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ABSTRACT
Snowshoe hard_gpus americanus) survival depends on the interaction of habitat
characteristics with numerous biological and enwinental variables. In boreal regions
where considerable habitat heterogeneity existeshaalance food availability with
predation risk by moving among habitats seasonhallyjt is largely unknown how often
they move at shorter time scales. | investigatedseasonal effects of habitat, weather,
and individual hare characteristics on survival ama/ement in two common but
fundamentally different boreal habitats. Surviwals highest in summer, for hares with
higher body condition, and in black spruce rathantearly successional forest. Hares
moved among core use areas in different habitat®tper day on average, using more
open areas at night when they were presumablyrigexh preferred browse. Movement
rates were lowest in mid-afternoon when hares appda be resting under dense cover.
Behavior of individuals varied greatly with somedwmrepeatedly moving up to 1 km
between defined patches in less than 5 hours disotemaining roughly within a 1 ha
area. These findings illustrate the complexitgrdwshoe hare ecology in an area where
habitat variation promotes daily movement of hame®ng radically different habitats

over a few hundred meters.
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GENERAL INTRODUCTION
Snowshoe hares& épus americanus) are an important herbivore and prey speciesan th
boreal forests of North America (Krebs et al. 20@hgre cyclical changes in their
abundance strongly impact the structure of theebestte community (Boutin et al. 1995).
Populations of lynxl{ynx canadensis), coyotes Canis latrans), great horned owlB(bo
virginianus), and goshawksAccipiter gentilis) track snowshoe hare abundance (Keith et
al. 1977, Rohner 1996, O'Donoghue et al. 1997)witit a time lag such that predators
are still abundant when hares become scarce. tRnegeessure may then be transferred
to other prey species such as red squirfiEmiiasciurus hudsonicus) (O'Donoghue et al.
1998), as well as grouse and ptarmigan whose pogudgadecline along with hares
(Boutin et al. 1995). Herbivory by hares has biegplicated as a factor in broad-scale
processes that include the acceleration carbomirdjen turnover in ecosystems
(Butler and Kielland 2008), the succession of ril@odplains in interior Alaska (Bryant
1987), and the growth and concentration of secgnctampounds in birchBgtula spp.)
(Bryant et al. 1983). Hares may therefore impaloeioherbivores such as mooséces
alces) that also forage on birch in winter (Dodds 1960).

Snowshoe hares experience a broad range of envaratahtonditions each year
with extreme changes in weather, photoperiod, tnadlability, and predation pressure.
The habitats occupied by snowshoe hares mediatatéractive effects of these and
numerous other environmental and biological vaealan hare survival by providing

cover from predators and acting as thermal refu§iaowshoe hares inhabit a variety of



vegetation communities within the boreal forest fimeffer those with dense vegetative
cover, while food availability and species compositappear to be secondary in habitat
selection (Carreker 1985, Litvaitis et al. 198B)abitat selection by hares is affected by
seasonal changes in snow cover and presence oludesi leaves, and hares move
among habitats seasonally to maximize use of pexfdsrowse species when cover is
sufficient (Wolff 1980). Hares also disperse itgss suitable habitats at times of high
density during the peak in the population cycle [(Wi981) with differences in cover
having consequences for survival (Keith et al. 39881 sources of mortality (Murray et
al. 1994, Rohner and Krebs 1996). Thus, therdikaky to be habitat-dependent changes
in survival rates and sources of mortality amorageas and years for cyclic populations
of snowshoe hares.

The frequent use of forest edges by hares (FamdrOuellet 1992) suggests that,
while typically choosing to use areas of dense cdbey benefit from being in close
proximity to open areas where they are likely twifa greater availability of preferred
browse. The use of complementary habitats in dsieape (Dunning et al. 1992) occurs
in other herbivores such as white-tailed d€qcoileus virginianus), which have home
ranges incorporating productive open sites forgorg and closed forests for seeking
refuge from predators and weather (Walter et 20920/assé and Co6té 2012). Little
attention has been given to daily movements ofydmet it is an important scale of
activity for those residing in a mosaic of suitabébitats where differences in food

availability and cover exist. Additionally, theilyaactivity patterns and movement of



hares between habitats are likely to differ amagasens as dramatic changes in
photoperiod and vegetative cover take place.

My study took place during the late-increase, peakl initial decline phases of a
cyclic population in Bonanza Creek Experimentaldsbnear Fairbanks, Alaska, from
June 2008 to January 2013. | focused my researtta characteristic snowshoe hare
habitats where high densities of hares are fouradura black spruce forest and early
successional forest dominated by willogal{x sp.), alder Alnus tenuifolia), and balsam
poplar Populus balsamifera). The primary goals of my thesis were to 1) iniigege the
seasonal and annual effects of habitat, weathdriralividual hare characteristics on
survival; 2) identify the sources of mortality apdmary predators of hares in Alaskan
boreal forest; 3) assess the relationship betwesthaion and structural cover provided
by different habitats; and 4) examine habitat us®daily movement rates of hares
among habitats. The first 3 goals are address€&apter 1 where | describe the use of
radio-telemetry to track and identify hare mortafitand to estimate survival rates of
hares using known-fate models. The effect of covesources and rates of predation
was examined by measuring lateral and canopy aiv@edation sites and comparing
them with the study grids in which the hares weteased. | predicted that survival
would be higher in summer than other seasons, @mehin black spruce than early
successional forest in all seasons except summen diciduous leaves are abundant. |
also predicted that predation would be lowest nyesaiccessional forest during summer
but constant in black spruce forest across seaaadghat predation would occur in sites

with low amounts of cover relative to average alallty. In Chapter 2, | address the



movement of snowshoe hares using radio transmttiarsonitor their emigration from
the trapping grids. The use of GPS data loggesnowshoe hares in summer and
winter enabled the quantification of fine-scale mment among, and time spent in,
different habitats on a daily basis, while alsoceistvgating differences in diel activity
patterns in different seasons. | predicted theadhiawvould move among habitats more
frequently in winter when food was scarce and disipa in cover were greater, and
consequently that hares would have larger homeesamgwinter. My study greatly
expands on our limited knowledge of snowshoe heoéogy in interior Alaska where
community dynamics are likely to differ from othessearch locations, such as those in
the boreal forest of Canada. The movement of reremng habitats of different ages will
have implications for the management of forestdddor populations of hares and their

primary predator, the lynx.
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CHAPTER 1
Spatial and Temporal Patterns of Survival for SriuvesHaresl(epus americanus) in

Interior Alaska

ABSTRACT

We investigated survival and causes of mortaliifesnowshoe hare& €pus americanus)
during the cyclical increase, peak, and declinesphia interior Alaska. We used survival
models to gauge the importance of interacting biatid abiotic variables in hare
survival. While snowshoe hares are known to beptimeary prey for numerous
mammalian and avian predators in the boreal fodsBanada, our study was the first to
identify sources of predation for snowshoe hareslaska. We radio-tagged 288 hares
on 2 trapping sites in early successional and ld@ckce Picea mariana) forests and
used known-fate models in program MARK to estingtevival rates from June 2008 to
May 2012. We evaluated &5priori models that included variables for sex, age, and
body condition of study hares, as well as study; sitonth, season, year, snowfall, snow
depth, and air temperature. We selected the bedélhusing Akaike’s information
criterion with correction for small sample size.odél results indicated that month,

capture site, and body condition were the most imayod variables in explaining survival

! Feierabend, D.F. and K. Kielland. 2013. Snowstare Burvival: temporal effects of
biotic variables on predation. Prepared for subimmnst Journal of Wildlife
Management.
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rates. Survival was highest in July when altexgagirey was available to predators of
hares. Survival was lowest in May when hares begetimolt, and in November when
hares molt again. We identified predation as #ese of mortality in 86% of hare
deaths. When the source of predation could berdeted, most hares were killed by
goshawks Accipiter gentilis) in early successional forest (30%), whereas [fuyxx
canadensis) accounted for most of the predation in black spriorest (31%). Great
horned owls Bubo virginianus) and coyotesGanis latrans) represented smaller
proportions of hare predation while non-predat@yses were a negligible source (4%)
of mortality. Hares rely on vegetative cover foncealment from predators, so we
compared both canopy and horizontal cover amonryg saccessional, black spruce, and
mixed forest habitat. We found cover to be gredtging summer than other seasons,
with horizontal cover being greater in black sprtlwmn other sites in all seasons, and
canopy cover being greater in mixed forest thaerogites in all seasons. In our study
area, the type of vegetation community appearadfiicence sources of predation more
than cover characteristics. Hares were most stibtepo goshawk predation in early
successional and black spruce forest, and mosgpgtilsle to great horned owl predation
in mixed forest. Lynx primarily killed hares indak spruce forest, while the majority of
coyote predation took place in early successiomast. As one of the dominant
herbivores and prey species in the boreal forestooth America, snowshoe hares have a
direct impact on the abundance of fur-bearing pwedasuch as Ilynx and coyotes, while
indirectly influencing moose populations througmpetition for resources and effects

on community composition. The results from oudgtimpart a greater understanding of
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hare ecology in interior Alaska with broader apglbidity to wildlife management in

other regions of the boreal forest.

INTRODUCTION
Snowshoe hare& €pus americanus) in northern regions inhabit a wide range of
vegetation communities and move among them sedgaoalptimize browse quality,
seek cover from predators, and engage in breedtingtg (Wolff 1980). Hares are also
likely to use forest edges and move frequently betwhabitats in search of high quality
browse during daily foraging bouts (Wolff 1980, feer and Ouellet 1992). Survival
rates for hares depend largely on the amount cétegige cover present in the habitats
they occupy (Keith et al. 1993), in part due tdediénces in risk of predation by various
predators (Murray et al. 1994, Murray et al. 19R6hner and Krebs 1996).
Consequently, the sources and rates of mortalittyavas could be expected to change
seasonally according to the cover in the habitedg tise. Hares in northern regions also
experience annual changes in mortality rates asgbpulations undergo regular cycles
in abundance (Krebs et al. 1986, Trostel et al718&ith 1990). Populations of several
predators change with those of hares, exhibitimgtional and numerical responses to
hare numbers (Boutin et al. 1995, O'Donoghue €t288a, O'Donoghue et al. 1998b).
Thus, sources of mortality for hares can be expetctehange annually as well.

Habitat selection by snowshoe hares influenceswalmates through the effect of

food availability on body condition and the effettvegetative cover in concealing hares
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from predators. Hares prefer habitats with dewse; while plant species composition
and food availability appear to be less importarttabitat selection and survival of hares
(Carreker 1985, Litvaitis et al. 1985). The distyan cover and browse availability
between young deciduous and dense coniferous $oftesi habitats often used by hares)
suggests a tradeoff between predation risk and doadity, most notably in the peak and
decline of the population cycle (Wolff 1980). Aig time, hares disperse into habitats
with less cover, which are used less frequentlynguperiods of low density (Wolff
1980;1981, Boutin et al. 1985). Structural coviethe habitat used by snowshoe hares
influences mortality from predation. For examphethe southwest Yukon Territory,
Canada, fewer hares were predated by great homisdBubo virginianus) in closed
forests or in areas with dense shrubs than in égrests (Rohner and Krebs 1996) while
coyotes Canislatrans) killed more hares in dense spruce forest tham speuce,
deciduous, or shrub habitats (Murray et al. 19929ver availability changes seasonally
with the loss of deciduous leaves in fall, accuriataof snow in winter, and leafing
events in spring and summer. Thus, sources aad ofpredation on hares could be
expected to vary seasonally with changes in caret,differ between coniferous and
deciduous forests.

