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ABSTRACT

The badge(Taxidea taxusisoneof B i t i s h Co | moshéndaadgered nfaiBrga)s,
with estimates placing thaurrentprovincial population at fewer than 34dults Previous
research in the provindes isolated two main factors contributing to dleeline of badgers
in BC: (1) a historical and current decline in habitat, and (2) road mortality caused by
highwaysrunning through badger habitdiis intensive badger raditelemetry study was
initiated in 2007 to document badger ecology and moveneptsler to investigate why

badgers are susceptible to vehimbdlisionsand possible mitigation methads

From 20072009, a subsdil. 1 | , of%hit hadger populatian southcentral BC were

captured and outfitted with VHF radtags to track their location and movemeints.

addition, the systematic collection of hair to identify individuals using DNA was employed to
assist in trackingnovements, dispersal, and aid in identifying carcasses. Loc&iosisidy
animals were used to determine fixed kesii@b% FK) for home range analysiMeanhome
ranges for males were 253.1 kwhile females had much smaller home ranges of 29% km

In addition to theiextremely large home rangeasales displayedxtensive movements

during summerwhile reproductive females maintaindget smalleshome ranges and

restricted their movements during the kit rearing pefidovements of adult females with

kits were influenced by time &it emergence from the dglitter size, and period of time

before natal den abandonment.

Newly emerging GPS technology was usecdet@ealextensive movemesitluring summer
that conventional raditelemetryhadunderestimatd. Movement rates were five times
greater for GPS outfitted badgers versus conventional-tadimetry estimates [GPS 4,801
m/day (n = 5): VHF radio 840 m/day (n $)] suggesting that badger movemestsl road
crossingsvere underestimated by previousdiger ecology studies

In an attempt to documetitefrequency and ratio of abovand belowgrade road crossings,
remote motion cameras were placed at existing underpass structures to ¢elapeatey
locations and5PS movements with camera data. Bothked and unmarked badgevsre
recordedusing a variety of structures. Data revealed that gettdersand family groups

used culverts and livestock underpasses to pass under roads, with 500 mm culverts being



used most frequently. Both abewand belowgrade road crossings were detected, with

frequency varying by individual, time of day, and seasonality.

Animals whose home ranges bisected highways were repeatedly observed crossing
highways, withhalf of thestudy animals succumbing toltisions with vehites(8 of 16)
Due to thé& large home ranges, all five males in the study eventually crosgeday
corridors with four of five maledying on these major roadwaySites ofbadger road
mortalities were spatially defined identifyareas of concentratedad mortality sites or
0 h ot mpmajorsraadways isouthcentralBC.

Despite the high percentagestfidy animatoad mortality DNA data ancpopulation
modeling suggests an increasing population of badgers mnedgimalstudy area. At the
presentime, the high incidence of road mortalitythre study areaeems to be negated to
some extent by strong recruitment, henceesteanateof increasingpopulation size.

Home rangeizeand movement ratestimates for badgens this studyare some of the
largest reporteth BC. These phenomemaay be explained by the patchy distribution of
resourcesiear the northern range limit of badgers in, B@ch as suitable soils for burrowing
and distribution of prey specieéBhesdimited resource®ftencoincide wth human

populated areas whedevelopmenbf transportation corridors and agriture oftenoccur.
Thesehumaninduced pressus®n badger habitaiftencorflict with seasonatnovement
patternsof badgergi.e., breeding seasol@ading tohabitat fragmetation and direct
mortality. The ability toincrease ouunderstanithg of these movement patterns and provide
mitigation measure(g.,road underpasses, land conservation) that rediveet mortality

and ncrease productivitghouldallow for the contimied existencef this specieseartheir

range limit in soutkcentralBC, Canada

In conclusion) present a focused discussion on how an understanding of the ecology of
badgers (particularly movements) may be integrated into habitat protection andiozstora
plans, including mitigation for current and future road infrastructure projects, thereby

reducing impacts on this species.
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CHAPTER 1 7 MESOCARNIVORE BIOLOGY AND CONSERVATION: THE
BADGER (TAXIDEA TAXUS) IN BRITISH COLUMBIA, CANADA

THE MESOCARNIVORE

A combination of rarity, anthropogenmpacts, and politicaflactorshas putoughly
a quarter o&ll terrestrialmammal specieat risk of extinctionCeballos et al. 2005The
underlying cause of virtually all recent and ongoing declai¢sese animals the growth
of human populations and associated impacts such as habitat lossxple@ation, and the
spread of invasive speci@Sardillo et al. 2004)Nowhere has this decline been more

precipitous thamvithin the Order Carnivora.

Carnivores, particularly the larger speci@® ecologically important becaube loss
or gain ofa few individuals can cause strong predahiven effects or indirect behavioural
effects (e.qg., feardriven foraging)on communities and ecosyste(®pple and Beschta
2004a, Ray 2005, Roemer et al. 200Bhe loss of large carnivor@dso likelycarries
broader implications for the maintenance of biodiversity as a refsinidirect effects at
lower trophic levelg§Crooks and Soule 1999, Henke and Bryant 199B)is phenomenon
has been termed drophic cascadie, n apregldtofpreainteraction that has effects
througloutmore than one level ingiven food wel{Hairston et al. 1960, Pairi®©80)
Although the classic trophic cascade is based on a-tiereel system consisting ofguators,
herbivores, and plantsascades can theoryinvolve more than three trophic levels andy

apply to any multilinkihear food web interactiofHairston et al. 1960, Polis et al. 2000)

The importance of large carnivores notwithsliag, most mammaliapredatorsare
neither largenor at the apex of trophic food welfscase in point ishe secalled
0 me s o ¢ a thatofteranelenged byef f ect s from higher wup in t
d o wn e f Mesocarns/arésnay therefore have their ecologl impact on the broader
community mediated by the presence of otasgerpredatorgGittleman and Gompper
2005) But, gven their smaller size and ability to thrive in diverse habitats, mesocarnivores
are usually more abundant than large carnivores, yet their impact within communities has
been generally assumed to be relatively m{Roemer et al. 2009F-urther this group
represerdan ecologically diverse and influential guild of vertebrates that are capable of
structuring the ecological community in which they od@uskirk and Zielinski 2003)



Recent arguments Boemer et al. (2009) suggest the importance of mammalian
mesocarnivores in ecosystems may be understated. Using theory and empirical data, they
point out that the impact of these animals may be especially profound under three scenarios:
(1) when larger aaivores are absent in an ecosystem, (2) on island or mainland ecosystems
with relatively simple ecological communities, and (3) where they represemtative
introductionge.g., foxesYulpes vulpesin Australia(Banks 1999) All told,
mesocarnivores may be fundamentally important drivers of ecosystem function, structure, or
dynamics(Boitani 2001, Meserve et al. 2003, Donadio and Buskirk 2006, Ma@&n 2206,

Jones et al. 2008)

Most often it is the large carnivores, such as wol@(s lupu}, grizzly bears
(Ursus arctoy, and mountain lionduma concoloyrthat are considered the most useful
species for conservation planni@arroll et al. 2001)More recentlyconservation biologists
have recognized that mesocarnivores can have the same role, not only because the home
range sizes of some speciegyl WolverindGulo gulg, lynx (Lynx canadens)$ are similar
to or greater than those of large carnivores, boabge the extirpation of large carnivores in
many regions has promoted mesocarnivores to the role of top predatskgk and
Zielinski 2003) Including a combination of focal carnivore species, especially
mesocarnivores that specialize on letisiof concern, may ultimately be the best approach to
largescale monitoring and conservation of natural landscapes and ecosystem processes
(Noss et al. 1996)

THE NORTH AMERICAN B ADGER

The badger as a North American nesocarnivore

Most ecological research on badg@raxidea taxusacross North America has been
limited to the wstern United Statas the 1970s an@980s (Sargeant and Warner 1972,
Lindzey1978, Messick and Hornocker 1981, Lampe 19B2cently however, projects have
beenfocused across their range whpopulationamay be declining due to environmental
and anthropogenic factofg/arner and VerStee®®5, Weir et al. 2003, Paulson 2007,
Duquette 2008, Kinley and Newhouse 2008, Quinn 2008, Hoodicoff et al..2009)

The North American &dger isone of the largest members of fh@mily Mustelidae

(t he O we a s ®dsoridinzesmarhiyoi@,)they afadapted for digging to obtain food



and shelterThewell-developedorelimbs and claware ideal for burrowing with eonical
and wedgeshapedeadfor thrusting into small animdurrows. Adult badgermssually range
in length from 72 to 91 cm, includinbe short bushy triangular tail, which is typically 10 to
14 cm long. Adult females weigh between 6 and 9 kg, while larger adult males weigh
between 9 and 13 kg.

Many studies across the range of the badger in North America have been conducted
and the ecoldgal characteristics for the species h&#een described:he home ranges of
both male and female badgers expand during the breeding season, indicaboththat
genderdravel more extensively at that time to find mgt®argeant and Warner 1972,
Messick and Hornocker 1981Males have larger home ranges and are likely to overlap with
the home ranges of several femglaadzey 1978, Minta 1993Badgers generally mate in
late summer between July and Augi¥stung are born blind, furred, and helpless sometime
in late March to early April. Their eyes open at four to six weeks of age. Weaning occurs
around midMay when the young are about hghown. Juveniles are then taught to hunt
around midJune to early Julwhen they are about twibirds grown. The number of young
reportedly ranges from one to seven; two to three youngasé commor{Kinley and
Newhouse 2008 Badgers are polygamous forming loose pair bonds in late summer. They
are territorial, particularlyhe females, and males likely fight over a fen{aleng and
Killingley 1983). Dispersal and breakup of family units usually occurs in autumn when the
female stops bringing food to the young bad¢8ergeant and Warner 1972, Messick and
Hornocker1981)

Activity patterns of badgers vary not only by time of day but are also influenced by
seasonsBadgers are most active in summer, and least in wifiteryarealsomost active at
night, but reports of badgers being active in the day are comrhepare not true
hibernators, but spend much of the winter in cycles of torpor characterized by a reduction in
heart rate and body temperat@ireng and Killingley 1983)Badgers will accumulate stores
of fat in the autumn and early winter when muchheirt prey hibernates and are thus easier
to catch.

