and the dendritic nature of stream networHKy [itevides greater continuity in
preferred habitat. Fisher using habitat that is clostreams would never be far from
preferred habitat and could access most areas of thee temge by following this
habitat feature. This pattern of habitat use may exgiaimarger home range sizes seen

in some areas of North America.
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Table 31: Stratification used to obtain random samples &m fisher home ranges in the
Chilcotin area of British Columbia, Canada.

Stratun Descriptior
Leading speci¢  Spruc-Asper Habitats containing >25% white spruce or >5
trembling aspen.
Lodgepole pin Pine dominated (>75% lodgepole pi

Douglasfir Douglas-fir dominated (>50% Dougl-fir)

Age clas Age class Forest age class 1-20 years)/ structural sta¢* 1-3.
Age class Forest age class-3 (2(-60 years)/ structural sge 4
Age class Forest age class-5 (6(-100)/ structural stage
Age class Forest age class8 (100+)/ structural stages- 7.

IStructural stage: Seven-class stratification of s&ngtture fronField Manual for Describing Terrestrial
Ecosystems — Land Management HandboofBZ5Ministry of Environment, Lands, and Parks and BC
Ministry of Forests. 1998)

Table 32: Home range size (kf) estimates of fisher in the Chilcotin area of Britié
Columbia, Canada between 2005 and 2008.

Study are Fisher IC Sex n 100% Minimun 95% Fixed
convex polygon kernel
Anahinr Al F 35 31.: 425
Anahinr A2 M 38 136.: 166.<
Anahinr A3 F 45 20.1 20.2
Anahinr A4 F 65 23.2 13.1
Anahinr A5 F 68 56.2 45.C
Puntz P1 F 44 19.¢ 20.¢
Puntz Pz F 36 48.( 47.¢
Puntz P¢ F 20 35.€ 17.€
Puntz PC F 36 20.¢ 28.7
Puntz P1( F 40 35.¢ 40.(

Table 33: Comparison of mean home range size estimatésn() for female fisher between
study areas in the Chilcotin area of BC based on dataollected between 2005 and
2008. There was no difference in the area of home rangestiveen study areas using
T —test (P =0.47).

Study area Sex  100% Minimum SE 95% SE n
convex polygon Fixed kernel
Anahim F 32.0 8.17 30.2 7.94 4
Puntzi F 32.7 5.27 31.0 5.72 5
Combined F 32.3 4.43 30.6 4.43 9
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Table 34: Contrasts for distance to stream for fisher locamns and random locations in the
Chilcotin Area of British Columbia, Canada. Significant(a=0.05/3 = 0.0167)
contrasts are in bold.

Attribute Contras DF Chi-squar: P-value
Strean <25 mvs >25 mto sean 1 2.332¢ 0.126°
<50 m vs >50 m to streat 1 12.530t 0.000¢

Linear trend 1 10.966: 0.000¢

Table 35: Comparison of area in land cover categories bee&n fisher home ranges and
random home ranges located in the same study area in the @uotin area of British
Columbia, Canada. Structural stages based on standards BC Ministry of
Environment, Lands, and Parks and BC Ministry of Forests(1998). The odds ratio
indicates the direction and magnitude of an effect wit no effect equal to 1. An
increase/decrease of 0.01 indicates that the odds of chogsa site changed by 1%
for each unit change in the attribute.

Variable 1 Type Mear SE n P valug Odd: ratic
- i ¢ ¢
o e, 0 S L om0 oo
o e, 0% DR L2 oom eem
; C
e e Gl ot i oo wem
e pn’ e DT 0% 2 oo oom
. . - C
e e Gl 0% i ome 2w

IShrub-herb: area of forest age class 1 (0-20 years)fislistages 2-3.

pole-sapling: area of forest age class 2-3 (20-60 yesirsjytural stage 4.

3young forest: area of forest age class 4-5 (60-100)/ stalcttage 5.

*Mature-old: area of forest age class 6-8 (100+)/ strucstages 6+.

®Other habitat: area of wetlands, non-productive brusén sange, meadow, and other areas with no forest

cover.