We examined temporal and spatial patterns in snogbkhare survival and
predation during the late-increase, peak, andhirdicline phase of a population cycle in
young deciduous and dense coniferous forest usiigtagged hares. Our study is the
first to quantify snowshoe hare survival rates sodrces of mortality in an Alaskan

boreal forest using radio telemetry, which is aenaformed and therefore preferable
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method of estimating survival when compared witleirapping (Boutin and Krebs
1986). While similar studies have been conduatetie Kluane region of the Yukon
Territory, Canada (Krebs et al. 2001), the difféneggetation communities represented in
interior Alaska likely lead to differences in hatitise by competing herbivores and
predators with subsequent influences on habitatfpsurvival and predation for
snowshoe hares. Our study expands on what is knegarding the consequences of
habitat use in relation to snowshoe hare predasitas by investigating the effects of
vegetative cover, weather parameters, individued bharacteristics, survival, and
predation at different temporal scales.

Based on previous work suggesting a tradeoff betweelerstory cover and food
availability (Wolff 1980, Carreker 1985, Ferron aDdellet 1992), we hypothesized that
survival and mortality sources would exhibit pronoed spatial and temporal patterns.
Deciduous forest should provide higher quality feodhares than coniferous forest
throughout the year but lack sufficient cover im#eaf seasons, whereas coniferous
forest should provide hares with considerable cavell seasons, so we predicted that 1)
snowshoe hare survival would be highest in deciddorest during the summer when
leaves were available for browsing and offered cénen predators, but that survival
would be higher in coniferous forest during otheres of the year; 2) both mammalian
and avian predation would be highest in deciduousst during non-leaf seasons, but
would be constant across seasons in coniferoustf@ed 3) all predation would occur in
areas with lower than average understory coveraarah predation would occur in areas

with lower than average canopy cover.
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STUDY AREA

This study took place in the Bonanza Creek Expertaid-orest (64N, 148 W),

located approximately 20 km southwest of Fairbafkaska. This area is covered by a
mosaic of floodplain, lowland, and upland vegetatigpes that include early
successional forest, balsam poplar, white sprueekltspruce, muskeg, wetland, mixed
forest, scrub, birch, aspen, and recently burnednconities. Snowshoe hare population
dynamics have been monitored here since 1998 éfiglet al. 2010). We used
established trapping grids in two representati@vsimoe hare habitats (hereafter referred
to as “DECIDUOUS” and “CONIFER”) with populationsf§iciently large for

estimating hare densities and survival. The DECIRISQyrid was in an early
successional community dominated by willow, thiaflalder Alnus tenuifolia), and
balsam poplar, situated adjacent to the Tananar Rlwederstory species included
Epilobium angustifolium, Cornus canadensis, Calamagrostis canadensis, andEquisetum
sp.. The CONIFER grid was in a mature black spruce conitypwith an understory
composed obedum sp., Rosa acicularis, Vaccinium vitis-idaea, Salix sp.,

Chamaedaphne calyculata, mosses, and lichens. Each trapping grid wasi@ kiae with
50 traps arranged on 10 transects (5 traps/trgnsegtrectangular pattern with 50 m
between traps. The two trapping grids were sepdtay 1.5 km and most of the
intervening vegetation was poor hare habitat (egen muskeg, wetland). No hares
were observed moving between grids during 12 yefge®pulation monitoring.
However, it was not uncommon for study hares toengy to 1 km from the trapping

grids and we observed 5 hares moving more than &sdamtheir respective capture sites.
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METHODS

Snowshoe Hare Capture and Collaring

We captured hares in #3 Havahart live traps (md@85b, Lititz, PA) and marked them
with Monel ear tags (National Band and Tag Co., plesy KY) for use in ongoing
population estimates. Traps were baited with f@fahd carrots, and we provided snow
(when available) for moisture; they were openedndumid-day and checked the
following morning. Trapping did not take place@mnperatures below -1&. Capture
and handling of snowshoe hares followed animal aattuse guidelines of the American
Society of Mammalogists (Sikes and Gannon 2011 )veer@ approved by the University
of Alaska Fairbanks Institutional Animal Care anselCommittee (protocol #09-57) and
the Alaska Department of Fish and Game (Permit 1B353).

Between May 2008 and August 2012, we radio-taggéud MHF transmitters a
subset of the hares captured during routine 4-rirghbping sessions in June and
September for population estimates, and during B-tight trapping sessions conducted
as needed in all seasons to deploy radio transmiiteen sample size was reduced by
attrition. We initially fitted 8 and 12 hares irE@IDUOUS and CONIFER, respectively,
with VHF radio transmitters in June 2008 and inseegbhthe sample to 20 individuals per
grid by September. Transmitters weighed 20-26 gd@ls M1555, M1565, M1575,
Advanced Telemetry Systems, Isanti, MN) and wergpged with a mortality switch
that was activated by a lack of movement for 6 Boe collared additional hares with
VHF transmitters as mortalities occurred in anrafieto maintain approximately 25

collared individuals on each grid at any given ti{a@-95% of the hare population
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depending on the time of year). Hares were caléheough June 2012, but hare
abundance was too low in DECIDUOUS to deploy aapdmitters after November
2011. Lessthan 5 hares in DECIDUOUS carried ol mid-December 2011 and
none by mid-May 2012. We fitted transmitters todsaveighing over 900 g (so that the
transmitter never exceeded 3% of the hare’s bodght)e which only excluded younger
juveniles; thus, our sample population was comgdrifeolder juvenile and adult hares.
Up to 6 hares were fitted with collars equippedwv@®PS loggers (model G30L,
Advanced Telemetry Systems; model Quantum 400@mietry Solutions, Concord,
CA) and VHF transmitters in DECIDUOUS between Jand October of 2010 and May
and September 2011, and in CONIFER between Febamatpril 2012, for a
concurrent study on hare movement and activityepagét GPS collars were removed and
replaced with VHF collars when GPS batteries expiusually after 2-3 weeks. The
maximum weight of GPS collars was 40 g (4% of a&tsamass) and not expected to
affect survival (Sikes and Gannon 2011), so weuthetl data from individuals fitted with
GPS collars in our survival estimates.
Monitoring and Mortality I dentification
We monitored radio-collared hares every 1-7 daysgus directional Yagi antenna and
hand-held receiver (model R1000 receiver; Commtioica Specialists Inc., Orange,
California). When transmitter signal strengthaedtion suggested that a hare had
moved away from a trapping grid, we tracked theviddal in an attempt to visually
confirm its location, although this was not alwggssible. We right-censored (i.e.

removed from the study) hares with transmitters sk@pped functioning.
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Mortalities were typically located within 1 week @éath, and the source of death
was identified as mammalian or avian predationguggld sign such as tracks, hair, scat,
whitewash, feathers, wing marks, regurgitated pelend the portion of the hare
consumed. The species of predator was identifieelvwver possible using methods by
Krebs et al. (2001). Deceased hares lacking exteigns of predation were necropsied
for signs of subcutaneous bruising or puncturireg Would indicate predation. If none
were found, we considered the cause of death tmberedatory.

Scavenging of hare carcasses was rarely a comphdatidentifying the source
of mortality. Hare carcasses monitored by camieréize trapping grids were generally
not scavenged until 10 or more days following dedthis is similar to scavenging
patterns observed in the Yukon Territory (Boutiraletl986). Additionally, the majority
of scavenging was done by animals typically incégpabpreying on older juvenile or
adult hares, such as common ravéaryus corax), gray jay Perisoreus canadensis) or
red squirrel Tamiasciurus hudsonicus). Lynx (Lynx canadensis) and northern goshawks
(Accipiter gentilis) were observed scavenging carcasses on 3 occadtensther species
had already begun scavenging the carcass.

Structural and Vegetative Cover

To evaluate any relationship between structurabcend hare survival, we measured
lateral cover density (i.e., visual obstructionyl @anopy cover at 50 locations in each
trapping grid in spring, when both snow and deciduleaves were absent (May);
summer (July-August); and winter, when snow depdis greatest (March-April). We

assumed structural cover in the fall was the sasme gspring because neither deciduous
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leaves nor snow were present at these times. saiwvgpling points were selected at
random distances along each of the 10 establisheddct lines in the trapping grids. We
also measured canopy cover and lateral cover gextséiach hare predation site in the
season the predation event occurred if we werademifthe carcass remains had not
been moved by predators or scavengers.

We measured canopy cover at each sampling poinpratthtion site using a
concave spherical densiometer (Lemmon 1956). &btewer density was measured as
the percentage of a 0.3 x 2.5 m profile board oflestby vegetation at distances of 5, 10,
15, 20, 25, and 30 m. Preliminary analysis indidahat lateral cover density was most
variable among habitats at a distance of 10 m,esased data from this distance in later
analysis. At predation sites, we averaged lataraér density measured in the 4 cardinal
directions. At sampling points, we randomly sedeca direction perpendicular to the
transect line. Snowshoe hares require vegetativerapproximately 1 m in height for
concealment from terrestrial predators, and 3 imeight for protection from avian
predators (Wolff 1980). Therefore, we recordedritcover density from ground level
(or top of the snowpack in winter) to a height & . Measurements were taken in five
0.5-m high sections (Nudds 1977), where each seutas subdivided into 4 quadrants to
improve reading accuracy, then averaged acrossrtire 2.5 m. We observed the board
from 0-1.0 m above ground from a kneeling positemg from 1.0-2.5 m from a standing
position, in order to maintain a nearly horizontigwing plane.

In addition to measuring lateral cover density aadopy cover in the trapping

grids, we did so in a stand of mixed white sprucekbforest (MIXED) located adjacent
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to CONIFER after we observed frequent use of ttaisd by study hares collared in
CONIFER. We took measurements in summer and waortst, assuming similar values
for spring, fall, and winter. We used the samehoédblogy as on the trapping grids, but
sampled every 50 m in a bé& grid.

We used a vegetation layer encompassing the Bor@mezk Experimental Forest
(Baird 2011) in a GIS (ArcGIS Desktop: ReleaseBBRI, Redlands, CA:
Environmental Systems Research Institute) to ifletlie vegetation communities on the
trapping grids and at predation sites. We idesdtithe entirety of the DECIDUOUS grid
as early successional forest, and the CONIFERagiblack spruce forest.
Analyses
We investigated the importance of biotic and abig#riables to snowshoe hare survival
from 10 June 2008 to 31 May 2012 using known-fatel@efs with a daily interval in
program MARK (White and Burnham 1999). This allalffer staggered entry of new
animals and censoring of individuals whose tranemstfailed (Pollock et al. 1989,
White and Garrott 1990). We examined the effettsne, capture site, age, sex, body
condition, and environmental variables (Table Adpendix 1.A) on daily survival rates
by forming a set of 8a priori models that included additive models with up to 3
variables or simple interaction models containinty@ variables. These models were
compared using Akaike’s information criterion catexl for small sample size (AlC
and Akaike model weights (Burnham and Anderson 20GEbodness-of-fit testing is not
available for known fate data with individual conzies (Crawford et al. 2010), so we

assumed little to no overdispersion in the datawsadl a value of 1.0 for the
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overdispersion parameter c-hat. However, we coegparodel rankings obtained using
c-hat values of 1.0, 2.0, and 3.0 to gauge thenpiateeffects of any unexpected
overdispersion.

