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ABSTRACT

Moose populations are difficult to manage a®se exist at low population densities
compared to other ungulates and may use a varidtgiotat types. Local knowledge is
needed to effectively manage moose populationgiamited research has been conducted
recently in Montana. This study took place onkmnt Haggin Wildlife Management
Area (MHWMA) in southwestern Montana to assist vilte management of moose
throughout southwestern Montana and establish@ibador future research. The
objectives of this study were to describe seasis#dibution patterns and habitat
selection by adult cow moose, with an emphasisatnitéit selection during the winter
season, and to quantify patterns in willow browskzation by moose in winter. To
accomplish these objectives, | used data from GiHl&rs on cow moose to determine the
basic habitat use patterns and covariates assoaigte winter habitat selection. Browse
surveys of willow were employed to quantify browg#ization on the study area and to
determine which environmental covariates were agsmtwith moose browse utilization
in winter. Cow moose on the study area were nagratory and had small winter and
summer home ranges. Moose strongly selected ftmwvcover types and habitat
selection was associated with cover type, distémcenifer, distance to willow, and
elevation; these relationships changed when sndwgatditions varied. Current browse
utilization was low (~10%) and was associated wr#vpusly browsed willow,
preferred willow species, and willow community widtBased on the habitat selection
analysis, both willow and conifer communities wengortant to cow moose in winter
and these results have management implicatiortsatoitat conservation and aerial
survey methods. The browse utilization analys@asdd that browse was notably
heterogeneous and would require a large efforamopde browse utilization accurately.
However, browse patterns were associated with dtatitvariates and habitat managers
should take these covariates into account whenngaites for monitoring of willow
browse utilization. Overall, the moose populatmd willow communities around
MHWMA appear to be in good health, but threats frdimate change, predation, and
the potential for overharvest may create populatiamagement challenges in the future.

Suggested Citation:

Burkholder, B. O. 2012. Seasonal distributminter habitat selection and willow
utilization patterns of the Shiras moose on the Mdtaggin Wildlife Management Area.
M. S. Thesis, Montana State University, Bozemanntdoa. 262 pp.
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CHAPTER 1

INTRODUCTION TO THESIS

Introduction

Management of moosd@les alces) is a challenging enterprise in most habitats
throughout its global distribution, including Mont Moose exist at low population
densities and are often solitary in nature, whireases the variability in population
trend estimates from various survey protocols (Termman and Buss 2007).
Furthermore, moose have a low recruitment rate emetpto many other managed
species (e.g. deer, bobcats, grouse), meaningdstdras to be conservatively applied to
maintain a sustainable harvest and stable popaoa{ibmmerman and Buss 2007).
Management strategies also have to account fol pagaulation dynamics, habitat use
patterns, changes in habitat quality and quaraitig, high or increasing predation
pressure in some locations where native predagoulptions are expanding. Previous
studies of moose ecology in Montana and elsewhare bontributed important insights
to guide management strategies and have alsofiéedngiaps in our knowledge. Current
research is improving our understanding of moos¢ogy, as well as addressing
management challenges and questions that havelseeererged (Crichton et al. 2007)
and will hopefully improve the management of mopspulations.

Despite being confined to the forests and borahitht in the holarctic ecoregion
(Franzmann 1981), moose are considered highly agdjsielective generalists” in terms

of habitat use (Peek 2007) and foraging choiceséBleer and Schwartz 2007), meaning
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that moose ecology is specialized at a local staleglobally diverse. As such, moose
ecology and population dynamics can be quite viriftbm population to population
(Peek 2007, Ballard and Van Ballenberghe 2007).ilé\Nhsights gained elsewhere have
some value to the management of moose in Montaoal knowledge on the subspecies
of moose present in Montanal¢es alces shirasi, Hundertmark and Bowyer 2004) is
most applicable to the management of local pomrat(Timmermann and Buss 2007).

Moose were initially studied in Montana by McDoWwahd Moy (1942) and then
intensively studied from 1959 to 1973 (Knowlton @9F8eek 1961, Peek 1962, Smith
1962, Jonkel 1963, Peek 1963, Stevens 1965, Sta@&ts Stevens 1967, Dorn 1968,
Schladweiler 1969, Schladweiler and Stevens 196&) 0969, Dorn 1970, Schladweiler
1970, Stevens 1970, Stone 1971, Schladweiler 19at#adweiler and Stevens 1973a,
Schladweiler and Stevens 1973b, Schladweiler 1S#&ens 1974). These research
studies contributed to the foundation for todaysagement strategies and focused on
basic habitat relationships, browse habits, reprtbdn, and population dynamics of
Shiras moose in Montana. From 1973 to 2008, skadditional projects were
completed, almost exclusively by graduate studglaskins 1985, Matchett 1985,
Costain 1989, Costain and Matchett 1992, Langl®818angley and Pletscher 1994,
Van Dyke 1995, Van Dyke et al. 1995a, Van Dykel e1@95b, Tyers 2003, Tyers 2006,
O'Reilly 2008). These latter studies had an enmplaaspredator/prey interactions,
timber management, and the relationship of wintetagy and browse by moose.
Overall, these studies have shown that even witterimited distribution of moose in

Montana, moose ecology varies greatly and moosibig@wide range of strategies
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when interacting with their environment, includiagique winter habitat use and browse
consumption preferences, seasonal use and migraditerns, and responses to habitat
disturbance.

The body of knowledge gained from these studiastiiates the diverse ecology
of moose in Montana, but also shows how little wwew about the local ecology of
moose populations in southwestern Montana. Whéelw have limited knowledge of
population demographics and trend from winter &staveys in southwestern Montana,
little else is known. Knowledge of seasonal usg mrgration movements (or lack
thereof) would be useful for hunting season managegnas well as knowledge of current
demographic parameters and the impact of predatianoose populations. Moose
management could be greatly improved by increatiagffectiveness of aerial surveys
to monitor population trend. Understanding theawtp of anthropogenic effects on
moose populations (e.g. recreation, habitat ldsaate change) may become
increasingly important as humans expand their @amfbe on wildlands and wildlife.
Knowledge of critical winter habitat, especiallyettemporal and spatial use patterns of
communities containing key browse species, suchilasy, will greatly aid habitat
management and conservation. This is especiafppitant in southwestern Montana
where extensive willow communities support largeos®populations and numerous
other species. Knowledge of calving habitat atikels may also play an important role in
sustaining moose populations. Investigating anhes$e topics would help biologists
better understand moose population and habitadlyrs@mics and choose the most

appropriate approaches to manage moose populanzhtheir habitats at a local level.
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In this study | have addressed some of these neamaxgt challenges and
guestions in the Upper Big Hole River Valley, wah emphasis on the impacts of moose
browsing on willow communities on the Mount Hag¥uildlife Management Area.
Specifically, the objectives of this study weretd describe seasonal distribution
patterns and habitat selection by adult cow moesgecially during the winter season
and 2) to quantify and investigate patterns inamillbrowse utilization by moose in
winter. For the first objective (Chapter 2), | badescribed general distribution patterns
(winter and non-winter ranges, migration timingjiindual home ranges) and tested
hypotheses posed in other research to explairetaganship between habitat attributes
and winter habitat selection. After examining finelings, | have suggested habitat
conservation strategies on moose winter rangeraptivements to winter aerial survey
methods. For the second objective (Chapter Jetdarge-scale, systematic browse
surveys to estimate browse utilization on the staga and then tested hypotheses
regarding associations between habitat attributdaowse utilization. | used these
results to examine the limitations of and potentrglrovements to browse monitoring
methods. The results of these chapters are conhpaft@hapter 4, along with the overall

conservation and management implications and patehtections for future research.

Study Area

The study site was located in southwestern Montdsa57’' N, 113° 4’ W),
approximately 30 km west of Butte, MT and encompdshe southwest half of the

23,548 hectare Mount Haggin Wildlife ManagementaA(glHWMA) (Figure 1.1).



Figure 1.1: A map of the sty area on the Mount Haggin Wildlife Management Area (outlined in blac
southwestern Montana. The boundaries of the moose hunting districts overlapping thdA/&tg\hoted in red an
labeled. The transparent blue polygon indicates the winter stua, as calculated in Chapter 2. The background is
NAIP aerial imagery (2009). The location of the MHWMA in Montana is indicatigh a red rectangl
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The MHWMA straddles the Continental Divide, witlhestms that flow into the Big Hole
and Clark Fork river drainages. The study site livaged to the Big Hole River side of
the Divide. Elevation on the study area rangethfia@50 to 2250 meters and the
topography varied from rolling hills and flats witleandering streams to steeper slopes
at the bases of high mountains (+3200m). Basedimate data from the nearby
community of Wisdom, MT for the years 1970-2000 (N© 2004), the mean annual
temperature was 1.6°C, with mean daily average ¢eatpres of -10°C and 14°C in
January and July, respectively. These mean dedyage temperatures were consistent
with measurements at the Calvert Creek SNOTEL(alteut 10 km west of the study
area) of -7°C and 14.5°C in January and July (12@209). The average annual
precipitation was 48cm at the Calvert Creek SNO$HE (1980-2010), which was close
to the “about 20 inches” (51cm) reported by Frisand Keigley (2004) for the
MHWMA. At the Calvert Creek SNOTEL site (1965 mmsten elevation), the mean
snow depth in February was 68cm (2004-2011, ondysyéor which snow depth was
available). Measurements from this site were @sed surrogate for changes in
snowpack condition in this study, although it mayé slightly higher amounts of SWE
(snow water equivalent) and snow depth comparéidetdower elevations on the study
area, which were as low as 1750 meters. Additignatensive drifting on the study site
created notable heterogeneity in snowpack conditvamere conifer cover was absent,
including within the willow communities across tbteidy area. Snow typically began to
accumulate in early or mid-November and was mastited by late April or early May

(SNOTEL 2011).
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Vegetation on the study area included ripariatowilbottoms, sagebrush
grasslands, pine/fir forests, dry meadows, andiyearren talus slopes. Riparian willow
communities were of particular importance due taiyemoose use in the winter season
(noted prior to the initiation of this study). ™eewillow communities were largely
represented by six species: Geyer will@&alix geyeriana), Lemmon's willow &
lemmonii), Booth's willow & boothii), Drummond's willow § drumondiana), planeleaf
willow (S planifolia), and Wolf's willow & wolfii). Two other willow species, Bebb
willow (S bebbiana) and sandbar willowS exigua), and red-osier dogwoo&¢rnus
sericea) were very sparsely distributed and occurredwelcelevations. Other shrubs
present in the riparian communities on the MHWMAttmay be of importance to moose
included snowberrySymphoricarpos albus) and bog birchBetula pumila). The willow
communities were actively suppressed for decadds walprivate livestock operation
owned much of the land currently managed as the NMANKeigley et al. 2003).
Willow suppression ceased when the state acquiethnd in 1976 (Keigley et al.
2003). Under the administration of Montana Fisligi¥e and Parks, a rest-rotation
system for cattle grazing was implemented in 198#rasulted in a greatly improved
condition of upland, riparian, and meadow commasitty 1990 (Frisina and Keigley
2004). Willow communities continued to recover axgand under the rest-rotation
grazing system in place during this study (MTFWiHublished data).

The forest community on the study area was domdhby lodgepole pindP(nus
contorta) at lower elevations, with patches of quaking as{®pulus tremuloides) on the

edges of conifer stands, and occasional DouglgBdiredotsuga menziesii) and
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Engelmann sprucd{cea engelmannii) stands in more mesic habitats. Scouler's willow
(Salix scouleriana) and thinleaf alderAlnus incana) were also present in very limited
guantities within these lower elevation forest camnities. At higher elevations, stands
of whitebark pine Rinus albicaulis), Engelmann spruce, and subalpine Aibies
lasiocarpa) became dominant. These species were also onadlgifound in conifer
riparian areas at lower elevations. Groves oinaparch Larix lyallii) were found at
tree line and in avalanche chutes, occupying meireme niches. These latter high
elevation species primarily existed in communif@sd outside of the MHWMA and
typical moose winter range, while lodgepole/aspenipas fir forests formed a large
portion of potential moose winter range adjacemittow bottoms and open sagebrush
grasslands. A substantial portion of the MHWMA aodrounding National Forest lands
were logged within the last century (Frisina andgkey 2004); very few old-growth
stands (>300 years) were present. Over the colesstudy (2007-2010), a mountain
pine beetle Dendroctonus ponderosae) outbreak expanded over the entire WMA, starting
in the northeast portion and spreading southwElis outbreak was concurrent with an
outbreak across most of southwestern and centratania. By the summer of 2010, the
outbreak had impacted nearly every patch of comifeforest on the WMA, killing tens
of thousands of lodgepole pine trees.

Keigley et al. (2003) reported thalices alces was the only ungulate species that
winters on the study area (January to mid-May)heDungulate species were present
during the summer and fall seasons, including pnong antelopeAntilocapra

americana), Rocky Mountain elk@ervus canadensis), mule deer@docoileus
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hemionus), and white-tailed deefOdocoileus virginianus). The presence of elk and deer
were of particular importance since in some locegithese species may compete with
moose for food resources (Jenkins 1985), whilaemolocations the competition is
believed to be minimal (Stevens 1974). Cattle vpeesent in the study area during
summer months (June 15-Oct 10), under a strictlyagad rest-rotation grazing schedule
and stocking rate. Of the predators that may ppon or otherwise influence moose
behavior and survival, black beatsr§us americanus) were present on the study site,
while grizzly bearsrsus arctos) had not been confirmed as residents. WolGasic
lupus) were increasingly present on the study area edtmionizing most of
southwestern Montana following reintroductions @mizal Idaho and Yellowstone
National Park in the mid-1990s. The presence seiate of these species may influence
moose behavior and habitat use in winter and ctbasons. For example, habitat
damage due to overutilization of browse species Ibeagspecially evident in areas where
predators were extirpated or limited (Crete eP@01).

Moose hunting districts 319, 325, and 341 encosgrathe study area (refer to
Figure 1.1). From 2002 to 2010, mid-winter aesiaiveys have yielded total observable
moose numbers ranging from 52 to 19 (mean = 3% $1.6) combined for the three
hunting districts, with a downward trend (MTFWPpublished data). It should be
noted, however, that these surveys should be &g cautiously as they do not provide
precise trend data (only a population index) ancevighly variable due to confounding
factors such as snow depth, temperature, airaiaderver experience, etc. An average

total of 19 licenses (11 antlered, 8 antlerlesgevadfered in these three districts
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(combined) each year from 2002 to 2009 and huhtengested an average of 15.5 moose
annually at an 80% success rate (MTFWP, unpublisla¢a). A total of 10 licenses (7
antlered, 3 antlerless) were issued in these thieese hunting districts for the fall 2010
hunting season, while 9 licenses (6 antlered, Rdess)were issued in 2011, the lowest
total number offered in over three decades. Thegwsal for the 2012 season would
eliminate antlerless harvest entirely and retaamtiered licenses - 2 in each district.

In summary, the Mount Haggin Wildlife Managememné#é provided a unique
opportunity and study area to research moose.iddublvned moose winter range is
uncommon in southwestern Montana, as is the completence of other ungulates
during winter, qualities that simplified logistiasd minimized confounding factors in
this research. The study area was also a repegsenpart of the Upper Big Hole River
Valley, which has provided a substantial opportufot hunters and wildlife watchers
alike with large populations of moose inhabiting tralley for the last few decades. By
studying moose ecology on the MHWMA, | hope to biotiprove local management of
moose populations around the study area and prdohetegs and management
recommendations that should be applicable to mpopalations on other winter ranges

in southwestern Montana.
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CHAPTER 2

SEASONALDISTRIBUTION AND WINTERHABITAT SELECTION OF MOOSE

Introduction

Animal populations require specific resources intain sustainable numbers
(Manly et al. 2002). Resource selection studiesgtt to identify resources or
combinations of resources that are disproportidyaitged by a population.
Understanding habitat selection, whether in thenfof seasonal ranges or migration
movements of populations or patterns of individualws managers to focus their
efforts in conserving habitat at different scaled 8o choose appropriate methods for
managing populations and habitats (Thompson anela®t007). For moose,
understanding the importance and use patternsligiwtommunities is of particular
interest as moose benefit from browsing willow esigely on many winter ranges (Peek
2007), but may also cause habitat degradationeasavhere willow is overbrowsed
(Berger et al. 2001, Pedersen et al. 2007).

Habitat selection by the Shiras moose, as witht species, can be broken down
into a series of natural orders, each focusing different level of habitat selection.
Johnson (1980) identified four spatial scales difitaé selection, of which the second and
third orders of selection are most important ingbepe of this study. Second order
selection is the selection of the home range ahdividual within the range of a species.
Pooled across individuals within a population, secorder selection represents seasonal

distributions and movements of a population (migreg). The size of an individual’s
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home range and home range fidelity are also exagbleecond order selection (Johnson
1980). Within the home range, the use of varialstht components or “patterns of
utilization”, such as core areas used by moose D et al. 1995a), form the third
order of selection. Studies examining second himd brder habitat selection are
common, often addressing population and individexa| selection of habitats. There is
no single correct level of selection to study (Meel al. 2002) and many researchers
have found that different suites of variables @spaiated with selection at different
spatial scales for many species, including mooses$Bult et al. 2006, Poole and Stuart-
Smith 2006). Many studies have followed the sutige®f Aebischer et al. (1993) by
examining the selection of an individual’s homegamvithin a predefined study area
(second order) and then the selection of habitabates within the individual’s home
range (third order); this study followed that model

For moose, multiple variables have been identifiediactors of habitat selection
and most researchers have focused on how thesblariare associated with second and
third order selection. During the winter seasbese variables include: browse
availability (Van Dyke et al. 1995b, Tyers 2003 pRoand Stuart-Smith 2005, Poole and
Stuart-Smith 2006, Peek 2007, Baigas 2008, Bedk@8)? cover type (Jenkins 1985,
Langley 1993, Peek 2007, Baigas 2008), elevatiopesand/or aspect (Matchett 1985,
Poole and Stuart-Smith 2006, Becker 2008), distémcenifer or other cover (White et
al. 2001, Dussault et al. 2006, Baigas 2008, Be2&6B), predator abundance (Dussault
et al. 2005), snow depth and density (Matchett 1&gk 2007), and ambient

temperature (Schwab and Pitt 1991, Demarchi 19828s8ult et al. 2004). In different
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winter range types as defined by Peek (1974, 2Qb&3$e factors may play a greater or
lesser role. Snow depth is a key variable thassociated with habitat selection on most
winter range types (Peek 2007), but may be diffituaccurately measure or unavailable
on many study sites.

Different variables may be more influential afelieént scales of habitat selection,
as has been noted by many researchers for modsadNit al. 2004, Cassing et al. 2006,
Dussault et al. 2006, Mansson et al. 2007) and athgulates (e.g. elk, Boyce et al. 2003
and caribou, Johnson 2002). This may be due terdiices in food and cover
availability (Dussualt et al. 2006), or differengeselection of habitat for feeding,
resting, and traveling (Van Dyke et al. 1995a, B@rid Stuart-Smith 2005), activities in
which moose may allocate varying proportions ofetiamd energy, depending on the
season or sub-season (e.g. rut, calving, or de®p seasons).

Furthermore, habitat selection is likely to beiable between sexes and age
classes of moose. For instance, adult males analés have been noted to have unique
habitat selection patterns (e.g. Miquelle et a@2,ederland and Sand 1994, Oehler et
al. 2011), while other studies have documentedtabi® lack of segregation (e.g. Baigas
2008). In this study, only one age/sex class veasl o reduce the variability in habitat
selection seen when multiple age and sex claseesaatrpled. Adult female moose were
selected because they have been identified asdkeraproductively important age and
sex class in other studies (Cederlund and Okarr88, P®oole and Stuart-Smith 2005).

In this study, locations acquired with GPS collansadult female Shiras moose

were used to determine seasonal distribution angements for the population, annual
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and seasonal spatial use of individual moose, patlad and temporal habitat selection
patterns by individual moose to quantify the disition and variability of habitat
selection patterns. These data were then usestdypotheses predicting relationships
between habitat attributes and habitat selectiocdsy moose during the winter season.
Based on previous habitat selection research orseyd@redicted that cover type,
distance to conifer cover, distance to willow cowdevation, and an indicator for
aspect/slope would all be associated with wintéithaselection by moose on the Mount
Haggin Wildlife Management Area. | expected thanhe of these associations would
change based on snowpack condition. The goali®fésearch was to inform decisions
by wildlife biologists, including habitat and poptibn management. At the conclusion
of this chapter, | have suggested habitat condervatrategies for moose winter range

and improvements to winter aerial survey methodet@n the findings of this study.

Methods

Moose Capture and Collaring

Eighteen cow moose were collared for this stéogach in the winters of 2007,
2008, and 2009, with the last deployment yieldingter location data in both 2009 and
2010. These moose were opportunistically selected known moose winter range,
with an emphasis on sampling moose from acroseritiee study area. Selected moose
were chemically immobilized via hypodermic dart sfiom a helicopter. Moose were
ear tagged and collared with global positioningeys(GPS) collars. Blood and fecal

samples were collected to determine pregnancy aag®ther health factors and a
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reversal was administered. All immobilization aragpture techniques used in this project
were adapted and developed by Atkinson (2005) apiroval from a Montana Fish,
Wildlife and Parks Institutional Animal Care anddJSommittee.

In 2007, model 3300L collars were deployed (Ldfdkeless, Newmarket,
Ontario), while in 2008 and 2009, model TGW 3600aze were used (Telonics Inc.,
Mesa, AZ). All collars stored GPS location datamboard memory and had to be
physically recovered to obtain all data. All cadlalso had mortality sensors,
temperature sensors, and timed drop-off devicé® cbllars in 2007 were programmed
to attempt a fix every 30 minutes and to drop &#ra52 weeks. The collars in 2008 and
2009 were programmed to attempt a fix every 60 memand to drop off after 35 and 67
weeks, respectively. After collar deployment, theose were monitored with visual

relocations or VHF signals 3-5 times monthly toeg¢iany mortality events.

Descriptive Location Analysis

GPS locations were examined and screened for Gif8mation and restricted to
a pre-specified level of accuracy (PDOP < 10, D’leoal. 2002). Euclidean distances
were calculated between sequential locations &t dnd 10 hour intervals to plot the data
at multiple scales. Graphs of these movement va¢es constructed to examine seasonal

changes in movement rates.

Season Delineation. The location data were spbt2 seasons: winter and

summer. Moose movements were used to identifyossa®Val and Rodgers 2009). The

winter season was identified as the period whensaooovements were generally
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restricted, with rare or no long-range movemeng5{h percentile of the annual
movement rate distribution). The summer seasondetesmined to be the period when
moose rarely stop moving for an extended periodl(gkng a brief window immediately
after calving) and more frequently made long-ramgeements. The season start and
end dates were averaged across all moose withngke year to arrive at population-
wide season dates. Departures of a few days &e& were granted for individual

moose whose movement rates suggested notablesdifies from the average.

Home Range Estimations. Two types of home ranges calculated for this

study, using fixed kernel and local convex hull Inoets. These two methods were
selected for different reasons (as explained belbwuf)also to contrast the two methods
and the home ranges they produced and to compatbeaostudies using these methods.
The primary purpose of the fixed kernel home rangas to define available
habitat from which to select available locationsrEsource selection modeling. Fixed
kernel methods were used as opposed to adaptimelkeethods because they provide
more accurate and precise estimates at the outéswss of the home range (Kernohan et
al. 2001). The hret(reference) method (Worton 1989) was used to sileictl
smoothing parameters to create the fixed kerneleh@nges for each individual moose
and season. The href method defines a smoothinagneder ) based on the variance
(i.e. the spread and distribution) in the locatiata, also called a reference bandwidth.
The smoothing parameter selected was then adjastbdc to reduce gaps in multimodal
distributions (Berger and Gese 2007, Jacques 20a8, Kie et al. 2010, Oehler et al.

2011). The href method does have a tendency testmmate home range size and
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distribution (Kernohan et al. 2001), but generallgduces a satisfactory representation
of available habitat for habitat selection studies.

Fixed kernel home ranges were estimated in a gpbgr information system
(ArcGIS 9.3, ESRI, Redlands, CA), using the Hawliosls extension (Beyer 2006).
Initial href values were increased in incrementS®@tintil the 95% contour was
connected across the entire distribution (creaismgle polygon), with the recognition
that some individuals could have multimodal honregeadistributions that could not be
linked to create a single polygon. Locations usedhis method were subsampled at a 5
hour interval to reduce autocorrelation betweeations. Although the autocorrelation
was not eliminated, exclusive use of independeta idanot necessary for estimating
home ranges (Swihart and Slade 1997), especiallpbust estimators like kernel
methods. However, an adequate time frame mussée to gather a representative
sample for a given season/year, which it was is $hidy as data were collected across
the seasons of interest (not just for a month o).tWherefore, a representative sample
of locations was obtained, which is a much moreartgnt issue than autocorrelation
(Otis and White 1999, Fieberg 2007). Further figstiion for the 5 hour interval can be
found in the Used Locations and Autocorrelatiortisedbelow.

The primary purpose of the local convex hull (Lé{fdnome ranges was to
delineate and quantify the size of core areas hgedoose. These core areas represent
the locations and volume of area that moose redoisatisfy most of their ecological
needs. The LoCoH technique is especially adepstanating home ranges where hard

edges exist (Getz et al. 2007). In this studypeeted that moose would view the edges
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of willow communities as hard boundaries and thatltoCoH home ranges would
provide the most accurate estimate of home rarggeard location as other researchers
have noted for moose (Baigas 2008, Van Beest 20all).

LoCoH home ranges were estimated in a geograpfaoomation system (ArcGIS
9.3, ESRI, Redlands, CA), using the LoCoH ToolbGetz et al. 2007). The adaptive
local convex hull (a-LoCoH) method was used siheeass least affected by changes in
sample size and robust to changes in the locaplanimetea (Getz et al. 2007). The
optimal value of for the seasonal dataset of each moose was estiraatthe greatest
distance between any two points in the data, agestgd by Getz et al. (2007). As
LoCoH home range estimates converge to true valitesncreasing sample size, all
moose locations within a given season were uselddore range estimations as opposed

to the subsampled locations used in the fixed kena¢hod.

Resource Selection Analysis

In this study, | was interested in determining evhihabitat attributes were
associated with moose habitat selection. Bothamatd temporal covariates were of
interest, specifically spatial covariates relateddver type, elevation, and aspect and a
temporal covariate of snow water equivalent (SVéS)snowpack has been shown to be a
strong driver of moose habitat selection. Ideapatial and temporal data on snowpack
condition would be used for resource selection riegebut no adequate measures of
snowpack condition on a spatial scale were availahlthe study area. Temporal data on
snowpack condition were available from a nearby $EDstation. Since spatial

snowpack data were not available, traditional lagi®gression could not be applied to
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these data to estimate a resources selection dumittat included snowpack condition.
The alternative modeling framework employed in #tigdy was conditional
logistic regression, also known as discrete choramatched case-control modeling
(Arthur et al. 1996, Cooper and Millspaugh 1999rrau et al. 2009, and Proffitt et al.
2011). Specific to habitat selection, conditiolagfistic regression (CLR) compares
choices within a group of used and available laceti CLR employs a typical logistic
regression formula for binary data with an addiiostrata covariate and then uses a

conditional likelihood to obtain coefficient estitea. The general form of the model is:
logit(p) = Pax1 + PoX2 + ... +Pix; + strata

wherep is the probability of habitat selection, theare the explanatory covariates or
interactions and their respective coefficielfi§$, @ndstrata is a group indicator covariate.
In this study, each stratum consisted of one useation matched with five
available locations chosen at random from withim dlailable habitat (see definitions of
available habitat below). The available locatianthin each stratum were assigned the
same temporal covariate values as the used lo¢céiased on the date and time of day of
the used location. Thus, the temporal data weetickal within a stratum. This meant
that | could not estimate the direct associatidmben any temporal covariates (e.g.
SWE) and the probability of habitat selection. Heer, by using interactions between
the temporal and spatial covariates, | was abéstionate the interactive effects of
temporal covariates on the spatial covariates.ciBp¢o this study, | was able to
examine how SWE influenced the associations betweeear type and the probability of

habitat selection, but not if cow moose were selgdor areas with lower SWE.
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In order to appropriately model resource seledipicow moose, the model
needed to account for potential autocorrelatiotheflocation data for each moose. To
accomplish this, a two-stage approach was used.fifidt stage was the selection of the
resource selection function (RSF) model structgiagiAkaike’s information criterion
(AIC) model selection. In this stage, a sampléoétions from all individuals was fitted
to an a priori model list and the top model(s) wibien used in the second stage. In the
second stage, the top RSF model(s) from the fiasfeswere fit to all of the location data
for each individual and RSF coefficients estimat@&tien, the coefficients were averaged
across all individuals to arrive at the populatievel coefficient estimates. This second
stage treated individuals as the sample unitsnbstioe coefficient point estimates were
averaged (and individual variance was ignored a®itld be biased by any
autocorrelation). Population variance was baséyson the variance among the
individual coefficient estimates. Thus, the twagsd modeling framework allowed for
the estimation of a population-level RSF withowqsely modeling within-individual
autocorrelation (Fieberg et al. 2010). The keyag#ions of this method were that the
individual moose monitored were representativehefgopulation and were independent
from each other, model selection at the populdgeel was sufficient despite potential
individual differences, individual-specific coefignt estimates were unbiased, and that
sufficient data existed for each individual moasereate an accurate RSF (Fieberg et al.
2010). These assumptions seemed reasonable stuls

An alternative to this two-stage approach wouldrhgtilevel modeling, which

was not used in this study. Multilevel modelingegs into account multiple
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measurements (level 1) within individuals (leveb2yd allows for inferences about
population level and individual resource selectidfultilevel models also account for
uncertainty in coefficient estimates at both thpylation and individual levels, while
two-stage modeling ignores uncertainty at the iiddial level. The application of
multilevel models to resource selection is reldyiveew (Hebblewhite and Merrill 2008,
Indermaur et al. 2009, Wagner at al. 2011). Is¢h&tudies, the heterogeneity in resource
selection among individuals was of particular iag#rand necessitated the use of
multilevel modeling. As | was only interested iopulation level resource selection
patterns, | opted to use the simpler and moretinéutwo-stage method. Additionally, it
should be noted that multilevel modeling methodsiidde likely to produce similar
results and not impact the management implicatdnisis study.

The first stage required a sample of locations ftbenpopulation to select the
model structure. If autocorrelation was ignorethat stage, it could bias the model
selection results. Thus, subsampling of the das still necessary to address
autocorrelation in the first stage and has beefopeed in other studies (e.g. Proffitt et
al. 2011). The subsampling method used in thidysisiexplained below. While more
sophisticated analyses that explicitly model autadation are being developed (e.g.
mixed effects and state-space models), they areunantly feasible for large datasets
based on the used-available framework (Fiebery 8040) and therefore were not used

in this study.

Used Locations and Autocorrelation. Location datthis study were collected at

a relatively fine temporal scale, with locationggv0.5 hours (in 2007) or 1 hour (in
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2008, 2009, and 2010). Thus, autocorrelation besoapotentially serious issue that
can bias model selection. To address this issnggktigated autocorrelation in the data
from this study with the goal of using systematibsampling to reduce autocorrelation.

Autocorrelation was examined using two indicepps®ed by Schoener (1981)
and Swihart and Slade (1985). Data were reduced & 1 hour interval to 5, 24, 48, 96,
and 168 hour intervals to determine at which iraesequential locations were close to or
approximately independent. Both indices indicatethble autocorrelation at all
intervals based on thresholds identified for thadeces, even for the 1 week (168 hour)
interval. At the 1 week interval, the subsamplathdvere reduced to less than 0.6% of
the original data, with datasets ranging in sipenfrlO to 15 locations per moose for the
winter season. This would effectively reduce thmpgle sizes to the point where a large
amount of information on habitat selection woulddst. Therefore, | chose not to use
the “time to independence” concept to subsamplel#ta to ensure independence.