Badgers use multiple burrows within their home range and are capable of digging

several in a single night. They will frequently reuse busr@awd multipldbadgers may use



the same burrow in an area ogeweral generationgvhile usually casidered solitary
animals sociality among badgers has been observed, particularly family units in the summer
(Messick and Hornocker 1981)

Badger diets in North America caary depending on the geographic range where
they occur. They have been described as an opportunistic predator, reygous other
speciegLampe 1982, Messick 1987, Sovada et al. 1999, Hoodicoff 2003, Michener 2004,
Kinley and Newhouse 2008 Small mammals form the majority of their diet with an
emphasis on fossorial coloni@dents such as ground squirreédpérmophiluspp.) and
marmots Klarmotaspp.) species omhich badgers have becorsgecialists in exploiting as
food resource@Michener 2004, Kinley and Newhouse 2008jher cormon mammalian
preyspecies include northern pocket gophidrdmomys talpoid¢smuskrat Ondatra
zibethicu$, leporids (rabbits and hares), and various microtine rodents (e.g., voles)
(Newhouse and Kinley 2001, Hoodicoff 200Bgss common but other reported pheg

included insects, birds (e,gvaterfowl, ground nesting), reptiles, amphibians, and fish.

Badgers are considered an important ecological driver for grassland and open forest
ecosystems as they not only influence rodent prey populations but also geophysical processes
(Eldridge and Whitford 2009Both foraging and restinguorows dg by badgers form
important habitat elements for other species that use vacant burrows for nesting sites or
thermal coversuch as burrowing owlSpeotyto cunicularipandseveral snake species (e.9
western rattlesnak€rotalus oreganus. Badgerexcawationsand associated soil mounds are
important features that alter the composition of grassland and open forest ecosystems by
influencing a wide range of processes including water infiltration, soil aeration, organic
decomposition rates, vascular plantatsity, and support for a variety of soil invertebrates
(Eldridge 2004)Thus, his mesocarnivore shapes and influences specific habitassaisro
geographic rangend itspresence is an excellent indicator for idemtifyproperly

functioning grassland / open forest ecosystems.

Badgers in British Columbia, Canada
Badgers Taxidea taxusoccur at their northern range limit across southern Canada
(Figure 1.1) Of the four subspecies of badgers occurring in North Ameoidg, T .t.

jeffersoni occurs in British Columbi@C) with an estimated population of less than 340
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Figurel.1l. North Americandistributionof four subspecies of badgerdxidea taxus
(from Newhouse anHiinley 2007).



adult individuals The Rocky Mountais create theoundarybetween thgeffersonii
subspecies of badgegmsest of the RockiegndT. t. taxusin the prairie provinces. Further

south, the two races becommergrade on the Great Plains.

In BC, the range of thgeffersoniibadgerextendsalongthe drysouthernmterior
valleys, occurring west to the Coast Mountamarth to theé-raser Plateaand east to the

Alberta bordemlong the southern Rocky Mountain Trench (Figure.1.2)

Two major haitat features considered vital to badgers sméable densities of prey
and appropriate substrates in which to digtws (Rahme et al. 1995Ftudies in BC
supports this assumption, with the animals commonly being associategtagtlands and
open forestshat provides these resourddgps et al. 2002, Weir et.22003)

Badgers are frequently found in lestevation humasltered landscapes, such as
gravel pits, golf courses, agricultural fields, forkatvesting blocks, along highways, and
ranchlands where disturbed soils offer ease of digging and roderis plentiful. These
habitats are also associated with linear features, such as roads and trails that offer the short
legged badger convenient travel corriddfsry few badger observations occur in the interior
wetbelt with the Columbia Mountains posirgjasubstantial barrier to movement and
dispersal. Thus, the biogeographyBa restricts badger distribution into disjunct regional
subpopulations where maintaining genetic diversity becomes of critical importance in the

face of declining ppulations aarss their range.

The conservation status and ecology of badgeBCicame to light during the late
1990s, when a sharp decline in their populations became app@temhouse and Kiey
1999) While there is very little reliable historical data, it has been estimated that provincial
populations have likely declined since the 1920s when the number of badgers trapped
annually were greater than the current population estimate e3&B&nimalgjeffersonii
BadgerRecoveryTeam 2008)While the global status afie North Americafadger is
considered secure (G5, NatureServe), intB€jeffersoniisubspecies is considered
threateed by the BC Conservation Data Centre,sfde der al | y ranked as
the Committee on the Status of Endangered Wildlife in Canada (COSEWIC).

Recent studies in BC have identified declining numbers of badgers in regional

subpopulations of thehbmpsorOkanagan and East Kootenay, including recent extirpation
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from historical range in the Upper Columbia vglie the East Kootenay regigiVeir et al.

2003, Kinley and Newhouse 2008, Hoodicoff et al. 200Bgse finding in conjunction with
genetic work conducted by Kyle et al. (20@8dpgesthat badger populations in B&ecur in

units that may have independent demograpfiles.primary factors limiting badger

populations in BC are believed to be related to road mortality, habitat impacts, and prey
constraint{Newhouse and Kinley 2001, Weir et al. 2008jhough the exact effects of
modification, alienation, and loss of habitat on badger populations in the province are largely
unknown(jeffersonii BadgerRecoveryTeam 2008)

Badgers insoutgentralBC(t he 6 Cari bood regi studipgd have o
in part because of the overall growing concern for badgers in the province. Prior to 2003,
little was known abouthese animals other than the occasional sighting and vehicle collision
mortality report. Fortunately, the fact that pressure on the population from human activities
may be relatively recent suggests there may still be time to prevent the drastic dablkne of
animals seen in other regions. In 2003, the BC Ministry of Environment launched a project
aimed at identifying the distribution and abundance of badgers in the region through burrow
searches and solicitation of sightings of badgers and their bufiriveslicoff and Packham
2007) The projectbdbs objectives | at envasieevol ved
DNA hair-snagging techniques for estimating badger demographics in iba.régnumber
of recovery activities in the Cariboo region resulted from this research, including refining
hair-snagging protocols and creation of managed Wildlife Habitat Areas to maintain and
improve habitat for badgers on public lands. In responssatbmortalityrecorded during
the project, badger road crossing signs to warn motorists were estmtgiHighway 97in

the centralnterior.

It is well known that some carnivores have been severely affected by the expansion of
transportation infrastructaFerreras et al. 1992, Proctor et al. 2005, Taylor 2085yever
little is known about the responsa populationglue tomortality (Noss et al. 1996, Blanco
et al. 2005)Roads can impede the movement of animals between resource patches,
subdivide populations, and increase the risk of road mortality due to coll{§iomsan et al.
2003) The leading cause of mortality for badgers in BC is badgkicle collisions on major
highways(Weir et al. 2003, Kinley and Newhouse 200B)is patternis not restricted to BC,

as American wildlife biologists aldwave reported elevated mortality due to collisions with



vehicles(Messick 1987)and the impacts of vehicles on the Eurasian badfeleé meles

are vell known(Clarke et al. 1998)

Badgers are vulnerable to highwaprtality for several reasons: (1) highways are
constructed in valley bottom habitats prefer
and peak movement rates (mating period) coincide with peak summer traffic vo{@jnes;
roadside righof-waysare dtractive to badger prey, and) (dadgers are most active at night,
when drivers hae greatest difficulty seeingmaller animak on the highwayln BC,
proportion of mortality attributed to badgeehicle collisionganged from 13% in the East
Kootenay to amstounding 86% in the Thompson reg{wvieir et al. 2003, Kinley and
Newhoug 2008) Further habitat loss and degradation will likely cause further increases in

road mortality.

Understanding the anthropogenic impacts of roads on badgers in the region is
particularly pressing given that this population occurs at the extreme moetihge of their
range. Peripheral populations are presumably encountering natural, limiting factors (e.qg.,
soils, climatic factors), so the additive or synergistfectsof a factor like road mortality
may be accentuated and lead to local extirpgtorkpatrick and Barton 1997, Fraser 2000,
Vucetich and Waite 2003)Further, peripheral populations are likely to experience different
regimes of natural selection than central populatiasgeographically outlgg populations
are likely to occur in ecologically marginal or stressful conditikwesica and Allendorf
1995) Many species dhe edge of their range occur in unusual or atypical halfiais
Woudenberg and Christie 1997Thus, peripheral populations are expected to be genetically
distinct because of divergent natural selecflasica and Allendrf 1995) This theory is
supported by genetic sampling of badgers in BC, as Kyle et al. (2004) found genetically
distinct units between populations separated by mountain ranges. Therefore, badgers in
southcentral BC hava high conservation valwes dstinct traits found in this population

may be cruciafor allowingthe species to adaipt the face of environmental change.

THESIS GOALS AND STRUCTURE

As mentioned above, the monitoring of badgers in the Cariboo region of BC was
initiated in 2003 by govament biologists to determine burrow distribution and identify

individuals. Using newly emerging DNA hagnagging methods 2007, lexpandedhe
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scope of the Cariboo regidradger project to include liveapture and VHF radio

monitoring in tandem witnewly emerging micr@sPS technology The overarching
objectiveof my studywas toinvestigate the complex relationship between badgers, their
habitat and roadsvithin southcentralBC. To my knowledgefew studies have attempted to
summarize and interet the patterns of mesocarnivores in relation to ré@tiske et al.

