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EXECUTIVE SUMMARY

The boreal ecotype of woodland caribdrafygifer tarandus caribolis federally listed as
Threatenedand provincially designated &edlistedin British Columbia due to population
declines throughout much of its distribution. High rates of calf mortality due to predation are a
key demographic faor contributing to population declineand increasing predation of caribou
has been linked to landscape disturbance within and adjacent to caribou range. Developing
effective management strategies for sustaining caribou populations in-usgtiandscape
therefore requires an understanding of the spatial dynamics of caribou and their predators
during the calving season.

In 2011, ve initiateda four-year project to evaluate spatial factors influencing predation risk to
boreal caribou calves in northeaBtitish Columbia. The project was a collaborative effort
among government, industry, negovernmental organizations, First Nations and academia.
The two primary objectives of the project were tpidentify key attributes of calving habitat

and determire whethercalving habitat constituted a discrete, identifiable habitat within

caribou range; and) evaluate spatial factors influencing survival of neonate calves (< 4 weeks
old). The latter objective required an assessment of space use by wGlaes(ipug and

black bearsyrsus americanysthe two main predators of caribou calves.

h@SN) 0KS LINE & dlkctianipored SaribduScbniidiied to sustain high rates

of neonate mortality. We also documented relatively low rates of péram. Collectively,

these results translated to calb-cow ratios that dropped below 30 calves: 100 cows by mid

July. While our findings of high rates of neonate mortality consistent with the predation
mediated hypothesis for caribou population diees, the low rates of caribou productivity
(fecundity and calf survival) may also suggest declining winter and/or summer range conditions.

Using GPS data from 56 radiollared female caribou, we identified calving habitat in a multi
scale framework thiaalso assessed whether females were selecting calving habitat to reduce
predation risk or to access higher forage quantity and/or quality to meet maternal nutritional
demands. Across all scalesgucing predation risk was a dominant factor driving cegvi

habitat selection by females. At the finest scale, calving sites were predominantly situated in
treed bogs and nutrienpoor fensg land covers considered to be predator refugiand forage
attributes of calving sites did not differ from winter loaats used by the same animals.
Females continued to select for treed bogs and nutrpadr fens when moving within calving
areas, defined as those areas used by females with neonate calves. Females generally avoided
locations within high densities of linefeatures and showed weak selection for locations with
higher forage productivity.



Our largest scale of analysis focused on female selection of calving areas within caribou range.
We used an individuddased, comparative approach that assessed farcin differences

based on season and maternal status (e.g. with calf versus barren). In general, females moved
from winter ranges dominated by treed bogs to calving areas situated in landscapes mosaics
with a high proportion of nutrienpoor fen Thisshift may indicate a foragask trade off

because fens are more productive than bogs but provide less of a predator refuge. Within
these mosaics, females situated calving areas away from rivers, lakes and anthropogenic
disturbance. Comparisons basedmaternal status suggestdtiat the presence of a neonate

calf intensified selection behaviours associated with reducing predation risk.

We conducted similar mukscale analyses of predator habitat selection. During the calving
season, wolves were nobnfined to specific areas within caribou range; rathgack territories
were tightly spaced and overlapped significantly with caribou range and core areas. At a finer
scale, wolves were closely associated with aquatic areas, showing selection for taritten

fens and being closer to rivers and lakes than expected. This association is consistent with the
hypothesis that wolves switch to beave&lgstor canadensigis primary prey during the spring

and supports previous studies highlighting the importantevater to wolves during the

denning period. Wolf response to disturbance was counter to expectations as early seral
vegetation and areas of high linear feature density were generally avoided. We further
assessed wolf response to linear features byed®ining whether wolvegreferentialy select
certainlinear featuresover others. ®the two factors assessedupresults suggest that wolves
select lines that increase movement efficiency and, secondarily, sightability.

In contrast to wolves, bladears were more predictable at larger spatial scales, favouring
landscapes dominated by upland deciduous forest. Areas used by bears were also closer to
early seral vegetation and had higher densities of linear features. Across all scales, bear were
closer to aquatic features than expected and showed strong selection for rich fens when in
caribou range. In general, selection patterns by bears suggested a preference for habitats
associated with higher grass and forb abundance, which are important foadesofor bears in

the early spring.

We assessed the influence of spatial factors on the probability of calf survival by evaluating four
hypotheses that described impacts from disturbance, refuge effects from lakes and peatlands,
and predation risk from bea and wolves. We assessed each hypothesis at multiple scales and
related calf survival to spatial factors using two metrics: exposure and maternal selection of
habitat. The probability of calf survival was best predicted by a model representing predatio
risk from bears. Specifically, the model suggested that calf survival depended on the density of
high quality bear habitat surrounding locations selected by females within the calving area. All
other hypotheses were generally unsupported and we founcewaidence to suggest that any



one specific landscape feature contributed disproportionately to the probability of calf survival.
This lack of support may suggest thaithe degree of disturbance within caribou range has
exceeded thresholds where difiences in neonate survival may be detected; andiijr,

neonate survival may be driven by predator densities more than variation in spatial factors.

Results from this project highlight the challenges of managing calving habitat for caribou in
multi-use lamiscapes. Management actions will need to be conducted at large spatial scales
because caribou are at their most dispersed at calving and sl actions will likely be
ineffective at improving rates of neonate survival. Targeting potential managesmetons
toward large fen complexes may be most effective because of their importance to calving
caribou. For rapidly declining populations residing in ranges highly impacted by disturbance,
habitat conservation and restoration initiatives may need tcalpgmented by more intensive
actions (e.g. maternal penning, predator management) to improve calf survival rates in the
short-term.

Vi
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1. INTRODUCTION

Boreal caribou, an ecotype of woodland caribou, Resllistedin British Columbia and federally
designated a3 hreateneddue to population declines and range retraction throughout much of
their distribution (Environment Canada 2012Predation is considered to be the proximate
cause of population declines and increasing predation rates are thought to be facilitated by
landscapelisturbance within and adjacent to caribou ran@écLoughliret al.2003; Sorensen

et al.2008; FestaBianchetet al. 2011). Climate change may also interact with disturbance to
further alter caritobu-predator dynamics (Latmet al. 2013h Daweet al. 2014). For most
populations, mcreasing predation results in low rates of calf recruitment, a key determinant of
caribou population dynamidgPeCesaret al.2012a) Predation is particularly high on neonate
calves (4 weeks oldStuartSmithet al. 1997;Pinardet al. 2012)with calfto-cow ratios in

many herdgdroppingbelowlevels associated with population stabiltty the end of the

neonate periode.g. ~29 calves: 100 covisavironment Canada 2008)

In British Columbia, high rates of neonatentality are considered to be an important

demographic factodrivingsuspected population declinesithin i KS LIN2 GAYy OS Q& &AE
caribouranges(Culling & Cichowski 2010J o inform management strategies for improving

rates of calf survivalye initiateda four-yearprojectin 2011to assess caribepredator spatial

dynamics during the calving seasomortheast BCTheproject, which encompassed data

from all six caribou ranges, representaaollaborative effort among government, industry,
non-governmenta organizations, First Nations and academia.

Theproject had two primary objectives. The first was to determine whether calving habitat
constituted a discretgidentifiablehabitat within caribou rangeEffectively discriminating
calving areafrom others has directimplications for management strategies aimed at habitat
conservation andestoration Critical habitat for boreal caribou has been designated as a

K S NR Q EnwdnynéhBCanada 2008)d thefederalRecovery Strategspecifieshabitat
resoration as a key management lever for stabilizing or recovering populaitiothascline
(Environment Canada 2012Most caribou rangeshowever have a wide geographic extent,
necessitating that areas within ranges be prioritized for patential conseration or
restoration actions.Key to such prioritization strategies is discriminating demographically
important areas from others at scales that are both amenable to management and biologically
relevant to caribou.

To identify key attributes of calvirftabitat, we used a mulscale approach to reflethe
hierarchical process of habitat selectiGiohnson 1980)We focused much of our analyses on
the identification of calving areas, defined as those aresed by females with neonate calves.
We discnminated calving areas from others by usmagltiple individuatbased comparisons
that assessed for) differences betweemalving areas and other seasonal aregslifferences

in habitat selection between females with calves and barren femalesiiiwstianges in habitat



selection after females lost their calve$he latter two comparisons providerigoroustest for
determining whether calving areas are a discrete habitat within caribou range

Across all scales, we further evaluated whether femaléoarselected calving habitat to
reduce predation risk to vulnerable calv@ergerud 1985; Bergerud & Page 1987)o access
higher forage quality and/or abundance to meet maternal nutritional demgRdskeret al.
2009) This tradeoff isone confronted by most female ungulates at calvifigestaBianchet
1988; Rachlow & Bowyer 1998; Panzaettsl. 2010) Forboreal caribou, previous research
has suggested that females select calving sites to reduce predatiofBasierudet al. 1990;
Pinardet al.2012; Lecleret al.2012) however, it isunclear how females manage this tradé
as the calving period progressasd whether, as theory predicts, predati@verse behaviour is
reflected at larger spatial scaléRettie & Messier 2000)Compared to rany other ungulates,
caribou are unique écausethey enter the calvingeason with a protein defictue to a winter
diet consisting mostly of liche(Barboza & Parker 20Q8)hus, fenales may be forced to trade
off increasing predation risk to accesshegforage quality to meet increasing lactation
demands associated with calf growiRarkeret al.2009)

Our second objectivevas to evaluate spatial factors influencisgrvival ofneonate calves.
Suchanalyses provide an index of calving habitat qyalithich can further inform prioritizing
areas for conservation or restoration within caribou rang®. assess the influence of specific
spatial factors, weliscriminated amondour hypotheses. The firgtthe disturbance

hypothesisg suggests that lanadsipe disturbance facilitates increasing spatial overlap between
cariboy other ungulatesandtheir predators, resulting in increased caribou predation rates
(James & Stuat®mith 2000; Latharat al. 2011b; Peterset al. 2013). Under this hypothesis,
calfsurvival is predicted to be negatively correlated with increasing landscape disturb@hee.
secondhypothesis; the lake refuge hypothesis suggests that lakeshorggovide escape
habitat and thus a predation refuge for female caribou with neonateesgBergerud 1985;
Carret al.2011) consequently, increasing proximity to lakes should equate to an increased
probability of calf survivalThe third hypothesis suggests a similar refuge effect for peatlands
(e.g. fens and bogs) where calf survival dloncrease as the proportion of peatids in the
landscape increasdpeatland refuge hypothesi$/cLoughlinet al.2005) The fourth
hypothesispredicts that calf survivalill be negatively correlated to the proximity tpor

density of¢ habitats favaired by wolves and/or black bears, the two main predators of caribou
calves (predation risk hypothesiSustineet al.2006) We evaluatedeach hypothesis using
metrics ofexposure andanaternalselection ofcalvinghabitat. The formemeasures the
lands@pe attribute directlyand any relationship to survivaland thus habitat quality is
contingent on the absolute value of these measuremdptg.Appset al.2013) Selection, on
the other handjs the ratio ofthe measured attributedelative toits availability at a larger, pre
defined scalethus, habitat quality in this sense is also contingent on habitat availaalgy
Dussaulet al.2012; DeCesaret al. 2014).



To evaluate the predation risk hypothesiand to understand predator space udering the
calving season, we conducted midtiale analyses of habitats selected by wolves and black
bears. In intact boreal forest landscapes, habitat selectgrcaribou andheir predators are
expected to be divergent, consistent with the spatigbaeation strategy used by caribou to
lower predation rategSeip 1992; Jamex al.2004) Increasing landscape disturbance within
caribou range, howevehas decreasethis separation by indirectly increasing predator
numbers and/or facilitating predatanovements into caribou ranggames & Stuat$mith
2000;McCutche 2007 Lathamet al.2011b; c; Tigneet al.2014) Here, we focued on this
latter mechanism by evaluatincariboupredator spatial overlapwith a specific emphasis on
predatorresponseo disturbance features.

For wolves, wéurther focused on their relationship to linear featurashich are hypothesized
to increase wolf hunting efficiency and facilitate wolf movement into caribou rgdgemes &
StuartSmith 2000; Latharat al.2011b; McKenzieet al.2012) I 2012 we conducteda small
study todetermine whethemwolves preferentially select lines with attributes that either
increase movement efficienay sightability. Byunderstanding potential mechanisms driving
wolf use of lineardatures,this analysidas a direct impact on management strategiected
toward de-activating lines to decrease predation rates on caribou.

Collectively, the analyses contained in this final report represent the culmination of three years
of datacollection and field work thielp understand caribotpredator spatial dynamics during

the calving seasonWe anticipate thatresults from this projecwill support key objectives

outlined in the BC Boreal Caribou Implementation Plan; specifically, thas&arget protecting
sufficient habitat to sustain and/or recover populations in all six caribou rangethasd that
manage and mitigate the industrial footprint to conserve habitat and minimize predation rates
on caribou(BC Ministry of Environment 2Q).