The alternative concept for data censoring emplogehis study was to use a
time interval sufficient for an animal to move arhave in its home range. Based on
moose movement rates estimated in this study,abihterval was determined to be
sufficient in most cases for an individual cow mets traverse its entire home range.
Therefore, for both the calculation of fixed kerheime ranges, as explained above, and
for creating a sample of used locations to exarhai®tat selection for each moose,
locations were sampled at a 5 hour interval, redythe data to either 10% (in 2007 -
original data collected at 0.5 hour intervals) 0%2(in 2008, 2009, and 2010 - original

data collected at 1 hour intervals) of the origidalasets. This reduced the
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autocorrelation in the data and should have resduftéess biased model selection in the

first stage of the two-stage approach for modelespurce selection.

Defining Availability. In order for resource set®n functions to be accurate,

available locations must be correctly identifiednidson 1980, McClean et al. 1998,
Manly et al. 2002, Boyce 2006, Buskirk and Millsgalt2006, Fieberg et al. 2010). The
definition of availability depends on the questafrinterest and the scale of selection
(Johnson 1980). Defining availability and inveatigg selection at multiple scales can
yield insight into the process of selection (BoE®6). In this study, two scales are
investigated. The first scale defines availabiiiyhin individual home ranges, while the
second scale defines available habitat as theesesitidy area.

For the home range scale analysis, availabilitwioter habitat was defined at an
individual level, where the 95% contour of the wintixed kernel home range for each
individual moose delineated the habitat that waslable to that moose for that winter.
This method is commonly used for both the delireatf available habitat at individual
and population scales (e.g. Manly 2002, Mao e2@05, McLoughlin et al. 2005,
Buskirk and Millspaugh 2006, McDonald et al. 20B&ich et al. 2010, Proffitt et al.
2010). Available locations were selected at randwith replacement) in ArcGIS (9.3,
ESRI, Redlands, CA), using the Hawth's Tools exten@Beyer 2006). Available
locations were selected at a ratio of 5:1 to usedtlons, following the recommendations
of multiple authors using conditional logistic regsion modeling (Cooper and
Millspaugh 1999, Cooper and Millspaugh 2001, Buskind Millspaugh 2006). The

available locations were then matched to usedilmtsito create strata (groups) and
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temporal covariates were assigned to the availab&ions, as described above.

For the study area level analysis, availabilitywirfiter habitat was defined at a
population level, where a winter study area bouydafineated available habitat.
Defining a winter study area was more complex tierply creating a population level
kernel range or buffering used locations, as botlaed and uncollared moose had to be
taken into consideration to represent the entipufagion of moose on this winter range.
All points from collared moose during winter wengfliered by 930 meters. This distance
was five times the 95percentile of hourly Euclidean distance travetetaverage, by
collared moose in this study. The hourly distawes multiplied by five in order to
account for the 5 hour interval between used poiBisiilar methods using movement
rates have been employed by Arthur et al. (1998linGham and Parker (2008), Durner
et al. (2009) and Proffitt et al. (2011) to defaailable habitat. The resulting buffer was
slightly larger than the previously calculated 98éftour of the fixed kernel home
ranges. It should be noted that the single cowsadloat migrated off the Mount Haggin
winter study area was not included in this calcarat

To account for non-collared moose, ten years (Zit, excluding 2009) of
location data from moose winter aerial surveyshenstudy area were digitized from
annual flight records (MTFWP, unpublished datape3e data were then buffered by
1530 meters. This distance was the populationageeof the mean distance between all
points within a single winter season for each il moose, effectively the average
spread of the home ranges of collared moose. |@hger distance seemed to better

approximate the available area for the populateative to uncollared moose locations,
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as these aerial locations were often singulardiusters of locations from collared
moose) and occasionally did not overlap with theter range as defined by the collared
population. The 5 hour movement buffer would retdncaptured a large enough area to
approximate the entire potential winter range fi@se moose.

The two buffers, both the collared moose buffet #ie aerial location buffer,
were combined to create the study area. As wihtime range scale analysis, available
locations were randomly selected from within thedgtarea at a ratio of 5:1 to used
locations for each individual moose and temporabcates were assigned to the
available locations within strata. The lone cowaos®that did not winter on the study

area was excluded from this portion of the resossatection analysis.

Model Covariates. To examine patterns in resosetection, | located remotely

sensed datasets to calculate covariates of inteféstse covariates were cover type,
distance to conifer cover, distance to willow cowdevation, solar radiation index, snow
water equivalent, and temperature (used in thelpmstnalysis only). The sources and
calculations to obtain these covariates are detéidtow. All data were kept in NAD 83
(North American Datum of 1983) using a Lambert @omfal Conic spatial projection.
Cover type, along with the two distance covariatese derived from the MNHP
Montana Land Cover Map (2010). These data comst&80 meter pixels classified into
hundreds of cover types. Although these data ereecommended for fine scale
analysis, | compared hand classified cover typesr(faerial photos) to this layer and
found that the cover types were very accuratehfertroad classes | wanted to examine.

For this study, these broad classes of cover tyges grouped as follows: conifer,
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shrublands/grasslands and meadows, willow, aspehother (talus, roads, structures,
etc.). These five broad classes were similardsdiused by Van Dyke et al. (1995b),
Fisher et al. (1998), Osko et al. (2004), and Paak Stuart-Smith (2006) for moose
habitat selection analysis. In order to simplifg tover type classes, the original
landcover map was imported into ArcGIS (9.3, ES®dlands, CA) as a raster file and
reclassified to combine cover types into the ddsg®ups. The final dataset had the
same 30 meter pixels as the original.

In order to calculate the distance to conifer disthnce to willow cover
covariates, the conifer and willow cover types wextracted from the raster layer
created above to form binary conifer/non-conifed amlow/non-willow layers. The
straight line distance to the desired cover typs than calculated in ArcGIS using
Spatial Analyst. The distance value within theearaype of interest was zero, essentially
turning off the impact of this covariate when thaver type was occupied. This
calculation produced two datasets with the distao@®nifer and willow covariates
estimated at a 5 meter pixel scale. While a laB@em pixel scale could have been used,
that scale had the potential to obscure the smalesmpact of these covariates by
essentially creating larger bins of distances (eal. distances of 0-30 m represented by
the average distance of 15 m versus 0-5 m, 5-1€tenfor a 5 m pixel).

Elevation data were sourced from the USGS Digitalation Model (USGS
2009). These data were projected in the North Agaer\/ertical Datum of 1988 (NAVD
88) vertical projection and are accurate to withilew meters. Pixel size for these data

was 1/3-arc second, which on my study area waappately 9 x 6.3 meter pixels
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(vertical x horizontal). For modeling purposess ttovariate was scaled from meters to
metersx1@. As with the other data, the horizontal projectivas NAD 83.

A solar radiation index (SRI) was derived from DEM dataset. Using the Solar
Radiation Area calculator in the Spatial Analystession in ArcGIS (9.3, ESRI,
Redlands, CA), | calculated the cumulative wintdasradiation. This modeling tool
takes into account slope, aspect, topographythgjtelevation, sun angle, duration
(period of cumulative solar radiation in days), &inae of year to calculate the SRI (Fu
and Rich 2002). To simplify the calculation ofdltiovariate, | used the period of 1 Jan-
30 Apr to estimate the amount of solar radiatiomynstudy area during the winter even
though winter seasons varied slightly for indiviboepose and years. Unique maps for
each moose or year would have made RSF construmtidwvalidation prohibitively
difficult. The final dataset had the same 1/3s®cond pixels as the DEM data, with
cumulative solar energy in watt hours per meteasggl For modeling purposes, this
covariate was scaled to megawatt hours per metmrsd (watt hoursx1% and ranged
from 0.02 - 1.25 MW hours across the study areth) higher values indicating more
solar radiation energy striking a pixel over theirse of the winter season. This value
should be interpreted as a relative index of s@diation however, as it assumes clear
and unobstructed skies and does not account faftbets of vegetation/cover type.

Snow water equivalent (SWE) and temperature data wacquired from the
Calvert Creek SNOTEL site (SNOTEL 2011). This sites the closest to the winter
study area (10 km west) and should have similatexweather conditions (e.g.

temperature) and be a representative index ofttheging snowpack conditions over
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time on the study area. Local drifting and sparewpack heterogeneity on the study
area would not be captured by this index, but diveends should be similar. The
elevation of this site was 1965 meters, compardbde@levation range of approximately
1755-2250 meters on the winter study area. Thateabnsisted of SWE and
temperature measurements every 3 hours througheuwtinter season. SWE was
converted to centimeters and temperature to de@@elssus for use in this study.

The cover type, distance to conifer cover, distaiacwillow cover, elevation, and
solar radiation index covariates were all storedaater files for simple extraction of
these values to used and available points ancefmurce selection function map
creation. The SWE/temperature measurements wanedsas a 1-dimensional shapefile
in order to join the used and available locatiomes (at a 5 hour interval) to the nearest

SWE/temperature measurement time (at a 3 houwad)er

Cover Type Selection. | used methods outlinetViynly et al. (2002) to calculate

simple selection ratios for the cover types avédlab moose in this study. Selection
ratios were calculated at the population levelapde also compared with each other to
look at significant differences. (= 0.05) in the selection of individual cover typéghis
analysis was completed at both the home rangetadyg area scales, but with separate
used and available points for each moose (a Tymkedign from Manly et al. 2002).
Type | and Il designs would have used the samdadlaipoints for all moose and might
have obscured individual moose selection pattermetable differences between
individuals. The analysis was completed in R (Me#r2.13.1, R Development Core

Team 2011), with code from the extensamlehabitat (Calenge 2009).
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Two-Stage Modeling and Validation. As mentioneemMmusly, the two-stage

modeling framework was used to allow for the estiamaof population-level resource
selection without needing to precisely model withndividual autocorrelation. This is
accomplished by treating individuals as the sangplinit, fitting an RSF to each
individual, and then averaging the regression oaefits across individuals to obtain the
estimated population level RSF (Fieberg et al. 20The following methods explain the
application of this process to the moose locatiata @ollected in this study

The first stage of this method was to complete ehsdlection at the population
level. The subsampled (5 hour interval) data wesexl to reduce the level of
autocorrelation in the data. However, to avoidcsinig the model selection results toward
moose with a greater number of locations (duelémger period of monitoring or
monitoring for multiple winters), random sampledaxfations were selected from the
subsampled dataset of each moose. The numbetcaifdos sampled was equal to the
smallest number of locations for any moosg. (ffor moose collared multiple winters,
approximately equal samples ¢n[1/# of winters]) were randomly selected frontlea
winter, totaling g At this step, 10% of the data;¥0.10) were reserved for model
validation. The remaining datas¥®.90) were then combined across all individual
moose and fit to a suite of a priori models. Madeére fit using conditional logistic
regression in R (version 2.13.1, R Development Gesmn 2011) with code from the
packagesurvival (Therneau 2010). Akaike’s information criterighlC; Burnham and
Anderson 2002) was used for model selection wittecadapted from the packagamle

(Bolker 2011). Models with uninformative paramstesere ignored (Arnold 2010).
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Uninformative parameters were defined as thosedihaiot explain enough variation to
overcome the 2 AIC per parameter penalty and thasld not be interpreted as having
an ecological effect (Arnold 2010). As this criter should not be thoughtlessly applied
without evaluating individual models, the estimadas uncertainty of the coefficients in
each model were also examined to ensure that pseesweith ecological importance
were not erroneously excluded.

An a priori model list representing the resourglestion hypotheses was
developed after taking into account any collingdogtween covariates. Pairwise
correlations, VIF (variance inflation factors) aschtterplots were examined for potential
linear and nonlinear relationships. Pairs of catas with correlations > |0.6] would not
be included in the same model. The a priori montelsided the five spatial covariates
calculated above and SWE interactions with covee tglistance to conifer cover,
distance to willow cover, and elevation. The hyyases for each model covariate and
interactions are explained in the Modeling Prediti section below.

For the second stage, the top model (or modet®del selection uncertainty
suggested competing top models) was fitted to #gta fbr each individual moose and the
coefficients averaged across all moose. Sepaatssets were fitted for moose that were
collared multiple winters, but the resulting coeitfnts were weighted in the averaging
calculation to prevent the final population leveétficients from being biased toward
individuals collared for multiple winters. Standaarror estimates and 95% Cls for the
population level coefficients were based on theéavere of the individual coefficients.

All calculations were completed in R (version 211 R Development Core Team 2011).
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This process was completed twice, once for the h@amge scale availability data and
once for the study area scale availability datdullreview of this method can be found
in Fieberg et al. (2010) and examples of its appibkm can be seen in Nielsen et al.
(2002), Sawyer et al. (2006), and Proffitt et 2011).

Using the population level coefficients, | consted RSF maps in ArcGIS (9.3,
ESRI, Redlands, CA) that covered the cumulativa afé¢he winter home range
estimates or the entire study area (dependingesdale being tested) at varying levels
of SWE to predict the relative probability of moasdection (Manly et al. 2002). The
probability of moose habitat selection was relativéhe other habitat within the home
range or study area. Absolute probability coultydre estimated if an intercept was
estimated, which was not the case with the condhtitogistic regression model
structure. SWE levels were selected after examiaihistogram of the SWE data to
identify natural breaks in the data and averadmegSWE data between those breaks.
These maps were based on the covariate values iaeger pixel scale in order to
preserve the predicted effect of all covariates.

| validated the RSF maps using the reserved d&8 (of used locations, equally
sampled by moose) to evaluate the ability of tigenhmdels to predict used locations
(Boyce et al. 2002). The RSF maps were recladsifito 20 equal-area intervals that
corresponded to relative probability of habitaksgbn (0-5%, 5-10%, etc.) and that
would be used with equal frequency (5%) by randbance (Durner et al. 2009, Proffitt
et al. 2011). | plotted the reserved data on pgpFapriate SWE level maps (e.g. low,

moderate, or high SWE, depending on the SWE vditieeareserved location) in ArcGIS
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and then imported to the data into R (version 2,1R.Development Core Team 2011) to
calculate the frequency of the reserved locatioisinvthe RSF bins (summed across all
SWE levels). The strength of a model was judgetiawa many of the reserved locations
were in the top 25% and top 50% of the RSF birtsis $imple validation procedure did
not take into account the variance of the modeffimpents (the extrapolated RSF maps

only used the point estimates).

Modeling Predictions. | evaluated possible relaships between moose winter

habitat selection and six environmental covariatése of these covariates were
spatially defined: cover type, distance to condfever, distance to willow cover,
elevation, and solar radiation index. The sixthactate, SWE, only varied temporally
and therefore | could not determine the direct eission of this covariate with habitat
selection, but | could discern its interactive eff@ith the spatial covariates by using
conditional logistic regression. Thus, the pradits for the interactive effects of SWE
can be found within the predictions for the indivadi spatial covariates. There was
strong evidence in published literature that alih&fse covariates would be associated
with moose habitat selection in winter. A severdhariate, temperature, was only
examined post hoc, as there were limited and aimitj studies supporting an
association between temperature and habitat seteictivinter. Temperature, like SWE,
was a temporal covariate with no spatial data arg the interactive effects were
estimated; no predictions were made for the tentperanteractions.

Cover type may be the greatest determinant ina@xply moose habitat selection

(Jenkins 1985, Langley 1993, Peek 2007, Baigas)20W@dose tend to select for two
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types of cover in winter, those with abundant feragd those with substantial canopy
cover. No matter the type of winter range (e @odplain, riparian, or conifer), the
presence of a few key browse species is critichichvin the Northern Rockies includes a
wide variety of willow species, aspen, other deoiggishrubs, and even conifers like
subalpine fir and Douglas-fir (e.g. Peek 1974, lenk985, Langley 1993, Van Dyke et
al. 1995b, Tyers 2003, Poole and Stuart-Smith 2B06Je and Stuart-Smith 2006,
Baigas 2008, Becker 2008). On my study area, thewvcommunity provided an
abundant and highly palatable browse source andenwere expected to use this
community above all others for browsing. Aspenenaiso present, but the distribution
of this community was relatively limited. The sadacover type of potential importance
on my study area were the conifer communities, Wwhigs been noted as a refuge from
harsh snow conditions and thermal cover in oth&ties and is often heavily used in late
winter when snowpack is greater (e.g. Houston 19&8yens 1970, Pierce and Peek
1984, Matchett 1985, Jenkins and Wright 1988, LeyndR93, Tyers 2003, Peek 2007) or
when temperatures exceed thermal limits, eithea baurly (Demarchi 1992) or seasonal
scale (Schwab and Pitt 1991). However, the impogabf conifer cover as snowpack
increases has been debated, as a few studies tiadetected a change in cover type
selection with increasing snow depths (Poole andr&Smith 2006, Becker 2008).
Additionally, one study found that the use of thalwover by moose was notably absent
in some populations (Lowe et al. 2010) and andihend that thermal cover may be
more critical in summer than in winter (Dussaulakt2004). In terms of scale of

selection, other studies have shown that cover $gfertion has been stronger at the
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within home range scale than at the landscapey(stteh) scale (Nikula et al. 2004),
particularly for cover types with dense forage teses (Dussault et al. 2006).

Based on these previous studies, | hypothesizdribose would strongly select
for willow and aspen cover types, although the degf selection may decrease with
increasing SWE. | also hypothesized that moosddweelect for conifer types, at least
during high SWE levels; at low SWE levels therelddae no selection for conifer cover.
Grasslands and other habitat would be selecteshstgao matter the snowpack
conditions. Finally, | hypothesized that the setecfor willow, aspen, and conifer (with
high SWE) cover types would be greater at the hange scale.

Winter moose habitat selection has been noteddwrstudies to be impacted by
the distance to conifer cover or other cover typitl closed canopies (Van Ballenberg
and Peek 1971, White et al. 2001, Dussault et08l6 2Peek 2007, Baigas 2008, Becker
2008). Generally, moose prefer distances closender cover, with increasing selection
as snowpack increases. This observation parétiete studies that found that moose
tend to select for conifer cover, especially dupegiods of heavy snowpack. As for the
impact of scale, Dussault et al. (2006) found ddge effects were weaker at smaller
scales. Thus, | hypothesized that moose wouldtsiEecloser distances to conifer
cover, and that this relationship would strengtaehigher SWE levels. 1 also
hypothesized that this selection would be gredtéreastudy area scale.

A few studies have directly quantified the assti@mmabetween distance to willow
cover and habitat selection (Van Dyke et al. 19%Glfeld and Bowden 1996, Baigas

2008), with moose preferring closer distances towicover. Therefore, | hypothesized
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that moose would select for closer distances ttowitover. There were no direct
studies looking at the interaction between distanagillow and snowpack changes, but
since moose selection for willow cover decreaséls imcreasing snowpack (e.g. Jenkins
1985, Tyers 2003, Baigas 2008), | hypothesizedttieastrength of selection for closer
distances would decrease with increasing snowpaskwith conifer cover, |
hypothesized that this selection for an edge wbeldreater at the study area scale.

Moose selection for lower elevations has been thecued, often as a surrogate
for spatial differences in snow depth (Matchett3,98oole and Stuart-Smith 2006,
Becker 2008). Unsurprisingly, a number of studiage shown that moose use lower
elevations as snow depths increase, particuladigtenwinter (Stevens 1970, Kufeld and
Bowden 1996, Poole and Stuart-Smith 2006). | Hypsized that moose would select for
lower elevations, and that this selection wouldease as SWE increased. Since
elevations were likely to vary more at a study aeale than at the home range scale, |
hypothesized that selection for lower elevationsildoe greater at the study area scale.

The final spatial covariate of interest was asmdiation index (SRI). This
metric accounted for both slope and aspect, whaste lbeen shown to be influential on
moose habitat selection (Langley 1993, Van Dyke51®®ole and Stuart-Smith 2005,
Baigas 2008, Becker 2008). As the study area elasively flat, the SRI probably better
represented changes in aspect and snowpack configéiduced due to melting) than
slope. There was no evidence in the literaturgesiing a change in the association
between SRI and probability of habitat selectiommmose at different levels of SWE, so

no interaction was included in the models testduypothesized that moose would select
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for locations with greater SRI, as this would potgly ameliorate snow conditions. As
literature was scant, | did not have a hypothesgaurding the different scales of selection.

An additional temporal covariate, temperature, @eamined post hoc. As with
the SWE covariate, the association between temperahd habitat selection could only
be modeled in the form of interactions with thetep@ovariates. As discussed above in
the cover type predictions, a few studies found th@ose would seek thermal cover
during warmer times of day (Demarchi 1992) or warperiods within a season (Schwab
and Pitt 1991). However, the impact of temperatuame absent in some populations
(Lowe et al. 2010) and moose may be more temperatnsitive in summer than in
winter (Dussault et al. 2004). As there was cotifig evidence, this covariate was only
addressed after the a priori modeling effort. therpost hoc modeling exercise, a
temperature and cover type interaction and a teatyner and distance to conifer
interaction were added in all combinations to tyerhodel(s). Improvement to the top
models was determined by examining N#dC scores.

The hypothesized a priori relationships noted atare listed in Table 2.1 for
quick reference. In the first column, a '+' indesaa relationship where increasing the
value of the covariate would increase the probgbif habitat selection. A'-' indicates a
relationship where increasing the value of the cat@would decrease the probability of
habitat selection. A'0' indicates no relationshinese signs correspond with the
predicted signs of the coefficients in the logiségression models. In the second
column, either HR, SA, or UNK represent predictiasso which scale (home range,

study area or unknown) will have the larger coédfit (more positive or more negative,
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Table 2.1: The predicted relationships betweerekpanatory variables examined in this
study and cow moose habitat selection based oertuiterature. The sign in the first
column corresponds with the predicted signs otctiedficients in the logistic regression
models. The second column indicates at which swdétion will be greater.

Predicted Relationship ~ Scale with

Coefficient with Habitat Selection Greater Selection
WILLOW + HR
ASPEN + HR
CONIFER 0 HR
GRASSLANDS - HR
OTHER - HR
DISTANCE TO CONIFER - SA
DISTANCE TO WILLOW - SA
ELEVATION - SA
SRI + UNK
WILLOWXSWE - HR
ASPENxSWE - HR
CONIFERXSWE + HR
GRASSxSWE 0 HR
OTHERXSWE 0 HR
DIST TO CONIFERxSWE - SA
DIST TO WILLOWXSWE + SA
ELEVATIONXSWE - SA

depending on the predicted relationship in the icdumn), representing greater

selection for that covariate at that scale of lilsielection.

Results

Descriptive Location Analysis

Eighteen collars were successfully deployed awvercourse of this study and no

capture mortalities occurred. Sixteen of the aghtcollars were recovered and captured
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recoverable data. Two collars were lost due thriical error. The six Lotek collars
deployed in 2007 malfunctioned, causing completiactailure within 4-6 months
(including the VHF beacon). Despite the malfunctibotek was able to retrieve the
GPS location data from all four of the recoverelfacs, but these data were limited to an
average of 18 out of 52 weeks scheduled (earlyuaeipito mid-June), after which the
GPS was no longer functioning. All of the collfiem the 2008 and 2009 deployments
were recovered and they collected data as prograimatiedrop off mechanisms from
2008 and 2009 performed as designed and on sch@dthen 1-2 hours). Detailed data
of the capture and collar recovery can be four&ppendix A.

Over the four winters when collars were deploy®H572 locations were acquired
after censoring for accuracy. An additional 51,0f¥&tions were acquired during the
three summer seasons after censoring for accutachuding the locations acquired
between seasons, a grand total of 106,543 acdocattons were collected. In total,
99.4% of the programmed locations were acquire8,2® of 109,930, excludes
locations in the non-winter season of 2007 whetac®malfunctioned and thousands of
locations were missed). When the locations wensa@ed, 2.5% of the acquired
locations were discarded (2,676 of 109,219). Tipeseentages varied only slightly from
moose to moose, although cow moose that used markeccover types had slightly
higher percentages of censored locations (see Alpp&).

The failure of the VHF beacons in 2007 preventaghasuals or monitoring of
marked moose in that year. For the winter 200820@9 deployments, moose were

monitored regularly and 69 and 119 visuals (orkmecounters in winter) were obtained
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in those deployments. As part of this monitorindetermined parturition timing and calf
survival for the collared cow moose. Data on midter pregnancy rates from blood
drawn at capture indicated that of the 18 cow maeesed from 2007 to 2009, 15 were
pregnant (83.3 %). In 2008, 5 of 5 pregnant coaxgedirth, and 5 of 5 pregnant cows
also gave birth in 2009; cows were not monitored0Q7 due to equipment failure. No
twins were observed. The average date of padurnitias estimated to be May 25 for
data collected in 2007, 2008, and 2009 (range: Way June 11). For the summer
periods in 2008 and 2009, 10 calves were monitaretl7 survived until late September
when calf monitoring ceased for the summer seagon.the winter periods in 2008,
2009, and 2010, 6 calves were monitored and oslyntived to the start of the summer
season. Individual calf survival data can be foum@ippendix C.

A total of 15 individual cow moose were monitoiding this study. Of those
moose, 13 had known fates at the end on monitotimg fates were unknown due to
collar failure. Seven of the 13 moose were aliviha end on monitoring. Of the other
six, three were legally harvested by hunters, tveoekilled by predators, and one died
from accidental entrapment in a frozen pond. Tdwe moose which did not survive are
noted in Appendix A and mortality reports for thenrhunting related mortalities can be

found in Appendix D.

Season Delineation. Based on movement ratesyittier season was defined as

starting at collar deployment for 2007, 2008, a2 Moose movements were already
restricted on these dates. In 2010, the wintes@sehegan on January 1, the date when

moose movements for the 3 moose remaining in tiaydiecame restricted. This
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corresponded with increasing snowpack on the samelg in 2010. The end of the winter
season was determined to be April 10, April 30,iA30, and April 15 for 2007-2010,
respectively. The dates for the end of winter alswesponded with the period of high
snowmelt at the nearby Calvert Creek SNOTEL sitd@$EL 2011) and an increasing
percentage of bare ground on the study area (cdts@mal data, this study). These dates
were also in line with the data from one moose thigtrated to a unique winter range
separate from the Mount Haggin Wildlife Managenmfma during this study.

For about 10-14 days after the end of winter, recg#l occasionally localized
and were only making a few long range movemenfterhis period, moose movements
were more constant and included more frequent tange movements, indicative of a
summer pattern (but not a spring migration). Thius,summer season started on April
24, May 10, and May 10 for 2007, 2008, and 2008peetively. The end of the summer
season was largely determined by the end of ddiiection, either from collar failure,
mortality, or drop off (early summer in 2007 andt@ber 10 in 2008). In 2009, four
collared moose were alive at the end of the suns@&son, which was determined by the
start of noticeable localization to be around Nokenil0. Based on field observations,
this date corresponded with the end of the rutotluerwise very few differences in
movement rates were seen across the calving, madew, and rut periods, excluding a
brief period of extreme localization which was @amporaneous with parturition in late
May or early June (Testa et al. 1999). No sumraasen was determined for 2010 as all
collars had dropped off on April 15. All of thedata are summarized by individual

moose in Appendix E, including notes on slight depas from the population dates.
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Home Range Estimations. Based on the seasomedetfbove, winter and

summer home ranges were calculated. In genenalemihome ranges were relatively
compact and were highly associated with willow camities and adjacent conifer
stands. Summer home ranges were slightly larg&nare expansive, but were still
highly associated with willow communities. Fort®ose/winters of data, the average
95% fixed kernel home range size was 9.726 fange: 2.436-28.134 Ky while the
average 90% LoCoH home range was 1.176 (kange: 0.202-4.060 Kin For 15
moose/summers of data, the average 95% fixed kkeomeé range size was 21.114%m
(range: 9.045-51.824 Kij while the average 90% LoCoH home range was 8¢5
(range: 0.996-7.268 kin Due to the failure of the 2007 collars, onlyited data were
collected with which to estimate home ranges dutiegsummer season of that year; if
those data are excluded, the average summer homge s&es for the 95% fixed kernel
and 90% LoCoH methods increased slightly to 22ld#3and 2.980 krfy respectively.
These data are summarized by individual moose peAgdix F.

Cow moose during this study stayed almost exchlgion the winter range
during the summer season, often overlapping thdividual winter home range by a
substantial amount. Moose used on average 56.0keinf95% fixed kernel winter
range in the following summer (range: 24.6%-100%r@ap), excluding one moose
which migrated and had zero percent overlap (ma&se 2009). Five cows were
collared for multiple winter seasons, while 8 comexe collared for a single winter. All
five cows collared for multiple winters showed s@&sd range overlap across years,

averaging 50.4% overlap (range: 16.0%-85.0%) iro6# fixed kernel home ranges



46
from consecutive winters. These seasonal homesgaadpng with the location data used
to produce them, are displayed in the figures ipé&uix G.

There was a notable relationship between the wirdme range size averaged for
all moose within a winter and the average SWEHerwinter season. When SWE was
higher, home ranges were smaller, and when SWHomas, home ranges were larger
on average. This relationship is shown in Figufle 2t should be noted that sample sizes
for the average winter home range size were sioha§ from 4, 6, 6, and 3 moose were
used to estimate average winter home range siz#30in, 2008, 2009, and 2010,

respectively. The linear correlation between thtesemeasures was r = -0.95.

Resource Selection Modeling

Available Locations. For the within home rangelsad habitat selection,

available locations for each moose were selecteahaiom from within the home range
of that moose. These available locations for eachse can be seen in Appendix H. For
the study area scale of habitat selection, a wattety area was defined with collared
cow and additional aerial moose locations. Thialfstudy area and the aerial moose
locations used to create the area are displayEdjure 2.2. An example of the available

locations selected for each moose from within theysarea is displayed in Figure 2.3.

Cover Type Selection. If cover types were usdati@tsame rate as their

availability, the selection ratio would be 1.0.séction ratio of 2.0 would mean that a
cover type was selected for at twice the rate thamld be expected if it were used at the

same rate as its availability (at random). Theafgbe word “significant” in the section
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Relationship between Average Winter Home
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Figure 2.1: A plot showing the relationship betw&NE and winter home range size for
the four winters when cow moose were collared, 200%0. There was a strong negative
relationship between the average SWE for each warté the average 90% LoCoH
home range size.
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e g ® ' ©  Moose Aerial Winter Locations
i : E Combined 95% Fixed Kernel Home Ranges

0 125 25 S Kilometers ] winter Study Area (Available Habitat) g
———————+—

Figure 2.2: The entire winter study area, represgravailable habitat at the study area
scale, is displayed above in black. For comparifmcombined 95% fixed kernel home
ranges are shown in red (excluding the lone modsehamigrated off the study area).
The winter aerial locations (2001-2008, 2010, & P0dsed in part to define the study
area are also displayed as yellow dots.
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Winter Study Area and Available Locations

1o N i ©  Example of Available Points at the Study Area Sclae
(] winter Study Area (Available Habitat)

Figure 2.3: An example of the random locations gateel within the study area, which
represented the available habitat resources sttty area scale.



50

refers to a 95% confidence interval (Cl) or a conguem of selection ratios at an alpha
level ofa = 0.05 based on the methods of Manly et al. (20@)nferroni confidence
intervals (1-0/n) were used when comparing multiptg gelection ratios simultaneously
to test for differences between selection ratios.

Moose strongly selected for the WILLOW cover typdath scales, with
selection ratios of 3.53 (95% CI: 2.75, 4.31) amth595% CI: 4.53, 6.45) at the home
range and study area scales, respectively. The. BN cover type was also selected for
at a significantly greater ratio than any otherexaype. ASPEN was also used at a
slightly greater frequency than expected, withosbf 1.75 (95% CI: 0.78, 2.73) and
1.27 (95% CI: 0.60, 1.93) at the home range andlystvea scales, respectively.
However, the 95% Cls for the ASPEN cover type ideldione at both scales, indicating
no significant selection for or against ASPEN. Bleéection ratios for the FOREST and
GRASSLAND indicated that these cover types werel lsgs than expected at both
scales. The 95% Cls for FOREST and GRASSLAND leattiluded one. The OTHER
category was used equal to its availability atdtuely area scale (1.07), but selected less
often then expected at random at the home rande @&9). These data are shown in
Table 2.2, including the selection ratios, 95% @l the pairwise comparisons of the
selection ratios. Due to relatively small samjes, both the ASPEN and OTHER
cover type selection ratios and comparisons shoeliditerpreted cautiously. Differences

in selection ratios between individual moose wenalsand are not presented here.

