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ABSTRACT

HABITAT USE BY DALL SHEEPAND AN INTERIOR ALASKA MAMMAL

COMMUNITY

Anthropogenic disturbances are increasingly recognized for effects onidnadoeand
physiology ofwildlife speces. Military training, a potential source of disturbanbasshown
mixed behavioral and physiological effects on wildlife, including mountain ungulBia$
sheep(Ovis dalli dalli) are an important species for huntimglavildlife viewing inAlaskaand
have shown an aversion to some forms of human disturbance sdickcégverflights. Mlitary
trainingis expaling into potential Dall sheep habitat on two training areas of Fort Wainwright,
Alaska Molybdenum Ridge and Black Rapids Training Aré@laced camera traps in expected
optimal and sulmptimal Dallsheep habitab estimate the spatiotemporal habits¢ wf sheep
andto make training recommendations to the U.S. militaFfien, | further explorethe
available datandestimate the habitat use of species in four different mammalian guilds and
the ceoccurrence of habitat use between apex predatorgaadtial preyspecies

In Chapterl, | introduce thempetus for the study, the use of &mera traps in respect
to mountain sheep, and the overall study deskyp.cameras captured ov8000 images of
sheep duringhe continuous 15-month sampling periodsulccessfully captured images of sheep
traveling, foraging, resting, and interacting with other individu@lscupancynodelsof
detectionnon-detection datauggest that abiotic covariates includistppe, snow depth, and
distance to escape terrauerethe most important factors determining habitat ussas8nal

differences in habitatae suggested higher uskthe MolybdenumRidge study siteluring pre-



rut, rut, winter,and lambing seasons with limited use during the sunwitale habitat use
estimates of Black Rapids were too imprecise to make broader inferences. oDetecti
probabilitiesweretemporally constanbutwerepositively correlated with cameras omidlife
trail. From these results, | recommend thath®. Armyconcentrates traing on Molybdenum
Ridge during the earlyuly to earlySeptember period and minimize trainimg both study sites
during the lambing periods of May and June. If training were to occur on Molybdenum Ridge
outside of this period, training should be concentrated around the easternmost valleythew! of
ridge and the eastern half of the major sdatting slope of the ridgeline.

In Chapter2, | expandedipon the analysiof Dall sheep habitat use anglestigate the
alpinehabitat usef tenspecies withirfour mammalian guilds. | analyddiowspatial
covariates antemporal patternsorrelatel with habitat usef these speciesithin and between
guilds. Further, | modebtwo-species occupancy gfizzly bears and wolvesith different
prey speciege.g.,caribou and sheepMy results suggest that smalhd large herbivore habitat
usepositivelycorrelatedwith vegetation and rock ground coverages, while large herbivores also
correlate with broader abiotic covariateddesc and apex predataletectionsvere sparse
possibly leading to imprecise estimates of habitat use and little sdipporosthabitat
covariates Detectionprobabilities ofDall sheep and predators wengproved by cameras on
trails. Two-species models suggestedamrurrence of habitat use between grizzly bear/caribou

and wolf/caribou and independence of habitat use between grizzly bearlsspdrveolf/sheep.
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CHAPTER 1

HABITAT USE BY DALL SHEEP: AN OCCUPANCY MODHR.ING APPROACH

Synopsis

Anthropogenic disturbances, such as military trainingiremeasingly recognizefbr
potential effects on mountain ungulate populations. Dall st@ép dalli dalli) is an
iconoclastic species that is important for hunting aidlife viewing opportunities in Alaska
and across the species range. Currently, military traigiegmndinginto potential Dall sheep
habitat within two training aread Fort Wainwright,Alaska Therefore, the U.S. Army requires
a better understanding of the spatiotemporal habitat use of sheep to avoid distudotieces t
population. Dall sheep have siwvn mixed behavioral and physiological effects of overflights
and other human disturbances. Studies of these mountain ungulates often rely upon aerial
surveys to assess population size and regional habitat use (Udevitz et al. 2006, &chmidt
2011).Infrequently, camera traps have been employed to estimate population sizesamt@r
of mountain ungulates, but little use has been directed towards Dall sheep.ed atiliarray of
camera traps, taking triggered and hourly timelapse images, to determinettaleilgy of Dall
sheep habitat use based on seasamékite covariates. Cameraps captured nearly 8,000
images of sheep during a continuous 15-month sampling period. Habitat use models Isaiggest t
abiotic covariates such as slope, snow depth, and distance to escape terrain @se the m
important factors determining habitat useasonal differences in habitat use suggest higher use
during winter and spring for the main study site (Molybdenum Ridge), and higheathedat
during the summer for the secondary training area (Black Rapids Trairgag. ADetection

probabilities wee constant temporally and were higher if the camera was positioned ofewildli



trail versis not. My results suggest that the best training opportunities to avoid sheep habitat use
is earlyJuly to earlySeptember, specifically in areas with less than% Sbpe and more than

500 mfrom escape terrain.
Introduction

Analyzing thespatiotemporal &bitat use of a wildlife species is increagy importantto
asses§ a population may be affected by human disturbafegsKaranth etal. 2011).
Anthropogenic disturbance of wildlife is a concern for the conservation of spedi¢madeen
shown to affecwildlife behavior and physiology (e.g., Walker et al. 200d)li tary
installations are often centers of laigEale human movements and disturbance, but have been
increasingly recognized for the availability of wildlife habittair Joselyn 1965, Stein et al.
2008). Thepotential effects omilitary actions on wildlife is a growing point of concern and
research interest (e.g., KrausmaaleR004, Telesco and Van Manen 2006, Barron et al. 2012),
especially in the United Statess the military lands undéne U.S.Department oDefense must
conform tofederalenvironmental legislation (e.g., National Environmental Policy; A
Endangered |$cies Act. Research of mountain ungulates has shown a mix of no or negative
impacts of military trainingvith most of the work focused on effectsavierflights (Bleich et al.
1994, Cote 1996, Krausman et al. 1998, Lawler et al. 200 Jimited work on the effects of
ground operations. Therefore, better understarttimgpatiotemporal habitat usemountain
ungulates o military landsduring ground oprationss an important consideration foalancing
the conservation of these speaigth military training operations.

My study focused oDall sheep Qvisdalli dalli), a mountain sheep species, inhabiting
areas orand adjacent tMolybdenum Ridgé€here on “Moly Ridge”)within Donnelly Training

Area (DTA) and Black Rapids Training Area (BRT#)Fort Wainwright, AlaskaKigure 1.1).



The U.S. Army has proposed the expansion of grdaassdraining with aerial support into
areas where the knowledge of sheep habitaiswdsgtalimited. Thus, &etterunderstandingf
thehabitat use of Dall sheep within thdés&ining area is important foplanning offuture
training operationsSpiers and Heimgd990)radio-collared 15 sheep and tracked their use on
and adjacent to DTA (formerly Fort Greely). They concluded the preseffige ekparate
subpopulations, one of which likelyintered (earlyOctober to earhMay) in area oftraining on
Moly Ridge.

Mountain sheep typically migrate between seasmragjeshroughout the year, due to
the dynamic nature of the climate and habitat in which the sheep reside. Geish(it@déye
bands had four different yearly ranges: winter, spring, lambing, and summer. Radsrhbd up
to six seasonal ranges: pugting, rutting, midwinter, latevinter/spring, saftick range, and
summer rangéGeist 1971).Dall sheeppendthe majority of the year on winter ranges,
preferably on wind-swept slopes where snow depth is lighter aade€as more readily
available Migrationsbetween seasonal rangs®ften correlated with depth of snow,
temperature, and plant phenology (Hoefs 1976, Walker et al. 2006).

Dall sheeprely upon steep mountainous slopes (> 60%) that provide escape terrain and
montane meadows that provide available forageximity to escape terrajfiorage availability
and a@equate visibiliy are the predominate features dictating preferred mountain sheep habitat
(Risenhoover and Bailey 1985, Wakelyn 1987, Nichols and Bunnell 1999, Walker et al. 2007).
Forage material includagasses (e.gEkestuca spp. and?oa spp.), sedgesCarex spp.), a variety
of forbs, and some small shrubs (Murie 1944, Hoefs 1984, Seip and Bunnell 1A8%.

(1944)examinedstomach contents of sheeg@rcasseduring winter in Mt. McKinley (Denali)



National Park and found grasses and sedges as the predominant food items in addition to
Artemisia spp.,Dryas spp.,Vaccinium spp.,Salix spp., and unidentified lichens.

Habitat occupancy is also affected by the physiology and demographics béépe s
Rachlow and Bowyer (1998)und a significant difference between the habitat selected by ewes
before and during the lambing periatla study site in Denali National Park, Alasiefore
lambing, female sheep selected ara@fdsigher forage and lower snow cover. During lambing,
pregnant females ascended to higher elevations with lower forage, but hightyrepezpe
terrain. Thereforejt is importantwhen constructing a sampling design of mountain sheep, to
consider howseasonamovement@andhabitat selection may vary betwegemographic groups

Conventionakamplingtechniques for mountain ungulates typically consisterialor
on-foot surveg (Sumner 1948, Udevitz et al. 2006, Zhensheng et al. 2007, Schmidt et al. 2011).
However, emotely activated cameras or “camera traps” are an increasingly utilized tbel i
evaluation of wildlife presence ahdbitatuse (Nichols et al. 2011) and may be advantageous in
situations where convention@chniques are restrictedtoo expensive. While knowledge
increasing on the use of camera traps in ecological res@agchJackson et al. 2006,
Bhattacharya et al. 2012, Massara et al. 20h6)ntain sheep research has dawrited
application Camera traps have effectively captured the diel use of water sources by Rocky
Mountain bighorn sheef®{is canadensis canadensis) in northern Wah (Whiting et al. 2009),
and have been used to obtain population size estimates for desert bighor©sheepxqcana)
in New Mexico, which were equally accurate to aerial and ground surveyg éPal. 2010).
Cameras are also more likely to capture sheep when installed at-madarsupplemental water

features (Perry et al. 2010).



The low use of camera traps in relation to mountain sheep is likely a combinedfesult
the difficult terrain tlat mountain sheep inhabit and, until recently, the lack of technology
capable of operating extreme climatic conditions. With the advent of technology capable of
operating for multiple months subfreezing temperaturasithout servicing, researchers no
longer must access camera traps on a weskiyonthlybasis(e.g., Tobler et al. 2009, Pesenti
and Zimmermann 2013). Freedom from constant maintenalfows researchers to avoid
wasting resources accessing rensities decreases safety concerns, and allows for data
collection when access is not feasible.

My objectives weréo model the habitatse of Dall sheep across multiple seasons in both
training areasisng detectionnon-detection data from an array of camera traps operating for 15
months. With this information, | sed occupancy models to determine seasons and habitat
covariates that correlatevith sheep habitat usé created mapsom these models to inform the
U.S. Armyaboutthe best times to conduct training as it relates to likkbep habitat usdén
addition, | further evaluatechmera traps as an effective method for the study of mountain sheep,

and offer recommendations for fueuatilization.
Materials & Methods
Study Site

Moly Ridge is located on the northezdgeof the Alaska Rang@pproximately 50 km
southwest of Delta Junction, Alaska. BRTA is adjacent to the Richardson HighvhayDelta
River valley of the Alaska &ge approximately 70 km south of Delta Junction, Alaska. Both
locations are alpine habitats with prevalgraminoids, low growing forbslwarf shruls, and
unconsolidated rocky slope&levations aMoly Ridgeand BRTA ranged from 1,000 — 1,900 m

and fran 1,050 — 1,525 nregectively, and sloppercentage rangedrom 0— 272% (i.e., 0°—



70°). Both study sites are exposed to high wind conditions, especially during the wiater (
19.3 km/h;NOAA 2015) leadingto largewindswept slopes ideal for sheep wirttabitat

Moly Ridge isrelatively isolated from the full exté of the mountain range and on the periphery
of optimalmountain sheep habitatn contrast, BRTA ign the center of the Alask&angeand is
more dynamic topographicallyith largecontiguougpatches of escape terramhile being

bordered by a braided river valley
Sampling Design: Camera Trap

Camerasvere installed in Moly Ridge (n=4%8)nd BRTA (=9, Figure 1.2 & 1.3) during
July and August 2013l stratifiedthe study siteby three classes of slope percentage, flat (<
15%), inclined (15% < slope < 45%), and steep (slopes > 45%) which constituted 46.9%%1.2
and 11.0% of Moly Ridge and 7.8%, 61.1%, 38.2%, of BR/EApectively | utilized a sample
sizecalculationin MacKenzie and Royl€2005) to proportionally allocate sampling effort for
each stratumusing expected estimates of habitat use and detectioreamddlevels of
precision Forthestudy design, | assumed use estimates of 0.1, 0.5, 0.8 and detection estimates
of 0.2, 0.4, and 0.4 respectively for the flat, inclined, and steep strata (Gionfriddo anch&maus
1986, Rachlow and Bowyer 1998). For the Moly Ridge study sitesebidted inthe allocation
of effort as 523, and 1tamerador the flat, inclined, and steep strata p@adively, given my
set sample size

Camera locations were determined through a spatially balanced.dasspatially
balanced survey is a probabjitbased survey generated via the Reversed Randomized Quadrant-
Recursive Raster (RRQRR) algoriti{@tevens and Olsen 2004, Theobald et al. 2@®d) was
calculated using K£GIS (ArcGIS v10.0; Environment&ystems Research Institute, Redland,

California, USA). The RRQRR algorithm allows for varying numbersaofiple site locations



per strata by assigning relatiueclusion probabilitieso eachstratum(Theobald et al. 2007).
Usingmy sampling effort calculations, | developed inclusion probabilities that woelguately
distribute tle correct number of camera locatiques strata

Logistical issues such as timing of installation, scouting of camera locatrahsafety
of personnel were factors determining canpagement. Camera sitegrechosen within 100
m of the identified coainatesthat would provide the best opportunity to capamemageof
sheep using the are#. | could not safely access the area ofdthesen camera locatign=4)
then a location was chosen which would capture an image of the predetermined camera
coordinates | usedRECONYX PC800 and PC900 Professiorylperfire Infraredcameras
(RECONYX, Inc. Holmen, WisconsjidSA 54636).Cameras werastalled upon RECONYX
t-post mounts, thunderbolt mounds,within security boxes affixed to rock faces using a
combination of construction adhesive and ratchet straps.

Moly Ridge and BRTA aractive training areas of thé.S. Army, thus researcher access
of theMoly Ridge site was when DTA was conducting “range cleanapfireeweek period
during late-July and earlfugust 2013 and 2014, in which no live fire training occufis
period was long enough to conduct camera installation and vegetation sampling. Adiglitional
conducted a shorter maintenance trip in October 2014 during a gap in training operations

| proggammed emeras to triggerby a combination of movement andraredsignature
as well as towecord a image every hour. Once a trigger occurred, the camera caftoee
images in successiowjth one second between images. The camera would thendaketures
for a 15second‘quiet period” to conservdigital memory Following the first camera

maintenance, and noting the amount of space still available on the memory camts/ddthe



quiet period and decreased the time lapse from 1 hour to 3@esiior the last three months of

the study.
Sampling Design: Vegetation

| sampledvegetation during the summer 2014 field season at each camera site.
established 30, 0.5 quadrats every 5 m along a 50 m transect perpendiculaecamera face
as well as at varying distandesm thetransetat each 5 m poinF{gure 1.4; Appendix I). |
estimatedherial and ground coverage of 12 different abiotic (e.g., bare ground, gravel) and biot
(e.g., graminoid, dwarf shrub) coverage clasgde=ach quadratResearchers identified all
vascular plants in a quadtatspeciesdue to logistical reasons, species were only identified in

guadrateachl0 mfrom the camergout to 50 m (e.g., 10 m, 20 dppendix I1).
Data Processing & Analysis

Due to the quartyy of photos captured,develogdmethods to increase the efficiency of
photo analysis and catalogingplaced & photos takerirom a cameran order of capture into
Windows Movie Maker (Microsoft Corp., Redmond, Washington, USA)aedtedwo
framekecond videosThis served a twdold purpose. First, the videos provided a quick and
seamless method of viewing thousands of photos. Second, | etatdvdldlife in the back and
middle groundf aphotothatwould likely be overlooked withouhe raid succession of
images

All photos were uploaded into a Windows Access photo viawerface(lvan and
Newkirk 2015) angheep detections were recor@ddong withspecific demographi.e., eve-
like, ram, or unknown) and behavioral details (i.e., moving/traveling, grazingygesigilant,
or unknown). Finally, sheep detections were truncatedpgiroximately500 mfrom the camera

for analysis due to decreased detection beyond this distance and changing habitat conditions.



binned these data into one-week occasions across the 64 weeks (15 months) of continuous
samplirg.

| analyzed my data using tBengle season occupancy modePiogram MARK(White
and Burnham 1999), butwgn the relatively largscale movements of sheep throughout a
season, the assumption of inf@asonal closure was violatedlhus I interpretedccupancy
estimates sihabitat uséMacKenzie 2006). | defined two demographic growgveglike and
ram). | also treated each season as a separate group in my analysis rather than using a mu
season robust design model due to my low sample size, the increased number of garameter
needed for the multi-season modwid difficulty interpreting immigation and emigration
parameters when closure is violatg@ndall et al. 1995, MacKenzie et al. 2009, Falke et al.
2012). 1 defined ten biologically hypothesized seasons taking into consideration rutting
lambing, and potential differences letrmovement patterns of ram and eiee groups Table
1.1). Two weeks wereensored between each season and when researchers were camped near
cameras during July 2014. Finallyreatedstudy site (Moly Ridge vs BRTA) as a grouping
variableresulting n 40 groups (i.e., 2 demographic grougEdxseasons x 2 study sitejiven
the large distance between the study sites and probable difference betwpgropldstions,
study site difference wascluded inall models.

| estimated weekly snow depths fsach camera location classifying the snow depth in
sequential images into one of six categories (No snow/Trace, < 10 cm, 10 -<20cm, 20-< 30
cm, 30 - <40 cmz 40 cm). Snow posts with 20-cm sections of contrasting black and white
paint were installed in front of four cameras, which aided in training obserwessmating the

snow depth at all camera locations.



Abiotic covariatesvere determined from remoterssing data (U.S. Geological Survey,
National Elevation Dataset [USGS NEDRIing AcGlSandincludedcamera site elevatigim),
meanslope(%), acameré& viewshedarea (ha)surface distance of camera site to escape terrain
(m), andsurface distance ofimera site to static military firing points; Table 1.2). Mean
dlope was calculated by clippingséoperasterwith a500 meter buffer radius around each
camera sit@and averaging all the slope cells within that bufferstance from escape terrain was
the surface distance from the camera site to a contiguous areac# laneen/rocky slopes
greater than 60% grade/akelyn 1987, McKinney et al. 2003). Finallyjefinedcamera
viewshedas the land aregna)the camera was capturiag imageof within 500m of the camera
locationand was determined using the ArcGIS Viewshed tbtdsted for correlatiobetween
all covariateqabiotic and vegetation); omevariate was censored from any covariate \pdir a
|0.7|correlationcoefficient.

I hypothesized individual covariate relationships and temporal structures thatlvesuld
modelsheep habitat us&j and detection (p). | used a twtepad hoc modelingapproacltused
cumulativevariableweights () to reduce unsupported covariates and determine the best model
structures that explainefl and p (Lebreton et al. 1992, Doherty et al. 2012, Bromaghin et al.
2013). First, holding p constahigonstructeda balanced set @l possible additivey models,
with the addition of two hypothesized interactidretween season and study site and between
demographic group and distance to escape terrain. All group effeetsiatesand interactions
with aw; greater than 0.50 were retained for a secondd of analysisl repeatedhis
procedure for by maintainingp constant and varyinggrcross variables of interesAll
variablesfor { and pretainedfor the second round of analysis were combinedargtobal

model. Finalw;'s were calculated from a balanced model satl@fdditive combinationef
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these variablewith and without the interaction term# predicting model that only contained
all variables with av; greater than 0.50 was then chosen from this modéBasdbieri and
Berger 2004). This proceduaiowedmeto handle a large number of variables efficiently, but

alsoavoided possible spurioussults(Doherty et al. 2012, Bromaghin et al. 2013).
Habitat Use Maps

| used remote sensing, vegetation, and snow depth data in conjunction with my chosen
prediction model to createbitat usenaps forthe Moly Ridgestudy site | createdrasterayers
of slope percentage, distance from escape tefmaiand elevation (mn ArcGISusing USGS
NED digital elevation moddhyers Then Icreatednterpolative cokrigingr ordinary kriging
raster layeref meanseasonal snow depth aalllvegetation covariates supported in my
occupancy prediction nael.

Cokriging, as with ordinary kriging, uses point estimates and the spatial aataton
of a variable to interpolate values of that variable across a surface. Howevigingatan
include other spatial variables (e.g., elevation, slapcreasepredictive abilities of thenodel
(Xu et al. 2015).To examine spatial cros®rrelationl calculated Mantel’s test in R (R Core
Development Team 2015) between supported ground coverage covariatesiatally sensed
abioticdata Then,| createdcokriging layers of ground coverages and any signifigambss
correlated abiotic variable=inally, | created habitat useaps using the ArcGIS v10.0 raster
calculator utilizing ny occupancy prediction model, including important temporal and

demographic effects and spatial covariates
Predictions
| hypothesized that habitat use would varydeynographic groypeasonally, and by

habitat type acrodsoth Moly Ridge and BRTAT(able 1.2). Given the lower elevatiothan the
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adjacent mountains and the windswept slopes of Moly RadgeBRTA | predicted that preut
through lambing season habitat use would be higher than summer asghheter habitatse.

In addition,| predicted that ewéke habitat use would remain constant during the post-rut,
winter, and lambing seasons, while ram habitat use would decreasesgé&lides groups are
known to persist on rutting ranges through the winter (Hoefs and Bayer 1988ficted that

the habitat use would be temporally similar between the two study sites, hihetleatvould be
higher magnitude of differeedoetween the seasonal estimates on the topographically isolated
Moly Ridge versus BRTA, whicls better integri@d into the mountain range.hérefore, |

included an interaction between season and study site. | thategttidtegration into the
mountain range would allow for more movement in and o8RTA, likely creating higher
variability in the estimates. | predicted that increased military training wouldivelgaaffect

the habitat use of sheep due to the aversion of some mountain sheep to anthropogenic
disturbances. Additionally, | expected abiotic factors including slope percedisigace to
escape terrain, and snow depth to bestrengest correlates sheep habitat use (Geist 1971,
Nichols and Bunnell 1999 In addition, | expected an interaction between escape terrain and
demographic groupEwe-like groupsstay closeto escape terrain than ram groups (Gionfriddo
and Krausman 1986, Nichols and Bunnell 199%9¢refore, | expecteglvelike groups tchave a
stronger negative relationshipth the distance tescape terrain. | hypathized that higher
graminoid,forb, and dwarf shrub cover and vegetation richness would moderately increase sheep
habitat use. | predicted that detectiongatoility wodd vary by study site, but not temporally,
because | did not expect sheep behavior to change in such a way that would increasas# decr
detections. Finally, | expected positive correlation of detection with eanpéaiced on wildlife

trailsand with a camera’s viewshed argalfle 1.2).
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Results
Camera Data

During the first year ofamplingthe54 camera traps captured 629,392 photos, over
approximatelyl5,393cameratrap days. At different points ofelfirst sampling yearl9 of the
Moly Ridgecameras were either severaljered in orientation odestroyed by grizzly besr
(Ursus arctos) or caribou Rangifer tarandus). Additionally, two cameras stopped operating for
unknown reasons. kotal, this constituted &ss of~ 25% camerdrap daysversusf the
camerasad continued operating. However, only one SD card was lost from these damaged
cameras and there was no evidence of camera alteration or destruction from huntis.activ
then conducted maintenance in October 2@dting the threemonths prior to this
maintenancethe cameras captured 196,331 photos over approximately 3,809 camera trap days.
Four of the cameras had severe animal damaéiteone lost SD card and 18 had disabliagdc
read errorsat different pointgluring the three-month perio€€ameras affixetb rock faces were
not damaged. In total, over 825,000 photos wapguredover the 15-month sampling period.