1998, Grilo et al. 2009with none relating to the North American badger. My intent was to
use this information tprovidenaturalresourceandtransportatiorplanners and managers
with insight and tools that may be used to mitigate road mortality for badgsyatimcentral

BC, and ideally, el sewhere in the speciesod r

Thespecificobjectives of this thesis are presented in three main akalpt¢he
current chapter, | provideackground anthe historical context for my study, including a
detailed description of the study area (see belowChiapter 21 report on the ecology of
these animals in this region, mainly from the perspectiveards and sources of mortality
and then examine thmplicationsof thisfor the badger population. Finally, @hapter 31
present more focused discussarmhow an understanding of thexologyof badgers
(particularly movements) may be integrated inéditat protection and restoration plans,
includingmitigation forcurrent and futureoad infrastructure projectthereby reducing

impacts on this species

STUDY SITE DESCRIPTION

My field work was conducteid the Cariboo region surrounditige communig of
100 Mile House in southentralBC( N51 A 398 11&, -iMagvedatal 78 29¢&)
collection coupled with an intensive ragelemetry study occurreaver an area
encompassing approximately 7,200%(Rigure 1.3. Due to the vast expanse and
remotemss of this area the radielemetry component occurred within the core area (local

study areajvhere highways bisectdte regional study area.

The Cariboo region in BC is predominantly a broad, flat plateau between two
mountain systems consisting of I&ét@ gently rolling landscapes, with incised river valleys
and uplands locally rising above the general surf&teen and Coupé 19977 he study area
consists pmarily of the physiographic subdivisions of the eastern Fraser Plateau, with a

small amount of the Fraser Basin in the north, and very small areas of the Quesnel Highlands
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to the east and Thompson Plateau to the géidhand 1976) The Fraser Plateau, bounded
by the Cast Mountains to the west and Columbia Mountains to the east, covers the majority

of the study area with elevations of 90@,500 m.

The areas underlain primarily by flatying to gently dipping olivine basalt bedrock,
which in most areas is covered dynantle of mediurto coarseextured glacial till. In
some areas the till is shaped by glaciers into drumlins and €blaiand 1976, Steen and
Coupé 1997) A small portion of the study area is made up of the Fraser Basin where it
extends north along valley bottoms from Lac La Hache to Williams Lake. This area is
characterised by a lovelief, low-lying plain coverd by glacial till and glacial lake deposits.
The till frequently forms eskers and drumlins (FigLtelA and 1.4B.

The climate of the region is influenced by three principal air masses: warm, moist
Pacific air form the west; cold, dry Arctic air from therth; and warm, dry Great Basin air
from the soutl{Steen and Coupé 1998ince the region is in the lee of the Coast Mountains,
the moist westerly airflow is séricted resulting in a muchridr continental climate. As
Pacific air moves eastward across the Fraser Pldiaaudity and precipitation increase.
Mean annual precipitation at 100 Mile House is 453.3 mm and at nearby Bridge Lake
approximately 44 km sdheastijt is 599.3 mm (Environment Canada climate normals,
unpub. data)The Arctic air mass lies north of the region during most of the summer but
influences climate during the winter months, resulting in periods of very cold temperatures.
However, theaegion is somewhat buffered by the full effects of the cold by mountain ranges
to the northeast. High snowfall events often occur when the cold Arctic air invades the region
and interacts with the moister Pacific air. Northern higher elevation parts refgiloa are
more affected by Arctic air incursions than are southern portions and, as a result, the northern
areas experience colder snowier winters and cooler summers. For example, mean annual
temperature at Lillooet (elev. 198 m, approx. 115 km southuge8t2° C, while at 100 Mile
(elevation 1059 m) it is 4.2° C (Environment Canada climate normals, unpub. data). Warm
Great Basin air has relatively little effect on the climate in this region, except in the Fraser
River valley south of the Chilcotin Riveonfluence, where hot, dry air in the summer can
penetrate from the south, resulting in high daytime temperatures and clear skies. The
relatively high elevations of the Fraser Plateau usually restrict the influence of this hotter air

mass in the study @a, resulting in cooler summer temperatures.



Figuresl.4A and 1.4B Aerial photo of Highway 97 bisecting valley bottom habitat in
northern portion of study area (above); and rolling hills with grasiglastiire habitat
in centrd portion of study area (belovin southcentralBC, Canada.

13
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Vegetation patterns in the study area reflect the patterns of climate, topography and
soils. The majority of the Fraser Plateau landscape is made up of climax stegldtvaly
open and slow growing lodgepole pif&r(us contorta . Higher precipitation areas and sites
adjacent to wetlands often include hybrid white spr&tee@ glauca var. engelmaii
Where elevations become lower and summer temperatures are bBighglasfir
(Pseudotsuga menziesiorests are well represented on the landscape often in mixtures with
lodgepole pine. In these drier sites, Doudlass the climax tree species. Pinegrass
(Calamagrostis rubescens consistently present and oftesnainates the undergrowth of
these forests. Further eastward, as precipitation increases, the Elouglasts become
seral to spruce forests, which become increasingly common. Small pockets of deciduous
forests, dominated by aspdPopulus tremuloidgsoccur throughout most of the Fraser
Plateau being more common and extensive in the northern Fraser Basin area towards
Williams Lake. In the study aremaative grasslands occur extensively on the slopes of the
Fraser River valley south of the confluenceha Chilcotin River. These grasslands extend
east into the Fraser Plateau before gradually transitioning to conifer dominated vatksts
small grasslands occurring locally on dry, sefstting slopes. Grasslandsalso common
in open foresparklandsn parts ofthe Interior Dougladir (IDF) zone further eastward.
Wetlands are very common in teidy areautside of the Fraser River valley, and are
predominantly fens, marshes, and sheabr[(Steen an@oupé 199y (Figures 1.5A and
1.5B).

Soil paent materialsn the Cariboaare predominantly glacial till of medium to
coarse textur€/alentine and Dawson 1978)he till materials were generally transported
only relatively short dignces by Pleistocene glaciers and, as a result, the composition of the
till often reflects the local bedrockCoarsaextured tills areommonacrosshe western
Fraser Plateau where they were derived from granitic rocks of the Coast Mountains.
Glaciofluval and fluvial deposits occur locally, forming outwash plains, terraces, and eskers
especially in valley bottoms. Lacustrine deposits occur locally and sporadically, particularly
in the north portion of study area near Williams Lake. Deep organic depagsésa small

extent and are much localized.
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Figures 1.5A and 1.5B Examples of badger habitat adjacent to wetlands. Field
technician documenting a burrow in fitextured soils upslope of a wetland, lwit
grassland transitioning to Douglas fir dominated forests in background (top); Typical
badger habitat adjacent to wetlands in the central portion of study area (below).
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CHAPTER 2 i ROAD ECOLOGY OF BADGERS (TAXIDEA TAXUS) IN SOUTH-
CENTRAL BRITISH COLUMBIA, CANADA

INTRODUCTION

Over the past decades the densityrafisportation routes North America has
increased significantlyresulting inlarge numbers of wildliféeingkilled on raads(Stoner
1925, Lalo 1987) Undeastanding the factors that contribute to road mortality has emerged as
one of the more critical issues facing wildlife conservation in many developed countries
(Davies et al. 1987, Jones 2000, Mumme et al. 2000,elegal. 2003)Roads andheir
traffic have major impacts on animal populations and commuystiestraffic mortality is a
serious conservation concern worldwide for many species, especially those with declining or
restricted distributions such as raanivoregBennett 1991, Trombulak and Frissell 2000,
Forman et al. 2003)The field of road ecology has emerged as a powerful tool for
understanding the complex relationship between wildlife and the effectads om their

populations.

Many carnivores have been seriously impacted by the expansion of transportation
systems and networks; however we know little about carnivore response to the extent and
magnitude of traffic mortalitySmith and C. K. Dodd 2003, Grilo et al. 200€parnivore
populations exhibit several traits that can render them particularly vulnerable to habitat
fragmentation and highway impacts. Because of tiedativelylarge homeange sizes,
carnivoresoften have to cross one or more highways to fulfill their food or water
requirements, find mates, or disperse into unoccupied hafiiagsliger 1998)Carnivore
populations can bput at furtherisk when mortaty rates rise because of th&w
population densities améproductive rateRuediger 1998, Riley et al. 2006Road have
been identified as a serious source of mortality for many mesiped canivores (or
Omesocarnivoreso6) as their smaller sande make
mortality rates of these animaillom collisions often is underestimat@eerreras et al. 1992,
Clarke et al1998, Riley et al. 2006)

As mesocarnivoredyorth American badgerg axidea taxusappeahighly
susceptible to road mortality. In particular, near the northwestern mountainous portions of

their range a combination of factors predisposes the animahdonnortality: (1) highways
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in this regionare constructed in valley bottom habitats preferred by badgers, (2) large home
rangesare correlated with extensive movements, wittak movemenmnteriods(mating
seasohcoincidng with peak summer traffic votues; (3) roadside righaf-ways are

attractive to badger prey, and (4) badgers are most active at night, when drivers have greate
difficulty seeing a smadir animal on the highwayln BC, the leading cause of mortality for
badgerdas been identified asad mortalityon major highwayswith rates of ranging from
13%to an astounding 86%Weir et al. 2003, Kinley and Newhouse 2008, Hoodicoff et al.
2009) Thisphenomenon is not restricted or new to, Bh American wildlife biologistsin

the northwesteporing elevatecbadgemortality due to collisions with vehicléMessick

1987) and similar impacts are seen populations of thEuropearbadgenMeles meles

(Clarke et al1998) Furtherhabitat loss and degradatioaupled with highway and traffic

expansionwill only serve to increagead mortaliy of these animals.

In southcentralBC, the effects of road mortalitgn the North American badger
become even more seriouben viewed within the context of the animals being at the
northern periphery of their rangeeg Figure 1.1 in Chapte). lindeed, thextreme northern
limit for the badgersubspecied .t. jeffersoniiis found within the central porticof BC,
CanadgN51A 396 11é&, W121A 173 sWasdhisoftGrepresemi her al
strongholds for species undergoing declines, and may be important reservoirs of genetic
diversity(Lesica and Allendorf 1995)n many cases, broad landscape approaches may be
efficient in protecting peripheral populatiofidéoss 1987, Franklin 1993put vaiationsin
life-history anddemographics often make detailed information on these peripheral
populations critical, especially for maintaining genetic variabftyllar and Marshall 1992,
Soulé and Mills 1998, King and Bwe 1999) Anthropogenic impacts on populat®likely
will work in an additive or synergistic manner with ecological constraints already occurring

at the | imit of a speciesd range.