Two-Stage Modeling and Validation. Initial exantioa of the habitat selection

covariates revealed that no pairs of covariateschaelations > |0.6]. The largest



Table 2.2: The population-level selection ratidandard errors, and 95% confidence
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intervals for cover type selection at both scafesvailability examined in this study.
The results of the pairwise comparison of seleatasios are also shown.

Scale Selection Ratio and Cls Selection Ratio Comparl|son

o} Cover Type W SE (95% ClI) Willow Aspen Other Forest Grag

g Wilow 3.53 0.30 2.75 4.31 NA

% Aspen 1.75 0.38 0.78 2.73 NA

g Other 0.69 0.08 0.49 0.89 NA X

£ Forest 0.70 0.06 0.56 0.89 X NA
Grassland 0.46 0.04 0.36 0.5p NA

m Cover Type W SE (95% ClI) Willow Aspen Other Forest Grass

o  Wilow 5.49 0.37 453 6.45 NA

i Aspen 127 0.26 0.60 1.93 NA X

S Other 1.07 0.27 0.38 1.74 X NA

»  Forest 0.52 0.09 0.30 0.79 NA X
Grassland 0.54 0.06 0.38 0.6p X NA

* An X' indicates that the selection ratios for fradrwise comparison of cover types using
Bonferroni Cls weraat significantly different at a 95% confidence leek 0.05); this comparison
does not apply within a single cover type (NA).

correlation between covariates was -0.496, betwleeiELEVATION and DISTANCE
TO CONIFER COVER. Scatterplots of all covariat@pdid not reveal any notable
nonlinear issues. No covariates had variancetiofidactors (VIFs) > 5. The largest
VIF was 1.24 (ELEV). Therefore, no covariates arrg of covariates were excluded
from the final a priori model list, which totale® models (Appendix ).

Due to the rarity of two cover types, ASPEN andHER (see Figure 2.4), the
cover types had to be further consolidated. Asesomose did not have used or
available points in one or both of these categptiesrespective coefficients could not be
estimated in the two-stage modeling framework (€igket al. 2010). ASPEN was
combined with WILLOW, as both cover types provigedential browse resources but

minimal closed canopy cover in winter. The OTHERer type was consolidated with
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Cover Type Classification
1 on the Winter Study Area

[ willow
- Conifer
|:] Grassland
- Aspen
B other

Y. 47 L

Figure 2.4: A map showing the cover types classifie the study area and surrounding
terrain (based on consolidated cover types fronMbstana Land Cover Map, MTNHP
2010). This map contains the cover types as ailyimeclassified, prior to consolidating
the cover types to WILLOW & ASPEN, CONIFER, and GRALAND & OTHER.

Note the relative rarity of ASPEN and OTHER cowgres on the study area.
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GRASSLAND, as these cover types would largely bedoin snow and not provide any
cover or foraging opportunity. These intuitive dmnations were confirmed by the cover
type selection ratios at both scales, as both ASBENWILLOW were selected for by
moose, while neither the OTHER nor the GRASSLANDearaypes were selected for at
a rate greater than their availability. After camibg the cover types, indicator variables
were created, one for WILLOW & ASPEN, the other @DNIFER cover. Therefore, the
GRASSLAND & OTHER category was used as the refezarategory with which to
compare moose habitat selection in other coverstyfidese indicator variables were
then used to model cover type selection.

At the home range scale of habitat selection modetivo models hadAIC
scores < 4 (Table 2.3), out of the a priori modsldf 79 models. However, the second
model (Model 1) contained the uninformative intéi@c of COVERTYPEXSWE, which
only reduced the model deviance by 0.542 AIC axdhdit overcome its 4.0 AIC penalty
(Arnold 2010). An examination of the COVERTYPExSW&efficients in Model 1
confirmed that these coefficients should not berprieted as having any ecological
importance (uncertainty was high and coefficiedtiga were small). This left a single
top model (Model 38) from which to draw inferencihe coefficients and 95% Cls from
this first stage of modeling are shown in Tablei@.the Original Coefficients column.

Using Model 38, the second stage of analysis waspteted by fitting the data
for individual moose to estimate coefficients atdiaon population level coefficient
means and standard errors from the distributiandi¥idual coefficients. These data are

displayed in Table 2.4 in the Averaged Coefficiasabimn.



Table 2.3:Model selection results for winter habitat use by cow moose on the Mount Haggin Wih2eahat the home range
scale. All models are ranked according to AIC and presented along with the nupaemoéters (k), ttAAIC value (the
change in AIC value relative to the best model), and the relative model we;). Abbreviations are: COVERTYPE (either
WILLOW & ASPEN, CONIFER, or GRASSLAND & OTHER), DIST_CON (distanto conifer cover edge, in metet
DIST_WIL (distance to willow cover edge, in meters), ELEV (elevation in meters), SRir (smliation index summed across
the winter season, in megawatt hours per meter squared), and SWE (snow wesdemjuiModels highlighted in gray &
those which do not have informative parameters (Arnold 2010).

ID Model K AIC AAIC wi

38 COVERTYPE + DIST_CON + DIST_CONxSWE + DIST_WIL +®I_WILxSWE + ELEV + ELEVXSWE+SI 9 791t 0.00C 0.75(
COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_CONxSWBIST_W!IL + DIST_WILxSWE + ELE\

1 +ELEVXSWE + Sk 11 79164 3.458 0.133

12°]
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Table 2.4: Coefficient value$;f and 95% confidence intervals (in parenthesesiher
covariates in the top model explaining winter hatbselection analyzed at the home
range scale. Abbreviations are the same as thokabie 2.3. Coefficients in bold have
confidence intervals that do not span zero.

Model 38
Coefficient Original Coefficients  Averaged Coeffictsn
CONIFER 0.64538 0.30433
(0.5053, 0.78547) (-0.02169, 0.63035)
WILLOW_ASPEN 1.24768 0.87821
(1.12642, 1.36894) (0.64927,1.10715)
DIST_CONIFER 0.00383 0.01219
(0.00276, 0.00491) (-0.00623, 0.0306)
DIST_WILLOW -0.01478 -0.01687
(-0.01768, -0.01188) (-0.04753, 0.0138)
ELEV 0.16365 1.34337
(-0.21975, 0.54705) (-2.90711, 5.59385)
SRI 0.41773 0.59438
(0.26162,0.57384) (0.17639, 1.01237)
DIST_CONxSWE -0.00030 -0.00107
(-0.00036, -0.00023)  (-0.00197, -0.00018)
DIST_WILxSWE 0.00033 -0.00013
(0.00018, 0.00048) (-0.00168, 0.00141)
ELEVXSWE -0.02746 -0.06153
(-0.04915, -0.00577) (-0.27637, 0.15332)

At the study area scale of habitat selection madefiour models hadAIC
scores < 4 (Table 2.5) out of the a priori modsldif 79 models. However, the third and
fourth models contained the uninformative paramet&RI, which only reduced the
model deviance by 0.138 and 0.167 AIC (third andtfomodels, respectively) and did
not overcome its 2.0 AIC penalty (Arnold 2010). isTkeft two competing top models
(Model 2 and Model 39) from which to draw inferenttee difference being that Model 2
included the COVERTYPExSWE interaction while Mo88lexcluded that interaction.
The coefficients and 95% Cls from this first staenodeling are shown in Table 2.6 in

the Original Coefficients columns for these two reisd



Table 2.5: Model selection results for winhabitat use by cow moose on the Mount Haggin WMA analyzed at the study area
scale. All models are ranked according to AIC and presented along with the nupaemoéters (k), th®AIC value (the

change in AIC value relative to the best model), andelative model weight (). Abbreviations are: COVERTYPE (either
WILLOW & ASPEN, CONIFER, or GRASSLAND & OTHER), DIST_CON (distato conifer cover edge, in meter

DIST_WIL (distance to willow cover edge, in meters), ELEV (elevationétens), SRI (sar radiation index summed across

the winter season, in megawatt hours per meter squared), and SWE (snow wesde@yuiModels highlighted in gray &

those which do not have uninformative parameters (Arnold z

ID  Model K AIC AAIC wi
COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_CONxSWBIST_WIL + DIST_WILxSWE +

2 ELEV+ ELEVxSWE 10 6101.7 0.000 0.396

39 COVERTYPE + DIST_CON + DIST_CONXSWE + DIST_WIL +®I_WILxSWE + ELEV + ELEVXSW 8 6102« 0.62¢ 0.28¢
COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_CONxSWBIST_WIL + DIST_WILxSWE +

1 ELEV+ELEVXSWE + Sk 11 6103.6 1862 0.156

38 COVERTYPE + DIST_CON + DIST_CONXSWE + DIST_WIL +®I_WILxSWE + ELEV+ ELEVXSWE+SI 9 6104.. 2.46: 0.11¢

9g
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Table 2.6: Coefficient value$;f and 95% confidence intervals (in parenthesesiher
covariates for the top two models explaining wiritabitat selection analyzed at the
study area scale. Abbreviations are the sameoas th Table 2.5. Coefficients in bold
have confidence intervals that do not span zero.

Model 02 Model 39
Coefficient Original Coefficients Averaged CoeffictshOriginal Coefficients Averaged Coefficients
CONIFER 113271 1.49109 0.74299 0.26037
(0.6382,1.62721) (-2.50653, 5.4887) | (0.5953,0.89067) (-0.63619, 1.15692)
WILLOW_ASPEN 1.24269 4.85742 1.34984 0.97799
(0.80203, 1.68335) (-1.72949, 11.44433] (1.21372,1.48596) (0.59497,1.36101)
DIST_CONIFER 0.00508 0.00227 0.00462 0.00218
(0.00387,0.00629) (-0.02268, 0.02721)| (0.00353,0.00571) (-0.01699, 0.02135)
DIST_WILLOW -0.01419 -0.01750 -0.01299 -0.02866
(-0.01721,-0.01116) (-0.0669, 0.0319) [(-0.01567,-0.01031) (-0.07984, 0.02251)
ELEV -0.00330 -1.55320 -0.29982 -1.38207
(-0.00549,-0.0011) (-3.89938, 0.79298)|(-0.51425, -0.08538)  (-3.29524, 0.5311)
CONIFERXSWE -0.02116 -0.03505
(-0.04715, 0.00483)  (-0.24024, 0.1701%)
WIL_ASPxSWE 0.00609 -0.17547
(-0.01767, 0.02985)  (-0.45735, 0.10641)
DIST_CONxSWE| -0.00034 -0.00069 -0.00032 -0.00069
(-0.00042, -0.00027) (-0.00183, 0.00044)|(-0.00038, -0.00025) (-0.00158, 0.00021)
DIST_WILXSWE 0.00026 -0.00003 0.00019 0.00045
(0.00011,0.00041) (-0.00232, 0.00226)| (0.00006, 0.00033) (-0.00185, 0.00275)
ELEVXSWE -0.00018 0.02279 -0.01947 0.01513
(-0.00030, -0.00006)  (-0.0839, 0.12949) |(-0.03078,-0.00816) (-0.06972, 0.09998)

Using Models 2 and 39, the second stage of analasscompleted by fitting the
data for individual moose to estimate coefficieantsl obtain population level coefficient
means and standard errors from the distributiandi¥idual coefficients. These data are
displayed in Table 2.6 in the Averaged Coefficiasabumns of the respective models.

In the paragraphs and figures below, interpretatf individual covariates are
presented. Although these interpretations onlgresfce individual covariates, the
statements must be taken in the context of allratbeariates in the model (e.g. the

association between distance to willow and hak##&ction was negative, after
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accounting for all other covariates in the mod@&lp individual covariate can be
interpreted independently from the other covariatdbe model.

The original coefficient signs were largely indiwith predictions. For all models
at both scales, WILLOW & ASPEN and CONIFER wereestdd over GRASSLAND &
OTHER, with the WILLOW & ASPEN coefficient beingriger than the CONIFER
coefficient. The only model that included a cotygre interaction was Model 2 at the
study area scale. In this model, the coefficiémtshe WILLOW & ASPENxSWE and
CONIFERxSWE both appeared to have a large amouwmadrtainty and the plausible
values for both included both negative and positivefficients. This suggested that the
effect of these coefficients may be negligibleemts of ecological impact. Examining
the uninformative COVERTYPEXSWE interactions at hloene range scale produced a
similar conclusion. This subject is revisited ive RSF map discussion below.

For all models at both scales of selection, theIDISONIFER and the
DIST_CONIFERxSWE covariates were included in thermdels. In all models, the
interaction coefficient was negative, meaning tivaater distances to conifer cover were
selected against as SWE increased. This wasamlith my predictions. However, at
low SWE levels, the association between distan@®mdfer cover and habitat selection
was positive, meaning that greater distances fronifer were selected for when SWE
was low. This can be seen in the plots in Figuse ®hich show the impact of the SWE
interaction on the association between distancemder and relative habitat selection.
These plots are derived from Model 38 at the haenge level of selection, but plots

from the top study area scale models produce simakaults.
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Figure 2.5: A plot showing the interive effect of SWE on the predicted relationship between distance to conifel
and relative selection by cow moose, after accounting for all other cogandtee model.The gray band represents the
95% confidence intervalThis plot is based on the original coefficients from the top home range selectieh ({odel
38). All other covariates were held at their respective means for this gihtdiexy SWE which was plotted at SWE
8.96, 15.66, and 23.00 cm to represent low, moderate, and hids of SWE.

65



60

For all models at both scales, DIST_WILLOW coe#éitt sign was negative as
predicted, indicating that greater distances fraltow were selected against. When the
interaction with SWE was interpreted, this negatelationship became less strong at
greater SWE levels, as predicted. The predictioesf this relationship can be found in
Figure 2.6, which demonstrated strong selectiorslhart distances to conifer at all SWE
levels and small changes in this association as B\MEased. These plots are derived
from Model 38 at the home range level of selectimn,plots from the top study area
scale models produced similar results.

The ELEVATION and ELEVATIONXSWE interaction coeffents were as
predicted for the study area models, with highevations selected against and with
increasing intensity at higher SWE levels. At tioene range scale, the ELEVATION and
ELEVATIONXSWE coefficients showed that higher elitwas were actually selected for
when SWE < 6 cm, which was a rare occurrence duhegvinter season. Under most
circumstances (SWE > 6 cm), higher elevations 8elected against. Aside from the
selection for higher elevations at low snowpacksthassociations were as predicted at
the home range scale. Plots of the predicted egsntbetween ELEVATION and the
probability of habitat selection for different ldsef SWE are shown in Appendix J.
These plots are derived from Model 38 at the hcemege level of selection, but plots
from the top study area scale models produce gimatalts as the SWE levels used for
these plots were > 6 cm (SWE levels were 8.96,6.@6d 23.00 cm).

Finally, the SRI coefficient for the home rangedabwas positive as predicted,

with areas receiving greater solar radiation beelgcted for. This covariate was absent



Low SWE Moderate SWE High SWE

o o o ]
— — -
[ce} [ce} [ee]
c 7 c 7 o 7]
c c c
9 i) o
© °© ©
L) Q2 L)
Q [ [0]
(2] © n © (2] ©
5 ©7] 5 S 5 © 7]
3 3 3
@ < @
S S S
£ 3 g I £ 3
(0] () (0]
2 2 =
8 8 8
[J] ] [J]
[d 14 [d
N N N
(<l S 7 S
o o o
(<l [« (o
T T T T T T T T T T T T T T T
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800
Distance to Willow Cover (m) Distance to Willow Cover (m) Distance to Willow Cover (m)

Figure 2.6: A plot showing the interactive effect of SWE on the predicteiredhip between distance to willow co\
and relative selection by cow moose, after accounting for all other cogandtee model.The gray band represents the
95% confidene interval. This plot is based on the original coefficients from the top homegsealegion model (Model
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8.96, 15.66, and 23.00 cmrepresent low, moderate, and high levels of SWE.
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from the top study area models, suggesting minonakro association with moose
habitat selection at that scale.

Aside from the absence of the SRI covariate innbmglels at the study area scale,
there were no other major differences betweendpertodels at the home range and
study area scales. Both scales included all atresiriates in the top models, including
the COVER TYPEXSWE interaction (which was includethe second, nested model in
the home range scale analysis — see Table 2.3)e biothe coefficients in comparable
models (e.g. Model 38 and Model 39 from the honmgeaand study area scales,
respectively) were notably different. In fact, teefficient values were quite similar,
often differing by only negligible amounts, suggegtthat the covariates were not
associated with greater selection at one scaleeoother, counter to what | had predicted.

A comparison of the original (stage 1) and avedageefficients (stage 2,
averaged across individual moose) revealed thaavtbemged coefficients were only
slightly different from the original coefficientbut that the estimated variability in
averaged coefficients was higher, as demonstrateédedlarger Cls (Tables 2.4 and 2.6).
The only notable and unexpected sign change wakddeLEVATIONXSWE interaction
at the study area scale, but the uncertainty srabefficient was so large that both
positive and negative values were equally plausiBléhough the averaged coefficients
showed higher variability, they were used to créla¢eRSF maps as these averages were
more likely to be representative of the populatioeans.

In order to produce RSF maps, | needed to defimiépte SWE levels to produce

representative maps for different SWE values anddbdating the models. | examined
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a smoothed histogram of the SWE values in the dafggure 2.7) and identified two
natural breaks in the data, at SWE values of 12 %ued 18.5 cm. Splitting the
distribution at these points created three SWEeari§-12.5, 12.5-18.5, 18.5-26.5),
which had average values of 8.96, 15.66, and 23710These values corresponded to
the 10", 37", and 7%' percentiles of the SWE distribution. The threerage SWE values
were then used to model periods of low, moderaieé hagh SWE.

Using the averaged coefficients from the top hoamge and study area scale
models, | created sets of three RSF maps usinigthenoderate, and high SWE levels.
These maps were then used to validate the modelg tie randomly selected reserved
used locations (10%). The reserved locations pwkrtged on the map with the SWE
level (low, moderate, high) corresponding to theESVdlue of that reserved location.
Approximately 20%, 35%, and 45% of the reservedtioons had SWE values that
corresponded to the SWE ranges of the low, moddnagk SWE maps. Then the bin
values (1-20) were extracted to the reserved locatand pooled across the SWE levels
to determine the total accuracy of the models.

For the home range scale model, Model 38, 64.0¢efeserved locations fell
within the top 25% of RSF bins. Additionally, 9%5f the locations were within the top
50%. The top study area scale model, Model 2,/%8% and 88.3% of the reserved
locations within the top 25% and 50% of RSF biespectively. For the other top study
area scale model, Model 39, 74.0% and 88.3% ofaberved locations fell within the
top 25% and 50% of RSF bins, respectively. Tha étateach model are broken down

by RSF bins in Appendix K.
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SWE Distribution by Year
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Figure 2.7: A smoothed histogram of the SWE vahleserved during this study, broken
down by year the data were collected. These valteestrictly for the winter periods
when the collared moose locations were recorded January 2008 is not represented).
Note the natural breaks at SWE values of 12.5 ainl&x5 cm (vertical lines).

Additionally, the study area scale RSFs were exledpd beyond the study area
to show potentially suitable habitat outside of shedy area boundary. Most of the
habitat with a high probability of moose use wathmmi the study area. A set of RSF
maps depicting low to high SWE conditions for tbp study area scale model (Model 2)
are displayed in Figures 2.8, 2.9, and 2.10. Aesponding set of maps for the other top
model (Model 39) are available in Appendix L. Td@rere minimal differences in the

sets of maps between these two models.
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Relative Habitat Selection

I Lo
[ Moderate
[ High

Figure 2.8: This map shows the relative habita#cen across the study area and
surrounding area by cow moose during periods ofdnewpack (SWE = 8.96 cm).
Model 2 from the study area scale analysis was tseckate this map. The RSF values
were grouped into 3 bins: low probability (0-50%)oderate probability (50-75%), and
high probability (75-100%).
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Relative Habitat Selection
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Figure 2.9: This map shows the relative habita#cen across the study area and
surrounding area by cow moose during periods oferatd snowpack (SWE = 15.66
cm). Model 2 from the study area scale analyss wged to create this map. The RSF
values were grouped into 3 bins: low probabilitys@), moderate probability (50-
75%), and high probability (75-100%).
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Relative Habitat Selection
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Figure 2.10: This map shows the relative habitktcsi®n across the study area and
surrounding area by cow moose during periods df bigpwpack (SWE = 23.00 cm).
Model 2 from the study area scale analysis was tseckate this map. The RSF values
were grouped into 3 bins: low probability (0-50%)oderate probability (50-75%), and
high probability (75-100%).
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The post hoc analysis of interactive effect of temagure showed that an
interaction between temperature and distance tdezaover (DIST_CONIFERXTEMP)
did substantially improve model fit of the top homa@ge scale model, reducing the AIC
score of Model 38 by 24.47 AIC units. Distancessel to conifer cover were selected
for when temperatures increased. A COVER TYPExTHEM|proved slightly fit as well
(a reduction of 6.82 AIC units), but a model withthp interactions did not perform better
than the model that only included the DIST_CONIFEEKIP interaction. A set of plots
showing the relationship between distance to coridger and habitat selection at low,
moderate and high temperatures can be found inppd.

Slightly different post hoc analysis results welb¢éained at the study area scale,
where the combination of the DIST_CONIFERXTEMP &@VER TYPEXTEMP
interactions showed the greatest improvement. isthve home range scale, distances
closer to conifer cover were selected for when tenaoires increased, and selection for
conifer cover increased when temperatures incre@a#idw cover selection did not
change). The addition of these two interactionh#éotwo top models reduced the AIC

scores of Models 2 and 39 by 16.60 and 17.07 Al urespectively.

Discussion

In this study, my objectives were to define thasemal distribution and habitat
use for the moose population on the Mount HaggiluMé& Management Area and
surrounding public and private lands, as well asm&ning the habitat selection patterns

of these moose. Specifically, | tested hypotha@sése form of resource selection
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function models regarding the associations betvraditat attributes (e.g. cover type,
distance to conifer cover, elevation) and habiéction by cow moose during the winter
season. Interactions with a temporal variablesfmw water equivalent (SWE) were also
examined, since changes in snowpack have been dioaivive moose habitat selection
patterns. The goal of this research was to imphekegists' understanding of the
importance of specific habitat attributes to lotaose populations by estimating
resource selection functions at multiple scalesiatatpret those results to improve
management techniques and strategies.

As part of the descriptive portion of this reséaseasons were estimated and
home ranges calculated. The winter and summeossagere determined from the
movement rates of the population of moose on theysarea since the moose were non-
migratory. These dates were comparable to seasausin other studies of moose
ecology and habitat selection. In this study, iftegan in early January and ended in
mid to late April. The date range of 1 Jan to 18 Ar 30 Apr is frequently used by
moose researchers for the winter season for bajhatory and non-migratory
populations as it coincides with snow conditiong.(&chwab and Pitt 1991, Dussault et
al. 2005, Pool and Stuart-Smith 2006, Baigas 2088)pough winter dates as early as
mid-November and as late as early June have bded bg others with migrating moose
populations (Langley 1993, Becker 2008). Like ottedies, | found that moose
movements that indicated restricted use duringexiwere largely tied to snowpack
conditions. Researchers should be cautious inyaqgparbitrary season dates, especially

across years, as snow conditions are likely to frary year to year, and therefore would
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affect the length and dates of a winter seasorteddar individual moose seasons may
be necessarily in some situations as it was femaifidividuals in this study (see also
Matchett 1985 and Becker 2008), since variabiliyoag individuals is common and
may bias results if ignored (Wal and Rodgers 2009).

Home ranges for moose generally consist of carasaof use connected by travel
between those areas (Van Dyke et al. 1995a, Hundekt2007). Local convex hull
(LoCoH) methods for defining home ranges are paldity well suited to delineating
these core areas and the approximate spatial €sieaj of these areas that are critical
for moose winter range requirements. LoCoH homegea also excel in identifying hard
edges, for example between cover types, where nmoagestrategically choose to use
one cover type but avoid another. In this studg,ltoCoH home ranges demonstrated
that moose were confining most of their use to eseas in willow cover types, in many
cases near conifer cover. The LoCoH home rangg®ifigures in Appendix G highlight
this pattern of use. This was further confirmedhy cover type selection analysis,
which showed strong selection for willow cover tgpe

In terms of size, the LoCoH home ranges calcultdedow moose during the
winter and summer seasons in this study were gitalthose noted elsewhere. |
calculated the average 90% LoCoH home ranges 1015® knf and 2.805 krhfor
winter and summer, respectively. These compadeStdnt and 13.2 krhfor winter and
summer ranges for cow moose near Jackson Hole, \igofBecker 2008) and 2.19 Km
winter ranges for cow moose in the Snowy Range yiiwiing (Baigas 2008). The

Jackson Hole study was on a floodplain ripariant&inange, similar to the MHWMA,
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while the Snowy Range was a mix of riparian andfeomvinter range types. Evidently,
moose on the MHWMA did not use as much area duhagvinter and summer seasons
compared to other recent studies of moose in théhBion Rockies. This suggests that
moose on the MHWMA winter range were able to futhleir needs in a relatively small
area and, consequently, could have a substanteldhon the browse species in areas
occupied, especially during the winter season.

Perhaps one of the most surprising findings frbis $tudy was that cow moose
collared on the MHWMA winter range were using tihesaas summer range. Aside from
one moose that migrated to a winter range off thdysarea, there was minimal evidence
of migration and significant overlap between wirdad summer ranges. On average,
56.0% of a winter range for an individual moose wssd as summer range. This pattern
in habitat use is not unique to the MHWMA, as PE&$)07) notes that multiple
floodplain riparian winter ranges have been shawsupport year-round populations of
non-migratory moose (e.g. Becker 2008). Additibnahe summer ranges in this study
were centered on the willow communities, identtoahe winter ranges. The summer
LoCoH home ranges presented in Appendix G highligistpattern. This finding
emphasizes the importance of the willow communitieshe MHWMA, and perhaps in
other similar winter and summer habitats nearby.

The winter selection ratios of cover types shoat ttow moose were selecting for
willow habitat types at 3.53 and 5.40 times the etpected (at the home range and
study area scales, respectively) if moose were wsilyg willow at random. This was in

line with my predictions that moose would strongéfect for this cover type due to its
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abundant, palatable browse source. Numerous stheies have found this selection
pattern, which is a consistent preference for albse subspecies across the holarctic
ecoregion. Based on the selection ratios, cow meekected against conifer cover fw
1.0), but this simple analysis did not accountdioy other covariates that may impact
selection of conifer cover, particularly the temgdorariables addressed in the modeling
discussion below. As | predicted, grasslands wehected against, which is unsurprising
as they provide few resources when buried in si@awvrhay exceed 100 cm in depth.

In terms of model selection for the RSF, most cates examined were
associated with moose habitat selection. Theséy®and negative associations
between the covariates and moose habitat selaggos generally in the predicted
direction for the original and averaged coefficeeand supported findings from other
moose populations (e.g. Jenkins 1985, Langley 19&3 Dyke et al. 1995b, Tyers 2003,
Poole and Stuart-Smith 2005, Peek 2007). The togefs for habitat selection at both
scales included almost all of the covariates, #ueption being the exclusion of SRI
from the top models at the study area scale. Aufditly, the COVERTYPExXSWE
interaction was included in top models at bothessabut this coefficient had Cls (using
the original SEs) that included zero, suggestiag tine evidence for including this
covariate in the model structure was weak afteoaicting for all the other variables in
the model. This was particularly obvious in thed®loselection results at the home range
scale, as it was clearly an uninformative paramaténis scale (Arnold 2010).

After obtaining averaged coefficients and theanslard errors from the individual

moose model fits, | noted that there was a larggeseof variability in the coefficient
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estimates, so much so that almost all of the vesahad 95% Cls that included zero.
This finding is not unusual, as other researchave moted high variability among
individuals when using the two-stage modeling freumik (Neilsen et al. 2002, Sawyer
et al. 2006, Proffitt et al. 2011) or creating widual-level RSFs (Gillingham and Parker
2008). In fact, Fieberg et al. (2010) specificgibint out that variance estimators will be
biased high in some instances, but do not offgregific solution to this issue as
variances are not explicitly used in RSF calculstiand validation. There were two
possible reasons for this unexpectedly high letgbaability.

First, two-stage modeling assumes homogeneitySk Rodel structure across
individual moose. Only one model is applied to¢béared individuals to obtain the
averaged coefficients. It does not account forfélcethat some moose may select habitat
based on different covariates. In reality, indnatimoose are likely to take into account
different covariates and may ignore some covariategether, either due to individual
preference or differences in habitat availabiliéyquick post hoc examination of model
selection using only individual data confirmed tliree model selection results were
different across individual moose. However, atititvidual level, model selection
uncertainty was very high (large numbers of conmgethodels) and in most cases,
similar models were selected by individual moos#,tbe order of models in the
selection results differed slightly. The use ofitiHevel modeling in future research of
moose habitat selection instead of two-stage mioglelould account for and quantify any
heterogeneity among individuals and result in agvamrcurate assessment of moose

habitat selection.
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The second possible reason for high variabilitgoefficient estimates was that
moose in different years would be subjected taedzffit ranges of snowpack conditions.
Therefore, it was possible that limited SWE ranggserienced by some moose were
affecting the coefficients for the estimated SWteenactions and the covariates that had
SWE interactions. Therefore, | experimentally @tiated the SWE interactions post hoc
from the top model for the home range scale dadetaen obtained the averaged
coefficients for that model (i.e. a model identitaModel 58, which included all
covariates but SWE). The resulting coefficientd heduced standard errors (with
minimal changes to the coefficients themselves)tha®5% Cls for the DISTANCE TO
CONIFER and DISTANCE TO WILLOW coefficients now éxded zero, along with the
WILLOW_ASPEN and SRI coefficients. The CONIFER eowype CI barely included
zero at the 95% confidence level. Therefore, jiesgped as though the high variability in
the averaged coefficients for the top models ab lsotiles was likely due, in part, to the
interactions of most of the covariates with SWHisTmakes sense, as some moose were
only subjected to high SWE conditions in some yéaug. 2008 in this study), while in
other years moose encountered a wider range of BWHS (e.g. 2009 in this study).
The data in Figure 2.7 show what SWE levels weterded for each year in this study.
Hypothetically, the interactive effect of SWE withe spatial covariates could be
different at different SWE levels and thus, varidpin the individual moose coefficient
estimates may be due to data collection over @iffeSWE ranges for individual moose
in different years. A YEAR variable was not exaedrhere as it varied on a temporal

scale, like SWE, and the direct effect could notrtmeleled within the conditional logistic
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regression framework (a YEAR covariate would hagerbthe same for the used and
available points within a cluster). Also, the séengzes for any individual year were
small (n = 3-6) and the coefficient estimates falividual years (i.e. if the coefficients
were only averaged within a specific year) woulgéhbeen highly variable due to these
small sample sizes.

Despite the substantial variability in averagedftioients of the RSFs at both
scales, the RSFs validated well. A substantiabnitgjof locations fell within the top
25% of RSF bins for all models validated. Sixtyaf@ercent of the reserved locations
for the top home range scale model were withirntdpe25% of RSF bins. The study area
scale models performed slightly better with appmedely 75% of the reserved locations
within the top 25% of RSF bins for both models.r@isingly, the top study area models
performed equally well, even though the top modeluded a COVERTYPEXSWE
interaction, while the other model did not. TheFRBaps for these two models were also
quite similar (Figures 2.8-2.10 and Appendix L).hMW¥ it would be ideal to validate
these models with data from other moose not includehe model training, no
independent data were available from my study earttathe spatial precision necessary
to test the models. Thus, internal validation weesonly option and as such, the strong
validation results should be interpreted cautiausly

Unsurprising, the RSF maps showed a strong asgotlzetween areas with a
high probability of cow moose selection and willoammunities. As SWE increased,
the selection for closer distances to conifer cddemrame apparent, with some willow

communities further from conifer cover droppingrrdnigh to low probability of
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selection. Differences in selection for high awlelevations at different SWE levels
were not obvious in the RSF maps, nor were thewsfief the distance to willow cover.