®Spruce aspen: area of forest containing >25% white sprue80% trembling aspen.

"Lodgepole pine: area of forest dominated by pine (>75% furlgeine).

80ther habitat and Douglas-fir: area of forest dominageBduglas-fir (>50% Douglas-fir) and areas with
no forest cover.
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5: Summary and Forest Management Implications

The conservation status of fisher was recently chamged $2 to S2S3 (BC
Conservation Data Centre 2006). S2 is the Britislu@bia Provincial designation for
imperiled species whereas S3 indicates that a specigbherable to extirpation. The
combined classification shows uncertainty in the stadsessment and a requirement for
more information to guide management and conservatioonsptor fishers. Among the
key knowledge gaps identified are the lack of informatiofisiver habitat use and
denning ecology, particularly in areas without significstands of black cottonwood
(Populus balsamifera spp trichocarpsuch as the Chilcotin Plateau (BC Conservation
Data Centre 2006). A significant component of core fisaerge in British Columbia
occurs in this area, and the long-term effects of thentain pine beetledDendroctonus
ponderosagkill of lodgepole pine and subsequent forest harvesh fipher populations
and habitat is of management concern. Currently, 468tegbine volume in British
Columbia has been killed by mountain pine beetle and 70¥eofolume will be killed

in pine leading districts of the Province by 2017 (Walton 2009 generally accepted
that the mountain pine beetle epidemic will resulhccelerated forest harvesting and that
areas with extensive mature pine forests will be cdaddo younger seral stands by a
combination of beetle and human activities. Under ttesiario, forest managers will

require information on habitats that are importantgbdr ecology.
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Forestry has the greatest potential to affect fishbitdtan BC (Weir 2003). Forest
harvesting generally results in lower numbers of laligeneter dead and dying trees,
downed wood, and hardwoods that are important to a broad oénglelife (Bunnellet
al. 1999). Habitat features such as these are used by fishelenfung, resting, and
foraging (Jones 1991; Seglund 1995; Weir and Harestad 2003eWWi2004; Zielinski
et al 20044a; Zielinsket al 2004b; Yaeger 2005; Chapters 2 and 3). The effects of
typical forest harvesting may be compounded by the comleffiects of the mountain
pine beetle epidemic followed by salvage harvestingnpbicted stands. Lindemeyadr
al. (2004) reviewed studies on salvage harvesting following ratisasters and
identified several examples of species that can vaitlasthe effects of natural
disturbances, but are impacted by subsequent salvage imywdsiffected areas. The
Chilcotin has a history of extensive fire, mountain beetle attack and some salvage
harvesting. Information on fisher ecology collectethis type of landscape provides a
baseline for the assessment of the impact of MouRtiae Beetle on fisher ecology and

provides the foundation for habitat supply analyses andahab#nagement.

5.1 Reproductive Denning Ecology

Fisher prefer large diameter trees with heart rot @svior reproductive dens. Trees
with these attributes are rare in the Chilcotin, lvatraet by old lodgepole pin@ifius
contortg, Douglas-fir Pseudotsuga menziesii var. glajcand trembling aspen trees
(Populus tremuloidgs It is also likely that fishers use black cottonwoothi Chilcotin,
which is available at lower elevations. Suitable tfeeslenning will usually be in older

stands located in a variety of slope positions thatylikaly with tree species, but most
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frequently will be on flat to sloping terrain withrsauth aspect. Both live and dead trees
are used, but recruitment of potential den trees only sdime living trees with defects
(Manion 1991). The choice of den tree species depend® @valiability within each
fisher's home range, and most fisher will use more th@reproductive den tree within
a season. Sustaining viable fisher populations in managedgadswill require
maintaining a supply of suitable den trees through tingevariety of landscape

positions.

Large diameter deciduous trees are most likely to be fouattier riparian forests. In

the Chilcotin, deciduous den trees are usually beside stydaas, wetlands and in

moist depressions. Retaining pure deciduous and mixed deciduouseramgtands
along streams and wetlands will provide a supply of s@tdeh trees, foraging habitat,
and travel corridors for fisher to access den sitesh Stands are also important to many

other species of mammals and birds (Hunter 1999).