As mentioned, the mountainous topography in ceBi@atenders badgers gme to
road mortality, partly because of the distribution of habitat. In this regioopére dry
grasslandtypically associated with these animélindzey 1978, Messick and Hornocker
1981, Goodrich and Buskirk @8, Paulson 200@repredominantly found in valley bottoms
where transportation corridors are typically placétbwever, data collected during previous

home range studies in BCuerevealedawider range of habitatased by badgers than
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expectedFor example,the animalshave been shown to use higiedevation forests,
including recent forest harvest blocks where prey (e.g., ground squirrels) were abundant
(Apps et al. 2002, Weir et al. 20033t the extreme northern range limit of tieéfersonii
badgerthereis a strongcontrast in both topography and climataggesting diffemt

patterns of habitat use may be in effect. At this locattomtopography is generally less
rugged with patchy burrowing sojland the climate isonsiderablyjharsher due in part to
both ircreased elevation and latitudeitial burrow searches anditdger sighting records in
this region indicate that badgers inhabit a diverse array of habitats, ranging from bunchgrass
to sb-boreal pine and spruce zonkkawever, road mortality also occurs in the region,
suggesting that the formulatiaf effective maagement plans for these animals will likely
need teencompass a wider range of habitat types than previously thasghell as address
the incidence of road mortalitiven that traffic volume likely will increase in the face of
northern development,solid understanding of the ecology of these animals, inclutimg
impact and causes ofad mortality, is needed to ensure their persistence at the northern

periphery of their range.

| conducted a detailed ecological study of the nortineost badger @gpulation inBC.
The overarching goal was to better understand the relationship of these animals to their
extreme northern environment, and how that was patgniinked toroad mortalityon
major highway bisecting the area. This complex relationshifs wevestigated using
conventional radigelemetry in tandem with newly emerging GPS technology. The specific

goals of my study were to:

e examine home range and movements of badgers, including dispersal of juveniles,
particularly in the summer montlaghen rad mortality is highest;

e document reproductive success of adult females including seasonal timing of kit
emergence and natal den abandonment andd@aas may affect these patterns;

e quantify mortality fators of the studied population;

e document the distoution and abundance of animals in the region and the ic#uein
roads on these parameteasp

e determine how existing highway infrastructure features may influence badger
movements and connectivity.

Hereinl usemy datato examine the demographic paraersand the ecological

effects of roads pertinet thedevelopmenbf management plans for this extreme northern
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population as well as badggropulationslsewhere that may be facing similar challenges.
Given the strong tie of my study to road ecolagy, field work was focused towards the
summer season (highest traffic volumes, breeding, etc.). A smewaltis studinvestigated

the winter denning ecology of the animéfiymes 2013)

STUDY AREA

From 2007 to 2010, | conducted field work in the area suriogriie community of
100 Mile House, B N5 1 A 398 11 &(Figuw2.2)Nokindagiveé daka9 &)
collection coupled with an intensive radelemetry study occurreaver an area
encompassing approximately 7,200°%kBue to the vast expanse and remoteness of this area
the radietelemetry comonent occurred within the core area (local study area) where
highways bisected the regional study afidse study area is comprised obeoad, flat
plateau between two mountain systeawvered by glacial till and glacial lake deposits with
elevations raging from 900" 1,500 m above sea leveTlhe topography ievel to gently
rolling landscapes with incised river valleys and uplands locally rising above the general
surface(Steen and Coupé 1997The till frequently forms eskers and drumlthat provide
badgers with friable soils suitable for burrowing.

Moisture regimes increase from west to east across the plateau. Summers are
influenced by warm, moist Paaifair from the west and warm, dry Great Basin air from the
south, resulting in a drier continental climate. Winters are influenced by Arctic air masses,
leading to very cold winter temperatures with relatively low winter precipitation.

Much of the studyma is dominated by DougHis (Pseudotsuga menziésind
lodgepole pindPinus contortatrees that occur in open savaritile stands on drier sites,
with bluebunch wheatgrasBgeudoroegneria spicatandrough fescuesHestucaspp)
forming the undestory. Wetter sites at higher elevations support dense conifer stands with

pinegrass@alamagrostis rubesce)jsand feathermoss$iflocomiumsplendensunderstory

Soopolallie Ehepherida canadensiKinnikinnik (Arctostaphylos uwvarsi), rose
(Rosaspp.),and twinflower Linnaea borealisare common understory shrubs. At lower
elevations, the west and south of the study area is bordered by very dry warm bunchgrass

open forest communities, while at higher elevations to the north and east it is repléoed by
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Figure2.1. Regional tudy aregouter) and local study area (inner) boundarnh highway locations near the community
of 100 Mile HouseN5 1 A 390 11 & ,inswitheentral BdtiShaColdmbigCpanada
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cool, dry climates of lodgepole pine and spr(Rieea glaucaclimax forestSteen and

Couwpé 1997) Trembling aspenRopulus tremuloidgsstands are common, and aspen is often
scattered throughout the forest stands in the study area. Small pocket grasslands occur locally
on southkfacing slopes often bordering the many lakes and wetlands redle. For a more

detailed description of tr&tudy area refer to Chapter 1

There are two major highways that pass through the study area: Highway 97 bisects
the study area in a norfouth direction, and Highway 24 runs on the eastern portion of the
study area in an eastest direction geeFigure 2.1) Much of Highway 97 follows the
historical wagon route alortgevalley bottom through native grasslands and open forests
between the communities Cache Creek and Quesnel. Wigndhengneed for an immved
transportation system from tkeest coast to the economicakxpanding north, Highway 97
will be upgraded to accommodate this growth. These upgrades are projected to include the
widening of a 440 km portion through the central interior to four lahésffic. By 2022,
almost 50 per cent of this segment will be either three or four laned (Bidsh Columbia
Ministry of Transportation and Infrastructure [MoTI] 20pHlighway 24 currently serves
primarily as a tweane tourist highway linking many fishing lakessmaller communities in

the interior of the province.

Traffic volumes along Highway 97 range from 3,737 vehicles/day annually (AADT)
to a peak of almost 7,000 vehicles/day during summer, while Highway 24 has much lower
traffic volumes with an approximatverage annual daily traffic volume of 911 vehicles/day,
and a high of 2,000 vehicles/day in sumi{@ritish Columbia Ministry of Transportation
and Infrastructure [MoTI] 2010)

METHODS

Live-capture and radio-telemetry
Active ground searches by vehicle and on foot were conducted withioctdstudy
area to determine recent badger activity (i.e. fresh burrows). Attempts were made to capture
an equal number of badgers both within close proximity to higils(v O 1 andk disdant
from highwayy O 4. Bddge)s were liveaptured during May to August of 2002009
using Victor # 1 Y2 padded safatch foothold traps Yictor-Oneida, Woodstream Inc.,
Lititz, Pa), anchored with 40 45 centimeter cable-&ndor and set at active burrow
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entrances. Traps were set overnight and checked twice daily, at least every 12 hours.
However, if traps were set at a burrow known to be occupied, the site was monitored

continuously until capture or closing of the traps.

Capured badgers first had their weight visually estimated for drug volume and then
were noosed using a restraint pole. Tel® (tiletamine and zolazepam) was hanpcted
in a large muscle mass at a dose 6f1® mg/kg body weight, in a concentration 601
mg/mL. Once immobilization had taken place, body condition was assessed, vital signs were

monitored, and ophthalmic ointment was applied.

Immobilizedbadgers were either transported to a veterinary clinicolzile
veterinary field unit for intrapetoneal implantation of VHF raditransmitters using standard
sterile surgical techniques. The animals were transported in a ventilated 200 L plastic barrel
with a lid and secured in the back of an cp@ed vehicle. An internal temperature sensor
was usedo remotely monitor temperature inside the baBe&logical samples and
morphometrics were conducted psstgery while the animal was still under anaesthesia.
Hair and tissue samples wearalected for genat analysisNo teeth were extracted for agin
as we classified age by tooth weiae., juvenile,young adult, mature adulh)d adul). In
order to distinguish individuals from public sightings (photo evidence), field observations,
camera trapsnd road mortality, we photographed the unique fapaklge and patterns of
all individuals (including kits that we did not raeliag).

Badgers were helfibr 17 2 hoursafter surgeryntil they were deemed sufficiently
recovered from anaestia, demonstratingormal balance, posture, reflexes, and reasti
Once recovered, the animals were transported to the initial point of capture and released at
their burrow.Monitoring then occurred regularly over the next 48 hours to ensure that the

badgers returned to regular activity patterns.

Radiotelemetry loctions were obtained by using a vehigl@ounted omntirectional
antenna and an-R000 receiver (Communication Specialist Inc., Orange, Calif.) to locate the
general area the animal was usiagd therfollowing the signal on foot using a handheld
radiotelemetry system. If precise locations of the animal (e.g. in a burrow, hunting in a
pasture) could not be determined, | took several compass bearings and Universal Transverse

Mercator (UTM) coordinates from a global positioning system (Garmin, Inc.) for
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tiangul ati on. The triangulation software progi
Tatamagouche, NS) was used with the Maximum Likelihood Estimator (MLE) to determine
an accurate location from triangulation data. If the animal was stationary, | located the
burrowit was in and recorded UTM coordinates, broad habitat type, presence/absence of
Columbian ground squirre(Spermophilus columbianpwithin a detectable distance by

sur veyor sand goopHysical charpcteristics. Locations were obtained from early
morning throughout the day until dusk. Late night locations in the dark were rarely attempted
as the animals were usually active and moving and | did not want to deter or influence their
foraging behaviour or movement patterns. During memfield seasofMay to Augustimy

crew and | attempted to collect a minimum of one location per week per individual, but this
frequency shifted to once every two weeks in the fall and winter months when badgers
reduced their movements, sometimes entering into a periaddaivity or torpor(see Symes
2013) Attempts were made while radiacking badgers to observe and document any road
crossings, either above or below grade. Periodic fixed) telemetry flights were conducted
when an individual was not located for teomore consecutive weeksocations of

individuals identified during previous DNA sampling sessions aksi@used to augment

radio-telemetry locations of study animals.