We tested for differences in sources of predatemvben black spruce, early
successional, and mixed forest by comparing thebaurof hares killed by a given
predator in each habitat, first by predator classthen by predator species, using Chi-
Square tests of independence.

To test for seasonal changes in vegetative coveicompared canopy cover and
lateral cover density among the CONIFER, DECIDUOHIS] MIXED grids using
repeated measures analysis of variance with therfBorise-Geisser adjusted F-test to
account for a violation of sphericity, followed Bhykey’'s HSD multiple comparisons.
Canopy cover and lateral cover density measuremesTes arcsine square root
transformed before analysis. We also comparedpyacaver and lateral cover density
between predation sites and study grids withinvargseason using Wilcoxon Signed
Rank tests with Bonferroni corrections.

Unless otherwise indicated, we used the statigticadram JMP (Version 7. SAS
Institute Inc., Cary, NC, 1989-2007) for analysesed an alpha of 0.05 in assigning

statistical significance, and report standard ewithh means.
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RESULTS
Snowshoe Hare Survival
We radio-tagged a total of 288 hares between 18 2008 and 31 May 2012 (Table 1.2).
The support for the most parsimonious survival nha8ésite + body condition +
month), was 52.9%, given the model set, and wasidégs more likely to be the best
model than the model with the next highest Al&ight (Table 1.3). The top model
indicated that 1) hares with a higher body conditrmex had higher survival rates, 2)
hares radio-tagged in CONIFER were more likelyurvive than hares tagged in
DECIDUOUS, and 3) survival rate differed among ningnih the year. Month and site
were components of all models withAIC, values < 4.0, and had summed model
weights of 0.862 and 0.841, respectively. Bodydtiion was a variable in 3 of 7 models
with A AIC, values < 7.0 with a variable weight of 0.661. @&tr, these 3 variables
explained most of the variation in hare survivabur study (Table 1.4). There was some
support for higher survival of adult than juvertlares. Classifying hares of unknown
age as adults, as we did, should provide a consez\estimate of the importance of age
in estimating survival if adults have a higher at&nf surviving than juveniles. There
was weak support for differences in survival amsegsons, indicating a possibility of
higher survival of hares in summer and fall thawinter and spring. We found very
little support for a difference in survival betwesgxes, among study years, or in relation
to measures of snow cover or air temperature.

Estimated daily survival rate (based on an avebagly condition index of 10.4)

was highest in July for hares tagged in both traggirids (CONIFER: 0.9995 + 0.0003;
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DECIDUOUS: 0.9993 + 0.0005) and lowest in Novem@&®NIFER: 0.9924 + 0.0015;
DECIDUOUS: 0.9890 + 0.0022; Figure 1.1). Thesaigalequate to an estimated 30-day
survival rate of ~0.98 in July for hares in bothpfang grids, and 0.80 and 0.72 in
November for CONIFER and DECIDUOUS, respectiveBurvival differed most
between trapping grids in November when estimatedsal was lowest, but there was a
high level of uncertainty in monthly estimates aodsiderable overlap between sites
(Figures 1.1 and 1.2). Body condition had a smalfiect on estimated daily survival
rate during months where survival was high, suelh body condition made little
difference to daily survival in July and had theaest influence on survival in May and
November.

Despite a lack of support for differences in suati@mong years, we note that,
averaged across the two trapping grids, estimatada survival rate increased from
0.16 + 0.03 in 2008-09 to 0.30 + 0.03 in 2009-16 811 + 0.05 in 2010-11, before
declining to 0.33 £ 0.06 in 2011-12. Estimatedwairsurvival was ~15% higher for
hares tagged in CONIFER than in DECIDUOUS in alirgeexcept 2009-10 when they
were roughly equal.

When adjusting the overdispersion parameter cehatalue of 2.0 or 3.0, the
model rankings still reflected the importance ¢émporal component, but emphasized
seasonal differences in survival rather than mgmdifferences. Site was still included in
many of the top models, and body condition andrageined important individual

covariates. We conclude that using a c-hat = = appropriate for the data.
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Sour ces of Predation

We observed slightly more predation of hares by mafa than avian predators (Figure
1.3). Lynx, goshawks, and great horned owls wespansible for the majority of kills
for which we could identify the predator specias doyote predation was rarely
observed. There was scant evidence of predati@mpyther species: e.g. red fox
(Vulpes vulpes), mink (Mustela vison), ermine M. erminea), and martenNlartes
americana). In 2 of 3 cases where mink or ermine were aaseat with hare mortalities,
the carcasses were cached intact and scavengeithef trap-sick hares or surplus kills
was suspected. We could not identify the predatecies for 57% of hare Kills, and this
was most often the case when hares had been kijlesammals in weather conditions
that did not allow for track identification.

There was no difference in the proportion of haexlption by mammalian and
avian predator classes among black spruce, eastessional, or mixed forestg €
0.455, df = 2P = 0.103; Figure 1.3). However, we did find a diffiece in species-
specific predation by lynx and goshawks betweenkopruce and early successional
forests ¢ = 8.67, df = 1P = 0.003). Far more hares were killed by lynx liack spruce
forest (60%) than early successional forest (7%)learoughly equal numbers of hares
were killed by goshawks in black spruce and earbcessional forest. Great horned
owls preyed on hares most in mixed forest (42%).

Predation took place nearly twice as frequentlylack spruce than early
successional forest, and three times more frequérah in mixed forest (Figure 1.4). It

should be noted that the DECIDUOUS grid was ine&lpsoximity to white spruce and
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black spruce forest, while the CONIFER grid waslose proximity to mixed forest but
not early successional forest. Not surprisingby,Hares killed by predators, 61% trapped
in CONIFER died in black spruce forest, while 23Bddin mixed forest and none in
early successional forest. Predator-killed hanagsped in DECIDUOUS also died in
black spruce forest (27%), while 40% died in earlgcessional forest.

The majority of hare predation (56%) took placemyrinter (Figure 1.3), but
after adjusting for different season lengths, ptiedarates (hnumber per month) were
roughly equal in spring, fall, and winter, and véw during the summer. Avian
predation rates were highest in spring, largelyngwid goshawk predation (54%), and
lowest during summer. However, great horned owtiption rates were highest in
winter, while goshawk predation rates were higlespring and fall. Mammalian
predation rates were highest in fall and winted aery low in spring and summer, but
tracks were not available for identification in fager seasons. Hares were killed by
lynx more than twice as frequently in winter (31844n any other season, and coyotes
were only observed killing hares in fall and wint&¥e observed ~10-25% more
predation of hares by mammals than birds in abkses except spring, when avian
predation was 4 times more frequent than mammaliedation.

We also observed inter-annual variation in souotesiowshoe hare predation.
There was a monotonic increase in the proportidmaoés killed by avian predators in the
study area across each of the 4 study years, aodesponding decrease in the
proportion of mammalian predation observed in thalf3 years. Great horned owls

appear to be responsible for the increase in guiadation in 2011-12, while goshawk
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predation was relatively consistent from June 2@09lay 2012. Lynx predation was
dramatically reduced in 2010-11 and 2011-12, whiesaw more hares killed by coyotes
in 2011-12 than any other year.

Structural Cover

Canopy cover in CONIFER was 9% greater during sunihan winter, while canopy
cover in DECIDUOUS was 60% greater during summan tiny other seasoR(43,140.58
=262.77P <0.001). Canopy cover was 13% greater in CONIEtER DECIDUOUS
during spring and winter when deciduous leaves wbsent, but 39% greater in
DECIDUOUS than CONIFER during summer when decidueases were fully
expandedH; 43 14058= 151.00P < 0.001). MIXED had 41% more canopy cover than
CONIFER during summer, and at least 21% more cawopgr than both CONIFER and
DECIDUOUS during winterK; 147=107.14P < 0.001). There was 29% more canopy
cover in MIXED during summer than winte(147= 477.43P < 0.001).

Lateral cover density was 24-50% higher during si@mthan other seasons in
CONIFER and DECIDUOUSH] g3179.17= 79.79,P < 0.001), and 19-38% higher in
CONIFER than DECIDUQOUS during all seasoRs ds 179.17= 0.79,P = 0.44). Lateral
cover density in MIXED was 20% higher during sumriem winter E; 147= 247.85P
< 0.001), but remained 19-61% less than CONIFERRBEGIDUOUS during all seasons
(F2.147= 7.47,P < 0.001).

We measured structural cover in 123 predation,si@®f which were in black
spruce forest, 32 in early successional foresinIbixed forest, and the remainder in

white spruce, birch, scrub, wetland, or on snowetet ice. Where differences existed,
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there was less lateral cover but more canopy dovaredation sites than CONIFER, but
more lateral cover and canopy cover in predatitesshan MIXED and DECIDUOUS
(except in summer when DECIDUOUS had greater caropgr). When comparing
predation within a specific habitat type, hareskiii black spruce forest during fall took
place in areas with 32% more lateral cov&r(3.25,P = 0.001) than CONIFER in that
season. Hare kills in early successional foreanduall took place in areas with 24%
more lateral coverZ = 3.65,P < 0.001) than DECIDUOUS in that season, owingdarg
to goshawk predation which coincidentally took plat sites with 14% more canopy
cover £ = 2.42,P = 0.048) than DECIDUOUS. Predation in mixed foehgring winter
took place in areas with 11% more lateral cover .89,P = 0.004) and 15% more

canopy cover4 = 2.27,P = 0.023) than MIXED in that season.

DISCUSSION

Estimated daily survival rates of snowshoe hare® \wggher during summer than in

other seasons, likely associated with greater agigetcover across all habitats and lower
predation rates (Boutin et al. 1986). Additionaflpm May through August each year,
there presumably were leverets and newly weanezhjleshares in the area, which

would have served as a more accessible food séurpeedators that might have
otherwise captured older hares (O'Donoghue 1994).speculate that this change in
prey availability temporarily alleviated the ratigppedation on the older age classes for

which we estimated survival rates. In additioterlative prey sources such as small
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mammals and migratory birds are also in greatenddice during the summer, which
may have further contributed to the lower predatates on hares.

Depressed survival rates in April and May coincidth the vernal pelage change
and an increase in activity associated with bregtehavior (O'Farrell 1965, Hearn et al.
1987). Hares are more visible to predators dutege times due to frequent mismatch
of their pelage color with the surrounding envir@nt) as well as lower availability of
vegetative cover when deciduous leaves and snolamgely absent. Declining survival
rates of hares in October and November may reflaoilar scenario where autumnal
molting and sparse cover make hares more visibbpeeidators. There is evidence that
hares with white or mottled pelage use areas watisdr vegetative cover than hares with
brown fur during times when snow is not presentvditis 1991). Thus, hares may shift
habitat use toward thick conifer forest in respaiascreased vulnerability to predation
during molting periods. In addition, juvenile haia our study were first available for
collaring in September after reaching weights d¥ §0 Previous studies found lower
survival rates of juveniles than adult hares (6i1D98). We therefore expect a drop in
estimated survival rates when younger juvenilesadoied to a sample population
comprised entirely of adult hares in September.rddweer, the ratio of juveniles to adults
typically decreases significantly over winter irr @tudy area without evidence of
different emigration rates between age groups [#&ael et al. 2010), supporting the
hypothesis that juveniles have lower survival rabes adult hares. Finally, from
September to November, hares are in the tranditoon feeding on summer foliage to a

winter diet comprised mostly of woody browse, whsismultaneously experiencing
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dropping environmental temperatures and adjustngitial snow accumulation. All of
these factors are likely to reduce survival vianges in behavior and physiology to cope
with environmental stressors in fall, yet snowshages are well adapted to winter
conditions later in the year. Hares experiencixigeene winter temperatures in western
Canada exhibited lower resting and field metabmaiies, thermal conductance, and lower
critical temperatures than hares in fall (Shertifale 2009b, 2009c). The energetic
demands of molting into denser and longer wintéagee (Sheriff et al. 2009b) while
remaining vulnerable to environmental stressoffalimmay temporarily lead to depressed
body condition; hares suffering from malnutritidveb succumb more readily to either
starvation (Keith et al. 1984) or predation (Si¢\ard Keith 1985).