A total of 7,837mages of sheep were captured across thmdih sampling period. fO
these 1,952 image were censored betweseasonsesulting in 2,652 and 3,233 images from
Moly Ridge and BRTArespectivelyfor habitat use analysisThe raw number of images was
higher for Moly Ridge in the winter addmbingseasonswhile for BRTA more imagesverein
thesummerseasor(Figure A3.1). A seconcexaminatiorof theimages from thérst four
cameras that | processed fowrdy one missed sheep image, increasing confidence phibie
processing methodology

| detected we-like groups with lambg May and June 2014 (i.earhbing 2014pn both

Moly Ridge and BRTA, which indicated sheepay use these areas as lambing ranges.
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Additionally, despitdour timesmore BRTA military training dayérl able 1.3) over double the
sheep imagewere captureduring the latesummer2014 compared to the late-summer 2013.
However, | note that the number of sheep images does not account for imperfeiirdetatt
the same animal was photographed multiple times.

Both triggered and tinl@pseprogramingcapturedmages of sheeplriggered images
predominately featured one or more sheep walking or grazing in the image foregrouexkmow
some triggered images captured sheep in the background in addition to the individueglihat li
triggered the cameralime lapseimages captured images of animalglose proximity of the
camera andip toapproximatelyl,200 mfrom the camera locationApproximately 1,000
timelapse images recorded sheepisTéchniquavas the sole form afheepdetection ér 17%
of thecamerdocationsthat captured sheep images.

Nocturnal images of sheep moving, foraging, and resting outside the hours of civil
twilight (i.e., an hour before and after sunrise and sumgst) captured at both study sites.
Triggeredphotos captureth=44) instance®f ewes and ramsnoving and/or grazingTimelapse
photos detected few nocturnal images (n=6), of tiregances five were of sheep resting and
one of a ewdike group grazing.The vast majority of nocturnal detections (82)4vere

between 11/01/2013 — 3/01/2014 when daylighirs were the fewesf the sampling period.
Model Results

The first step in myad hoc modeling approachulled fivevariables (i.e., elevatiodwarf
shrub coverage/egetation species richnessggewshedand military traning days) fonp and
study sitefor p. Retained] covariates included an interaction between demographic group and
distance to escape terrain, slope percentage, snow depth, and graminoid cdueaddgion,

use varied seasonally and by study sitab{e 1.4 & Table A3.1). Distance from firing point
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was retainegdbut exhibiedunexpectegbositive beta results, possibly indtgbiases between
covariatevaluesand the study desigrkinally, gudy site difference was discarded from
modeling detection probability wlei trail and viewshed were retainéelthple 1.4 & Table
A3.2).

My second round of modeling focusedafinal model set consisting of all possible
combinations of the variables retained during the first round. My prediction model ghclude
seasonalsite and demographidifferencedor sheep habitat usd ébles1.5 & 1.6). The
prediction model includedifferences between the $@asonsexcep for constant habitatseof
ewes during the wintelate-winter, and lambing season¥Vhile sheep habitat use bfoly
Ridge was highest during the prg-to winter seasons, BRTA had very low use during the pre-
rut and rut season, and the highest use in the post-rut and late-summer Baa#ah use was
positively correlated witlslope percentage and graminoid/en and negatively correlated with
distance to escape terrain ambw depthTable 1.6). Detection was constant temporally and
was higher if the camera wan wildlife trail andnegatively correlated withiewshedsize

Temporaluse estimates of Moly Bge were higher during the rutinter, and lambing
seasons for both ewe-like and ram groupgyre 1.5). However, ram groups showed a steady
decline in habitat use following the rut peridhis differed from ewdike use, which was best
supported by constant use through the winter and lanseiagpngFigure 1.5). Seasonal
habitat use estimates of BRTéund supportor higher use in post-rut/early winter 2013 and
within the summeR014 seasong$-{gure 1.6), however precision wasow in part due to
relatively small sample size of camera locations.

Model results indicated support for abiotic factors includiloge percentagsnow

depth, andlistance to escape terran the most important covariates predicting sheep habitat
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use Tables1.5& 1.6). Slopepercentagéf = 0.08 SE 0.02) showed a positive relationship with
sheep use for both study sit€sgure 1.7). Moly Ridge summer habitat use was minimal and
thus only the steepest slopes were predicted to have any habitatguse 1.7a). Winter
habitat use for both siteBigure 1.7b & 1.7d) and summer habitat use for BRTRidure 1.7c)
was= 0.50 on slopes 60% when within 500 m of escape terrain. Snow depth showed a
negative relationshigB(= -0.90 SE 0.19) with sheep habitat use on Istikly sites Results
indicated that habitat use on Moly Ridge dropped below 0.50 between 10-20 cm of snow, and
habitat use approached zero once snow depthsxviem Figure 1.8). Sheep use of BRTA
followed a stronger negative relationship; use dropped below 0.1 with greater thars@0vem
depth Figure 1.8). In addition, results indeted an interaction betwedemographic groupnd
escape terraif = -0.003SE0.001), indicating support for ewie habitatuse concentrated
closer to escaperrainversus ranuse Figure 1.9). Finally, my prediction model had some
support for the cover of graminoid8 € 0.12 SE 0.06) predicting sheep habitat Tsble 1.6).
Detection probability was best determined by if a camera was positioreediluttife
trail (3=1.46 SE 0.19T able 1.6; Figure 1.10). | foundevidence that detectiatecreased with
the increasing camera viewshed arg= {0.07 SE 0.04Figure 1.11), howeverthe confidence

interval of the betancluded zero and the negative relationskipuspect.
Habitat Use Maps

Mantel’s test result®ound significant correlation between graminoid cover and slope
percentage (p < 0.001), but not between graminoid cover and elevation (p = 0.757). 1did not
find significant crossorrelation between seasal snow depths and slope (p = 0.882 Jjite-
2013]) or elevation (p = 0.267 [pre-rut 2013]). Therefore, | created a cokriging map of

graminoid with slope percentage data and an ordinary kriging map of snow(@epthet al.

16



2014, Xu et al. 2015). Habitat use maps then included graminoskasdnasnow depthayers
and varied betweeseasonal and demographic differences.

Habitat use maps @®floly Ridgeduring the pre-rut 2013 season shibehighest
concentration of habitat use for both ewe-like and ram groups in areas surrounding the
northwestern face, westeimost bowl, and northern momtm of theridgeline Figure 1.12a &
1.12b). In addition, there was high probability of habitat use for the easternmost peak of Moly
Ridge for botrewelike and ramsKigure 1.12a). Several ram groups were detected in this area
throughout the study period, but ewvelike groups were detected in this region.

The habitat use of Moly Ridge during the late-summer 2014 season is a sharp tontras
habitat use of the pnext seasorfFigure 1.13a & 1.13b). Habitat use is still concentrated in the
northwestern portions of Moly Ridge, butgenerallyestimatedor ewelike and rams groups as
< 0.30 for even the most optaihsheep habitat. Only rams were detected during this season
the westermost slope®f Moly Ridgeand the areas around the easternmost peak of Moly Ridge.
However, rams show a lower probability of use than ewe-like groups.

It appears thahe movement of sheep fraifme broader Alaska Range Moly Ridge
likely occurs from western aspects of Patton Mountain (small mountain to the ssubfiwily
Ridge), to the southwestern aspaiftdoly Ridge. This corridor is the shortest distance
between escaderrain, is predicted, by the habitat use map, to have some use by ram
individuals, and is highlighted witlted lines on the mag=igure 1.12b).

Habitat usenaps of BRTA display different temporal use relationships than Moly Ridge.
During the pre-rut 203 seasn, habitat use of BRTA was low for both elilee (Figure 1.14a)
and ram groupsHigure 1.14b). Useby either group was concentrated around the steepest

sections of eastern BRTA. Habitat use increased inteslatener 2014 andasvery high for
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the majority of higher elevatioareas of eastern BRTA for both demographic grobjgife
1.15a & 1.15b). However, these maps do not demonstrate the large imprecision of BRTA

estimates, therefore, any inferentresn BRTA habitat usenaps should be taken with caution.
Discussion
Habitat Use and Detection

Cameras successfully captured thousands of shesges within both study sites
throughout the 15-month sampling periddabitat use varied by seasaite, and Iseep
demographic groupEwe-like and rans usedvioly Ridgethe mostwith the onset ofutin 2013
andlikely due to deepesnow conditions at higher elevations of &klaska RangéFigure 1.5).
While ram use declined in the months following the rut, ewe-like use remained constant
throughout the winter and lambing seasons, matahing priori temporal hypothesisHabitat
use for all sheep declined after eatlyne, probably when sheep migratéidive military
installation,to higher elevations of the Alaska Rarigebetter foragingnd mineralick
opportunities (Spiers and Heimer 1990wetbandamight occupy winter ranges for up to nine
months of the yegHoefsand Bayer 1983), which would be consisteith my resultsof
presence from mibeptember 2013 to earlyine 2014 Sheep usef Moly Ridge during the
latesummermwasminimal, detections were scant and mostly consisfexingle or pairs of rams
(Figure A3.1). Geist(1971) notes that youngmsin westernCanadaare frequently observed
“wandering,”traveing longerdistances into moneovel territories thaewegroups, which could
explain some of these unexpected resultsis leads to thenterpretatiorthat low levelsof Moly
Ridge habitatise during the summer and |si@nmer werenostly theresult of a few ram
individuals while the high levels of habitat use during the pre-rut through lambing séksigns

coincided with the highest densities of ewe and ram individuals.
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Estimates for BRTA habitat use were less preitiaa Moly Ridge, in part due to lew
sample size. Sheep presencdB&TA wasdetecte across most of the sampling penwith
notable increases during the post-rut 2013 and summer 2014 saadantably absent during
the 2013 pre-rut and ruttirggeasor(Figure 1.6). Unlike Moly Ridge, BRTA is within a
contiguougange of optimal sheep habitptesumably allowing for a greater movement of sheep
groups in and out of the training area &ikdly constitiesa small portion of both ewe and ram
group ®asonalanges However, estimates of habitat use are very imprel@adingto only
week infererces about tempordiabitatuse patterns

As hypothesized,aotic covariates best explainedriations in habitatise Distance
from escape terrain, slope percentagel snow depth were highly supported for predicting
habitat usgfurther,the probability of use in relation to the distance to escape terrain varied by
demographic groupEwelike individuals were more likelyo concentrateloserto escape
terrain, while rarawere less predictable ahdda higher probability of using areas tugt from
escape terrainRam groupsnayspatialy segregate from ewe groups to areas further from
escape terrai(Geist 1971, Corti and Shackleton 2002). In addition, during lambéwweguse is
highly associated with steep escape teramidpredator avoidance (RachlowdaBowyer 1994,
1998). However caution should be taken when makbrgadeiinferencea given the imprecise
estimates of ram habitat use beyerisDO m from escape terrafrigure 1.9). The spatially
balanced weighting skewed the camera s#ealting inover 55% of camerasccurringwithin
500 m of escape terrain, greatly reduding precision of estimates beyond that distance.

Habitat use declined witmeéreasing snow depths. Dall sheep are presumed to avoid
areas withdeep snow due to increased myyedoss from movement through the snow, digging to

find forage, andeing slowed down when pursued by a predator (Burles and HoefsHi®#4,
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et al. 1986).Dall and Stone’s shee@(d. stonel) have been observedoiding areasvith snow

depth greater than 30 cm (Seip and Bunnell 1985, Nichols 1988), a finding further supported by
my model results. Sheep occupying both study sites exhibited the same netgtimestep;
however, beepdetected oBBRTA showed atronger relationship. Both study sites have

relatively high wind conditions creating slopes of exposed fordgal for sheep winter ranges.
BRTA has steepdopographyesulting inmore areas of exposed foraayed greater connectivity

with the AlaskaRangeallowing sheep to move into othemter habitats possibly explaininghe
stronger relationship witimcreasing snow depth

As hypothesized, | found moderate support f@ngnoidcoveragepositively influencing
habitat use ando support fovegetaion species richness forb coverageffecting habitat use
Sheep habitat use has been documented to be predominately restricted to areasp@ear esc
terrain and windswept slopes, thus finding a lack of support for biotic factors prgdisawas
expected Previous studies have recorded the importance of gramifmibds,and dwarf shrub
species on the diets of thinhaheep(Murie 1944, Hoefs 1976, Rachlow and Bowyer 1998,
Walker et al. 2007), but my study design only found moderate suppaordarf these classes of
vegetation Habitat se as a factor of plant biota could potentiallyrimedecipherable with a
larger samplsizeand much shorter occasion durations.

Detectionwas best determined laycamerdeing on awildlife trail and the size of the
cameras viewshedPositioning a camera on an obvious wildlife trail greatly improved the
chances of detecting a she@pwever, this came with the trad# that sheep were typically
detectedravelingthrough the area rather than interacting with the habltate lapse photos of
non4rail areas had lower detection probabilitiestallowedfor samplingof larger habitat areas

and captured more images of sheep grazing or redtinglly, the size of a camera’s viewshed
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wasnegativéy relatedto detection probability, opposité my prediction. A possible

explanation is that the human obssarmissednoredetectionsn images of larger viewsheds

compared to smaller viewsheds. A double-observer approach during photo processing could

calculatef the probabilityof detecting a sheepgiventhata shee@ppeared in an imageas
negatively correlated with viewshed size.

The cameras were a noviem in thetreelessstudysites possibly prompting sheep to
interact and investigate the cameamdcameramounts. Time lapse images capturstieep
grazingnear camerasnmediatelybeforetriggeredimages of sheep investigating the camera
indicating that sheep may not have been attracted to an area because of the lc@smssible
thatdetection probabilities were biasslightly high by conspicuous cameras, this is difficult

to assess whbut further research

Nocturnal Activity

Mountain sheep are considered diurnal atsraad little direct evidence &vailable

recording nocturnal activitig€seist 1971, Hoefs 1976). | have provided evidence that Dall

sheep move and graze during the neyid that these events appear concentrated during seasons

with the lowest daylight hours. Observations of domestic hill sheep have shown nocturnal
activity is common during winter months when daylight is limited and then ceasesfier the
spring equinoXWallace 1889) A study of desert bighorn sheagsessed differences in radio
collar signal strengths and determined that nocturnal activity was common withetiisss
across the entire ye@ilderman et al. 1989)Dall sheep appeactive during nocturnal periods,

increasing foraging time, especiatlyring long periods of darkness.
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Camera Traps and Mountain Sheep

Research of mountain sheep typically involves direct human observation via arcraf
ground tracking, both of which can cause disturbances to sheep individuals (Frid 2003,
Zhensheng et al. 2007, Stankowich 2008). These methods are often cost intensive, hazardous,
and restricted by inclement weather. My study has shown that modern camecatrap
effectively operate in mountain sheep terrain and produce data to estimate &lied¢pida,
while reducing biases caused by human presence and climatic condatascollected
throughout the year allows for estimation of seasonal habitat use and detectimhngttie
winter, a season when data collection is ofiéficult.

Camera traps are not a panacea for the study of mountain sheep or, for gratoheit
mammalsftat reside in mountainous terrain. Thoegftective at distinguishing important
temporal trends and habitat covariateghout having to capture individuals, these data cannot
fluidly track the movements of individuadgross a landscapén addition, without unique
identification re-detectionof individualsis limited to those animalsith unique physical
featureswhich is problematic for mangbundance estimate

While recognizinghe $iortcomingsof cameras, there is potential to expand camera trap
usein conjunction with other mountain sheep sampling methods. Population abuntbzriog
mark-resight estimation is conceivable by installing cameras in concert with uniquegnafk
individuals (McClintock and White 2007). Human presence would be reduced during the
“resight” period,decreasinglisturbancef sheep Healthmonitoring ofsheegopulationds
becoming paramouriThe Wildlife Society and American Association of Wildlife Veterinarians
2015). Sincesheepndividuals often interaed with the cameras resulting in clagefacial and

body images across the demographic spectrum, this could inétidemonitoring for changing
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body conditions or for the presence of disedSeally, my studyfocused orthe seasonal range
of two sub-populations of a much larger sheep population. Expanding the study area would
better capture the yearly habitat us¢he population.Additionally, eacompassing multiple
yearsin a larger study sitenayallow researgers to estimate site colonizatiand extinction
parameters of sheep habitat use in relaomumaractivity, habitat covariatesand changing

climatic patterns.
Military Land Conservation

Worldwide, wildlife populations face the threat of continual hutnansformatiorof
habitat. Unied States Department of Defense lands provide important wildlife habitat atas th
must conform to environmental statutes. Department of Defense lands, though only a sma
portion of federal land holdings, contain more federally endangered speciesytuher
federal agencyfFlather et al. 1994, Groves et al. 2000). The assessment of wildlife populations
on U.S. military lands thus, becomes an important conservation and legal issue that must be
addressed by U.S. military installations.

Monitoring wildlife on these lands can be challenging due to military training &nd th
isolation of study areas. Depending upon the insi@tiadccess to study sites candasy
without disruption or heavily restricted due to consistent training operatfsshave
demonstrated, camera traps capable of operating for multiple months withatingeand that
operate in extreme climatic conditions andable resource for monitoringildlife in restricted
military lands. Therefore, researchers can accomplish wildiifd environmental mandates,
while not having to ecess training areas that ntgpically beoff limits or inaccessible In

addtion, camera traps can act as bothanitor of wildlife and ofllicit human behavior in
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remote sections of thesestricted public lands, behaviors tihady compromise wildlife

conservation and training operations.
Military Recommendations

| have slown that Dall sheep use both Moly Ridge and BRTA, at different intensities,
throughout a majority of the year. The highest sheep use of Moly Ridge appeargetwdenb
mid-October to miedune Figure 1.5), while habitat use of BRTA appears highest dutirey
post-rut (12/15/2013 — 01/11/2014) and summer (06/22/2014 — 07/12/2014) seasoti&e Ewe-
groups with lambs and yearlings were detected in May and June 2014 indicatifgp &patgay
use Moly Ridge and BRTA as lambing range. This lambing perioddimeithe most critical
time to avoid training to minimize disturbances on pregnant or nursing ewes andhleonias.

Early-July to earlySeptember on Moly Ridge appears to be the best training period to
minimize sheep disturbanc&piers and Heimgl990) concluded that sheep were present on
Moly Ridge during the winter range and migrated to Moly Ridge in €actpber. My data
show that winter habitat use is likelyethighest, but there may be low levels of sheep presence
throughout the year. Additionally, larger ewe bands were detected in midvbept2013 and
2014, therefore migration from higher elevations may have occurred one-monthtlearlie
previously assued. Habitat use appears concentrated in the northwestern portions and northern
arm of Moly Ridge(Figure 1.12 & 1.13), thus, any training should focus on the eastern bowl
and eastern portions of the main ridgeline to the east of the highest elevation point of Moly
Ridge. In summary, the lambing, pre-rut, rut, post-rut, winter, and late-wiatssrseshould be
avoided for Moly Ridge training, while both summer seasons appear to be the optimra trai

periods to avoid sheep habitat use.
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The presence of eag with lambs in May and June 2014 and the substantial increase of
sheep images during June and July 2014 indicate that BRTA may have the highegy witensi
use during this period. Additionally, ongoing road surveys of sheep centered on BRTA may
show a similar pattern of higher sheep counts during lambing and early-s@#mrBeinkman
pers.com.). Therefore, | advise to reduce or avoid training during the lambing andrsumm
seasongsespecially if ewe bands are observed in proposed training locations. Preught
winter seasons appeared to have the lowest spatial habit&igises(1.14). However, habitat
use of BRTA appears very dynamic, as a large source population of sheepaisi@taimove in
and out of the training area.

Ultimately, I did nd find support for groundhased military activities or fixed firing
points affecting sheep habitat use. There was only a two-day ground trainingpopanavioly
Ridge during the sampling period so inference of military activity effects is trtotéhs short
period for the vast majority of the sampling poirfisi§le 1.3). Groundbased training at BRTA
was non-fire operations and was rather consistent for the first eight seasomspthehan
doubled during the late-summer 2014 season. Sheep images during this season moredthan tripl
compared to the same season the previous year and the probability of use for optimnal shee
habitat was highRigure 1.15), adding to the conclusion that minor on-grommtitary training

had no effect on shedyabitat $e during this study.
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Table 1.1. Dates for the ten habitat use seasons of Dall she®ss 15 months of continuous sampling on Molybdenum Ridge and
Black Rapids Training Area, Fort Wainwright, Alaska, USPwo weeks were censored between each season and when researchers

were camped on Mobdenum Ridge in July 2014.

Season Classification

Start Date End Date
Late Summer 2013 8/11/2013 9/07/2013
PreRut 2013 9/22/2013 10/19/2013
Rut 2013 11/03/2013 11/30/2013
Post-Rut 2013 12/15/2013 1/11/2014
Winter 2014 1/26/2014 3/08/2014
Late Winter 2014 3/23/2014 4/19/2014
Lambing 2014 5/04/2014 6/07/2014
Summer 2014 6/22/2014 7/12/2014
Late Summer 2014 7/27/2014 8/30/2014
PreRut 2014 9/14/2014 10/18/2014




Table 1.2. Hypotheses dDall sheepabitat ue and detection probability relationships with habitat and camera site ¢tesana
Molybdenum Ridge and Black Rapids Training Area study sites of interior AlaSd@.

Variable

Variable Abbreviation

Parameter Variable Definition Predicted Response

L ocation Factors

Difference between Molybdenum Ridge Black Rapids > Moly

Study Site Site Use and Black Rapids Training Area Ridge
. . . Difference between Molybdenum Ridge Black Rapids > Moly
Study Site Site Detection and Black Rapids Training Area Ridge

Demogr aphic Factors

Difference between ram and eiiee

Demographic group Sex Use Ewelike > Rams

individuals
Temporal Factors
Seasons Seasons Use Temporal variation across the ten season , Varlable' .
'(Sseeln text predictions)

Seasons by site SeasonsSite Use Interaction betweer_l seasonal use and st . Variable' '

site (see in texpredictions)
Ewelike Winter & Habitat use 'by ewkke individuals in the
Lambing Ewe S567 Use winter, latewinter, and lambing seasons vEweS567 > other season

other seasons
Habitat Characteristics
Elevation (m) Elevation Use Elevation of a camera site +
Slope (%) Slope Use Average slope of a 500m radius circle B
around each camera

Distance to Escape Terrain  Escape Use Distance from a camera to barren/rocky _

terrain with a slope greater than 60%

Interaction between habitat use of

Distance to Escape Terrain Ewe-like use closer to

. : i
by Demographic group Escape*Sex Use demographic grotgf)r ;?]d distance toagse escape terrain
Snow Depth (cm) Snow Use Estlmatedavi;?g:srg(;vi\;edepth at each B
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Military Firing Points
Military Training (days)
Graminoid Cover (%)
Forb Cover (%)

Veg. Species Richness
Camera characteristics
Wildlife trails

Camera Viewshed (ha)

Firing pt.
Training
Gram
Forb

SpRich

Trail

Viewshed

Use

Use

Use

Use

Use

Detection

Detection

Distance of a camera site to a weafiong
location
The number of oground military training
daysat a study site during a season
Estimated percent cover of graminoids a
camera site
Estimated percent cover of forb species ¢
camera site
Estimated richness of plant species at .
camera site

If a camera is capturing an image of a
wildlife trail or not
The land surface area that a camera i
capturing within each image

On trail > not on trail

+
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Table 1.3. The approximate number of @meund military training dayby season and study s{teate = MM/DD/Y), on Black
Rapids Training Area (BRTA) and Molybdenum Ridge (Moly Ridge), Fort WagiwyriAlaska, USA.

Study 08/11/13- 09/22/13- 11/03/13- 12/15/13- 01/26/14- 03/23/14- 05/04/14- 06/22/14- 07/27/14- 09/14/14-

Site 09/07/13 10/19/13 11/30/13 01/11/14 03/08/14 04/19/14 06/07/14 07/12/14 08/30/14 10/18/14 Total
BRTA  20.4 17 15.3 9.4 24.7 45 14.7 13.0 58.8 23 164.9
Moly 0 0 0 0 0 0 0 0 16 0 16
Ridge
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Table 1.4. CumulativeAIC . weights (X AIC. w;) for factors in the fstround of model analysis
of Dall sheephabitat usey) and detection probability (p). Bolded numbers indicate a variable
that was retained to the second round of modeling.