A subset oftudy animals were outfitted witBPS dataloggdrackpacks to determine
detailed movement pattern3.o accomplish this, telemetered animals were recaptured > 1
year after implantation using the saoaptureand handling techniques described above.
Animals were fitted with a nylon harness that encircled their neck and chestand
stabilized by two crossing sternum straps that prevented theetofy GPS unit from sliding
under the animal (Figuse.2A and 2.2B. The GPS and harness were secured with a quick
release device so that the entire unit could easily be retrievedtfeoamimal after being
deployed for 2 4 weeks. The attachment harness was-péisted on a tame, captive badger
prior to deployment on wild animals. The GPS unit paired with a small VHF tracking device
(Sirtrack Ltd., NZ) was attached to the top of tfa@ness in order to obtain exposure to
satellites in the sky when the animal was moving above ground (Figure 2.3). The GPS unit
was programmed to obtain a fix every 15 minuliesatellites were detected by the unit
(animal was above ground), the satelBearch wouldontinue for three minutes until a fix

was obtained; otherwise, the unit would shut off uh#l next programmed fix.



Figures 2.2A and 2.2B Harness system testing on tame, captive lratlgstrating
sternum strap for stabilization of GPS datalogger backapk and removing the
harness systeifibottom)at British Columbia Wildlife Park, Kamloops BC, Canada,
June 2008.

29
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GPS datalogger

VHF unit

Figure2.3. Dorsal view of a wild freganging male badger outfitted with GPS datalogger nine days after deployment exiting
from a burrow near Meadolake,BC, 14 August 2009. Photo taken by remote motion camera.
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If no satellites weréetected (e.g., animal below grad), the unit wouldontinue the
satellite search for 30 seconds before shutting down until the next programmed fix. This
programming prevented undue drainage on the battery caused by prolonged satellite searches

by the unit while the animal was undergnadu
Home range and movements

To calculate badger home ranges | applied fixed kernel (FK) estimation using least
squares cross validatigBeaman and Powell 1996; Powell 2000; Kernohan et al. 2001).
Kernel estimators have a number of features that makeubkeful for home ranges
calculations: they work well with small amounts of data, they are robust to autocorrelation,
they are nonparametric, and they allow multiple centers of activity rather than a simple home
range outlindKernohan et al2001) | did not use the adaptive kernel method as it tends to
perform poorly, often oveestimating home range arg&eaman and Powell 1996, Powell
2000) I usedtheprogramThe Home RangdHovey 1999Y)o calculate FK home range
estimates followed by pogrocessing and importing the outputs into Arcview 3.2a (ESRI)
for further spatial analysis. Annual home ranges (95% FK) were calculated for individuals
with > 30 radielocations spanning a year of radio monitoring. Due to tracking constraints
and the unpredictable road mortality of study animals, seasonal range sizes were sometimes

estimat ed doxdatong O 5 radio

A geographic information system (GIS) was used to disg@&y BK, including 100%
minimum convex polygons (MCP) using the extension Home Range in ArqRedgers
and Car 1998)for all animals. Displaying 100% MCP in concert with 95% FK is useful for
displaying locations with disjunct kernels (concentrated areas of use) derived by the fixed

kernel (FK) method with an overall area that an animal may use (MCP).

| divided asonal home ranges basedaur intervals that corresponded to annual
life-history phases of badgers. Ratietemetry locations were then grouped into seasonal
categories based on these periods of times: summer for rearing of kits by females and
breedingfor both sexes (1 Jurie31 August), fall for posbreeding recovery and preinter
fattening for both sexes (1 Septemb&0 November), winter for reduced activity and
dormancy for both sexes (1 Decemb&8 February), and spring for parturition/regrior

females (1 March 31 May).Where sufficient samples sizes were collected, comparisons of
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adult male and femaknnual and seasonal home range siz® conducted using Mann
Whitney (U) Rank Sum Tests. Using FK methods, home range core areas {(&athount
distribution, UD) were delineated to compare distances from the edge of core areas to the
nearest highway.

Movement d&a acquired from GPS dataloggarits were analysed for animals that
collected data for > 24 hr period in order to be considedgpendent after harnesses were
initially outfitted. Movement rates were divided into 2 categoliEsanactive periodthat
included movements collected for every programmed 15 minute fix up to 2 hours to account
for short term underground forays, presably foraging for fossorial rodents, af&) an
inactive periodthatspanned periods where badgers made minimal movements for extended

periods of time (i.e., > 2 hrs).

The systematic collection of hair from badgers to identify individuals using DNA
fingerprinting began in 2003 to 2006 by government biologistodicoff and Packham
2006) and concluded with my data collection for this thesis from 2007 to 2009. This system
provided both distribution and abundance data in the region. A similar approach has been
used successfully with other mustelid specieliting American martenMartes
americana, fishers(Pekania pennanti wolverines Gulo gulg, and European badgers
(Meles meles(Belant 2003, Zielinski et al. 2006, Mulders et al. 2007, Scheppers et al. 2007)
Data collected using this method provided me with additional information for tracking
individual movements, identifying road mortality individuals, and kit dispersal patterns.

Whenever possible, a combination of DNA samples, telemetry, dispmratbns
ard known fates of indidual badgers were determintmprovide insight into movement
patternsSeveral hundred DNA samples (n = 618) collecteidss the regional study area
from 20042006 prior tomy radio-telemetry studyrovided baselindemographidat.
During this period, 51 badgers (23 281l ) includingtwo litters, were identified in the
region(Hoodicoff and Packham 20Q7his DNA hair-snaggingprogramwascontinued
duringmy live-trapping program 20077 2009.As juvenile badgers have been known to
remain on their motherdés territory for one 'y
defined by the distance from the known natal den to the furthest point of detection (e.g.,

radio-telemetry, DNA, road mortalityfyom the den within 24 monthBlocumenting these
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dispersas adlowed me to compare dispersal distances between male and female juveniles (t

tests)

Reproduction

Monitoring oftelemeterecdult females was conducted more frequently in March to
determine théime and location that natal burrows were excavated and/or used. If a female
remained at a single burrow for more than two consecutive weeks during late March, a
remote motion camera was placed near the den entrance to document the activity pattern of
thefemale, number of kits, and time of kit emergence from the natglFigure 2.4. This
method also documented the time when natal dens were abandoned and new maternal dens
were established. Kits were individually recognized by their unique facial pedtigens,
allowing me to distinguish individual kits and thereby cal@litter size (at least at time of
emergence). Facial pattern recognition also allowed me to identify other adult badgers that
visited the burrow complex during camera deploym@hisevatiors of copulation by

telemetered badgers (both females and males) allowed me to confirm the timing of breeding.

Mortality

Telemetry allowed me to determine mortality factors and location, particularly during
the summer (high traffjcseason. | also$icited sightings of badgers killed on roads from the
public through local newspaper releases, radio interviews, and by placing information posters
on community billboardéAppendixC). Reports of dead badgers were verified as soon as
possible and biologal samples, UTM coordinates;cupancyf ground squirrels in vicinity,
and associated roadside habitat types were collected at confirmed mortalitfyrevesus
badger road mortality sites and archived DNA samples collected fromi 203 by

governmat biologists also were used in the analysis.

Known badger road mortalities were spatially defined using fixed kernel (FK)
met hods that highlighted areas of concentrat
mortality hotspots were delineatedngpithe 70% utilisation distribution (UD) kernel to
identify segments of highway where badger road mortality most commonly occurred.
Roadside habitats were then determined at road mortality sites in the study area from
Predictive Ecosystem Mapping (PEM) curcted for the Cariboo region (2008).



Figure2.4. Remote infraed motion camera housedsacurity box attehed tostand deployed at badger burrow.
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KaplanMeier survival curves (LogRank test) were usedssess the survival

probabilityfor radiotaggedmales and females over tharationof the study.

Finally, home range core areagefined by50% UD) of taggedbadgers were
delineated and distances from highways to the edge of core areas were compsseds

distance from roads arsdirvival ratesn relation to road mortality eventsr both sexes.

Distribution and abundance

Tracking individuals using DNA

We deployed haisnagging devices throughout tlegjionalstudy area where badgers
were known taccur, at burrowsthathad been documented either throuigtect
observations, raditelemetry,andreports submitted from the public, or from previous
burrow surveys conducted by government biologisterder to maintain some form of
systematic consienhcy, hairsnags were deployed during the same seasons and in areas that

were previously sampled from year to year across the regional study area.

Over the course of the study, different material was used to snag hair, ranging from
barbed wire to Velcro®auds to pinned knaplock (i.e., carpet edging material) attached to a
metal band. In all cases, twpposingsnagging plates (approximately 2.5 crd @m) were
riveted to curved metal strapping that had snagging material affixed to it. These devices were
archored to the roof of a burrow using two metal ardox (spiral) nails that prevented slippage
out of the soil roof, or by attaching a small gauge wire to the device and then feeding it up
through a hole to the surface above the burrow, where it was fasteaeoden peg
anchor (Figures 8.& 2.6). This noninvasive method did not deter badgers from entering or
exiting the burrowallowing for the assumption of equal catchability to be met.