Fisher home ranges cover a variety of habitats atiteiChilcotin some fisher made
extensive use of conifers as den trees in upland habi&ist lodgepole pine den trees
were in small open, mesic to dry sites that had escap&@ps fires allowing the trees
to reach older ages. Identifying and protecting these pab€iodd forest will be
important in maintaining lodgepole pine den trees in thiécGtin. Lodgepole pine den
trees were generally in a patch that was much ol@ertte surrounding forest matrix
and typically of poor timber quality. Candidate patchesdtention should have at least
one tree >30 cm in diameter (DBH), preferably alive exitibiting characteristics of

decay; however, preserving large snags is also impoiEansuring that suitable den trees
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are present through time will also require identifying areserving some small live
trees, because heart rot does not develop once the ttead. Therefore, reserving some
smaller live trees with defects will be important imyading suitable den trees for the

future.

Old Douglas-fir patches in the areas examined, often Inaddant large live and dead
trees with heart rot characteristics. As with loddemine, these trees were usually in
open patches of forest on mesic to dry sites in etyaof mesoslope positions.
Retaining patches of large old live and dead Douglas-fir tree®uthern aspects will
provide upland denning habitat for fisher in the Chilcotin. €ntly, bark beetle is
heavily impacting areas of the Interior Douglas-fir bioganatic zone. Salvage
activities should avoid the removal of large diameteudlas-fir that show evidence of
heart rot. Such trees will have low timber value and stidlybe used by fisher and other
wildlife for decades after tree death. Where salvatjeises must take place, extra care

should be taken in planning the harvest to maintain larigdifestrees.

Where den sites are identified, the site should be taaff®® maintain the trees’ integrity.
Most fisher dens identified in my study have been placedserves with 100-m buffers,
although some den trees were found closer to cut blddeslly, the den area should be
connected to riparian habitats, or other constrainessate provide corridors with
overhead cover for accessing the den site. Silvicuttpegations should not occur within
500-m of known fisher den sites between March 1st and Juhe&dL&void disturbing

reproductive females.
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Specific recommendations to maintain fisher reproductivaidg habitat in the

Chilcotin are:

. Retain pure deciduous and mixed deciduous — coniferous stangdsstieams
and wetlands to provide a supply of suitable den trees,ifgrégbitat, and travel

corridors.

. Identify and protect patches of old forest pine foressa@uthern aspects to
maintain lodgepole pine den trees. Patches shouldatdeast one tree >30 cm in
diameter (DBH), preferably alive and exhibiting charactessdf decay; however,

preserving large snags is also important.

. Retain patches of large old live and dead Douglas-fis to@esouthern aspects to

provide upland denning habitat.

. Bark beetle salvage activities should avoid the remoMalrge diameter

Douglas-fir that show evidence of heart rot.

. Where den sites are identified, the site should haM@en buffer to maintain the
trees’ integrity and provide security cover. Ideally,dka area should be connected to

riparian habitats, or other constrained areas.

. Silviculture operations should not occur within 500-nkrdwn fisher den sites

between March 1st and June 15th to avoid disturbing reproddethades and kits.
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5.2 Maintaining Rest Sites

Rest sites provide fisher with protection from predatodsiarfavourable weather
(Kilpatrick and Rego 1994; Weet al. 2004) and are also likely to facilitate access to
food sources (de Vos 1952; Coulter 1966; Powell 1993). In thed@ihil arboreal rest
sites are usually on rust brooms in white spruce, in caviti®ouglas-fir or aspen, on
large limbs in Douglas-fir, or on other platform featusash as nests. Trees containing
rest structures are generally among the largest ireatfpatch. Rest trees are typically in
patches of spruce, aspen, Douglas-fir, and mixed speciels stet have high basal area.
Spruce rest trees are generally located in riparianistamd seepage areas, whereas
Douglas-fir rest trees are often in mid to upper slopeipasit Areas managed for fisher
should retain spruce trees >30 cm diameter at breagitt{&BH), especially those with
rust brooms > 40 cm diameter. As well, Douglas-fir >5008iH should be retained,
especially “wolfy” trees with large branches and sigihdexay. Trembling aspen > 40
cm DBH can provide cavities for rest sites and thegge lrees are usually associated
with riparian stands. All rest trees used in the Chilcaere in forest stands; indicating
that it is important to maintain continuous foresteroaround rest trees in managed
stands. Old, large diameter trees may also be lefear cuts for recruitment of rest
sites, however, they likely will not be used until tlewv stand re-grows to sufficient