Habitat Use Variables? TAIC. w

Y Study Site 1.000
y Seasons, Ewe S567 1.000
|y Seasons, Ewe S567*Site 1.000
 Distance to Escape Terrain 1.000
P Sex 1.000
y Escape*Sex 1.000
y Snow 1.000
y Slope 0.994
 Firingpt 0.643
Yy Gram 0.527
Y Forb 0.503
y Elevation 0.384
Y SpRich 0.360
Y Training 0.335
y Viewshed 0.298
Y Dshrub 0.271
Detection Variables
p Trail 1.000
p Viewshed 1.000
p Study Site 0.256

2 Defintions of habitat use and detection variables can be found in Table 1.2.
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Table 1.5. Occupancy radel results of Dall sheep habitat use analysis on military lands of intergkaAl&ll models witlAAIC. <
10.00 are displayed. Models represent hypothesized relationships of habitg) aiseé probability of detection (p seasonal and
study site differences and indilial covariates.

M odel® AIC. AAIC. AIC.w’ ML® K¢
 (Seasons, Ewe S567*Shé&scape*SeiSlopé+Snow+Grant) p(Trail+View) 1416.571 0.000 0.399  1.000 29
 (Seasons, Ewe S567*Site+Escape*Sex+Slope+Snow+Gram) p(Trail) 1417.637 1.066 0.234 0.587 28
 (Seasons, Ewe S567*Site+Escape*Sex+Slope+Snow) p(Trail+View) 1417.828 1.258 0.213 0.533 28
 (Seasons, Ewe S567*Site+Escape*Sex+Slope+Snow) p(Trail) 1418.615 2.044 0.144 0.360 27
 (Seasons, Ewe S567*Site+Escape*Sex+Snow) p(Trail+View) 1426.387 9.816 0.003 0.007 27

& Defintions of habitat use and detection variables in model results can be found in Table 1.2.
b‘AIchi’ is the Aikaike Information Criterion with correction for small sample size moeéjhw.
¢“ML’ is the model likelihood.

44K’ is the number of parameter in each model.
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Table 1.6. Cumulative AIG weights (X AIC. w;) for factors in the final balanced model set of
Dall sheep habitat usé] and detection probability (p)Bolded values indicate the variables
that were present in the chosen prediction model.

Habitat Use Variables? TAIC.w
Y Study Site 1.000
y Seasons, Ewe S567 1.000
Y Seasons, Ewe S567*Site 1.000
Y Escape Terrain 1.000
Y Snow 1.000
P Sex 0.998
y Escape*Sex 0.995
Y Slope 0.995
P Gram 0.631
Y Firing pt. 0.315
Y Forb 0.302

Detection Variables

p Trail 1.000
p Viewshed 0.619

2Defintions of habitat use and detection variables can be found in Table 1.2.
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Figure 1.1. Location of the Molybdenum (Moly) Ridge and Black Rapids Training Area Dall
sheep study sites in interior Alaska. Molybdenum Ridge is within the larger Dpiinaihing
Area. The full extent of the Black Rapids Training Area was used for the caaesdtidy.
Note that Black Rapids Training Area is within@ntiguous portion of the Alask&ange while
Molybdenum Ridge is located on the northern permploé the range.
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Figure 1.2. Camera trap sites on Molybdenum Ridge (Moly) within Donnelly Training Afdart Wainwright, Alaska. Cameras
were positioned using a spatially balanced design with increased inclusi@bpities on steeper slopes.
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Figure 1.3. Camera trap placement in Black Rapids Training Area (BR3fArt Wainwright,
Alaska. Cameras sites were determined by a spatially balance design with increasexhin
probabilities for steeper slopes.
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Figure 1.4. Vegetation samptig design at each camera locatid®@ampling quadratsffset from the main transect followed within the
40° field of view of the camera.
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Figure 1.5. Ewelike and ram habitat use of Molybdenum Ridge across 10 seassaspling Habitat use for both demographic
groups increased from the late-summer 2013 to the pre-rut 2013 seas@eptimber). f@cision of estimatedecreasethrough

winter 2014 in part due to camera destruction and resulting lower sample sizet ttabéatimates approach zero during the summer
months. To create this graph covariate values were set to the average®ef5€l9Q distance to escape = 500 m, snow = 10 cm,
graminoid= 6.5% coverage. Error bars are 95% confidence intervals.
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Figure 1.6. Ewelike and ram habitat use of Black Rapidsining Area (BRTA) acros$0 seasons of sampling. To create this graph
covariate values were set at: slep80%, distance to escape terraiBGd m, snow = 10 cm, graminoid 586. Error bars are 95%

confidence intervals.
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a. Molybdenum Ridge Summer 2013
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c. Black Rapids Training Area Summer 2013
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Figure 1.7. Estimated habitat use as a function of slope percentage varied betasenssimmer andvinter) at Molybdenum
Ridge and Black Rapids Training Ate®ther covariates in the model were held at the averages af 83@ance to escape terrain

1.0

©
oo
1

o
»
1

o
SN
1

©
N
1

o
o

o

20 40 60
Slope (%)

b. Molybdenum Ridge Winter 2014
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Figure 1.8. The probability of Dall sheep habitat use decreased steadily with the ingreasim
depth for Molybdenum Ridge and Black Rapids Training Aiglacep use of BRTA appears
especially sensitive to snow accuntida as use approaches 0.1 at approximately 30 cm. To
produce this graph the other covariates in the model, slope, distance to escapartdrrai
graminoid cover, were held at 50%, 500 m, and 4.6%, respectively. Dashed lines are 95%
confidence intervals.
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Figure 1.9. Habitatuse of Dall sheep was negatively correlated with the distance from escape
terrain for both ewdike and ramgroups Ewelike groups appeared to concentrate habitat use
closer to escape terrain, while ram use included areagfdrtm escape terrain, but with lower
precision. Estimates for graphs were calculated by fixing other ctesamathe model, slope,
snow depth, and graminoid cover at 50%, 10 cm, and 4.6%, respeciasiied lines are 95%
confidence intervals.
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Figure 1.10. There was strong support for the probability of detecting Dall sheep varying
between cameras located on or away from a wildlife trail. Error bars are 95%eocn
intervals.
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Figure 1.11. There was moderate support for detection dodibi@s decreasing with the
increasing sizef a camera’s viewshedThis was opposite of the hypothesized relationship.
Dashed lines are 95% confidence intervals.
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a. Ewe-like pre-rut 2013
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Figure 1.12. Habitat use probability aps

of the map)s highlighted by red lines.

for (a) ewdike and (b) ram individuals on the
Molybdenum Ridge study site during the pre-rut 2013 season (9/22 — 10/19/Poid&)tial
movement corridor of sheep onto Molybdenum Ridge via Patton Mountain (bottom-left portion
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a. Ewe-like late-summer 2013
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Figure 1.13. Habitat use probability maps for (a) ewe-like and (b) ram individuals on the
Molybdenum Ridge study site during the late-summer 2014 season (7/27 — 8/30/201tt Hab
use is relativelyow for both demographic groups. The greatest concentration of habitat use
appears to be on the farthest western regions of the main ridgeline.
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a. Ewe-like pre-rut 2013

556000
)\

L1 Black Rapids TA
Richardson Highway
—— Topo. Lines (50m)
[ ] Delta River

Prob. of Habitat Use (y)

T ]00

B 0.0-0.1

7 o1-02

02-03

[ ]03-04

[ ]04-05
JTj0s-06
[06-07
mo7-08

B 0&-09
Emoo-10

0 025 05 1

558000 560000
L o

7044000

7042000

b. Ramspre-rut 2013

556000 560000
L \

L1 Black Rapids TA
= Richardson Highway
—— Topo. Lines (50m)
[ ] Delta River

Prob. of Habitat Use ()
1100

B 00-0.1

| [ 0.1-0.2

02-03

[ 103-04

[ ]04-05

Jl T j0s-06

[ 0.6-0.7
no7-08

Bl oR-09

B 0s-10

0 025 05 1

7044000

7042000

T\, | i

Figure 1.14. Habitat use probabilitygnaps for (a) ewdike and (b) ram individuals on the Black
Rapids Training Area study site during the pre-rut 2013 season (9/22 — 10/19/2013). udabitat
is relatively low for both demographic groups. The precision of these edi(nateshown) are
very low.
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a. Ewe-like late-summer 2013
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CHAPTER 2
CAMERA TRAP SAMPLING AND HABITAT USE OF AN ALASKA MAMMAL

COMMUNITY

Synopsis

Understanding how different guilds of species exploit habitat resourcefeatlifscales
is important when making wildlife conservation decisions. Increasingighiarclimatic
pattens in Alaska are raising concerns of mismatched plant and animal patterns &l alter
ecosystem structures. Studying the habitat use of a mammal community cagtémipro:
intra- and interguild interactions and the most important habitat features correlated to habitat
use, potentially improving the management of these communities in the light of anghang
climate. | studied the habitat use of ten mammal species occupying alpinef amézrsoo
Alaska, USA. | tested hypotheses about how spatiateandoral covariates varied with habitat
use of these species within and between guilds. Further, | modelepés@s occupancy of
grizzly bears and wolves against two different potential prey species. Misragggest that
small and large herbivoreahitat use wapositively correlated with fine scale ground coverages
(e.g, 0.5 nf quadrat measurements within 50 m of the samplg, sitéle large herbivores also
correlated with abiotic landscape covariates. Masd apex predator detections were sparse
leading to imprecise estimates of habitat use and little support for most habitatesva
Detection probabilities of most small and large herbivores were constant téynpadnde
detection of predators and Dall sheep was improved by camerakibfewails. Two-species

models suggested co-occurrence of habitat use between grizzly bear/caribaliféadivou
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and independence of habitat use between grizzly bear/squirrel and wolf/shebpr $tudy of

these systems may elucidate if tempbiabitat use patterns evolve with a changing climate.

I ntroduction

Habitat use by a species is limited by available resources, interspecifaciites,
climatic variations, and other natural and anthropogenic barriers (Berwl®&99, Harley
2011, Ruell et al. 2012). Interpreting and quantifying factors determining specied habiand
a species’ response to limitations of resources is a central focus oft opalation and
community ecology resear¢Morris 1984, Johnson et al. 2004, Stephens and Anderson 2014).
Investigating patterns of habitat use within groups of species, or guilds, isetimednfior
community ecologists to explore differences in spatiotemporal habitatusss a diverse set of
specieqe.g., Cotton 1998, Hoehn et al. 2008). The guild concept is often applied to bird, insect,
and small mammal communities, with less emphasis on large maifRoals1967, Simberloff
and Dayan 1991). This decreased emphasis could be due in part to the difficulties of
implementing a study design that simultaneously samples species of aogysgjze thatuuse
resourcest different spatial scales. derstanding sympatric habitat use by guilds of mammals
is an important consideration in conservation planning. This is particularly param@laska
whose human population heavily relies upon wildlife resources and where an indyeasing
variable climate may be altering ecosystem structure and fur{etgnshrub encroachment into
alpine areasSturm et al. 2005, Post and Pedersen 2008). Furthermore, few studies have been
able to analyzehe habitat use of multiple guilds of Alaskan mammals (Smith 2081) and no
study has focused primarily on the broader mammalian comnmhatiiyatuse of the Alaskan

alpine tundra.
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The mammalian community of interior Alaska, unlike other areas of the Unitex$ Sta
contains relatively intact populations of apex pteda(e.g., grizzly beatJrsus arctos|, gray
wolf [Canis lupus]) and mesopredators (e.g., red fd&iljpes vulpes], wolverine [Gulo gulo]).
These species along with large (e.g., cariliRang@ifer tarandus], moose Alces alces]) and small
(e.g., arctic grond squirrel Procitellus parryii)]) herbivoresnust exist in a harsh subarctic
climate, beyond the optimal environmental conditions necessary for many mapeuigs
(Shelford 1911). These extreme environmental conditions, in part, dictate the occaipéncy
dispersal of these four guilds across the landscape, and regulate thleaspltttmporal overlap
in habitat se by the dferent guilds.

Occupancy and habitat use are estimates of the probability that a species ocaigess 0
a certain habitat area, or resource unit, over a discrete time fldacienzie et al. 2003,
MacKenzie 2006) These metrics are growing in popularity as important parameters to guantif
wildlife species distributions and interactididacomo et al. 2004, Carter et al. 2012). With the
inclusion of speciespecific detection probabilities, researchers are able to better estimate
occupancy by correcting for imperfect detection, a potentially confoundetay faThis is
especially important for mammals that have low detection probabilitiesdugptic behavior
and low densities (O’Connell Jr. et al. 2006, Harmsen et al. 2010). The addition of
environmental covariates can increase the accuracy and precision of occupareteetnahd
estimates and quafy the importance of different habitat variabl@éacKenzie et al. 2003),
potentially leading to decisions impacting species conservation. Expansion ofuparacy
models has included twspecies occupancy models that estimate the occupacgetection

probability of a species dependent on another species (MacKenzie et al. 2004, T2066)
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species models are thus important for questions of prepeggrmteracton or intra-guild
competition.

Camera trap sampling has become an important method for the estimation of large
mammal habitat us@’Connell and Bailey 2011, Swann et al. 2Q1Pgssive camera traps are
well suited for sampling of larger mammals since larger species can eatigiatctivate a
camera and ofteanse wildlife corridors improving detectability. However, camera trapsmga
detect smad¢r mammals or mammals that do not typically use trail systems. Using multiple
camera triggering techniques (i.e., triggered and time lapse photos) couldardatssr small
herbivorous species.

Habitat use by herbivore species is often associated with the availabfbtygé, water
resources, and shelter (Mysterud and Jstbye 1999, Redfern et al. 2003). Both guilds of
herbivores in this study, small herbivores and large herbivores, are limited doxaitability of
these resources, but differ in the spatial scale in which they use the resources #rel/heact
to seasonal changes. The three small herbivore species (i.e., Hoary nveimaitf caligata],
collared pika Ochotona collaris], and Arctic ground squirrel) have similar diets (graminoids,
forbs, and some dwarf shrubs), are territorial of their relatively small hanges (<10 ha), and
act as central place foragéBatzli and Sobaski 1980, Barker and Derocher 2010, Barrio and
Hik 2013). Hoary marmot and collared pika in particulditize rocky talus slopes or boulder
fields for shelter, with grass cover and other vegetation in close ptgXBarash 1973).
Because the majority of resource procurement is required in a relatively congiadtaspa,
finer-scale ground coverage covargend plant species richness rbajterdictate habitat use

than abiotic landscape covariates (e.g., sldjpbje 2.1).
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The large herbivore guild contains threeaps (i.e., moose, Dall shegpvjs dalli dalli],
and caribou) that maintain home ranges0sknf, form social groups, and graze and browse on a
wide range of graminoids, forbs, and shrubs (Geist 1971, Ballard et al. 1991, Molvayvaye B
1994). While moose and caribou vary in habitat use between flatter open shrub lands, forests
and some use of steeper alpine tundra (Gasaway et al. 1992, Boertje et al. 1996l.Joly et a
2007a), Dall sheep are obligate users of higher slopes near steep escape terrdiorteth s
vegetation. Large home ranges and energy demands dictate that abiotic cdieagates
elevation and slope) likely correlate to habitae of this guild. Finer-scale ground coverages
may influence habitat use, but to a lesser magnitude than abiotic covariates.

The mesopredator guild is composed of generalists feeding upon small herbivores

carrion, and some plant material; wolverinepanmticular are recorded actively hunting marmots
and ground squirrels (Hornocker and Hash 1981, Krebs et al. 2007, Lofroth et al. 2007). Both
speciesise alpine tundra, primarily in the spring and summer seasons (Jones and Theberge 1982,
Landa et al. 1998). ¢Wwever, they have relatively different home range sizes and dispersal
patterns. Wolverines maintain large home ranges of ~ 2a0000 knf (varying
demographically), across forest, shrub, and alpine tundra ecosystems (Whitahdr9@&6,
Landa et al. 1998, Krebs et al. 2007). In contrast, JoneStaizbrge (1982pund that red fox
home ranges averaged 16.01%kmtundra ecosystems, an order of magnitude smaller than
wolverines. Thus, deciphering habitat use factors for wolverines may be mareltdgiven the
species large dispersal capability and generalist diet.

The two apex predator species (i.e., gray wolf and grizzly bear) also madantge home
ranges.Mech et al. (1998pbserved heterogeneity of home range sizes between wolf packs of

interior Alaska, but a mean range size of 1,336.kEstimates of grizzly bear home ranges can
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vary widely depending on the ecoregion and demographice afdividual, estimates from
southwestern Alaska and arctic Canada vary between ~93 to ~ 86dr flemale grizzly bears
(Collins et al. 2005, Edwards et al. 2013). Therefore, both species utilize large ainthths
landscape that have the potential to overlap withraépeey species.

Wolves are social carnivores that are known to prey upon all of the herbivore species in
this study, especially the large herbivore species (Murie 1944, Gasaway383. Therefore,
direct overlap of wolf habitat use in areas of prey use could be correlateth@vghesence of
that prey species. Unlike wolves, grizzly bears are omnivorous and will consume large
guantities of berries including crowberignipetrum nigrum), andVaccinium spp., herbaceous
roots, and arthropods (Munro et al. 2006). d@ourrence thus of bears and prey species is
potentially confounded with the abundance of vegetation and other resources at the same
sampling site.

Predator habitat utilization is often associated with the habitat types in whicbpa@gs
inhabit (Jones and Theberge 1982, Krebs et al. 2007, Robinson et al. Z&dgfore,
important covariates correlated to the habitat use ofgpegies may be correlated to the habitat
use of predator species. In addition, intra-guild interactions and meso/apex ptedator
occurrence can facilitate or deter habitat use by a predator sfi€uaib et al. 2014, Wang et al.
2015). | hypothesized that predator habitat use would resemble the habitat use of theépreda
prey species as the predators would be selecting for areas of higher regailabdity.

Therefore, habitat covared important for ground squirrels would be important for the habitat
use of red fox and grizzly bear, and variables for moose and caribou would be important for
grizzly bear, wolves, and wolverines. In addition, | predicted that two-specoeipancy modie

between apex predators and prey species would demonstrate co-occurrence afdeabitat
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between each set of species. This would further validate the hypotheses thiair g et

higher habitat use in areas with prey present.

Study Goals & Objectives

My primary goal of this community assessment was to determine how and &iiit&t h
use of different mammalian guilds vary dependent on time, habitat, and availableesgeLq.,
prey species). Secondarily, | also investigated the tenability of sshegluled time lapse
photos to collect presenedsence data for a mammalian community. This type of assessEm
rare and to my knowledge no such camera trap study, to this extent, has been conducted in an
alpine environment. This camera trap study was primarily focused on the habitztDall
sheep on Molybdenum Ridge (“Moly Ridge”) in Donnelly Training Area (DTA) andiwit
Black Rapids Training Areas (BRTA) of U.S. Army Fort Wainwright, Ala@Rartien 2016
Figure2.1). Therefore, the study design focused on sheep as the primary spedieest.in
However, sampling within this habitat provided the opportunity to assess the habitathese of
mammalian community.

| modeled the habitat use of ten mammal species across four guilds using 15-months of
continuous detection-natketection cameradp data. | used singbpecies and twepecies
occupancy models coupled with fine scale ground coverages, abiotic landscapeeso\arch
temporal differences to estimate habitat use and detection probabilities.-spiagies
occupancy models elucidated important factors correlated to the habitat use sfexaeh
within a guild, while twespecies models determined@ccurrence, independence, or avoidance

between predator and potential prey species.
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Materials & Methods

| installed cameras duringily and August 2013, atop and in surrounding habitat of Moly
Ridge in DTA and BRTA of Fort Wainwright, Alask&igure 2. 1). Moly Ridge is located on
the northerrfoothills of the AlaskeRange, approximately 50 km southwest of Delta Junction,
Alaska. BR™MA is adjacent to the Richardson Highway in the Delta River valley of the Alaska
Range approximately 70 ksouth of Delta Junction, Alaska. Elevations at Moly Ridge and
BRTA ranged from 800 — 1,900 m and from 1,050 — 1,52Bespectively, and slope grades
ranged from 272%. Sampling at both lodams was predominately in alpine habitats with
prevalent graminoids, dwarf shrubs (i.e., shrubs < 20 cm tall), low growing forbs, and
unconsolidated rocky slopes. Lower elevations of Moly Ridge (< 1,30&Inere limited
sampling occurred, were typicalliatter and dominated bSalix spp. & 20 cm tall), green alder
(Alnus viridus) and dwarf birchBetula nana) thickets. Lower elevations of BRTA, adjacent to
sampled alpine areas, had large patches of green alder on inclined slopes. Bdcitestudre
exposed to high wind conditions, especially during the winter £9.3 km/h;NOAA 2015)
leading to large windswejpteas Moly Ridge is on the edge of the mountain range and is within
an ecotone separating the mountain range and forested flatlands. In contrastsBRIW® i
center of the Alaska Range and is more dynamic topographically with largeuoustigatches

of escape terrain, while being bordered by a braitked valley.
Camera Trap Sampling Design

The sampng design was influenced lilge companion Dall sheep studseeChapter 1).
I stratified the study area by three classes of slope percentage, flat (< 15%), inclined (15% <
slope < 45%) and steep (slopes > 45%) and I used 45 cameras on Moly Ridge and nine on the

BRTA (Figure2.2 & 2.3). Camera locations were determined through a spatially balanced
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design. A spatially balanced survey is a probabidaged survey generated via the Reversed
Randomized Quadramiecursive Raster (RRQRR) algoriti{@tevens and Olsen 2004,
Theobald et al. 2007),ich | calculated using ArcGIArcGIS v10.0; Environmental Systems
Research Institute, Redland, California, USA). The RRQRR algorithm aleywsifying
numbers of sample site locations per strata by assigning diffechgion probabilities to each
stratum. Inclusion probabilities were chosen by following recommendatiorfeobald and
Norman (2006)flat, inclined and steep strata had 0.1, 0.7, and 0.8 inclusion probabilities,
respectively. This resulted in 5, 23, andchmeras being installed in the flat, inclined, and steep
strata, respectively.

Logistic issues such as timing of installation, sowuof camera locations, and safety of
personnel were factors determining the exact placement of some of the camerasrring
at the coordinates for a camera location, | chose a site within 100 m that waitteghe best
opportunity to captureraimage of sheep and other mammals. If | could not safely access the
exact chosen camera location, then | chose a location within ~100 m, which would capture an
image of the predetermined camera locatind coordinates. RECONYX PC800 or PC900
Professioal Hyperfire Infrared cameras (RECONYX, Inc. Holmensiénsin USA 54636)
were installed upon RECONYX t-post mounts, thunderbolt mounts, or security boxes affixed t
rock faces using a combination of construction adhesive and ratchet straps.

Moly Ridge and BRTA are within an active U.S. Army training area, thusnessa
access revolved around periods of limited military training. The timing of eaimsallation
and vegetation sampling at the Moly Ridge site was when the training raBDdé\ofias
condweting a threeweek “range cleanup” during late July and early August. This period

provided the only opportunity to install and perform camera maintenance.
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| programmed camera traps to trigger by a combination of movement amddnfra
signature, as wellsato record a time lapse image every hour. Once a trigger occurred, the
camera would capture three images in succession, separated by one second ipeiyesenTio
conserve memory, the camera would then have a “quiet period” of 15 seconds in whigéra trig
could not occur. Following the first camera maintenance, and noting the amount of #pace st
available on the memory cards, | did not program a quiet period for the last thrées widthie
study. Time lapse photos were initially taken at the beggnof each hour (i.e., each camera
captured 24 of these images per day), but | increased frequency of time lajpse@leoery 30
minutes for the last three months of the study. Camera maintenance ocgarneid anid

October 2014 to exchange SD caaaisl to repair some cameras.
Covariate Descriptions

| considered fine scale covariates to be variables including ground geveaasses and
plant species richness that were measured in quadrats within 50 m of the caateya hnd
which, in an alpine enronment, are likely to have higher variability on smaller spatial scales
(Korner 2003). | considered landscape covariates to be abiotic covariates éxtmante
remotelysensed data, including elevation and mean slope.