2. METHODS

2.1.Study Area

5dzNAyYy 3 GKS LINRP2SOGQa FANRG &SI NE 2dzNJ aGdzRé | N
Parker, Prophet, and SnalSahtaneh); howevehy project end thestudy area expanded to

include all six recognized boreal caribou resgvithin BCAppendix ). These ranges are

situated within the Boreal and Taiga Plains ecoprovinces in the extreme northeast corner of the
province. The landscapen this regionis a mosaic of decidusuand mixeewvood uplands,

poorly drained lowlying peatlands, and riparian aregdBelLonget al.1991) Common upland

tree species include white sprucei¢ea glauch lodgepole pineRinus contorty trembling

aspen Populous tremuloidgsand paper birchBetula papyrifera Lowlying peatlands are

characterized by black spruc®icea marianaintermixed with stands of tamarackdrix

laricing. Terrain is predominantly flat to undulatir{(glevation range: 214084 m) and the



climate is northern continental, characterized by long, cold winters and swrnmers
(EnvironmentCanada2010). Forest fire is a frequent form of natural disturbance on the Taiga
Plains with a mean fire interval ofl80years(Johnstoneet al.2010) The study area is further
notable because it contairmme ofthe largest depogs of natural gas shale in Canada.
Consequently, oil and gas extraction activities are the dominant form of anthropogenic
disturbance within caribou rang@hiessen 2009)

2.2.Wildlife Capture and Collaring

To assess seasonal space use and movement pattéaasibou, wolves and black bears, we
deployed Iridium GPS radollars on a sample of individuals within each specis. used
radio-collars (hereafter, collars) from two manufacturefglvanced Telemetry Systems (ATS;
Isanti, MN; model #2110E) and Lkt&/ireless IncNewmarket, ON; model IridiumTrackM 2D)
Each collar was equipped with a release mechanism that eitheased the collar on remote
command or low battery (ATS) by a timed blowoff device (Lotek).

All caribouwere captured by neguming from a helicopter and physilly restrained during
collar deploynent. All wolves and black bears were captured by aerial darting from a
helicopter. Targeted wolves and beawgere chemically immobilized using TelaiaD mg/kg)
delivered by an ppropriate sized aerial dart. For all captured animals, we collelsteod and
hair samplesas well as fecal samples from carib@Ail capture and handhg procedures
followed approvedgovernmental andnstitutional animal care protocols (BC RIC 1%8;
Wildlife Act Permits FJ126949 and FJ180090;University of Alberta Amal Use protocol #
748/02/13).

2.2.1. Caribou
For cariboupur objective was to maintain a sample of at least@8aredfemales for each
calving seasonWe targeted reproductivaged fem& Sa 6 x o &SI NBR 2f R0
females were fitted with Iridium GPS collars fréhS In 2011 and 2012, capture efforts were
confined to the Parker, Prophgiaxhamistand SnakeSahtaneh rangesFor the latter two
ranges, we focused capture effods the Capot Blanc, Clarke and Kiwigana core areas to
obtain a sample of caribou residing in areas representative of the range of landscape
disturbance levels inortheastBC(Thiessen 2009)Collars deployedn 2011 and 2012vere
programmedto obtain aGPS location (or fievery two hours during the calving season (April
15¢ July 15) and once per day otherwisat this fix rate, collars were expected to be
operational for 30 monthslin 2013, capture efforts expanded to include all six caribou ranges
in northeastBCas part of thecaribou monitoring program initiated by tHeesearch
Effectiveness and Monitoring Boardbllars deployed between December 2012 and March
2013 were programmed for a fix rate of every four hours during the calving seas@vand
eight hours otherwise.



2.2.2. Wolves
For wolves, ar objectivewas to deploy 20ridium GPS collars andividuak occurring within or
adjacent tocaribou range For each wolf pack located, we attempted to deple$ GPS radio
collars per packCapture eforts were initiated in 2012 and we targeted areas that overlapped
with the distribution of collared female caribou. For wolves captured in 2012, wek luseum
GPS collars from AT3n 2013, wolf capture efforts expanded taclude all six caribou rges
andwe used Iridium GPS collars frairotek We further deployed 12 VHF collaré_otek)per
packin 2013to facilitate relocating packs in the event of GPS collar fa{Nk collarprovided
by BC Mnistry of Forests,Lands, and\atural ResourceOperations). We programmed allvolf
GPS&ollars for a fixate of every 15 minutes from May 1 to June 30 and once per day
otherwise. At this fix rate, wolf collars were expected to remain operationabioe year (ATS)
to 18 months(Lotek)

2.2.3. Black Bear
We had a similar objective for capturing and collaring black bears as for wolves; that is, to
deploy 20Iridium GPS collarAT$ on individualscaptured within or adjacent to caribou range.
We targeted large, mature bears and avoided young animals or femélesubs. Capture
efforts were initiated in 2012 and focused on the Maxhamish, Parker, Prophet and-Snake
Sahtaneh ranges as well as the Fort Nelson caribou core AtHaear collarsvere
programmedfor a fixrate of every 30 minutes from May 1 to &80 and ace per day
otherwise, equating to an estimated battery life of 18 months.

2.3.Screening of Spatial Data

Prior to data analysesve applied the followingeneral and speciespecificscreening
procedures to the GPS location datéor all data setave first removed all locations with low
positional accuracy (e.g. < threimensional3D]fixes;Lewiset al.2007) For the retaine®D
fixes, the mean horizontal measurement error was estimated to be + #of the ATS collars
(C. DeMarsynpublisheddata) while the error associated with the Lotek collars was unknown
Wethen excluded outlyindocationsthat were beyond the range of biologically possible
movement using the methods describedBjprneraast al.(2010) For caribou and wolves, we
further removed the first two weeks of GPS locations pepture to reduce the effects of
capturedrelated behavioural alteration@orellet et al.2009) We did not apply this screening
procedure to the bear data because none of the individual bear datalsgan before May 1
and we wanted to preserve all belarcationsduring the critical neonate period when caribou
calves are most vulnerable to bear predati@ager & Beecham 2006%pecific to caribou, we
also removed locations from 10:00 to 18:00 brsdates of aerial surveysee below}o reduce
behavioural effects associated with helicopter disturbance. For wolvesgnvevedlocations
from the same time intervall(0:00-18:00 hr3 during the calving season as all individuals had



generally low moveent rates (<100 m/hnyithin this interva) presumably due to the animals
bedding down to avoid warm daytime temperatured/e also excluded all locations within 200
m of suspected den sitedNVe did not excludepecifictime intervdsfrom bear data setas

most individuals did not display a consistent daily period of inactivity.

2.4. Estimating Caribou Parturition Status and Neonate Survival

We estimated parturition statusf female caribowand survivabf neonate calveacross the
LINE 2 S O Q dusng théldogemeéndasddtnethods (MBMs) @feMarset al. (2013)
corroborated by aerial survey datdn addition to statusthe MBMsyield predictions of
parturition date and calf loss date, where appropriaftheMBMswere developedising
projectdata from2011then tested against 2012 datnddata from 10 females captured in
2004 (Cullinget al.2006) To augmentMBM development, we established the pregnancy
status of all females in 201fwo females in 2012and all females in 2013 (data courtesy D.
Culing) by testing progesterone levels ood serum samples taken upon captpeegnancy:
X H dprogegtétonéml; Prairie Diagnostic Services, Saskatoon, BK) further confirmed
parturition events and established calf survival to four weeks of age by conducting weekly aerial
surveys during the calving seasons of 2011 and 2@i2r MBM development, we decreased
the frequency of calf surveys in 20&Bwherethe majority of femalesvere surveyedonly once
during the calving season tieterminecalf survivaht four weeks of age

We predicted parturitiorstatususingthe population-basedMBM, whichidentifiesparturition
eventswhen the threeday average movement rate (m/hr) of a female drops belova gmiori
threshold. We used the same parturition threshold d.B m/h as DeMarst al. (2013) For
females predicted to havealved, we estimated calf survival status to four weeks of age by
conducting an aerial survey of each female four weeks after the predicted parturition date and
compared the survey status {dBM predictions For the populatiofdbasedMBM, which
predictscd ¥ f 2aa ¢ K S y-day ava@rdgermolefheniiexadddteInaximum
expected rate of females with neonate calves, we used the 178.6m/hr threshold specified in
DeMarset al. (2013). We also generated calf survival predictions usingititividuatbased

MBM, which predicts calf loss by evaluating for an abrupt chaqoe break pointc in the
distribution of step lengths (the distance between successive GPS locations) of an individual
female postcalving. If model predictiongliffered, we used the predimn which matched the
status (e.g. calf presence / absence) on aerial survey. In one instance, we truncated the post
calving data to the date the calf was last observed as the predicted date of calf loss fell before
the aerial survey, which was conductpdor to four weeks postalving. For females with
differing model predictions and no aerial survey data (), we used the predictions of the
individuatbased MBMo assign calf survival status as tinethod has a higher accuracy rate.



2.5.Finescale Aalyses of Calving Site Selection by Caribou

We evaluated calving site selection by female caribou by compatingtural attributes of
calving sites taites used during the winter (Januaryg March 15). Cdving dates werelerived
from the MBMs desribed above and weollectedstructuraldatafrom all calving sites that

could reasonably reach by foot or helicopteZalving sites were only accessed after fiermale
had moved at least-km from the site. In the field, we identified calving sites byreutar
depression in the substrate that was frequently accompanied by casbat(Appendix 2)For
each calving site sampled, we collected game data from a winter sitesed by the same
animal. Because of the inaccessibilitynwanycaribou locatios, winter sites were randomly
selected from the subset of sites that we could reasonably reach by foot or helicopter. At each
calving or wintessite, we recorded the dominant habitat type and the leading tree spedies.
assess forest structure, we calatedtree basal area (#ha) using angle gauges and estimated
percent crown closure by averaging measuremdrdaa a moosehorn estimatofGarrison
1949)takenat 5-m intervals along a 5fh transect centred on the site. We assessed
concealment cover using 2m cover polgBowyeret al. 1999) averaging the number of 10m
segments covered by vegetation or topographic features when viewed from a distancerof 10
in four cardinal directions. To assess relative forage abundance, we measureéstrub
groundcover usinghe line transect methodCanfield 1941; Bowyeat al. 1999) placing a 56n
transect centred on the siteAt each Im interval, we recorded the dominant ground cover
(bare ground, dwarf shrub, graminoid, forb, lichen, moss, water, or woetris) and any

shrub species contacting the line.

To compare structural and forage attributes of calving sites to winter sites, we used paired
tests and, where the data deviated from normalitgroinflated mixedeffect regression
models in a univaria analytical framework that specified individual caribou as the random
effect (Zuuret al.2009)

To assess the relative importance of forage spetiecaribou during calvingve collected scat
samples opportunistically from calving sites for subsequietary analysisThese samples
were compared to analyses conducted soat collected from these animals during their winter
capture (samples analyzed by Washington State University Wildlife Habitat Nutrition Lab).

2.6. Analyses of Resource SelectigyrnCarbouand Predators

To assess larger scale habitat selection by caribou and predators during the calving season and

other seasonal time periods, we developesdource selection functions (RSEs)idely used

modelling approach that compareswironmental afi NA 6 dzi S&a | 8a2O0AF SR 6 A (K
f20F0A2ya (2 SY@ANRYYSyGlf FGONROdzASE 2F NI YR
spatial scale of interegManlyet al.2002; DeCesaret al.2012b) For both caribou and



predators, we developed RSBt multiplespatialscales From a management perspective, a
key output of RSFs is explicit spatial predictionspaftiesspecific habitat within a designated
study areaBoyce 2006)

2.6.1. Caribou Resource Selection
We estimated RSFs for caribou at secantt thirdorder scalesgensuJohnson 1980Fig.J.
For identifying calving areas within caribou range, we primarily focus on inferences derived
from secondorder analyses Compared to finer scales of selecti@ng. third or fourth-order),
inferences &a seconebrder scaleare likely more informative foguidingpotential
management decisiongarticularly forwide-ranging species like caribgBoyce 2006)
Moreover, this scalékely reflects the primary selective decision of female caribou as many
individuals undertake long distance, migratayype movements just prior to calvingndicating
that selection is occurring at large spatial scdfeshaefeet al.2000; Failleet al.2010) A
further advantage to secondrder analyses is thahe comparson of selection differencas
more straightforwardoecause the scale of availability is constant for large groups of individuals

To specificallpssess howalving areas differed fromther NS & g A G KA ywel KSNRQA
usedan individualbased, comprative approach that contrastedSFs developed for females

with neonate calves to RSFs developed for other seasonal periods (see below) and to RSFs
developed for barren cows during the calving seafa@Mars and Boutin 2014 review. We

further assesedresource selection preand postcalf loss for females losing calves pifiour

week of age.