heights and densities that it provides concealment cover

Trees were the most often used rest structure in my snalpthers (Arthuet al 1989;
Kilpatrick and Rego 1994; Weir and Harestad 2003). Sustaining Viahér

populations in managed landscapes will require maintaingupply of suitable rest trees
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across the landscape and through time. Hence, not anlydstiees that are currently
suitable as rest sites be retained, but so shouldttratewill become suitable as they

mature and become diseased and decayed.

Terrestrial sites were the most often used rest streiciuring winter in the Chilcotin
when thermal stresses are expected to be greatesthendtudies have also found
greater use of terrestrial sites during winter (Artbiual 1989; Jones 1991; Kilpatrick
and Rego 1994; Weet al 2004). Spruce and aspen site associations appear to be
important for terrestrial rest sites perhaps due t@tbeater productivity associated with
this habitat in the Chilcotin and, hence, the productidarge diameter trees. Large
diameter logs (>27.5 cm diameter) were important irCthiécotin and elsewhere (Jones
1991, Weir and Harestad 2003). Large diameter logs supply gceatarfor
concealment of both predators and prey while providing adoedisher through the
larger interstitial spaces among these pieces. da$l pi clear cut areas were used
regularly as rest sites by fisher with the use occudiming all seasons. A component
of cull piles should be retained after harvest to protedesstrial resting habitat in
harvested areas. Cull piles will have the greatdgydor fisher if they are located in or
near spruce and aspen types. The piles should be congdasedriety of piece sizes
including logs >27.5 cm diameter. The cull piles used Ihefisn this study were
generally greater than 2 m high and 5 m in diameter.ll&npales can provide foraging

habitat, but larger piles are more likely to provideusecesting sites.
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Specific recommendations to maintain fisher resting aalmtthe Chilcotin are:

. Retain spruce trees >30 cm, Douglas-fir >50 cm, and treghaBpen >40 cm

DBH, especially those with brooms > 40 cm diametegeddranches, and signs of decay.

. Maintain security cover around rest trees where plesslbarge diameter trees
may also be left in clear cuts for recruitment of s#®s, however, they are unlikely to be

used until the new stand re-grows sufficiently to providecealment cover.

. Plan for recruitment of rest trees by retaining somaller diameter trees that

have attributes associated with rest sites (isease and decay factors).

. Locations for retention should include spruce and akpest types as they are

important for both terrestrial and arboreal rest sites

. Retain a component of dispersed large diameter Idgjs%>m diameter) in

harvested areas to provide cover for both predators agd pre

. A component of cull piles should be retained afeawvbst to provide terrestrial
resting habitat in harvested areas. The piles shautimposed of a variety of piece
sizes including logs >27.5 cm diameter and be generally gteare?2 m high and 5 min

diameter.
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5.3 Home Range and Landscape

Fishers are solitary animals that generally do notactewith conspecifics other than
during territorial defence, mating and when females ngsmg, resulting in home ranges
that are intrasexually exclusive (Powell 1993). Fishethe Chilcotin followed this
pattern with most females having little overlap with otleenales. Home ranges for
females average 31 Kmwhile the male fisher | monitored had a home rangewiaat166
km? in area and overlapped at least 3 females. These famge areas are large
compared to the average area in North America (15féinfemales and 38 Knior

males; Powell 1994), but are similar to the areas repeisewhere in British Columbia
(Weir 2003). Fisher are reported to have poor disperpabddy (Arthuret al 1993);
however, the population that was studied was heavily beegeand the presence of
vacant territories likely limited the distance thainaals were required to travel to find
unoccupied habitat. Two female fisher successfully dégokand then raised young in
the following year during my study with both fishers movietatively long distances (30
km and 50 km). Fishers in the Chilcotin generally havetrapping pressure at the
current time and this coupled with an absence of vacaitbtees may have resulted in

greater dispersal distances.