Vegetation coverage classesl@apecies richness sampling occurred at each of the 54
camera sites. | placed a-B0transect perpendicular to the face of the camera and satnpled
m’ quadrats every B along the transect and at varying distances perpendicular from the transect
totaling 30 quadrats at each cameapgendix |). Vegetation coverage sampling focused on
estimating aerial coverage, the coverage of vegetation as seen from above, andoyrenag ¢
the coverage of material actually touching bare ground or rock. Each geysnaentage was

either rounded up to the nearest 5% or recorded as “trace if < 1% coverage wagiadthe |
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also counted all vascular plant species within the quadrat. Due to time constiaiihts
identified vascular plants at quadrats on the 10’s of meters, resulting in 15 quiadsats a
camera.

| estimated weekly snow depths for each camera location classifyisgdiedepth in
sequential images into one of six categories (No snow/Trace, <10 cm, 10 -<20cm, 20-< 30
cm, 30 - <40 cmz 40 cm). Snow posts with 20-cm sections of contrasting black and white
paint were installed in front of four cameras, which aided in training obserwessmating the
snow depth at all camera locations.

| estimated landscape scale covariates from remote sensin@dat&eological Survey,
National Elevation Dataset [USGS NED]) ushgcGISand measured camera site elevation
(m), mean slope (%), and surface distance of camera site to escape terrain (m).opteaas!
calculated by clipping a slopaster with a 500 m buffer radius around each camera site and
averaging slope values for all the cells within that buffer. Distance froapegerrain was the
surface distance from the camera site to a contiguous area > 1 ha of barrendekygstare
than 60% grade (Wakelyn 1987, McKinney et al. 20@3cape terrain distance was determined
by overlaying a slope raster on the U.S. Geological Survey National Land CatatraBe:
Alaska 2011 (U.S. Geological Survey 201&0d creating a raster of the areas that met the
escape terrain criteria. | tested for correlation between all covariates andredemse
covariate from any covariate pair wigh0.70Q correlation coefficient.

| quantified the viewshed for each camera because topography limited thhedews
differently for each camera and defined viewshed as the land area (ha) a camerdusiag eap
image of within 500 nof the camera. | dermined viewshed by utilizintpe ArcGIS Viewshed

tool, which creates a rendering of the land area seen from a certain point with thaf iapu
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digital elevation modglUSGS NED)and the azimuths on either edge of the cameras horizontal

field of view andthe degrees of vertical field of view.

Data Analysis

| modeled the habitat use of ten different mammal species. The ten spedrgs fellr
different guilds, small herbivores: hoary marmot, collared pika, and arotuagsquirrel; large
herbivores: moose, Dall sheep, and caribou; mesopredators: wolverine and red fox and apex
predators: gray wolf and grizzly bear. Each species is different in resagpgirements and
dispersal ability; however, members of each guild generally utilizecathe sphal scale and
depredated upon the same trophic level.

| used Program MARKWhite and Burnham 199%) construct and analyze habitat
occupancy models. Given the large-scale movements of mammals throughout alseason, t
assumptiorof intraseasonal closure was violated, thus | interpreted all occupancy estimates as
habitat use rather than habitat occupancy (MacKenzie 20@@ated each season as a separate
group in a single season occupancy analysis rather than using a multi-seasblesign model
due to the low sample size, the increased numbearaimeters needed for the migiiason
model, and difficulty interpreting immigration and emigration parameters inemsystem. |
constructed encounter occasions by separating the detaotiatetected data into twaeek
occasions across the 64 weeks (15 months) of continuous sampling. | then defined five
biological seasons, with one two-week occasion censored between each season.a3tese se
constituted four seasons/year: late-summer/fall 2013 and 2014 (August tQetmter), early
winter (mid-October to early-January), winter (late-January to mid-April), and sparlgf

summer (earhMay to earlyJuly). | censored occasions when researchers were camped near
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cameras during July and early August. | also defined study site (MdyeRs BRTA)as
groups resulting in 10 groups (i.e., 5 seasons for each study site).

For each species, | hypothesized individual covariate relationships, tempartirss,
and group effects that would best model habitat ¢$@iid detection (pf able 2.1). |
calculated the Akaike information criterion for small sample sid€{) cumulative variable
weight (v) for each variable across all models that contained that variable. | usest&pwo-
modeling approach to reduce the number of unsupported covariatestamdide the best
model structures that explaingdand p (Lebreton et al. 1992, Doherty et al. 2012, Bromaghin et
al. 2013). First, holding p constant, | constructed a balasetenf all additive habitat use
models, all variables with a cumulatiwggreater than 0.50 were retained for a second round of
analysis. This procedure was repeated by holdliegnstant and varying p across variables of
interest. All variables fogr and p retained to the second round of analysis were combined into a
global model. Final cumulatiwe’s were calculated from a balanced model set of all additive
combinations of these variables. Following Barbieri and Berger (2084jined a predicting
model as the model containing all variables with a cumulatiggeater than 0.50 from this
model set. This procedure allowed me to handle a large number of variables Bffibigrdlso
avoided possible spurious results.

Species that were detected two or fewer times at a study site were censordgtafrom
study site If a species was detecthka$s than six times during the study, that species was
censored from the total analysis due to the sparsity of data. Finally, hibgs@ecies (arctic
ground squirrel, hoary marmandgrizzly bear) were censored from the two winter seasons

given thespecies unavailability for detection.
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Two-Species Occupancy Models

After completion of singlespecies occupancy models, | conducted conditional two-
species occupancy models testing folocourrence between apex predators and prey species
(Richmond et al. 2010)This model allows for the estimationarfe species occupancy (or use)
and detection (i.e., species B, typically the subordinate species) conditional oestrecpror
absence of another species (i.e., species A, typically the dominate spediesateEgrom this
model include, the probability of occupancy/use given both species are prigsonthe
occupancy/usef species B conditional on A being presapgA), or not presentyjgs). In
addition, detection of species B can be estimated when species A is not ggsamivhen
species A is present and is detectggd)(or when A is not dected (). A species interaction

factor (SIF) is then derived:

AU
SIF= b 1.1
PXCARICETAIR &P
where:
L|JAB= LpA ><LpBA (1.2)

SIF values less than one are considered avoidance between the two species;,ezdbrabian
one are considered-@zcurrence, and values at one demonstrate independence between the two
species.

| tested four different occupancy interactions: wolf/caribou, wolf/sheep \grizz
bear/arctic ground squirrel, and grizzly bear/caribou. | hypothesizegrddator habitat use
would exhibit co-occurrence with prey habitat use. | constructed the fouedifterospecies
interactions with thenedator as species A and herbivore/prey as species B. Due to issues with

model convergenceith the twespecies model$ did not construca balanced model st
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calculate cumulative;. Rather, | constructed a setegfriori additive models, utilizig only the
covariates supported for each species in the results of sipgbees occupancy models. | ran
each model as conditional (i.@iga = WUss) and unconditional (i.eysa # Pa) OCCUpancy to test
for the support of ceccurrence between the species. | presented model averaged estimates of
habitat use, SIF, and detection.

Mesopredators were not included as a dominate species of Hre/twespecies models.
Wolverine data were too sparse to attempts$wecies occupancy model. Given the varied diet
of red foxes, and that | did not have detection-detected data for several of the fox staple food
items including voles and othemnall ground dwelling mammals, | did not consider it
appropriate to attempt modeling the relationship between red fox and any of the leerbivor

species in the study.
Results

Camera Data

During the first year of sampling, the 54 camera traps captured 629,392 photos, over
approximately 15,390 camera-trap days. At different points of the first samplngl® of the
cameras were either segly altered in their orientation orexe destroyed by grizzly bear,
caribou, or moose. Additionallyyvo cameras stqqed operating for unknown reasons. In total,
this constituted a loss 025% more camertrap days than if the cameras had continued
operating. Camera maintenance occurred again in October 2014 to peryanecassary
repairs and to exchange SD memaayds. During this three-month period, the cameras
captured 196,331 photos over approximately 3,809 camera trap days. Four of the cameras had
severe animal damage with one lost SD card, 18 had disabling card read elifteseat points

during the three-month period, and three cameras were inaccessible dug/teeaatets. In
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total, over 825,000 photos were taken over the 15-month sampling period. These photos
captured images of 15 mammal specieab(e 2.2), ten of which were detected with enough

frequency to estimate habitat use.
Small Herbivores

Triggered and time lapse photos of arctic ground squirrel and collared pikaapéunesd
on both study sitesT@ble 2.2). Marmot was detected on BRTA by both methods, but only on
Moly Ridge via time &4pse image. Enough data were available to quantify habitat use for the

three species on both study sites.
Model Results: Small Herbivores

My first step of modeling culled several detection and occupancy covariate shie
analysis Table A4.2, A4.3, & A4.4). The vast majority of hypothesized detection covariates for
the three small herbivore species found little supfdaable 2.3). Temporal and study site
differences in detection were retained for marmot and squirrel, while smuitv aled viewshed
size were maintained for pika detectidrable A4.5, A4.6, & A4.7). | found support for several
habitat use variablesaé¢luding vegetation coverages, elevation for marmots and pika, and
temporal difference in marmot habitat uSalfle 2.3). Study site dikrences were supported for
marmot habitat use, but not for pika or squirrel habitat use.

The second round of modeling found support for different variables affecting hadatat
and detectionTable 2.4, A5.1, A5.2, & A5.3); following Barbieri and Berger (2004), | used a
prediction model for each species consisting of variables with AIC.5 cumulative weight.
Habitat use ofmarmot varied strongly withlevation § =-0.011 SE 0.006Table 2.4), and rock

coverage £ = 0.093 SE 0.064). Difference of marmot habitat use between study sites was well
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supportedy = 0.148 SE 0.107 [Molyly = 0.874 SE 0.111 [BRTA = 3.801 SE 1.321,
Figure 2.4), while temporal differences were slightly below the cumulative weight threshold
(Table2.4). Probability of detection was higher during the late spring/eanhymer p = 0.258
SE 0.110) versus lamimmer/fall seasong £ 0.701 SE 0.01(Figure 2.5) and negatively
correlated with viewshed aref € -0.529 SE 0.174T able 2.4).

Habitat use of pika did not vary temporally and was Igw=(0.085 SE 0.067), especially
when compared to the other small herbivofegyre 2.4). Pika use was negatively correlated
with the landscape covariates elévat(? = -0.007 SE 0.003) and mean slope percentdge-(
0.081 SE 0.031), whilpositively correlated withock coveragef{ = 0.172 SE 0.048) and dwarf
shrub coveragel(= 0.104 SE 0.039Fable 2.4). Pika detection was negatively correlatéthw
snow depthf = -0.472 SE 0.269) and marginally correlated with viewshed gize-0.137 SE
0.091;Table2.4). Estimates of pika detection were relatively highk©0.577 SE 0.091Figure
2.5).

Forb coverage = 1.265 SE 0.593) was the omgvariate or group effect that was
retained to the final round of squirrel habitat use modelirale 2.4). Habitat use did not vary
temporally or across study sitels £ 0.605 SE 0.115igure 2.4). Estimates of squirrel
detection were higher on BRTA (p = 0.362 SE 0.063) than Moly Riglged(245 SE 0.033). In
addition, there was some model support for lower detection during theulataer/fall seasons
(Table A5.3), however, this temporal effect fell below my variable weight threshold andoetas

in the final squirrel prediction model éble 2.4).
Large Herbivores

Dall sheep and caribou were the most photographed sp€alde 2.2). Images of

moose, sheemnd caribowvere captured on both study sites; however, caribou were only
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detected tw unique times oBRTA. Therefore, only Moly Ridge data were analyzed for the
caribou analysis. Images of moose were captured primarily in lowlargl@&reayh shrub

cover, but several photos were in high elevation alpine habitat at both Moly Ridge aAd BRT
Model Results: Large Herbivores

The first round of large herbivore habitat use modeling culled habitat use anibdetect
parameters from the three species. Cumul®I@ weights of parameters in moose occupancy
models found support for detection probability varying by shrub coverage, camesaewk\and
study site, but minimal support for being on a wildlife tréidjle 2.3). Moose habitat use was
strongly supported by differences in elevation, study site, and winter versogesseasons.
Moose models found minimal support for vegetation coverages, snow depth, or mean slope
percentage as important covariates predicting habitalabde(A4.8 & A4.9). Sheep detection
varied strongly by being on a wildlife trail and camera viewshed size, wabiéah use was
strongly correlated to distance from escape terrain and slope percentage. Shaepdehlso
varied between study sites, demographic groups, and by snow @lepte 2.3, A4.10, &

A4.11). As with moose, caribou maintained support for higher use divengummer season
and no covariates were supported for modeling deteclial € 2.3, A4.12, & A4.13).

Prediction models from the second round of large herbivore modeling determined the
best supported habitat use and detection probability factors fthrdeespecieslable A5.4,

Ab.5, & AL.6). Habitat use varied temporally by each species and was supported prioparily
landscape covariates, with some support for ground coverage covaraies.4). Moose
habitat use varied temporally, with highesewestimates during the lesemmer/fall season)(=

0.590 SE 0.136) rather than the early-winter through eamymer seasong(= 0.140 SE 0.062;

Figure 2.6) and was negatively correlated with elevatifr=(0.007 SE 0.002). Habitat use at
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elevations > 700 m was low for both summaep £ 0.090 SE 0.022) and winter seasops(
0.011 SE 0.119). Detection of moose was positively correlated with shrub coy@rage308
SE 0.125) and differed between Moly Ridge=(0.132 SE 0.30) and BRTA € 0.031 SE
0.022;Table A5.4).

Sheep habitat use varied between seasons, study sites, and demographic groups. Moly
Ridge habitat use was highest during eavigter 2013 and winter 2014 seasofys{0.799 SE
0.108) and lowest in the late-summer/fall 200350.385 SE 0.111) and 2014 seasans (

0.123 SE 0.06ZFigure 2.6). Estimates of use on BRTA were less precise but showed higher
use by sheep during the summer seasons (see chapter 1 for more details).ustabftaheep
was strongly correlated with slope percentgde 0.135 SE 0.025), snow depfh£ -0.851 SE
0.277), distance to escape terrgins(-0.002 SE 0.0005), and graminoid covér=0.203 SE
0.064. Demographic differences were supportéd(1.075 SE 0.364) indicating higher
probability of use by ewe-like individuals. Sheep detection probability wasasimiboth study
sites and varied with the presence of a tpa# 0.437 SE 0.026 [on trailp = 0.235 SE 0.030

[off trail]; Table2.4 & Table A5.5).

Caribou habitat use varied temporally in a similar fashion as moose with higher use
during the latessummer season(= 0.857 SE 0.054) than the winter and eatyamer seasons
( =0.478 SE 0.073Fable 2.4 & Figure 2.6). In addition, habitat use was negatively
correlated with elevationf(= -0.005 SE 0.002) and slope percentgdje ¢0.093 SE 0.023).
Forb (8 = 1.066 SE 0.307) and dwarf shrub coverghe 0.065 SE 0.032) was positively
correlated with caribou habitat ustile lichen coverage was weakly correlated with habitat use
(8 =-0.029 SE 0.025). Caribou detection estimates were temporalianofs= 0.425 SE

0.026;Table A5.6).
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M esopredators

Five different mesopredator species were detected on one or both study kitisgnc
coyote Canislatrans), wolverine, American marteartes americana), weasel ustela spp.),
and red fox. Of these five species, only wolverine and red fox were detected with enough

frequency to model habitat use.
Model Results: Mesopredators

The first round of wolverine model analysis found support for habitat use difference
between the latsummer seasons and the winter through earfigmer season$ éble A4.14).
Forb coverage, snow depth, and study site difference maintained support through phadis
of analysis. Slope percentage and elevation were not maintained for the second round.
Detection estimagewere highly dependent on if the camera trap was on wildlife trails and was
moderately supported for viewshed ar€alfle 2.3 & Table A4.15). Red fox habitat use
maintained support for temporal differences between the two winter seasonseehsus
sumner and latesummer seasond éble A4.16). Fox habitat use also maintained support for
snow depth and study site, but lost support for slope percentage, forb, and dwarf shrub.coverage
Detection probability of red fox maintained support for study sieyshed area, and if the
camera was on a trail @ble 2.3 & A4.17).

The second round of analysis found that detection probability of wolverines ongrails (
0.070 SE 0.0453 = 2.362 SE 0.660) was higher than not on trails (p = 0.007 SE T.abk&:
2.4). Temporal differences found moderate support, but did not reach the cut-off for inclusion in
the prediction mode, while snow depth and forb coverage found less supgine Z.4 & Table

A5.7). Wolverine habitat use estimates were very impre€iggi{e 2.7). Fox habitat use

varied by site § = -1.352 SE 0.714), temporally between winter and summer segsens (
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1.942 SE 0.937Figure 2.7), and snow depth3(= 0696 SE 0.352). Detection probability varied
by study site, trailf = 0.243 SE 0.072 [Moly Ridge, on traij;= 0.118 SE 0.034 [Moly Ridge,
off trail]; # = 0.875 SE 0.440) and viewshed ar@a(-0.119 SE 0.070Table 2.4 & Table

AL.8).
Apex Predators

Cameras captured images of four apex predator species gray wolf, Canaizriy
canadensis), black bear{rsus americanus), and grizzly bear. Images of Canada lynx were
captured twice on Moly Ridge and images of black bear once within BRTA;dpeses were
subsequently censored from the analysis due to sparse data. Grizzlydggss were captured
only once within BRTA, therefore | only included Moly Ridge data in the grizzly dealysis.
The majority ofgrizzly bear detections were sbws with cubs or of a single aduiear. Bear
detections occurred throughout the summer months until late-October; the fisstqgwaation
detections occurred in miflpril. Finally, gray wolf images were captured with enough
frequency to include data from both study sifeab(e 2.2).

The majority of wolf detections were recorded on Moly Ridge and were of a wélbpac
three or more uniquely identifiable wolves or solitary individuals. All wleliections within
BRTA were ofsolitary adultwolves, presumably different individuals than from Moly Ridge,
roaming different portions of the training area during thewateer/earlyspring. Detections of
solitary wolves on Moly Ridge were predominately in August and September 2013 and 2014,

with a few instaces in the winter 2014 season.

73



Sngle-Species Model Results: Apex Predators

First round of apex predator modeling culled the majority of the hypothesizedthedat
and detection covariates from wolf and grizzly bear. Wolf habitat use nmadtsuippdrfor
shrub coverage and temporal differenceab{e A4.18); detection only maintained support for
trail (Table2.3 & Table A4.19). Grizzly bear models maintained support for slope and forb
coverage as important habitat use covariakeble A4.20). Trail presence in relatn to
detection probability was retained to the second round of modé&laie 2.3 & A4.21).

In the final round of analysis, wolf habitat use varied temporally betweewaoheihter

seasonsyf{ = 0.576 SE 0.231) and the early and kieimer seasong (= 0.165 SE 0.092) and
shrub coveragef(= 0.780 SE 0.417Fable 2.4; Figure 2.7). Detection of wolves was best
modeled by the presence of a wildlife trail{ 0.142 SE 0.057 [on trailp = 0.049 SE 0.024
[off trail]; § = 1.172 SE 0.50Figure 2.5). Grizzly bear habitat use was constant=(0.774 SE
0.198) temporally, negatively correlated with slope perceniige-0.121 SE 0.06¢ and

moderately correlated with forb coveragle< 1.498 SE 1.008Fable 2.4). Grizzly bear

detection probability was best modeled by the camera being on a wildlifetrall. (68SE

0.065 [on trail];p = 0.062 SE 0.020 [off trail] = 1.116 SE 0.56Figure 2.5).
Two-Species Occupancy Model Results: Apex Predators

| built four sets of models comparing habitat use of apex predators as theyageey
species. Only simple models, with minimal covariates or temporal stryoiuoelsl converge
for any of the species interactions. Models tledd ltaribou occupancy conditional on wolf
occupancy found more support compared to unconditional molcase(A6.1). Species

interaction factors (SIF) indicated some evidence efamrrence between wolf and caribou
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(Figure 2.8). Estimates for conditimal occupancy given that wolves were presgmii, € 0.917
SE 0.113) and that wolves were not presegmt € 0.748 SE 0.195) lacked precision and
overlapped substantially making any inference difficult.

Wolf and sheep habitat use did not appear correlated. The two top models carried the
majority of theAIC. weight(w; = 0.727)and held sheep use as unconditional on wolf presence
(Table A6.2). Interaction between the species appeared independent (SIF = 1.001 SE 0.191).
Model averaged estimates of sheep habitat use given wolf pregepnee(.327 SE 0.136 [late-
summer/fall];ga= 0.317 SE 0.093 [winter]) versus absengg.£ 0.363 SE 0.127 [late-
summer/fall];yrs= 0.319 SE 0.101 [winter]) varied slightly and confidence intervals overlapped.
Detection of sheep was lower in areas where wolves were abgen.¢i9 SE 0.073)
compared to locations where wolves were present and detegted (70 SE 0.054) or present
and not detecteddy= 0.740 SE 0.061).

Hibernation of bears reduced the available data to three seasons for bdyhbgaz zwe
species occupancy model sets. Grizzly fsepirrel top models did not find evidence for habitat
use of squirrels conditional on the presence of grizzly béatsd€ A6.3). The SIF between
grizzly and squirrel was centered on one (SIF = 1.023 SE 0.158), indicating independence
between the two specigsigure 2.8). Model averaged estimates of conditional habitat use given
that a bear is presenpga= 0.571 SE 0.307) and not presapg{= 0.537 SE 0.281) were both
very imprecise and substanlabverlapped.

Habitat use of grizzly bears and caribou showed evidence of co-occurreneel(365
SE 0.194Figure 2.8), but precision was low and the confidence interval crossed one. Model
averaged estimates of caribou habitat use conditionad@ndsesence)ga = 0.927 SE 0.114)

was estimated higher than models where caribou habitat use was not conditionalr@bibear
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use (Isa = 0.435 SE 0.229). Detection of caribou and grizzlies did not appear to be affected by
the presence of the other species bectnestop models all held the conditional detection

parameters constanitgble A6.4).
Discussion
Guild and Habitat Use

This is the first study to use camera trap data to model the habitat use of anAlask
alpine mammal community. The habitat use of athefspecies within this study has been
observed, to varying degrees, by other projects (e.g., Stelmock and Dean 1986, &ire230&t
Barrio and Hik 2013). However, to my knowledge no other study has been able to investigate
the sympatric habitat use of multiple guilds of Alaskan mammals continuous$sauotdtiple
seasons. Application of the guild concept to this diverse set of mammals elucidsgets pd
habitat use within guild and potential overlap in resource use and interactiongyadosss

Smaller home range size and dispersal distances of small herbivores cowélatbe
support of fine scale coverage variables. The importance of rock cover fgmha@not and
collared pika, mainly in the form of talus slopes/boulder fields, is well documenteehvioys
literature. Marmots and pika use rock cover as shelter and maintain closeityroxien
grazing(Barash 1973). Surprisingly, graminoid cover, which is a well-established contdne
pika natural history (Barash 1973, Ballova and Sibik 2015), was not supported for pika habitat
use, while dwarf shrub coverage was supported. Morrison et al. (2004) found that coklared pi
concentrated foraging/home ranges within patch&asdiope tetragona, a prevalent dwarf
shrub on both of my study sites, even though pika heavily favored graminoids and other dwarf
shrubs when foraging. Collared pika survival increased in areas domind@etetragona,

possibly, because hoary marmots and arctic ground squirrels also found the dweaspsties
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unpalatable, and thus pikeerecompetitively excluded from better foraging locatighsanken
2002). Barrio and Hik (2013) also found that collared pika use is redttectauch smaller
habitat components than either arctic ground squirrel or hoary marmot. Pika habitat us
estimates were lowF{gure 2.4), especially compared to the estimates of the other two small
herbivore species, also providing support for competitive exclusion. spacies occupancy
models between marmot and pika could further elucidate the relationship between the tw
species; however, data in this current study waspaose for meaningful results.