Live-capture samples, snagged hair, and road mortality tissudesawgre air dried,
stored in paper envelopes, and sent to Wildlife Genetics International (Nelson, BC) for DNA
extraction and analysis. Over the course of collecting and analysing DNA for this study there
were no changes to the DNA extraction protocdbdhe convention used of recording data
during extraction (QIAGEN DNeasy tissue extraction kit: QIAGEN Inc., Valencia,

California) Samples were precreened with a single marker to identify species so that only
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wooden peg

burrow entrance —» -

Figure2.5. Schematic diagram (I) of hasnagging device deployed in badger burrow
and close up photo of hasnagger (r) with suitable hair sample for DNA analysis. Each
of the two snagging pinned knaplock segments were approximately 2.4 cm i
dimension.
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Figure2.6. Hair-snagger deployed in active badger burrow revealing suitable hair
sample for DNA analysis. Photaken near 100 Mile HousBC by P. Verkerk



37

badger samples were broughtviard for further genetianalysig(Paetkau pers. comm.
2010) A standard set of 7 microsatellite markers was tsggnerate complete focus
genotype with minimal cleanp procedures. Errathecking was done usirggprotocolthat
virtually eliminates tlb possibility of recognizing false individuals through genotyping error
(Kendall et al. 2009)We ugdthe markers ZFX/ZFY/SRY that pradeda high-confidence

genderanalysis(Paetkau pers. comm. 2010)
Population modeling
Survival, capture, and recovery

Three modeling methods were used to determine (1) demographic parameters, (2)
population size and (3) population growth. The progk&aRK (version 6.) was unable to
calculate weighted averages for some demographic parameters (i.e., survival, recapture)
using one method alone. &alditionto the Burnham (Both) model to estima&mographic
parameters, modelBOPANand Pradeb-generated estimates of population size (N), and
growth @) through progranMARK (White and Burnham 1999, Cooch and White 2000)

| used a multimodel selection procedure to estimate demographic parameters for the
regionalbadger population, based on theaeery of marked individuals. More specifically,
the informatiortheoretic approach described by Burnham and Anderson (1998) was used to
evaluate the relative support of multiple models describing relationships between population
paramegr variables, suchs survival, capture probabilitieend recovery probabilities.
Population parameters can be determined by using various complementary sources of data
(e.g., recoveries, recaptures, and telemetry), thereby allowing estimates of parameters to be
calculatedvhen they would not otherwise be available. This approach improves the
precision of parameter estimates, and providésl e x i bi | i t y oencounteadatea o mmo d
that are coll ected 0opp ¢odchuamd Vghitei2@08Horl y 6 t hr ou
example, the assumption of permanent or random emigration in a study based on live

recaptures can be relaxed if livegightings or dead recovesiare included in #hanalysis.

There were four main steps in the estimation of demographic parameters for badgers
in theregionalstudy area. Firt (1), | constructed encounter histories for marked
individuals, then (2) | used the Burnham (Both) model to estimate su(@akecapture (p),
and recovery (r) probabilities, followed by (3) determining how well the resulting general
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model fit the data by comparing the deviance of the general model using the bootstrap
method and correcting for poor fit, which then (4) allowsslto usea maximumlikelihood

method to determinthereduced moddhatbest represented the data.

Burnham (1993) developed an approach for combining dead recovery and live
encounter data into a single analysisdl followed this approachsing progren MARK. |
first constructed encounter histories for each individual badger from bottetiapture data,
and live and dead encounte®opch and White 2000). Indowal badgers were initially
identified through livecapture and/or DNA sampling protocolBollowing this method, a
badger was recorded as Arecapturedo in the a
through any of the various methods beingused, or inot captdetected o i f it
during that time period. Once a badger was detestdztequent recaptures in that same
season were not considered in the analysis.
outside of the season or beyond the geographic extent of the study area. Badgers were

analyzed separately according to gender.

Using the encounter histories constructed for individual badgers, | determined
estimates of survival (S), recapture (p), recovery (r), and fidelity (F) using the Burnham
(Both) model for live and dead encounters for open populatBursmiham 1998 For the
joint analysis of live encounter and dead recovery dté®K u s es t he Seber (6S
parameterization primarily to take advantage of increased flexif@iych and White
2000) Based on the assumption that recoveries of dead marked animals and recaptures will
occur in the same sampling area, fidelity (F) for the marked sample is fighi{@boch and
White 2000)

A general (global) model with all the population parameters mentioned above,
dependent on group (i.e., male or female) and time, was fit to the Burnham (Both) model,
followed byderivingmodels wih reduced pameters to determirtbe best representation of
the dataThe fit of the general model was determined by comparing its deviance to the mean
deviance of 1000 bootstrapplicated models. | found this general model deviated
significantly from he mean bootstrap deviance (P = 0.045), indicating poor fit. Accordingly,
model selection was then basedonaguasik el i hood corrected versi
Information Criterion (QAICd)Cooch and White 2000)
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In order to determine the model that best represented the data, model selection was
conducted using maximuiikelihood method¢Burnham and AndersorOR1) The
corrected Akaike Information Criterion (AICc) was used to determine the model that was the
most parsimoniou@Burnham and Anderson 2004)o account for any overdispersion in the
data(goodness of fittest) t he mod el deviance of the Al Cc (
deviance of the gener al model ( MARK. Th& 4) , as
adjusted U required that mo d-tkelihowckektinatdar,i on b e
QAICc (Burnham and Anderson 199&opulation parameter probabilities were then
estimated using weighted averages from the QAICc model weights. In orédut® errors
deriving from invalid estimates of some parameters and standard errors during the model
averaging process, all models with less than one percent support from the QAICc were
dropped from consideratiq@ooch and White 2000yWeighted parameter estimataen

were obtained from the reduced model list.
Population size

Given that data collection spanned several years, permanent additions or deletions to
the population were present, so | used the open population POB&INto estimate
population size (N). This is a Jol§eber model derivative that uses megkapture rates to
derive estimates of abundance and related parant8tre/arz and Arnason 199@)his
process varies from the Burnham (Both) modehat it estimates population size in addition
to survival © and capturep) probabilitiesHowever, his model was not used to determine
Sandp simply because ProgramARK is unable to calculate weighted averages for the
POPANmModels, where it will dosfor the Burnham (Both) JoH$eber models. Final
selection was based on the three most parsimonious models from the Burnham (Bath) Jolly
Seber model (i.e., models with over 10% support from the QAICc). Constructed models were
compared using the AICc tetérmine the most parsimonious model, which was then used to

estimate population size for badgers in the region from-2008.
Population growth

Popul ation growth (&) Zwafsoremuli ataiterd afsi tnhy
JollyZseber model, which also provides an estimate of survival (S), similar to the parameters
survival ( 0 )p) (Pradel 21996)Setlaa o thaP@PANTdrmulation model, the
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Prade model does not all ow cal cpbndthaereforeitof we.i
could not provide estimated values for them. Models were therefore constructed using the

three most parsimonious models from the Burnham (Both)Zaberanalyss . Thus, &
allowed to vary with time or it was held constant to deteemwhich reduced model best fit

the data. Model selection was achieved using AlCc to determine the most parsimonious

model from which the population growth estimate could be obtairtezlPTadeb-estimator

requires that at least three sampling periodsaleet! out in order to calculate variables

(Pollock et al. 1990Unfortunately for this analysis, DNA identification cannot determine

age class and all of the badgers had to be treated as a single group for the cabctilaticn

Highway structures influencing movementsand mortality
Previous projects reported that existing underpass structures (i.e., culverts) may be
used by badgers to cross under major transportation cor¢ewghouse and Kinley 2001l)
therefore collected data dri4 potential underpass structures that existed withilotad
study ara where badgers were known to o¢@sdetermined by raditagged animals, road
mortality sites, and burrows in the vicinitfhis was done to determine the degree to which
suitable and unsuitadtrossingstructures were presentlaidger road mortalitgites |
recorded these structures as besngable if a badger could easily traverse the structure
unimpeded andnsuitable for a crossingf they showed blockages (e.g., crushed culvert
ends, infilled or blocked openings, etc.), or if they had beeinatig installed with a
hanging end (i.e. culverts protruding from the highwab ank O 45 c¢cm above g
water or mud O 5 c¢cm in depth was present in

Of the 114 structurethat linvestigated101 werecorrugated metal culverts ranging
in size from400 mm to BOO mm diameterl2 werecorrugated metal ahconcrete box
livestock underpassesQ@0 mmi 4000 mm diameter), nal there was aingle corrugated
metal pipe installed for a stream crossing (4800 nimwp open spang.€., bridges) were
encountered during culvert surveys but were not assessed asiit@yed running water

across their entire width.

To document the frequency and ratio of above and below goadecrossings by
badgers, remote motion cameras were placed at entrances to underpass structures. This

permitted a comparison of GPS movemdaiia with camera data. Over the course of three
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field seasonsl monitored 41potential underpass structurgsing remote motion cameras
(Reconyx Inc., RC55)ithin radiotagged badger home ranges. In order to simultaneously
sample as many concurrenturplers s structures as possible wi
single camera was placed at one opening of an existing structure and each motion event
triggered three successive photos with no time delay between events. Successful crossings by
animals were thedetermined by examining the sequential images from the cameras to
determine if crossings were successful or not. Underpass structures iargyaegfrom 490

mm to4000mm were in the sample{ corrugated metal culverts + 4 concrete box
underpass@sCulverts ranging in size from 500700 mm were most common along

highway segments accounting for 80% of the sample surveyed. | selected three highway
segmentdgor this intensive monitoring’here both radidagged badegrs and road mortality
occurred:(1) 32 km of Highway 24 in eastern portion, (2) 17.6 km of Highway 97 in central
portion, and (3) 7.2 km of Highway 97 in northern portion of study dieese sites were

spread across the study area ranginomftwo to fourlanes in width.