The extrapolated study area level RSFs showedribat of the high probability
moose habitat fell within the study area boundatyle a large portion of the low
probability habitat was outside of the study ar€his indicates that the study area was
probably well defined, and included almost allloé habitat with the highest probability
of selection by moose. However, it should be ndivedl moose monitored in this study
were sampled from the willow communities on thelgtarea, and the possibility exists
that a small portion of this moose population ugedhigh conifer forests outside of the
designated study area and was not represented sampgle. This strategy has been
noted in other studies (Tyers 2003, Baigas 2008).

Lastly, | would caution against the direct apgiica of these models to other
moose populations and winter ranges elsewheresibtithern Rockies. The
transferability of RSFs and their predictive aliih other populations can be marginal,
even when similar resources are available (Preaffitl. 2011). Of course, if these RSFs
can be validated with independent data from anatiese population, then
transferability or lack thereof to that populaticen be determined.

In summary, willow cover types were strongly sededfor on the MHWMA
moose winter range and moose home ranges weraeegmie willow communities.
Conifer was also an important cover type in winbeit mostly in terms of its relative
distance to willow cover, especially when SWE lewskre high. However, there was

minimal evidence of shifting cover type selectiomhwehanging SWE levels. A post hoc
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analysis revealed increasing temperatures wereiasso with increasing selection for
conifer cover and closer distances to conifer cavevinter. The RSF model structure
and coefficient values were quite similar at theneaange and study area scales of
selection, although SRI was not included in thesiygly area scale models. The models
validated well, despite notable variability in ci@ent estimates derived from the two-

stage modeling framework.

Management Implications

In this study, | found that cow moose on the Madaggin Wildlife Management
Area were largely non-migratory. This was an ureeted finding and has interesting
implications for moose population and habitat mamagnt at this site and possibly other
areas with abundant willow communities that carpsupyear-round moose populations.
Specific management implications for moose popeitaéind habitat management based
on the non-migratory finding, cover type selectmatterns, and the associations between
covariates and habitat selection examined in thidysare detailed below.

The pattern of strong selection for willow comntigs in this study highlights the
importance of this resource when it is readily llde. This importance is magnified by
the fact that moose used the same areas and vatdavwnunities for calving and summer
range. Managers should strive for abundant antihyeaillow communities in areas
where huntable moose populations are desired aswleage land management agencies
and private land owners to manage for maximum wilk@ver in riparian areas.
Disturbances (e.g. winter recreation trails, roéoigging operations) near willow

communities should be minimized in both winter aadhmer to reduce stress on cow



78
moose overwintering or calving in these areas. é&i@x the sole importance of willow
cover should not be over emphasized, as conifegrao@ar willow communities may be
critical in years with average to above averagevprack conditions and could be
important for thermal cover when winter temperasugrceed the thermal limits of
moose. Based on the RSFs and modeling covar@ieder edge near willow has a
higher probability of selection than the interidracconifer stand as moose selected for
close distances to willow in this study.

As would be expected with strong cover type saactvhere a highly palatable
browse source is available in great abundance, geasahould not be surprised if moose
populations with high population densities haveegative impact on willow community
composition and structure. This impact has beeemed in multiple locations and can
affect numerous species that utilize willow cov@erger et al. 2001, Keigley et al. 2002,
Boertje et al. 2007, Pedersen et al. 2007). Thetseof this study show that managers
should expect to see these impacts in willow conitregwhere moose winter at lower
elevations and near conifer edges, particularlynduyears with higher SWE levels. This
impact may be amplified if the population is nongnaitory and moose are consuming
willow outside of the winter season (although Isi@ipping in these seasons may not
negatively impact willows as much as browsing)should be noted that the RSFs
developed in this study used location data from ooyese during a period of low to
moderate moose population density, and the pogibNists that moose may select for
habitats differently at higher population densitidherefore, the associations between

the covariates examined here and moose winter resgelection may be stronger or
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weaker at population densities that would be o&tgeinterest to wildlife managers.

The results of this study have interesting impiaras for the timing and value of
aerial surveys. Since moose selected for clostamtes to conifer cover as SWE levels
increased, periods with greater snowpack may caggese populations to have reduced
sighting probabilities due to obstruction by neatbyifer cover (Bowden and Kufeld
1995, Anderson and Lindzey 1996, Drummer and AH@B1Quayle et al. 2001, Peters
2010). However, the important caveat here istti@RSF models suggested that moose
were not using conifer cover with a greater frequyebut rather just habitats closer to
conifer cover. Still, it may be advantageous fddife managers to fly earlier in the
winter season when moose are less likely to béosegroximity to conifer cover. This
parallels the recommendations from other studiasdhggest avoiding mid-winter aerial
surveys (Baigas 2008). However, this guidelinetbesbalanced with the need for snow
cover, which may also influence sightability (Timmman and Buss 2007), although not
nearly as much as vegetative cover (Anderson amdizely 1996, Quayle et al. 2001).

Secondly, temperature may influence aerial survdyse post hoc analysis of the
temperature interactions suggest that moose wealy lio change their habitat selection
when temperatures changed. Conifer cover andndissacloser to conifer cover were
selected for with greater intensity when tempeesgtuncreased. Thus, aerial surveys are
likely to be biased if temperatures are higher asse seek thermal cover, similar to the
implications of SWE on aerial surveys, but on &fitemporal scale (daily).

The last important implication for aerial survegsates to the relationship

between the hunted population in the fall and thgesyed population in the winter. Due
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to the general lack of migration in this populafigns reasonable to assume that the
population available during the hunting seasoreexrly identical to the population
surveyed each winter (at least for cow moose).sThtthis site, trends in the winter
survey population are likely parallel to trendghe population available for hunter
harvest. This may become increasingly importatitefimpacts of other predators can be
estimated or demonstrated. For instance, a laplositive population response after a
reduction of hunter opportunity may indicate thtien forces (e.g. predation, habitat
condition) are influencing moose population dedingore than hunter harvest, as have
been noted in some areas (Becker 2008, MTFWP, lisped data).

In conclusion, | have confirmed that cow moosesélect for certain habitat
attributes on the Mount Haggin Wildlife Managema&rga moose winter range. These
selection patterns are similar to those that haemmoted elsewhere in the Northern
Rockies and may apply to similar moose winter rangesouthwestern Montana. Willow
communities were a key resource for moose populstom this type of winter range, but
must be managed in tandem with conifer cover thllfaloose winter range
requirements. These results will allow biologtstsmprove habitat management
recommendations on both public and private landisaaijust the timing of aerial surveys

to more accurately track moose population trends.
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CHAPTER 3

BROWSE UTILIZATION PATTERNS IN WILLOW COMMUNITIES

Introduction

Moose populations across Montana have expandi ilast century, both in
geographic range and in population size. This esijoa has had a negative impact on
moose winter range in some locations where mooge tnerutilized key browse species
such as aspen and willow (Keigley et al. 2002, Beat al. 2007). Unsustainable or
excessive browsing has the potential to reducd lmodiversity and carrying capacity
for moose and other ungulates (Berger et al. 2Béidlersen et al. 2007, Peek 2007).
Understanding browse utilization is important fatdncing management objectives
between moose populations and vegetative commbedith where moose browse.

Moose primarily eat the twig tips of shrubs arek when browsing, although
they occasionally consume forbs and grasses, deygead season and forage availability
(Renecker and Schwartz 2007). Similar to habébection, moose have been described
as “selective generalists” when it comes to diatNorth America alone, moose have
been documented feeding upon 221 different plaetiep and/or genera (Renecker and
Schwartz 2007). However, individual moose typigéticus their browsing on only a
few species, and certain genera and species dszrpreover others when available. For
the Shiras moose of the Rocky Mountains, will@alix sp.) species are both highly
preferred and abundant on some types of wintereanbere it may represent up to 90%

of the browse consumed (Peek 2007). Other comnioiembrowse species of the
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Shiras moose include aspen, Douglas fir, lodgepioie, subalpine fir, gooseberry, and
buffaloberry (e.g. Tyers 2003, Baigas 2008).

Peek (1974) described three common types of wiatege in a review of winter
habitat use by Shiras moose. He labeled thess ggeparian, floodplain riparian, and
conifer (Peek 2007). Riparian winter range is ahtarized by willow bottoms mixed
with conifers on high gradient streams; moose beoars both willow and conifer species
in this type. Floodplain riparian systems yieldrmexpansive willow communities on
low gradient streams, which form a vast majorityomdwse consumption. In some cases,
floodplain systems may support year-round moosellatipns. Conifer type winter
range occurs in areas with minimal or no willow counities; aspen and conifers are
important browse items in this type. All threetloése winter range types are utilized by
moose in Montana (see Stone 1971, Stevens 196 Ktandns 1970 for use patterns in
riparian, floodplain riparian, and conifer typesspectively).

Peek (2007) classified the Upper Big Hole Rivelteyaas a typical floodplain
riparian winter range. The winter range on thetlsaestern half of the Mount Haggin
Wildlife Management Area (MHWMA) is likely an extsion of this floodplain riparian
type, with extensive low-gradient willow commungieFurthermore, willow is most
likely the primary source of browse for moose iis #frea, due to its abundance, its
selection by moose where available (Renecker ahd&tz 2007), and the observation
of heavily browsed willow on the MHWMA in the pg#teigley et al. 2003). Winter
habitat selection data from this study showingrgiravillow cover type selection

(Chapter 2; Table 2.2) and extensive willow cov& by moose in summer (including



91

calving) has confirmed that the MHWMA is most likel floodplain riparian winter
range. Itis important to note that this type afiter range can be year-round range (Peek
2007) and this appears to be the case in this drea.need for understanding browse
utilization patterns on this type of winter/yeauna range is emphasized by the fact that
it supports some of the most substantial mooselptpns and hunter opportunity in
Montana (e.g. Upper Big Hole Valley, Centenniall®g and may also be more
susceptible to browse overdutilization, especiaiyraoose may consume and impact
willow in summer as well, although summer consuomptly moose is typically leaf
stripping and not twig browsing (Dorn 1970, Reneckad Schwartz 2007, Stolter 2008).

Willow browse selection and utilization patternsidg the winter season have
been studied by a number of researchers in reeams yacross all winter range types.
Factors influencing browse selection have includgdhe species of willow, with some
species preferred over others (Dorn 1970, Kovalehid. 1988, Tyers 2003, Dwire et al.
2006, Mansson et al. 2007); 2) if the willow was\pously browsed, with more
preference toward previously browsed individuahgdeand even branches (Molvar et al.
1993, Bowyer and Bowyer 1997, Stolter 2008); 3)amil canopy density, with some
researchers reporting decreasing browse at inagpdsinsities (Singer and Zeigenfuss
2003) and others reporting increasing browse atasing densities (Dassault et al.
2006); 4) browse (biomass) production and availtgkiTyers 2003, Mansson et al.
2007); 5) elevation and snow depth, with increasiges corresponding with
decreasing willow browse utilization (Tyers 2003)distance to conifer edge (Dussault

et al. 2006), with greater distance yielding lowsywsing; and 7) willow community
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height, with selection for increasing with heightane study as mechanical protection
(snow) reduced availability (Tyers 2003) and desirgnin another (Singer and
Zeigenfuss 2003). As a general observation, teeotibabitat and consumption of
available browse by moose is generally patchy (™gke et al. 1995) and moose spend
more time in food-rich habitat types (Dussaultle805).

Thus, browse utilization patterns are hypothestedae heterogeneous in nature,
with some patches preferred over others dependirttabitat attributes within and
around those patches (Van Dyke et al. 1995, Ty@d8 2Peek 2007, Renecker and
Schwartz 2007). If present, this heterogeneityaoteate an additional challenge for
monitoring browse utilization, as some areas onemdividual plants may be chronically
heavily browsed due to favorable conditions (Bowsed Bowyer 1997, Stolter 2008),
while other patches or plants remain unbrowsedeidgeneity in browse utilization
needs to be understood if biologists want to adelyranonitor willow community health
and relate browse utilization to moose populatiae sr trends. The amount of
heterogeneity will also affect how much samplinipiefis needed to accurately capture
trends in browse utilization and monitor willow comanity health where moose browse.

The goal of this study was to improve understagpadihhow moose browse
willow communities in southwestern Montana by ew#ilug the patterns of browse
utilization on the Mount Haggin Wildlife ManagemeXrea. In order to more effectively
monitor willow community health, biologists needuoderstand how certain habitat
attributes relate to moose browse utilization ao@ much sampling effort is required for

effective monitoring. The results of this reseanch help biologists understand moose
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impacts on willow communities and how and wheretmitor willow browsing by
informing biologists of appropriate sample sized aptimal placement of willow browse
monitoring sites. The results will also allow lmgists to stratify willow monitoring
locations based on key habitat attributes if desfeeg. species, evidence of previous
browsing, etc.) or to account for the possibilifyo@s in the browse utilization results at

historic monitoring locations.

Methods

Browse Utilization Survey Structure

Forty transects were established in a systematighllition across the willow
communities on the MHWMA to measure browse utilmaty moose. A color aerial
photo (NAIP 2009) of the sampling universe with tidow communities highlighted in
white can be found in Figure 3.1. These transeete placed perpendicular to the
stream in major drainages at 1 km intervals withemWMA boundaries. Transects
extended from the edge of the willow community tigl to the other edge in 50 m
segments (the sampling unit for browse utilizatioa}ulting in transects of variable
lengths (50-500 m) depending on the width of thkowi community. No partial
segments shorter than 50 m were established asvingg not provide sufficient twig
sample sizes for browse utilization. This methibohged for systematic sampling while
accounting for the amount of willow available atlesite (as represented by willow
community width) to provide a representative sangblne entire willow community on

the study area. This setup also allowed for mazechiefficiency as many transects were
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Figure 3.1: Sampling locations for the browse Lation surveys on the Mount Haggin Wildlife Management Are
southwestern Montana. The WMA boundary is in black. The center of each segmamssied by a yellow do
Willow communities are highlighted in white, as estimated from remotelseskand cover data (MTNHP 2010). The
background is NAIP aerial imagery (20(

¥6
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only accessible by foot and as far as 3 km fromomzéd access during the survey
period. The start and end of each segment werkeauavith plastic flagging and their
locations were recorded with a GPS. Approximafeb/km of transects were
established, comprised of 111 segments, each 0length.

In early May 2008, 2009, and 2010, winter browslkzation was measured along
these transects. Early May was selected as tivesbrsurvey period to prevent any
potentially confounding moose, elk or cattle bravgson willow, which has been
documented on rare occasions outside of the wasi@son (Roath and Krueger 1982,
Singer et al. 1994, Peinetti et al. 2001, Brookskiral. 2002), and to avoid agitating
moose during the calving season (May 15 - June \MB)hin each 50 m segment the
willow community was systematically sampled at 2ihgs, starting at the origin and for
every 2.5 m thereafter at a predetermined beapagéndicular to the overall stream
course). Sample points were established withredaralized 2.5 m rod as measurement
with a standard 50 m tape was not feasible in desig®v stands. At each point, a
sampling protocol was followed to objectively samfile percent of twigs browsed from
the nearest willow to that point, if a willow wagadlable for sampling. The sampling
protocol used in this study and definitions of timethodology can be found in Appendix
M. Selected branches were marked with aluminura saghe same willows and twigs
could be measured each year of the study. Twenggtwere sampled from each willow
and noted as either unbrowsed, browsed (only puewear's growth removed by
browsing) or heavily browsed (more than previousr\gegrowth removed by browsing).

If all twenty sample points had a willow eligiblerfsurvey, then 400 twigs were
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examined on each 50 m segment.

The branch/twig sampling method used in theseeygrwas adapted from a
method developed by Stickney (1966) and was otligia@plied to deer browse on
serviceberry and chokecherry, both shrubs withosvtir form comparable to the large
willow species present on the study area. Othave lised the percent of twigs browsed
method for measuring browse utilization on varispscies of shrubs and trees (Jensen
and Scotter 1977, Wikeem and Pitt 1987, Singel. 4984, Romme et al. 1995, Kielland
and Bryant 1998, Rooney and Waller 2003, Singerzmgdenfuss 2003), often to
estimate biomass consumed. Biomass consumed wastimated in this study as time

was limited and it was necessary to sample a large in a relatively short time frame.

Moose Browse Utilization and Response Variable @atomn

The standard calculation for percentage of twigssed along each segment

(browse utilization) would be as follows (Jensed &aotter 1977):

Browse utilizatiol Browsed twigs (browsed and heavily browsed tv

(% twigs browsed) - All twigs examined (unbrowsedyvised, and heavily browsed)

This calculation produced a browse utilization mesge that ranges between 0.0 and 1.0
(0% and 100%). The calculation, however, gave leqaaht to both browsed twigs and
heavily browsed twigs. It was necessary to cateuda intensity-adjusted browse
utilization since heavy browsing by moose actuedigresents the consumption of
multiple previous year's growth twigs. | notedidgrthese surveys that a heavily
browsed twig generally accounted for the consunmptiio2-5 (average ~3) previous

year's growth twigs based on comparison with otlv@loyowsed twigs on the same
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willow plants. Intensity-adjusted estimates foowse utilization were calculated by
multiplying the count of heavily browsed twigs hyee to account for the impact of

heavy browsing on the count of twigs browsed:

Adjusted browse utiization Browsed twigs + (Heavily browsed twigs x 3)
(% twigs browsed) ~ Unbrowsed twigs + Browsed twigs + (Heavily brows$sigs x 3)

This calculation produced a browse utilization cesge that could range between 0.0 and
1.0 (0% and 100%), the same range as the respotisritrthe adjustment, but more

accurately reflected the percentage of twigs broviseaccounting for heavy browsing.

Browse Utilization Model Covariates

To examine patterns in browse utilization, | cotésl data on potentially
influential covariates in the field and from remgtsensed data. In the field, I collected
data on species, growth form, and height for eacmpded willow in each 50 m segment
(up to 20 willows). Willow community width was al€alculated from data collected in
the field. Elevation, distance to conifer covegedand distance to willow community
edge were estimated from remotely sensed data Betfsl methods and calculations for

all of these covariates are detailed below.

Percent Preferred Willow Species. Sampled willavese identified to species in

July 2008 to estimate species composition withchessegment. Species were initially
classified by vegetative separations (i.e. diffeemnin branch and leaf structure as
opposed to floral or catkin characteristics) basedhe work of Robert Dorn (1997).
Additional information was reviewed from variougtaars regarding the separation of

Salix geyeriana andS. lemmonii, including Hitchcook et al. (1964), Brunsfeld and
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Johnson (1985), Joy (1998), Heinze (1994), FendMarkow (2001), and Hoag (2005).
The vegetative distinctions between Geyer and Lensnwillow were subtle, but
consistent. In June 2009, this species separatsconfirmed by examining pistillate
catkins from a subsample of willow under a lightroscope and in the field with a hand
lens. Probable hybrids of these two species werasionally noted, confirming the
observations of hybrids by other researchers w@enyger and Lemmon's willow coexist
(Brunsfeld and Johnson 1985, Heinze 1994, Hoag)20Bér this study, willows were
classified as one species or the other based anafaity of defining characteristics.

A percent preferred willow species covariate watenined by calculating the
percentage of three willow species (planeleaf, Bepaind Drummond's) sampled within
each 50 m segment. Willow species preference s@t@ined from publications
examiningSalix spp. palatability to moose and other ungulates inNbethern
Rockies/Pacific Northwest (Dorn 1970, Kovalchilkaét1988, Tyers 2003, Dwire et al.
2006, Baigas 2008). None of these studies incladlenf the willow species observed
and available to moose on the Mount Haggin studg.ail hus, it was possible that this

covariate would not precisely capture the actuatsgs preference in this study.

Percent Previously Browsed Willow. The growth forras noted for each

sampled willow within a 50 m segment for each ybat the browse survey was
conducted. The growth forms classified in thiglgtwere uninterrupted, released,
arrested, and retrogressed. These growth forms adapted from shrub architecture
types described by Keigley and Frisina (1998);rd&éins of the growth forms used in

this study can be found in Appendix N. The grofattm had the potential to change
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annually as willow may be released from or expdsdueavy browsing pressure in any
given year. Thus, the percent previously browseate varied annually for any given
50 m segment. The percent of recently heavily bemwillow was calculated from the
growth form of the sampled willow within each 50segment, with the percentage of
arrested and retrogressed types indicating re@ayhbrowsing. Effectively, this
measure provided an estimate of the percent obwiih the segment that had been

heavily browsed in either or both of the two wisterior to the survey.

Average Willow Community Height. Concurrent witletsummer species

identification in July 2008, the height of the sdetpwillows was measured to establish
an average height for the willow community withisch segment. Height was measured
on all marked willow, whether browse utilization suameasured or not (e.g. when all
branches on the willow are outside of the browsee}oAverage willow height for each
segment was calculated as the mean height of bdvwfincluding those too high or too

low to be browsed) within the segment.

Willow Community Width. Willow community width wacalculated by

multiplying the number of segments in each tranbgdhe segment width (50 m).
Therefore, all widths were in 50 m increments. #ddally, all segments within a single
transect had equal willow community width valudsis measurement provided a gross

index of the biomass of willow available at thatrg@long the stream course.

Elevation, Distance to Willow Edge and Conifer Eddelevation of each segment

was estimated from a USGS DEM. Elevation was gbin meters. Distance to
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willow and conifer cover were calculated by takthg point location at the center of
each 50 m segment and measuring the distance te#rest edge in ArcGIS (using the
Near tool, ArcGIS 9.3, ESRI, Redlands, CA). Edgese extracted from the Montana

Landcover Map layer (MTNHP 2010). Distances tchbedges were recorded in meters.

Statistical Analysis

The analysis for this chapter was broken into figetions. The first analysis was
an investigation of dependence in the browse saggliructure and how it impacted
further analysis. The second analysis examinedistgbution of the willow browse
utilization and how it related to sampling effaot fwillow browse monitoring. The third
analysis was an a priori model selection exeragedt hypotheses in the form of
competing models and to determine which covariat® associated with moose browse
utilization in winter. The fourth and fifth anals were post hoc efforts, comprised of a
reformulation of the percent of preferred specmgciate to more accurately reflect
observed willow browse species selection and atoeaqory model selection effort with

additional covariates not considered in the a pnmdels.

Investigation of Dependence. The browse utilatiata were examined in the

statistical software R version 2.13.1 (R Developni@ore Team 2011). As the browse
utilization response was derived from binary couwftsrowsed and unbrowsed twigs, a
binomial distribution was selected for modelingn iitial examination indicated that the
browse utilization response within each year ofstugly may have been overdispersed,

i.e. there was more variability in the data thapested from the binomial distribution.
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Each of the three years was examined separatélgxg®cted data from the established
survey sites across years to be correlated. Fbr=ar, deviance goodness-of-fit tests
were conducted on an extra-rich logistic regresaiodel and deviance residual plots
were constructed and examined (Ramsey and Shade).20ispersion parameters for
each year were then calculated to quantify theasegf overdispersion in the data.

As a lack of independence between sample uniten(S6gments) may have
contributed to the observed overdispersion, | tette degree of dependence of segments
using various methods outlined below. The goahwf exercise was to quantify and then
appropriately account for any dependence betwegmesats, which if left unaccounted
for could bias model selection results and therestes of variance for model parameters.
| expected that the assumption of independencedagtwegments within a transect was
likely violated, as two segments within the sana@sect were more likely to produce
similar results then two segments in different $ets, even after accounting for
available covariates.

To examine the effects of this potential issueh@resulting inference, linked-
segment profile plots for browse utilization (tlesponse) were created for each transect
and serial and spatial correlation detection temes were employed to quantify any
correlation in the responses (Ramsey and Shaf&)2@0l analyses were completed in
R version 2.13.1 (R Development Core Team 2011nkdd-segment profile plots are
plots that display the browse utilization respofs¢00%) of each segment within a
transect from one end to the other and allow foexamination of notable drifts from the

mean of a transect. Linked-segment profile plagsencreated with simple code from the
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R Book (Crawley 2007). A partial autocorrelatiemétion (PACF) was applied to the
longest transects in the study (9-10 segmentsjdmae serial correlation (one
dimensional) using code from the base package (& Bevelopment Core Team 2011).
Spatial correlation (two dimensional) techniquessisted of the construction of
variograms and correlograms with code fromgpetial package (Ripley 2010).

After completing the initial a prioanalysis described below, | initiated two
additional analyses to further examine the issi@sdependence and extra-binomial
variation. To test the issue of dependence amegments within transects, | completed
an analysis at the transect level. For this amglyariables previously calculated at the
segment level were recalculated at the transeet (averaged across all segments within
a transect). This method negates any dependeirc dluster effects within a transect
as the responses and covariates from all segmemnéspwoled. This requires the
assumption that transects were independent, wkieimsd reasonable as most transects
were at least 1 km from the nearest adjacent tcams¢his study. The richest a priori
model was then examined and overdisperion estimdfexverdispersion was greatly
reduced, then this would support the hypothesisgbgments within a transect were not
independent. The second approach to investigdtmgssue of dependence was a
segment level analysis, but with only every otreginsent included in the analysis
(approximately one half) to test for potential nodependence between adjacent
segments by excluding adjacent segments. Thisadedmoved any dependence
between adjacent segments while still retainingrgd sample size. Again, the richest a

priori model was then examined and overdisperidimeged. If overdispersion was
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substantially reduced, then this would supporttyy@othesis that directly adjacent

segments within a transect were not independent.

Sampling Effort. In order for biologists to acately quantify trends in willow

community health or browse utilization, sufficies@mple sizes must be employed in
monitoring protocols. This may be especially tifteelarge amount of heterogeneity
exists in browse utilization and biologists wishdigtect changes in browse utilization
from year to year. In order to estimate approxersample sizes required, | conducted a
power analysis with the browse utilization datallected in the field, under the
assumptions that my data were representative dirthese utilization across the study
area and that the percent browse utilization measoin each of the 50 m segments in
this study would be equivalent to a browse meastigesample site in a future study. To
clarify, the goal of this exercise was not to detiee the sample size required for this
study, but rather to estimate the sample sizesnegtjin future study or management of
willow communities or browse utilization monitoringNo additional covariates were
used in this analysis, just the browse utilizatioeasures.

In this case, | sought to determine the sampke iseressary to detect a 10%
difference in browse utilization from year to yeddecided that a difference of 10%
browse utilization would be biologically significaras it would represent a noticeable
increase or decrease in the health of the willommainity. This 10% difference in
browse utilization has also been noted by othdnastas being a change of interest
(Dobkin et al. 2002, Singer and Zeigenfuss 2008)seemed appropriate for the

management objectives on my study area. Deteatsrgaller percent difference (e.qg.
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5%) would require an even greater and perhaps listregampling effort, while when
using a larger difference (e.g. 15%), interannbainges may appear to be noise when in
reality a signal is occurring (a real, biologicadignificant difference in browse
utilization). Specific to my data, only an increasf 10% browse utilization was tested,
as a decrease in 10% browse utilization was ndilplesfor multiple years of data used
here (a decrease of 10% would have resulted insgauilization < 0.0%).

A key assumption of standard sample size or pomethod is that the distribution
of the measure of interest must be normal or nogftat a transformation (Cohen 1988).
| examined the distribution of browse utilizatiomdadetermined that an assumption of
normality could not be justified, nor could theaae log-transformed to meet the
normality assumption. Transforming the data reslib a bimodal distribution due to the
zero-inflated response. Thus, | could not usedstethsample size methods. To
circumvent this issue, | used non-parametric boagpging as it was the only viable
method available (Manly 2007). As the questiomtdrest regarded the detection of a
10% change in browse utilization from year to yedeally two data sets would be used
to calculate a sample size necessary to deteghdisant difference between years
(Manly 2007). | had data from three years, buythiéhad very similar distributions,
both in mean and variance, and the means werdatdtieally different between any of
the years based on overlapping 95% confidencevialter The data | had collected were
not representative of years where browse utiliratidfered by a biologically important
amount either. Therefore, | could not use the saoyple method with my data.

A one-sample method was adapted from techniqueas$tng sample means
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(outlined Efron and Tibshirana 1993 and Manly 2087 sequential sample size testing
demonstrated by Bros and Cowell (1987). For theshmod, sample sizes ranging from
four to 100 were selected, representing possiliigbasizes to be used in the field. The
largest sample size was less than the minimum nuoflyesponses (browse utilization at
each 50 m segment) for any given year, and eaahwesaanalyzed separately. For each
sample size, that number of responses were randinanyn (with replacement) from the
observed responses. This process was repeatdaD1lyes to create a bootstrap-t
distribution, which could then be compared to theayved t-statistic (t-stat = difference
in browse utilization/[standard deviatiolsample size]) for the difference of interest.
The observed t-statistic was then compared to 58€ €nfidence interval created from
the bootstrap-t distribution for each sample sizddtermine at which sample size the
detection of an actual difference would becomeiagnt with 95% confidence. | also
ran this analysis at the 90% confidence interwatlleas managers may prefer to use this
slightly reduced level of certainty as it yieldsvier minimum sample sizes. | completed
this analysis for each year of data to see whaatran was present in sample size

estimates based on the distributions of percenwseautilization collected each year.

Browse Utilization Modeling. | developed seveagiriorihypotheses regarding

the relationship between browse utilization andiremnental attributes, which took the
form of competing models. Initially, | set outrtmodel browse utilization with standard
binomial logistic regression (GLMs), since | colied binary count data (browsed or
unbrowsed twigs) on 50 m segments (the sampling).ubDue to the overdispersion

present in the data, quasi-likelihood methods wegeired to adequately fit models and
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therefore QAIC was used for model selection (Bumlaead Anderson 2002). This was
an acceptable method for analyzing data for eaahipeependently, but due to
replication of sample sites across years it wasarsutfficient method to model all years
together as the correlation between variablesyasample site across all three years of
data could not be properly accounted for with thadel structure. While mixed-models
(e.g. Zuur et al. 2009) could have been employeld thie sample site treated as the
random effect, the maximum number of repeated nmeas each site was three and the
mixed-models approach would have produced comg@sults and been difficult to
interpret accurately as the sample site effect dbalve been explicitly modeled.

In order to model all three years of data simw@tarsly while accounting for the
cluster effects due to repeat visits to the sames siach year, generalized estimating
equations (GEE) were used. With GEE, | could antéur site cluster effects by treating
the correlation as a nuisance, rather than exlglicibdeling site effects with random
effects. An added benefit was that GEE also adeoufor overdispersion in the data.
The downside of using the GEE method was thatesdwmt permit the direct use of AIC
or other likelihood based model selection technsgiifan 2001). Likelihoods for GEEs
are not defined since no distribution is assumed.

In order to complete model selection with GEE, P2001) has developed and
tested a method to estimate a quasi-likelihood3BE. This formulation is similar to
AIC terms of utilization and interpretation, inclad an approximate penalty of 2 for
additional covariates in the model. Pan namedfthmaulation the “Quasi-likelihood

under the Independence model Criterion” or QIC alfsis was completed in R version
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2.13.1 (R Development Core Team 2011). Calculatfo@IC was completed with code
from the packaggeepack (Yan et al. 2011) and additional code #pe package (Paradis
2011). The QIC calculation was also correctedsfoall sample size (QIE Summary
tables were created with code from the packidmde (Bolker 2011) and the package
MuMIn was used to conduct parameter averaging (Bartdh)20

Prior to developing an a priamodel list, all seven covariates were tested for
collinearity. Pairwise correlations and VIF (varca inflation factors) were calculated.
Any combinations of covariates with correlationf036| would not be included in the
same model. Any covariates resulting in VIFs >duld also be excluded. Scatterplots
of all covariate pairs were also examined for ptiéémonlinear relationships. Taking
into account any collinearity, a model list was eleped. These a priori models included
four of seven potential covariates: percent pretéwillow species, percent of willow
previously browsed, willow community width, andwdéon. These variables were
believed to be the most likely to best accountliervariation in browse utilization by
moose during the winter season. Average willow momity height, distance to willow
edge and distance to conifer edge were not includétke a priori models but were
explored in a post hoc analysis. The reason fersigregation is explained in the
Modeling Predictions section below.