Contrary to my predictions, elevation was negatively correlated to manth@ilea use
and slope was negatively correlated with pika use. | predicted that the hyrediogls of the
study site would contain the best rock and alpine habitat; however, the higheoakevati
typically retained the deepest snow cover and therefore may have had lessearasialnices for
these species. Vegetation microhabitats in mountainous terrain can be higiit{evasia result
of elevation, slope, and aspect; this affects differential timing of snowmailalale burrowing
substrate and ultimately the availability of vegetation resokmsier 2003) Therefore, there
is collinearity between the macgeologic structure, underhg substrate, and the ultimate
ground cover with which wildlife species utilize. These correlations asempren most
ecological studiefDormann et al. 2013), however, they are especially pronounced insstdidie
highly heterogeneous landscapes. My results point to the importance of incorpanatsuale
ground coverage and coarser landscape covariates to predict the habitat udlenodramals,
while also remaining cognizant of the potential correlatlmetsveen predicting variables.

Similar to the small herbivore guild, habitat use by the large herbivore guild was
correlated to ground coverages and abiotic landscape covariates. Mooselandhaitat use

is generally defined by vegetation coy&asaway et al. 1992, Molvar and Bowyer 1994, Poley
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et al. 2014)compared to Dall sheep which are generally characterized byggeol abiotic
featuregNichols and Bunnell 1999). However, abiotic covariates and ground coverages were
important for all three of the large herbres. Moose and caribou appeared to have lower
habitat use of higher elevations (i.e., 280 m) and caribou had decreased habitat use of steeper
slopes, especially in the winteBoertje et al. (1996noted that moose and caribou rarely
ventured above 2,000 m in the foothillstiee Alaska Rangeand caribou of Denali National
Park used miclevation areas between 76@,220 m (Boertje 1984). Parturient caribou and
individuals escaping from insects during warmer seasons have been foundtttossteeper
slopes (Boertje 1984, Pinard et al. 2012). In addi8@mten et al. (2001) concluded that
preparturient caribou selected for lower sloped areas more than parturiemisteMal results
appear to show a similar pattern of highest use of steeper slopes during rtiher S@asons.
Vegetation ground coverages were important for the habitat use of Dall sheep and
caribou and detection of mooskaple 2.4). Dall sheep heavily rely upon sedges and grasses
during the winter (Rachlow and Bowyer 1998, Walker et al. 2007). Forbs and dwarf shrubs are
also important components of the Dall sheep diet (Murie 1944, Hoefs 1976), however, | did not
find support for these coverages. | found a weak negative correlation betwben tatitat
use and lichen coverage, even though it is a staple of caribou winter diet (RuakelB93,
Joly et al. 200@B). My sampling design did not distinguish between different orders of lichen
including lichen directly on rocks; therefore, this binning of lichen clastidica may hee led
to this negative result.
Unlike the small herbivores, there was strong support for temporal diffsrembabitat
use between the three largebhieores. Caribou and moose appeared to decrease use of Moly

Ridge during the winter coinciding with the influx of sheep and higher snow dé&ptius € 2.6).
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Limited accounts of caribou and sheep interactions i\thgka Rangelescribe an oddly
aggressie instance of behavior by rams towards caribou (Henshaw 197ije it is likely that
the decreased use of Moly Ridge by caribou and moose is due to increased snow cegsr and |
available vegetation, further investigation of species interactions could detéranoalance of
sheep by caribou is a factor.

Mesopredator data were relatively sparse which likely contributed to therfudel
uncertainty and the low number of covariates finding suppaitle€ 2.4). Wolverine densities
are low, therefore, | anticipated that detections would be minimal and bagt hlei models
would have difficulty converging. My results indicate the importance of capl@cament
along trails ifwolverines are the focal species of study. These may be the first estimates of
habitat use by wolverines via nbaited camera trap sitdspwever, it should be cautioned that
little inference is possible from the wolverine estimates due to the extrewmabyecision of the
habitat use estimates.

Mesopredators appeared tovbdnigher use of the study sitegring the spring and
summer seasor($ able 2.4; Figure 2.7). Radio-collared wolverines in central Norwanilized
alpine areas with higher frequgnio the summer, and concentrated winter use in the lower
elevation woodlands (Landa et al. 1998). Wolverineafisdpine areasf British Columbia,
Canadawas highest in the summer, presumably correlated with marmot a¢kvals et al.
2007). Previous research of red fox habitat use showed a similar relationship ot surdme
higher red fox habitat selection of alpine argkmes and Theberge 1982).

Red bx individuals preferred sampling sites with higher average snow depths, dounter
my hypothesized relationship and the findings of previous studies (Halpin and Bisd®@&s]).

Fox have more difficulty hunting for prey items in deeper snow therefore thiadimdis
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especially unexpectggtalpin and Bissonette 1988, Jedrzejewski and Jedrzejewska 1892)
possible explanation is that fox individuals transitioned through ridgeline saitedeagas
which were prone to collect deeper snow, but which foxes were not actively hunting.

Contrary to my predictions, | did not find specific habitat covariates cardebatween
mesopredator and herbivore species habitatea € 2.4). Wolverine and red fox are broad
and opportunistic (e.g., carrion) in diet (Lofroth et al. 2007), therefore, decipheringthabi
covariate correlations could be difficult, especially given limited dietectata. However, given
the temporal pattern of habitat use, there is some evidence that these messpregstdicular
red fox, were selecting for habitat areas when potential prey species were atttereame
habitat.

Apex predators showed some evidence of spatiotemporal overlap with prey species.
Wolf habitat use of Moly Ridge and BRTA was higher during the eaityer and winter
seasons and much lower during the spring todatamer seasor{Eigure 2.7). This
corresponded with the highest sheep use of Moly Ridge. Shrub coverage was the ortly habita
covariate supported for wolf habitat use, which correlates with higher detgctbabilities of
moose, an important wolf prey species. However, further analysis of wolf and nseose ¢
occurrence using two-species occupancy models was not possible due to sparse moolée and w
data. Twespecies models of wolf/caribou did exhibit som@&ence of ceoccurrence between
the specie¢Figure 2.8), further indicating that wolf habitat use may be affected by the presence
of these prey resources in alpine habitats.

Grizzly bear detections were almost entirely on Moly Ridge, but were meapeeint than
wolf detections Table 2.2). Grizzly bears appeared to avoid steeper slopes and concentrated use

in areas of increased forb cover, a highly supported covariate correlatedouitid gquirrel
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habitat use. Stelmock and Dean (1986) observed a similar relationship thgtlmgaazuse of
herbaceous areas during the fall cep@nded to the hunting of ground squirrels. However,
further examination of grizzly/squirrel twgpecies occupancy found no evidence of co-
occurrence and possible avoidan€gy(re 2.8). Correlation between higher forb cover and
grizzly use could also correspond to bears concentrating on vegetative food.sbluces et
al. (2006) found that alpine and subalpine grizzlies relied largely upon consumingridrbs a
roots, and that prey consumption was greatly reduced compared to bears in wooded areas. Thus
it is ambiguous if the correlation between forb coverage and bear habitabuhgeigo the
presence of squirrels, the availability of plant matter, or a combination theséhanéhaotors.
Two-species occupancy models showeeacourrence of grizzly and caribou throughout
the spring and summer seasons; therefore, grizzlies appeared to usepeadsmt, in part, on
the use of caribou. Predation on caribou by grizzlies is well documented in habaaenath)
my study sitegMurie 1944, Stelmock and Dean 1986, Boertje et al. 19B8)efore my
conclusions only add some evidence to the direct observations of grizzly beaatlepretl
caribou. However, my findings indicate that bears likely use areas high in esaactwith the

need for reduced energy expenditure.
Detection of the Guilds

| found differences in the factors that affected the detection probabilitieBesedt
guilds. Mesopredatoma apex predator detection was highly correlated with the presence of a
wildlife trail (Table 2.4). Most camera trap studies, especially studies focused on carnivores,
concentrate camesalong trails to maximize detections (e@rpoks et al. 2008, Massara et al.
2015) My results show that placing cameras along trails or corridors of witdbfeement

improve detectionsgspecially folow density predators.
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Dall sheep detection was also correlated with trail presence, which isdésbgiated
with the natural history of the species. Mountain sheep species follow ridgadijiaesnt to
escape terrain and webs of historical wildlife trails are visible leading finmeral licks and
other alpine areas heavily used by shiggist 1971, Nichols and Bunnell 1999). Unlike sheep,
shrub coverage, not wildlife trails, was positively correlated with the protyatsilmoose
detection. Moose predominately browse on woody vegetation (Pastor et al.th88fpre, |
anticipated that habitat use would be positively correlated with the covierutiss Rather,
increased shrub cover increased the probability of detecting moose, wadydbernaused by
moose browsing preference for large shrubs for multiple hours singularlyroalhgsoups
(Molvar and Bowyer 1994). The increased detections due to moose browsing behaviadappear
to contribute the most to increasing time lapse detections and ultimately increasing the
probability of detection.

Small herbivore detection appeared more affected by temptiesedces in behavior
than other guilds. Hoary marmot detection was lower during the late-suiadh#13 and 2014
seasons and arctic ground squirrel showed some evidence of following the danme(jpattle
2.4). This corresponded to decreased activity by these species prior to the onsehafibibe
(Taulman 1990) Hoary marmot daily foraging tim@& Mount Rainer National Park,
Washington, USA, gradually deeased from the beginning of August to immediately prior to
hibernation in lat€dctober(Barash 1976). Reduced foraging pre-hibernation could reduce the
opportunities for detection, and the onset of hibernation in some individuals could have

decreased the probability of availability to be detected.
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Time Lapse I mages and Sampling Application

Developing a study design that incorgesasampling across multiple taxa and trophic
levels is typically only possible through the integration of multiple sampling meitngids.
Through the incorporation of time lapse with triggered images, | was able tcesamapie
portion of the interior Alaskan mammalian community, while relying upon one remuf#isg
platform. However, time lapse imagery did not substantially increase detexftimese or
apex predators compared to triggered only detectibalslé¢ 2.2). Prey species such as squirrels
or caribou occur at higher densities than predators such as red fox or wolf (Jidéeberge
1982, Adams et al. 2008, Donker and Krebs 2011, Parrott et al. 2012), which should inherently
increase the opportunities for detection. Sheep and caribou, especially, wedetdtted in
clusters of six or more individuals, which increased photo observer’s abilityaraspecies
in an image. Because of behavioral differences, such asig@zd browsing, herbivores likely
spent longer durations within the viewshed of a camera increasing opportunitietetedied
via time lapse imagg. Of the predator species, grizzly bear was detected the most via time
lapse photos; ten of the twelve images were due to the bear individuals eitivey grafzuit or
digging for ground squirrels. Though an anecdotal insight, it is potentially becahesef
omnivorous behaviors that they were detected more frequently than other predatoesoréh
there appears to be a correlation between a species’ behavior, density, andathiétpribiat
time lapse images will assist in increasing detections.

Time lapse photos and the spacing of camera traps away from trail networlesédédcre
biases fromhuman habitat selecticeind created a record of climatic and environmental
conditions. As | demonstrated with my snow depth covariate, this record can proveato be a

important factor to predict wildlife habitat use. However, reliance on tipseIphotos &s
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caveats and limitations. The feature was maximized because my study oatameadpine

tundra environment, which allowed for the sampling of large viewshed afefisre utilization

of this technique will be feasible in areas of low tree and bataskity; it will assist less in dense
forestswhere the cametmviewshed is highly obstructed. In addition, my camera traps captured
over half-amillion time lapse images that did not contain wildlife detections. This large number
of photos increased @eessing time, a factor that must be considered when calculating the costs
and benefits of employing both detection techniques. Ultimately, the decisidd tione lapse

photos to studies sampling wildlife populations is dependent on habitat and salgly go
Conservation Implications and Conclusions

This study provided a rare opportunity to capture a continuous sample of the habitat use
of an alpine mammal community. By coupling detectiom-detection data of multiple species
across several guildswas able to compare how different species interact with the same
environment and to a lesser extent interspecifically. Provided with an extensseties of
data, | modeled temporal differences and utilized repeated images to gaamifyortant
climatic variable

Differential temporal use by caribou and moose versus Dall sheep showedpatiale s
and temporal overlap in habitat use between the three species. Moose, sheep, and caribou may
interact, for short periods, at ecotone boundaries between higher mountains and loagesira
Therefore, it is important when making habitat management decisions to incotheraitk
suite of possible affected species. In addition, the importance of graminoid stivdr, and
forb for different species of both herbivore guilds exemplifies why shrub emeneasat into

Alaskan alpine areas iscancern for mammal conservatiidughes 2003) Alpine areas may
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increasingly be transformed as warmeather persistsito the future (Sturm et al. 2005, Post
and Pedersen 2008).

Direct measurement of species interactions througksfvecies occupancy models could
be important for fture assessments of predator harvest limitgoss different ecosystems
These methods could also address basic biological questions about interspecifidioonope
exploitation. The correlation between habitat use of both apex predators and caribdueshow t
importance of a robust ungulate population for the sake of the presgat@ntire mammal
community.

With the advent of new technologies, wildlife researchers can repeat and impmve
my procedures to investigate the habitat use and spe@eacitndns in a wide swath of
environments. Having the ability to ask questions about entire wildlife comnsuindia one
platform, rather than piecing together different sirgpecies studies could be a more efficient
tool for assessing anthropogenic impacts on a community, asking basic edajagstions, or

simultaneous monitoring of a diverse set of species.
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Table 2.1. Hypothesized temporal, study site, groapg covariate effects on the habitat (seand detection probabilityp) of each
mammalspeciedor the Molybdenum Ridge (Moly) and Black Rapids Training Area (BRTA) ssitdg of interior AlaskaUSA.

Small Herbivores Large Herbivores Mesopredators Apex Predators
. Hoary Collared Arctic , . Red Gray  Grizzly
Parameter Variables N . ground Moose  Sheep Caribou Wolverine ;
marmot pika . fox wolf bear
squirrel*
Season SP# s12 S1 S234 S1,S23,S4 S234 S234 S23 S23 S1
Site BRTA® BRTA BRTA  Moly' BRTA N/A BRTA BRTA Moly N/A
Season*Site Variable
Sex Ewe-like®
Elevation (m) + + + - + - + - - -
Slope (%) + + - + - - - -
Plant Species
Habitat Richnpess * * * * * *
Use Rock (%) + +
W) Lichen (%) +
Graminoid (%) + + + + +
Forb (%) + + + + + + +
Dwarf Shrub (%) + + + + + + + +
Shrub (%) + + + +
Distance to Escap
Terrain (m) *
Snow (cm) - - - - - - - - - -
Season S1&S8  S23  S1&S5
Site BRTA BRTA BRTA Moly
Detection Viewshed (rﬁ) + + + + + +
(p) Trail + + + + +
Snow (cm) -
Shrub +
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431’ denotes different habitat use in faée-summer/fall 2013 season.

P ‘512’ denotes the different habitat use in 2013 seasons versus the 2014 seasons.

©‘S234’ denotes habitat use is the same from the early-winter 2013 through spyreiearier 2014 seasons.

4131, S23, S4’ denotes habitatauibetween the five seasons except the-earter 2013 and winter 2014 seasons (S23).
®‘BRTA’ Black Rapids Training Area will have a higher value.

"“Moly’ Molybdenum Ridge will have a higher value.

9‘Ewe-like’ Ewe-like sheep individuals will have higher habitat use than ram individuals.

h'S1&S5 different probability of detection in the lasetmmer/fall seasons.

* Hibernating species, data was censored during the-eanter 2013 (S2) and winter 2014 (S3) seasons.
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Table 2.2. Al mammal species detted and the total number of images captured of each species on Molybdenum Ridgekand Bla
Rapids Training Area, Fort Wainwright, Alaska, USA. Species are prekaenteder of most to least number of photos captured.
Photos are separated by study site detection type.

Molybdenum Ridge

Black Rapids Training Area

Species Triggered Timelapse Triggered Timelapse
photos photos photos photos
Dall sheep 2876 879 4079 302
Caribou 6404 388 45 1
Arctic ground squirrel 773 81 578 77
Moose 1055 36 17 0
Grizzly bear 608 12 3 0
Hoary marmot 0 10 295 19
Red fox 183 6 12 0
Collared pika 7 36 121 10
Gray wolf 141 3 8 0
Wolverine 39 1 28 0
Coyote* 32 0 0 0
Mustela spp.* 2 3 6 1
Canada lynx* 6 0 0 0
Black bear* 0 0 5 0
American marten* 3 0 0 0

* Species not included in habitat use analysis
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Table 2.3. AIC. cumulative variable weighfsom thefirst round of p constant anj constant occupancy modsdtsfor all mammal
species. Bolded weights indicate varialitest were retained to the second round of modeling.

Small Herbivores Large Herbivores Mesopredators Apex Predators
, Hoary Collared Arctic . . Red Gray  Grizzly
Parameter Variables ) ground Moose Sheep Caribou Wolverine
marmot  pika ) fox wolf bear
squirrel
Season 0.269 0.279 0.266 0993 0.968 0.972 0.786 0649 0.650 0.310
Site 0.882 0.270 0.448 0.770 1.000 0.551 0522 0.268
Season*Site 0.936
Sex 0.970
Elevation (m) 0.911 0.908 0.306 0999 0.374  0.909 0.329 0.281 0.330 0.444
Slope (%) 0.094 0.767 0.265 0.389 1.000 1.000 0.471 0.394 0.729
Plant Species 558 0104 0267 0293 0408 0453
Richness
Habitat Rock (%) 0.891  1.000
Use () Lichen (%) 0.553
Graminoid (%) 0.317 0.267 0.328 0.950 0.264 0.344
Forb (%) 0.266 0.983 0.303  0.996 0.592 0.433 0.665
Dwarf Shrub (%) 0.701 0.902 0.285 0.313 0.674 0.366 0.319 0.314
Shrub (%) 0.302 0.391 0.271 0.711
Distance to Escape
Terrain (m) P 0.955
Snow (cm) 0.807 0.215 0.259 0.451 0934 0.449 0.603 0635 0.429 0.264
Season 0.999 0.350 0.934
_ Site 1.000 0.281 0934 0572 0597 0.295 0974 0415
[?EEZCSQE’F Viewshed () 0948 0435 0553 (0746 0985  0.265 0523 0639 0480 0314
’ ) ’ Trail 0.336 0318 0271 1000 0359 0996 085 0748 0737
Snow (cm) 0.874
Shrub 1.000
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Table 2.4. AIC. cumulative variable weights from tifi@al round of model results for all species. Bolded weights indicate variables
that were maintained into the final prediction modelhdddines indicate variables that were dropped in the first round of analysis.

Small Herbivores Large Herbivores Mesopredators Apex Predators
. Hoary Collared Arctic : . Red Gray  Grizzly
Parameter Variables ) ground Moose Sheep Caribou Wolverine
marmot pika . fox wolf bear
squirrel
Season -- - - - - 0.993 0974 0.999 0.447 0.678 0.886 - -
Site 0.596 - - - - 0.456  1.000 0146 0.251 --
Season*Site 0.911
Sex 0.970
Elevation (m) 0.810 0.938 -- 0.996 -- 0.874 -- -- -- --
Slope (%) 0.905 - - -- 1.000 1.000 - - -- 0.907
Plant Species - - . - . -
) Richness
Sg:'é;t Rock (%) 0755  1.000
Lichen (%) 0.518
Graminoid (%) -- - - - - 0.982 -- --
Forb (%) -- 0.999 - - 0.994 0.346 -- 0.631
Dwarf Shrub (%) 0.400 0.959 - - -- 0.811 -- -- --
Shrub (%) -- -- -- 0.798
Distance to Escape
Terrain (m) P 1.000
Snow (cm) 0.573 - - -- -- 0.969 -- 0.357 0.642 -- - -
Season 0.987 - - 0.419 - -
Site 0.630 - - 0.764 0.610 0.269 - - 0.805 --
Detection  Viewshed () 0.941 -~ 0701 0472 028  -- 0314 0639 0480  --
() Trail -- -- -- 1.000 -- 0.981 0.855 0748  0.799
Snow (cm) 0.641
Shrub 0.981
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Table 2.5. Definitions of parameters in conditional tv8pecies occupancy models.

Parameter

Definition

Wa

Uga

l~|"Ba

Pa

Ps

fa

BA

lBa

Probability of occupancy for species A
regardless of species B

Probability of occupancy for species B, given
species A is present

Probability of occupancy for species B, given
species A is absent

Probability of detectiondr species A, given
species B is absent

Probability of detection for species B, given
species A is absent

Probability of detection for species A, given b
species are present

Probability of detection for species B, given b
species are present and species A is detectec

Probability of detection for species B, given b
species are present and species A is not dete

91



Legend
Topo Lines (300 m)
—— Highways

- Study Areas

[] Training Areas

&

? Bzl Delta Junction, AK
AN 7

INVolyRidge:

«r-

0459

AT

%‘

Kllometers

3

Cglack/Ra 1ds
c”‘ I|1"J\ n\ﬂﬂArg’é
\ e Lraining

s
L

T

Source: UL S Geological Survey, U.S. Armi_&
and Alaska Department of Fish and G ame

Created by: Jeremy Dertien
ANl (_\/Date:mflifloli |—1
L I I LTI

T S L] ]

Ol

Figure 2.1. Location of the Molybdenum (Moly) Ridge and Black Rapids Training Area Dall
sheep study sites in interior Alaska. Molybdenum Ridge is within the larger Dpiinaihing
Area. Note that Black Rapids Training Area is withiroat@uous portion of the Alask&ange
while Molybdenum Ridge is located on the northern periphery of the range.
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Figure 2.2. Camera trap sites on Molybdenum Ridge (Moly) within Donnelly Training Aféart Wainwright, Alaska. Cameras
were positioned using a spatially balanced design with increased inclusbabjities on steeper slopes
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Figure 2.3. Camera trap placement in Black Rapids Training Area (BRTA). Cameras sites were
determined by a spatially balance design with increased inclusion prabalidit steeper slopes.
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Figure 2.4. Habitat use estimates for small herbivores hoary marmot, coppgcedand arctic
ground squirrel. Hoary marmot habitat use was lower on Molybdenum Ridge (Moly) Ridge
compared to Black Rapids Training Area (BRTA). Collared pika and arctimdrsquirrel
habitat use was constaatross sites Presented with 95% cadénce intervals.
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APPENDIXI

VEGETATION PLOTSAMPLING DESIGN AT CAMERA LOCATIONS

Summary

One vegetation sampy transect wasstablishe@t each camera location within the
camera’s @ degree field of view. At every 5 m along a transect, quadrats of 6.2&ne
placed directly on the transect line with two other quads placed at vargtagats
perpendicularrbm the transect lineCoverage classes were measured within each quad; species

composition was only measuratiquads everyl0 m on dransect.
Protocol

At each camera location, one researcher took an azimuth of the direction thatehe cam
was faing, taking care so that the mméfrom the camera mount did not alter the compass
reading. The researcher with the compass then directed another researcaene@aturing tape
to establish the transect line by closely following that azimuth oot.5Thefirst coverage
guadrat was then established on theleftd side of the transect (facing away from the camera),
2 paces (or about 2 m) perpendicular from the main measuring tape. The bott@mé&foé
the quad was placed at the -m2termark with the bottom of the quadyazdrallel with the main
transectfig. 1.4). The second quadrat was then positioaethe 5metermark with the frame
flush to the main measuring tape. Finally, the top left corner of the third quadratoeds pI2
m away fromthe bottom left corner of the second quadrat.

After cover measurements wax@mplete at the first three quadratssearchers moved to
the 10meter mark of the main transect line. addition to coverage measurements at these

guadratsspecies composition was completed at each of the three quadrats at this transect
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distance All plant species, except for mosses and lichens, were identified to at least ged

typically to species.
Contingency Plot Setup

Some of the cameragere in locations that theampling design could only be partially
completed or could not be implemented. In thastances, there were different courses of
actiondepending on the situation.

First, if one of the offset perpendicular quads could not be positioned the fuh lanwgty
from the main transect, themeasurements were starts meter closer to the camera, while
still attemping to position the perpendicular plot the appropriate distanoethe main transect.
If this was not tenable, the quadrat was attempteseter further from the camera along the
main transect. If this was stilbt logistically possiblehe quadrat was simply positionad
close to where it was supposed to be originally positioned.