Within home ranges, fisher showed an affinity for lomad close to streams whereas
habitats closer to wetlands were used in proportionadadility. The difference in this
selectivity for riparian habitat is likely related to difénces in habitat characteristics
associated with these features. In the dry Chilcotinaté, both streams and wetlands

have characteristic forest habitat that includes asmd area in spruce and spruce — aspen
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stands that were preferred by fisher at the stand I€V&dters 2 and 3). However,
streams are linear features that generally conneciyJadtiitoms to upland areas and
fishers traveling along streams are likely to be closgreferred habitat than fishers
crossing upland to upland. Although wetlands are oftercedsd with streams, isolated
wetlands are found throughout the Chilcotin Plateauheffssusing isolated wetlands
must travel across areas that are less likely tcagopteferred habitat, whereas, the
dendritic nature of stream networks can provide access toaress of fisher’s home
ranges and allow the animal to stay close to good hafitas pattern of habitat use may
allow fishers to exploit preferred resources in langssavhere this habitat is limited in

extent and widely distributed.

Given the preference of fishers for habitats closéreams, forest management that
promotes continuity of forest cover and the retentibimportant habitats along these
features is required to maintain fisher in the Chilcottisher avoid areas without forest
cover (deVos 1952; Coulter 1966; Kelly 1977; Powell 1977; Arétal 1989; Weir
1995), and require structures associated with late successiand$ in western
coniferous forests (Jones 1991; Bwtkal 1983; Ruggier@t al 1994; Weir and
Harestad 2003). Fisher in the Chilcotin avoided areadatletd forest cover and, when
in unsuitable habitat, exploited residual forest structsweh as wildlife tree patches and
woody debris piles (Davis, unpublished data). Fishers i€thieotin also used large
diameter trees found in residual patches of old foreseforoductive dens (Chapter 2),
and showed a preference for spruce — aspen stands feiteésgiChapter 3) and foraging

habitat (Davis unpublished data).
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Managing riparian forests to maintain continuity and $atecessional habitat attributes
will require planning at the landscape scale. Not allsaoéa landscape need to be
simultaneously connected, because stand level harvestiaticps can provide security
cover allowing fishers to cross safely through young stéddsis unpublished data;

Weir and Harestad 2003). Further, practices that reigersliccessional features, such as
large old trees and complex woody debris, within hardesteas are likely to produce
stands that will provide suitable habitat for fisher ia flnture. Advice on planning
landscapes to meet these objectives are found Bitiaiversity Guidebook’British
Columbia Ministry of Forests and British Columbianistry of Environment 1995)

chapter on designing forest ecosystem networks.

Specific recommendations to maintain fisher habitétehome range and landscape

level are:

. Promote the continuity of forest cover along stieand the retention of

important habitats (i.e., spruce and aspen forest tygh@sy these features.

. Plan at the landscape scale to maintain the aatyiof riparian habitats and late
successional habitat attributes. Not all areas ofdstape need to be simultaneously
connected, if stand level harvesting practices provide isgcower allowing fishers to

cross safely through young stands.
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5.4 Mountain Pine Beetle Salvage and Fisher Habitat Management
Current guidance on salvage harvesting in mountain gatebimpacted landscapes is
focused on avoiding the harvest of non-pine tree speo@stenance of structural
features associated with old forest, and increasedtiatdar landscapes with high
levels of salvaged stands. Specific recommendatiorsafeage harvesting include: the
continued protection of riparian forests and increagetian reserve widths where
mixed species stands are present (Eng 2004, Buetradll2004, Klenner 2006); avoiding
harvesting of mixed species with less than 30-40% pine (Eng Bodhgellet al. 2004);
partial cutting in mixed species stands where pine foessthan 70% of the stand
(Klenner 2006); retaining small patches of dead pine in hadestas to provide future
CWD (Bunnellet al. 2004, Klenner 2006); and maintaining important legacies such as
large diameter declining and dead trees in managed stamadsg]B:t al. 2004, Klenner

2006).