We evaluatedfor seasonal differeces in resource selectidoy partitioningthe screened GPS

data into calving, fall, and winter seasorfsor calving RSFsewsed GPS locations starting

from the estimated parturition date to the estimated date of calf loss or four weeks-post

calving, whichever came fitskor females predicted to be barren, we used GPS locations

starting from May 1%; the peak of calving iour study area; to June 12. To assess resource

aSt SOGA2y 2dziaARS 27F (KS (2011)ddabfesfigh ofs&asoda y > ¢S T
activity periods for boreal caribou and estimated RSFs for late summer (AuguSeliember

12), late fall (Octobe21¢ November 30) and midwinter (Janu&g ¢ March 15).

To assess whether maternal status influenced resource selectiofgoused orfemales losing
calves prior to four weeks of aged compaed RSFs estimated from witalf locations to RSFs
estimaed from postloss locations. For eadémale we usedan equal number of witlcalf and
postlossGPS locations. To exclude behavioural alterations potentially related to the calf loss
event, we allowed two days between the estimated time of calf losktha start of data for

the postloss period (e.g., for a female losing her calf at 10 daysqadging, we used locations
from days 212 post loss).



Second Order Third Order

T B Used
Available

Figurel: Scées of resource selection anald to identify calving habitatf female boreal caribou in
northeast British Columbia-or seconebrder selection (left), environmental attributes of calving areas
were compared to environmental attributes within caribou rar{gere, the Snak&ahtaneh range)

Calving areas were estated from utilization distributions derived at the 80% isopleth (see main text).
For thirdorder selection(right), environmental attributes associated with GPS locations of females were
compared to environmental attributes within the calving afe@odified from DeCesaret al. [2012D).



For each seasonahd maternal statuanalysis, we estimated the extent of the anesedby
constructing 80% utilization distributions (UDs) from the GPS location data. UDs derived from
the 80% isopleth provide a bettesstimate of homeor seasonatange size than minimum

convex polygons (MCPs) for ntarritorial species (Borger et al. 2006). Within each UD, we
generatedenoughrandom points to accurately represent the arda determine the number

of random points regired, we conducted a sensitivity analysis on the largest UD, plotting the
mean of each covariate against the number of random points used to calculate the mean
(Appendix3). We selected the number of random points where the mean of each covariate
changed 1%. For our data, we used 10,000 poivie repeated tlese analy®s to determine

0KS ydzYoSNJ 2F LRAyidGa ySOSaalNB G2 | RSldz GS¢t @
Secondorder RSF analyses thus entailed a comparison between UD randons poidtherd

range random points. Because home range estimators like UDs can be sensitive to insufficient
sampling (Borger et al. 2006), we excluded individuals with <80% fix rates within a particular
seasonal period from the corresponding RSF analysisselasonal comparisons of selection,

we used a paired design where noalving season RSFs were estimated with all available
individuals (i.e. those with >80% fix rates) and compared to calving season RSFs estimated with
the same set of individuals.

To esimate third-order RSFs, we compared the GPS locations of females with neonate calves to
the random pointgyenerated within the calving area UBecause the exact location of the

calving area changes year to year, we specified each aymaalas the randm grouping factor
(seeSection 2.6.4elow). Thirdorder RSFs were restricted to the calving sedsecausehe

unique spatial extent of each seasonal area equates to changing resource availability across
individuals and seasons, making comparison ofcsiele differences problemati(Beyeret al.

2010) Similarly, we did not consider thiorder analyses based on maternal status (e.g. with

calf versus posloss).

2.6.2. Predator Resource Selection
To model resource selection of wolves and black bears, we uskilar sampling framework
as for caribou, developing RSFs at seeand third-order scalegFig. 2) We recognize that
assessing secormtrder selection for predators momplicated by the fact that home range
selection is influenced by territoriality iaddition to environmental resource$Ve maintained
this scale of analysibowever because we constraingaredator RSF analysesthe caribou
calving seasarconsequently, predators may show preferential use of areas within their annual
home rangeshat may not be entirely constrained by territoriality and may be more reflective
of seasonal resource selectiomoaccount for the relatively strong territoriality of wolves, we
delineated areas used by individyscksusingMCPs, which are liketypore reflective of actual
home range boundaries for territorial species than Basyleet al.2009) For black bearsye
delineatedusedareas with80% UDss was done for caribou becausmany of the radie
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collared bears in our study had overlapping areassef during the caribou calving season
indicating a low degree of territorialityFor all secondrder predator RSFgje defined the
scale of availability ake distribution of boreal caribou in BC rather than individual caribou
ranges because both predas had individuals moving into and out of caribou range.
adequately characterize availability at this scale, we genera@j000 random points
Predator UDs and MCPs were characterized by generating 10,000 random [antisolves,
we used packevel MCPdor secondorder analysesvhereas beausedindividual UDsThird-
order analyse$or both predatorscompared the actual GPS locatiafandividualgto the UD or
MCP random points.

We considered a further RSF framework for predators becaysereary objective of modelling
predator resource selection was to determine areas of high predation risk for caribou neonate
calves (sesection2.8. Spatial Factors Affecting Calf Survivalow). For these analysesie
assessed the resources selectedolegrs and wolves when each predagpecifically occued

in caribou range. To do so, wempaked predator GPS locatiorfallingwithin caribou range to
available points drawn within the same ran@®,000 random points / range as per caribou)
Theseanaly®s may represent a more accurate depiction of predation risk to caribou calves
because the majority of calving GPS locations are confined to caribou ranges (>82% based on
2010 range delineations).
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Figure2: Scales of resoue selection analyzed for wolves and black bears during the calving season of boreal caribou in northeast British
Columbia.For seconebrder selection (left), environmental attributes of areased during the calving season (Mag June 30ere compared
to environmental attributes withirthe distribution of boreal caribauFor wolves, areas were delineated using minimum convex polyhoae)
for each packvhile 80% utilization distributiond@JD)were used foindividualbears. For thirdorder selection(center) environmental attributes
associated witlGPS locations of each individual wolf or beare compared to environmental attributes witheach MCP or UDNVe also
analyzed resorce selection by predators when caribou range (right) by compariegvironmental attributes of only those GPS locations
situated within caribou range to environmental attributes of the range it§edfe, the Snaké&ahtaneh rangenodified from DeCesaret al.
[2012b]).
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2.6.3. Environmental Variables For Modelling Resourcec8eh
We modelledcaribou and predatoRSFs using explanatory variables representing vegetation
characteristics (cover type and normalized difference vegetation index [NDVI]), slope, natural
features and anthropogenic disturbancgeéAppendix4 for list of data sources For
characterizing land cover type, we used Enhanced Wetlands Classification (EWC) GlSmdata (30
pixel resolution) develped by Ducks Unlimited Canadehich we collapsed inteight
categories that were biologically meaningful to caub@ablel; Appendix %. For thirdorder
caribou RSFs, we further collapsed deciduous swamp and deciduous upland into one category
(deciduous forest) as many individual caribou had no representation of either deciduous
swamp or deciduous upland in theilging UDs. For all analyses, we set treed &s the
reference category by omitting it from RSF models; thus, all land cover rankings derived from
model estimates are relative to treedp.

We modelled forage productivity using NDVI data, an indexhhatbeen used in other caribou
studies(Gustineet al.2006; DeCesaret al.2012b) NDVI is correlated with aboygound net
primary productivity and NDVI values in forested habitats are significantly influenced by forest
floor greennesgSuzuket al.2011) We kept NDVI aavariable for all wolf and black bear RSF
analysedecause wolves may track forage quality as an index of ungulate prey d@sitiel

& Pletscher 20013nd because bealss omnivores may traageen vegetationn the spring
(Mosrnier et al.2008b) We obtained yearly NDVI data (2&Dpixel resolution) for our study

area from the U.S. National Aeronautics and Spedministration MODIS databas@he NDVI
data is derived from MODIS images spanning-dawindow. For each year ofir study and

all RSF models, we used NDVI data spanning the calving season osp(igita mid-July) and
calculated an average NDVI value for each pixel during this time period. By using NDVI data
only from the calving season, we could more direethgluate theforage quality hypothesity
concurrently comparing NDVI values of calving areas with other seasonal areas.

We calculated slope in a GIS framework using a digital elevation model obtained from BC
Terrain Resours Information Management dataFor rivers, lakes, major roads and forestry
data (fires, cut blocks, and forestry roads), we used data sets from the Bffapk Data
Discovery ServiceWe combined cut blocks and forest fires < 50 years old to create a unified
variable describing ely seral vegetation, which has been shown to be important in caribou
habitat modelling[Sorenseret al. 2008; Hinset al.2009) For well sites, pipelines, seismic lines
(1996 to present) and petroleum development roads, we accessed data setshieoBCOIl

and Gas CommissiortWe also used linear feature data from BC TerrasoRees Information
Management specifically a shapefile representing all linear features visible on the landscape,
regardless of type or age, from 1992 aerial photos. To crag@@simonious linear feature

data set for the study area, we merged all major roads, forestry roads, petroleum development
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roads, and seismic lines into one file then integrated the resulting data set at a scalenatiol0
eliminate redundancies among¢ original data sets.

We conducted preliminary analyses to determine the most predictive scale for each of the
explanatory covariate@_evin 1992; Leblonet al.2011) For each analysis, we pooled the data
across individuals and conducted univariateidtig regression analyses at each spatial scale.
We selected the scale with the lowest] | AlffdBngation Criteron (AC) score as the scale to

be included in further RSF modelling. While the most predictive scale can vary across seasons
(Leblondet al. 2011) for caribouwe conducted these analyses on the calving data only and
kept the scale of each covariate constant across seasonal analyses to facilitate more direct
comparison of seasonal selection coefficients (see below)sdaamdorder analyse, we

estimated the proportion of each cover type in a moving window analysis with radii varying
from 400m to 6008m, the radius of our largest calving area MCP {d0Didicrements from 400

to 1000m, 5080m increments thereafter). We assessed the densithakes, rivers, early seral
vegetation and well sites at the same scales and further evaluated whether distance
measures were better than density measures. For lakes, we also assessed distakee

clusters, defined as lakes > 2 ha within 80®f each other(Cullinget al.2006) All distanceo
measures were transformed using an exponential decay functieexfil F R* & Nigl§het al.
2009)where the scalinggarameter (') was set using the 95% percentile of distatce

measures calculated fa particular covariate. This transformation erodes the importance of
larger distancdo values and emphasizes values that are close to the feature itself. For linear
features, we assessed density only as we were specifically interested in caribonsespo
changes in linear feature density. We kept NDVI and slope at the scale of the original data (250
m and 30m, respectively) as we did not want to obscure fswale heterogeneity in these
variables.For third orderRSE, weused a similar approadio determine the most predictive
scales for each covariate except for land cover, which was maintained at its original resolution
(30-m pixel).
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Tablel: Classification of land cover types used to model resource selectioorbgllzaribou in
northeastern BC. Land cover types were developed from Ducks Unlimited Enhanced Wetlands
Classification data clipped to the study area (DU 2010).