Second, if the main transect wast possible, or ifdss tharfour plots seemeteasible
(e.q., for safety considerations) then a random azimathgeneratedyriginating from the
camerdocation. This random azimuth wasated as the camefacing azimuth of the
traditional samplinglesign. The transedine followedthis &imuth and setup plots followed the
normal study design. The random azimuth setup only occurred at two of the 54 sampling

locations.
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APPENDIXII

PERCENT COVER AND SBCIESCOMPOSITIONMEASUREMENTS

Per cent Cover age M easur ements

Immediately after setup dle firstquadrat, researchers began estimating percent cover of
abiotic aml biotic classes within the quadsgtace.Coverage estimation waseasured in
percentage categories of 5 (i.e5%, 6-10%, 11-15% etc.). The highastnber of the category
was recorded asi¢ percentage (i.e., record 0 if it is within the 610% range). If the
coverage percentageas< 1%, thenit wasrecord a “T” for trace.

Researchers measured two different measures of cover,ca»ealand goundlevel
cover. Aerial coverage is the coverage of the top most layer of vegetation. Forlexdrap
laser point were to shoot down on to a point on the plot you would count the first object that the
laser intersects and ignore any other biotic ortabadass that is below that initial clas&round
level coveagewasmeasured as if you were to clip all the vegetation at the ground level and
measure the coverage of all different classes odien2nsional plane (that is flush with ground
level). Forexample, a researcher only countieel root crown o graminad as the percent
coverage in the ground cover measurem&hterefore, ifan item in aoverage clasis directly
touching the ground plane thérat item § counted in this coveragef. lithen is attached to rock
than it is in direct contact with the ground surface, therefore, the lichen and natktshould
be counted as the ground coverage for that area.

Coverage estimates began with bare ground and then progressed through abiotic, non-
vascular, and then vascular plant coverageble A2.1). Aerial coverage estimates wenest

recorded, followed by ground coverage estimaidss way researchers began by taking the

108



measurements that disturbib@ plants and substrate the lels#nmoved into the more quadrat

altering measurements.

Species Composition M easur ement

After cover measurements were completed in a quadrat, researchers began identifying
vascular plant speciedJnlike coverage estimation, plant species composition wagectyded
in quadrats at the 10’s of meters on the transect (e.g., 10m, 20m, 30mAk&pkecies that
were rooted or hanging over the quadrat were recorded for that quadrat. Moskendgecies
were not identified to species or genus, and were simply recorded as prékerguadrat.
Specimens were collected of any species that a researcher could not identify ajuickl
guadrat. These specimens were typically collected withinm 80the quadrat, rarely within

the quadrat.
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Table A2.1. Descriptions of the different vegetatioaverage classeestimated within each
guadrat.

Coverage Class Comments

Bare ground

The percent cover within the quadrat of bare ground

The percent cover of litter in the quadrat; this included all downed and

Litter dead herbaceous material and woody debris that is not attached to a
living plant/organism.
Gravel The percent cover of gravel rock <5 cm (~ 2 in.)
Rock The percent cover of all rock >5 cm (~ 2 in.).
Moss The percent cover of moss in the quadrat
Lichen The percent cover of lichen in the quadrat.
Eorb The percent cover of all forbs within the quadrat, including lower
vascular plants under woody species.
- The percent cover in the quadrat of grasses, sedgesO&.ex.spp.),
Graminoid . oo :
and rushes (e.gluncus spp.), only including live material
Dwarf Shrub The percent coverage of anyrgh species that is below 20 cm.
The percent cover of shrubs in the quadrat, any shrub species that is
Shrub . )
greater than 20 cm in height.
The percenliving tree coverage in the quadrat. There was only one
Tree .
camera location that had any tree presence
Water The amount of water that is either standing or flowing through the

gquadrat area.
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APPENDIXII

FIRST ROUND OF DALLSHEEP MODEL RESULTRND TOTAL DETECTIONS

Table A3.1. Dall sheepAlC. habitat use table of model results investigating habitatygsst(ucturesvhile holding detection
probability (p) constant for all models. Models WKIC . w; > 0.01 were included in the model results.

Model® AIC, AAIC. AIC.w” ML® K®
Y (Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Forb+Firingpt) p(.) 1470.356  0.000 0.034 1.000 28
Y(Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Gram-+Firingpt) p(.) 1470.631 0.276 0.029 0.871 28
Y(Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Gram+Forb+Firingpt) p(.) 1470.954 0.598 0.025 0.742 29
Y (Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Gram+SpRich+Firingpt) p(.) 1471.598 1.243 0.018 0.537 29
Y(Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Forb+Firingpt+Training) p(  1471.634  1.279 0.018 0.528 29
Y(Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Forb+SpRich+Firingpt) p(.) 1471916 1.560 0.015 0.459 29
Y (Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Firingpt) p(.) 1472.015 1.659 0.015 0.436 27
Y(Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Gram+Firingpt+Training) p( 1472.065 1.710 0.014 0.426 29
Y (Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Gram+Elevation) p(.) 1472.118 1.762 0.014 0.414 28
Y(Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Forb+Firingpt+Viewshed) p(.) 1472.228 1.873 0.013 0.392 29
Y(Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Gram+Forb+Firingpta@yagt) 1472.291  1.936 0.013 0.380 30
Y(Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Gram) p(.) 1472.355 1.999 0.012 0.368 27
Y(Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Forb+Elevation+Firinypt) p( 1472.398  2.043 0.012 0.360 29
Y (Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Grawvetitn+Firingpt) p(.) 1472.400 2.044 0.012 0.360 29
Y (Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Gram+Forb+SpRich+pigpt 1472.402  2.047 0.012 0.359 30
Y(Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Elevation) p(.) 1472.404 2.049 0.012 0.359 27
Y(Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Forb+Dshrub+Firingpt) p(.) 1472.432  2.077 0.012 0.354 29
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Y(Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Gram+Forb) p(.) 1472.742
Y(Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Elevation+F)rp(gpt 1472.756
Y(Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Gram+Dshrub+Firingpt) p(.) 1472.757
Y(Seasons,EweS567*Site+Escape*Sex+Slope+Snow+Gram+Firingpt+Viewshed) 1472.762

2.386
2.400
2.401
2.406

0.010
0.010
0.010
0.010

0.303
0.301
0.301
0.300

28
28
29
29

a Defintions of habitat use and detection variables in model results can be found in Table 1.1.

PAIC. W' is the Aikaike Information Criterion with correction for small sample size modght.

““‘ML’ is the model likelihood.
4K’ is the number of parameteis each model.
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Table A3.2. Dall sheefAIC habitat use table of model results, investigating detection probability p)uses while holding habitat
use (p) constant in all modelsAll models withAIC. w; = 0.01 were included in the model results.

M odel? AIC. AAIC. AIC.w° mML® K¢
P(.) p(Site+Sex+Trail+View) 1572.394 0.000 0.987 1.000 6
P(.) p(Trail+View) 1582.162 9.768 0.007 0.008 4
P(.) p(Site+Trail+View) 1582.839 10.445  0.005 0.005 5
Y(.) p(Site+Trail) 1597.439 25.045  0.000 0.000 4
Y(.) p(Trail) 1603.480 31.086  0.000 0.000 3
P() p(View) 1670.366 97.972  0.000 0.000 3
P(.) p(Site+View) 1672.386 99.992  0.000 0.000 4
() p() 1694.317 121.923  0.000 0.000 2
Y(.) p(Site) 1694.401 122.007  0.000 0.000 3

& Defintions of habitat use and detection variables in model results can be found in Table 1.1.
b‘AIchi’ is the Aikaike Information Criterion with correction for small sample size moeéjhw.
¢“ML’ is the model likelihood.

4K’ is the number of parameters in each model.
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a. Molybdenum Ridge
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Figure A3.1. Total number of ewe-like and ram detections (i.e., all individual pictures) on (a)
Molybdenum Ridge and (b) Black Rapids Training Area separated by month. Notes gre
different for the two figures; October 2014 data only until Octob&2094.
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APPENDIX IV

FIRST ROUND ORMAMMAL COMMUNITY ANA LYSIS MODEL RESULTS

Table A4.1. Abbreviations and definitions of variables used to model habitat use and detection of tfferemt dnammal species.

Variable Va”?b'.e Variable Definition
Abbreviation

Latesummer/fall 2013 S1 Time period from August to early-October 2013
Early-winter 2013 S2 Time period fron mid-October 2013 to early-January 2014
Winter 2014 S3 Time period from latelanuary to mid-April 2014
Spring/earlysummer 2014 S4 Time period from eariMay to earlyJuly 2014
Latesummer/fall 2014 S5 Time period from August to early-October 2014
Study Site Site Difference between Molybdenum Ridge and Black Rapids Training Area
Plant species richness SpRich Estimated richness of vascular plant species at a camera site
Rock cover (%) Rock Estimated percent cover of rock at a camera site
Lichen cover(%) Lichen Estimated percent cover of all lichen at a camera site
Graminoid cover (%) Gram Estimated percent cover of graminoids at a camera site
Forb cover (%) Forb Estimated percent cover of forb species at a camera site
Dwarf shrub (%) Dshrub Estimated percent cover of dwarf shrub species (skr2® cm tall) at a camera site
Shrub (%) Shrub Estimated percent cover of shrub species at a camera site
Elevation (m) Elevation Elevation of a camera site
Slope (%) Slope Average slope of a 500m radiciscle around each camera
Distance to escape terrail Escape Distance from a camera to barren/rocky terrain with a slope greater than 60¢
Snow depth (cm) Snow Estimated average snow depth at each camera site
Wildlife trails Trail If a camera is capturgnan image of a wildlife trail or not
Camera viewshed (ha) Viewshed The land surface area that a camera is capturing within each image
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Table A4.2. Hoary marmot habitat use table of model results investigating habitapuseyctures while holding detection
probability (p) constant for all models. Models Wi&IC. w; > 0.01 were included in the model resulReference Table A4.1 for
variable definitions.

M odel AIC. AAIC. AIC.w?® ML" K¢
Y (Site+Elevation+Snow+DshrulRiock) p(.) 153.824  0.000 0.148 1.000 7
Y (Site+Elevation+Snow+Dshrub+Gram+Rock) p(.) 155.142 1.318 0.077 0.517 8
Y (Site+Elevation+Snow+Rock) p(.) 155.265 1.441 0.072 0.486 6
1|J(Sld+Site+EIevation+Snow+Dshrub+Rock) p(.) 155.861 2.038 0.053 0.361 8
Y (Site+Elevation+Snow+Dshrub+Forb+Rock) p(.) 156.089 2.265 0.048 0.322 8
Y (Site+Elevation+Dshrub+Rock) p(.) 156.564 2.740 0.038 0.254 6
Y (Elevation+Snow+Dshrub+Rock) p(.) 156.732  2.908 0.035 0.234 6
Y (Site+Elevation+Snow+Gram+Rock) p(.) 157.042 3.219 0.030 0.200 7
Y (Site+Elevation+Dshrub+Gram+Rock) p(.) 157.181 3.357 0.028 0.187 7
Y (S1+Site+Elevation+Snow+Rock) p(.) 157.212 3.389 0.027 0.184 7
Y (S1+Site+Elevation+Snow+Dshrub+Gram+Rock) p(.) 157.318 3.494 0.026 0.174 9
Y (Site+Elevation+Snow+Dshrub+Forb+Gram+Rock) p(.) 157.448 3.624 0.024 0.163 9
Y (Site+Elevation+Snow+Forb+Rock) p(.) 157.489 3.665 0.024 0.160 7
Y (S1+Site+Elevation+Snow+Dshrub+Forb+Rock) p(.) 158.038 4.214 0.018 0.122 9
Y (Elevation+Snow+Dshrub+Forb+Rock) p(.) 158.094 4.270 0.017 0.118 7
Y (S1l+Elevation+Snow+Dshrub+Rock) p(.) 158.356  4.532 0.015 0.104 7
Y (Site+Elevation+Dshrub+Forb+Rock) p(.) 158.677 4.853 0.013 0.088 7
Y (S1+Site+Elevation+Dshrub+Rock) p(.) 158.720 4.896 0.013 0.087 7
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Y (Site+Elevation+Snow) p(.)

Y (Elevation+Snow+Dshrub+Gram+Rock) p(.)

Y (S1+Site+Elevation+Snow+Gram+Rock) p(.)
Y (Site+Elevation+Snow+Forb+Gram+Rock) p(.)

Y (S1+Site+Elevation+Dshrub+Gram+Rock) p(.)

158.957
158.961
159.102
159.281
159.305

5.133
5.137
5.278
5.457
5.481

0.011
0.011
0.011
0.010
0.010

0.077
0.077
0.072
0.065
0.065

O 0 0 ~N O

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéii.

ML’ is the model likelihood.
¢ ‘K’ is the number of parameters in each model.

431’ habitat use of late-summer/fall 2013 is different from 2014 seasons.
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Table A4.3. Collared pika habitat use table of model results investigating habitapuseictures while holding detection
probability (p) constant for all models. Models WiIC . w; = 0.01 were included in the model resulBeference Table A4.1 for
variable definitions.

Model AIC. AAIC. AIC.w?® ML” K¢
Y(S12+Elevation+Slope+Dshrub+Rock) p(.) 175.266 0.000 0.163 1.000 7
Y (Elevation+Slope+Dshrub+Rock+Snow) p(.) 175.323 0.057 0.159 0.972 7
Y (Elevation+Slope+Dshrub+Rock+Gram) p(.) 175.854 0.588 0.122 0.745 7
Y (Site+Elevation+Slope+Dshrub+Rock) p(.) 176.024 0.758 0.112 0.685 7
Y (SpRch+Elevation+Slope+Dshrub+Rock) p(.) 176.077 0.810 0.109 0.667 7
Y (Site+Elevation+Dshrub+Rock+Gram) p(.) 177.439 2.172 0.055 0.338 7
Y (S12+Elevation+Dshrub+Rock+Gram) p(.) 178.898 3.632 0.027 0.163 7
Y (Site+Elevation+Dshrub+Rock) p(.) 179.455 4.189 0.020 0.123 6
Y(Slope+Dshrub+Rock) p(.) 179.537 4.270 0.019 0.118 5
Y (Site+Elevation+Dshrub+Rock+Snow) p(.) 179.933 4.667 0.016 0.097 7
P (S12+Site+Elevation+Dshrub+Rock) p(.) 180.646 5.380 0.011 0.068 7
P (S12+SpRich+Slope+Dshrub+Rock) p(.) 180.769 5.503 0.010 0.064 7

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéiiw.
°*ML’ is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

4:312" denotes the different habitat use in 2013 seasons versus the 2014 seasons
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Table A4.4. Arctic ground squirrel habitat use table of model results investigating hatat@ji ustructures while holding detection
probability (p) constant for all models. Models WRIC . w; = 0.01 were included in the model results. Reference Table A4.1 for
variable definitions.

Model AIC. AAIC. AIC.w?® ML" K¢
Y(Site+Forb) p(.) 523.747 0.000 0.054 1.000 4
Y(Forb) p(.) 523.909 0.162 0.049 0.922 3
Y(Gram+Forb) p(.) 525.001 1.255 0.029 0.534 4
Y (Elevation+Forb) p(.) 525.462 1.715 0.023 0.424 4
Y(Site+Gram+Forb) p(.) 525.662 1.915 0.021 0.384 5
Y (Forb+Slope) p(.) 525.779 2.032 0.019 0.362 4
Y(S1%+Site+Forb) p(.) 525.843 2.097 0.019 0.350 5
Y(Site+Elevation+Forb) p(.) 525.845 2.099 0.019 0.350 5
Y (Site+Forb+SpRich) p(.) 525.888 2.141 0.018 0.343 5
(Site+Forb+Slope) p(.) 525.898 2.152 0.018 0.341 5
Y (Site+Forb+Snow) p(.) 525.900 2.154 0.018 0.341 5
Y (Site+Forb+Dshrub) p(.) 525.907 2.161 0.018 0.339 5
Y(S1+Forb) p(.) 525.908 2.161 0.018 0.339 4
Y(Forb+SpRich) p(.) 525.940 2.194 0.018 0.334 4
Y(Forb+Dshrub) p(.) 525.959 2.213 0.018 0.331 4
Y(Forb+Snow) p(.) 526.037 2.290 0.017 0.318 4
Y (Elevation+Gram+Forb) p(.) 526.726  2.979 0.012 0.226 5
Y(Gram+Forb+SpRich) p(.) 526.841 3.094 0.011 0.213 5
Y(S1+Gram+Forb) p(.) 527.021 3.274 0.010 0.195 5
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&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeédi.
®*ML" is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

431’ denotes different habitat use hetlatesummer/fall 2013 season.
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Table A4.5. Hoary marmot habitat use table of model results investigating detection pitgl{@bistructures while holding habitat
use (p) constant in all modelsAll models withAIC. w; > 0.01 were included in the model results. Reference Table A4.1 for variable
definitions.

M odel AIC. AAIC. AIC.w? MLP K¢
U() p(S1&SE+Site+View) 149.066  0.000 0.639 1.000 5
W(.) p(S1&S5+SiteFrail+View) 150.529  1.464 0.308 0.481 6
W(.) p(S1&S5+Site+Trail) 155.353  6.287 0.028 0.043 5
W(.) p(S1&S5+Site) 155.624  6.559 0.024 0.038 4

& AIC. W’ is the Aikaike Information Criterion with correction for small sample size modajh.
P“ML" is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

4:51&S5' different habitat use in the lagsmmer/fall seasons
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Table A4.6. Collared pika habitat use table of model results investigating detection prgb@bisitructures whildnolding habitat use
() constant in all modelsAll models withAIC. w; = 0.01 were included in the model resulReference Table A4.1 for variable
definitions.

M odel AIC. AAIC. AIC.w? MLP K¢
W(.) p(Snow) 188.248  0.000 0.246 1.000 3
W(.) p(Snow+View) 188.720  0.472 0.194 0.790 4
W(.) p(S23+Snow) 189.728  1.480 0.117 0.477 4
¥(.) p(Site+Snow) 190.074  1.827 0.099 0.401 4
W(.) p(S23+Snow+View) 190.533  2.286 0.079 0.319 5
W(.) p(Site+Snow+View) 190.818  2.570 0.068 0.277 5
W(.) p(Site+S23+Snow) 191.770  3.522 0.042 0.172 5
W(.) p(S23+View) 192.358  4.111 0.032 0.128 4
W(.) p(S23+Site+Snow+View) 192.607  4.360 0.028 0.113 6
W(.) p(S23) 192.964 4.716 0.023 0.095 3
W(.) p(S23+Site) 193.663 5.415 0.016 0.067 4
W(.) p(View) 193.866 5.618 0.015 0.060 3
W(.) p(S23+Site+View) 194.112 5.864 0.013 0.053 5
w() p() 194.227  5.980 0.012 0.050 2

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéiiw.
°*ML’ is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

4:523' the probability of detection is the same during the early-winter 2013 and winter 20ddsseas

122



Table A4.7. Arctic ground squirrel habitat use table of model results investigating detpotibability @) structures while holding
habitat usey) constanin all models All models withAIC.w; = 0.01 were included in the model results. Reference Table A4.1 for
variable definitions.

M odel AIC. AAIC. AIC.w? MLP K*®
W(.) p(S1&S5+Site+View) 531.375 0.000 0.195 1000 5
¥(.) p(Site+View) 531.649 0.274 0170 0872 4
W(.) p(S1&S5+Site) 531.689 0.313 0.167 0.855 4
W(.) p(S1&S5+Site+Trail) 532.497 1.122 0111 0571 5
¥() p(Site) 532.640 1.265 0.104 0531 3
W() p(S1&S5+Site+View+Trail)  533.369 1.993 0072 0369 6
U() p(Site+View+Trail) 533.796 2.420 0.058 0298 5
¥(.) p(Site+Trail) 533.889 2514  0.056 0285 4
P(.) p(S1&S5+View) 535.481 4.106 0.025 0128 4
W() p(View) 536.246 4.871 0.017 0.088 3
W(.) p(S1&S5+View+Trail) 537.495 6.119 0.009 0.047 5

& AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéii.
°*ML’ is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

"'S1&S5 different probability of detection in the lasetmmer/fall seasons
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Table A4.8. Moose habitat use table of mbdesults investigating habitat usg)(structures while holding detection probability (p)
constant for all models. Models wiiC. w; > 0.01 were included in the model resulReference Table A4.1 for variable
definitions.

Model AIC. AAIC. AIC.w?® ML" K°
P(S234+Site+Elevation) p(.) 331.061 0.000 0.122 1.000 5
P(S234+Site+Elevation+Snow) p(.) 331.618 0.557 0.093 0.757 6
Y(S234+Site+Elevation+Dshrub) p(.) 332.726 1.665 0.053 0.435 6
P(S234+Site+Elevation+Slope) p(.) 332.792 1.731 0.052 0.421 6
P (S234+Site+Elevation+Shrub+Snow) p(.) 333.037 1.976 0.046 0.372 7
P(S234+Site+Elevation+SpRich) p(.) 333.050 1.989 0.045 0.370 6
P (S234+Site+Elevation+Slope+Snow) p(.) 333.219 2.158 0.042 0.340 7
P (S234+Site+Elevation+Snow+SpRich) p(.) 333.652 2.592 0.034 0.274 7
P (S234+Site+Elevation+Slope+Shrub) p(.) 334.239 3.178 0.025 0.204 7
P (S234+Site+Elevation+Dshrub+Shrub) p(.) 334.258 3.197 0.025 0.202 7
Y(S234+Site+Elevation+Shrub+SpRich) p(.) 334.332 3.271 0.024 0.195 7
P (S234+Site+Elevation+Slope+Dshrub) p(.) 334.718 3.657 0.020 0.161 7
Y (S234+Elevation+Slope+Snow) p(.) 334.721 3.660 0.020 0.160 6
P (S234+Site+Elevation+Slope+Shrub+Snow) p(.) 334.864 3.803 0.018 0.149 8
P (S234+Site+Elevation+Dshrub+SpRich) p(.) 334.865 3.804 0.018 0.149 7
P (S234+Site+Elevation+Slope+SpRich) p(.) 334.900 3.840 0.018 0.147 7
Y(S234+Elevation+Dshrub) p(.) 335.089 4.028 0.016 0.134 5
P(S234+Site+Elevation+Dshrub+Shrub+Snow) p(.) 335.106 4.045 0.016 0.132 8
P (S234+Site+Elevation+Shrub+Snow+SpRich) p(.) 335.126 4.065 0.016 0.131 8
P (S234+Site+Elevation+Slope+Dshrub+Snow) p(.) 335.309 4.248 0.015 0.120 8
Y(S234+Elevation+Slope) p(.) 335.323 4.262 0.015 0.119 5
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P (S234+Site+Elevation+Slope+Snow+SpRich) p(.)
P (S234+Elevation+Dshrub+Snow) p(.)

P (S234+SiteElevation+Dshrub+Snow+SpRich) p(.)
Y (S234+Elevation+Slope+Shrub+Snow) p(.)

P (S234+Elevation+Slope+Shrub) p(.)

P (S234+Elevation+Slope+Dshrub) p(.)

335.372
335.493
335.622
335.643
335.981
336.060

4.311
4.432
4.561
4.582
4.920
4.999

0.014
0.013
0.013
0.012
0.010
0.010

0.116
0.109
0.102
0.101
0.085
0.082

D O N 00 O 0

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéii.

ML’ is the model likelihood.
¢ ‘K’ is the number of parameters in each model.

4:35234’ denotes habitat use is the same from the early-winter 2013 through spyrsjieamer 2014 seasons.
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Table A4.9. Moose habitat use table of model results investigating detection probabiktyugtures while holding habitat usg) (
constant in all modelsAll models withAIC. w; = 0.01 were included in the model results. Reference Table A4.1 for variable
definitions.

M odel AIC. AAIC. AIC.w?® MLP K¢
P(.) p(Site+Shrub+View) 344.643 0.000 0.288 1.000 5
P(.) p(Shrub+p View) 344.876 0.233 0.257 0.890 4
P(.) p(Site+Shrub) 346.268 1.625 0.128 0.444 4
P(.) p(Site+p Shrub+p View+p Trail) 346.552 1.909 0.111 0.385 6
Y(.) p(Shrub+Trail+View) 346.959 2.316 0.090 0.314 5
P(.) p(Shrub) 347.920 3.277 0.056 0.194 3
¥(.) p(Site+ShrubTrail) 348.342 3.699 0.045 0.157 5
P(.) p(Shrub+Trail) 349.553 4.910 0.025 0.086 4

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéii.
ML’ is the model likelihood.
¢ ‘K’ is the number of parameters @ach model.
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Table A4.10. Dall sheep habitat use table of model results investigating habitapus&uctures while holding detection probability
(p) constant for all models. Models wtiC. w; = 0.01 were included in the model results. Reference Table A4.1 for variable
definitions.