These recommendations will help sustain fisher denning hataaever, more specific
recommendations are also required to help retain haketaeats that will support
reproduction of fisher. Fisher require large diamessed with heart rot cavities for
reproductive dens. In the Chilcotin, den trees are uslgalgepole pine, Douglas-fir,
and trembling aspen trees. The protection of ripariarsteneill help retain trembling
aspen den trees, but most coniferous den trees weredananid to upper slope
positions. Coniferous den trees were often found in retpatohes of old forest within a
younger stand. ldentifying and protecting patches of old eanit forest in mid to

upper slope positions will help provide den trees in all sagstions. Suitable patches
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will have trees >30 cm DBH for lodgepole pine, >40 cm DBHtfembling aspen, and
>50 cm for Douglas-fir. ldeally, these trees should lo¢gated in reserves that are
contiguous with adjacent forest cover or in wildlifee patches close to block boundaries
(<100 m) that also provide protective cover for fisher apghhong the den. The supply of
future den trees may also be assured by reserving singddliegeneet these criteria in
harvested areas. In addition to large trees with caysimaller trees with defects must
also be retained for the recruitment of den trees taver.  Adequate training of field
crews to recognize and reserve suitable den trees isldruanaintaining denning habitat

in the Chilcotin.

Resting habitat for fisher in the Chilcotin is concetetan spruce — aspen forest types
located primarily along riparian features. Most arborest sites were on brooms in
spruce while the majority of terrestrial sites wersoagted with CWD in this forest
type. If mixed tree species stands are retained afteestang, these elements are likely
to be maintained. Where harvesting occurs in these typasl cutting that protects
larger spruce with brooms and the retention of culspilese to cover will help provide
resting habitat for fisher. Cull piles should alsaéined in large salvage cutblocks to

provide structural legacies as the new stand develops.

At the home range level, fisher in the Chilcotindstareas did not appear to be
constrained by the disturbance history in this aredudimial scale forest harvesting has
only been conducted for approximately 20 years in the We&td@hiand the area in
young forest (0 — 20 years) is still relatively smaticreases in the proportion of young

forest over a short period, as salvage harvestingoohain pine beetle impacted stands
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proceeds, is likely to temporally constrain the amoutisber habitat that is available.
As well, this effect is expected to be greater in ackzser to timber processing facilities

where harvesting is currently focused.

Increased area in reserves will be required to maitfigher habitat in landscapes that are
heavily impacted by both mountain pine beetle and salkagessting. These reserves
may not provide enough habitat to maintain viable populatbfishers, but will help
maintain connectivity across the landscape. PowdllZa@linski (1994) estimated that in
the Rocky Mountains at least 2000%af suitable habitat would be required to maintain
a viable sub-population of 50 fisher. Fisher made littleais®ung stands in the
Chilcotin until cover values recovered sufficientbygrovide abundant prey (>20 years
post harvest) and most fisher use was concentratedtime to old forest. Given this
relationship with seral stage, planning is required to enbatesufficient area in suitable
habitat is reserved to maintain viable populations of fisletaining connectivity in
areas managed more intensively through increased areserves will help ensure that
fisher can disperse across landscapes and repopulatevAeasnumbers are low. These
forest management prescriptions, including the retentistaofds and structures, will
help sustain fisher in the Chilcotin and will also b&rather wildlife species. Habitat
features important to fisher are also important to maegiss of cavity dwelling birds

and mammals (Thomas 1979).
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The recommendations made by others for salvage harvéBtingellet al. 2004, Eng
2004, Klenner 2006) will help maintain wildlife habitat in@sempacted by mountain
pine beetle. Specific recommendations to maintaimefi habitat at the home range and

landscape level are:

. Identify and protecting patches of old coniferous fomreshid to upper slope
positions. Suitable patches will have trees >30 cm DBHbfigepole pine, >40 cm

DBH for trembling aspen, and >50 cm for Douglas-fir.