Land cover EWC Class Description
Treed bog Treed bog, Open  Black spruce an8paghnummoss dominated bogs with no
bog, Shrubby bog hydrodynamic flow. Areal coverage: ~20%

Nutrient poor fen Graminoid poor fen, Low nutrient peatland soils influenced by groundwater flows.
Shrubby poor fen, Treed poor fens dominate, comprisedlifck spruce, tamarack
Treed poor fen and bog birch (250% tree cover). Areal coverage: ~22%

Nutrient rich fen Graminoid rich fen, Low nutrient peatland soils influenced by groundwater flows.
Shrubby rich fen,  Shrubby fens dominate, comprisefibog birch, willow and
Treed rich fen alder. Areal coverage5%

Conifer swamp Conifer swamp Tree cover >60% dominated by black or white spruce. Occur
peatland or mineral soils. Areal coverage: ~9%

Deciduous swamp Shrub swamp, Mineral ils with pools of water often present. At least 25% ¢
Hardwood swamp tree cover is deciduous (paper birch and balsam poplar). Are
coverage: ~2%

Upland conifer Upland conifer Mineral soils with tree cover >25%. Dominant tree species:
black spruce, white spce and pine. Areal coverage9%

Upland deciduous Upland deciduous Mineral soils with tree cover >25% ands%2deciduous trees
Dominant tree species: aspen and paper birch. Areal coverag
~17%

Other Upland other, Uplands: mineral soils with tree cover <25%. Anthropogenic:

Cloud shadow, urban areas, houses, roads and cut blocks. Burns: recent bui
AnthropogenicBurn, where vegetation is limited or covered by burn Aquatic:
Aquatic includes a continuum of aquatic classes from low turbidikg$a
to emergent marshes where aquatic vegetation is >20% of th
cover. Total areal coverage: ~6% (Cloud shadow <0.5%)

2.6.4. Statistical Framework for Estimating Resource Selection Functions
For all analyses, we visually assessed univariate relationshipsdretsed and available
resources using either box plots (seceordier analyses) or histograms (thiclder analyses;
Appendix6). We estimatedall RSFs using generalized linear mixed effect models (GLEAMS;
et al.2009) which account for the hierarchatstructure inherent in GPS location data. In all
GLMMs, we assigndte individualanimalas a random grouping effect, which creates a
random intercept for eacimdividual These randomintercept GLMMs thus took the form

\

AeE—— = ob DBK+ . Xkt 9 o (Eqn. 1Gillieset al.2006)
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where the lefthand side of the equation is the logit transformation for locatyah o i$ the
fixed-effect ¢ or population mearg A Yy G S Nd&S$hielfix&deffect coefficiat for covariatex,,
and ¢ is the random intercept for anim@l For caribou and wolf GLMMs, we extendee

model toincludetwo random grouping effects. For cariboue used these twdactor GLMMs

to testfor functional responses in selectigran efect where selection strength changes as a
function of availabilityMysterud & Ims 1998) by nesting individual caribou within herd range,
the second random grouping effect. These GLMMs explicitly test whedhgespecific RSF
models provide a bettetit to the data. Fothird-orderwolf GLMMs, we nested individual wolf
within its pack to account for the often correlated movements of individuals within a pack.
These twefactor GLMMs therefore take the form

O&—— = ob 1)@ijk+ . nXaik T o) & El)jk0 (Egn. 2)

where the extra parameterujk, isthe random intercept for herd rangk (caribou GLMMs) or
wolf packk (wolf GLMMSs).

The fixedeffects, or marginal, coefficientsf GLMMsyield populationlevel inferences that can
be interpreted within the classic usevailability design of

a0 T S ERIb] P D (Eqn.3; Manlyet al.2002)

g K S N& is thérelative selection value of a sample unit (or pixel) ingmatg as a function of
the explanatory covariate&,) and their estimated coefficients (). For allpredatorand
secondorder RSEnodels, the fixeeeffects component of the modatayedthe same,
specifically:

Land cover + slope + NDVI + river + takarly seral + well site + line density

For thirdorder caribouRSFs, we excluded river, lake, early seral, and well sites because the
majority of calving UDs did not contain these features. Within thneedel structures, none of
the explanatory variabwere found to be correlated (i.e., r < 0.7).

For predator RSFs, we only estimated ranediatercept GLMMs as our interest was in
guantifying populatiodevel resource selection to derive spatial predictions of predation risk to
caribou. For caribou, westimated a suite of randorslope GLMMs écause we were

interested in variation among individual caribou to particular explanatory covaratds
ultimately relating selection variation to calf survival. Raneklape GLMMsire an extension

of the randomintercept GLMM (eqn.1and takethe form

Ae—— = oD DhBK+ . Xkt > bhijhij
(Egn.4; Gillieset al.2006)
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wherethe added parametein Equationd, dn, is the random slope (or coefficientf covariate

xn for caribouj. Note thato, representsthe difference of cariboyfrom the population mean,

bn. By estimatingandom slope coefficientor each individualwe explicitly maintaired

individual caribou as theamplingunit when evaluating caribou response to particular
covariategDeMars and 8utin 2014,in review. This approach is similar to tvatage RSF

models where RSFs are estimated for each individual then populie@h coefficients are
generated by averaging across individu&®eberget al.2010) Twastage RSF approaches,
howeve, can be hampered when certain model coefficients cannot be estimated for all
individuals (i.e. models fail to converge). GLMMSs, on the other hand, can borrow information
from the population to estimate coefficients for individuals where data is limigdiret al.

2009). Statistical software and computing limitations constrain the number of random slopes
that can be estimated in a given GLMM. We therefore estimated a sudal\ihgRSF models

as follows all with random intercepts for individual ¢aou and ranges

i. A null modebith no fixedeffects;
ii. A randomintercept only modelvith only fixed-effects specifieq
iii. A Disturbance model where distance to early seral vegetation, distance to active well
site, and linear feature density were specified asdom slopes;
iv. A Water model where distance to river and distance to lake were specified as random
slopes;
v. A Forage Quality model where NDVI was specified as the random slope;
vi. Three Landscape Context models where the following land cover types wereexpasifi
random slopes:
a. Upland conifer andanifer swamp
b. Poor fen and rich fen
c. Upland deciduous and deciduous swamp

For thirdorder RSFs, we did not evaluate a Water model and excluded well sites and early seral
from the Disturbance model because fealvinguDscontained these features.

For seasonal analyses outside of the calving season acdrgrarisons based on maternal

status we estimated the Disturbance, Water, Forage, and Landscape Context models only.

From these models, evused the random slopeefficients in a paired design to evaluate

relative differences in selectioat the individual level For seasonal comparissnwve

determinedthe number of individuals whose selection coefficient either increased or

decreased during calving compared tdestion coefficients estimated for the same set of
individuals during other seasonal periodSimilarly, for females losing calves prior to four week

of age,we determined the number whose selection coefficient was higher@ss versus post

loss We cauld not use a paired design for evaluating differences between barren females and
calving females because of the individual data sets spanning 2 calving seasons, most individuals
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calved in both seasons. We therefore compared the distributions of indivgdlection
coefficients between calving and barren females and conducted M#hitney U tests to
determine whether selection differed between the two groups.

We evaluatedRSFnodelperformance using { F A 1 SQa Ly T2 NQJscrdsanfivo/ NR G SN
validation procedures. For caribou,erestimated alsecondorder RSFs usingata from

individuals in the Calendar, Maxhamish, Parker, Prophet, and Satianeh rangesTo

initially evaluatepredictive performance of these modelse usedk-fold crossvaldation

(Boyceet al.2002) To do sowe randomly partitioned the data by individual caribou into five

folds(or subsets)using four folds for model training then testing model predictan the

withheld individuals.For each testwe used the fixeekffects output from the training data to

predict values for both the random locations generated within each range and the locations of

the withheld caribou. We patrtitioned the predicted values of the range random points into 10

ordinal bins of equal numbdi.e. 10" percentiles) then assessed model prediction by

comparing the frequency of predicted values for withheld caribou falling within a bin to bin

NI}yl dzaAy3d { LISI NYI yQBeCEardtNiR01Ph). W2 yepeateddhicT A OA Sy i
process thee times, generating 15 total tests. The 15 tests were held constant for all models
evaluated (e.g. the groups of individual caribou used for training and testing was constant for

each model evaluated). We calculated the mesior each model with highd [values

indicating better predictive performance.

To explicitly assess how well model predictions of seema@r caribou RSFs extrapolate
through space, we furthetested predictive performance using withheld data from four females
in the Chnchaga rangeFor this test, waised a similavalidationprocess wheres was

calculated after model outputs of the calving RSF were usedetdict values ofGPS locations

of the four females as well aandom points (20,000) generated with the Chingaaange

For thirdorder caribou RSF models and all predator models, we evaluated predictive
performance using thé&-fold crossvalidation procedure described above. \4id not evaluate
the performance of seasonal RSF modetscaribououtside of thecalving seasoas our
motivation was not to develop predictive models outside of calypegsebut rather to
determine how individualand populationlevel selection differed from calving.

2.7.Wolf Selectiorof Linear Features

In 2012, we conducted a ongearstudy b evaluatewhether wolvesreferentialy select
certainlinear featuresover others. For this analysis, &vused GPS datallected during the

2012 calving seasdnom two individuals in separate packs, one in the Prophet range and one
centered wihin the Kiwigana core area. We used a paired sampling design where each line
used by a wolf was matched to a line assumed to be unused, at least within the calving season
of May 1 to June 30. We considered a line to be used if least two sequentiabvailbhs
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were situated on the same line and were within 10 m of the line itself to account for GPS

location error. To select an unused line for comparison, we used one of two methods
RSLWISYRAY3I 2y (KS 62t FQa Y20SYS yeitonyiniglvedaO i 2 NB ¢
turn onto another line, we selected and sampled an unused line that represented the shortest
distance between the start and end points of the trajectory (shortest path lifgs 13 If this

movement pattern was not evident, we randdselected a line within a 1 km radius of the

dzZaSR fAYyS GKFG gFa LISNLISYRAOdz I NJ 12 GKS g2t 7FQ
during our temporal window of sampling (parallel linésy. 1h.

At each sampled line, we established threetplplaced 208n apart. For lines used by wolves,
the center plot was placed at the mpbint between the two GPS locations. For unused lines,
the center plot was placed midway along the line for shortest path lines or, for parallel lines, at
a similar @sting or northing (United Transverse Mercator units) location as the paired used
line. For all lines, we noted the habitat type in which the line was located (e.g., bog, fen,
upland conifer, upland deciduous), the orientation of the line, whether the Was straight or
tortuous, and calculated the average line width from measurements taken at all three plots.
For line width, we subsequently assigned lines to one of three tiipethiamet al. 2011b) low-
impact seismic lines>(0-5m), traditional seisne lines (610m) and pipelines and secondary

roads (>10m).
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Figure3: Selection of random lines with respect to wolf movement trajectoifed circles represent

wolf GPS locations, solid arrows represent directiowalf travel andRrepresents unused lines

selected for sampling. In A, the selected unused line represents the shortest path between the initial
and final GPS location. In B, the selected unused line is parallel to the direction of travel.
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To specificly describe line sightability, we recorded the maximum distance a whiten0

diameter disk affixed to a 1:B pole could be seen way from the center plot in each direction
down the line. For line characteristics associated with movement efficiencyalaalated

indices of shrub density, substrate hardness and coarse woody debris (CWD). For the shrub
density index, we multiplied average shrub height by the averaged percent shrub cover for each
line. We calculated average shrub height by measuring dmeight at the center of the line

and at 2m in from each line edge at each plot. Shrub height measures were then grouped into
six ordinal bins (1 = lowest shrub height values; 6 = highest shrub height values) based on the
distribution of all heights reaaled. Similarly, we created a six bin index for average percent
cover, based on the methods of Daubenm(i®59) by estimating percent shrub cover in arl

wide transect extending from line edge to line edge and oriented through the plot center. For
substrate hardness, we used the following index: 3 = dry ground; 2 = squishy (e.g. moss
covered); 1 = squishy with water; and O = water visible on surface. For coarse woody debris, we
recorded the number of downed woody debris with a diameter > 10 cm alasmt@al 400m

transect connecting the end plots then created a figeel index based on the distribution of
recorded counts. A score of five indicated little to no CWD while a score of one indicated lines
with CWD counts > 30, a threshold selected bseatiapproached the upper limit of the data

and accounted for counting error in areas of high densities of CWD. To create an overall
mobility score for each line, we summed the scores of the line width, shrub density, substrate
hardness and CWD indices.

We used logistic regression to assess the relative effects of line mobility and sightability on the
probability of wolf use of linear features. Because the addition of CWD to linear features has
previously been considered as a management option for impmediolf movementgNeufeld

2006) we also evaluated the effects of CWD independent of the overall mobility score. We
assessed bothnivariate and bvariate models and used AIC, corrected for small sizes, to
evaluate model performancePrior to model fiting, we assessed for correlation among
covariates by calculatg Pearson correlation coefficienfs and we excluded bivariate models
that had variables withi| | > 0.70. For all analyses, we pooled the data across both wolves.