Our models (Table 1.2) indicated higher survivahafes that were captured in a
black spruce forest than hares in an early suameaisiorest, with the greatest difference
occurring during times when deciduous leaves whseit. With the vast majority of
hare mortalities resulting from predation, the ¢geatructural cover available to hares in
black spruce likely offered considerably more peaten from predators during non-leaf
seasons than the open habitat of the early suocesdorest. However, over half of the
hares that died were found beyond the boundaridsedfapping grids, often in markedly
different habitat than where the hares had beeon-tadged. Due to logistic constraints,
we were unable to routinely locate all individutlat moved beyond the grid boundaries,
and therefore can only attribute survival ratetheogrid in which the hare was initially
radio-tagged. However, when hares tagged in ldpolce forest died in other habitats,

those habitats typically had greater visibilityritthe trapping grid, while hares dying
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outside of the early successional forest in whingtytwere tagged generally did so in
habitats with lower visibility than the trappingdyr Therefore, the difference in

estimated survival rates for hares in black spamaearly successional forests should be
conservative in that we expect lower predationsréte hares in habitats with lower
visibility (Wolff 1980).

We found no support for differences in survival agatudy years which was
surprising given the more than 10-fold variatiorhare density over the course of the
study, as well as the large differences in annuialigal rates observed in other studies
(0.5% to 32%; Hodges et al. 2001). Using estimdézsred from an ongoing mark-
recapture study as part of the Bonanza Creek LTi#&Bram from 1998 to present, the
hare population reached a cyclical peak in therantaf 2009 with densities of 5.4 and
3.3 hares/ha in CONIFER and DECIDUQOUS, respectiyBbnanza Creek Long-Term
Ecological Research [BNZ LTER] 2013). By autumr2061.1, the density had dropped
to ~2 hares/ha on both trap sites and by sprin@®® 2vas less than 1 hare/ha. Elevated
survival rates of hares in our study in 2009-1@agrith other studies that found
similarly high survival rates during population gegdKrebs et al. 1986, Trostel et al.
1987, Keith 1990). However, we anticipated lowenwal survival rates in the first two
years of the population decline based on draméticadluced survival observed within
two years of the peak in Kluane (Hodges et al. 20@tedator-induced stress in hares,
which peaks with predator abundance, can leadweribirth rates and fewer viable
young for females in the decline phase of the patparnt cycle (Stefan and Krebs 2001;

Sheriff et al. 2009a, 2009c). Given that non-ptedasources of mortality represented a



30

negligible proportion of hare deaths throughoutsiudy, as has been found elsewhere
(e.g., Hodges et al. 2001), we surmise that thepgh@pulation decline was due to
reduced recruitment attributable to lower fecundiyver leveret survival, or a
combination thereof.

Our survival models suggest that higher body domdin hares was associated
with higher survival rates, especially during mantti low survival and for hares in early
successional forest. The apparent winter diete@as fecal pellet analysis) of hares in
the CONIFER grid was dominated by spruce with aangomponent of birch (BNZ
LTER 2013). By contrast, hares in the DECIDUOUH ¢nad a more diversified diet
comprised of willow, balsam poplar, alder, and sprundicating greater availability of
high-quality winter forage in this early successiomabitat. However, qualitative
observations indicated very low stem densitiesiibws in the DECIDUOUS grid
which, when coupled with the relatively low amoofhstructural cover in winter, could
have resulted in greater high-risk foraging behialmiohares. Given that 95% of hare
deaths for which the cause was known were duegdgpion, higher body mass for a
given skeletal size (indicating better health) aally conferred an advantage for
escaping predation, especially in early succeskionast where high-risk foraging made
hares vulnerable to predators. We used averagghtwehen calculating body condition
for hares captured on multiple occasions. Hanes te lose mass through the winter
(Hodges et al. 2006, Kielland et al. 2010), sowailhy weight to change monthly for
individuals in the survival models would have besore informative for estimating the

importance of body condition for hare survival. iver, recapture rates for collared
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hares were inconsistent and weights were oftemtat@nths apart for individuals.
Rather than use only the last weight measured,iwhias often recorded in a different
season than when mortality occurred, we averagaibale weights (Appendix 1.B),
which changed approximately 12% between seasagitig sessions. By comparison,
hares averaged 5% changes in weight between cdn&etrapping nights due largely to
bait consumption or bowel evacuation.

Snowshoe hares are the predominant prey speciss\eral mammalian and
avian predators with broad distributions in Nortimérica, including lynx, coyotes,
northern goshawks, and great horned owls (Keidl.et977, O'Donoghue et al. 1997,
Hodges et al. 2001). Hare mortality in our stutBeavas dominated by these four
primary hare predators, but with less coyote preddhan was observed in the Yukon
(O'Donoghue et al. 2001). While we could not idgrihe predator species in nearly half
of the hare deaths by mammalian predators, we sup lynx and coyotes were
responsible for the vast majority, and we haveaason to believe that the proportion of
kills by each predator would differ from those thagre positively identified. However,
coyote scat and tracks were fairly common in awod@a both trapping sites throughout
the year and we expected more hare predation bypiaEcies based on findings in central
and western Canada (Brand et al. 1975, Keith 61983, Mowat et al. 2000,
O'Donoghue et al. 2001).

We documented seasonal differences in sourcesrefgnadation that mirrored
observations made elsewhere (O'Donoghue et al., 199Ba, 1998b). We also observed

changes in predation during the peak and decliasgbf the hare cycle, which might be
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attributed to numeric and/or functional respondgwzedators in relation to hare densities
(Keith 1990, Boutin et al. 1995, O'Donoghue etl808b). Without direct estimates of
predator abundance in the area, it is difficulsag whether the changes in predation were
due to local movement of individual predators oatmore widespread trend in
populations. Trapping pressure on lynx was intemseir study area and might explain
the decrease in lynx predation by way of a redudtidocal abundance of these
predators. In an ongoing companion study of lynihie Bonanza Creek study area, all
deaths of collared lynxa(= 20) were due to trapping during the same stwahogd (K.
Kielland, University of Alaska Fairbanks, unpubkshdata). This might also have
allowed coyotes to make greater use of areas otbetwinted by lynx, as has been
hypothesized in another study (Murray et al. 19%hpreover, fur sealing data from the
Alaska Department of Fish and Game indicate that harvest declined 64% from 2009-
10 to 2011-12 in the game management unit congioum study area (Alaska
Department of Fish and Game [ADFG] 2012), suggestivdeclining lynx populations.
With the vast majority of lynx being trapped betwdaecember and February (ADFG
2012), hares may have experienced dramaticallyd@nedation pressure in winter,
leading to the unexpectedly high survival ratesolyserved during this season. Coyotes
were considered scarce by trappers during the name their harvest was miniscule
when compared with lynx (ADFG 2012).

Within a given habitat, there was a slight tendefiocypredation to take place in
locations with more lateral and canopy cover th&atwvas available on average, entirely

opposite of our predictions. It seems feasibl¢ lyrax might have benefited from dense
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vegetation in black spruce forest when stalking amébushing hares (Murray et al.
1995). However, we would not expect kills by gogksand great horned owls in dense
vegetation unless hares were limited to those arkageneral, great horned owls did kill
hares in more open habitat: all kills took placshnub habitat with sparse cover during
fall, and primarily in a mixed forest with open wmndtory in other seasons. Previous
studies suggest that this is more suitable foragatgtat than black spruce for both great
horned owls and goshawks (Rohner and Krebs 1996r32000), but all identifiable
goshawk kills during summer were located in blgmluse forest, and more kills were
found collectively in early successional, maturatevBpruce, and black spruce forest
than in mixed forest during the remainder of tharye

Our findings suggest that survival rates of snaveshares differ markedly from
month to month, and more generally across seadepsnding in part on the habitat
hares occupy. Sources of predation also diffesiclemably as a function of seasonality
and habitat, but it is unclear whether vegetatmweec is the primary reason for these
differences. Despite the fact that black sprucedbprovides refuge from predators in
the boreal forest, hares are still highly suscéptit» lynx predation in this habitat. Avian
predation appears to be more variable in time gades while coyote predation in our
study area appears to be highly localized bothapaand temporally. The absence of
significant decreases in annual survival of oldeepile and adult hares during the
population decline suggests that other demogrgploicesses, such as natality and leveret
survival, exert important controls over populatdymamics (Sheriff et al. 2009a).

Moreover, greater body condition confers highewisait probability, but this
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relationship was only biologically significant dog seasons of low survival (spring and
fall). These observations underscore how theactern of a diverse set of biotic
variables (habitat, predators, body condition, &) controls survival in snowshoe

hares both within and across seasons.

MANAGEMENT IMPLICATIONS

Snowshoe hares are hunted and trapped as smalltgesughout their range and serve
as an important source of prey for furbearing pr@dasuch as lynx and coyotes. Lynx
populations especially are inextricably linked h@mwshoe hare abundance, and
management of one species naturally implicates geanant of the other. Our study
confirmed that mature black spruce forests are napb habitats for hares in Alaska, and
this is likely to hold true for lynx as well, givehe high predation rates we observed in
this vegetation type. Early successional foregpear to represent ideal seasonal hare
habitats during the decline phase of the hare cgcleé a year-round habitat during the
late-increase and peak phase for both hares amdrtammalian predators, while avian
predators regularly use mixed forests to hunt hafemosaic of these forest types would
therefore be beneficial to the maintenance of hgadbpulations of hares and their

predators.
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Figure 1.1 Snowshoe hare daily survival rate estasifor CONIFER and DECIDUOUS

trapping grids in Bonanza Creek Experimental Fanesr Fairbanks, Alaska, from June

2008 to May 2012. Estimates are based on the n®@@bdy Condition + Site + Month)

and reported for a mean body condition index off L&Error bars represent 95% CI.
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Figure 1.2 Relationship between estimated daityigal rate and body condition index
for snowshoe hares in the CONIFER (black lines) RBR€CIDUOUS (grey lines)
trapping grids in July (solid lines) and Novembaaghed lines) (the months of highest
and lowest snowshoe hare survival) in Bonanza Ceglerimental Forest near
Fairbanks, Alaska, from June 2008 to May 2012.integes are based on the mo8el
(Body Condition + Site + Month). Confidence intaels(95%, not shown) indicated

some overlap between trapping grids within a season
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Table 1.1 Variables used to constragriori survival models for snowshoe hares in BonanzalCEs@erimental Forest near

Fairbanks, Alaska, from June 2008 to May 2012.