The original model list for single year modelimgluded all combinations of the
four a priori covariates. There were no interawtior quadratic forms, as previous
research from other studies and exploratory plbteyodata did not demonstrate an

obvious need for these functional forms. This itesuin 16 models (Appendix O)
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representing the within-year browse utilization dygeses. In order to test for potential
differences among years, this model list was exgedwdth two year indicator variables
that interacted with the intercept and all covasatThe final model list is displayed in
Appendix P with 97 models in total.

Using the data from all three years, | fit thedidate models in the final list and
used QIG model selection to rank the models. For each &€, model weights
were calculated, along with coefficient and staddaror estimates. Top models were
those withAQIC. scores < 4. However, models with uninformativeapeeters were
removed from the top models (Arnold 2010), whichksly to occur when all possible
covariate combinations are included in the candidabdel list. Uninformative
parameters are those that do not explain enouggdtizer to overcome the 2 AIC per
parameter penalty (2 Qih this case) and thus should not be interpresdubaing an
ecological effect (Arnold 2010). However, thisterion should not be applied without
assessing potentially uninformative parametersusThexamined the estimates and
uncertainty of the coefficients in each model tewge that potentially ecologically
important parameters and models were not errongeusluded. If the parameters were
deemed to be uninformative upon closer examinatf@models were removed to avoid
ecological interpretation of parameters that dohaste an ecological effect. The
covariates of the remaining top models were themagged (unless interactions prevented
averaging) and weighted coefficients (based on inedrghts) and adjusted standard
errors calculated. From these estimates, 95% d@emnce intervals were calculated to

guantify the precision of the model averaged patamestimates. Changes in the odds
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of browse utilization were calculated relative lmnges in covariate values (e.g. 20%
increase in preferred species) to assess the impdmowse utilization. Predictive plots
were also constructed to demonstrate the effechafging a single covariate (across the

observed range of values) on the predicted browkzation.

Modeling Predictions. | evaluated possible relahips between browse

utilization and seven environmental covariatesr fBor of these covariates, there was
strong evidence that they would explain variabilityorowse utilization. These
covariates were percent preferred willow spectes percent of previously browsed
willow, willow community width, and elevation. Thather three covariates had limited
or contradictory evidence in published literaturattthey would be associated with
browse utilization. These covariates were avevafiew community height, distance to
willow edge, and distance to conifer edge.

The species of willow available for browsing maythe greatest single
determinant of browse utilization. Preferencedertain species of willow has been well
documented (Dorn 1970, Stevens 1970, Wilson 19i&kErRoover 1987, Kovalchik et al.
1988, Tyers 2003, Dwire et al. 2006, Mansson €2@0.7, Baigas 2008) and moose may
be especially selective when browse is abundanhayidy palatable (Risenhoover
1987). This selection is likely the result of numes factors, including chemical
compounds and willow stature. For instance, diffiéwillow species produce different
chemicals which make them more or less palatablejedl as hold higher or lower
nutritional value (Risenhoover 1989, Renecker atctun@rtz 2007). Short-statured

willow species may be unavailable during wintesaswpack can often protect shorter
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willows from browse pressure (Tyers 2003).

In the northern Rocky Mountains, planelesdl(x planifolia), Drummond's &
drummondiana), Booth's § boothii), and Bebb$ bebbiana) willow are typically highly
preferred species (Dorn 1970, Kovalchik et al.8,98ers 2003, Dwire et al. 2006,
Baigas 2008). Wolf'sY wolfii) willow was noted as intermediately preferred bgvéns
(1970) and Tyers (2003), while Gey& ¢eyeriana) and Lemmon'sg lemmonii) willow
are generally the least preferred. For the puposeny study, | classified the highly
preferred species for my percent preferred specieariate as planeleaf, Drummond's
and Booth's willow. Bebb willow would have beeglirded in this category had any
been noted in the sampled segments. Thus, | peeldilcat browse utilization would be
associated with the percent of preferred browseispavithin each segment and that as
the percent of preferred species increased, bratseation would increase.

Moose have the tendency to browse willow plangs tfave been browsed
previously (Molvar et al. 1993, Bowyer and Bowy&0ZY, Bowyer and Neville 2003,
Stolter 2008). The reason for this preference waay across willow species. For the
tea-leaved willow $. phylicifolia), Stolter (2008) found that new growth from preisty
browsed willow was more palatable, with “lower centrations of individual phenolics,
a higher biomass, and lower concentrations of ggno’ Bowyer and Neville (2003)
found that nitrogen and tannin content were noticed in feltleaf willow §. alaxensis)
in Alaska, but rather that higher biomass in praslg browsed twigs was leading to
repeated browsing. Bowyer and Bowyer (1997) foarstgnificant increase in biomass

for twigs browsed previously versus those not bexhis grayleaf willow § glauca),
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but did not examine secondary compounds. Othess t@nfirmed the biomass
hypothesis in a subspecies of flat-leaved will@wp{anifolia pulchra), and found that
carbon-based defense compound production hadragstreelationship with the amount
of sunlight exposure than with previous browsing(Wr et al. 1993). Whatever
accounts for the increase in palatability, previplbsowsed willow are preferred over
those which have not been browsed in many caskess, T predicted that percent of
previously browsed willow and browse utilization wld be associated, with increased
percent of previously browsed willow yielding inasd levels of browse utilization.

Mansson et al. (2007) found that forage availgbdr the amount of forage
present at a site, along with species compositmhnaoose density, explained variability
in browse utilization. Others have found that @l canopy cover measures and biomass
production estimates (Tyers 2003) have been asedaomth browse utilization. | did not
have the capability to measure forage availabititythe large number of sites on the
study area and opted instead for a more large-soakriate. The width of the willow
community at the location of the segments would/jgi® an index of the biomass of
forage available on a large scale (e.g. within B)0with small widths (50 m)
representing minimal forage availability comparediarge widths (500 m). Thus, |
predicted that willow community width would be asisted with browse utilization and
that as willow community width increased, browsézagtion would increase.

Tyers (2003) found that snow depth was a contniguactor in explaining moose
presence in willow stands. It is generally accephat the energetic costs of locomotion

increase substantially when snow depths are > 6Zaiditionally, deep snows may
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reduce the availability of willow for browsing (Tgge2003). The snow depth on my
study area was highly variable due to changespadgmphy and drifting, even at a scale
smaller than a 50 m segment. There was no wagcuarately measure the snow depth,
but field observations support noticeable diffeemim overall snowpack depth from the
lowest to the highest elevations. Elevation, tfeess could be treated as a surrogate
measure for gross changes in snowpack, with higlesations accumulating greater
snowpack and discouraging moose browse utilizatimus, | predicted that elevation
and browse utilization would be associated, withhkr elevations yielding decreased
levels of browse utilization.

The distance to conifer cover is occasionally da@te a factor explaining habitat
selection of moose (Schwab and Pitt 1991, Whitd.€2001, Dussault et al. 2005, Peek
2007, Baigas 2008, Becker 2008). However, | didfimdl any studies that suggested that
distance to conifer cover would be associated éavbe utilization. Only one study had
qguantified how browse availability and conifer edghkate to habitat suitability (Dussault
et al. 2006). Based on this work, | expected wildw closer to conifer would receive
greater browse utilization. However, this patteray be limited to periods when snow
conditions create more optimal travel conditionsanifer cover or when ambient
temperatures require moose to seek thermal cdnehe case of snowpack amelioration,
the period of high snowpack may be short or nostexi in some years. Thus, moose
may choose to browse willow close to conifers inter during periods of higher
snowpack, but this may not be evident in the bropageerns since moose could browse

other willows further from conifer cover during tparts of winter with little snowpack.
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In terms of thermal cover, moose may use conifettfermal cover during warmer times
of day (Demarchi 1992) or warmer periods withireason (Schwab and Pitt 1991),
although this behavior was notably absent in soomilations (Lowe et al. 2010) and
may be much more important in summer than in wi(@erssault et al. 2004). Itis
unknown what impact this may have on browse utilimapatterns, but these short-term
habitat selection behaviors would be impossibleajoture by examining annual browse
patterns. Whatever factors may be contributingiémse use of conifer cover (snowpack
amelioration and/or thermal cover), browse utilimatmeasures in this study could only
guantify the willow use for an entire winter of lrsing. Therefore, distance to conifer
cover was only examined post hoc as there wastrotgssupport in the literature that
this covariate would be associated with browsezatilon patterns, especially on an
annual basis. However, since limited evidence ssiggl that a relationship could exist, |
did predict that distance to conifer cover wouldalssociated with browse utilization and
that as distance to conifer cover increased, brawBeation would decrease.

Like distance to conifer, the distance to willodge has been noted as a potential
covariate explaining moose habitat selection. Hmmehis covariate is generally used
to explain use outside of willow habitat types, wathin them (Van Dyke et al. 1995,
Kufeld and Bowden 1996, Baigas 2008). Howeverpidethe demonstrated relationship
between habitat selection and distance to willokwuhd no studies suggesting a
relationship between browse utilization and dis¢éainom willow community edge.
Nevertheless, some researchers have hypothesiaedittows on the edge of willow

communities may be subject to higher browse utibra(Tyers, pers. comm.), due to
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increased availability of willows on the edge oflawv communities versus those deep
within them. This makes intuitive sense, but beeanf a lack of documentation in the
literature, this variable was only tested post hohe tentative prediction for this variable
was that distance to willow edge and browse utilimawould be associated, with greater
distances to willow edge yielding decreased legtlsrowse utilization.

The final covariate examined was average willomgunity height. Singer and
Zeigenfuss (2003) found a weak relationship betweadow height and browse
utilization, with shorter willows associated wittore browse utilization. This could be
because browsed willows never achieved taller s#at(arrested by browse) rather than
shorter willows being subject to greater browsesguee. Conversely, Tyers (2003) found
that taller willows received greater browse utifiaa due to snowpack covering shorter
willows. Since this relationship was ambiguousrage willow community height was
only examined post hoc. Based on the limited ewideavailable, my only prediction
was that an association might exist between wibh@ght and browse utilization.

Neither a positive nor negative association wasothgsized.

| predicted that the variables for the percentreferred willow species, the
percent of previously browsed willow, willow commtynwidth, and elevation would be
strongly associated with browse utilization. Theagables were included in the a priori
models. All combinations of these variables watuded in the final model list
(Appendix P), as no reason could be found to excchrdy variable from any specific
model. No interactions or quadratic forms werduded, as current literature and

exploratory plots of my data did not demonstrat@lavious need for these functional
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forms. Average willow community height, distanoeatillow edge and distance to
conifer edge were not included in the a priori msdit were explored in a post hoc

analysis as the support in the literature for tresariates was limited or conflicting.

Post Hoc Preferred Species Covariate. Using ndstbatlined in Manly et al.

(2002) for selection ratios, willow species sel@ativas calculated. Selection ratios show
the degree of selection relative to availabilityl muantify preference or avoidance. For
instance, a selection ratio of 2.0 means that lwispecies was used at twice the rate
that would be expected if that species were saleai¢the same rate as its availability in
the “population” of species. A Type | design framoek was employed, as willow use
and availability was measured at a population leUgpe Il or Type Il designs would
have required data on individual moose willow use were not applicable to my data.
Counts for unbrowsed, browsed and heavily browsggktwere summed by species at
the individual willow level, creating a matrix osed and available willow twigs
organized by species. Browsed and heavily brows&dcounts were combined after the
heavily browsed twig count was inflated by a faabthree. This was the same method
used to create the adjusted browse utilizationutation and was employed in both the
used and available counts. R version 2.13.1 (Re@gwment Core Team 2011) was used
to calculate the selection ratio with code from plagkageadehabitat (Calenge 2009).
Data were analyzed for each year independentlytladfor all three years combined.
Selection ratios were then used to reclassify predespecies and a post hoc percent
preferred species covariate was calculated. Tia finodel list was then reanalyzed with

the post hoc percent preferred species covariptadiag the original percent preferred
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species covariate. Changes\@QIC. values for the top models were examined to
determine if models were improved with the post percent preferred species covariate.

It was possible that a post hoc preferred spedeariate would be a noticeable
improvement over the original covariate, if thedbspecies preference differed from
preferences observed elsewhere. The original ep@ceference covariate was based on
observations throughout the Northern Rockies ofowipreferences of moose and other
ungulates. This exercise was not meant to tgseaifec hypothesis regarding species
preference, but to determine the actual specidsnerece on the study area and to see if
the species preference observed in this study w@bly better or only equal to the
original species preference covariate. This methasl somewhat circular, in that the
post hoc covariate was created from the data ardtésted with similar data. However,
if the original species preference covariate comdierroneous species preferences, then
the inference derived from that covariate may ldtyaand could impact management
decisions (e.g. species composition isn't stroagBociated with browse patterns). Thus,
it was critical to determine the actual speciedgoemce and to see if it was different from
the original species preference (based on chang@¥l values). Additionally, it should
be noted that the datasets for the two analyses maridentical, as the post hoc species
preference was calculated by pooling twig countefh species across the entire study
area, while the preferred species covariate wasileabd at the segment scale, based on
the species composition of individual willow witheach segment. Actual species
composition was not employed in the browse util@atmodeling, just the percent of

preferred species (vs. species that were not peefer
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Post Hoc Browse Utilization Modeling. Using tlog tmodels from the post hoc

preferred species analysis, | conducted an additipost hoc analysis to see if model fit
could be further improved with various functionatrhs and two-way interactions, as
well as testing the 3 covariates not included edtpriori model selection analysis. All
three covariates (distance to conifer, distanagilow edge, and willow community
height) were added in all possible combinationhéotop models. Quadratic forms of
the individual covariates (both a priori and past lsovariates) were tested in all possible
combinations and exponential forms were testedersame manner. The potentially
biologically important interactions between perceraviously browsed willow and
elevation (PREVBRWSXELEV), percent preferred speaied elevation
(PREFSPPXELEV), and percent previously browsedwithnd percent preferred
species (PREVBRWSxPREFSPP) were tested. The §t&es andQIC, values for

the models with and without the new covariates vess@mined to determine if the post

hoc covariates improved model fit.

Results

Descriptive Results

In the spring of 2008, 35,320 twigs were examiord. 08 segments (50 m each)
sampled along 39 transects, totaling approximd@dikm of surveys. Based on these
surveys, the estimated browse utilization averagedss all segments was 11.5% (95%
confidence interval of 9.4% to 13.7%; range: 0.06%@. In the spring of 2009, 35,560

twigs were examined on 111 segments along 40 wens€rom these data, the estimated
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mean of browse utilization was 8.0% (95% confideinterval of 6.2% to 9.8%; range:
0.0-48.1%). In the spring of 2010, 35,320 twigaremed on 111 segments along 40
transects. Based on these surveys, the estimadad af browse utilization was 8.3%
(95% confidence interval of 6.5% to 10.1%; rang@:-47.9%). All browse utilization
statistics reported here were intensity-adjusteidmsulated above.

The browse utilization distribution was heavilyesled in each year of the study
(Figure 3.2). Many segments had zero browse atibn: 14, 27, and 23 segments in
2008, 2009, and 2010, respectively. Additionatlg median values were 8.85%, 4.6%,
and 4.4% browse utilization for 2008, 2009, and®@0#&spectively, well below the
means for these distributions. These skewed amdiaftated distributions presented
unique statistical challenges, especially for thmgsling effort methods.

A total of 1826 willows were assessed for browser dhe course of this study.
Of those, 1766, 1778, and 1766 were measured i&, Z009, and 2010, respectively.
Numbers varied across years due to tag attritiomptete willow loss to beaver, and
three segments added in 2009. An additional 8bwilvere classified to species but not
assessed for browse due to the unavailability ajgvor browsing (mostly below the
browse zone). Of 1910 willow classified to spectis number of willows for each
species, in descending order, was: 700 Lemmon% Gyer, 348 Booth’s, 340
Drummond’s, 35 planeleaf, and 28 Wolf’s willowsf @e 1159 individual willows
classified as Geyer and Lemmon's willow, 47 (4.1vééje potentially hybridized
individuals with mixed classification charactermsti of which 16 and 31 were classified

as Geyer and Lemmon's, respectively.
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Figure 3.2: Histograms of browse utilization (resg®) for individual years (2008, 2009,
and 2010) and for all 3 years of the study comhindeédians are noted with a blue
vertical line and label.
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Statistical Results

Investigation of Dependence. The extra-rich medamined for this analysis

was comprised of the 4 a priori covariates, all&rmnteractions between them, and
guadratic forms for each covariate. The deviarmmlgess-of-fit test for the extra-rich
model (p-value < 0.001) for each individual yeadafa and a lack of severe outliers in
the deviance residual plots suggested that thevazia overdispersed, i.e. there was
more variability in the data than expected fromkremial distribution. The extra-rich
model was examined again using quasi-likelihoodhimeds, resulting in dispersion
parameters of 22.21, 15.96, and 19.89 for the 22089, and 2010 data, respectively.
The linked-segment profile plots were construdtedall transects with > 1
segment, 25 in total. These plots showed a fevorrdrifts away from the transect
means and minimal possible serial correlation nmihing extreme in any transect that
would indicate notable correlation. A sample agh plots for the longer transects can be
found in Appendix Q. A partial autocorrelation @tion (PACF) was constructed for the
three longest transects in the study (9-10 seghmantsrevealed virtually no correlation:
the largest lag one serial correlation coefficigh) was less than 0.25 and most were
around or less than 0.00, indicating minimal sex@atelation (Ramsey and Shafer 2002).
It should be noted, however, that PACF methoddeslikely to detect correlations in
short datasets (<50 points). The spatial cormiatchniques yielded variograms and
correlograms that indicated very minimal spatiatelation for distances (lags) between
segments of 50 to 500 m, which represented segmaithis the same transect.

Correlograms for each of the three years of daaleplayed in Appendix Q.
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For the transect level analysis, large extra-biabwariation was still present and
the coefficient values changed when compared totigaal segment level analysis.

The new coefficient values and 95% Cls suggestaeidnih explanatory covariates were
associated with browse utilization at the transeate. This was possibly due to the large
amount of variability in the explanatory covariat@ghin a single transect, which was not
accounted for when the covariates were averagesselach transect for this analysis.
Regardless, overdispersion was not greatly redbgedodeling the data at the transect
scale, indicating that dependence among segmetitgai transect were not the source
of the overdispersion. The second analysis whied usly every other segment in the
sample did not reduce extra-binomial variation @&stically change the parameter
estimates. As overdispersion was not reducedatiradysis also suggested that
dependence between adjacent segments was notuttee &6 the overdispersion. Both
analyses suggested, as the quantitative methad$P@&CF, correlograms, variograms)
did above, that there was no evidence that segmethtim a transect were dependent.
Neither of these methods were explored furthertaadesults of these modeling efforts
are not presented here.

Through numerous methods, | attempted to detettjaantify any possible
dependence between adjacent segments within a&ttabsit no measures indicated
strong correlation. Overdispersion was preserttdlslinot appear to be due to a lack of
independence between segments. While these wetlkenexpected results for any of
these tests (under the assumption that segmers\aitransect were not independent), |

elected to proceed with the analysis of these uladizr the assumption that the segments
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were functionally independent, as there was létielence available to suggest otherwise.
Potential correlation between segments clusteréu aviransect was therefore ignored
for all other analyses in this chapter.

Sampling Effort. In order to estimate approximsdenple sizes required for

future browse utilization or willow community hdaltnonitoring, | conducted a power
analysis using the distribution of the browse dp&acent browse utilization) measured
on the 50 meter segments in this study. To detd€o increase in browse utilization
from one year to the next with 95% confidence,38l,and 38 sample sites (e.g. 50 m
segments) were required based on the distribufitimeodata from the years 2008, 2009,
and 2010, respectively. With a 90% ClI, the nundfexample sites required to detect a
10% increase in browse utilization were reduce83032, and 33 for 2008, 2009, and
2010, respectively. Results differed across ydaesto the variable browse utilization
distributions. Larger sample sizes were requicedetect a 10% increase in browse
utilization when the mean percent browse utilizafior that year was higher (11.5%,
8.0% and 8.3% in 2008, 2009, and 2010, respecjivélithough a 10% increase in
browse utilization from one year to the next wdeded as the level of interest in this
study, the sample sizes required to detect otheeepechanges (e.g. 5%, 15%, 20%) in

browse utilization are shown in Table 3.1 for refere.

Browse Utilization Modeling. Collinearity for all covariates was tested prior to

running any model selection. No pairs of covagdtad correlations > |0.6|. The largest
correlation between covariates in the a pmoodels was 0.400 (between PREFSPP and

ELEV). The largest correlation between any covasavas -0.514 (between ELEV and
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Table 3.1: A comparison of sample sizes (monitositgs) needed to detect the percent
increase in browse utilization in the first columfs the percent change increased,
smaller sample sizes were necessary to deteathhage with either 90% or 95%
confidence. Results differed across years duedwariable distributions of browse
utilization each year. The percent increase (10Rtterest in this study is in bold.

% Increase Date Sample Size Required to Detect the Incr
Browse Utiization  Year 95% CI 90% ClI
2008 72 59
5% 2009 62 51
2010 63 51
2008 50 42
7.5% 2009 46 38
2010 45 38
2008 41 35
10% 2009 38 32
2010 38 33
2008 36 31
12.5% 2009 34 30
2010 34 30
2008 33 29
15% 2009 31 28
2010 32 28
2008 31 27
17.5% 2009 30 26
2010 30 26
2008 29 26
20% 2009 28 25
2010 29 26
2008 27 24
25% 2009 27 24
2010 27 24

DISTCNFR). No covariates had VIFs > 5. The lar§df was 1.76 (ELEV) followed
by 1.72 (DISTCNFR). Scatterplots of all covaripters did not reveal any notable
nonlinear issues. Therefore, no covariates orr@ateapairs were excluded from any

models for both the a priori and post hoc analyses.
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From the a priori model list of 97 models, twelvedels had\QIC, scores < 4
(Table 3.2). However, most of these models coethiminformative parameters (Arnold
2010) and only three models witkQIC; scores < 4 did not include uninformative
parameters (models highlighted in gray in Tablg.3All other models were not well
supported by the datAQIC. scores> 4). As interactions were present in some but not
all of the top three models, a weighted averageahoaolld not be calculated and
inference was independently assessed for each rfayderameters with interactions.
The coefficients and 95% Cls for the top three nieédee displayed in Table 3.3. An
expanded table with the coefficients for the topriddels can be found in Appendix R.

Based on a QlOmodel selection analysis of the GEE models (ctaestby
sample site across years), the covariates for peotgreferred species (PREFSPP),
percent of previously browsed willow (PREVBRWS)damillow community width
(WIDTH) were all associated with browse utilizatioAs predicted, the percent of
preferred species and the percent of previousiwéed willow were positively
associated with browse utilization. Willow commiynvidth had negative association
with browse utilization, counter to my predictiomhe covariate for elevation (ELEV)
was in two of the three top models along with a ¥REYV interaction, but was not well
supported (aside from YR2010) as its confidenceruats included zero in those two
models (Table 3.2), as well as in all the otherrtaqlels that were excluded from
interpretation due to uninformative parameters @mpx R).

Coefficient estimates from the three top modetcated that the percent of

preferred species (PREFSPP) was positively assdcveith browse utilization after



Table 3.2: Model selection results for browse utilization of willow communitiesdgsmon the Mount Haggin WMA. A
models are ranked acding to QIG and presented along with the number of parameters (KAQI&. value (the change in
QIC. value relative to the best model), and the relative model weight Albbreviations are: YR (year of browse, 2008, 2009,

or 2010), PREFSPP (perceif preferred species willow), PREVBRWS (percent of willow previously Isexy within the last
years, based on growth form), WIDTH (total width of the willow community), and ELEVdgt® of the sample site). Mod

highlighted in gray are those whico not have uninformative parameters (Arnold 2010).

ID Model Structure K QIC:c AQIC wi

37 YR + PREFSPP + PREVBRWS + WIDTH + WID'XYR + ELEV + ELEWYR 11 402.8: 0.00C 0.14¢
40 YR + PREFSPP + PREVBRWS + WIDTH + ELEV + ELxYR 9 4033 0.50: 0.11f
42 YR+ PREFSPP + PREVBRWS + WIDTH 6 40353 0.708 0.104
13 YR+ PREFSPP + PREFSxYR + PREVBRWS + WIDTH + ELEV + ELEXYR 11 403.6: 0.81: 0.09¢
10 YR+ PREFSPP + PREFSxYR + PREVBRWS + WIDTH + WIDTIXYR + ELEV + ELEWYR 13 403.7¢ 0.95¢ 0.09:
39 YR+ PREFSPP + PREVBRWS + WIDTH + WID'xYR 8 404.2. 139 0.07¢
41 YR+ PREFSPP + PREVBRWS + WIDTH + ELEV 7 404.69 1.865 0.058
38 YR+ PREFSPP + PREVBRWS + WIDTH + WID YR + ELEV 9 405.3¢ 2.56¢ 0.041
28 YR + PREFSPP + PREVBRWS + PREVBRWSxYR + WIDTH + WHIxYR + ELEV + ELEWYR 13 405.9. 3.10: 0.031
4 YR+ PREFSPP + PREFSXYR + PREVBRWS + PREVBRWSxYR + WIDTH + ELEV + ELKYR 13 406.3¢ 3.53¢ 0.02¢
31 YR+ PREFSPP + PREVBRWS + PREVBRWSxYR + WIDTH + EHEELEVXYR 11 406.5( 3.681 0.02«

1 YR+ PREFSPP + PREFSxYR + PREVBRWS + PREVBRWSxYR + WIDTH + WIDTxYR + ELEV + ELEwYR 15 406.6( 3.77: 0.02:

T4}
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Table 3.3: Coefficient value§;f and 95% confidence intervals (in parenthesesjer
covariates in the top three models explaining beoutdlization. Abbreviations are the
same as those in Table 3.2. Coefficients in balkelconfidence intervals that do not
span zero.

Top Models
Coefficient 37 40 42
Intercept 3.74051 3.94179 -2.62811
(-4.42556, 11.90658)  (-4.0019, 11.88548)-2.98149, -2.27473)
YR2009 3.57217 2.29239 -0.36205
(-10.58332, 17.72765) (-11.55769, 16.14246).62105, -0.10306)
YR2010 -12.56471 -11.69531 -0.32233
(-22.36465, -2.76478)  (-20.98888, -2.40174) (-0.56448, -0.08018)
ELEV -0.00345 -0.00353
(-0.00779, 0.00089) (-0.00777, 0.00071)
PREFSPP 0.55099 0.55063 0.44450
(0.10683, 0.99515) (0.10876, 0.9925) (-0.00131, 0.8903)
PREVBRWS 3.09998 3.06522 3.12621
(2.39296, 3.807) (2.36798, 3.76245) (2.43784, 3.81458)
WIDTH -0.00224 -0.00243 -0.00241
(-0.00341, -0.00107)  (-0.00334, -0.00151)  (-0.00333, -0.00148)
YR2009%ELEV -0.00197 -0.00142
(-0.00943, 0.00548) (-0.00879, 0.00595)
YR2009xWIDTH -0.00157
(-0.00355, 0.00042)
YR2010xELEV 0.00647 0.00608
(0.00133, 0.01162) (0.00113, 0.01102)
YR2010xWIDTH 0.00080

(-0.00102, 0.00262)

taking into account all other covariates in the eled The coefficients from the top three
models were in strong agreemerrersp= 0.551, 0.550, and 0.445), although the
confidence interval in Model 42 barely includedazehe weighted average (based on
QIC. weights) of this covariate wf#isrersps= 0.496 (95% CI = 0.0039, 0.988). From
this weighted average, it was estimated that 0% increase in preferred species, there

was a 1.10 times increase in the odds of brows$ieation (95% Cl=1.00, 1.22). Three
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plots showing the predicted relationship betweewg preferred species and percent
browse utilization for each year (based on Mod@li8Bhown in Figure 3.3. Models 40
and 42 produced nearly identical plots and areshown here. An absence of
YRXPREFSPP in the top models meant that annua&rdiites in predicted browse
utilization were due to the yearly indicator (e/gr2009) covariates.

Percent of previously browsed willow (PREVBRWS)svedso positively
associated with browse utilization after takingiatcount all other covariates in the
models. The coefficients from the top three modadse in strong agreemempkevsrws
= 3.100, 3.065, and 3.126). The weighted averhgsed on QICweights) of this
covariate wa$preverws= 3.103 (95% CI= 2.400, 3.807). From this weighdgerage, it
was estimated that for a 25% increase in previomsdywsed willow, there was a 2.17
times increase in the odds of browse utilizatids?49Cl= 1.82, 2.59). Three plots
showing the predicted relationship between perpeatiously browsed willow and
percent browse utilization for each year (baselodel 37) is shown in Figure 3.4.
Models 40 and 42 produced nearly identical plots @ not shown here. As the
YRXPREVBRWS covariate was not present in the togefs) annual differences in
predicted browse utilization were due to the yeartjicator covariates.

Willow community width was negatively associatedhahbrowse utilization for all
years of the study based on the top three modiédsvever, one of the top models (Model
37) included a YRXWIDTH interaction, indicating gdsle annual variation in this
relationship, but the uncertainty was large enathgh the interaction coefficients had

plausible values that were both positive and negatirhe WIDTH coefficients from the
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other two models without interactions were in sgragreement3{yprn = -0.00243 and
-0.00241). Based on these two coefficients, it estgnated that for a 100 m decrease in
willow community width, there was a 1.27 times eg&se in the odds of browse
utilization (95% ClI= 1.16, 1.39). Annual plots s¥ing the predicted relationship
between willow community width and browse utilizatican be found in Appendix S.
These plots are based on the model with the irtterecc(Model 37) and demonstrate the
minimal differences between years when the YRxWIDOitdraction accounted for.

There was minimal evidence supporting a negatise@ation between browse
utilization and elevation, but this relationshipyreave been obscured by interannual
variation in that relationship, as evidenced by sanodel selection support for the year
and elevation interactions. Two of the top thremlais included a YRXELEYV interaction
and the coefficient for 2010 in those two modelggasted a positive association in that
year. For each year, however, the plausible aoefft vales for the model averaged
estimates of ELEV (and YRXELEV) could be eitheripes or negative, suggesting
minimal statistical difference between years andtnong association with browse
utilization. This is exemplified in the predictipdots showing the relationship between

elevation and percent browse utilization, which barfound in Appendix S.

Post Hoc Preferred Species Covariate. Indivibuase utilization by species

was examined to determine if the a priori hypothesgarding preferred willow species
was correct. Counts for used and available twigkselection ratios (yfor each
species (for each year and all years combinedjiapdayed in Table 3.4. While the

literature suggested that Booth's, Drummond's,pdakeleaf willow would be highly
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Table 3.4: Counts of used and available twigs ahecson ratios (W for the species of
willow surveyed for browse utilization. Individugéars and all years combined data and
ratios are presented. Selection ratios > 1 indisatection for that species, while
selection ratios < 1 indicate selection againgt spacies. Selection ratios in bold are
significantly different from 1.0 ai=0.05.

2008 2009
Species Used Avaiable W, Used Avaiable W,
Planeleaf 171 540 2.61 204 604 4.01
Wolfs 41 182 1.86 53 174 3.61
Booth's 1267 7376 142 908 7018 1.53
Geyer 1360 9038 124 936 8780 1.26
Drummond's 1090 7088 1.27 665 6912 1.14
Lemmon's 568 12894 0.36 347 13432 031

2010 All years
Species Used Avaiable W, Used Avaiable W,
Planeleaf 288 596 570 663 1740 3.93
Wolf's 39 172 2.67 133 528 2.60
Booth's 951 7072 1.59 3126 21466 1.50
Geyer 750 8368 1.06 3046 26186 1.20
Drummond's 615 6804 1.07 2370 20804 1.18
Lemmon's 453 13486 040 1368 39812 0.35

preferred, | found that planeleaf, Wolf's and B&othillow were the highly preferred
species on my study area with selection ratigs¥vi.50. Drummond's and Geyer
willow were moderately preferred (1.50 > »1.00) and Lemmon's willow was strongly
selected against on my study area<w0.50). This pattern existed to varying degiiaes
all years, although in the winter of 2010 Drummeratid Geyer willow were not
selected for or against but rather selected agquincy equal to their availability.