. Ideally, retention patches should be contiguous vdjacant forest cover or in
wildlife tree patches close to block boundaries (<100 nprdwide protective cover for

fisher approaching the den.

. In addition to large trees with cavities, smallees with defects must also be

retained for the recruitment of wildlife trees oviend.

. Retain spruce — aspen forest types. Where harvestougsoin these types, use

partial cutting to protect larger spruce, Douglas-fir, anchibpteng aspen.

. Cull piles should also be retained in large salvagédloaks to provide structural
legacies as the new stand develops. Ideally, cu gheuld be retained within 50 m of
forest cover, but piles farther from cover will providgortant habitat when forest cover

values return.
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. Increase retention in landscapes heavily impacteddmntain pine beetle and
salvage harvesting to provide habitat for fisher. RetdbPo in forested reserves in

these landscapes to provide habitat for fisher and ctivitg.

5.5 Limitations

My study is based on a relatively small sample sidesloer and covers three BEC units.
Larger sample sizes within each BEC unit would provide gradiibty to identify

further patterns that could be used to predict the distribatiamportant forest attributes
within each subzone. Despite this constraint, figxéibited patterns of resource
selection that are consistent with studies from osheas. For example, most female
fisher chose den trees that were large relative toadblaitrees and thus exhibited habitat
selection consistent with other research in westlemth America (Weir and Harestad
2003, Aubry and Raley 2006). Protecting trees that are latheldmelative to those
available in a stand is likely to benefit fisher andeottavity using species across the

fisher’s range.

The den trees used by fisher in my study areas are smallameter than those used
elsewhere. Despite the small external diametertrées used by fisher in my study were
much older than other trees on the landscape. Olg areemore susceptible to heart rot
fungi, and the greater age also allows more timexXtansive heart rot to develop.
Moreover, it is likely that the internal dimensiorfdre@e cavities determines the
minimum requirement for fisher natal dens instead @ftkternal diameter. Further

work is required to identify the size range of cavitised by reproductive fisher;
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however, protecting trees that are large and old reladitlee remainder of the stand is

likely to maintain denning opportunities for fisher.

Rest tree selection in the Chilcotin also followettgras exhibited by fisher in areas of
BC (Weir and Harestad 2003; Weiral 2004) and North America (Arthet al 1989;
Kilpatrick and Rego 1994) with cold winter climates. Arlanmest sites are often in
larger diameter trees, but the presence of a strua@wgewitches broom, nest, large
branch, etc.) is the most important factor in thed@n of arboreal rest sites. As with
reproductive cavities, advanced tree age and decay is likb/ttte most important
factors influencing the presence of these featurestef@strial rest sites, maintaining
patches of coarse woody debris that contain large etsr(e27.5 cm diameter) will help
provide microhabitats that help maintain positive energigkts for fisher in cold

climates.

At the landscape level, fisher in the Chilcotin did i selectivity for the composition
of home ranges based on stand age or forest type. t®#spilack of habitat selectivity,
fishers selected for mature-old forest and spruce-aspest fiypes at the stand level
(Chapters 2 and 3). Weir and Harestad (1997) also foundghat @lid not exhibit
habitat selectivity at the landscape level, but did exk@lictivity at the stand and patch
scales (Weir and Harestad 2003). They attributed the fassdextion at the landscape
level to the small size of habitat units relative te lome range size which affected the
researcher’s ability to detect differences in habitltcsieon (Weir and Harestad 1997).
The habitat units in my study were similar in size wsthfound by Weir and Harestad

(1997), supporting their hypothesis. However, this resultalsy/be due to the
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relatively small area of young forest habitat presetihé study area which may be below
thresholds that would influence landscape level homge@omposition. Further studies
are required in landscapes that have a greater distribaftigung age classes and sizes
of habitat patches to determine if there are landscagétl@esholds of habitat

suitability below which fisher cannot be sustained.
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