Parameter Description

Age Age (juvenile or adult) at time of radio-tagginJuveniles became adults after March 1. We were
unable to identify the age of hares captured afiierSeptember, so hares of unknown age were
categorized as adults.

Sex Sex (male, female, or unknown).

Body Condition An index of body condition calculdtas (weight / hind foot). If a hare was capturemte than
once, measurements for weight and hind foot weeea@ed over the time that hare carried a radio
transmitter.

Site Trapping grid (DECIDUOUS or CONIFER) in whiblre was radio-tagged.

Month Calendar month.

Season Summer (~1 Jun to ~1 Sep) was defined lprélsence of deciduous leaves and absence of snow.
Fall (~1 Sep to ~15 Oct) was defined by the semescef deciduous leaves and absence of snow.
Winter (~15 Oct to ~1 May) was defined by the alesenf deciduous leaves and presence of snow.
Spring (~1 May to ~1 Jun) was defined by the absefdoth deciduous leaves and snow.

Year Annual period from 1 June to 31 May.

Air Temperature*

Snow Presence*
Snow Depth*
Snowfall*

Average air temperature at 50 bwva ground when snow depth is <50 cm, or 150 coveab
ground when snow depth is >50 cm.
Presence of at least 0.5 cm of snayvound persisting for more than 1 day.
Average depth of snow on ground dunmaitoring interval, measured to 0.1 cm.
Total precipitation falling as snow dugimonitoring interval, measured to 0.1 cm.

*Weather data were collected by Bonanza Creek La&E&weather station located 500 m from the DECIDXA3O
trapping grid and 1.5 km from the CONIFER grid, amnd summarized in Appendix 1.A.
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Table 1.2 Classification and fates of radio-taggeowshoe hares in the CONIFEROUS
and DECIDUOUS trapping grids in Bonanza Creek Expental Forest near Fairbanks,

Alaska, from June 2008 to May 2012.

CONIFER DECIDUQOUS

Total Collared 159 129
Male / Female / Unknown 76/80/3 37/88/4
Adult / Juvenile / Unknown 92/12/55 83/151/ 3
Fate
Predation 84 66
Non-predation (i.e. Starvation) 4 4
Unknown 16 32
Right Censored 36 27

Remaining Alive 19 0




Table 1.3 Top 15 models for estimation of surviedks of snowshoe hares in Bonanza Creek Expetaiféorest near

Fairbanks, Alaska, from June 2008 to May 2012.

Model
Model AIC&  AAIC. AIC,Weight Likelihood K°
S (site + month + body condition) 1720.35 0.00 0.52 1.000 14
S (site + month + age) 1723.36 3.01 0.117 0.222 14
S (site + month) 1723.95 3.60 0.088 0.166 13
S (site + body condition + season) 1724.25 4.07 69.0 0.131 6
S (month + body condition) 1724.78 4.43 0.058 0.109 13
S (month + age) 1725.42  5.06 0.042 0.080 13
S (month) 1727.10 6.75 0.018 0.034 12
S (site + season) 1727.94 7.59 0.012 0.023 5
S (site * season) 1727.97 7.62 0.012 0.022 8
S (site + season + age) 1728.26 7.91 0.010 0.019 6
S (body condition + season) 1728.83 8.47 0.008 0.015 5
S (month * age) 1729.56 9.20 0.005 0.010 23
S (month + sex) 1730.25 9.90 0.004 0.007 14
S (season + age) 1730.59 10.24 0.003 0.006 5
S (season) 1731.06 10.70 0.003 0.005 4

®Akaike’s Information Criterion adjusted for smadinsple size.
PNumber of parameters.

8V
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Table 1.4 Summed model weights (over all modethénmodel set) for all variables in
known-fate models for estimating survival ratesiwéwshoe hares in Bonanza Creek

Experimental Forestear Fairbanks, Alaska, from June 2008 to May 2012.

Variable Weight  # Models
Month 0.862 10
Site 0.841 36
Body Condition 0.667 20
Age 0.181 23
Season 0.119 10
Sex 0.004 13
Air Temperature 0.001 22
Snow Presence 0.003 12
Snow Depth 0 12
Snowfall 0 12

Year 0 10
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APPENDIX 1.A SUMMARY OF ENVIRONMENTAL CONDITIONS

Table 1.A-1 Summary of environmental condition8onanza Creek Experimental Forest near Fairbaklaska, from June

2008 to May 2012.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Average Temp (°C) -22  -27 -18 -15 -2 9 13 14 10 4 7 --19
Average Min Temp (°C) 27 31 -23  -22 -8 1 8 9 5 0-11 -23
Average Snowfall (cm) 35 24 16 38 3 0 0 0 0 0 35 50

Average Snow Depth (cm) 25 32 40 48 22 0 0 0 0 0 517




APPENDIX 1.B MASSAND HIND FOOT LENGTHS FOR SNOWSHOE HARES
Table 1.B-1 Mass (g) and hind foot lengths (mmaparted as mean = SE (range), for radio-tagged simosvhares in the

CONIFER and DECIDUOUS trapping grids in BonanzagRrExperimental Forest near Fairbanks, Alaska, flame 2008 to

May 2012.

CONIFER DECIDUOUS
Age n Mass Hind Foot n Mass Hind Foot
Adult 92 1431 +17(1100-2170)139 +1 (125-152) 83 1545 + 23 (770-2105) 139 +1 (125-151)

Juvenile 12 1319 51 (853-1534) 137 + 3 (113-150) 15 1187 + 70 (820-1620) 128 + 3 (109-147)
Unknown 55 1415 + 24 (1120-1720)141 + 1 (132-159) 31 1364 + 20 (1120-1670) 137 + 1 (120-150)

TS
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CHAPTER 2
Movement, activity patterns, and habitat use oixstme hared gpus americanus) in

interior Alask&

ABSTRACT

Snowshoe hare& €pus americanus) are generally sedentary, but are known to use
different habitats in summer and winter in additionrmaking exploratory movements at
various times of the year. Hares in the boreadbmay also move among suitable
habitats on a shorter time scale in search of perldoods and cover from predators.
We investigated movement patterns of hares fromdweracteristic boreal habitats using
VHF radio collarsifi = 209) monitored weekly and GPS collans=(18) programmed to
record locations at 30-120 min intervals. We usadsmitter recoveries to estimate
distance from capture to mortality site. Approxieig 90% of transmitters were
recovered from hares within 1 km of their initialpture locations while 5% were
recovered 2.5-8.5 km from the capture locationsan$mitters were recovered farthest
from capture sites in winter and farther away fdulafemales than adult males. We
used locations of GPS-collared hares to estimateos@l home range size, habitat use,
and diel patterns of movement among and withintagbi Seasonal home ranges (90%

isopleths) were marginally larger in a black spr(Rieea mariana) forest during winter

2 Feierabend, D.F. and K. Kielland. 2013. Movemdrgrmwshoe hares ¢pus
americanus) in interior Alaska. Prepared for submission inrd@al of Mammalogy.
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(2.3-5.4 ha) than in an early successional foreshd summer (0.6-4.3 ha). Hares
captured in a black spruce forest in late wintet hnultiple core use areas that regularly
included white spruceP( glauca)-birch Betula alaskana) forest. Hares captured in an
early successional forest in summer spent the maffrtime in that habitat but also
regularly used white spruce and black spruce forgkivement rates, measured as the
distance between animal locations recorded evégu?s, were highest around midnight
and lowest between 1200 and 1600 with at leastoddddifference in movement rate
between peak and nadir. The majority of movemetwben habitat types was
coincident with times of peak movement rates. fingings indicate that hares living in
a mosaic of vegetation communities often conceattair habitat use in multiple
vegetation types even when food and cover are aptarabundant in a single habitat.
Hares move between these areas on a daily basimlgy to make use of better foraging
opportunities in one location and return to ressitgs located in dense cover in a

different location.

INTRODUCTION

The snowshoe harédpus americanus) is a foundational prey species in the boreal
forests of North America (Krebs et al. 2001) anckfadrastically different weather
conditions, food availability, and predation presstihroughout the year. In response to
changing environmental challenges, snowshoe hartglreir home ranges to habitats

with denser cover when more predators are preBenttifi 1984a; Wolff 1980),
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apparently sacrificing access to preferred browsadfety (Keith et al. 1984; Sievert and
Keith 1985). Snowshoe hares also compensate &sosal changes in vegetative cover
and predation risk by occupying denser coniferdgaturing winter when deciduous
leaves are absent (Wolff 1980). Snowshoe haresdkeand or shift their ranges to
include mixed-vegetation stands in the summer wieanduous browse is available
(Wolff 1980), presumably tracking the availabilaf high-quality food as mountain hares
(L. timidus) do in European boreal forests (Dahl 2005; Kaukak. 2005).

Snowshoe hares prefer habitats with dense coveraftis et al. 1985), but the
use of habitat edges (Ferron and Ouellet 1992)esigghat they benefit from being in
close proximity to open areas where preferred &meties are probably more abundant.
Hares in a landscape with fine-scale habitat hgtareity are likely to move among
habitats on a daily basis in order to capitalizaifferences in food availability and
cover, and the dramatic seasonal changes in tineg@@mental parameters should in
turn affect the rates of movement and habitat use.

We investigated diel movement patterns of snowstawmes among different
habitat types in interior Alaska in summer and @inusing GPS collars to measure
movement rates and habitat use on a fine spatiéd.sd®Ve also estimated the home
ranges and core use areas of hares in both seadtmpredicted that hares would move
among habitats most frequently during winter wheairtdiet is limited to low-quality
woody browse and food stress is most prevalenh@ease in movement among
habitats would then result in larger home randg&sowshoe hares primarily limit their

movement and activity to the dark hours of the @sith 1964), so we predicted that the
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extended darkness during winter in interior Alaskauld result in longer periods of diel
movement than during summer. Finally, we meastatgs of travel away from capture
sites by locating hares collared with VHF transengtafter they had died. By
understanding the frequency and timing of these-$icale movements, we gain insight
into the importance of habitat heterogeneity teeband the indirect impact it may have

on closely associated predators such as lygimxcanadensis).

MATERIALSAND METHODS

Study Area

This study took place in the Bonanza Creek LongfiTEcological Research site and
Bonanza Creek Experimental Forest(68 148 W), located approximately 20 km
southwest of Fairbanks, Alaska. Snowshoe harelptpas have been monitored at two
sites here since 1998 (Kielland et al. 2010). €hmspulations showed cyclic peaks in
the fall of 1999 and 2009. Habitat type differsvileen the two sites. The first site,
situated adjacent to the Tanana River, was eadgessional community (hereafter
referred to as the DECIDUQOUS site) dominated byomil(Salix spp.), thin-leaf alder
(Alnus tenuifolia), and balsam poplaP¢pulus balsamifera). Understory species
includedEpilobium angustifolium, Cornus canadensis, Calamagrostis canadensis, and
Equisetumsp.. The second site was in a mature black sprBo=d mariana)

community (hereafter referred to as the CONIFER) sitith an understory composed of

Ledum sp., Rosa acicularis, Vaccinium vitis-idaea, Salix sp., Chamaedaphne calycul ata,
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mosses, and lichens. Other habitats in the achade floodplain white sprucéicea
glauca), poplar, mixed white spruce-bircBdtula neoalaskana), aspenRopulus
tremuloides), and regenerating stands of birch and asperessahat burned in the last
30 years.