Model AIC. AAIC, AIC.w?® ML" K°
P(S1,523,5%Site+SexX+Elevation+Slope+Escape+Gram+Snow) p(.) 1235.915 0.000 0.171 1.000 15
P(S1,523,S4*Site+Sex+Slope+Escape+Gram+Snow) p(.) 1235.944 0.028 0.169 0.986 14
P(S1,523,SSite+Sex+Elevation+Slope+Escape+Gram+SpRich+Snow) p 1236.722 0.807 0.114 0.668 16
P(S1,523,S4*Site+Sex+Slope+Escape+Gram+SpRich+Snow) p(.) 1236.998 1.083 0.100 0.582 15
P(S1,523,S4*Site+Sex+Elevation+Slope+Escape+Gram+Forb+Snow) p(. 1237.528 1.613 0.076 0.447 16
g;(()SL823,S4*Site+Sex+EIevation+SIope+Escape+Gram+Forb+SpRich+S 1237631 1716 0.073 0424 17
P(S1,523,S4*Site+Sex+Slope+Escape+Gram+Forb+Snow) p(.) 1238.060 2.145 0.059 0.342 15
P(S1,523,S4*Site+Sex+Slope+Escape+Gram+Forb+SpRichwSp(.) 1239.009 3.094 0.036 0.213 16
P(S1,523,S4*Site+Sex+Slope+Escape+Gram) p(.) 1241.393 5.478 0.011 0.065 13
P(S1,523,S4*Site+Sex+Elevation+Slope+Escape+Snow) p(.) 1241.446 5.531 0.011 0.063 14
P(S1,523,S4*Site+Sex+Slope+Escape+Gram+SpRich) p(.) 1241.527 5.611 0.010 0.061 14

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéii.

°*ML’ is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

4:31,523,S4denotes habitat use between the five seasons except theviedely2013 and winter 2014 seasons (S23).

®‘Sex’ is the difference between esike and ram groups.
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Table A4.11. Dall sheep habitat use table of model results investigating detection probabiitsuCtures whildnolding habitat use
(y) constant in all modelsAll models withAIC. w; = 0.01 were included in the model resulReference Table A4.1 for variable
definitions.

M odel AIC. AAIC. AlIC.w? MLP K*®
U(.) p(Site+Trail+View) 1337.459  0.000 0.584  1.000 5
¥() p(Trail+View) 1338.206  0.747 0.402  0.688 4
¥(.) p(Site+Trail) 1344.982  7.523 0.014  0.023 4

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéii.
ML’ is the model likelihood.
¢ ‘K’ is the number of pamaeters in each model.
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Table A4.12. Caribou habitat use table of model results investigating habitagyis¢rgctures while holding detection probability (p)
constant for all models. Models wiiC. w; > 0.01 were included in the model resulReference Table A4.1 for variable
definitions.

Model AIC. AAIC. AIC.w?® ML" K¢
Y(S234+Elevation+Slope+Dshrub+Forb) p(.) 776.361 0.000 0.050 1.000 7
P (S234+Elevation+Slope+Dshrub+Forb+Lichen) p(.) 776.545 0.184 0.046 0.912 8
Y (S234+Elevation+Slope+Dshruberb+Snow) p(.) 776.888 0.528 0.038 0.768 8
Y (S234+Elevation+Slope+Dshrub+Forb+SpRich) p(.) 777.063 0.703 0.035 0.704 8
Y(S234+Elevation+Slope+Forb+SpRich) p(.) 777.209 0.848 0.033 0.654 7
P (S234+Elevation+Slope+Forb+Snow+SpRich) p(.) 777.430 1.069 0.029 0.586 8
P (S234+Elevation+Slope+Dshrub+Forb+Lichen+Shrub) p(.) 777.440 1.080 0.029 0.583 9
Y (S234+Elevation+Slope+Dshrub+Forb+Lichen+Snow) p(.) 777472 1111 0.029 0.574 9
P (S234+Elevation+Slope+Dshrub+Forb+Lichen+SpRich) p(.) 777.698 1.338 0.026 0.512 9
P (S234+Elevation+Slope+Dshrub+Forb+Snow+SpRich) p(.) 777.795 1.434 0.024 0.488 9
P (S234+Elevation+Slope+Forb+Lichen+Shrub) p(.) 777978 1.618 0.022 0.445 8
P (S234+Elevation+Slope+Forb+Lichen+SpRich) p(.) 778.078 1.718 0.021 0.424 8
P (S234+Elevation+Slope+Forb+Lichen+Shrub+SpRich) p(.) 778.148 1.787 0.020 0.409 9
Y (S234+Elevation+Slope+Forb+Snow+Shrub+SpRich) p(.) 778.235 1.875 0.020 0.392 9
P (S234+Elevation+Slope+Dshrub+Forb+Snow+Shrub) p(.) 778.282 1.922 0.019 0.383 9
P (S234+Elevation+Slope+Dshrub+Forb+Lichen+Snow+Shrub) p( 778.401 2.040 0.018 0.361 10
Y (S234+Elevation+Slope+Dshrub+Forb+Gram) p(.) 778.411 2.050 0.018 0.359 8
P (S234+Elevation+Slope+Forb+Lichen+Snow+SpRich) p(.) 778.541 2.181 0.017 0.336 9
P (S234+Elevation+Slope+Forb+Lichen+Snow+Shrub) p(.) 778.577 2.216 0.016 0.330 9
P (S234+Elevation+Slope+Dshrub+Forb+Lichen+Gram) p(.) 778.640 2.279 0.016 0.320 9
P (S234+Elevation+Slope+Dshrub+Forb+Shrub+SpRich) p(.) 778.665 2.304 0.016 0.316 9
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P (S234+Elevation+Slope+Forb+Shrub) p(.) 778.670 2.309 0.016 0.315 7
P (S234+Elevation+Slope+Forb+Snow+Shrub) p(.) 778.696 2.335 0.016 0.311 8
P (S234+Elevation+Slope+Forb+Snow) p(.) 778.738 2.378 0.015 0.305 7
P (S234+Elevation+Slope+Dshrub+Forb+Lichen+Snow+SpRich) [ 778.749 2.388 0.015 0.303 10
P (S234+Elevation+Slope+Forb+Lichen+Snow+Shrub+SpRich) p( 778.764 2.404 0.015 0.301 10

P (S234+Elevation+Slope+Forb) p(.) 778.890 2.529 0.014 0.282 6
P (S234+Elevation+Slope+Dshrub+Forb+Lichen+Shrub+SpRich) | 778.894 2.533 0.014 0.282 10
P (S234+Slope+Dshrub+Forb+Lichen) p(.) 778.896 2.535 0.014 0.282 7
P (S234+Elevation+Slope+Forb+Gram+SpRich) p(.) 779.171 2.810 0.012 0.245 8
P (S234+Elevation+Slope+Dshrub+Forb+Gram+SpRich) p(.) 779.183 2.822 0.012 0.244 9
P (S234+Elevation+Slope+Forb+Lichen) p(.) 779.191 2.830 0.012 0.243 7
P (S234+Elevation+Slope+Dshrub+Forb+Snow+Shrub+SpRich) p 779.349 2.988 0.011 0.225 10
P (S234+Elevation+Slope+Forb+Snow+Gram+SpRich) p(.) 779.350 2.989 0.011 0.224 9
P (S234+Elevation+Slope+Forb+Lichen+Snow) p(.) 779.433 3.073 0.011 0.215 8

P (S234+Elevation+Slope+Dshrub+Forb+Lichen+Gram+Shrub) p( 779.508 3.147 0.010 0.207 10
P (S234+Elevation+Slope+Dshrub+Forb+Lichen+Snow+Gram) p( 779.537 3.177 0.010 0.204 10
P (S234+Elevation+Slope+Forb+Lichen+Gram+Shrub) p(.) 779.683 3.322 0.00948 0.19 9

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéiiw.

ML’ is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

413234’ denotes habitat use is the same from the edniter 2013 through spring/early-summer 2014 seasons.
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Table A4.13. Caribou habitat use table of model results investigating detection probabilglyctures while holding habitat use) (
constant in all modelsAll models withAIC. w; = 0.01 were included in the model results. Reference Table A4.1 for variable
definitions.

M odel AIC. AAIC. AIC.w?® MLP K¢
W) p() 838.304 0.000 0.473 1 2
W(.) p(Trail) 839.479 1.175 0.263 0.556 3
P(.) p(View) 840.363 2.059 0.169 0.357 3
P(.) p(Trail+View) 841.491 3.187 0.096 0.203 4

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéiiw.
ML’ is the model likelihood.

¢ ‘K’ is the number of parametgiin each model.
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Table A4.14. Wolverine labitat use table of model results investigating habitatyssst{uctures while holding detection probability
(p) constant for all models. Models wiC. w; > 0.01 were included in the model resulReferance Table A4.1 for variable
definitions.

Model AIC. AAIC. AIC.w?® ML" K°
Y(S234'+Site+Forb+Snow) p(.) 158.767 0.000 0.081 1.000 6
P(S234+Site+Snow) p(.) 159.758 0.991 0.049 0.609 5
P(S234+Forb+Snow) p(.) 159.797 1.030 0.048 0.598 5
P(S234+Site+Sipe+Snow) p(.) 159.927 1.160 0.045 0.560 6
P(S234+Site+Elevation+Snow) p(.) 159.980 1.213 0.044 0.545 6
P(S234+Snow+Slope) p(.) 160.190 1.423 0.040 0.491 5
P(S234+Snow+Forb+Slope) p(.) 160.204 1.437 0.039 0.488 6
P(S234+Site+Snow+Forb+Slope) p(.) 160.451 1.684 0.035 0.431 7
P(S234+Forb) p(.) 160.570 1.803 0.033 0.406 4
P(S234+Site+Elevation+Forb+Snow) p(.) 160.698 1.931 0.031 0.381 7
P(S234+Forb+Slope) p(.) 160.886 2.119 0.028 0.347 5
P (S234+Slope) p(.) 160.918 2.151 0.028 0.341 4
Y(Forb) p(.) 161.162 2.395 0.024 0.302 3
P(S234+Site+Forb) p(.) 161.211 2.444 0.024 0.295 5
P (S234+Site+Elevation+Slope+Snow) p(.) 161.398 2.631 0.022 0.268 7
Y(Site+Forb) p(.) 161.739 2.972 0.018 0.226 4
Y(Forb+Slope) p(.) 161.765 2.998 0.018 0.223 4
Y (S234+Elevation+Forb+Snow) p(.) 161.908 3.141 0.017 0.208 6
P(S234+Site+Elevation) p(.) 161.991 3.224 0.016 0.200 5
P (S234+Elevation+Slope+Forb+Snow) p(.) 162.276 3.509 0.014 0.173 7
P(S234+Elevation+Slope+Snow) p(.) 162.308 3.541 0.014 0.170 6
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P(S234+Elevation+Slope(.) 162.338

P(S234+Site+Elevation+Forb) p(.) 162.342
P(S234+Site+Slope+Forb) p(.) 162.442
P(S234+Site+Elevation+Slope+Forb+Snow) p(.) 162.532
Y (S234+Elevation+Forb) p(.) 162.544
P(S234+Site+Slope) p(.) 162.559
P(S234+Site+Elevation+Slope) p(.) 162.704
Y(Slope) p(.) 162.861
Y (S234+Elevation+Slope+Forb) p(.) 162.912
Y (Forb+Snow) p(.) 163.054

3.571
3.575
3.675
3.765
3.777
3.792
3.937
4.094
4.145
4.287

0.014
0.014
0.013
0.012
0.012
0.012
0.011
0.010
0.010
0.009

0.168
0.167
0.159
0.152
0.151
0.150
0.140
0.129
0.126
0.117

A O W O 01 01 00 OO O O

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéiiw.

ML’ is the model likelihood.
¢ ‘K’ is the number of parameters in each model.

413234’ denotes habitat use the same from the eatlyinter 2013 through spring/early-summer 2014 seasons.
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Table A4.15. Wolverine habitat use table of model results investigating detection prob§hjlgiructures while holding habitat use
() constant in all modelsAll models withAIC. w; = 0.01 were included in the model resulReference Table A4.1 for variable
definitions.

M odél AIC. AAIC. AIC.w? MLP K¢
P(.) p(Trail+View) 152.963  0.000 0375  1.000 4
¥(.) p(Trail) 153.231 0.268 0328 0875 3
¥(.) p(Site+Trail) 154.820 1.857 0.148 0395 4
U() p(Site+Trail+View) 154.875 1.912 0.144 0385 5

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéiiw.
ML’ is the model likelihood.
©‘K’is the number of parameters in each model.

134



Table A4.16. Red fox labitat use table of model results investigating habitatyisstfuctures while holding detection probability (p)
constant for all models. Models wiiC. w; = 0.01 were included in the meldresults.Reference Table A4.1 for variable
definitions.

Model AIC. AAIC, AIC.w?* ML K°
P(S23+Site+Snowy p(.) 364.928 0.000 0.043 1.000 5
P(S23+Snowp(.) 365.186 0.258 0.037 0.879 4
P(S23+Snow+Slopep(.) 365.554 0.626 0.031 0.731 5
P(S23+Forb+Snow+Slope(.) 366.280 1.352 0.022 0.509 6
P(S23+Dshrub+Sno(.) 366.313 1.385 0.021 0.500 5
P(S23+Site+Forb+Snaoynp(.) 366.430 1.502 0.020 0.472 6
P(S23+Site+Snow+Slope(.) 366.534 1.606 0.019 0.448 6
Y(Site+Forh p(.) 366.577 1.648 0.019 0.439 4
P(S23+Site+Dshrub+Snowp(.) 366.893 1.965 0.016 0.375 6
Y(Site) p(.) 367.025 2.097 0.015 0.351 3
P(S23+Site+Shrub+Snowp(.) 367.034 2.106 0.015 0.349 6
P (S23+Site+Elevation+Snowp(.) 367.047 2.119 0.015 0.347 6
P (S23+Forb+Snoyvp(.) 367.134 2.206 0.014 0.332 5
P(S23+Site+Slope+Forb+Sngww(.) 367.193 2.265 0.014 0.322 7
P(S23+Shrub+Snopp(.) 367.226 2.298 0.013 0.317 5
P (S23+Elevation+Snow) p(.) 367.276 2.348 0.013 0.309 5
P(S23+Elevation+Slope+Sndw(.) 367.301 2.373 0.013 0.305 6
P(S23+Slope+Dshrub+Sngw(.) 367.373 2.445 0.013 0.295 6
P(S23+Slope+Shrub+Sngwe(.) 367.512 2.584 0.012 0.275 6
Y (Site+Slope+Forpp(.) 367.605 2.676 0.011 0.262 5
Y(Dshrub) p(.) 367.664 2.736 0.011 0.255 3
Y(Site+Forb+Dshrupp(.) 367.790 2.862 0.010 0.239 5
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& AIC. W is the Aikaike Information Criterion with correction for small sample size moeaht.
°“ML" is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

4523 denotes that habitat use is the same during the-eartgr 2013 and winter 2014 seasons.
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Table A4.17. Red fox habitat use table of model results investigating detection probaghjilgtyrictures while holding habitat usi) (
constant in all modelsAll models withAIC. w; = 0.01 were included in the model results. Reference Table A4.1 for variable
definitions.

M odel AIC. AAIC. AIC.w?® MLP K¢
P(.) p(Site+Trail+View) 357.411 0.000 0.496 1.000 5
P(.) p(Site+Trail) 358.146 0.735 0.344 0.693 4
P(.) p(Site+View) 360.198 2.787 0.123 0.248 4
P(.) p(Site) 365.065 7.654 0.011 0.022 3
P(.) p(View) 365.241  7.830 0.010 0.020 3
P(.) p(Trail+View) 365.359 7.948 0.009 0.019 4
P(.) p(Trail) 366.505 9.094 0.005 0.011 3
¥() p() 368.914 11.503 0.002 0.003 2

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéii.
ML’ is the model likelihood.
¢ ‘K’ is the number of parameters in each model.
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Table A4.18. Gray wolf habitat use tabtef model results investigating habitat ugg étructures while holding detection probability
(p) constant for all models. Models wiiC. w; > 0.01 were included in the model resulReference Table A4.1 for variable
definitions.

Model AIC. AAIC. AIC.w?® ML"” K¢
Y(S23+Shrub) p(.) 202.565  0.000 0.071 1.000 4
P (S23+Shrub+Elevation) p(.) 203.460 0.895 0.045 0.639 5
Y(Shrub+Snow) p(.) 203.652  1.087 0.041 0.581 4
P(S23+Shrub+Gram) p(.) 203.724  1.159 0.040 0.560 5
P(S23+Shrub+Dshrub) p(.) 204.188  1.622 0.032 0.444 5
Y (S23+Shrub+Elevation+Grarpy.) 204.440 1.875 0.028 0.392 6
P(S23+Shrub+Snow) p(.) 204.482  1.917 0.027 0.383 5
P(S23) p(.) 204.533  1.967 0.027 0.374 3
P(S23+Site+Shrub) p(.) 204.636  2.070 0.025 0.355 5
Y(Shrub+Snow+Gram) p(.) 204.765  2.200 0.024 0.333 5
P(Snow) p(.) 204.980 2.415 0.021 0.299 3
P (S23+Shrub+Dshrub+Gram) p(.) 205.129 2.564 0.020 0.278 6
P(S23+Dshrub) p(.) 205.141  2.576 0.020 0.276 4
P(S23+Site+Shrub+Elevation) p(.) 205.306  2.740 0.018 0.254 6
Y(Shrub+Snow+Elevation) p(.) 205.367 2.801 0.017 0.247 5
P (S23+Shrub+Elevation+Dshrub) p(.) 205.516  2.951 0.016 0.229 6
P (S23+Shrub+Snow+Elevation) p(.) 205.578  3.013 0.016 0.222 6
Y (Site+Shrub+Snow) p(.) 205.581  3.016 0.016 0.221 5
P(S23+Shrub+Snow+Gram) p(.) 205.640  3.075 0.015 0.215 6
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Y (Shrub+Snow+Dshrub) p(.)
P(S23+Site+Shrub+Gram) p(.)
P(S23+Site+Shrub+Dshrub) p(.)

P (S23+Shrub+Snow+Dshrub) p(.)
PY(S23+Snow) p(.)

Y(Shrub) p(.)

P (S23+Gram) p(.)

Y(Snow+Dshrub) p(.)

Y (Shrub+Snow+Elevation+Gram) p(.)

Y (S23+Shrub+Elevation+Dshrub+Gram) p(.)
Y(Site+S23) p(.)

Y (Site+S23+Shrub+Elevation+Gram) p(.)
Y(Site+S23+Shrub+Snow) p(.)
P(S23+Shrub+Snow+Elevation+Gram) p(.)

205.666
205.831
206.082
206.263
206.291
206.308
206.388
206.397
206.410
206.454
206.470
206.518
206.530
206.580

3.101
3.266
3.517
3.698
3.726
3.742
3.822
3.832
3.845
3.889
3.905
3.953
3.965
4.015

0.015
0.014
0.012
0.011
0.011
0.011
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.212
0.195
0.172
0.157
0.155
0.154
0.148
0.147
0.146
0.143
0.142
0.139
0.138
0.134

N~ o N~ N MDD WD OO OO

& AIC. W is the Aikaike Information Criterion with correction for small sample size modelhteig

ML’ is the model likelihood.
¢ ‘K’ is the number of parameters in each model.

4523 denotes that habitat use is the same during the-wartgr 2013 and winter 2014 seasons.
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Table A4.19. Gray wolf habitat use table of model results investigating detection probdpjlgyructures while holding habitat use
() constant in all modelsAll models withAIC. w; = 0.01 were included in the model resulReference Table A4.1 for variable
definitions.

M odel AIC. AAIC. AIC.w? MLP K¢
¥(.) p(Trail+View) 205.552  0.000 0.238 1.000 4
¥(.) p(Trail) 206.064 0.511 0.184 0.774 3
¥(.) p(Site+Trail) 206.247 0.694 0.168 0.707 4
W(.) p(Site+Trail+View) 206.366 0.814 0.158 0.666 5
w(.) p(.) 207.151 1.598 0.107 0.450 2
W() p(Site) 208.257 2.705 0.061 0.259 3
W() p(View) 208.416 2.864 0.057 0.239 3
¥(.) p(Site+View) 209.877 4.325 0.027 0.115 4

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéiiw.
ML’ is the model likelihood.
¢ ‘K’ is the number of parameters in each model.
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Table A4.20. Grizzly bear habitat use tabbf model results investigating habitat uge gtructures while holding detection
probability (p) constant for all models. Models WRIC . w; = 0.01 were included in the model resulBeference Table A4.1 for
variable definitions.

M odel AIC. AAIC. AIC.w?® ML" K°
Y(Forb+Slope) p(.) 209.254 0.000 0.118 1.000 4
Y (Elevation+Forb+Slope) p(.) 210.014 0.760 0.081 0.684 5
Y(Elevation+Slope) p(.) 210.470 1.216 0.064 0.544 4
Y (Elevation+Slope+Forb+Dshrub) p(.) 210.704 1.450 0.057 0.484 6
Y(Slope+Forb+Dshrub) p(.) 210.962 1.708 0.050 0.426 5
Y(S1%+Slope+Forb) p(.) 210.980 1.726 0.050 0.422 5
Y(Slope+Forb+Snow) p(.) 211.243 1.989 0.044 0.370 5
Y(S1+Forb) p(.) 211.481 2.227 0.039 0.328 3
Y (Elevation+Slope+Dshrub) p(.) 211.970 2.716 0.030 0.257 5
Y (Elevation+Slope+Forb+Snow) p(.) 212.139 2.885 0.028 0.236 6
Y (S1l+Elevation+Slope+Forb) p(.) 212.231 2.977 0.027 0.226 6
Y(S1+Forb+Snow) p(.) 212.260 3.006 0.026 0.223 4
Y(S1+Elevation+Slope) p(.) 212.379 3.125 0.025 0.210 5
Y (Elevation+Slope+Snow) p(.) 212.569 3.315 0.023 0.191 5
Y(S1+Slope+Forb+Dshrub) p(.) 212.953 3.699 0.019 0.157 6
Y (S1+Slope+Forb+Snow) p(.) 213.063 3.809 0.018 0.149 6
Y(Slope) p(.) 213.104 3.850 0.017 0.146 3
Y(Slope+Forb+Dshrub+Snow) p(.) 213.205 3.951 0.016 0.139 6
Y(Elevation+Dshrub) p(.) 213.241 3.987 0.016 0.136 4
Y(Dshwub) p(.) 213.310 4.056 0.016 0.132 3
Y(S1+Forb+Elevation) p(.) 213.333 4.079 0.015 0.130 4
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Y (Forb) p(.)

W() p()

Y (Dshrub+Snow) p(.)

Y(S1+Slope) p(.)

Y (Elevation+Slope+Dshrub+Snow) p(.)
Y (Forb+Dshrub) p(.)

213.659
213.685
213.869
213.957
214.205
214.244

4.405
4.431
4.615
4.704
4.951
4.990

0.013
0.013
0.012
0.011
0.010
0.010

0.111
0.109
0.100
0.095
0.084
0.083

O A DA DNMN®W

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéii.

‘ML’ is the model likelibod.
¢ ‘K’ is the number of parameters in each model.

4:351’ denotes different habitat use in the late-summer/fall 2013 season.
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Table A4.21. Grizzly bear habitat use table of model results investigating detectiorbpityl@) structures while holdmhabitat use
(g) constant in all modelsAll models withAIC. w; = 0.01 were included in the model resulReference Table A4.1 for variable
definitions.

M odel AIC. AAIC. AIC.w? MLP K*®
W(.) p(Trail) 211.781  0.000 0.495 1.000 3
W) p(Trail+View)  213.209  1.428 0.242 0.490 4
w() p() 213.685 1.904 0.191 0.386 2
W(.) p(View) 215.649  3.869 0.072 0.145 3

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéii.
‘ML’ is the model likelihood.
¢ ‘K’ is the number of paragters in each model.
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APPENDIX V

SECOND ROUND ORMMAMMAL COMMUNITY ANALYSIS TABLES OF MODEL RESULTS

Table A5.1. Hoary marmotable ofhabitat usemodel results All models withAIC. w; = 0.01 were included in the model results.
Reference Table A4.1 fwariable definitions.