Due to the discrepancies between the a prioriispgreference and the observed

preferred species, | created a new preferred speagable to determine if it would
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improve the fit of the top models or change theffeoent estimates. | reclassified the
preferred species to include all species but Lemsneilow. This covariate was then
replaced in the three top models and (d€Ebres compared. The new preferred species
covariate (PREFSPP_POST) improved the (kkdres of the top 3 models by 13.58-
16.49 QIG units and increased the weighted average coeffitdBprerspr= 0.821 (95%
Cl=0.173, 1.470). Based on this new coefficialtie, for a 20% increase in preferred
species, there was an estimated 1.18 times inchedise odds of browse utilization (95%
Cl=1.035, 1.342). The other coefficient estimatethe top models changed only
slightly, but the model selection did significantigange. After substituting the
PREFSPP covariate with PREFSPP_POST in all of fireoa models, the QlCmodel
selection analysis was rerun. Eight models&@tC. scores < 4, but only two did not
have uninformative parameters. The new top mddetel 15) was actually improved
by 22.35 QIG units with the PREFSPP_POST covariate. This mackelally included a
PREFSPP_POSTxYR interaction, suggesting possilleadvariation in the relationship
between percent preferred species and percent enatlization existed when the
preferred species classification was improved ¢aig/ the interaction coefficients had
95% confidence intervals that included zero). $&eond top model was Model 42,
which was one of the top three models with theioalgpreferred species covariate. The
biggest change among the model selection results that models that included a
covariate for elevation (ELEV or YRXELEV) no long&rowed any improvement (i.e.
AQIC, scores = 2 for each parameter included) over destalels without the elevation

covariate, effectively rendering it an uninformatiparameter.
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Post Hoc Browse Utilization Modeling. Using theanpreferred species

covariate (PREFSPP_POST) and the two top modaeis tihat model selection (Models
15 and 42), | tested the impacts of adding (ippa#isible combinations) the three
covariates not included in the a priori model sidecanalysis: distance to conifer cover
(DISTCNFR), distance to willow edge (DISTWILL), aaderage willow community
height (HEIGHT). The DISTCNFR and DISTWILL covatesa did not improve the
models, and HEIGHT only improved models by minimmergins (decreasing 0.063-
0.087 QIG units), indicating that the addition of the HEIGIddvariate barely explained
enough variability to overcome the penalty of 2 QU@its. Furthermore, the 95%
confidence intervals of the HEIGHT coefficient inded zero.

All possible combinations of the quadratic fornishee individual covariates were
tested and the combination of PREVBR¥Bd ELEV improved the top models greatly
(decreasing 32.7-34.6 QJ@nits). Individually, the quadratic forms of WIBIT,
PREFSPP_POSTand HEIGHT also resulted in moderate improvements (1.93-4.20
QIC. units). Exponential forms of all covariates weubstituted individually and the
only covariate that resulted in notable improvemeas EXP(WIDTH), which improved
the top models by 2.11-2.17 QIGnits. EXP(HEIGHT) and EXP(DISTCNFR) also
produced minor improvements (0.47-1.62 QU@its). The potentially important
interactions between PREVBRWSxPREFSPP_POST, PREVBfBAEYV, and
PREFSPP_POSTXELEV were tested independently aconnination. These

interactions did not improve model fit and no otlmeractions were examined.
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Discussion

Browse utilization has been measured for decamlgadntify the impact of
ungulates on various species of shrubs and treiekri8y 1966, Jensen and Scotter 1977,
Wikeem and Pitt 1987, Singer et al. 1994, Romnad. 4995, Kielland and Bryant 1998,
Rooney and Waller 2003, Singer and Zeigenfuss 20B&cently, monitoring browse
condition has been suggested as a potential tooh&maging wild ungulate populations
(Keigley et al. 2002), including moose. However, Wildlife and habitat managers to
effectively use this tool, they need to understaow certain habitat attributes affect
moose browse utilization and how much effort isuieef for effective and meaningful
monitoring. They need to know how and where mawgeact willow communities and
how and where to monitor willow browsing with appriate sample sizes and placement
of monitoring transects to sample areas that arst nepresentative of the entire willow
community. Thus, the goal of this research wamprove biologists’ understanding of
how and where moose browse willow communities utls@estern Montana by
evaluating the patterns of browse utilization.

During the course of this study, overall browséaattion was around 10% for
each year across the sites monitored on the stedy & his was well below the threshold
of 20% suggested by a few researchers (Dobkin @08R, Singer and Zeigenfuss 2003)
that would indicate possible overutilization of twsed shrubs or result in negative
impacts on other species (e.g. avian communityrglityg. Browse utilization in this
study, however, was not universally low, but ratipeite heterogeneous, with browse

utilization exceeding 40% at some sites each ydédewthers sites had zero utilization.
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This pattern is not unique to my study, as mangaseshers have noted patchy
consumption of browse, with some patches prefeyued others (Van Dyke et al. 1995,
Tyers 2003, Peek 2007, Renecker and Schwartz 20089ertheless, this pattern of
heterogeneity suggests that monitoring willow comityuhealth or browse utilization
could be challenging, as the sample sizes to deteahingful annual differences may be
unrealistically large for biologists or habitat nagers to implement.

Fortunately, browse utilization may be somewhatmtable, as demonstrated by
the hypotheses tested with QI@iodel selection and coefficients in the top modtleds
were strongly associated with browse utilizatidiime percent of preferred species and
previously browsed willow were both positively asisped with browse utilization, as
predicted. These associations are not surpriamgyany studies have found that moose
prefer certain species of willow (Dorn 1970, Stex@870, Wilson 1971, Risenhoover
1987, Kovalchik et al. 1988, Tyers 2003, Dwire le2806, Mansson et al. 2007, Baigas
2008) and that moose repeatedly browse willow plémt have been browsed previously
(Molvar et al. 1993, Bowyer and Bowyer 1997, Bowgad Neville 2003, Stolter 2008).
The percent of previously browsed willow was aipatérly strong predictor in this case,
with a 25% increase resulting in a 2.17 times iaseein the odds of browse utilization.
The original percent of preferred species covaras not as strongly associated with
browse utilization, with a 20% increase resultingil.10 times increase in the odds of
browse utilization. The practical application bése numbers demonstrates that across
the range of observed values for both covariatetslate changes in the predicted browse

utilization occurred, as shown in Figures 3.3 arid 3
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Contrary to my prediction, browse utilization waegatively associated with
willow community width. This covariate was desigre be a surrogate for forage
availability, as Mansson et al. (2007) found tlmaafe availability or the amount of
forage present at a site was positively associatbdbrowse utilization. Tyers (2003)
had a similar finding where moose preferred mooelpctive sites where willow biomass
production rates were higher. It makes intuitigase that patches with greater available
browse would be more heavily browsed as moose o#tifor greatest input of nutrients
at the lowest cost (e.g. optimal foraging theonyjost likely, this surrogate measure did
not adequately capture forage availability. Indterepresented the total volume of
willow present at a given point on the stream cewnsd was not specific enough to the
browse availability at a local sample site (segmehRbr instance, if moose browse use
was even along stream courses (not effected byn@)luthen it is possible that the
browse impacts at sites with larger volume wouldlihgted and resulted in lower browse
utilization at sites with greater willow communitydths. Thus, moose were not
selecting for browse where willow communities wksgs wide, but rather that under the
sampling scheme employed in this study, browsem@® likely to be captured where
willow communities had reduced widths.

Although two of the top three models had elevatdod ELEVxYR interaction
covariates, there was minimal evidence supportinggative association between
browse utilization and elevation. A negative relaship was expected if elevation was
an effective surrogate for snow depth. Althoughdbefficient for elevation suggested a

negative association in 2008 and 2009 and a pesasgociation in 2010, both negative
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and positive associations between elevation andseaitilization were plausible in all
years. This relationship is shown in the predeots in Appendix S. Annual
differences in snowpack are one possible reasothése differences. The SWE and
snow depth measurements throughout 2008 and 20@9ne&ably higher than in 2010
(see Figures 2.1 and 2.7). Additionally, it is gibke that the negative association
between elevation and browse utilization was ongsent during parts of the winter
season when snowpack was greater, which may harediesent in some years (e.g.
2010). This hypothesis is supported by the evidericow moose selection for lower
elevations when SWE was higher (Chapter 2; Tall@@d Appendix J). Since my
surveys could only measure browse utilization dkerentire winter period, this temporal
pattern would have been missed in the browse atiitim data. Finally, the minimal range
of elevations in the willow communities on the statea may have precluded any
notable differences in browse utilization alongetevational/snowpack gradient.

Another notable annual difference was detectat@rspecies preference data.
When snow conditions were more severe in 2008 809, ,Zive species were browsed at
rates significantly greater than their availabilifowever, during more mild conditions
in 2010, the top three species were browsed ditktigigher ratios when compared to
2008 and 2009, while the ratios for the fourth &ftid species declined and were not
browsed at rates significantly different from thawuailability. It is possible that with less
severe snow conditions in 2010, moose were albieotce more freely around the study
area (supported by the home range sizes calcutatedapter 2; Figure 2.1 and

Appendix F) and browse more preferred willow spgeathigher rates while more easily
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avoiding less preferred species.

Post hoc analyses demonstrated that the postdroen preferred species
covariate resulted in better model fit when comgdeethe a priori classification.
Lemmon's willow was found to be the only willow spes that was selected against,
while all other species were selected for to vayylegrees. Wolf's willow was a
surprisingly highly preferred species, but this basn noted to limited degrees in two
other studies (Stevens 1970, Tyers 2003). The orestpected result was the difference
in selection for Geyer and Lemmon's willow. Theése species are very similar and
their classification as unique species (vs. subepgbas been debated (Brunsfeld and
Johnson 1985, Heinze 1994, Hoag 2005). Howevensmon my study area selected for
Geyer in most years and strongly selected agamsinhon's willow in all years.

Of the additional variables tested post hoc, @vigrage willow community
height was supported by the model selection witbrovements in QIlECscores.

However, these improvements were negligible (destngdess than 0.1 QlQinits) and
the coefficient confidence interval included zesoggesting that average willow
community height did not have a strong associatith browse utilization after
accounting for other covariates in the model. @tdition of the covariates for distance
to conifer cover or distance to willow edge did moprove the top models. The lack of
support for these covariates was not unexpectetheas was only minimal evidence in
the literature of their potential associations vitbwse utilization (Van Dyke et al. 1995,
Singer and Zeigenfuss 2003, Tyers 2003, Dussaalt 2006).

The other post hoc insights were that some altemé&unctional forms, especially



139
guadratic forms, improved model fit, while no irgtetions improved the top models. The
guadratic forms for the elevation and percent gnesly browsed willow covariates
yielded the greatest improvement for the top mod@&ther functional forms only
resulted in marginal or no improvements, so theaipse of strictly linear forms in this

study seemed justified.

Issues of Independence and Confounding Factors

In this research, | designed a systematic samplthgme of willow that was
efficient (in terms of time spent in the field) apobduced a representative sample of the
entire willow community without over- or under-saling a given stretch of willow
along a stream course. However, the design digpmatuce theoretically independent
sample units as many monitoring sites (50 metemseds) were adjacent or close to
other sites within each transect. | closely exaithis issue with numerous analyses
since my data contained obvious extra-binomialatemn (overdispersion) and may be
indicative of a lack of independence. | could fnad a strong or weak spatial
autocorrelation between adjacent segments. BEffdygtithe segments seemed
independent, and were treated as such for the atteyses conducted in this chapter.
Additionally, | attempted to take into account dransect effect by explicitly modeling
browse utilization with transects as the samplé. uii the transect level, | found greatly
reduced or non-existent associations between teriedes and browse utilization
(compared to the segment level results). Thislikal/ due to substantial heterogeneity
in the covariate and browse utilization values imitinansects, suggesting minimal

homogeneity which would lead to a transect effecefich of the transects.
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Two other sources could explain the extra-binowaaidation noted in this study.
First, it was possible that the extra-binomial aaon was due to a lack of independence
in the binary responses within a segment, as aigylimowsed on a given segment (or on
an individual willow) would likely accompany moreigs browsed on that segment.
This was more or less unavoidable unless only wigewas sampled per willow or per
sample site to prevent within willow or within segnt dependence. Additionally, there
was no way to directly account for this source @fit-independence. Second,
heterogeneity in probabilities of browse utilizatioot captured by the covariates
examined here was another potential source of apmesion. Thus, the model structure
could have been inadequate, i.e. some importargr@ies were missing from the model.
The most obvious absent covariate was snow depttesaarch suggests that this variable
may be important for explaining browse patternsome winter ranges (e.g. Tyers
2003). However, snow depth was nearly impossibguantify at a 50 m segment scale
(and was likely to be variable down to the plarglsi Additionally, snow depth would
be highly variable throughout the winter, and itulkebnot be possible to quantify snow
depth at the exact time of browse unless moose baaigracked (Tyers 2003) or the
established sample sites monitored intensivelyugnout the winter. | attempted to use
elevation as a large-scale surrogate for snow ¢épttthis covariate was not well
supported by the model selection. An accuratespatially precise snow depth or SWE
variable may have greatly reduce the extra-binogaahtion found in this study.

Potentially confounding factors in this study werewsing by other ungulates

and overall moose density. Other ungulates (elttle) were not present during winter,
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but were abundant on the study area in summerpandaps most importantly, in fall
when elk (Peinette et al. 2001, Brookshire et @02} or cattle (Roath and Krueger 1982,
Kauffman et al. 1983) have been known to consuniiewvi To control this variable, |
completed sampling in early spring, before thesgulates were present on the study
area. Additionally, I only counted browse from firevious winter, as determined by the
color, weathering, and new growth on the browsad,treducing the impact of this
confounding factor. The other confounding fact@swnoose density, which probably
fluctuated over the course of the study, but ditldnastically change. | did attempt to
guantify localized moose density (at survey sit@#) pellet surveys, but found that most
of the sample sites contained no pellet groupsiamsiwere not an effective index of
moose abundance or density at that scale. Itpsitant to note that moose densities
were moderate to low during the course of thisystused on trends in population
surveys (MTFWP, unpublished data) and that brovestems would likely be different or
easier to define at higher densities where allearly all of the optimal willow patches

are occupied and browsed.

Management Implications

The heterogeneity of browse utilization observethis study provides a
considerable challenge to biologists interestesi@mitoring willow community health
and the impacts of browse. This was particulabyious in the sampling effort (power
analysis) results, which showed that the absolutéenmum sample size for biologists
wanting to detect a 10% difference in browse wtian with 90% confidence intervals

was 32 sample sites (e.g. 50 m segments), bastx dmowse patterns on my study area.
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There are a number of caveats that biologists teebd aware of prior to
employing the sample sizes estimated in this stadynew browse monitoring program.
First, the sample sizes were based on the disoibof the browse utilization measured
in this study, which was highly skewed and zertatefd. Other measures of browse
utilization or willow community condition may prode more normal distributions and
may require less effort (smaller sample sizesy&tisfactory monitoring. Second, the
samples sizes recommended here were related sizthef the willow browse study
area, which was approximately 5,000 hectares. rAa 40 times this size is likely to
require a larger sample size and may actually cetta impacts of multiple moose
populations. Finally, a more random or systensdinipling scheme should be
employed, as the sampling in this study includedessites that were adjacent to each
other. Instead, sample sites should be well Bistieid in order to obtain a sufficient
sample with a minimal chance of having dependenuang sample sites. Thus, the
sample size recommendations presented here a@assgoting point, but optimal sizes
are likely to be site-specific and establishingeavibrowse monitoring program will
likely require some experimentation on the parthef managing biologist.

Additionally, it should be noted that the minimuam¥ple sizes recommended in
this study may be too low to detect a 10% diffeeeacmuch higher browse utilization
levels (e.g. ~25%) as the necessary sample siZ@0® ®as larger when the mean
percent browse utilization was higher. This w&slii due to increased variability in the
distribution of browse utilization responses atgigbrowse utilization levels. This

variability may only increase further with higheolvse utilization, as some sites could
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be more heavily browsed while others may not bevbeal at all in some years (although
the proportion of unbrowsed sites in the sample dexyease). Conversely, it is possible
that browse would become less heterogeneous aret gamonitor as browse utilization
reaches substantial levels. Higher densities afsaanay distribute the population more
evenly across the landscape and result in widedpgreavy browsing with little or no
light browsing. While this would be easy to monitoterms of monitoring site sample
size, it is likely that less heterogeneous condgiwould only exist at levels of heavy
browsing that would be unsustainable in terms ¢ibwi community health.

Since moose densities on the study area were lomotterate during this study,
local biologists may desire and manage for increppopulations. Based on the current
percent browse utilization, the willow communitynogasily support growth in the local
moose population. However, as outlined aboveinipacts of a larger population may
be harder to monitor (unless heavy browsing is spdead) and may present an
unrealistic level of effort necessary to captuterannual changes in browse utilization.
Nevertheless, there may still be some utility impdeting browse surveys at a lower
intensity, as patterns will emerge over longer tpreods (multiple years or decades),
assuming long-term patterns are helpful for the agament of the willow communities
and moose populations.

The covariates that were strongly associated iblvse utilization in this study
were the percent of previously browsed willow, pegcent of preferred species, and
willow community width. Therefore, sites selectadhe future should take these factors

into account and not be specifically targeted, Whuould bias the monitoring effort. A
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specific example would be the intentional and esiglel placement of browse utilization
sampling sites in areas that are already heavilwbed. Heavy browsing is likely to
continue at these sites, regardless of changa®wsk utilization over a larger area of
interest. Browse monitoring sites should therefmeglaced in some areas with high
utilization and other areas with low utilizationhiwh could be accomplished with
random site selection or intentional stratificaticknother example of potential bias
would be the monitoring of a single species, withegard for the associated species, as
the suite of species at a sample site will havergract on which species are browsed and
the degree of browsing pressure. Furthermore evdméecies preference may not change,
use of specific species may vary annually dependmginter conditions, as noted in the
species selection data presented here (Table Bldjitoring multiple species would be
ideal to capture interannual changes and to acdouttie impact of browse utilization
on the entire willow community. Whether or not tiple species are monitored, the
species composition at monitoring sites needs toobsidered and appropriately sampled
to capture a representative distribution of broutsiezation measures in the area of
interest. Species will need to be identified aswohgle sites stratified if substantial
heterogeneity in species composition is present.

Knowing that these factors are associated witlvbeoutilization may also be
helpful in interpreting results at historical bremsample sites, if these covariates are
measured at those sites. Unfortunately, thesendasa be collected on the ground as
they cannot be remotely sensed, requiring additiome& and expertise in the field

(especially for willow species identification). témpretation of browse utilization results
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without accounting for these factors should bealisaged as bias may skew results and
lead to incorrect management decisions.

Although my research demonstrates that it woulgregerred to monitor browse
across all willow species (or at least taking iatcount species composition) to capture a
holistic picture of browse utilization, some managmay still prefer to monitor a single
species of willow as a surrogate for health ofwi®le community. In this case, it is
important for biologists to quantify or at leaswvhaolid anecdotal evidence of local
species preferences. In my study, the preferredisp of willow were different from
what was suggested by the literature from nearbgsar Perhaps most importantly, the
identification of the species sampled must be gitforward and definitive. For
instance, the use of Geyer or Lemmon's willow onstugly site would not be
recommended, as it would be challenging for anpeeenced biologist to accurately
differentiate between these two species with angllef certainty. The classification and
differentiation between these two species is ngtabportant in this case, as there is a
very significant difference in moose browse setethetween these species that could
drastically bias results of browse utilization ntoning efforts if these species are used.

The willow species preference data also haveastarg implications for habitat
restoration. Using less palatable species foriapaestoration and stream bank
stabilization is ideal to achieve results, but mhix of species are used, then the presence
of even a few palatable species may result in brogywsn nearby, less palatable species.
And once individual willow plants are browsed, thaag likely to be browsed again.

Based on this study, | would not recommend theotigpdaneleaf, Wolf's and Booth's
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willow for riparian restoration. Drummond's andy@&ewillow would probably be
suitable, but may still attract moose to browséess desirable species. Lemmon's
willow would be an ideal candidate in this arean t@e other hand, if habitat restoration
is intended to improve habitat for moose use, thermore palatable species, especially
the taller statured planeleaf and Booth’s willowsuld be well-suited to improving
winter range for moose.

In conclusion, | have confirmed that browse uditian was not homogeneous on
the Mount Haggin Wildlife Management Area moosetefimange, a pattern which is
likely to be found on many other moose winter ranigesouthwestern Montana. Heavily
browsed areas are likely to exist even if overalization is low and thus areas of
heavily browsed willow are probably unavoidablénhisTmay be especially true since
there was strong evidence in this study that mposker sites with higher percentages of
previously browsed willow for current year browsinglso, potentially predictable
patterns exist in willow browse utilization, asvas associated with numerous habitat
covariates tested here. The use of these reauttsordination with data collected on the
ground will allow biologists to improve the placemef willow monitoring transects to

sample areas that are more representative of tl@wdommunity as a whole.
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CHAPTER 4

SYNTHESIS, MANAGEMENT AND CONSERVATION IMPLICATIONSAND

DIRECTIONS FOR FUTURE RESEARCH

Synthesis

Moose selection for willow communities during thimmter season has been well
documented in the literature. Recent researclalsasdemonstrated that selection
patterns around willow communities have been aasediwith habitat attributes (e.g.
Van Dyke et al. 1995, Poole and Stuart-Smith 26@&gk 2007, Baigas 2008, Becker
2008). Within willow communities, browse utilizati has been shown to be associated
with certain attributes as well (e.g. Bowyer andvile 2003, Dussault et al. 2006,
Mansson et al. 2007, Baigas 2008, Stolter 2008rd was general consensus among
recent studies about how these factors were typiaasociated with winter moose
habitat selection or browse utilization. The reskgresented in this thesis confirms
hypotheses about the importance of willow commasitvhen they were widely
available to moose on winter range and how atteutithin and around those
communities were associated with habitat seleairdorowse utilization patterns.

Two approaches were used in this research to gamgend where moose were
using willow communities and habitats surroundiritjosr communities. The habitat
selection analysis (Chapter 2) examined selectyondividual moose, averaged over the
population of sampled moose, and included seledt@th within and outside willow

communities. Cover type, distance to conifer,afise to willow, elevation, and
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interactions with SWE (snow water equivalent) wat@ssociated with habitat selection
at both home range and study area scales, whdiaradiation index was only
associated with habitat selection at the home rangke. An examination of the resulting
resource selection function (RSF) maps showed prighabilities of habitat selection in
and directly adjacent to willow communities at lovedevations, with an increasing
association with closer distances to conifer c@se8WE increased. A post hoc
examination of the association between temperandehabitat selection found that
temperature did change the associations betweesothier cover covariates and habitat
selection, with moose selecting for conifer coveteamperatures increased.

The browse utilization analysis (Chapter 3) examtipepulation level selection
of willows for browsing within willow communitiesThe percent of previously browsed
willow, percent of preferred species, and willowrgaunity width covariates were all
strongly associated with browse utilization. As@sation between elevation and
browse utilization was only minimally supported aradied from year to year, and the
covariates for willow community height, distanceatiow edge, and distance to conifer
edge were not supported by the data collectedsrsthdy.

There were notable and unexpected differencdsesettwo analyses, especially
the importance of distance to conifer cover in tadtgelection but not in the browse
utilization analysis. As demonstrated in the tettselection analysis, the increased
selection for habitats close to conifer cover wericted to periods with greater levels of
SWE and higher temperatures. In fact, there wateace of selection for further

distances to conifer cover when SWE levels were(eigure 2.5). This selection
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behavior probably had the effect of distributingwse utilization across a wide range of
distances to conifer cover in any given winterrassand temperature conditions
changed. Since my browse surveys could only medsanwse utilization over the entire
winter period, this temporal pattern was absemébrowse utilization data.

The other interesting difference was the strorspeigtion between elevation and
the probability of habitat selection, but a lackaafassociation between elevation and
browse utilization. As with the distance to coniéevariate, this difference could have
been an artifact of the temporal changes in habéigtction. Cow moose increased their
selection for lower elevations as SWE levels inseela potentially distributing browse
utilization across a wide range of elevations asES3Wanged. This probably also
explains why there was interannual variation indgdlsociation between elevation and
browse utilization, as different years had difféeremow conditions. Furthermore, as most
of the browse survey locations were at lower elewatcompared to the entire winter
study area, the association between elevation eowiske utilization may have been
obscured by the limited range of elevations exathintdad | measured willow browse
utilization at higher elevations, a stronger assiomn may have been present in the data.

These discrepancies between the two approachesndémated that browse
utilization surveys fail to capture important temgdachanges in habitat selection and
patterns of use within willow communities. Despltese differences, | was interested to
see if there was an association between browseatitn and relative probability of
habitat selection. | hypothesized that the locetiwith higher probabilities of habitat

selection should have higher browse utilizatiord @ice versa.
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| used data from the browse utilization samplessio compare values of browse
utilization to the probability of habitat selectiolNew RSF maps were calculated using
the average SWE value for the winters prior to m®wtilization sampling (2008 =
19.74 cm, 2009 = 17.27 cm, 2010 = 9.86 cm) ancttivariates from the top study area
scale RSF model, Model 02 (Chapter 2). The brawiieation estimates at the segment
level for the three years monitored were then paivich the RSF values at the sample
site locations for the respective years. A plathaf data can be seen in Figure 4.1.

Based on this plot, there was only minimal evideathigher browse utilization
at locations with higher habitat selection prokgibg. While there certainly were many
locations that fit the pattern of low probabilit/ltabitat selection/low browse utilization
and high probability of habitat selection/high beaautilization, the data had a large
amount of noise and data opposing this patterm.irfstance, a few locations with low
habitat selection probabilities had high browseazation. These locations could have
been browsed during early winter when snowpackmwwash lower and were only present
in the 2008 and 2009 datasets when the snowpackigiasr on average (which had a
strong relationship with the habitat selection @tabties of sample sites further from
conifer cover). On the opposite side of the spmefrmany locations had low browse
utilization despite high habitat selection probiies. These locations were likely left
unbrowsed because no moose occupied that locatibrai year, despite a higher relative
probability of habitat selection. If moose popidatdensity was higher on the study area
during this study, | would have expected the retaghip between browse utilization and

relative probability of habitat selection to haweh stronger.
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Browse Utilization as a Function of Habitat Selection by Year
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Figure 4.1: A plot showing the relationship betwdes predicted probability of habitat
selection using the top study area scale modebhaedrved browse utilization at the
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Management and Conservation Implications

Willow is an important resource for moose on theuvt Haggin WMA winter
range and this is likely true on similar winter gas in southwestern Montana or other
floodplain riparian ranges in the Northern Rocki€ow moose in this study
demonstrated strong selection for willow commusitie winter and notable association
with this cover type in summer as well (Chapter Bpme ranges in both seasons were
centered on willow stringers along streams andatkas with the highest probability of
use based on LoCoH home ranges were almost exelysivwillow communities.
Despite this strong selection, the willow commuaston the Mount Haggin WMA winter
range were browsed at low intensity, with browskzation less than 15% for all three
years in the study and less than 10% for two o$ehgears (Chapter 3). While heavy
browsing had been documented with other browsesgunethods on my study area less
than 10 years prior (Keigley et al. 2002), thers wa evidence of widespread heavy
browsing during the years studied here (2008-20E¥en with a low overall browse
utilization rate on the study area, there were krualalized areas where browse
utilization was high, exceeding 40% at a few setash year. Based on these results,
biologists should expect areas of high utilizathenmatter the density of moose. This
may be especially true in areas on winter rangesreva large portion of the moose
population is non-migratory, assuming that moosebaowsing or leaf-stripping willow
in the summer. Additionally, when moose populatiare high, the combination of these
small areas of high utilization may result in lalmé patchy areas of willow communities

being subject to high browse utilization.
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While the impacts of browsing by increasing mopspulations was a primary
concern when this research was initiated by MonEasla, Wildlife and Parks in 2006,
most moose populations throughout Montana are\ssliéo be stable or decreasing as of
2011 (Smucker et al. 2011) and population declh@a® been documented in nearby
states as well (Tyers 2003, Brimeyer and Thomag 2B8cker 2008, IDFG 2010).
These population declines and their causes areofowch greater interest to wildlife
biologists and managers throughout the NortherrkiRec Although predation has been
cited by wildlife biologists as a perceived caussame these declines (Smucker et al.
2011, IDFG 2010), numerous factors may be limitimgpse populations in the Northern
Rockies.

Sustainable moose populations on the Mount Hagaiter range and elsewhere
in the Northern Rockies are likely threatened bytiple factors, including changes to
habitat and climate, predation by native carnivened humans, and the impacts of
disease. | found in this research that willow camrities and nearby conifer stands are
important components of moose habitat. While willeabitats may not be a limiting
factor on my study area at this time, other aredhe Upper Big Hole River Valley may
be impacted by extensive willow removal on priviateds, which will likely impact the
populations of moose browsing on those areas. ®dkbw and conifer habitats may
also be impacted by global climate change. Fdant®, climate change could modify
hydrological patterns and in turn change the wilkpecies composition or result in the
complete loss of riparian habitat in some locati@@tsom et al. 2011). Climatic factors

have been associated with willow community heaitthe Northern Rockies (Beyer et al.
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2007), but it has not been determined if climatenge will lead to an increase, decrease,
or no change in willow community vigor. One stuths noted an increase in willow
growth due to multiple factors, including wolf abhdaver presence in addition to climate
changes (Baril et al. 2011). In additional to W communities, important conifer
communities near riparian areas may also be imgdnteclimate change. Mountain pine
beetle infestations (Sambaraju et al. 2011) anckased fire frequency (Westerling et al.
2011) will likely have an increasingly negative iagb on conifer communities and
conifer canopy cover. Additionally, potential medsrage may have lower nutritional
quality in burned habitats than in unburned habjtasulting in nutritional deficiencies
for moose inhabiting burned habitats (Vartanian120T his in turn may influence moose
populations, especially where moose rely on comibeter to ameliorate snow conditions
during winters of deep snow cover or as thermalgefduring periods of high ambient
temperatures. The potential negative impact addbfires on moose winter range may
already be influencing population trends (Tyers2®ecker 2008). However, it is
possible that moose could temporarily benefit ftbiese changes in areas where forage
resources are limited (Ritchie 2008). Mountainegieetles have already colonized and
started to impact the Mount Haggin winter rangthalgh their impact was probably
minimal during the period when | collected moosbitsd selection and browse
utilization data.

Predation by native carnivores may be a greatat-$érm threat than climate
change to moose populations in Montana. Blackdyemizzly bears, and wolves may all

prey on moose and moose calves. Predation limatsynbut not all moose populations
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(Ballard and Van Ballenberghe 2007). In this studgf 13 adult cow moose died while
being monitored. Two of these cows were predagexh iy wolves or other predators.
Predation on calves was not directly monitoredhia study as only adults were collared.
However, calf survival data from this study canyide a preliminary look at the
potential impact of predation. Seven of ten cab@wyived the summer period (June-
Sept) in this study, but only one of six calvesvswgd the winter period (Jan-Apr), which
was a particularly poor survival rate. Some ofthwinter mortalities may be related to
difficult snow conditions during a few of the wingan this study (especially 2008), but
predation is likely a factor as well and wolf prese on the study area appeared to
increase over the period of this study. Whileghmples sizes were small in this study, it
is likely that predation on adult and calf mooseslompact population dynamics on the
Mount Haggin winter range and may influence othepse populations in Montana
where predators are abundant or where predatorggems are expanding in extent and
size. Further study of moose predation in the UjBig Hole Valley and in other
populations will help wildlife biologists accourarfpredation in order to manage moose
populations sustainably and avoid overharvesting.