To determine ithe frequency oexistingsuitable crossing structures affedbadger
road mortality rates, | compared the number of suitabtenorsuitablecrossing structures
between two segments of Highway 97 where knbatiger roadnortalities frequently
occurred.These segments had comparable traffic volumes, habitat types, soils, and landscape
characteristics. In additiongrgll mammal surveys were conducted during August 2009
along highway righof-way at these siteds determinghepresence and distribution of
commonprey speciesThe north segment was 8.9 km and south segment was 10.1 km in
length and were separated by 35. k#sing the Fishdr sxacetestl compared the two
segments for suitable versus unsuitable underpass crossing structures (i.e., antlerts)
differences in mortality among those highway segments

RESULTS

Despite the ongoingks of study animals to road mortalityvas able to collect
sufficient data to portray the ecology of badgers in this region, and the factors contributing to
road morality. A total of & badgerg421l , 381 , 4 unknowr) were detecteth theregion
during the course of this stud9f this sample, 16 animalsS ([ , 111 ) werecapturedn the

local study areaadiotagged and trackedrom 2007i 2009. A subset of Studyanimals(3
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I, 21 ) were equippeavith a GPS dataloggérackpack systerfor shorttermintensive

monitoring,this beingto my knowledge the first such usetbis technology on the species.

Live-capture and radio-telemetry

From 2007 to 2009 | capturedone than twice as many females timales Il ,11
| ); this sample may reflect the sex ratio of the population givempropensity for males to
suffer mortality on roadssée below).Attempts to capture an equal number of badgers in
close proximity to ©1 km), and distant@4 km) from highways,asultedn seven and nine
captures respectively collected 1,057 independent radic@ations spanning 914 days (July
31, 2007 January 31, 2010). Individuals were located at least once a week from May
August €= 4.2 days, SD = 0.84nd tw to three times a month during spring, fall, and
winter (€= 8.52 days. SD = 1.32).

Home range

The average annual home range sizéfiih sexesvas70.1 knf (SD = 91.2n = 11,
Table 2.1) Across all seasons, adult male home ranges weredevably larger those for
adult females (overall, t 27.8, n =9, 2, P = 0.001). Although five males were tagged, three
were struck and killed on the highway within three months of tagging, providing limited
spring and summer data on habitat use. Duledase constraints, the data from these animals
were not included in the annual home range analysis, although seasonal home ranges were
calculated using the radielemetry data collected during the summer and spring field
seasons. The average home rangeéhfe two males that provided sufficient numbers of
locations (415 and 716 days, see individuals BMO1 and BM02, Table 2.1) was 253.1 km
(SD = 9.8, n = 2) while average for females were 29.2(8D = 12.2, n = 9).

Important differences were noted in thieesand shape of home ranges for male
versus female badgers, and how they were orientated in relation to highways. In general, all
badgers had some type(s) of road within their home ranges, with 12 home ranges containing
a major highway, three having aat one paved secondary road, and one having a few two
lane gravel roads. Home ranges for males were generally linear in nature following the
corridors of suitable habitat (Figure 2.7). Mal@malsnorth of the town of 100 Mile House

generallyinhabitedthe valley bottomgesulting inHighway 97bisecting the majority aheir
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Table2.1. Annual and seasonal* 95% fixed kernel home ranges (95% FK) for all study animals, July 30)&0@4ary 31,
2010. Samplsizes for each seasonal estimate are provided in the 5 rightmost columns. Seasons are defined as follows: Spring
(March-May), Summer (Jun@ugust), Fall (SeptembeNovember), and Winter (Decembiéebruary).

Fixed Kernel 95% (km?) Number of radio-locations

Gender Identity ANNUAL SPRING SUMMER FALL WINTER AN SP SU FA Wi
| BFO1 27.3 18.2 15.2 4.4 1.6 119 26 41 29 23
BF02 32.0 23.5 194 9.5 2.0 91 11 47 24 9

BFO3 32.5 12.0 18.8 7.6 1.6 118 22 48 25 23

BF0O4 19.6 11.0 13.7 8.1 2.1 68 14 24 20 10

BFO5 22.2 10.6 17.7 5.0 1.1 118 12 52 30 24

BFOGA - 12.4 - 7.6 2.7 42 13 4 14 11

BFO7 12.6 8.6 9.0 6.2 - 50 12 12 15 11

BFO8 46.7 - 53.2 7.9 - 43 2 30 8 3

BFO9A - - 15.5 5.3 - 35 1 24 8 2

BF10 49.4 - 47.8 21.8 - 33 2 20 9 2

BF11 22.6 - 21.3 13.8 5.9 32 0 21 6 5

MEAN | (SD) 294 (12.2) 13.8(52) 23.2(149) 88(5.0) 22(16)

I BMO1 246.1 114.2 270.2 72.2 35.2 147 33 59 32 23
BMO2 260.0 65.0 235.0 42.4 18.0 85 11 58 11 5
BMO3 - 22.9 103.1 - - 31 6 25 0 O
BMO04 - 26.7 61.8 - - 23 7 16 0 0
BMO5 - - 147.1 - - 22 0 22 0 O
MEAN Il (SD) 253.1(9.8) 57.2 (42.5) 163.4(87.7) 57.3 (21.1) 26.6(12.2)

POP. MEAN 6D) 70.1 (91.2) 29.5(32.2) 69.9 (83.8) 16.3(19.7) 7.8 (11.6)

A Individual assumed to be less than one year ol d
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Figure2.7. Adult male badger fixed kernel (FK 95%) polygons and 100 minimum
convex polygons (100% MCP, straight lines) home ranges (n=5) in-senttalBC,
Canada2007 i 2010.
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linear home ranges. Changes in topogragwth of 10(Mile House resulted in a mosaic of

pothole lakesnd wetlands, where badger habitat was linked to glacigstrine features,

such as drumlins and eskers. These areas were characterised by a mosaic of wetlands, pocket
grasslands and aspen copses, timberdsted sites, and dry open forests of lodgepole pine.
These habitats were linked in a more weas$t orientation where Highway 97 intersects this

smaller area, resulting in less road mortality risk.

Female home ranges were generally less linear in natodedue to their smaller size
were spread across the region in areas of suitablequiglity habitats (i.e., hlgquality
native grasslands;igure 2.8). Many of these habitats were in close proximity to both
Highway 97 and 24 surrounding the 100 Mileude area. Only four of 11 female home
ranges did not include highways bisecting their core home ranges (50% UD), with the edge
of the core area an average distance of 12.0 km (SD = 4.4, n = 4)) from highways as
compared to other females (n = 7) that hagk@reas < 500 m from highways € 71 m, SD
=18, P =0.012).

Movements

Over the course of this study | collected 503 rddeations during summer, 231
during fall, 151 during winter, and 172 during spring for an average of 6.3 days/location (SD
=1.7). Badgers moved much redn summer than all other seasons (Table 2.2). Average
seasonal movement rates estimated from radio monitoring for all badgers were 840 m/day
(SD = 847) in summer, 287 m/day (SD = 155) in fall, 105 m/day (SD = 100) in winter, and
356 m/day (SD = 483) ispring. Males had higher movement rates than females for all
seasons but were significantly higher during summer and spring (P < 0.05). Reproductive
females (n = 6) had significantly lower movement rates in spring than females that did not
have litters (r= 5) that season (P < 0.05).

Monitoring of tagged badgers showed that 15 of 16 animals had home ranges in close
proximity to major paved roads, with 12 of 16 animals known to frequently cross highways,
with all five males crossing highways at least twim®ughout the summer season. A
combination of radigelemetry and DNA burrow records showed one male traveled a linear
distance of 132 km over 14 days (23 Jurd® July, 2008), moving from a ranch in the north

to a pasture in the central portion of thedy area and back againother telemetered male
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Figure2.8. Female badger home ranges (n = 11) 95% FK polygons and 100% MCP
(straight lines) in soutieentralBC, Canada, 2007 2010.
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moved a minimum 152 linear kilometers along the Highway 97 corridor over 17 days (04
I 21 August 2008) averaging 30.5 km between successivelmmditions. This same male
showed consecutive daily movements ranging from 1.9 km to 10.4 knd)(rwith a longest
movementecorded of 64.1 km over a duration of 3 daysi(1Z August, 2008).

Of the 11 adult females radtagged, onlyfour were not recorded crossiad)least
one of the highways. These fdemales had 50%tilisation distributioncore areas ranging

from O61 16 linear kilometers away from highways.

GPS backpacks were deployed on five study
2009 summer seasons, with three animals providing reliable detailed movement data (> 24
hrsi Table 2.3). One GPS datalogger unit \est when the bonding agent attaching the
GPS to the harness failed (animal BMOdot shown on Table 2.3), while another animal
(BMO03, Table 2.3) managed to remove his harness within 20 hours of deployment.

For those badgers that provided >24 hrs of @&3 collection (n = 3), the average
rate of movement recorded was88d) m/day (SD = 11). During the summer period (July and
August)these badgers moved more extensibgyween GPS fixeduring the dusk to dawn
period (21:00° 06:00, £= 185 m, P < 0.05hanthediurnal period (6:007 21:0Q ¥= 94

m).

The average rate of movemeaiculated from GPS fixder badgers that were active
was 188 m (SD = 19.3) every 19 min atisec (SD =02 min, 11 seq, providingan
estimate of 564 m/hr when actively moving above groWiden badgers were inactive or
GPS fix attempts failed, presumably because animals were underground, the average
movement rate dropped td.8 m (SD = 54.5) every 08urs and 15 mi{SD = 02min, 06
seq resulting in approximately 19 m/hr

Based on the GPS data, badgers wapable of moving on averag&60 m over 12
hours when actively traveling and foraging, and < 228 m over 12 hours when inactive. The
longest period that a badger was inactieswW8 hours, as demonstrated by an older male
(BMO02). The longest periods of inactivity for females (n = 2) werer280min (BF05) and
12 hr: 16 min (BF01). The longest distance traveled by a badger between GR$ixes
minutes) was 1,014 meters, aebspeed of > 4 km/hr. Within the GPS sample, there were

no significant differences (t 6.59, P = 0.61) in movements detected between genders.



Table2.2. Average movement rates (m/day) derived from coneaatiradietagged
badger datanonitored between 2007 and 2010 for all seasossutticentralBC.