2.8. Spatial FactoréffectingCalf Survival

We assessed the effects of spatial factors on calf survival using two meéstairceselection
andexposure.For the first metric, we relatedalf survival tandividual variation in maternal
selection of resourcesWe consideed both seconedand third-order scales of selection, using

the individualcoefficients from randonrslopecalving GLMMas explanatory covates in calf
survival modelsNote that we did not combine different scales of selection in the same survival
modéds. For the second metric, we relatexlf survival taneasurements of exposurer

habitat use.In these analyses, we usdélde same suite of explanatory covariates use®SF
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models; however, for each covariate we ughd meanvalue@ ¥ (1 KS diazscaleuiated 2 O
at varying spatial scale®Ve considered the following scales:

i.  Local or pixel scale

ii.  500-m buffer around each GPS location
iii.  1000m buffer around each GPS location
iv. 1500m buffer around each GPS location
v. 2000m buffer around each GPS location
vi. Calving ared.e. 80% UD random points)
vii. Ranggi.e. range random points)

Distanceto measures were only contained in models at the local scale. For density measures,
we considered buffers extending to 2089, which is likelyear the maximum distance a
predator might reasonably detect a female caribou and @dch & Boitani 2003) As with
survival models containing selection covariates, we did not consider mtyaetisicluded

exposure covariates calculated at different scales

To specifically tedhe predation risk hypothesis, we used explanatory covariates describing
either thedistanceto high quality bear or wolf habitat or the density of high quality bear or
wolf habitat. For these analyses, vaefined high quality predator habitat as those asawith
RSF values > 7percentile andve only used predator GLMMs that hafivalidation values of

> 0.70. Todeveloppredation risk covariates for survival modelge followedthe same
framework,estimating individual selection coefficients at secemahd thirdorder scales and
exposure variables calculated as the meameslin he same buffer sizes as abovgelection
coefficients were derived usingnivariate randorrslope GLMMs and we evaluated the density
of high quality predator habitat in radii of 56@ to 2000m in 500m increments to determine
the most predictive cale of responsésee Appendi®).

We used Cox proportional hazard models to relate variatioeitiher selectionor exposureo

the probability of neonate calf survival. To account for females calving in multiple years, we
calculated yeaspecificselecton and exposureovariates andised mixeeeffects Cox models

of the form

hit) = hto S&ilHoKb X X @+ ) (Therneau 2012)

where hj(t) is the hazard function for individual calfith femalej at timet, ho(t) is an

unspecified basline hazard function, theQ & | NB SELJX | y I {isHéBandorgd @ NA | G S
effect attributable to femalg. Cox models are tim®-event analyses and the event in our

formulation is calf loss. We estimated the date of calf loss using the MBM appdeachbed
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previously. Positive model coefficients are interpreted as an increasing risk of calf mortality
with an increase in the associated covariate.

To test the four hypothese®lating spatial risk factors to calf survivade ran the following
models:

i.  Disturbance hypothesis
Calf survival = distance to well site + distance to early seral + linear feature density

ii. Lake refuge hypothesis
Calf survival = distance to lake

iii. Peatland refuge hypothesis
Calf survival = proportion of poor fen + proportion ded bog

iv.  Predation risk hypotheses
Calf survival = distance to high quality bear habitat
Calf survival = density of high quality bear habitat
Calf survival = distance to high quality wolf habitat
Calf survival = density to high quality wolf habitat

We didnot test the lake refuge hypothesis at thi|INRS NJ a St SOGA 2y 06 SOl dza S
contained lakesn(= 15) and thus this hypothesis was better evaluated at a seeomir scale

We discriminated among models using AifSt selecting the best mod&r explaining each

hypothesis then selecting a top overall modBlelative model fit was also assessed by

comparing AIC values to the value estimated from a null (or random expectation) nieatel.

the top model(s) considered for inferenceeuested theassumption oproportional hazards by
assessing for linearity and a zero slaf¢he scaled Schoenfeld residuélherneau &

Grambsch 2001)We furthered assessed the influence of maternal effects in the top model(s)

by computing a chsquare goodnessf-fit statistic to compareCox models with and without

the random term for individual femaleModel predictiong I & S @I £ dzt G SR dzaAy 3 | |
concordance index, which provides a measure of discriminatory power similar to the area under

a receiver operatingurve (ROC) used in logistic regresgldarrellet al. 1996)

2.9.Data Analyses

All statistical analyses were performed in R, version 3R.Core Team, 2013). We used the R

LI O1 1 3S&a WFERSKFEOAGEFGI wQ o/ f Sy 3Jefal,g0id)mo G2 Sai
estimate GLMMs. Mixedffects Cox proportional hazards models were implemented using the

w LI O113S WO2EYSQ O6¢KSNYSIdz HaAMHO ®
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3. RESULTS

3.1. CaribouCollaringand Spatial Data

In 2011, we deployed collars on 25 female caribou distributed among the Masghéah = 9),
Parker (G = 5), Prophetr{= 6) and Snak8ahtaneh ranges & 4) and the Fort Nelson core area
(n=1 AppendixX7). By November 2011, three of these collgrsvo in Maxhamish and one in
Prophetc ceased functioning due to low batteride March2012, we relocate@ne of the
Maxhamish collars still affixed to a femaled thisanimal was recaptured and fitted with a

VHF collar provided by BC MFLNR®e other two collars were not recovered although the
other Maxhamish collar was localizezlan area without caribou sign (e.g. tracks or snow
cratering), indicating the collar either released or the animal was deced3adngthese

relocation efforts we deployed replacement Iridium GPS collars on two females in the Kiwigana
corearea Throughthe spring and summer of 2012, three other collars ceased functioning and
were not recovered.n addition, one of Kiwigana females with a replacement collar died in
November. Because the mortality was not from predation, this animal was airlifteldtbaFort
Nelson for subsequent necropsy, which suggested poor nutrition as a likely cause (H.
Schwantjepersonal communicatign ByDe@mber 2012, the remainder of the collars

deployed in 2011 ceased transmitting GPS d&@m December 2012 throughadvth 2013,

these animals were reaptured and fitted with VHF collars as part of the REMB caribou
monitoring program.

For 2013, waisedGPSJata from30female cariboyone of whichwasthe remaining Kiwigana
female captured in March 2012T'he other 2%emales were capturedhnd fitted with Iridium
GPS collaras part of the REMB monitoring program initiated in late 2012 / early 201 &id
June 2013, one female in tl@&hinchagaangewas predated by wolves.

Oveall, we obtained data from 56 individudemale caribou.For collars deployed in 2011 and
2012, he meanper-collardata collection period was 542 days (range: 254, 647) with 19 collars
remaining operational through two calving seasof®r collars deployed in late 2012 and early
2013, we usal data up to September 12, 2013, resulting in a meangodlar data collection

period of 226 days (range: 192, 26&pllowingour data screeningrocedures, the mean per
collar fix rate during the calving season was 98.5% (rangec30@) for 2011, 8.4% (95.4;

99.9) for 2012 and 87.8% (698.3) for 2013. Outside of the calving season, mearcpbar

fix rates were 87.9% (60.6, 97.8) for 2011, 90.0% {83.9) for 2012 and 94.7% (84120) for

2013.

3.2. PredatorCollaringand Spatial Data

3.2.1. Wolves
We initiated wolf collaring efforts in March 2012. During this time, we deployed Iridium GPS
collars (ATS) on 10 wolvdistributed among five pack8gpendix8). Three packs were located
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in the Maxhamish range, one in the &ee5ahtaneh and one in ProphePack size varied from
two to 14 individuals with three of the packs consisting ofrsividuals each Shortly after
deployment,many of thesewolf collars began to fail. By the end of April 2012, only three were
still transmitting GPS location data hese three collars continued to transmit data through
June 30 but then all stopped transmitting during the first part of J@igly one collar from this
initial cohort was recovered (see below).

In January 2013, weesumed wolf collaring effortgapturing a total of 23 wolves distouted

among eight packAppendix8). Three packs were found in the Sne&ahtaneh range while

one pack was collared in each of the Parker, Prophet, and Chinchaga ranges. Packs were also
collared in the proposed Fort N&In core area and in an area near the Fort Nelson town site
situated between the Pagk and Snaké&ahtaneh rangesAlthough we ultimatelydeployed

only 22 collarg15 GPS and 7 VHH)e additional wolf was due to a mortaliily the Prophet
packoccurringshortly after collar deployment. hIs wolf was foundvith another deceased

member of the Prophet pack and this latter individual was still wearing one of the non
functioning ATS collars deployed on this same pack in 20aRse of death was suspected to

be interpack aggression (B. Cullipgrsonal communicatign We re-deployed the stil

functioning Lotek collar on an individual in the Snake pack. Twelve of the 15 Lotek Iridium GPS
collars transmitted data through the 2013 calving seasOhthese two individuals dispersed

from their packs during the calving season and we therefore excluded these individual from RSF
analyses.The other three collarseased transmitting prior to April 2013.

Collectively, collar deployments in 2012 and 2013 resutgzhcks being collared in all six
caribou rangesFor 2012, pecollar fix ratesduring the calving season (May;June 30) were
82.0%, 60.3%, and 49.3%. For 2013 (L0 collars), the mean peollar fix rate during calving
was 66.1% (range: 37.95.2).

3.2.2. Black Beas
We began black bear capture efforts in May 20DRiring three days of capture effort, we
collared four bears, all clustered along the southern edge of the Clarke core area in the Snake
Sahtaneh rangeAppendix8). Further capture effortgr 2012 were not possible as wildlife
capture activities in northeast BC were temporarily halted due to legal issues between
government and First Nations. Of the four collars deployed, only one remained operation
through the calving seasaithough thiscollar also ceased functioning by early Julyvo
collars released prematurely in June while one bear was struck by a train and killed.

We resumed bear capture efforts #013 and fom May 24¢ 26, we mllared 15 bears
distributed within or near threearibou ranges and the Fort Nelson core ardpdendix8). Of
the 15 bears captured, 12 were males. Most bears were captured either within well sites or
along roadsides. Two bears were caught within 2 km of carcasses of collared caribou that
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appeared tochave been scavenged by bears. In general, bears seemed to be in good condition
and on average were larger than individuals captured012 Eight of the 1%ollars remained
operational through the calving seasoRivenon-functioning collarsvere recoeredand all

were premature releases. By October 2013, only three collars were still transmitting Iridium
messages and of these three, only one appeared to be collecting GPS data. Because we did not
want these remaining collars to fail during the wintlenning period, we remotely blewff

these remaining colla: Allthree failed to transmit loation data after their release and were

not recovered.

For 2012 collars(= 4), the percollar data collection intervals during the calving season were
7.7,190, 31.9, and 43.1 days and fix rates within these intervals were 51.308p,/83.1% and
78.5%, respectively. For 2013 collars:(15), the mean data collection interval per collar was
23.2 days (range: 3.9, 37.3) and the mean-qu@lar fix rate was 72% (range: 58,187.0)

3.3. CaribouParturition Rates and Neonate Survival

Based on our movement modelling and aerial surveys, we predicted parturition rates of 80% for
2011 and 74% for 201 arturition rates for 2011 were equal to pregnancy rates based on
progesterone testing of blood serum taken from captured animals that year.2013 we
estimated a parturition rate between 6077% arangeresultingfrom five females having
equivocal model predictions. Inspection of the raw movement data suggésaedour of

these females lost their calvedgthin 48 hours, a scenario which may cause our modelling
methods to miss calving events (DeMatsal. 2013). The other individual underwent a leng
distance migration (~120 km) into the mountains southwesthef Parker range and likely
calved in an alpine are@rogesterone testing of blood serum taken from females captured in
2013 revealed a pregnancy rate of 77Bean calving dates were similar in 20May 15
range:April 29, June 1gand 2012(May 13 range: April 22, June 21however, in 2013 the mean
calving date was approximately one week latday 22; range: May 9, June;J&g 2).
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Figure4: Distribution of estimated calving dates feemale boreal caribou in northeaBritish Columbia
I ONRPaa GKS addzReQa GKNBS &SI NmO®

In 2011, we predicted3of 20 calves to have survived to four weeks of age, equatings®a
survival rate.Predicted survival was considerably lower in 2012 {6falves; 35% survival
rate). For 2013we estimated eight calves to have survived to four weeks, which equates to
calf survival rate ranging between-38% after taking into account the uncertainty associated
with our estimatedparturition rate. Factoring in yearly parturition rates, estited calf: cow
ratios at the end of the neonate periaglere 52:100 in2011,26:100in 2012 and 27:100 in

2013
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3.4.Finescale Analyses of Calving Site Selection by Caribou

The majority of calving sites were situated in treed bagsZ6) and poor fesi(n = 15;Fig 3).

To a lesser degree, female caribou also used conifer swamp, upland conifer, rich fer, mixed
wood swamp and open bog as calving sitEgghteen calving sites were located outside of
delineated core habitat areas and, of these, 13 were outsidaigfent range boundaries

(Appendix7).
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Figureb: Distribution of land cover types used as calving sites by female boreal caribou during the
calving seasons of 2011, 2012 and 2013 in northeast British Columbia.
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We collecied fine-scale data fron24 calving sitepaired with 24 winter sitesver the projecf a
three years.In general, females selected calving sites with slightly higher concealment pover (
= 0.07 from a pairedtest) andless lichen cover compared to wintecktions [able 2.

Table2: Comparison of structural and forage attributes between calving and winter sites used by female
boreal caribou in northeast British Columbia from 2013. We used paired-testsfor normally

distributed data (A) and zermflated mixedeffect regression models for nemormal data (B) For

regression models, we show the winter coefficiént, which is the relative difference of winter

compared to calving.