While not directly addressed in any part of tl@search, diseases may also
threaten the long term viability of moose populas@n the Mount Haggin winter range
and throughout Montana. Two diseases potentiéfligttng moose on the Mount
Haggin winter range are winter ticks and the aatexiormElaeophora schneideri. A few
ticks were noted on moose on the Mount Haggin wirgege, but not at concerning

levels. Moose mortalities and hunter harvest darthis study were not examined tér



162
schneideri, but the last two mortalities (Dec 2009 and Mat@0were testedE.
schneideri was present in one of these two cow moose, buttethal levels. Other
diseases, such as Chronic Wasting Disease, cootari@eserious threats if these diseases

infect moose populations in Montana.

Directions for Future Research

Future work on moose ecology should focus on impachanging habitat and
climate on habitat selection and population dynairtite role of predation on
populations of moose, and improving aerial or othawey techniques to more accurately
monitor moose population trends. Habitat and dienthange could include impacts
resulting in habitat succession or lack theredbitah fragmentation or degradation, or a
lack of security from native predators or humans lamman development. Research
guestions may include determining the impact ofrtteeintain pine beetle to modeling
future moose habitat or snow conditions under gifiee climate change scenarios.
Mountain pine beetles could reduce critical condever, while climate change could
alter willow community extent and vigor as hydralgatterns shift due to changing
winter snowpack accumulations. Climate changedceukn result in increased
competition from other ungulates (both in winted aammer) or increased predation due
to apparent competition. A reduction in the sdyesf winter snow conditions could also
create easier access for predators.

While multiple species prey upon moose, new anmheding populations of

wolves may have an increasing impact on populatioramics. Both adults and calves
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are susceptible to predation by wolves and othedlaiors, so all age and sex classes
should be monitored. Calf survival, however, sddug a focal area in this long-lived
species with low reproductive rates. Although skensgzes in this study were small,
summer calf survival was relatively high (70%), lumter calf survival was low (17%).
Winter calf survival may be a key element in impngvrecruitment and sustaining
populations, but summer survival should not be igdas predation during summer
seasons can be important in some populations vinthebears and wolves are present
(Gassaway et al. 1992, Sand et al. 2008). Poteasiaarch questions include how
different densities of various predators affecvawa of adults and calves, if differences
in moose survival can be tied to habitat and cliefaictors in conjunction with
predation, or how indirect effects of predation niayt populations by reducing
individual moose fitness or reproductive rates.

Perhaps above all, improved population trend nooinig would provide the
biggest improvement to moose management in Mont&nm@awledge of more precise
population trends would allow for wildlife biolodgssto monitor for the impacts of
hunting, predation pressure, or changes in hattaditions. While this is likely to be
done with aerial surveys, other methods shoulahbestigated, such as hunter
interviews. Although | have made suggestions figgible improvements to aerial
surveys (primarily timing), more work needs to lone in this area to determine just how
variable aerial surveys are and if they can bedstatized in some way to better capture
trends in moose population sizes on an annualftiamee. Specific research questions

would include testing various aerial survey methopstentially even aerial mark and
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resight effectiveness, how cover type use charigesighout the winter on different
winter range types and affects sightability, anatifer techniques such as occupancy
modeling from hunter surveys outperform estimatrsvdd from aerial surveys.

Research in these areas will not be easy andemllire a large investment of
time and financial resources to obtain meaningfallts. This is due to the solitary
nature of moose during most or all of the yeairtlogv population density in most areas,
the fact that they are long-lived and reprodudeatrates, and variability in habitat
selection patterns among individuals and betweg@ulations of moose. This work will
require a dedicated and concerted effort withinstiage agencies and their collaborators

to obtain long-term data sets and data from a rahgeographic areas and habitat types.
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APPENDIX A

CAPTURE DATA



Capturg  Cow Collar VHF | Last Successful Total Possible  Acquired Accurate Locationg Overall Fix Rate
Winter [ Moose ID| Capture Date  Freq GPS Location  GPS Locations Locations (DOP<10) Succes? Notes
A 13 Feb 2007 150.030 9Jun 2007 5581 5319 5136 92.0% YidFGPS systems died early
B 13 Feb 2007 150.040 N/A VHF and GPS systems died, collar never recovered
'é C 13 Feb 2007 150.050 9 Jun 2007 5575 5545 5172 92.89 WHIGRS systems died early
« D 13 Feb 2007 150.065 N/A VHF and GPS systems died, collar never recovered
5 13 Feb 2007 150.020 15 Jun 2007 5847 5847 5660 96.8% avdFGPS systems died early
6 13 Feb 2007 150.000 14 Jul 2007 7265 6877 6580 90.69 aidFGPS systems died early
L 5 8 Feb 200 151.38¢ 10 Oct 200 587(C 587( 582¢ 99.2%
6 8 Feb 200 151.70: 10 Oct 200 587: 587: 5781 98.4%
§ 1 8 Feb 2008 150.965 10 Oct 2008 5875 5875 5604 95.4% Pentsome time in more rugged terrain
« 2 8 Feb 2008 151.180 5 May 2008 2142 2111 2098 97.9%)
3 8 Feb 2008 151.220 10 Oct 2008 5876 5876 5819 99.0%
4 8 Feb 2008 151.355 10 Oct 2008 5875 5875 5762 98.1%
£ 1 Jan 200 151.18( 15 Apr 201t 1124¢ 1124¢ 1113¢ 99.0%
7 1 Jan 2009 150.965 28 Sep 2009 6475 6475 6394 98.7%
§ 8 1 Jan 2009 151.220 15 Apr 2010 11250 11250 10746 95.5% w s@ent more time near and in conifer cover
« 9 1 Jan 2009 151.355 21 Dec 2009 8441 8441 8314 98.59
10 1 Jan 2009 151.385 7 Mar 2010 10309 10309 10191 98.99
11 1 Jan 2009 151.701 26 Sep 2009 6427 6427 6330 98.5%

! collars in 2007 were scheduled to acquire locatian0.5 hr intervals, 2008 & 2009 collars at Y.thtervals
% fixsuccess = accurate locations/possible loca

3. .
indicates moose was recaptu

G8T
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APPENDIX B

COLLAR ACCURACY DATA



Capturd Cow Left Ear Right Ear Collar VHF  Collar Recovery
Winter [ Moose ID| Tag Tag Capture Date Freq Date Notes

A 0116M 0121M 13 Feb 2007 150.030 13 Oct 200f  VHF diedlacrecovered after hunter mortality
B 0110M 0122M 13 Feb 2007 150.040 N/A VHF died, collavererecovered

'é C 0114M 0118M 13 Feb 2007 150.050 19 May 2008 VHF dietlacfound by shed hunter

o D 0123M 0119M 13 Feb 2007 150.065 N/A VHF died, collaveerecovered
5 0120M 0125M 13 Feb 2007 150.020 8 Feb 200" |VHF died, *' collar recovered at recapture
6 0113M 0124M 13 Feb 2007 150.000 8 Feb 200" |VHF died, *' collar recovered at recapture
5 0120M  0125M 8 Feb 200 151.38! 10 Oct 200"
6 0113M 0124M 8 Feb 200 151.70: 10 Oct 200"

g 1 0107M 0106M 8 Feb 2008 150.965 10 Oct 200"

« 2 0108M 0109M 8 Feb 2008 151.180 5May 2008  Collar recad@t mortality
3 0112M 0111M 8 Feb 2008 151.220 10 Oct 200"
4 0117M 0115M 8 Feb 2008 151.355 10 Oct 200"
& 0117M 0115M 1 Jan 200 151.18( 15 Apr 201¢
7 N/A 0102M 1 Jan 2009 150.965 28 Sep 200p  Collar rea/after hunter mortality

g 8 N/A 0104M 1 Jan 2009 151.220 15 Apr 201¢

« 9 N/A 0105M 1 Jan 2009 151.355 21 Dec 2009  Collar recad/at mortality
10 N/A 3413 1 Jan 2009 151.385 7 Mar 2010 Collar recavatamortality
11 N/A 3414 1 Jan 2009 151.701 26 Sep 2009  Collar reeavaiter hunter mortality

'indicates collar was recovered at scheduled dfopra@apture

2. .
indicates moose was recaptt

.81
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APPENDIX C

PARTURITION AND CALF SURVIVAL DATA



Capturd Cow Left Ear Right Ear Collar VHF  Calfat Pregnant atSpring Calf (Parturitio
Winter [ Moose ID|  Tag Tag Capture Date Freq Capture  Capture Date) Winter Calf Notes Spring Calf Notes
Spring calf fate unknown, no
A 0116M 0121M 13 Feb 2007 150.030 Single Yes Unk — nolieatiion  |Winter calf fate unknow parturition localization in GPS de
B 0110M 0122M 13 Feb 2007 150.040 Single Yes N/A — cddiat Winter calf fate unknow (Possible) spring calf fate unkno
~ Spring calf fate unknown, parturition
= C 0114M 0118M 13 Feb 2007 150.050 None Yes Unk (25 May 00 localization present in GPS di
N
D 0123M 0119M 13 Feb 2007 150.065 None No N/A
Spring calf present at Feb 2008
5 0120M 0125M 13 Feb 2007 150.020 None Yes Unk (4 Jun)2007 capture
6 0113M 0124M 13 Feb 2007 150.000 Single No N/A Winter calf fate unknow
5t 0120M 0125M 8 Feb 200 151.38! Single Yes Single (27 May 200¢ |Winter calf lost in late Feb 20 Spring calf lost in early July 20
Spring calf survived summer period
6" 0113M 0124M 8 Feb 200 151.70: None Yes Single (17 May 200t (June to mid-Sept 20C
o Spring calf survived summer period
S 1 0107M 0106M 8 Feb 2008 150.965 None Yes Single (11 008)2 (June to mid-Sept 20C
N
2 0108M 0109M 8 Feb 2008 151.180 None Yes N/A — cow migytal
3 0112M 0111M 8 Feb 2008 151.220 Single Yes Single (31 RBOB) |Winter calf lost in mid-Mar 20C  Spring calf lost in early July 20
Spring calf survived summer period
4 0117M 0115M 8 Feb 2008 151.355 Single Yes Single (19 REOB) |Winter calf lost in late Mar 20( (June to mid-Sept 20C
Winter calf survived to calving  Spring calf survived summer period
4 0117M 0115M 1Jan 200 150.96¢ Single Yes Single (25 May 200¢ |season (mid-May 20C (June to mid-Sept 20C
7 N/A 0102M 1 Jan 2009 150.180 Single Yes Single (26 Ma392 |Winter calf lost in Jan 20( Spring calf lost in early June 2(
§ 8 N/A 0104M 1 Jan 2009 151.220 None No N/A
N Spring calf survived summer period
9 N/A 0105M 1 Jan 2009 151.355 None Yes Single (18 Ma@pR00 (June to mid-Sept 20C
Spring calf survived summer period
10 N/A 3413 (grn)| 1 Jan 2009 151.385 None Yes Single (29 2009) (June to mid-Sept 20C
Spring calf survived summer period
11 N/A 3414 (grn)[ 1 Jan 2009 151.701 None Yes Single (2% ®D09) (June to mid-Sept 20C

1. ..
indicates moose was recaptu

68T
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APPENDIX D

MORTALITY REPORTS
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May 2008 Collared Moose Mortality Report — revidédJan 2010

Species/Sex — Adult cow moose, radio collared

Frequency — 151.180

Eartag #— 0109M (R), 0108M (L)

Age— 3+ years at capture (Feb 2008), estimated tedbgs old based on tooth wear

Mortality Location Date— 7 May 2008, 2:30 pm

Mortality Timing — Found dead, estimated 1-4 days old in field,Haad live signal on 5
May 2008. Based on GPS data, last major movemastistween 8:00-9:00 am MST on 5
May 2008. Stable location until 12:00 am 6 May 0en 19 fixes absent from 6 May
(struggle? collar upside down?), then stationady @nstant locations (same location as
before missed fixes) from 9:00pm MST 6 May 2008@recovery on 7 May. Estimated
time of death from GPS data was 9:00 am MST 5 M¥382which falls within the window
of estimated mortality from physical examinatiorthe field on 7 May.

L ocation — Mount Haggin WMA, Tenmile Crk
UTM (NAD 83) — 5094351 340000

Health/Observation History — Last located on 4 Apr 2008 in Sevenmile Crkd Dot have
visual at that time, cow fled in conifer cover (¢mgole/aspen edge). Solo tracks/beds
present indicated cow was alone. Last good visUilis cow was on 7 Mar 2008 in
Sevenmile Crk; alone, no indication of compromipégsical condition noted at that time.

Mortality Description — Carcass was almost entirely consumed/scavenged located at
2:30 pm 7 May 2008. Carcass was laying on a drgertion of stream bed, partially
covered in dirt/grass from nearby bank (cachingaba?). Most of the muscle and all
organs except the rumen and a portion of the inesivere gone, but what remain appeared
very fresh and not desiccated. Fresh blood wakegdon one spot between the shoulder and
ribs (fresh fascia as well). Lower legs still iettdook to be untouched with no obvious bites
or wounds. No obvious wounds on what remains leéioparts of hide. Only broken bones
were a couple of ribs. Nose and tongue consurmest] btherwise intact. No signs of fetus.
On what remained of hide, numerous bare patchéshsitken hair were present and dozens
of ticks were present on the underbelly/genitalanea.

Mortality Site Notes— One wolf (black) and one black bear were flusinech the carcass

site. Numerous wolf tracks present in the arewlat remained of this winter's snowpack.
Moose was gutted and laying next to stream, apprataly 35 m from the conifer edge
(nearest escape terrain?). There were 6+ fregitlslcats present at the site on 7 May (these
were dried-up at the second examination on 8 Malg.obvious signs or struggle in the

area, but snow was patchy and any struggle inttkarabed could’ve been washed away.

Bone Marrow Condition — A bone marrow sample was collected from a feomu® May
2008. Only a field examination was conducted. relarwas slightly pink, slightly
gelatinous (see photos), did not appear out ohargtifor early spring condition (presumably
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healthy cow).
Samples Taken — First incisor collected and later lower jaw wasieved.

Photos Taken — Yes, of mortality site, carcass position, pdssitematoma, and bone
marrow.

Mortality Conclusions — Cause of death appeared to be potential prediagi@an unknown
predator, but this was difficult to confirm duethe minimal amount of tissue and hide
remaining at the mortality site (hematoma not npgedl heavy use of the area by both black
bear and wolves. However, the short time framedays) between death and observation of
the carcass seems to favor a predation hypothesis.

December 2009 Collared Moose Mortality Report -ged 15 Jan 2010

Species/Sex — Adult cow moose, radio collared

Frequency — 151.355

Eartag # — 0105M (yellow hex)

Age — 3+ years at capture (Jan 2009), but could bie gld based on missing incisors

Mortality Location Date — 23 Dec 2009, 10:30 am

Mortality Timing — Found dead, estimated 1-4 days old in fieldscavenging yet. Temps
cold over the last few days, highs below freezi@®PS location/acquisition data suggests
moose was active/moving around until 5:00 am MSD&8 2009. Minimal successful fixes
(19) during the next 51 hours, possibly due toggle/movement and/or GPS antenna
submersion. Estimated time of death from GPS wat&8:00 am MST 21 Dec 2009, which
falls within the window of estimated mortality fropiysical examination in the field.

L ocation — Mount Haggin WMA, NE tributary of Seymour Crk
UTM (NAD 83) — 334458 5088203

Health/Observation History — Last located on 5 Dec 2009 in same drainagecatality.

Did not have visual due to cow fleeing in conifewer. Tracks/beds present indicated
cow/calf pair, but snow was unconsolidated anduld¢mot definitively identify the second
tracks as calf tracks; bed was almost assuredyfdoed (short, small). Last visual of this
cow/calf on 25 Sept 2009 in LaMarche Crk with arygbull; she appeared healthy and calf
at that time looked to be male.

Mortality Description — Cow was half submerged in a pond (front halfoseal), nearly
completely covered in mud that had frozen. Seeqgshiior exact posture of body. At first
examination it appeared as though she had frozewpletely, but this was just due to the
frozen coat of mud encasing her body. After cgttimough the hide to remove the head, is
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was found that the muscle tissue around neck wasoren, despite constant freezing temps
and single digit lows, but rather well refrigeratédinimal decomposition odor, mainly from
esophagus. The humerous was also extracted famexrbarrow sample and minimal
freezing was noted in the tissue in the right fiegt

Mortality Site Notes— Pond had an opening of 13 ft by 7 ft, iced c¥&to 1%” thick.
Most of pond is over 5 ft deep, including next tovg and exceeded 6 ft deep in a few spots.
Pond was filled with a semi-viscous mixture of wated mud. Mud appeared to be splashed
up on all sides of pond and even on nearby willowsst likely due to the cow’s attempt to
escape. It appeared as though the pond was tleen®of a 30-50 year-old (?) beaver pond
which had nearly filled in with sediment and ha@itémostly) covered by a mat of grasses,
which would explain why there was a sudden dropabthe edges of the open water (not a
gradual slope). Well-established willows covereel most of the bottom of the drainage,
including over the old pond.

Lots of sign of the calf in area, with calf beddka (150 m north of mort. site) as
recent as <12 hours prior based on snowfall froempttevious night. Moose beds
(presumably calf) found adjacent to and near theatity site.

Bone Marrow Condition — A bone marrow sample was collected from righthltous as
the femurs were inaccessible. Marrow was pink, apagolid (see photos). Dr. Ramsey
confirmed field assessment that cow was not in akereed state due to malnutrition (bone
marrow normal, healthy).

Samples Taken — Yes, head/bone marrow sample taken to lab aachiewed by Dr. Ramsey.
Head was examined for parasites and 3 arterial wavare found in both the left and right
carotid arteries. No meningeal worms or ear nittected. Presence of arterial worms in
this number has been documented in other moosdesautinis fall in Montana and Dr.
Ramsey did not think this low number of worms wobéda “heavy enough burden to cause
her significant adverse effects” and “likely didtmontribute” to the mortality. CWD test
was negative.

Photos Taken — Yes, of mortality site, carcass position, andémarrow.

Mortality Conclusions — Cause of death appeared to be accidental ergrapmnear
freezing water and viscous mud, leading to hypatieer

March 2010 Collared Moose Mortality Report — redi€eApr 2010

Species/Sex — Adult cow moose, radio collared

Frequency — 151.385

Eartag # — 3413 (green circle)

Age — 3+ years at capture (Jan 2009), didn’'t exarmeeéhtbefore submitting head to lab, jaw
not returned
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Mortality L ocation Date— 7 Mar 2010, 11:15 am

Mortality Timing — Found dead, estimated 12-36 hours old in feddyenging had begun.
Temps mild the night prior, lows in the upper te€9. GPS location/acquisition data
indicates moose was active/moving around until 2@0MST 7 Mar 2010. Estimated time
of death from GPS data was 2:00 am MST 7 Mar 20d0esponds with estimated mortality
time from examination in the field.

L ocation — Mount Haggin WMA, E. Fork of Sullivan Creek
UTM (NAD 83) — 337277 5091433 (337280 509143%cading to GPS collar)

Health/Observation History — Last located on 6 Feb 2010 in Lower Deep Crég&od
visual as she fled with calf, both looked in gooadition and the calf at that time looked to
be female. Last heard her signal on 28 Feb 2@tl$bunded like she was in the French
Creek Canyon, but GPS data had her at E. Forkv@allDeep Crk confluence at that time.

Mortality Description — Cow was lying on her left side on top of thewsr{tegs in the

snow). Predators/scavengers had opened up theas: apper throat, the right side of the
abdominal cavity, and her rump/posterior, but anlgimal consumption had occurred. | did
not look for other openings or blood on the ledlesof the body. Blood and intestines were
scattered within a 2 meter radius of the body. yBeds still quite warm, no sign of
freezing/cooling despite temperatures the niglargupper teens, °F). Hair was ripped off in
many spots and claw marks were readily apparettt@nght side of her thoracic cavity (rib
cage). No winter ticks were noted. Overall bodgdition looked very good, including
condition of the hide/fur.

Mortality Site Notes— As | approached the site (from the south), iaeat multiple wolf
tracks within 50-100 m of the carcass. Coyotekisagere also seen. Magpies and crows
could be seen in the willows above the site andldey eagle flushed from the carcass as
well. A coyote was spotted about 50 m to the wik=stjng away from the carcass area. The
moose was located in the middle of a thicket ofomik, inside a small opening (2x5 m).
Snow packed down within 2m of the carcass, presintgbwolves and other scavengers.
Snow depth (uncompacted) in the willows was ~45 &.blood scats were seen in the
immediate area.

| backtracked the cow moose tracks and pursuinf tnaalks for more than 300
meters before losing the tracks in other fresh m@wsl wolf tracks. After 100 m back, there
were no more signs of blood. At 200 m back | widsseeing tufts of hair on the ground
(pulled off by wolves?) and occasionally on willranches. Tracks were in hoar frost/skiff
of snow from the last few nights. The wolves walée to stay on top of the crusted snow
during the pursuit, while the moose was punchimgugh 30-45 cm of snow. There were 3
wolves in pursuit based on the tracks, and the packprobably ~ 5 wolves in total (based
on tracks entering and leaving the general ar€hg edges of the moose tracks were clean
and crisp, indicating the chase happened duringdb&er evening/pre-dawn hours after the
crust had re-frozen (confirmed by GPS collar). réheas no sign of the calf at the mortality
site or during the backtrack.
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I do not know if the wolves had left the immediatea before or during my arrival.
There were 3 snowmobilers that had passed witldh4@f the site less than one hour prior.
Presence of other scavengers may indicate thatahes had left before | would have
disrupted them.
Bone Marrow Condition — Excellent for this time of year, light pink ahdrd.
Samples Taken — Head taken to lab, but had been somewhat cortsameentral side
(tongue missing). Tested negative for CWD. Naréepn arterial or meningeal worms
(areas potentially consumed by wolves).

Photos Taken — Yes, of carcass, site, bone marrow, and wotksa

Mortality Conclusions — Cause of death was a predation event by a fasklees.
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APPENDIX E

WINTER AND SUMMER SEASON DATES



Winter Dates and Locations

Summer Dates and Location

Cow Collar VHF Accurate Accurate
Year |Moose IC Frec Start Date End Date _Locations' Start Date End Date _Locations' Notes
A 150.030 13 Feb 2007 10 Apr 2007 2579 24 Apr 20079 Jun 200° 207¢ Summer data are limited, collar died early in sunmpegioc
'é C 150.050 13 Feb 2007 10 Apr 2007 2511 24 Apr 200 Jun 200° 196¢ Summer data are limited, collar died early in sumpegioc
N
5 150.02( 13 Feb 200 10 Apr 200° 2632 24 Apr200°  15Jun 200° 242¢ Summer data are limited, collar died early in sumpeioc
6 150.00( 13 Feb 200 10 Apr 2000 256t 24 Apr200° 14 Jul 200° 341« Summer data are limited, collar died early in sunpezioc
5 151.38¢ 8Feb 200 30 Apr 200! 1957 10 May 2000 10 Oct 200° 365¢ Collar dropped off at summer end d
6 151.70: 8Feb 200 30 Apr 200! 1942 10 May 2000 10 Oct 200° 3631 Collar dropped off at summer end d
§ 1 150.965 8 Feb 2008 30 Apr 2008 1888 10 May 2008 3 Zeg8 2690 Moose at made range shift at summer end
h 2 151.180 8 Feb 2008 30 Apr 2008 1956 Moose died on 5 May 2008, no summer (
3 151.220 8Feb 2008 30 Apr 2008 1887 10 May 20080 Oct 200° 365¢ Collar dropped off at summer end d
£ 151.35! 8 Feb 200 30 Apr 200t 1944 10 May 200 10 Oct 200° 361 Collar dropped off at summer end d
£ 151.18( 1Jan 200 30 Apr 200! 2841 10 May 2000 10 Nov 200! 438(
7 150.965 1Jan 2009 30 Apr 2009 2854 10 May 20@8B Sept 20¢ 334t Moose harvested on summer end |
§ & 151.22( 1Jan 200 30 Apr 200! 2784 10 May 2000 10 Nov 200 410%
h 9 151.355 1 Jan 2009 30 Apr 2009 2834 10 May 2009 102009 4356
1 151.38! 10Jan 20C 30 Apr 200 2612 10 May 2000 10 Nov 200 438¢ Moose didn't localize before 10 Jan 2
11 151.701 12 Jan 2009 20 Apr 2009 2297 10 May 2028 Sept 20¢ 329¢ Moose migrated for winter, harvested on summerdsate
° £ 151.180 1Jan 2010 15 Apr 2016 2481 Collar dropped off at winter end date, no summeada
§ & 151.220 1Jan 2010 15 Apr 2016 2449 Collar dropped off at winter end date, no summeada
1¢? 151.38! 1Jan 201 7 Mar 201¢ 155¢ Moose died on winter end date, no summer
Mean 2345.89 3400.60 |If summer 2007 data are excluded (due to limitedibpleof datdg
(Total) (44572 (51009 collection), means are 22.4427 and 2.9795, resyey

! accurate locations are those with DOP<10, see Apgp for fixinterval and fixrate succe
%indicates moose was recaptured or monitored fdiptaiwinters
% end of period determined by end of data collectaoilar drop, mortality, etc

L6T
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APPENDIX F

HOME RANGE ESTIMATES



Winter Home Range Size Estima Summer Home Range Size Estim:
Cow | Collar VHF
Year |MooseIC| Frec Fixed Kerne' aLoCol Fixed Kerne' aloCol Notes
A 150.030 2.6499 0.3162 9.7308 1.3299 |Summer data are limited, collar died early in sunmpagioc
'é C 150.050 6.6298 0.6303 25.2368 2.7041 |[Summer data are limited, collar died early in sumpegioc
h 5 150.02( 23.835 4.059¢ 21.990¢ 3.050: Summer data are limited, collar died early in sumpegioc
6° 150.000 15.0684 1.7369 12.8872 2.2089 |[Summer data are limited, collar died early in sumpegiod
5° 151.38! 12.587. 2.332% 18.402: 3.305¢
6 151.70: 6.126¢ 0.828: 16.187" 1.709(
§ 1 150.965 2.4359 0.2021 37.2748 3.9436
h 2 151.180 3.2136 0.3815 Moose died before any summer data were colle
3 151.220 3.2779 0.3442 9.0450 1.3609
4 151.35! 4.830¢ 0.342¢ 20.555! 1.982(
£ 151.18( 6.360¢ 0.786( 21.393 2.029¢
7 150.965 4.3882 0.7301 13.8525 0.9961
g & 151.22( 12.388¢ 1.092 26.336 7.267¢
h 9 151.355 15.1299 1.2317 51.8242 5.8875
1 151.38! 6.045¢ 0.743( 19.557¢ 3.106¢
11 151.701 8.2299 0.5291 12.4395 1.1860
° £ 151.180 11.4536 0.7482 Collar dropped off at end of winter, no summer data
§ & 151.220 12.0065 1.2168 Collar dropped off at end of winter, no summer data
10 151.38! 28.134. 3.9847 Collar dropped off at end of winter, no summer
If summer 2007 data are excluded (due to limitedbpleof
Mean 9.7259 1.1703 21.1144 2.8045 |data collection), means are 22.4427 and 2.979ervely

! area within the 95% contour of a fixed kemnel haaerge in ki
2 area within the 90% isopleth of an adaptive l@caivex hullhome range in F
% indicates moose was monitored for multiple win

66T
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APPENDIX G

ORIGINAL LOCATIONS AND SEASONAL HOME RANGE FIGURES
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The following appendix contains figure clustersdt) individual moose collared
over the course of this study. Each cluster castdipanels, each at the same scale and
encompassing the same geographical area. The extire area covered is indicated on
the center map which shows the study area polygoreference. The scale bar refers to
the scale of the four panels, not the center nfd® moose and year noted at the bottom
of each figure cluster.

The top two panels display data for the wintessea In the upper left panel, the
95% contour of the fixed kernel home range estinsatisplayed, along with all of the
location points collected during the winter peridd.the upper right panel, the LoCoH
(local convex hull) home range estimate is displiaydong with the fixed kernel home
range for reference.

The bottom two panels display data for the sumseason, assuming the
individual moose was still collared in that sumroéthat year. In the lower left panel,
the 95% contour of the fixed kernel home rangerese is displayed, along with all of
the location points collected during the summerqgkr In the lower right panel, the
LoCoH home range estimate is displayed, along thighfixed kernel home range for

reference.
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95% Fixed Kernel Home Range
Winter Summer 10 20 30 40 50 60 70 80 90

Figure G.1: The panels above show the seasondldosaand home range estimates for
cow moose 6 in 2007. Data in these panels aressitled at the start of Appendix G.
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4% 2
1.25 5 Kilometers

95% Fixed Kernel Home Range
Winter Summer

Figure G.2: The panels above show the seasondldosaand home range estimates for
cow moose 5 in 2007. Data in these panels aressitled at the start of Appendix G.
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Figure G.3: The panels above show the seasondldosaand home range estimates for
cow moose A in 2007. Data in these panels areswithed at the start of Appendix G.
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4 Kilometers

95% Fixed Kernel Home Range

Winter Summer 10 20 30 40 50 60 70 80 90

Figure G.4: The panels above show the seasondldosaand home range estimates for
cow moose C in 2007. Data in these panels aressited at the start of Appendix G.
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Figure G.5: The panels above show the seasondldosaand home range estimates for
cow moose 1 in 2008. Data in these panels aressitled at the start of Appendix G.
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Figure G.6: The panels above show the seasondldosaand home range estimates for
cow moose 2 in 2008. Data in these panels aressitled at the start of Appendix G.



208

840 05 1 2 Kilometers
e e e e e

95% Fixed Kernel Home Range
Winter Summer 10 20 30 40 50 60 70 80 90

Figure G.7: The panels above show the seasondldosaand home range estimates for
cow moose 3 in 2008. Data in these panels aressitled at the start of Appendix G.
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Figure G.8: The panels above show the seasondldosaand home range estimates for
cow moose 4 in 2008. Data in these panels aressitled at the start of Appendix G.
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Figure G.9: The panels above show the seasondldosaand home range estimates for
cow moose 5 in 2008. Data in these panels aressitled at the start of Appendix G.
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Figure G.10: The panels above show the seasoraidos and home range estimates for
cow moose 6 in 2008. Data in these panels aressitled at the start of Appendix G.
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Figure G.11: The panels above show the seasoraidos and home range estimates for
cow moose 7 in 2009. Data in these panels aressitled at the start of Appendix G.
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Figure G.12: The panels above show the seasoratidos and home range estimates for
cow moose 4 in 2009. Data in these panels aressitled at the start of Appendix G.
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Figure G.13: The panels above show the seasoraidos and home range estimates for
cow moose 8 in 2009. Data in these panels aressided at the start of Appendix G.
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Figure G.14: The panels above show the seasoraidos and home range estimates for
cow moose 9 in 2009. Data in these panels aressited at the start of Appendix G.
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Figure G.15: The panels above show the seasoraidos and home range estimates for
cow moose 10 in 2009. Data in these panels adessibed at the start of Appendix G.
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Figure G.16: The panels above show the seasoraidos and home range estimates for
cow moose 11 in 2009. Data in these panels adessibed at the start of Appendix G.
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Figure G.17: The panels above show the seasoraidos and home range estimates for
cow moose 4 in 2010. Data in these panels aressitled at the start of Appendix G.
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Figure G.18: The panels above show the seasoraidos and home range estimates for
cow moose 8 in 2010. Data in these panels aressitded at the start of Appendix G.
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Figure G.19: The panels above show the seasoraidos and home range estimates for
cow moose 10 in 2010. Data in these panels adessibed at the start of Appendix G.
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USED AND AVAILABLE LOCATIONS
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The following appendix contains figures displaythg locations of used and
available locations for the home range scale wirgsource selection function (RSF)
modeling for each individual moose. Used locatiaresa subsample of all used
locations (all locations were displayed in Appen@ix systematically selected at 5 hour
intervals as explained in Chapter 2. Availableateins were randomly selected from
within the 95% contour of the fixed kernel wintarmhe ranges at a ratio of 5:1 to used
locations. Winter 95% fixed kernel home rangesdisplayed for reference.