Snowshoe Hare Capture and Collaring

Within each site we used an established 9-ha rgatantrapping grid with 10 transects
spaced 50 m apart and 5 traps spaced 50 m apascbrtransect (50 traps total). The
two trapping grids were separated by 1.5 km. Wxturad hares in #3 Havahart live
traps (model 1085, Lititz, PA) and aged, sexedgived and sized them, and marked
them with Monel ear tags (National Band and Tag 8ewport, KY) for ongoing
population studies. We could not distinguish betvgiveniles and adults after mid-
September, so hares first captured after this wee classified as adults. It is likely that
many juveniles born on or near the trapping gridsenthus classified as adults, so any
differences observed between adults and juvertilesld be highly conservative. Traps
were baited with alfalfa, carrots, and snow (wheailable) for moisture. Traps were
opened during mid-day and checked the followingmmy. Trapping sessions were
conducted once every 3 months; sessions rangeagth from 1-4 consecutive nights
and were discontinued if temperatures fell belo&? -@. Capture and handling
procedures followed animal care and use guidelfidlse American Society of
Mammalogists (Sikes and Gannon 2011) and were apgroy the University of Alaska
Fairbanks Institutional Animal Care and Use Comesittprotocol #09-57) and the

Alaska Department of Fish and Game (Permit 135211-5
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Between June 2008 and January 2013, we equippdasatof trapped hares with
VHF radio collars. Collars weighed between 20 aéd Zmodels M1555, M1565,
M1575, Advanced Telemetry Systems, Isanti, MN) aede equipped with a mortality
switch activated by a lack of movement over 6 coansee hours. Collars were only put
on hares weighing over 900 g so that collars didemoeed 3% of the hare’s body
weight; this restricted our study to adult and oldeenile hares.

We fitted VHF radio transmitters to 8 and 12 harethe DECIDUOUS and
CONIFER sites, respectively, in June 2008. Samske increased to 24 in
DECIDUOUS and 19 in CONIFER by September 2008. ddlared additional hares as
mortalities occurred in an attempt to maintaireast 25 collared individuals in each site
at any given time (representing 20-90% of the Ipagulation depending on the time of
year), conducting additional trapping sessionsezglad. Hares were collared through
January 2013 in CONIFER. However, hare abundarasetao low in DECIDUOUS to
collar additional hares after November 2011. Fetwen 5 collared hares remained in
DECIDUOUS by mid-December 2011 and none by mid-K@%2. We equipped adult
hares with GPS loggers and VHF transmitters (m&S£L, Advanced Telemetry
Systems; model Quantum 4000, Telemetry Solutionsc@rd, CA). Only females were
collared in DECIDUOUS: 7 between May and Septen2®di0 and 5 between May and
August 2011. We collared 4 females and 2 mal€ONIFER between February and
April 2012. These collars were programmed to fates at half-hourrf = 3) or 1.5-hour
(n=4) intervals in 2010, 1-houn € 3) or 2-hourtf = 2) intervals in 2011, and 2-hour (

= 6) intervals in 2012. We used different fix imals for the two collar models to
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determine battery life of the collars before segtlon 2-hour intervals in 2012. GPS
collars were removed and replaced with VHF coNainen the GPS batteries expired,
usually after 2-3 weeks. The maximum weight of GBlars was 40 g (4% of a hare’s
mass) and was not expected to affect survival §Sgel Gannon 2011).

We monitored VHF-collared hares (including thoséhv@PS) every 1-7 days
using a directional Yagi antenna and hand-heldivecémodel R1000 receiver;
Communications Specialists Inc., Orange, Califgrteadetect movement of hares off the
trapping grids and locate mortalities. When traittemsignal strength or location
suggested that a hare had moved more than 500mmitSdrapping grid, we attempted to
find and visually confirm its locationMortalities were typically recovered within 1 week
of death and their locations were recorded usihgralheld GPS unit.

Analysis

For VHF-collared hares, we calculated the lineatatice between the location of initial
collaring and the site where a collar was recoverfezt death. This served as an
indication of how far a hare might travel from dtgpture site (presumably located within
its home range) in different seasons. While wddaot be sure if collars were moved
by predators or scavengers after a hare had dieadybservations suggested this was
negligible in most cases. We used a 3-factor amabyf variance to compare the log-
transformed linear distance from initial capturenrtortality site between trapping grids,
sexes, and seasons. Due to low sample sizes iwimber seasons, we pooled data for

spring (May), summer (Jun-Aug), and fall (Sep-Oat)d compared these to winter (Nov-
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Apr). We did not include age as a factor in the@GA\KA due to unbalanced sample sizes,
but instead compared distances for juveniles anttsadsing a student t-test.

We estimated seasonal home range sizes for GP&eamblares using the fixed
kernel method (Worton 1989). We considered the@®a home range to be the range of
a hare used within a single season, measuredmetarimer (late-May to late-
September) and late-winter (late-February to middApGPS collars had a 46-97%
success rate for scheduled fixes. Accuracy vateggbnding on the orientation of the
GPS antenna to the sky and the number and configaraf satellites available, but was
generally believed to be within 10 m of the truedtion based on field tests. We
censored animal locations that were obviously irextiy such as those occurring in the
Tanana River during summer. We used all remaifikgg (mean: 433 + 92, range: 78-
1802) over all days fixes were obtained (mean: 30 tange: 6-54). Although the
number of fixes and time over which fixes were oaidd were highly variable, there was
no correlation between the number of fixes and@edhome range size?(= 0.08,p =
0.75) or between the number of fix days and sea$mmae range size{= 0.10,p =
0.69). Further, subsampling of animal locations lb@en shown to underestimate range
size (Blundell et al. 2001), so we used all avadddixes in range estimation. We
calculated utilization distributions using the Kdenel density function in Geospatial
Modeling Environment (GME). After calculating 90%epleths using all available
bandwidth algorithms (LSCV, SCV, BCV, PLUG-IN, CVH¥e judged the
appropriateness of each method by visually asgpsingeneral fit of the isopleths to the

data. Finding the SCV method most consistent aaralviduals, we applied this
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algorithm to all datasets and used a cell sizetofdalculate both seasonal home ranges
(90% isopleths) and core use areas (50% isopl@isyer et al. 2006). We compared
seasonal home range sizes between trapping gadsise using the Kruskal-Wallis test.

To understand fine-scale habitat use, we used etatgn layer in ArcGIS for
Bonanza Creek Experimental Forest to identify thgetation composition in the
seasonal home ranges based on floristic classtfira{Baird 2011). Habitat use was
qguantified using the number of GPS locations irheggetation community rather than
the areas within the 90% isopleths because ther k@ihded to overestimate range
boundaries in places with small numbers of isolgi@dts. In order to address any diel
patterns of habitat use, we compared the propodid@PS locations in each habitat type
used in 2-hour periods throughout the day, begmatrmidnight (2400-0200, 0200-
0400, 0400-0600, etc.).

To investigate diel changes in movement rates,al@utated the linear distance
moved in the same 2-hour periods as above. Forduéls with 0.5-hour, 1-hour, or 2-
hour fix intervals, linear distance for a 2-houripd was calculated between fix locations
recorded at the beginning and end of the periamt. 1F5-hour fix intervals, linear
distance for a 2-hour period was calculated betwidocations at the beginning and
end of the 1.5-hour interval. We multiplied thelsstances by a factor of 1.3 to correct
for the shorter time interval; they are slightlyspitvely biased compared to linear
distances estimated from fixes taken at the begghand end of a 2-hour period. The
distances for 1.5-hour intervals were assignetiéd@thour period with which they

overlapped most. For each individual, movement av&saged over all days for each 2-
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hour period; we then averaged movement over alVidgals from a trapping grid/season
for each period.

We quantified diel patterns of hare movement antaalgtats over the same 2-
hour periods by calculating the number of timesnaiividual was located in different
habitats at the beginning and end of a period, tigding by the total number of
instances that individual moved among habitatdlipeaiods. The proportion of
movements among habitats that occurred in eachgers then averaged across all
individuals that moved among habitats (we exclugl&éares from DECIDUOUS/summer
that moved among habitats <5 times as they woutd had undue influence on the few
time periods in which their movements took plac&$. before, the movements for fixes
taken at 1.5-hour intervals were assigned to the-period with which they overlapped
most.

Statistical analyses were conducted using progMm \ersion 10 (SAS Institute

Inc., Cary, NC). Means are reported with standgirdr unless otherwise noted.

RESULTS

General Movements

We collared a total of 300 hares with VHF transengt(including those with GPS
loggers) from 10 June 2008 to 17 January 2013 €raidl). We recovered 203
transmitters from mortality events, 23% of whichrevevithin 100 m, 82% within 500 m,

and 95% within 2 km of their deployment locatioRggUre 2.1). One transmitter was
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recovered from a dead hare 8.7 km from the siteitvél capture, and another live hare
was last estimated at a linear distance of ovekimi4rom its initial capture point after
crossing at least two major roads in the procésgeneral, we documented more
movement of collared hares off the trapping sitewinter than other seasons, and 18 of
21 transmitters located over 1 km from the trapsitbgs were recovered in winter.
Distances between collaring and recovery locatwer® on average >2.5 times greater in
winter than non-winter seasorfs o= 5.9,P < 0.001) but did not differ between sites or
sexes (Table 2.2), although adult females averdgances >2 times farther than adult
males. Distances were similar in spring (208 :r§6summer (385 + 119 m), and fall
(336 £ 97 m). Mean distances did not differ betwgrreniles and adult${; = 0.12,P
=0.91).

When transmitters were found in different habithtmn the initial capture
location, hares from DECIDUOQOUS often appeared teehaoved north (towards the
CONIFER grid) into either white or black sprucedstr (Figure 2.2). However, 7 of the
farthest dispersals from DECIDUOUS resulted whem$fiarossed the main channel of
the frozen Tanana River during winter, travelingto km from the trapping grid across
a patchwork of different habitats. In contrastlyansingle transmitter from CONIFER
was recovered across the river from the trappimgsgrMost of the transmitters
recovered beyond the CONIFER grid were to the nantthwest in upland mixed forest,

or in young regenerating birch and aspen standscent burn sites in the uplands.
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Seasonal Home Range Size

Seasonal homeanges for GPS-collared hares varied from 0.6-8.8rd core use areas
ranged from 0.1-1.1 ha. Hares from DECIDUOUS/suminagl smaller home ranges (
=2.67,P =0.008) and core use areas than hares from CORFBter (Table 2.3).
Home ranges for males from CONIFER/winter averagyédt 0.7 ha (range: 2.3-387=

2) and females averaged 4.0 + 0.6 ha (range: B,f+5. 4). Core use areas represented
24% of seasonal home ranges regardless of sitefsed$e radii of home ranges and
core use areas were less than 650 m and 200 nectesby, indicating that hares rarely
moved more than 500 m from the cores of their randgue to an inability to incorporate
physical boundaries into range estimation usingdledensity estimators (Getz et al.
2007), range areas for hares collared in DECIDUQ@Utén included open water, either
from the Tanana River or from wetlands. These post which represented no more than
16% of any range area, were removed before calegltte range sizes reported here.
Habitat Use

The space use patterns by hares with GPS coltars RECIDUOUS/summer varied
greatly among individuals (Figure 2.3). All hapesmarily used early successional forest
(82% of locations), but 6 also used adjacent habjfses such as black spruce forest
(11% of locations). Hares with smaller ranges pritg spent their time in early
successional habitat, whereas those with larggresamoved frequently between early
successional and conifer forests, spending litthe in the gradient between these
habitats. Three hares had home ranges compriszdis€ontinuous areas with centers

~150-250 m apart, 4 had multiple core areas ~150a25Qart that included both early
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successional and conifer habitats, and 1 had a&remgprised of 3 discontinuous areas
with centers ~500 m apart.