A
Variable Calving Mean Winter Mean t p
Arboreal Lichen 2.06 2.03 0.11 0.91
Concealment Cover 11.22 8.94 1.89 0.07
MossCover 54.83 46.25 1.54 0.14
Shrub Volume 2.22 1.61 1.42 0.17
B
2 AYGSNI I

Variable Estimate SE z p
Basal Area 0.03 0.20 0.16 0.87
Canopy Cover 0.34 0.23 1.48 0.14
Lichen Cover 0.87 0.29 2.98 <0.01
Forb / Graminoid Cover 0.03 0.09 0.36 0.72

We collected scat sam@drom seven calving sites for dietary analysis (T&hlaVe could only

pair five of these samples with winter samplagedo contamination omany winter sampleqa
freezer failure).We did, however, analyzgo additional winter samples from other animals,
allowing for the analysis of seven samples from each season. Due to these small sample sizes,
we present only the raw data and the calculathsonal means. In general, dietary

composition appears similar between the two seasons.
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Table3: Percentage of major plant groups found in scat collected from female boreal caribou during the
winter and at calving sites in nérast British Columbia.

Season CaribouID Lichen Moss Grass Sedge/Rush Equisetum Shrubs Conifer

Calving  D030311 66.2 16.2 11 3.6 8.0 4.9 0.0
D030312 72.7 154 0.0 5.9 0.3 5.1 0.6

D030314  47.6 21.8 5.7 13.6 6.9 3.6 0.8

D030315 29.7 34.6 0.8 13.9 148 6.2 0.0

D030316 61.2 12.4 0.0 2.1 20.2 2.8 1.3

D030320 54.1 23.2 0.0 5.8 11.8 4.0 11

D030332 59.2 24.7 0.3 8.5 15 5.2 0.6

Mean 55.8 21.2 11 7.6 9.1 4.5 0.6

Winter D030309 62.3 24.0 4.1 3.9 1.2 4.1 0.4
D030312 52.6 29.5 1.9 9.0 0.0 4.3 2.7

D030314  47.2 22.9 0.9 2.7 19.9 5.2 1.2

D030315 66.7 14.4 0.7 3.5 9.8 3.3 1.6

D030316 50.8 22.6 0.0 21.4 0.0 4.1 11

D030320 53.7 26.8 0.0 13.0 0.0 5.9 0.6

D030331 52.0 24.3 0.6 11.2 0.5 8.6 2.8

Mean 55.0 23.5 1.2 9.2 4.5 5.1 15

3.5. Caribou Resourceelection

3.5.1. SecondOrder
Forassessing selection of calving areas within caribou rangaised data from 35 females,
twelve of which calveth two seasonsThe most predictive scale of response $econdorder
selection aried among explanatory covariatesppendix9). For land cover, caribou selection
was strongest at a radius of 150@ For linear feature densitythe best scalevas 400m. For
all other explanatory covariates, distantiemeasures were strongéhan density measures.
For caribou response to lakes, distance to lad better predicion than distance to lake
cluster.

Female caribou did not show a functional response in selection of calving areas-ftaro
GLMMs which are indicative of rangevd differenceswere ranked lower than onéactor
models Table4). We therefore consider only ofactor models for inferenceWe were

unable to estimate a Forage model using calving season data as this model would not
statistically converge. Also, weopped upland conifer as a random slope variable from the
Conifer model as the model would not converge with upland conifer specified as a random
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slope because a large portion of caribou=(17) had < 1% upland conifer within their calving
UDs.

Table4: Performance of RSF models for assessing cauaagelection of female boreal caribou in
northeast BC from20113.! { A1 SQa LYy FT2NXIFGA2Yy [/ NAGSNAZ2Y 6! L/ 0O Y
{ LIS NXYI yQa NI)ympasube® OIS predistiveZpgrforance. Factor RSFs refer to

models where herd range and individual caribou were specified as random intercepts whiiectore

RSFs specified only individual caribou as a random intercept. Predictive paréerfnawas evaluated

for one-factor RSF models only.

Onefactor RSF Twofactor RSF
Model AIC AIC >yl
Null 2606237 2606239 n/a
Random Intercept 2046717 2046719 0.77
Disturbance 1186310 1186330 0.51
Forage did not converge did not convege n/a
Water 1531568 1531579 0.75
Conifer 1576912 1576917 0.61
Fen 1292386 1292397 0.37
Deciduous 1715288 1715301 0.79

11 for each model calculated from 30 tests (6 iterations of 5 folds) except for Deciduous (n=28) where 2 trainaipdets f
converge

Amongone factor GLMMgsthe topranked modeby AlGvas Disturbance and all randesiope
GLMMs were ranked higher than the model specifying a random intercept dhly.
Disturbance model, however, was not the top model for predictranking fifth out of six
models ¢y= 0.51)in k-fold crossvalidation testing The best modelssing this prediction test
were the DeciduousMy =0.79)and theRandom Intercept¥y,= 0.77). These two models,
though, had relatively poor predictive power when extrégied to the Chinchaga rangey =-
0.25, and-0.24, respectively), primarily due a lack of validation points in the top two RSF
bins.

We used the randorslope RSF models to specifically assess caribou response to individual
covariates Tableb). In general, caribou strongly avoided upland deciduous forests and situated
their calving areas away from well sites, early seral vegetation, rivers and lakes. Caribou also
avoided areas with high densities of linear features. Poor fen was the ¢aed most strongly
selected while rich fen was selected at a rate similar to the reference category, treed bog. All
other land covers were relatively avoided. Overall, female caribou showed considerable
variation in calvingreaselection as many coeffents had 95% confidence intervals

overlapping zero, although most intervals were directionally skewed toward either selection or
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avoidance. We further note that the magnitude of the populatlexel coefficient did not

always correlate with the number @idividuals associated with the direction of the coefficient.

For example, the populaticlevel coefficient for upland forest had the highest magnitude for

I @2 A Rl y5Q® yedfour fémales had positive coefficients; conversely, the population

levelO2 STFAOASY (0 F2NJ RSOARdz2dza ag!l YL aK2@R)R | Yd:
yet all females had negative coefficients.

Table5: Fixedeffect coefficients, their 95% confidence intervals and the number of females with
postive coefficients for the variables specified as random slopes in the suite efaota, random

slope GLMMs estimated for the calving seaf®andom slopes explicitly maintain the individual as the
sampling unit and give a better representation of indiial variability within the population.

Model Variable j 95% ClI Femalesr{=35) with
Estimate t2aA0GA0
Disturbance Dist. to early seral 1.42 -0.08, 2.92 26
Dist. to well site 1.91 0.08, 3.74 33
Line density (400n) -0.86 -1.79, 0.08 9
Water Dist. to river 0.77 0.19, 1.36 32
Dist. to lake 0.4 -0.09, 1.96 31
Conifer Conifer swamp -0.96 -2.03, 0.12 10
Fen Poor fen 1.31 -0.38, 3.00 26
Rich fen 0.05 -1.49, 1.59 16
Deciduous Upland deciduous -5.20 -11.25, 0.85 4
Deciduous swamp -0.62 -1.20,-0.04 0

Inferences gained &m our analyses of individual randestope covariates across model sets
differed somewhat to inferences derived from the fixetfect coefficients of the top AIC and
predictive models (Tablg). First, effect sizes for a given variable were generalhehighen

it was specified as a random slope compared to models specifying it as -#figetonly.

Second, 95% confidence intervals for random slope variables were considerably wider than the
95% confidence intervals for variables specified as feféstts only. Third, the coefficient

direction (i.e., selection versus avoidance) changed for a few variables depending on the
specifications of randoreffects within the model. For land cover variables, a directional

change equates to a change in the valesranking relative to treed bog, the reference

category.
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Table6: Fixedeffect parameter estimates and their 95% confidence intervals (in brackets) for three one
factor GLMMs for evaluating calving habitat selection by fematedd caribowevaluating calving

habitat selection by female boreal caribou in northeast British Columbia. The Disturbance model was
the top model selected by AIC while the Deciduous model had the highest predictive power (see Table

4).
Model
Variabe Disturbance Random Intercept Deciduous
Conifer swamp 0.03 -0.11 0.19
(0.02, 0.04) (-0.11,-0.10) (0.19, 0.2)
Deciduous swamp -0.39 -0.50 -0.62
(-0.39,-0.38) (-0.51,-0.50) (-1.20,-0.04)
Other -0.55 -0.47 -0.50
-0.56,-0.55) (-0.47,-0.46) (-0.51,-0.50)
Poor fen -0.22 -0.10 0.33
(-0.23,-0.21) (-0.10,-0.09) (0.32,0.34)
Rich fen 0.53 0.56 0.84
(0.52, 0.54) (0.56, 0.57) (0.83, 0.84)
Upland conifer 0.42 0.42 0.33
(0.41, 0.43) (0.42,0.43) (0.32,0.34)
Upland deciduous -1.14 -1.05 -5.20
(-1.15,-1.13) (-1.06,-1.04) (-11.24, 0.84)
Slope -0.24 -0.16 -0.10
(-0.25,-0.24) (-0.16,-0.15) (-0.10,-0.09)
NDVI -0.02 0.11 0.15
(-0.03,-0.01) (0.11, 0.12) (0.14, 0.15)
Dist. to river 0.24 0.33 0.32
(0.24, 0.25) (0.32,0.33) (0.32,0.33)
Dist. To lake 0.25 0.16 -0.01
(0.25, 0.26) (0.15, 0.16) (-0.02,-0.01)
Dist. To early seral 1.42 -0.20 -0.25
(-0.08, 2.92) (-0.20,-0.20) (-0.26,-0.25)
Dist. To well 1.91 0.19 0.25
(0.08, 3.74) (0.18, 0.19) (0.24, 0.25)
Line density -0.86 -0.12 -0.06
(-1.79, 0.08) (-0.12,-0.11) (-0.07,-0.06)

3.5.2. SecondOrderSeasonal Comparisons
We compared calvingreaselection to the selection of other seasonal areas using 24 females
for each comparisont@ble7, Appendixl0), a number reduced from the 35 above due to our
criterion of excluding animals with seasonal fix rates <80% and because of differences in the
timing of collar deployments and life spans of collar batteries. These factors also resulted in
the set of 24 females differing for each comparison (i.e., the set o624 to compare calving
to mid-winter was different than the set used to compare calving to late summer). Across all
seasonal comparisons, the most consistent characteristics defining calving areas were relatively
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higher proportions of poor fens and lowdensities of linear features. The relative selection or
avoidance of other variables depended on the seasonal comparison. Comparing calving to mid
winter, female caribou showed relative selection for poor fens (23/24 individpal<€).001

from binomialexact test) and moved into areas that were relatively lower in linear feature
density (19/24p = 0.007), higher in forage quality (20/3%= 0.002) and closer to lakes (21/24,
p<0.001). Compared to late summer, calving females relatively selectegbot (19/24p =
0.007) and rich fens (20/24,= 0.002), were closer to lakes (23/2% 0.001) and avoided
conifer swamps (18/24 = 0.02), upland deciduous forests (24/p4 0.001) and areas higher
in linear feature density (23/24 < 0.001). Relative to late fall, females selected calving areas
that had higher proportions of poor fens (22/24< 0.001), were lower in linear feature density
(19/24,p = 0.007), and were situated farther from lakes (23/24, 0.001) and rivers (24/24,<
0.001). Calving areas were also situated relatively closer to well sites (3242@,001) and had
lower proportions of upland deciduous forests (19/24 0.007), conifer swamps (18/2d =

0.02) and deciduous swamps (24/24 0.001) than late fall areas.

Table7: Relative seasonal differences in habitat selection by female boreal caribou in northeast British
Columbia.Conditional coefficients of randosiope variables from calving RSF models were compared
to coefficients derivd from the same set of models estimated during other seasonal time periods.
Listed numbers refer to the number of females that had a higher variable coefficient (i.e. relative
selection) during calving compared to the other seasonal periods. Bold nunatierso comparative
differences wherg < 0.05 from a binomial exact test.