Each figure contains 4 panels, one for each iddat moose for every winter that
moose was monitored. The figure title indicatesciwimoose (by Moose ID) locations
are displayed (in order of upper left, upper rigtnver left, lower right) and the year(s)
for those moose. Refer to the figures in Apperlito determine where in the study area

each winter home range is located.
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Figure H.1: Used and available points for home easple winter RSF analysis. These
data are from moose 6, 5, A, and C in 2007.
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Figure H.2: Used and available points for home easple winter RSF analysis. These
data are from moose 1, 2, 3, and 4 in 2008.
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Figure H.3: Used and available points for home easple winter RSF analysis. These
data are from moose 5 and 6 in 2008, and moosd 4 an2009.
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Figure H.4: Used and available points for home easple winter RSF analysis. These
data are from moose 8, 9, 10, and 11 in 2009.
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Figure H.5: Used and available points for home easple winter RSF analysis. These
data are from moose 4, 8 and 10 in 2010.
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A PRIORI MODEL LIST FOR RSF MODEL SELECTION
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The following table is an a priori model list usadhe generalized linear regression
analysis to evaluate factors influencing habit&t g cow moose on the Mount Haggin
WMA for the winters of 2007 through 2010. Abbrdioas are: COVERTYPE (either
WILLOW & ASPEN, CONIFER, or GRASSLAND & OTHER), DIE_CON (distance

to conifer cover edge, in meters), DIST_WIL (disgtato willow cover edge, in meters),
ELEV (elevation in meters), SRI (solar radiatioder summed across the winter season,
in megawatt hours per meter squared), and SWE (svaier equivalent).

Model ID Model structure

1 COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_CONxSWBIST_WIL +

DIST_WILXSWE + ELEV + ELEVXSWE + SRI

COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_CONxSWBIST_WIL +
DIST_WILXSWE + ELEV + ELEVXSWE
COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_CONxSWBIST_WIL +
DIST_WILXSWE + ELEV
COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_CONxSWBIST_WIL +
DIST_WILXSWE + ELEV + SRI
COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_CONxSWBIST_WIL +
DIST_WILXxSWE + SRI

COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_CONxSWBIST_WIL +
6 DIST_WILxSWE
COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_CONxSWBIST_WIL + ELEV +
ELEVXSWE + SRI

COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_CONxSWBIST_WIL + ELEV +
ELEVXSWE

9 COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_CONxEW DIST_WIL + ELEV

10 COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_CONxSWBIST_WIL + ELEV +
SRI

11 COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_CON¥YE + DIST_WIL + SRI

12 COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_CON¥YE + DIST_WIL

13 COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_WIL 43T_WILxSWE + ELEV +
ELEVXSWE + SRI

14 COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_WIL 43T_WILxSWE + ELEV +
ELEVXSWE

15 COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_WIIDIST_WILXSWE + ELEV

16 ggl\/ERTYPE + COVERTYPEXSWE + DIST_CON + DIST_WIL 43T_WILxSWE + ELEV +

17 COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_WIIDIST_WILxSWE + SRI

18 COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_WIIDIST_WILxSWE

19 COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_WIIELEV + ELEVXSWE + SR

20 COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_WIIEtEV + ELEVXSWE

21 COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_WIIEtEV

22 COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_WIISRI

23 COVERTYPE + COVERTYPEXSWE + DIST_CON + DIST_WIL

24 COVERTYPE + COVERTYPEXSWE + DIST_CON + ELEV

25 COVERTYPE + COVERTYPEXSWE + DIST_CON + ELEV + SRI

26 COVERTYPE + COVERTYPEXSWE + DIST_CON + SR

27 COVERTYPE + COVERTYPEXSWE + DIST_CON

28 COVERTYPE + COVERTYPEXSWE + DIST_WIL+ ELEV

2
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Model ID Model structure

29 COVERTYPE + COVERTYPEXSWE + DIST_WIL + ELEV + SRI

30 COVERTYPE + COVERTYPEXSWE + DIST_WIL + SRI

31 COVERTYPE + COVERTYPEXSWE + DIST_WIL

32 COVERTYPE + COVERTYPEXSWE + ELEV + ELEVXSWE + SRI

33 COVERTYPE + COVERTYPEXSWE + ELEV + ELEVXSWE

34 COVERTYPE + COVERTYPEXSWE + ELEV

35 COVERTYPE + COVERTYPEXSWE + ELEV + SRI

36 COVERTYPE + COVERTYPEXSWE + SRI

37 COVERTYPE + COVERTYPEXSWE

COVERTYPE + DIST_CON + DIST_CONxSWE + DIST_WIL +®I_WILxSWE + ELEV +

38 ELEVXSWE + SR
4o COVERTYPE + DIST_CON + DIST_CONXSWE + DIST_WIL +S¥_WILXSWE + ELEV +
ELEVXSWE

40  COVERTYPE + DIST_CON + DIST_CONXSWE + DIST_WIIDIST_WILxSWE + ELEV
41  COVERTYPE + DIST_CON + DIST_CONXSWE + DIST_WIID{ST_WILXSWE + ELEV + SRl
42  COVERTYPE + DIST_CON + DIST_CONXSWE + DIST_WIIDIST_WILxSWE + SRI
43 COVERTYPE + DIST_CON + DIST_CONXSWE + DIST_WIIDIST_WILXSWE

44  COVERTYPE + DIST_CON + DIST_CONxXSWE + DIST_WIIELEV + ELEVXSWE + SRI
45  COVERTYPE + DIST_CON + DIST_CONXSWE + DIST_WIIELEV + ELEVXSWE

46  COVERTYPE + DIST_CON + DIST_CONXSWE + DIST_WILELEV

47  COVERTYPE + DIST_CON + DIST_CONXSWE + DIST_WIIELEV + SRI

48  COVERTYPE + DIST_CON + DIST_CONXSWE + DIST_WIISRI

49  COVERTYPE + DIST_CON + DIST_CONxXSWE + DIST_WIL

50  COVERTYPE + DIST_CON + DIST_WIL + DIST_WILxSWEELEV + ELEVXSWE + SRI
51  COVERTYPE + DIST_CON + DIST_WIL + DIST_WILxSWEBLEV + ELEVXSWE

52 COVERTYPE + DIST_CON + DIST_WIL + DIST_WILxSWEELEV

53  COVERTYPE + DIST_CON + DIST_WIL + DIST_WILxSWEELEV + SRI

54  COVERTYPE + DIST_CON + DIST_WIL + DIST_WILxSWESRI

55  COVERTYPE + DIST_CON + DIST_WIL + DIST_WILxSWE

56  COVERTYPE + DIST_CON + DIST_WIL + ELEV + ELEVXSWESRI

57  COVERTYPE + DIST_CON + DIST_WIL + ELEV + ELEVXSWE

58  COVERTYPE + DIST_CON + DIST_WIL + ELEV

59  COVERTYPE + DIST_CON + DIST_WIL + SRI

60  COVERTYPE + DIST_CON + DIST_WIL

61  COVERTYPE+ DIST_CON + ELEV

62  COVERTYPE + DIST_CON + ELEV + SRl

63  COVERTYPE + DIST_CON + SRI

64  COVERTYPE + DIST_CON

65  COVERTYPE + DIST_WIL+ ELEV

66  COVERTYPE + DIST_WIL + ELEV + SRl

67  COVERTYPE+ DIST_WIL + SRI

68  COVERTYPE + DIST_WIL

69  COVERTYPE + ELEV + ELEVXSWE + SRl

70  COVERTYPE + ELEV + ELEVXSWE

71  COVERTYPE + ELEV

72 COVERTYPE + ELEV + SRI

73 COVERTYPE+SRI

74  COVERTYPE

75  ELEV+ELEVXSWE + SRI

76  ELEV+ELEVXSWE

77 ELEV

78  ELEV+SRI

79 SRl




231

APPENDIX J

ADDITIONAL PREDICTIVE PLOTS



Relative Probability of Selection

A plot showing the interactive effect of SWE on the predicted relationship betl@etion and relative selection

cow moose, after accounting for all other covariates in the mThe gray band represents the 95% confidence
interval. This plot is based on the original coefficients from the top home range selection model @4), although

the plots for the top study area models were nearly identical. All other at@gawere held at their respective me

for this plot, excluding SWE which wailotted at SWE = 8.96, 15.66, and 23.00 cm to represent low, moderate, and
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A plot showing the interactive effect of temperature on the predicted rel@pdretween distance to conifer cover
relative selection by cow moose, after accounting for all other cossirathe modelThe gray band represents the
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APPENDIX K

RSF MODEL VALIDATION TABLE



This table contains the frequency distributions, percentage, and cumulative percenmagsefocations withi
equa-area RSF intervals summed over the 3 SWE levels modeled. If the model werenthaeth random

model, then approximately 5% of mo locations would occur in each RSF interval. The greater the cumulative
percentage of locations in the higher bins (e.g. >75%), the better the model perfolresnadfiel were no bett

than a random model, then the cumulative percentage at >50% ve 50%.

HR Level Selection — Model: SA Level Selection — Model | SA Level Selection — Model.
Number of Percent of Cumulative| Number of Percent of Cumulative| Numberof Percentof Cumulative

RSF interve| locations locations percen locations locations percen locations locations percen
95 — 100% 71 21.8% 21.8% 75 25.0% 25.0% 81 27.0% 27.0%
90 — 95% 59 18.2% 40.0% 70 23.3% 48.3% 64 21.3% 48.3%
85 — 90% 32 9.8% 49.8% 43 14.3% 62.7% 46 15.3% 63.7%
80 — 85% 29 8.9% 58.8% 27 9.0% 71.7% 20 6.7% 70.3%
75— 80% 17 5.2% 64.0% 11 3.7% 75.3% 11 3.7% 74.0%
70 — 75% 21 6.5% 70.5% 10 3.3% 78.7% 8 2.7% 76.7%
65— 70% 18 5.5% 76.0% 6 2.0% 80.7% 14 4.7% 81.3%
60 — 65% 14 4.3% 80.3% 11 3.7% 84.3% 9 3.0% 84.3%
55 — 60% 22 6.8% 87.1% 10 3.3% 87.7% 3 1.0% 85.3%
50 — 55% 11 3.4% 90.5% 2 0.7% 88.3% 9 3.0% 88.39
45 — 50% 2 0.6% 91.1% 5 1.7% 90.0% 8 2.7% 91.09
40 — 45% 7 2.2% 93.2% 8 2.7% 92.7% 5 1.7% 92.79
35— 40% 7 2.2% 95.4% 5 1.7% 94.3% 5 1.7% 94.39
30 - 35% 3 0.9% 96.3% 4 1.3% 95.7% 6 2.0% 96.39
25— 30% 6 1.8% 98.2% 4 1.3% 97.0% 5 1.7% 98.09
20— 25% 1 0.3% 98.5% 3 1.0% 98.0% 1 0.3% 98.39
15 - 20% 2 0.6% 99.1% 3 1.0% 99.0% 1 0.3% 98.79
10 - 15% 2 0.6% 99.7% 2 0.7% 99.7% 1 0.3% 99.09

5-10% 1 0.3% 100.0% 0 0.0% 99.7% 2 0.7% 99.79

0-5% 0 0.0% 100.0% 1 0.3% 100.0% 1 0.3% 100.0%
Total 325 100.0% NA 300 100.0% NA 300 100.0% NA

GE¢
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APPENDIX L

ADDITIONAL RSF MAPS
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Relative Habitat Selection
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Figure J.1: This map shows the relative habitaceln across the study area and
surrounding area by cow moose during periods ofdnewpack (SWE = 8.96 cm).

Model 39 from the study area scale analysis wad tesereate this map. The RSF values
were grouped into 3 bins: low probability (0-50%)oderate probability (50-75%), and
high probability (75-100%).
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Figure J.2: This map shows the relative habitaceln across the study area and
surrounding area by cow moose during periods oferatd snowpack (SWE = 15.66
cm). Model 39 from the study area scale analysis used to create this map. The RSF
values were grouped into 3 bins: low probabilitys@), moderate probability (50-
75%), and high probability (75-100%).
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Relative Habitat Selection
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Figure J.3: This map shows the relative habitaceln across the study area and
surrounding area by cow moose during periods df bigpwpack (SWE = 23.00 cm).
Model 39 from the study area scale analysis wad tesereate this map. The RSF values
were grouped into 3 bins: low probability (0-50%)oderate probability (50-75%), and
high probability (75-100%).
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APPENDIX M

BROWSE SURVEY METHODOLOGY
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Definitions:

Willow plant-

a group of branches of the same species emergingtfire same general location of
ground (a common root system); usually less then, Linless the willow is older (and
well established); if there is a clean break betws#lows branches (>25 cm) that appear
to have different source points for the branches) there are multiple willows

Willow branch-

a section of a willow plant that can be traced hack single beam at no more than 25 cm
above the ground, often emerging from the grouna siagle beam, expanding into
smaller branches and twigs; selected brancheseustact, not broken and have at least
5 twigs or browsed twigs if used for browse measaas

Willow twig-

the smallest unit of a branch where apical or édtgrowth is occurring, consisting of
current year’s growth and often previous year'sighoas well; for a twig to be counted
as unbrowsed or browsed in this browse surveyugtrbe at least 3cm in length; selected
twigs must be intact, not broken

Willow leader-

a twig at the tip of a branch, at its tallest, naistal point; leaders are always twigs, but
twigs are only leaders if they are the tallest syigaders are most easily found by
following up the largest diameter portion of thamch from the base to the tip, usually in
a linear, straight progression unless the branchmeviously browsed; if the willow
splits evenly (in diameter) at one point, thengtraightest portion is followed

CYG-

current year's growth; generally the twigs or ttyog of the more distal portions of a
branch that grew during the most recent growingaede.g. if willow are monitored in
spring, then CYG is actually from the last summer)

PYG-
previous year's growth, any part of the branch wigaot current year's new growth;
generally older, larger parts of twigs and branches

Secondary stem-
a twig that is derived from growth lower on a willdranch, below the leader

Browse zone-

a range in vertical height extending from 75 cri2@@ cm above the ground; willow is
100% available in this range during all times & ylear as snow depth does not generally
exceed 75 cm; if any part of the leader is withiis zone (base to tip), the branch is
available, even if other twigs counted are justin# of the browse zone
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Unbrowsed twig-

a twig with all current growth and buds intact; entthat unbrowsed twigs can have
evidence of browsing from previous years (previgisbwsed twigs), but not the most
recent year (winter) since CYG must be intact aotdbmowsed

Browsed twig-
a twig that has been bitten off within the curre@ar’'s growth in the last year (winter),
but browsing did not extend to previous year's ghow

Heavily browsed twig-
a twig that has been bitten off down to any prasigear’s growth, where more than just
the current year's growth was consumed in theykest (winter)

Previously browsed twig-

a browsed twig that was browsed prior to the lastrytwig tip is usually gray and
weathered and bark around bite may be necrotickbleed) and dead; occasionally twigs
browsed early in winter or late in fall may appgabe previously browsed, but close
observation of growth from the previous year (8igl the browsed point start to send out
shoots?) can usually be used to clear these amisgiases.

Mechanically protected-

leaders and secondary stems are unavailable toentwow/sing due to either dead
branches (often hedged) or a combination of deddia®& branches (often too tall).

Protocol key from a sample point Recor=ililt or action

1. Selecting a plant:
a. No willows within 2.5 m radius of point MarkW” (no willows)
b. Only willow within 2.5 m has already been sandple Mark “SW” (sampled willow)
c. Nearest (or next nearest if nearest has already
sampled) willow within 2.5 m has not been sadpl Continue on to 2.

2. Selecting 4 branches:
a. The leaders of the nearest four branches drereit

outside the browse zone or are mechanicalliepted Continue on to 3.
b. The leaders of the nearest four branches alenwit

browse zone and are not mechanically protected Continue onto 7.

w

. Nearest 4 branches are unavailable
a. Four branches within 1 m are available, usectfms

as opposed to nearest four Continue onto 7
b. Four available branches cannot be found withim 1 Continue on to 4.
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4. Branches are unavailable

a. The leaders of branches are below the browse zon Mark “TL” (too low)
b. The leaders of branches are above the browse zon Continue on to 5.
c. The leaders of branches are mechanically pedect Continue on to 6.

5. Leadersare above browse zone

a. Secondary stems are available on four branches Continue to 7, but start
classifying at 2 m and note
“SS” (secondary stems)

b. Secondary stems are unavailable, usually pedect Mark “TH” (too high)

6. All leader s are mechanically protected

a. By a thicket of willow (live and dead) MarkTP(protected-thicket)
b. By dead willow (browsed or unbrowsed) Mark “Rprotected-dead)
7. Classify twigs on 4 branches

a. None are recently browsed Mark “UB” (unbredks

b. Some are recently browsed Classify top 5swsgarting

at their base) as either
unbrowsed, browsed, or
heavily browsed. Ignore
previously browsed twigs.

Notes on classifying the twigs:

The most distal 5 twigs on 4 branches are measurkd.top 5 are defined as the twigs
for which thebase (of CYG) of the twig is the closest to the leadatlést point of the
branch).

Mark closest branch with a labeled aluminum tafj2& cm above ground level or 20 cm
below top of the branch if the branch does not edc&10 cm in height.
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SHRUB ARCHITECTURE TYPES
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Arrested (AR) — intensely browsed plant, growth capped Wwel®@0 cm, browse level
usually uniform; indicates constant intense brogisee establishment

Retrogressed (RT) — intensely browsed plant, growth capped ad®80 cm, may have
various levels of browse; indicates previous lightnoderate browse and current
intense browse pressure

Released (RLS) — >2 year light-to moderate or unbrowsedaghoabove arrested or
retrogressed level; does not require that braniches exceeded the browse zone;
indicates previous intense browse and current-ligtmoderate browse (if plant is
below browse zone)

Uninterrupted (UN) — no intensely browsed branches, branchesonayay not have
escaped the browse zone; indicates no previoussaterowse

Note: these classifications apply tonajority of the branches, not juahy single branch
Adapted from Keigley et al. (1998, 2003) to reflemtent browse pressure
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APPENDIX O

INITIAL A PRIORI MODEL LIST FOR BROWSE UTILIZATION
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The following table is an initial model list usadthe generalized linear regression
analysis to evaluate factors influencing browskzation of willow communities by
moose on the Mount Haggin WMA for the winters 0028 through 2009-10.
Abbreviations are: PREFSPP (percent of prefempediss willow), PREVBRWS
(percent of willow previously browsed, within thest 2 years, based on growth form),
WIDTH (total width of the willow community), and EHY (elevation of the sample site).

Model ID Model structure
1 PREFSPP + PREVBRWS + WIDTH + ELEV
2 PREFSPP + PREVBRWS + WIDTH
3 PREFSPP + PREVBRWS + ELEV
4 PREFSPP + PREVBRWS
5 PREFSPP + WIDTH + ELEV
6 PREFSPP + WIDTH
7 PREFSPP + ELEV
8 PREFSPP
9 PREVBRWS + WIDTH + ELEV
10 PREVBRWS + WIDTH
11 PREVBRWS + ELEV
12 PREVBRWS
13  WIDTH + ELEV
14  WIDTH
15 ELEV
16 NULL
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APPENDIX P

EXPANDED A PRIORI MODEL LIST FOR BROWSE UTILIZATION
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The following table is an expanded model list usedvaluate factors influencing browse
utilization of willow communities by moose on theoitht Haggin WMA for the winters
of 2007-08 through 2009-10. Abbreviations aresame as Appendix N, with the
addition of: YR (year indicator variable, 2008, 20Q010).

Model ID Model structure
1 YR + PREFSPP + PREFSPPR + PREVBRWS + PREVBRWSxYR + WIDTH + WIDTHxYR + BY + ELEVXYR
2 YR + PREFSPP + PREFSPPR + PREVBRWS + PREVBRWSxYR + WIDTH + WIDTHxYR + BY
3 YR + PREFSPP + PREFSPPR + PREVBRWS + PREVBRWSxYR + WIDTH + WIDTHxYR
4 YR + PREFSPP + PREFSRPPR + PREVBRWS + PREVBRWSxYR + WIDTH + ELEV + ELEVRY
5 YR + PREFSPP + PREFSPFR + PREVBRWS + PREVBRWSXYR + WIDTH + ELEV
6 YR + PREFSPP + PREFSPPR + PREVBRWS + PREVBRWSxYR + WIDTH
7 YR + PREFSPP + PREFSPFR + PREVBRWS + PREVBRWSxYR + ELEV + ELEVXYR
8 YR + PREFSPP + PREFSPPR + PREVBRWS + PREVBRWSxYR + ELEV
9 YR + PREFSPP + PREFSPPR + PREVBRWS + PREVBRWSxYR
10 YR+ PREFSPP + PREFSPPR + PREVBRWS + WIDTH + WIDTHxYR + ELEV + ELEVXYR
11 YR+ PREFSPP + PREFSPPR + PREVBRWS + WIDTH + WIDTHxYR + ELEV
12 YR + PREFSPP + PREFSPYR + PREVBRWS + WIDTH + WIDTHxYR
13 YR + PREFSPP + PREFSPYR + PREVBRWS + WIDTH + ELEV + ELEVXYR
14 YR+ PREFSPP + PREFSPPR + PREVBRWS + WIDTH + ELEV
15 YR+ PREFSPP + PREFSPPR + PREVBRWS + WIDTH
16 YR + PREFSPP + PREFSPYR + PREVBRWS + ELEV + ELEVXYR
17 YR+ PREFSPP + PREFSPPR + PREVBRWS + ELEV
18 YR + PREFSPP + PREFSPPR + PREVBRWS
19 YR+ PREFSPP + PREFSPPR + WIDTH + WIDTHxYR + ELEV + ELEVXYR
20 YR + PREFSPP + PREFSPYR + WIDTH + WIDTHxYR + ELEV
21 YR+ PREFSPP + PREFSPFR + WIDTH + WIDTHxYR
22 YR+ PREFSPP + PREFSPFR + WIDTH + ELEV + ELEVXYR
23 YR + PREFSPP + PREFSPYR + WIDTH + ELEV
24 YR + PREFSPP + PREFSPYR + WIDTH
25 YR+ PREFSPP + PREFSPFR + ELEV + ELEVXYR
26 YR+ PREFSPP + PREFSPYR + ELEV
27 YR + PREFSPP + PREFSPYR
28 YR+ PREFSPP + PREVBRWS + PREVBRWSxYR + WIDTH + WHXYR + ELEV + ELEVXYR
29 YR + PREFSPP + PREVBRWS + PREVBRWSxYR + WIDTH + WHXYR + ELEV
30 YR+ PREFSPP + PREVBRWS + PREVBRWSxYR + WIDTH + WHXYR
31 YR + PREFSPP + PREVBRWS + PREVBRWSxYR + WIDTH + FHEELEVXYR
32 YR + PREFSPP + PREVBRWS + PREVBRWSxYR + WIDTHLEEZ
33 YR + PREFSPP + PREVBRWS + PREVBRWSxYR + WIDTH
34 YR+ PREFSPP + PREVBRWS + PREVBRWSxYR + ELEV + EKFR
35 YR + PREFSPP + PREVBRWS + PREVBRWSxYR + ELEV
36 YR + PREFSPP + PREVBRWS + PREVBRWSxYR
37 YR + PREFSPP + PREVBRWS + WIDTH + WIDTHxYR + ELEMEEEVXYR
38 YR+ PREFSPP + PREVBRWS + WIDTH + WIDTHxYR + ELEV
39 YR + PREFSPP + PREVBRWS + WIDTH + WIDTHXYR
40 YR+ PREFSPP + PREVBRWS + WIDTH + ELEV + ELEVXYR
41 YR + PREFSPP + PREVBRWS + WIDTH + ELEV
42 YR + PREFSPP + PREVBRWS + WIDTH

SN
w

YR + PREFSPP + PREVBRWS + ELEV + ELEVXYR
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Model ID Model structure
44 YR + PREFSPP + PREVBRWS + ELEV
45 YR + PREFSPP + PREVBRWS
46 YR+ PREFSPP + WIDTH + WIDTHxYR + ELEV + ELEVXYR
47 YR+ PREFSPP + WIDTH + WIDTHxYR + ELEV
48 YR+ PREFSPP + WIDTH + WIDTHxYR
49 YR+ PREFSPP + WIDTH + ELEV + ELEVXYR
50 YR + PREFSPP + WIDTH + ELEV
51 YR + PREFSPP + WIDTH
52 YR+ PREFSPP + ELEV + ELEVXYR
53 YR + PREFSPP + ELEV
54 YR+ PREFSPP
55 YR+ PREVBRWS + PREVBRWSxYR + WIDTH + WIDTHxYR + BV + ELEVXYR
56 YR+ PREVBRWS + PREVBRWSxYR + WIDTH + WIDTHxYR + BV
57 YR+ PREVBRWS + PREVBRWSxYR + WIDTH + WIDTHxYR
58 YR+ PREVBRWS + PREVBRWSxYR + WIDTH + ELEV + ELEVRY
59 YR + PREVBRWS + PREVBRWSxYR + WIDTH + ELEV
60 YR + PREVBRWS + PREVBRWSxYR + WIDTH
61 YR+ PREVBRWS + PREVBRWSxYR + ELEV + ELEVXYR
62 YR + PREVBRWS + PREVBRWSxYR + ELEV
63 YR + PREVBRWS + PREVBRWSxYR
64 YR+ PREVBRWS + WIDTH + WIDTHxYR + ELEV + ELEVXYR
65 YR+ PREVBRWS + WIDTH + WIDTHxYR + ELEV
66 YR+ PREVBRWS + WIDTH + WIDTHxYR
67 YR+ PREVBRWS + WIDTH + ELEV + ELEVXYR
68 YR + PREVBRWS + WIDTH + ELEV
69 YR + PREVBRWS + WIDTH
70 YR+ PREVBRWS + ELEV + ELEVXYR
71 YR + PREVBRWS + ELEV
72 YR + PREVBRWS
73 YR+ WIDTH + WIDTHxYR + ELEV + ELEVXYR
74 YR+ WIDTH + WIDTHxYR + ELEV
75 YR+ WIDTH + WIDTHxYR
76 YR+ WIDTH + ELEV + ELEVXYR
77 YR + WIDTH + ELEV
78 YR+ WIDTH
79 YR+ ELEV+ ELEVXYR
80 YR + ELEV
81 YR
82 PREFSPP + PREVBRWS + WIDTH + ELEV
83 PREFSPP + PREVBRWS + WIDTH
84 PREFSPP + PREVBRWS + ELEV
85 PREFSPP + PREVBRWS
86 PREFSPP + WIDTH + ELEV
87 PREFSPP + WIDTH
88 PREFSPP + ELEV
89 PREFSPP
90 PREVBRWS + WIDTH + ELEV
91 PREVBRWS + WIDTH
92 PREVBRWS + ELEV
93 PREVBRWS
94  WIDTH + ELEV
95 WIDTH
96 ELEV
97 NULL
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APPENDIX Q
PLOTS FROM THE INVESTIGATION OF INDEPENDENCE
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The first three figures of this appendix are thkdd-segment profile plots for the
longest transects surveyed for browse utilizatiBach plot represents one transect and
the browse utilization (%) on consecutive segmé&mx) within that transect. One set of
plots was constructed for each year, as labelemhbahd the same transects are
displayed for each year for comparison. Thesespgbowed a few minor drifts away
from the transect means and minimal possible seoiaklation. Consecutive segments
rarely persisted at low or high percent browsezatilon and bounced around the mean
for each transect (the horizontal line).

The last figure contains the correlogram plotstiierthree years of browse
utilization data, which display the correlationteen segments at varying lag intervals
(in meters) based on the two- dimensional locabio@ach segment site. Values of 0.0
indicate no autocorrelation, while a value 1.0 wdonldicate strong autocorrelation. The
first point on each plot is the autocorrelatio® aheters of lag and displays strong
autocorrelation as expected. Subsequent valuessaimmediately drop to 0.0 in each

year, indicating minimal autocorrelation at distemgreater than 0 meters.
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Figure P.1: Linked-segment profile plots for 2008.
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Figure P.2: Linked-segment profile plots for 2009.
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Figure P.3: Linked-segment profile plots for 2010.
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APPENDIX R

COEFFICIENT VALUES FOR BROWSE UTILIZATION MODELS



This table contains the coefficient estimafs) from the top twelve models of the browse utilization analysis.
Models 37, 40, and 42 were deemed informative, while the other nine models all had uninfi parameters
(Arnold 2010). Coefficients in bold had 95% confidence intervals that did not includ

Models Intercept YR2009 YR2010 ELEV PREFSPP PREVBRWS WIDTH
Model 37 3.741 3.572 -12.565 -0.00345 0.551 3.100 -0.00224
Model 40 3.942 2.292 -11.695 -0.00353 0.551 3.065 -0.00243
Model 42 -2.628 -0.362 -0.322 NA 0.444 3.126 -0.00241
Model 13 5.292 1.419 -16.343 -0.00434 0.822 3.161 -0.00243
Model 10 5.176 2.133 -16.575 -0.00432 0.854 3.176 -0.00208
Model 39 -2.673 -0.153 -0.374 NA 0.444 3.138 -0.00217
Model 41 0.981 -0.362 -0.321 -0.00194 0.553 3.072 -0.00244
Model 38 0.960 -0.144 -0.364 -0.00196 0.553 3.082 -0.00218
Model 28 3.794 3.511 -12.898 -0.00345 0.544 2.957 -0.00222
Model 4 5.424 1.467 -17.240 -0.00438 0.826 2.958 -0.00239
Model 31 3.982 2212 -11.877 -0.00353 0.546 2.960 -0.00242
Model 1 5.328 2.125 -17.582 -0.00436 0.859 2.941 -0.00204

Models YR200XELEV YR200XPREFSP YRZ200XPREVBRWS YR200&<WIDTH YR201(xELEV YRZ201(xPREFSP YR201(xPREVBRWS YR201(xWIDTH

Model 37 -0.00197 NA NA -0.00157 0.00647 NA NA 0.000803
Model 40 -0.00142 NA NA NA 0.00608 NA NA NA
Model 42 NA NA NA NA NA NA NA NA
Model 13 -0.00091 -0.168 NA NA 0.00876 -0.809 NA NA
Model 10 -0.00111 -0.301 NA -0.00175 0.00886 -0.792 NA 0.000278
Model 39 NA NA NA -0.00130 NA NA NA 0.000346
Model 41 NA NA NA NA NA NA NA NA
Model 38 NA NA NA -0.00135 NA NA NA 0.000296
Model 28 -0.00196 NA 0.1074 -0.00158 0.00659 NA 0.320 0.000856
Model 4 -0.00095 -0.158 0.0790 NA 0.00917 -0.883 0.517 NA
Model 31 -0.00140 NA 0.1014 NA 0.00614 NA 0.216 NA

Model 1 -0.00113 -0.294 0.1281 -0.00177 0.00932 -0.868 0.573 0.000318

8G¢
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APPENDIX S

ADDITIONAL PREDICTIVE PLOTS
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The following two figures show plots of the preet relationship between two
environmental covariates (willow community widthdaglevation) and percent browse
utilization for all three years of the study, afé&counting for all other covariates in the
model. All other covariates were kept at theipezsive means for these plots. The
black line indicated the point estimate with thaygarea delineating the 95% Confidence
Intervals (CIs).

These plots were based on the coefficients framdp browse utilization model
(Model 37). The plots for width and elevation daly across the top models, due to the
inclusion or exclusion of WIDTHxYR and ELEVXYR imtections. The plots for
elevation were drastically different but all showegh levels of variance based on wide

95% Cls which included a slope of zero.
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