Hares from CONIFER/winter spent most of their timdlack spruce forest (68%
of locations), but all hares from this site/seaal®o regularly used other habitat types
including mixed forest (12% of locations) and butreeeas characterized by shrubs and
regenerating birch and aspen trees (19% of locgitioAdditionally, all but 1 hare from
CONIFER/winter had multiple core areas locatediffecent habitats. All hares avoided
areas in contiguous black spruce forest in andrafdlie CONIFER trapping grid where
tree height and density were lower, which was \asib aerial images of the study area.

Hares from CONIFER/winter increased their use ofediforest and burned areas
during dark hours of the day, but spent the majaitdaylight hours in black spruce
forest (Figure 2.4). Hares from DECIDUOUS/summdrikited a greater variety of diel
habitat use patterns. Two individuals spent magtight hours in a mature white spruce
forest or along its edge, repeatedly using the ssites (~30 m diameter), then spent
night hours in a broader area of nearby early sstopal forest. Other hares repeatedly
used small areas in early successional forest glalaylight hours, and moved among a
variety of white spruce, early successional, adératiominated habitats during the night.
We also observed hares using nearby conifer foag¢starious times throughout the day
without evident patterns except the concentratiaumse along habitat edges.

Hares from both sites/seasons also repeatedly tasggemovements among
habitats over short time periods. One hare fronC[DEJOUS/summer traveled >1 km

along the bank of the Tanana River on 4 separaigsaans, moving rapidly between the



66

same 3 areas in which it stayed from 1.5 h to Adhare from CONIFER/winter
repeatedly traveled 250 m across a sparsely vegiebairn area, situated between the
margins of black spruce forest and a regeneratgg birch forest, using a pathway
through discontinuous islands of spruce and thincklss. A different hare from
CONIFER/winter traveled 1 km through contiguouscklapruce forest in 4 hours,
remaining in a small 0.4 ha area of birch trees-## h before returning to its starting
point over another 4-hour period.

Diel Movement Patterns

Regardless of site/season, GPS-collared hares shpeak movement rates between
1800 and 0800 h (Figure 2.5). Movement was lowashg mid-afternoon, presumably
when hares were resting. Peak movement rateglatwere 4-7 times higher than
movement rates during mid-afternoon, the differdmei@g most pronounced for hares
from CONIFER/winter.

I nter-habitat M ovement

GPS-collared hares from CONIFER/winter moved anfuaigjtats several times per day
(mean of 2.0 £ 0.4, range: 1-3.3). The majorityimie spent outside of black spruce
forest was restricted to less than a single nighit jt was not uncommon for hares to
spend up to 2 consecutive days in these otherdialat least once during a 30-day
period. We documented <5 movements among halbaa6of 12 hares from
DECIDUOUS/summer; the other 6 moved among habitétsthe same frequency as
hares from CONIFER/winter (mean of 2.0 = 0.5, rarty8-4.3). Over half of the

movements among habitats (57%) for hares from CE@RI®inter took place between
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2200 and 0600, compared to 45% for hares from DEX@QDS/summer during the same
time period (Figure 2.6). Regardless of site/seasmvements between habitats
generally took place at times when hares were axdste, which was in the darkest

hours of the day.

DISCUSSION

Snowshoe hares living in a variable landscape miny available habitat types could
optimize food intake and safety by foraging in proiive open areas and seeking refuge
from predators in denser vegetation nearby. Spglorunities abound in much of the
boreal forest where mosaics of suitable habitadtexiVe found that hares captured in a
black spruce forest and an early successionaltfaresed among habitats approximately
twice per day and that this generally corresponiéill movement between disparate
core use areas. Black spruce forest offered demss to hares throughout the year but
lacked an abundance or variety of preferred broesgecially during winter. Early
successional forest offered an abundance of brepsees preferred by hares, especially
during summer when deciduous leaves were preseniadked any significant cover in
seasons when deciduous leaves were absent. Tdraes,from these trapping sites
probably sought different habitats for oppositesaes: in winter, individuals moving
from black spruce forest to mixed forest, regernegdbirch/aspen stands, or shrubby

areas were likely searching for stems of decidymbaists such aRosa acicularis, Salix
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spp., andBetula spp., whereas hares moving from early successionastfdoeconifer
forest during summer were likely seeking saferimgssites or possibly caring for young.
Movement among habitats should change seasonalyding to the benefits
offered by different structural and vegetative euéeristics of the habitats. Snowshoe
hares in Minnesota generally preferred lowland edige sites where food and cover were
available throughout the year, but hares were @ksgan upland sites more frequently in
snow-free seasons when deciduous foliage was alaiRietz and Tester 1983).
Similarly, snowshoe hares in eastern Canada sdl&etgitat types with different
characteristics in summer and winter, with someéviddals moving over 1 km between
summer ranges in dense deciduous stands and waniges in mature spruce stands
(Beaudoin et al. 2004). In a study that took plaear our own, hares consistently
occupied dense black spruce forest during wintdrraaved into areas with more
deciduous foliage during summer (Wolff 1980). Ssehsonal changes in habitat use
can affect home range size, as was the case fontaiathares in boreal regions of
Finland and Sweden where seasonal ranges wereesiialbutumn and summer, and
largest in late-winter and spring (Dahl 2005; Kdatet al. 2005) as hares changed their
movements based on the availability of preferremse. Snowshoe hares in boreal
habitats experience similar changes in availabdftgeciduous browse in summer and
woody browse in winter, and have been shown toaedoeir home range size in
response to increased food supply (Boutin 198dWsjng GPS-collars, we found that
home ranges were smaller in summer than in wisteggesting that a high availability of

leafy browse in summer did reduce range size. Mteabserved lower movement rates
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of hares in summer than in winter, which was prdpdbectly related to smaller average
seasonal range size and more prevalent use ofiairgure areas in early successional
forest. This makes sense if movement in wintelrigen by foraging and seeking
thermal refugia, and movement in summer servesadmize total area covered, in part
to find mates (Hodges 1999). In summer, GPS clare only carried by females,
which move relatively little to find mates when cpaned to males and would be
expected to move more in winter when food and shalte sought in different areas.
However, we note that hares in our study were cagtin radically different habitats in
summer and winter, and the surrounding habitati@visity differed greatly between
capture sites. Furthermore, we cannot addressfiibets of sex on seasonal range size or
movement; however, the 4 females captured in kdackce forest in winter did average
larger ranges than those of hares in early suanesdiorest in summer, indicating a real
difference in home range size between sites/sedsofemales.

One explanation for smaller summer ranges is graafes with litters must
revisit the same nursing site each night, which gastrict home range size. This has
been suggested for snowshoe hares (Jekielek 1&818&)ugh Dahl and Willebrand
(2005)report larger winter-spring than summer-autumn hoanges for mountain hares,
attributable to breeding activity in spring. Susprgly, our GPS data suggested that only
1 of 12 adult females nursed young (see belowpiteethe fact that sampling usually
spanned periods long enough to detect nursinfgnifles were not nursing young, then
the difference in seasonal home range size seeshex@ained by differences in cover

and food availability.
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Hares collared in early successional forest in senmspent the great majority of
time in that habitat, but many hares also usedfeofarests to a lesser extent. With an
abundance of deciduous browse and sufficient stralctover to offer protection from
predators during the summer, early successionasfas an ideal seasonal habitat for
adult hares, but conifer forests may offer incrdasafety, especially for leverets and
juveniles (Dolbeer and Clark 1975). In our stualy,adult female fitted with a GPS
collar in early successional forest in late Mayer@edly moved to and from the same 50
m radius area in a stand of mature white spruceyenght around midnight for 28 days.
She occasionally shifted her activity to black seréorest for ~24 hours, but typically
returned to early successional forest for the damadf daylight hours. Following this
28-day period, she was located primarily in shruveyland habitat and a small copse of
paper birch, or in an adjacent black spruce folmgtshe rarely returned to her previous
location in white spruce and never to early sudgoes$forest. O’Donoghue and
Bergman (1992) reported that lactating female shoedares returned to the same site
at the same time every night to nurse young, régsswf where the young had been
located during the day. Similarly, female mountaames restrict their nursing sites to
small 4 nf-areas (Dahl and Willebrand 2005). The behaviooh&erved suggests that
this particular female may have initially been ngrfor a litter whose natal site was at the
shrubby edge of a white spruce forest. The rahdete shrubby birch and black spruce
forest after 28 days may have followed the weaning first litter and coincided with the

production of a second litter.
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Our study took place during a cyclic peak and aectif the local hare population
when dispersal rates and distances should be gté#endberg and Keith 1976). While
transmitter recovery from a dead hare cannot be tesaccurately measure dispersal
because it precludes any opportunity for that b@areturn to its home range, it does
serve as an indication of mobility from the initellaring site. The recovery of
transmitters at great distances from capture ttesighout the year in our study
corroborates previous findings that hares disperaél seasons (Windberg and Keith
1976). However, we recovered transmitters conalagifarther from capture sites in
winter than in other seasons, similar in timingéasonally high emigration rates during
fall and winter for snowshoe hares in Montana ({@ri&nd Mills 2009), which suggests
that they are more mobile and potentially dispersihhigher rates during this time.
These movements follow peak hare and predator e the fall when deciduous
habitats no longer offer significant cover anddiets of hares in coniferous forests are
becoming constrained by the lack of deciduous beows effect, carrying capacity may
decline over winter in some habitats, motivatingelsao explore new areas. On several
occasions, hares moved away from the CONIFER trgpgite for several months during
winter before ultimately returning. Similar expddory movements have been observed
during winter for snowshoe hares in western CariBdatin 1984a; Boutin et al. 1985)
and for mountain hares in boreal Sweden (Dahl aildbvand 2005).

Previous studies of snowshoe hares have found higtes of dispersal by
juveniles than adults (Boutin 1984b; Keith et &93; Windberg and Keith 1976). We

recovered transmitters at distances that indidafeedsal (>1.5 km from capture sites, ~3
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times the radius of the largest home ranges irstuaty) with no observable difference
between age classes, suggesting that juveniledultismowshoe hares were equally
likely to disperse, although we could not reliabigtinguish between ages when hares
were first captured after mid-September. We teridedcover transmitters from adult
females farther from the trapping grids than cslfaom adult males, despite the fact that
males disperse farther and more frequently tharalkesrin most mammal species
(Greenwood 1980). Large movements were not aliadisative of dispersal though: it
was not uncommon for GPS-collared hares in ourystoidnake linear movements up to
500 m in a range as small as 3 ha, and at leadtareerepeatedly moved up to 1 km
from parts of its seasonal range. Despite beirgatheristically sedentary, snowshoe
hares clearly move considerable distances withaittireg their home ranges. Such
movements appear to be exceptional, but withoutitmang an individual's movements
for more than a month it may be difficult to digfinsh between dispersal and temporary
exploration.