No. of Females with Relative Selection at Calving Vers

Mid Winter Late Summer Late Fall

Model Variable (n=24) (n=24) (n=24)
Disturbance Dist. to early serdl 9 7 8
Dist. to well site 10 17 2
Line density (400n) 5 1 5
Water Dist. to river 15 10 24
Dist. to lake 3 1 23
Forage NDVI 20 17 9
Conifer Conifer swamp 12 6 6
Fen Poor fen 23 19 22
Rich fen 9 20 9
Deciduous  Upland decidous 17 0 5
Deciduous swamp 13 8 0

L For distanceo variables, numbers refer to the number of individuals that were further way from the habitat element
compared to the other time periods.
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3.5.3. SecondOrder Comparisons of Maternal Status
The presence of dependent calf also influenced female habitat selection during the calving
season Table 8 Appendixt0). Comparing areas used by females with calwesZ?2) to areas
used by the same females after calf loss, the presence of a calf resulted in fenattmge
areas that were further away from early seral vegetation (21/22 individpats).001 from
binomial exact test), well sites (17/22< 0.02), rivers (17/2%) < 0.02) and lakes (20/2@ <
0.001). Females with calves also relatively avoidedfeiot (20/22 p < 0.001), upland
deciduous forests (20/23 < 0.001), and deciduous swamps (22/g%; 0.0@). Compared to
barren femalesr(= 11; Tabl®), calving females(= 35) selected for areas higher in proportion
of poor and rich feng(< 0.002and p < 0.01, respectively, from Mann Whitney U tests), lower
in linear feature densityp(< 0.004) and that were situated further away from early seral
vegetation p = 0.03), well sitegp(< 0.001), riversp(< 0.007) and lakep & 0.004). Calving
femades also showed relatively stronger avoidance of upland deciduous fopest8.001).

Table8: Relative differences in habitat selection by female caribou based on calf Statoditional
coefficients of randonslope variableare compared from RSF models calculated prel postcalf loss
for females losing calves prior to four weeks of age. Bold numbers refer to comparative differences
where p < 0.05 from a binomial exact test.

No. of Females(= 22) with Relive

Model Variable Selection Preversus Pos€alf Loss
Disturbance Dist. to early seral 21
Dist. to well site 17
Line density (400n) 12
Water Dist. to river 17
Dist. to lake 20
Forage NDVI 14
Conifer Conifer swamp 5
Fen Poor fen 6
Rich fen 2
Deciduous  Upland deciduous 2t
Deciduous swamp 0

ror upland hardwood, the sample size is 19 female caribou. Because-obneergence with the original sample of 22, we
removed three females that did not have upland hardwood in their utilizatistributions.
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Table9: Relative differences in habitat selection between female boreal caribou with calves and barren
females during the calving season in northeast British Coluniliia.distributions of individual selection
coefficients for covariates specified as randeffiects in generalized linear mixexdfects models were

¢KS YSRALY

compared between the two groups using MahrK A Gy Se ! (Sadao
each group is presented for each covariate.
aSRALlY
Calving Barren
Model Variable (n=35) (n=11) p
Disturbance Dist. to early seral 1.52 0.05 0.03
Dist. to well site 2.30 0.51 0.001
Line density (400n) -1.82 0.22 0.004
Water Dist. to river 1.07 0.17 0.007
Dist. to lake 1.26 -0.03 0.004
Conifer Conifer swamp -1.79 -1.25 0.86
Fen Poor fen 2.29 -0.75 0.002
Rich fen -0.15 -1.90 0.01
Deciduous  Upland deciduous -6.39 -1.58 <0.001
Deciduous swamp -0.83 -1.29 0.19

3.5.4. ThirdOrder
Female selection of resources wasmme@ariable within calving areas. At this scale,ttype
ranked model by Al@as the Forage modgelvhich was also the best for prediction although
predictive power was relatively low éblel10). Using the Forage model for inference, fales
seleckd treed bogs and poor fens at a similar rate while all other land covers were relatively
avoided(Tablell). Females also avoided areas with high linear feature denSdéyale
response to forage productivityasindexed by ND\Y wasweakthough directionaly skewed

toward selection.
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Tablel0: Performance of RSF models for assessagurceselectionwithin calving areas bifgmale

boreal caribou in northeast BC from2013.! { A1 SQa LYy F2NXI GA2Y / NAGSNR2Y

paNBAY2ye@ GKAES YSIy { LiSmedddresynadel predicyive pemeE t | G A 2 Y
Model AIC >y
Forage 982852 0.44
Disturbance 983151 0.18
Fen 987365 0.05
Hardwood 988380 0.30
Conifer Swamp 992245 0.25
Random Intercept 1000006 0.23
Null 1015329 n/a

TablellY t I NI YSGSNI SadAYlFGSa 01 0 | ydRkedRSmodel2 Yy TARSY OS
evaluating thirdorder selection by female boreal caribou in northeast British Columbia.

Variable j 95% ClI

Conifer Swamp -0.50 (-0.52,-0.48)
Upland Hardwood -0.70 (-0.72,-0.68)
Other -0.76 (-0.83,-0.69)
Poor Fen 0.00 (-0.01, 0.01)
Rich Fen -0.09 (-0.11,-0.07)
Upland Conifer -0.82 (-0.86,-0.79)
Slope 0.02 (0.02, 0.03)
NDVI 0.20 (-0.09, 0.49)
Line Density -0.31 (-0.33,-0.30)

3.6. Predator Resource Selectio

3.6.1. Wolves
Across the threecales of selection assessed for wolves, tbider RSF models had relatively
good predictive power¥y,= 0.74) while secondrder and caribou range models performed
relatively poorly ¢, =-0.12 and 0.43, respectively)We focus on thirebrder models for
inference into wolf resource selection during calv({igblel2). At this scalewolf response to
land cover was best discriminatég calculating proportions in a 468 radius. Théighest
NI} y1SR I yR OZ2i®SamdHopagchiiBatudes, teéeBunds, and aquatic
habitats) rich fen and deciduous swampreed bog and pooeh were the lowest ranked land
covers. In general, wolveglected low slope areas amekre closer to rivers and lakesd
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further away from early seral habitat than random locatioNgolves alsaveakly avoided areas
of high linear featuralensity(6000m radius)andareas withhigh NDVI values.
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selection functions estimated at three spatial scales for wolves during the calvinghs#fasaribou in
northeast British Columbiaror Caribou Range analyses, wolf GPS locations falling within caribou range
were compared to random locatiomgithin the same caribou rangeOf the three scales, théird-order

model had the highest predictiygower.

i

Variable? 2" Order 3 Order Caribou Range
Conifer Swamp -0.17 0.10 -0.10
(-0.17,-0.16) (0.09, 0.112) (-0.11,-0.09)
Deciduous Swamp 0.17 0.18 -0.27
(0.17,0.18) (0.17,0.19) -0.28,-0.26)
Other -0.17 0.54 -0.58
(-0.17,-0.16) (0.53, 0.54) (-0.59,-0.57)
Poor Fen 0.12 0.05 -0.22
(0.11, 0.12) (0.04, 0.05) (-0.23,-0.21)
Rich Fen -0.08 0.26 0.68
(-0.08,-0.08) (0.25, 0.26) (0.66, 0.68)
Upland Conifer 0.09 0.13 0.03
(0.09, 0.10) (0.12, 0.13) (0.02, 0.04)
Upland Deciduous -0.08 0.15 0.15
(-0.09,-0.08) (0.14,0.17) (0.14, 0.16)
Slope 0.02 -0.09 -0.16
(0.01, 0.02) (-0.10,-0.08) (-0.17,-0.15)
NDVI 0.13 -0.11 0.06
(0.13, 0.13) (-0.13,-0.10) (0.05, 0.07)
Dist. to river -0.04 -0.16 -0.36
(-0.05,-0.04) (-0.17,-0.15) (-0.37,-0.36)
Dist. to lake 0.00 -0.20 -0.28
(0.00, 0.00) (-0.21,-0.19) (-0.28,-0.27)
Dist. to early seral -0.28 0.33 0.19
(-0.29,-0.28) (0.32,0.34) (0.18, 0.20)
Dist. to well 0.42 0.00 0.24
(0.41, 0.42) (-0.01, 0.01) (0.23, 0.24)
Line density 0.66 -0.07 0.61
(0.66, 0.67) (-0.09,-0.06) (0.60, 0.62)

aland cover proportions were calculated in 6@@Cadius for 2d and Caribou Range analyses and at a#0@dius

for 2d order analyses. Line density was calculated at a 6008dius for all scales.
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3.6.2. Black Bars
Resource selection by black bears during the calving season was better predicted at larger
spatial scales (2 order »~= 0.87; Caribou Range~ 0.71) than at a finer thirdrder scale §,=
0.45). A with wolves, we focumferenceon modes with »,> 0.70(Tablel3). For both
secondorder and caribou ranganalyses, selection was best discriminated by using a-6000
radius to calculate land cover proportions and linear feature dengitya seconebrder scale,
bears selected foupland deciduous forest, deciduous swamp, and poor fen while upland
conifer, rich fen, and conifer swamp were avoided compared to treed Migen specifically in
caribou range, black bears strongly selected for upland deciduous forestscanfens while
deciduous swamp was the only land cover that was avoided relative to treedAidapth
scales, beagenerallyselected areas with high linear feature densiteakly selected foareas
with increasing slopandwere closer to water saees, particularly lakes, relative to random
locations. Bears were also closer to early seral vegetation with this effect strongest at the
secondorder scale.Response to NDVI differed between scalsbears sele@d areas with
higher NDVI values at asondorder scale but avoied these areas while in caribou range.
Response to well sites was only evident when bears were in carédngewith generally closer
to these features than expected.

40



Tablel3Y

t N YSGSNI SadAaylraSa

01 0

Iy R

0§KSAN dp2

O2yTAF

selection functions (RSF) estimated at three spatial scales for black bears during the calving season of

caribou in northeast British ColumbRSF models had bettergaliction at larger scales @order »y=
0.87; Caribou Rangey= 0.71) than finer scales¢= 0.45).

i

Variable? 2" Order 3 Order Caribou Range
Conifer Swamp -0.51 0.01 0.16
(-0.51,-0.51) (0.00, 0.02) (0.14,0.17)
Deciduols Swamp 0.74 0.10 -0.10
(0.74, 0.75) (0.09, 0.112) (-0.11,-0.09)
Other 0.00 0.19 0.30
(-0.01, 0.00) (0.18, 0.20) (0.29, 0.32)
Poor Fen 0.36 0.06 0.04
(0.35, 0.36) (0.04, 0.07) (0.02. 0.06)
Rich Fen -0.42 0.13 0.62
(-0.43,-0.42) (0.12, 0.14) (0.60, 0.64)
Upland Conifer -0.35 0.14 0.02
(-0.36,-0.34) (0.13, 0.15) (0.00, 0.03)
Upland Deciduous 0.82 0.40 0.86
(0.82, 0.83) (0.39, 0.42) (0.84, 0.87)
Slope 0.02 -0.05 0.03
(0.02, 0.03) (-0.05,-0.04) (0.02, 0.04)
NDVI 0.17 -0.21 -0.14
(0.17,0.17) (-0.22,-0.20) (-0.15,-0.13)
Dist. to river -0.06 -0.05 -0.30
(-0.06,-0.06) (-0.06,-0.04) (-0.31,-0.29)
Dist. to lake -0.48 -0.13 -0.50
(-0.45,-0.48) (-0.14,-0.12) (-0.51,-0.49)
Dist. to early seral -1.06 -0.10 -0.25
(-1.06,-1.06) (-0.12,-0.09) (-0.26,-0.24)
Dist. to well 0.00 -0.18 -0.38
(-0.01, 0.00) (-0.19,-0.17) (-0.39,-0.37)
Line density 0.79 -0.18 0.55
(0.79, 0.80) (-0.19,-0.16) (0.54, 0.55)

aland cover proportions and linear feature density were calculated in-60@&dius for 24 and Caribou Range

analyses. For'8order analysesland cover proportion was estimated in a 480radius and linear featured density in

a 2000m radius.
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3.7.Wolf Use of Linear Features

We sampled3 lines used by wolves and 25 lines thargvassumed to be unused during the

2012 calving season. The univariate model containing @&#fihe topranked modehlthough

models with sightability included as a variable were all within one Wit (Table 14)CWD

seemed to more parsimoniously egpi the relative ease of movement on a given line rather

than our overall mobility indexFrom the topranked model, he probability of wolves using

linear featureRSONB I aSR A0 K KAIKSNI | Y2-0078B=0H=021 NA S
0.05; Fig4). The univariate model for sightability suggested that lineinsgeased with

increasing sightability ( ' n ®n m 3= 0.®; Fif. 5)/8@mabilityBad lower correlation

with CWD(i =-0.41) than withthe mobility indexi = 0.69)

Tablel4: Model selection results assessing the relative influence of sightability, coarse woody debris

(CWD) and the overall mobility index score on the probability of wolf use of linear features in northeast

British Columbia.2 S RAAONAYAY I SR Y2y3 Y2RSta daAaAy3a ! 1A
small sample sizes (A)C