Season
Category Summer Fall Winter Spring
Al | Badge 840(847) 287 (155) 105 (100) 356 (483)
Mal e | 1640 (1163)* 421 (100) 197 (223) 930(563)*
Femal e | 476 (261)* 263 (153) 85 (60) 78 (67)*
Reproduct 373(77) 254 (152) 96 (79) 33 (20)*
Nonr epr odu 598 (358) 274 (172) 70 (29) 135 (58)*

*P <0.05

Table2.3. Summary of @S datalogging deployment &our badgers in soutbentral

BC, July- August2008 and 2009.
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Total
Time collecting distance Distance

Animal data #of traveled traveled/day

ID/ sex Date deployed Year (hrs:min:sec) fixes (m) (m)
BMO 3 22-24Jul 2008 19:36:40 39 5,886 -
BFO1 20Jul-07Aug 2008 73:35:54 104 11,495 3,749.3
BFO5 04-17 Aug 2009 217:07:23 277 54,513 6,025.7
BMO 2 06-22Aug 2009 298:30:24 399 57,515 4,626.5
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The detailed GPS data collected from one female (BF05) with kits inditeé in at
least some cases (e.g. summer), raeiemetry was significantly underestimating the
amount of roagtrossings that an individual badger conédaver a given time period.
Conventional radigelemery of this adult femalevas conducted whilshe was outfitted with
a GPS dataloggef4- 17 August During this time, fiveadiotelemetry fixes were collected
on the femalgall of whichwereon the south side of the highwayggesting she did not
cross the highway during that time periétbweve, the GPS data revealed that during this
time she moved extensively, averaging 251 m/hr (SD = 323), and crossing the highway six
times. All of these crossings occurred from late evening until early morning (FigQje 2.1
Remote motion camera monitorinfaulverts in the vicinity of her crossings did not detect

badger underpass use during this period, suggesting all crossings weréhalroaggrade.

Dispersal

DNA samples from individual badgers Ineaptured, haisnagged at burrowsy
carcasses catted from roads confirmed several matches from previousihagging
sessiongrior to my researctDispersal movements detected sevgoainganimals (n = 9)
crossing highways to occupy new territoriegth a minimum estimate d&0% road mortality
for dispersing juvenilegTable 2.4) Average detecteshinimumdispersal distance was 43.2
km (SD = 32.1) for both sexeBispersal distances averaged 53.5 km (SD = 36=%)rfor
males, while females averaged 30.8 km (SD = 24=35nt = 1.18, P = 0.133)One juvenile
male (BM04)was documented making an extensive movement over the course of a year,
travelling 63 kilometers southwest across Highway 97 during dispersal, then moving 86
kilometers north in less than two months the following summer, once agssing the
highway before being radimgged in the northern portion of the study area. The straight line

distance from the natal den to his last known location was 83 kilometers.

Reproduction

The 13 natal burrows that | detected provided datamodective success of the
females, in terms of minimum litter size and successful kit emergéppedix A. The
average number of kits | detected emerging from the den was 2.4 (SD = 0.76, n = 13). For
those natal dens that had a complete history of aamenitoring, the mean date of kit
emergence for all years was 16 May (SD = 9.5, n = 8); after the first detected emergence by
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Figure2.9. Detailed GPS track of adult female badg@8B05) movements @ssing Highway 24 near Bridge Lake, B&,-0

17 August 2009. Squares represent sequential GPS locationsedaepery 15 minutes. Inset mamtire GPS track
overviewandhome range outline (95% FIiggrived from VHF radietelemetry
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Table2.4. Minimum detected dispersal distances of badger kits as determined by DNA
or live-capture mark/recapture at burrows. Detection method #esonhether the

animal was livecaptured or DNA haisnagged at burrow.

M other Study Known
ID Kit ID animal  Detection dispersal Known fate (as of

Year (DNA) (DNA) Sex ID method (km) Jan 31, 2010)

2005 F179 - I - Natal den - Unknown
F316 | BFO4  Burrowsnhag 67 Road mortality
M326 | - Burrow snag 21 Unknown
M355 I - Burrow srag 68 Road mortality
F328 | BF11  Live capture 1.2 Alive

2006 F507 - I BFO3  Natal den - Alive
F534 | BFO2  Live capture 20 Road mortality
M520 I - Burrow snag 20 Road mortality
M513 I BMO04  Live capture 90 Road mortality
F533 | - Burrow srag 38 Unknown

2008 F507 - I BFO3  Natal den - Alive
F898 | BFO8  Live capture 28 Alive
M884 i BMO0O6* Live capture 24 Alive

2008 - - I - Maternal den - Unknown
Mo31 | - Burrowsnag - Unknown
MO32 i - Burrowsnag 98 Road mortality

All Il X =43.2

* Study animal tagged pe010.
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the kits, an average of 22 days (SD = 3.8. n = 8) expired before natal den abandonment

occurred.

Interestingly, in spring 2010, one adult female occupying a home range where ground
squirrels were absent haditter of two kts emerge approximatelyi23 weeks behind that
observed for all other females. Based on occurrence surveys of Columbian ground squirrels
during telemetry tracking, 12 of 13 nat al
reproductive output (i.e., numbef kits emerging from den) of mature females in areas
containing colonies of fossorial rodents watgablyhigher € = 2.67 kits, n = 9) than that
for the mature female (BF10) in the area lacking colonial rod&mtsl(0, n=1). Younger
breeding females reproductive output was higher in areas containing ground squirrels than
the area lacking this consistent prey base, but lower than mature experienced fEmales (
1.25,n=3).

Mortality

No incident s Iliyf(.e.@redation) orgdntidnalkilbng by aumans
were detected through the telemetered cohort (n = 16); rather, all known mortabties$yto
anmalsaose from vehicle collisions on paved
animals weretsuck and killed on Highway 97, which accoedtfor 80% of males and 36%
of females in my sample. All of the males died in July and August, whereas females were
killed over a broader time spaAgpendix B. KaplanMeier survival curves reveal a
significart difference in survival timéor radiotagged badgefsetween gendersi= 4.528,
P = 0.03with an awrage survival time of 728 dafe females and 329 dafsr males
(Figure 2.11).

ro

From 2004 to 2010, reports and retrievals

killed on roads were investigated and mapped, with 72% séttieaths occurring dhe

major highway in the region My 97), and only 3% occurring othe secondary highway

(Hwy 24). The remaining 25% occurred on secondary paved2n e r oads (O 80
limit) throughouthe region.

Over the course of theusty, females whose core home ranges (50% UD) spanned
highways had a 43% survival rate (n = 7) whereas females isolated from highways had 100%
survival rate (n = 4; t stat 5.36, df = 9, P = <0.001). Tlwere areas for all raditagged

K |
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Figure2.10. KaplanMeier survival curves for male and female ratéigged badgers
that died on roadways in soutkentral BC, 2002009
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male badgerwere amaverage distance of 1.82 K®D =2.6, n=5) from highways, with

these animals having only a 20% survival rate.

Females and their dependent kits residing near major roadways were also subject to
road mortality. After one female (BFO7) moved her kits in early summer to a matemal
adjacent to the highway, she was struck and killed, with one kit subsequently being hit 13
days later (théate of thesecond kitwas unknowi Road mortality was detected for two
more juveniles from two separate litters, representing a total of S08okiality from these
threelitters. One of these juveniles was observed being struck and killed by a vehicle while
following their mother across a paved road. Additionally, juveniles are exposed to road
mortality during dispersal as family units idergd from DNA hairsnagging geeTable 2.4)
had50 % r oad mortality of dispersindg.juveniles

From 2004 2010, ladger deaths on Highway 97 most often occurred from May to
December with a peak in July (Figure 2.1Males accounted for 40% odaddeaths in July
and Awgust, which coincided with a peak in summer traffic volumethathreeding season

while female deaths were spread throughout their active seasons.

Three separat@adsegments alongighway 97 (approx. 18 kjmn the northern
portion of the study ared@0 Mile House taNilliams Laké contributed to the majority of
badgervehicle collisions, which accountddr 11% of the paved highwakiroughthe
regionalstudy area (Clinton t@Villiams Lake 165 km).The 70% utilisation distribution of
badger road mortigy highlights three areas that contributed to over half (60%) of all the road
mortalities in the region. These include a 4 km radius from 100 Mile House (includes
secondary paved roads), an 8 km segment of Highway 97 in the central portion of the study
area, and a 6 km segment of Highway 97 in the northern portion of the study area (Figure
2.13). Areas that consisted nbnforest upland with improvegastures were the dominant

roadside habitatype associated with badger road mortalities (n = 19).

Of theeighttelemetered@dnimals lost on roads from 2002010, only three were
reported by the public (38%) withe remaining five mortalitiesonfirmedby radic
telemetry monitoring. Conservative estimates of the percentage refgioaalpopulation
killed by the highway annually range froni 2.1% based only on the reporting rateadd

mortalities and increase to 1525% when adjusted for the corrected reporting rate.



50%

45%

40% -

35%

30% A

25% A

20% -

15% -

Percentage of roadkill (bars)

5% A

O % T T

B Unknown
10% - 0 Female
W Male

Jan Feb Mar

Apr

May

Jun

Jul

Aug

b

Sep

Oct

Average
monthly
traffic
volume

2004-2008

Nov

Dec

6000

- 5000

4000

3000

2000

1000

Number of vehicles {solid line)

Figure2.11. Percentage of badggehicle collisions in relation to average daily traffic volume (ADT)* by month on
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Highway 97 in soutftentral British Columbia, Canad2004i 201Q *Source: Ministry of Transportation and Infrastructure,

Traffic Data Program, 2004 2008.
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Figure2.12. Plotted road mortality locations with 70% fixed kernel utilization
distibut i on contour s r ev e ainhielatigntd nmjorecadsdne o ad ki | |

northern portion of the study areasouthcental BC, 20047 2010. Sixty percentf
badger road mortality in the region occurred in these three zones along Highimay 97
the study are&rom 20047 2010

































































































