Hares in our study moved among habitats mostiygkit when general movement
rates were highest, as would be expected for aiscear/nocturnal animal. However,
changes in photoperiod could be expected to hawdfact on diel activity patterns.
Between June and September, snowshoe hares ina&l@@anada, exhibited activity
patterns similar to those of hares using early ssgional forest in summer in our study,
showing a sharp symmetrical peak around 2300, @atiyndoubling the percent of
activity taking place between 2030 and 0130 asqyestod shortened over the study

(Keith 1964). Mech et al. (1966) found that snoaeshares exhibited nocturnal activity
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patterns during winter, but became more crepusaulspring and summer; this pattern
was also suggested by Foresman and Pearson (1988)s in our study confined their
movement to times of darkness more in winter timesummer, but exhibited a more
crepuscular pattern during winter when movemermisraharply increased around sunset
and rapidly declined following sunrise. Hares magpond less strongly to photoperiod
in mid-summer, especially at high latitudes wheaglight extends for nearly 24 hours,
remaining active diurnally and resting primarilyrishg peak afternoon temperatures.
Activity of snowshoe hares in Quebec, Canada, sstgdehis pattern (Théau and Ferron
2001), although daylight was not as extensive @siit interior Alaska. An alternative
explanation for the seasonal differences we obslas/that hares in winter routinely
made large movements between discontinuous coas areund sunset and sunrise,
whereas fewer hares in summer moved between sepanat areas on a daily basis and
those that did moved shorter distances on aver@gee again, we cannot disentangle
the effects of site, season, and sex for our datéhe behavior we observed in winter
may not be representative of male and female haresrly successional forest at that
time or for hares in black spruce forest in otleas®ns.

To conclude, movement among habitats was commomguoar GPS-collared
hares, but the diel movement rates, behavior, alettson of habitats was highly variable
among individuals. A landscape with fine-scaleitstheterogeneity, such as the one in
our study, probably enhances variation in hareségtby providing numerous routes for
meeting nutritional and safety requiremenitslight of the potential advantages of using

multiple habitat types, snowshoe hares may thrikle wwcreasing wildfire frequency,
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which is projected for interior Alaska, if densendfer refuges persist among an

increasing diversity of young, regenerating deciducommunities.
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Table 2.1 Classification and fates of radio-taggieowshoe hares in the CONIFER and
DECIDUOUS trapping grids in Bonanza Creek ExperitakRorest near Fairbanks,

Alaska, June 2008 to January 2013.

CONIFER DECIDUQOUS

Total Collared 170 130
Male / Female / Unknown 79/88/3 37/89/4
Adult / Juvenile / Unknown 121/13/36 72 | 142/
Fate
Predation 102 67
Non-predation (i.e. Starvation) 4 4
Unknown Mortality 20 32
Censored (i.e. Lost Transmitter Signal) 14 21
Trapping Related Mortality 15

6
Remaining Alive at End of Study 5 0




Table 2.2 Distance (mean + SE) between captuegitotand mortality site for snowshoe hares callanethe CONIFER and

DECIDUOUS trapping grids in Bonanza Creek ExperitakRorest near Fairbanks, Alaska, June 2008 toaigr2013.

CONIFER DECIDUOUS
Non-winter Winter Non-Winter Winter
M F M F M F M F
n 25 22 29 36 16 29 9 34
Distance (m) 192 £+ 30 396 + 162 475+ 160 959 +254 294 +36 391+ 133 674 +403 1088 + 354
Range 15-572 15-3602 51-4598 15-6438 60-546  33-3987 35-3880 25-8792

.8
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Table 2.3 Seasonal home range (90% isopleths¢@mduse area (50% isopleths) sizes
(ha, mean + SE) for snowshoe hares collared witB Giitts on the CONIFER and

DECIDUOUS trapping grids in Bonanza Creek ExperitakRorest near Fairbanks,

Alaska.
Capture Site Sampling Period Home Range Core n
DECIDUOUS/Summer May-Oct 2010 1.25+0.27 0.34@390. 7
DECIDUOUS/Summer May-Oct 2011 2.30 £ 0.60 0.5810. 5

CONIFER/Winter Feb-Apr 2012 3.70 £0.49 0.87 £0.06
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GENERAL CONCLUSIONS
In this study | examined the effects of biologiaad environmental variables on the
survival and movement of snowshoe hares at diftaemporal scales in interior Alaska.
Habitat greatly influences the degree to whichehesiables affect the survival of hares.
| focused my research in black spruce and earlgessional forests, both of which can
sustain high densities of hares but which differkedly in the availability of vegetative
cover and preferred browse species. Estimatedshaveral differed among habitats and
months in the year, but there was no clear relakignbetween vegetative cover and
predation. However, sources of predation diffesigahificantly among habitats between
which hares moved on a daily basis, implicatingetative cover in the vulnerability of
hares to different predators.

Estimated survival rates of adult and older juvehires were highest in July and
generally highest in summer, probably due to a ¢oation of increased cover from
predators provided by deciduous foliage, abundanaige, and availability of alternative
seasonal prey for hare predators. Estimated salrwias lowest in May and November,
or more generally during the shoulder seasons wkeituous foliage was largely
absent. Hares undergo seasonal changes in palgatthese times and begin to seek
mates in late-winter, making them more visible tedators. An addition of juveniles to
the sample population in September may also hapeedeed survival rates, as juveniles
often have lower survival than adults (Gillis 198&lland et al. 2010). Hares transition

to a winter diet of woody browse in the fall astaimperatures drop, which negatively
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affects their body condition at a time when it modiuences survival. Despite monthly
differences, there was a high degree of variahitityurvival within each month across
the four study years. | found little support foretfect of air temperature, precipitation,
or snow depth on hare survival, and considerinddivenumber of non-predatory deaths
observed, | propose that variability in the presemicsuccessful hunting of predators may
be a primary cause of variation in hare survivabagimonths.

| found higher estimated survival rates of hareslatk spruce than in early
successional forest and this difference was mastqumced when deciduous leaves were
absent. Black spruce offered more lateral coveudjhout the year, providing a
consistent refuge from predators, whereas earlgesstonal forest was most suitable for
hares in summer when abundant deciduous leavegiptbgonsiderable lateral and
canopy cover and an excellent source of food. $al® regularly used mixed forest,
which had a seasonal abundance of deciduous forggefered very little lateral cover
during most of the year. The higher survival ofdsain black spruce forest suggests that
the dense lateral cover there benefited survivakrttwan the scarcity of preferred browse
species may have hindered it.

As in other studies, the vast majority of deatls49 for which the cause was
known were due to predation. Lynx, goshawks, aedtchorned owls were the
dominant predators, but the magnitude of their e@gtion varied in space and time. For
example, despite the dense cover in black spruestidynx killed more hares there than
in other habitats and exhibited highest predatates in winter. Predation rates by great

horned owls were also highest in winter, but havese killed primarily in mixed forest
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and open areas with shrubs. Goshawks killed har@variety of habitats including
black spruce and mixed forest with predation raegag highest in spring and fall.
Contrary to my predictions, predation often too&aal in sites with more than average
cover. | surmise that lynx may have benefited fiense lateral cover when stalking or
ambushing hares, but it was surprising to find g@sts killing hares in black spruce
forest where thick foliage at ground level would/bdanade aerial attacks difficult.

Most hares (90%) remained within 1 km of their captsite. When hares
dispersed, it was usually during winter and adertdles traveled farther than adult
males. This runs counter to the majority of mamspacies in which juvenile males
disperse most frequently and to the greatest disanSome hares traveled away from
the trapping sites in early winter and returned theiater, apparently settling into the
same area from which they had left. Seasonal lramges were small (0.6-5.5 ha) with
core areas typically < 1 ha, and hares spent nidken time using the habitat in which
they were captured. However, the home ranges et hares spanned multiple
vegetation communities and often contained multoles areas located in different
habitats. These habitats probably served diffgparposes such as providing refuge
from predators, efficient foraging opportunities tleermal refugia. GPS-collared hares
that we captured in black spruce forest moved erfyuto and from an adjacent mixed
forest, probably to gain access to deciduous leandsstems, especially during the
winter when food availability in black spruce faresas largely limited to evergreens.
Signals from VHF-collared hares located in mixeck$d, along with the large number of

hares dying in mixed forest, further emphasizeetktent to which this habitat was used
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in all seasons. GPS-collared hares occupying sadgessional forest also used nearby
coniferous forest and shrubby forest edges, pgsiblday resting sites rather than
foraging. We also found VHF-collared hares frons gite in many other habitats
throughout the year, suggesting that the use ofipleihabitats is common even in early
successional forest where preferred food specesgsarally abundant. Frequent
movement away from trapping grids could resultanese underestimation of hare
abundance on those grids if hares remain awayn&dutration of a trapping session. To
accurately assess densities in a particular habidgiping grids may need to be placed
well away from habitat edges to buffer from harevement across habitat boundaries.
This is assuming that hares move less in largeitdtgiatches due to the homogeneity of
vegetation. If the goal is to measure abundane@ iarea containing a mosaic of
habitats, such as the area in which my study tdagep trapping will need to be
conducted in many adjacent habitats simultaneouslgh like the concurrent
measurements made here in black spruce and eadgsaional forests. Densities of
hares varied greatly between early successionabkaat spruce forest among seasons
and years, which also suggests that a measurked@mnplitude of hare cycles will need
to incorporate multiple habitat types.

| documented considerable variation in daily haartsong individual snowshoe
hares, even among those with home ranges conahtrathe same vegetation type. A
complex mosaic of habitats such as that in my studg probably benefits hares by
putting into close proximity areas of dense covet apen areas with higher productivity

of preferred food items such as young willows amdnes. While the relative
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homogeneity of the boreal forest at a large spatiale may facilitate the synchronous
fluctuations of hare populations across the contineabitat patchiness occurs at smaller
spatial scales here much like it does at the southgge of the snowshoe hare’s range.
This patchiness likely leads to similar, if subt&d more localized, source-sink
dynamics like those observed in Wisconsin (Keithlef1993) and Idaho (Wirsing et al.
2002), and promotes not only seasonal home ranfie ahd/or expansion (Wolff 1980),
but also daily use of multiple habitats. In Alask®ature black spruce forest appears to
act as a refuge for hares throughout the populatyate, but is also an important habitat
for lynx, as was indicated by the disproportionatenber of hares killed by lynx in this
forest type. Early successional forest providaemee seasonal habitat for hares,
supporting very high densities in summer and &it] probably benefits hares most when
denser cover is available nearby. Managementdoe &nd lynx populations should
consider the benefits of maintaining a patchy laads incorporating dense conifer and
young deciduous forest. In interior Alaska, tlaisdscape arises naturally from the
frequency of wildfires that return older forestsetarly seral stages. Fires are becoming
more frequent with a changing climate (Kasischke anretsky 2006) and the predicted
progression from a landscape dominated by conifeosie dominated by deciduous trees
(Rupp et al. 2000) may sustain higher hare desdibiea short time. However, as
patches of dense coniferous forest become less ooftmares may have fewer refuges
from predators and populations of both prey andga may permanently decline.

Ultimately, this could lead to population dynamssiilar to those at the southern end of
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the snowshoe hare’s range where cycles are higlelgular and dampened (Dolbeer and

Clark 1975), if present at all.
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