Model AIC. AAIC. AIC.w?® ML" K¢
Y (Site+Elevation+Rock+Snow) p(S1&%5/iew) 141.334 0.000 0.130 1.000 8
Y (Rock+Dshrub+Snow) p(S1&S5+Site+View) 141.680 0.345 0.110 0.841 8
Y (Site+Elevation+Rock+Snow) p(S1&S5+Site+p View) 142.339 1.005 0.079 0.605 9
Y (Site+Elevation+Rock+Dshrub+Snow) p(S1&S5+View) 142.790 1.456 0.063 0.483 9
Y (Elevation) p(S1&S5+Site+View) 142.982 1.648 0.057 0.439 6
Y(Site+Elevation+Rock) p(S1&S5+View) 143.091 1.757 0.054 0.416 7
Y (Site+Elevation+Rock) p(S1&S5+Site+View) 143.298 1.964 0.049 0.375 8
Y (Elevation+Rock+Dshrub) p(S1&S5+Site+View) 143.598 2.264 0.042 0.322 8
Y(Site+Elevation) p(S1&S5+Site+View) 143.995 2.661 0.034 0.264 7
Y (Site+Elevation+Rock+Dshrub) p(S1&S5+View) 144271 2.936 0.030 0.230 8
Y (Elevation+Rock+Snow) p(S1&S5+Site+View) 144.412 3.078 0.028 0.215 8
Y (Elevation+Rock+Dshrub+Snow) p(S1&S5+Site+View) 144512 3.178 0.027 0.204 9
Y(Elevation+Rock) p(S1&S5+Site+View) 144518 3.184 0.027 0.204 7
Y(Elevation+Snow) p(S1&S5+Site-&v) 145.150 3.816 0.019 0.148 7
Y (Elevation+Dshrub) p(S1&S5+Site+View) 145.201 3.867 0.019 0.145 7
Y (Site+Elevation) p(S1&S5+View) 145.411 4.076 0.017 0.130 6
Y (Site+Elevation+Snow) p(S1&S5+Site+View) 146.188 4.854 0.012 0.088 8
Y (Site+Elevation+Dshrub p(S1&S5+Site+View) ) 146.246  4.912 0.011 0.086 8
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& AIC. W is the Aikaike Information Criterion with correction for small sample size moeaht.
ML’ is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

4°31&S5 differentprobability of detection in the lasmmer/fall seasons
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Table A5.2. Collared pika table of habitat usedel results. All models witAIC. w; = 0.01 were included in the model results.
Reference Table A4.1 for variable definitions.

M odel AIC. AAIC, AIC.w?® ML K°
Y (Elevation+Slope+Dshrub+Rock) p(Snow) 172.861 0.000 0.527 1.000 7
Y (Elevation+Slope+Dshrub+RockLichen p(.) 173.963 1.102 0.304 0.577 6
Y (Elevation+ Dshrub+RockLichen) p(Snow) 177.770 4.909 0.045 0.086 6
Y(Slope+ Dshrub+ Rock) p(Snow) 178.176 5.315 0.037 0.070 6
Y (Elevation+ Dshrub+ Rock) p(.) 179.254 6.393 0.022 0.041 5
Y (Slope+ Dshrub+ Rock) p(.) 179.537 6.675 0.019 0.036 5
Y (Elevation+ RockLichen) p(Snow) 179.991 7.130 0.015 0.028 5
Y (Elevation+ Slope+ Rock) p(Snow) 180.381 7.520 0.012 0.023 6

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéii.
ML’ is the model likelihood
¢ ‘K’ is the number of parameters in each model.
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Table A5.3. Arctic ground squirrel table of habitat usedel results All models withAIC. w; = 0.01 were included in the model
results. Reference Table A4.1 for variable definitions.

M odel AIC. AAIC. AIC.w?® MLP K¢
Y(Forb) p(Site+View) 516.453 0.000 0.304 1.000 5
Y(Forb) p(S1&S&+Site+View) 517.508 1.055 0.179 0.590 6
Y(Forb) p(S1&S5+Site) 517.947 1.494 0.144 0.474 5
Y(Forb) p(Site) 518.041 1.588 0.137 0.452 4
Y(Forb) p(View) 518.113 1.660 0.132 0.436 4
Y(Forb) p(S1&S5+View) 518.98 2.528 0.086 0.283 5
Y(Forb) p(S1&S5) 523.23 6.778 0.010 0.034 4
Y(Forb) p(.) 523.909 7.456 0.007 0.024 3

& AIC. W is the Aikaike Information Criterion with correction for small sample size modéjht.
"ML’ is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

4°51&S5 different probability of detection in the lasermmer/fall seasons
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Table A5.4. Moose table of habitat useodel results. All models witAIC. w; = 0.01 were included in the model results. Reference
Table A4.1 for variable definitions.

Model AIC. AAIC. AIC.w? ML" K®
Y(S234+Elevation) p(Site+Shrub) 321.095  0.000 0.233 1.000 6
P (S234+Elevation) p(Site+Shrub+View) 321.631 0.536 0.178 0.765 7
P(S234+Site+Snow) p(Shrub) 322.171 1.076 0.136 0.584 6
P(S234+Site+Snow) p(Shrub+View) 322.310 1.215 0.127 0.545 7
P(S234+Site+Snow) p(Site+Shrub) 322.693 1.598 0.105 0.450 7
P(S234+Site+Snow) p(Site+Shrub+View) 323.347 2.252 0.075 0.324 8
Y(S234+Elevation) p(Shrub+¥gw) 323.379  2.284 0.074 0.319 6
Y(S234+Elevation) p(Shrub) 324.471  3.376 0.043 0.185 5

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéii.

ML’ is the model likelihood.

¢ ‘K’ is the number of parameteis each model.

4135234’ denotes habitat use is the same from the early-winter 2013 through spyrsjieamer 2014 seasons.
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Table A5.5. Dall sheep table of habitat usedel results. All models witAIC. w; > 0.01 were included in the model results.

Reference Table A4.1 for variable definitions.

M odel AIC. AAIC. AIC.w?® ML" K°
P(S1,523,5%Site+SexX+Slope+Escape+Gram+Snow) p(Trail) 1214.041 0.000 0.451 1.000 15
P(S1,523,54*Site+Sex+Slope+Escape+Gram+Snow) p(Trail+View) 1215915 1.874 0.177 0.392 16
P(S1,523,S4*Site+Sex+Slope+Escape+Gram+Snow) p(Site+Trail)  1216.113 2.071 0.160 0.355 16
P(S1,523,S4*Site+Sex+Slope+Escape+Gram+Snow) p(Site+Trail+Vie®d17.825 3.783 0.068 0.151 17
P(S1,523,S4+Site+Sex+Slope+Escape+Gram+Snow) p(Trail) 1219.569 5.527 0.028 0.063 12
P(S1,523,S4*Site+Slope+Escape+Gram+Snow) p(Trail) 1221.231 7.189 0.012 0.028 14
P(S1,5S23,S4+Site+Sex+Slope+Escape+Gram+Snow) p(Trail+View) 1221.357 7.315 0.012 0.026 13
P(S1,523,S4+Site+Sex+Slope+Escape+Gram+Snow) p(Site+Trail) 1221.395  7.353 0.011 0.025 13

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéii.

‘ML’ is the model likelihood.
¢ ‘K’ is the number of parameters in each model.

4:31,523,S4different estimates of habitat usetween the five seasons except the eaiyer 2013 and winter 2014 seasons.

®‘Sex’ is the difference between esike and ram groups.
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Table A5.6. Caribou table of habitat useodel results. All models witAIC. w; = 0.01 were included in the model results. Reference
Table A4.1 for variable definitions.

M odel AIC. AAIC. AIC.w?® ML" K¢
q;(8234?+EIevation+SIope+Forb+Dshrub) p(.) 776.361 0.000 0.357 1.000 7
P(S234+Elevation+Slope+Lichen+Forb+Dshrub) p(.) 776.544 0.184 0.326 0.912 8
Y(S234+Elevation+Slope+Forb) p(.) 778.890 2.529 0.101 0.282 6
P(S234+Slope+Lichen+Forb+Dshrub) p(.) 778.896 2.535 0.101 0.282 7
P (S234+Elevation+Slope+Lichen+Forb) p(.) 779.191 2.830 0.087 0.243 7
Y(S234+Slope+Forb+Dshrub) p(.) 782.065 5.705 0.021 0.058 6

& AIC. W is the Aikaike Information Criterion with correction for small sample size modajht.

ML’ is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

4135234’ denotes habitat use is the same fronetirgrwinter 2013 through spring/early-summer 2014 seasons.
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Table A5.7. Wolverine table of habitat useodel results. All models witAIC. w; = 0.01 were included in the model results.
Reference Table A4.1 for variable definitions.

M odel AIC. AAIC. AIC.w?® ML K¢
P(S234+Snow) p(Trail) 151.511  0.000 0.132 1.000 5
P(S234) p(Trail+View) 152.073  0.562 0.100 0.755 5
Y(S234+Forb) p(Trail) 152.281 0.770 0.090 0.680 5
P(S234) p(Trail) 152.453  0.943 0.082 0.624 4
Y(Snow+Forb) p(Trail) 152.502  0.992 0.080 0.609 5
Y(Forb) p(Trail) 152.606  1.096 0.076 0.578 4
Y()p(Trail+View) 152.963  1.453 0.064 0.484 4
P(Snow) p(Trail+View) 153.011  1.501 0.062 0.472 5
Y(Forb) p(Trail+View) 153.223  1.713 0.056 0.425 5
P(.) p(Trail) 153.231 1.721 0.056 0.423 3
P(Snow) p(Trail) 153.719  2.209 0.044 0.331 4
P(S234+Site) p(Trail) 154.379  2.868 0.031 0.238 5
Y(Site+Snow) p(Trail) 154.399 2.888 0.031 0.236 5
Y (Site+Forb) p(Trail) 154.459  2.948 0.030 0.229 5
Y(Site) p(Trail) 154.949  3.439 0.024 0.179 4
Y(Site) p(Trail+View) 155.004 3.494 0.023 0.174 5

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeeihi

bML’ is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

4:35234’ denotes habitat use is the same from the early-winter 2013 through spyrsjieamer 2014 seasons.
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Table A5.8. Red fox table of habitat useodel results. All models witAIC. w; = 0.01 were included in the model resulieference
Table A4.1 for variable definitions.

Model AIC. AAIC. AIC.w?® ML® K°©
L|J(SZ3’+Psi Snow) p(Site+Trail+View) 356.334 0.000 0.163 1.000 7
P(S23+Psi Snow) p(Site+Trail) 357.121 0.786 0.110 0.675 6
P(S23+Site+Psi Snow) p(Site+Trail+View) 357.325 0.991 0.099 0.609 8
P(.) p(Site+Trail+View) 357.411 1.077 0.095 0.584 5
Y(.) p(Site+Trail) 358.146  1.811 0.066 0.404 4
P(S23+Psi Snow) p(Site+View) 358.168 1.834 0.065 0.400 6
P(S23) p(Site+Trail+View) 358.514 2.180 0.055 0.336 6
P(Snow) p(Site+Trail+View) 359.367 3.033 0.036 0.220 6
P(S23) p(Site+Trail) 359.467 3.133 0.034 0.209 5
P(S23+Site+Snow) p(Trail+View) 359.532 3.198 0.033 0.202 7
P(S23+Site+Snow) p(View) 359.802 3.468 0.029 0.177 6
Y(Snow)p(Site+Trail) 359.992 3.658 0.026 0.161 5
Y(.) p(Site+View) 360.198 3.864 0.024 0.145 4
Y(Site) p(Trail+View) 360.481 4.147 0.020 0.126 5
P(S23+Snow) p(View) 361.083 4.749 0.015 0.093 5
P(S23) p(Site+View) 361.263  4.929 0.014 0.085 5
Y(Site) p(View) 361.580 5.246 0.012 0.073 4
P(S23+Site+Psi Snow) p(Trail) 361.631 5.297 0.012 0.071 6
P (S23+Psi Snow) p(Trail+View) 361.783  5.449 0.011 0.066 6
P(S23+Site) p(Trail+View) 361.814  5.480 0.011 0.065 6
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& AIC. W is the Aikaike Information Criterion witorrection for small sample size model weight.
‘ML’ is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

4523 denotes that habitat use is the same during the-wartgr 2013 and winter 2014 seasons.
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Table A5.9. Gray wolftable of habitat usemodel results. All models witAIC. w; = 0.01 were included in the model results.
Reference Table A4.1 for variable definitions.

M od€l AlC, AAIC. AIC.w;? MLP K¢
W(S23+Shrub) p(Trail) 199.816  0.000 0.578 1.000 5
W(S23+Shrub) p(.) 202.565  2.749 0.146 0.253 4
W(S23) p(Trail) 203.178  3.361 0.108 0.186 4
W(S23) p() 204.533  4.716 0.055 0.095 3
W(Shrub) p(Trail) 204.670  4.854 0.051 0.088 4
W(.) p(Trail) 206.064  6.247 0.025 0.044 3
W(Shrub) p(.) 206.308  6.491 0.023 0.039 3
W) p() 207.151  7.334 0.015 0.026 2

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéii.
‘ML’ is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

4523 denotes that habitat use is the same during the-eartgr 2013 and winter 2014 seasons.
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Table A5.10. Grizzly bear table ofiabitat usenodel results. All models witAIC. w; = 0.01 were included in the model results.
Reference Table A4.1 for variable definitions.

M odel AIC. AAIC, AIC.w® ML" K°
Y(Slope+Forb) p(Trail) 207.022 0.000 0.448 1.000 5
Y(Slope) p(Trail) 207.892 0.870 0.290 0.647 4
Y (Slope+Forb) p(.) 209.254 2.232 0.147 0.328 4
P(.) p(Trail) 211.781 4.759 0.042 0.093 3
Y(Slope) p(.) 213.104 6.081 0.021 0.048 3
Y(Forb) p(Trail) 213.308 6.286 0.019 0.043 4
Y(Forb) p(.) 213.659 6.637 0.016 0.036 3
() p() 213.685 6.663 0.016 0.036 2

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéiiw.
‘ML’ is the model likelihood.
¢ ‘K’ is the number of parameters in each model.
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APPENDIX VI

TWO-SPECIES OCCUPANCY MOEL RESULTS

Table A6.1. Wolf-caribou twospeciegable d model results fohabitat usey), detection probabilities (p), and detection conditional
on the presence or absenceha dther species (r). Wolf was considered the dominate species (A) and cariotitnate species
(B). All models withAIC.w; = 0.01 were included in the mddesults. For definitions of model parameters see Table 2.5.

Model AIC. AAIC. AIC.w*® ML” K°
PA() WBA(.) yBa(.) pA(.) rA(.) pB(.) rBA(.)=rBa(.) 997.059 0.000 0.197 1.000 7
PA(.) WBA(.) yBa(.) pA(.) pB(.) rA(.) rBA(.) rBa(.)} 997.111 0.051 0.192 0.975 8
PYA() yBA()=yBa(.) pA(.) pB(.) rA(.) rBA(.) rBa(.)} 997.124  0.065 0.190 0.968 7
YA(Shruf) yBA()=yBa(.) pA(.) pB(.) rA(.) rBA(.) rBa(.) 997.782 0.722 0.137 0.697 8
WA() yBA()=yBa(.) pA(.)=rA(.) pB(.) rBA(.)=rBa(.) 998.162 1.103 0.113 0.576 5
WA() YBA()=yBa(.) pA(.)=rA(.) pB(.) rBA(.) rBa(.) 908.286 1.226 0.106 0.542 6
WA(Shrub)PBA(.) yBa(.) pA(.) pB(.) rA(.) rBA(.) rBa(.) 999.281 2.222 0.065 0.329 9

& AIC. W is the Aikaike Information Criterion with correction for small sample siwelel weight.
°“ML" is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

d:Shrub’ is the estimated percent cover of shrub species at a camera site.
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Table A6.2. Wolf-sheep twespeciedable of model results fdrabitat usey), detection probabilities (p), and detection conditional on
the presence or absencelod bther species (r). Wolf was considered the dominate species (A) and sheep theadalspecies (B).
All models withAIC. w; = 0.01 were included in the model results. For definitions of model parameters see Table 2.5.

Model AIC. AAIC, AIC.w?® ML K®
L|JBA((§F23‘_’|))qJBA(SIopee):LpBa(SIope) pPA(Tral) rA(Trail) pB(Trail) rBA(Trail) 1956 770 0.000 0512 1.000 11
rBa(Trai
PA(S23) PBA(Slope+S239=yiBa(Slope+S234) pA(TrBirA(Trail) 1058.506 1.736 0.215 0.420 12
pB(Trail) rBA(Trail) rBa(Trail)

PA(S23) yBA(Slope)yBa(Slope+S234) pA(Trail) rA(Trail) pB(Trail) 1060.343 3.574 0.086 0.168 13
rBA(Trail) rBa(Trail) ' ' ' ’

PA(S23) yBA(Slope+S234)pBa(Slope) pA(Trail) rA(Trail) pB(Trd) 1060.875  4.105 0.066 0.128 13
rBA(Trail) rBa(Trail)

YA(S23) yBA(Slope+S234)pBa(Slope+S234) pA(Trail) rA(Trail) pB(Trail) 1062 211 5442 0.034 0.066 14
rBA(Trail) rBa(Trail) : : - :

PA(S23) yBA(Slope)apBa(Slope) pA(.) rA(.) pA(.) rA(.) pB(Trail) 1062.466 5.696 0.030 0.058 10
rBA(Trail) rBa(Trail)

PYA(S23) yBA(S234+Slope)wBa(S234+Slope) pA(.) rA(.) pB(Trail) 1064.274  7.505 0.012 0.024 11
rBA(Trail) rBa(Trail)

L|JBA((.%Lp%A(SIope)zlpBa(Slope) pA(Trail) rA(Trail) pB(Trail) rBA(Trail) 1064.275  7.505 0.012 0.024 10
rBa(Trai

& AIC. w; is the Aikaike Information Criterion with correction for small sample size modéajiv.

®*ML" is the model likelihood.

¢ ‘K’ is the number of parameters in each model.

41323 denotes that habitat use is the same during the-wartgr 2013 and winter 2014 seasons.

®‘Slope’ is the average percent slope grade in a 500 meter radius around eaeha@eation.

"“Trail’ denotes if the camera was on a wildlife trail or not on a trail.

9:S234’ denotes habitat use is the same froenghrlywinter 2013 through spring/early-summer 2014 seasons.
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Table A6.3. Grizzly bearsquirrel twespecies table ahodel results fohabitat usey), detection probabilities (p), and detection
conditional on the presence or absence of the sffemiesr). Grizzly bear wasonsidered the dominate species (A) and squirrel the
subordinate species (B). All models wWAIC.w; > 0.01 were included in the model results. For definitions of model parameters see
Table 2.5.

M odel AIC. AAIC. AIC.w? MLP K*®
WA() WBA(.)=yBa(.) pA(.) rA(.) pB(.) rBA(.) rBa(.) 609.702  0.000 0.645 1.000 7
WA() WBA(.)=yBa(.) pA(.)=rA(.) pB(.)=rBA(.)=rBa(.) 613.076 3.374 0.119 0.185 4
WA() WBA(.)=yBa(.) pA(.)=rA() pB(.) rBA(.)=rBa(.) 613.731  4.029 0.086 0.133 5
WA() WBA(.) WBa(.) pA()=rA(.) pB()=rBA(.)=rBa(.) 613.839 4.137 0.082 0.126 5
WA() UBA()=yBa(.) pA(.)=rA(.) pB(.) rBA(.) rBa(.) 615.910 6.208 0.029 0.045 6
WA() UBA(.) WBa(.) pA()=rA(.) pB(.) rBA(.)=rBa(.) 615.913 6.211 0.029 0.045 6

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéiiw.
ML’ is the model likelihood.
¢ ‘K’ is the number of parameters in each model.
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Table A6.4. Grizzly bearcaribou twospeciegable of model results fdrabitat usey), detecton probabilities (p), and detection
conditional on the presence or absence of the sffemies (r). Grizzly bear wasnsidered the dominate species (A) and caribou the
subordinate species (B). All models wWAIC.w; > 0.01 were included in the model results. For definitions of model parameters see
Table 2.5.

Model AIC. AAIC. AIC.w?® ML" K¢
PA(.) LpBA(SIopéj) YBa(Slope) pA(.)=rA(.) pB(.) rBA(.)=rBa(.) 765.770  0.000 0.420 1.000 7

PA(.) L|JI_3A_(SI0pe)L|_JBa(SIope) pA(Traf)=rA(Trail) pB(Trail) 766.691  0.920 0.265 0.631 10
rBA(Trail)=rBa(Trail)

PA(.) L|JI_3A:(SIope)=_LpBa(SIope) pA(Trail)=rA(Trail) pB(Trail) 767.055 1.285 0221 0.526 8
rBA(Trail)=rBa(Trail)

YA(.) yBA(Slope)yBa(Slope) pA(.)=rA(.) pB(Trail) rBA(Trail)=rBa(Trail) 769.301  3.530 0.072 0.171
YA(.) yBA(Slope)apBa(Slope) pA(.)=rA(.) pB(Trail) rBA(Trail)=rBa(Trail) 771.861 6.090 0.020 0.048

&‘AIC.w; is the Aikaike Information Criterion with correction for small sample size moeéii.
ML’ is the model likelihood.

¢ ‘K’ is the number of prameters in each model.

dSlope’ is the average percent slope grade in a 500 meter radius around each camena locatio
®‘Trail' denotes if the camera was on a wildlife trail or not on a trail.
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APPENDIX VII

BETA VALUES OF PREDCTION MODEL PARAMETERS

Table A7.1. Beta values for parameters in prediction model of each species. Values are in Swmleghd are presented with
standard error values in parentheses. Reference Table A4.1 for covariatedsfini

Small Herbivores Large Herbivores Mesopredators Apex Predators
Hoary Collared Arctic Gra Grizzl
Parameter Variables y , ground Moose Sheep Caribou Wolverine Red fox Y y
marmot  pika . wolf bear
squirrel
a 1.501
St (0.690)
Sod 3.351 -1.986 1.931
(0.900) (0.934) (0.858)
-2.186 -1.911
S234 (0.685) (0.509)
1.302
4 (0.714)
. , 3.340 3.370
Habitat Site (1.350) (1.300)
Use () 13,573
*Q .
S1*Site (1.556)
. -4.064
*
S23*Site (1.439)
: -2.608
*
S4*Site (1.667)
Sex 1.075
(0.364)
Elevation -0.011  -0.007 -0.008 -0.004
(m) (0.006) (0.003) (0.002) (0.002)
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Slope (%) -0.081 0.135 -0.094 -0.139
P (0.031) (0.025) (0.025) (0.070)
Rock 0.126 0.172
(0.070) (0.049)
Lichen “0.029
(0.021)
Graminoid (8(2)2?1)
Forb 2.324 1.126 0.940
Habitat (2.027) (0.326) (2.028)
0.104 0.066
Use (/) Dwarf Shub (0.039) (0.033)
0.780
Shrub (0.417)
Distance to -0.002
Escape i
Terrain (m) (0.0005)
Snow (cm) -3.548 -0.851 0.692
(2.156) (0.277) (0.352)
-1.865
Temporal (0.564)
Site 0.977 0.560 -1.573 -1.883
(0.895) (0.287) (0.780) (0.712)
Viewshed -0.502 -0.114 -0.119
Detection (0.183) (0.051) (0.070)
(p) Trail 0.929 2.362 0.875 1.172 1.116
(0.192) (0.660) (0.440) (0.509) (0.567)
-0.462
Snow (cm) (0.300)
0.398
Shrub (0.125)
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2‘S1’ denotes habitat use in the late-summer/fall 2013 season.
b+3523’ denotes the habitat use of early-winter 2013 and winter 2014 seasons.

©‘S234’ denotes habitat use is the same from the early-winter 2013 throirgiiesgrlysummer 2014 seasons.
4434’ denotes the habitat use of spring/early-summer 2014 seasons.
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