Model AlIG LogLikelihood  df?
Line use ~ CWD 64.17 -29.95 2
Line use ~ CWD + sightability 64.21 -28.83 3
Line use ~ Sightability 64.72 -30.24 2
Line use ~ Mobility 65.79 -30.76 2
Line use ~ Mobility + sightability 66.41 -29.93 3

a degrees of freedom
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Figure6: The effect of increasing coarse woody debris (CWD) on probability of line use by wolves in
northeast Britsh Columbia. Line use significantly decreases with increasing [C\@DOG).
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Figure7: The effect of sightability on probability of line use by wolves in northeast British Columbia.
Line use significantly increases with safility (p = 0.01).
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3.8. Spatial Factors Affecting Calf Survival

To assess spatial factors affecting survival of neonate caleesyaluatedmultiple model sets,

each falling under our fou priorihypothesegescribingdisturbance levels, lake refuge

effects peatland refug effects and predation risgAppendixl1l). Among hese models,

neonate calf survival was best predicteddpredation risk modehat described the third

order selective response of female caribou to predation risk foears Table 1%. For this

model, bear predation risk waspresented as the density of high quality bear habitéhin a

500-m radiusand bear habitat was estimated from RSF models developed at the caribou range
scale. We focus inference on the formulation of this neddvithout random terms as aternal

effects were weak 4= 0.16, df = 1p = 0.68) Model output suggests that the risk of neonate

mortality increases by 59% (95% CI: 28, 6B¥ery one unit increase in maternal selection of

local areas (500n radius) containing higher proportions of high quality beabited. The

Y 2 R Seétiddted survival functioshowsthat the highest rates of calf mortality occur during

the first three weeks of life (Fig). Modeldiscriminatory powew & 322 R 01 I NNBf f Q&
concordance = 0.78) antlé assumption of proportional haz#s was generally syjorted as

there was no evidence forandnS N2 f Ay SIF NJ G4 NBYR Ay (K83630fSR
V2=1.91,p=0.17)

The bear predation model had clear separation from all other models considered, being seven

AIC units lower than the next bestodel Appendix11). Models representing the other three

hypotheses performed poorly, having AIC values similar to the null or random expectation

model (Table 15)In general, models using selection metrics performed better than exposure

metrics Forpredation risk modelsvariables describing the density of predator habitat

performed better than distancéo variables, particularly thosealculatedwithA y & Y I £ £ SNJ NJ
1000-m).

44



Tablel5: Toprankedmixedeffect Cox proportional hazard models for each of four hypotheses
evaluated for explaininthe probability of survival dboreal caribou calves in northeast British
Columba. Analyses were restricted to the neonate period (< 4 weeks ditydels weredeveloped at
multiple scales and used two different metrics: selection and exposure (see main text). Models were

rankeddza A y 3

I 1 I A { Sritesion (AJCFahd\Jerbndetediyiatess | 0

intervalsare presented for the top model within each hypothesis.

gAlK

0§ KSAN dp2

Hypothesis Metric Scale Model Variables j AIC
(95% CI)
Predation Selection 3“Order Density of higlquality bear habitat* 0.50 175
Risk (0.27,0.73)
Disturbance  Selection 2" Order Dist. to early seral 0.09 186
(0.02, 0.16)
Dist. to well 0.00
(-0.06, 0.06)
Line density -0.10
(-0.21, 0.00)
Random - - Null (interceptonly) model - 187
Expectation
Lake Refuge Selection 2" Order Dist. to lake 0.05 188
(-0.02, 0.12)
Peatland Exposure Local Treed bog? -1.45 188
Refuge (-3.14, 0.24)
Poor fen -0.54
(-2.21, 1.13)

1 High quality bear habitadefined asareas with >75% RSF values estimated from a black bear RSF mvediepee at the

caribou range scale.

2 Proportion of GPS locations falling within treed bogs or poor fens
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Figure8: Estimated survival function (black line; red dashed lines = 95% confidence interval) of-the top

ranked model for pERA QUG Ay 3 adzNBDAGIE 2F 02NBIFf OFNARo62dz OF f &
Columbia. The model related survival as function of maternal selection of local area® (a@us) that

varied in the density of high quality black bear habitat.
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4. DISCUSSND

Using a multscale, comparative approach, we documented discrete patterns of resource
selection by émale caribowith neonate calvesindicating that calving area®nstitutedistinct
habitatswithin caribou range. Across scales, females with calgetectedlocations and areas
for reducing predation riskYet, despite this selection tendency, caribou continued to sustain
high rates otcalf mortality. Patterns of resource selection by predatgenerally diverged from
caribou except for potential @rlap in landscapes containing rich fer&urvival of neonate
calves, however, wasot influenced by any specific landscape featuether, neonate survival
was best predicted by predation risk from black bears.

4.1.Caribou Parturition and Neonate Survival

I ONR & a UKS e\ eiN® @iSe6liin@ed paitiitiaiites(2011: 80%; 2012: 73%; 2013:
60-77%) werdow compared to rates recordefdr caribouin other studieg85%,StuartSmith

et al. 1997;86%,Rettie & Messier 199&,8-90%,Cullinget al. 2006;79% Pinardet al. 2012)

For 2013, low rates of calvimgay have beeimfluenced bysevere winter conditions that lasted
until the end of Apri{DeMars & Boutin 2013)Severe late winter conditions have been known
to delay parturition in cariboSkoghnd 1984 )r cause embryonic mortalitfRusselet al.

1998) The former effeclikely contributed to the peak calving period being delayed by
approximately one week in 2013 compared to 2011 and 201# reasoning for low rates of
parturition the previais two years, however, is less clésee belowgnd itis uncertain

whether these rates reflect decreases in pregnancy rates or an increase in embryonic mortality
Although our overall parturition rates were similar to pregnancy rates, pregnancy testsg
conducted on blood taken from animals in midnter and some pregnancies may have been
terminated prior to capture.

Rates of neonate survivahowed a similar pattern to parturition. In 2011, 65% of calves
survived to four weeks of age while rates weronsiderably lower in 2012 (35%) and 2013 (35
nmszo o 2 KATS OKAA O2yaidAiGdziSa | fFNHS RAaONBL)
two years, we note that in 2014erial surveys were continued until six weeks of age and
survival had droppetb 35% by mieluly. Combining neonate survivelith parturition, annual
calfto-cow ratios were 28: 100 in 2011 (at six weeks of age), 26: 100 in 2012 and 27: 100 in
2013. These results indicate that boreal caribou in northeast BC are continuing tdiigicu

rates of neonate mortality Moreover, theseatiosare belowannualcalfcowrecruitment

ratios associated with caribou paojfation stability (~30 calve&00 cowsEnvironment Canada
2012 although such analyses of stability should also includenasés of adult female survival
(DeCesaret al.2012a) For example, given an assumed&Dratio of female to male calves, a
calf-to-cow ratio of 28:100 would equate to 14 female calves at the end of the neonate period.
Because recent estimates of sival rates for adult females range from-88%(Hervieuxet al.
2013),the number of surviving female calves may be insufficient to replace adult mortalities.
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Further, calves surviving the neonate period are likely to sustain further mortalitiestprior
reaching reproductive maturit{Seip 1992, Stua¥mithet al. 1997) thereby decreasing the
likelihood that juvenile recruitment will be sufficient to maintain stable caribou populations.

The primary cause of calf mortality in most caribou populatiomsedation(Adamset al. 1995;
Gustineet al. 2006; Pinarcet al.2012)and given the low rates of neonate survival we recorded
2PSNJ GKS LINRP2SOGQa (GKNBS @ SgreNdgiichmetliaedt) NB & dzt Ga |
hypothesisor population decline®f caibou (FestaBianchetet al.2011) Our low rates of
parturition, however, suggest the potentidr other interacting factors. Eberhar977)
proposal thatthat density dependent effects will affect fithess components in a predictable
order: first juvenile survival then fecundity, then adulsurvival. While there has been little
evidence thus far to suggest that caribou populations are declining due to density dependent
effects(FestaBianchetet al. 2011; McLellaret al.2012) our low rates of partation may

indicate declining summeand/or winter range conditionthat are densityindependent

(Russelet al. 1998; Parkeet al.2009) This line of reasoning issa supporied by our dietary
analyses, which found that moss constitute®l0% of the witer and early spring dieand
increasing rates of moss intake may correlate with declining range conditidrz010) Such
declines in winter rangeonditioncould result from climatenduced change@Gunn 2003pr

from decades of firesuppression chaging the distribution, abundance and quality of terrestrial
lichen(Cumming 2005; Dunforet al. 2006) which constitutes a larger proportion of the diet.
Quantifying range conditionsver large scalefor boreal caribou is difficulthowever, given the
hypothesis thatangemediated effects on caribou productivity (fecundity and calf survival,
Parkeret al. 2009) may causearibou populationgo cycle(Gunn 2003)theissue of range
conditionmay warrant further investigation.

4.2.Calving Habitat Selectioryli-emale Caribou

We used a multscale approach to evaluate calving habitat selection by female boreal caribou.
In general, females selected habitats to reduce predation risk although the intensity of this
response varied across scaléxedation risk ha been suggested to be an important driver of
caribou behaviour during reproductiqiBergerudet al. 1984; Bergerud 1992yith boreal

caribou dispersing 2 NJ W & LJI (SersyBargegud &l Fage 198%®) avoid predator

encounters. Within this dispersi@trategy, our results indicate that females select calving
habitatthat further reducesthe probability of predator encounter.

At a finescale, females predominantly situated calving sites in treed bog<26 out of 55) and
nutrient-poor fens ( = 15). Thesdand coversare considered to be predator refugia for caribou
(McLoughliret al. 2005; Lathanet al.2011a, 20133)a finding generally supported by our fine
scale analyses of predator habitat selection (see beldv®males also selected calviitgs

with relatively high concealment covery@sultthat contrasts with calving site selection by
boreal caribou in eastern ranges where calving sites were situated in more open habitats
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(Pinardet al.2012; Lecleret al.2012) This discrepancy reflexequivocal results in other
ungulate speciete.g. mooseAlces alcdsBowyeret al. 1999; Pooleet al. 2007;elk [Cervus
elaphug: Barbknecheet al.2011; Reardewt al.2011)and may be indicative of specific
environmental conditionsFor example, imore open forests where early visual detection of
predators is possible, more opealving sites may be favoured; converselyglatively dense
boreal forests such abhosein northeast BC, concealment cover may be favoured because
visual detection opredatorsfrom long distances is limiteddgéMarset al. 2014,in review.

Forage quantity and/or qualitappeared to have limited role in calving site selectiohichen
abundance was lower at calving sites versus winter sites and there was no diffdretveeen
the two in shrub, forb and graminoid cove¥loreover, composition analyses from collected
scat at the two site types suggests that caribou diet at calving is similar to the winter, a finding
likely influenced by th@eak ofcalving (~ May 15yccurring before spring greeup (~ June 1)
in northeast BCThe role of forage qualitgr quantity, however,may become evident later in
the neonate period when new plant growth emges and lactation demandiscreasewith calf
growth (Parkeret al. 2009) We further note that results ajur fine-scale analyses should be
interpreted with caution because of our relatively small sample sizes angbrababilistic
sampling framework whereby we only sampled those calving and winter sites that could
reasonablybe reached by foot or helicopter.

Resource selection by females within calving areas also reflected predation averse behaviour
At this third-order scalefemalesgenerallyfavoured treed bogs and fens and avoidéxtations

with high linear feature densi. Females also showed weak selection merations withhigher
NDVI valuesan index of forageroductivity. Although this forage signal contrasts with results
from the calving site scale, it is consistent with the hypothesis that fematigtional

requirements will increase as the calving season progresses doertasing lactation
demandg(Parkeret al.2009)

Thirdorder RSF models had relatively low predictive powsarhaps indicative of high
variability in selection among individuals at thisie. This variability, however, could also
result from differences in resource availability among calving ai@egeret al.2010) Indeed,
variability in calving area composition was evident in seeomttr RSF models (see below).
While modellingapproaches accounting for differential resource availabhigéwerecentlybeen
developed(i.e. functional response modelMatthiopouloset al.2011; Moreatet al.2012) we
did notuse these models becaufieeir interpretation for comparing individual diffences is
not straightforward and their translation to explicit spatial predictions is problemaiespite
the relatively low predictive performance of thiatder RSFs, overall inferences remained
similaracross all models evaluated; thatlimgs andéns were the topranked land covers and
areas of high linear feature density were avoidéethr these covariates, odels only differed in
the magnitide of their coefficientge.g.i range for linear feature density0.29,-0.75; mean =
.0.38).
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To best iform landscapdevel management strategies for boreal caribou, feeused a

majority of ouranalyse®n femaleselection of calving areasSimilar toresults atfiner scales,
reducing predation risk was a dominant factor drivaalving area selectionAcross most
seasonal and maternal status comparisons, females with neonate calves consistently avoided
landscapesssociated with increasing predation risk, such as upland deciduous forests
(McLoughliret al.2005)and areas of natural and anthropogenictdibance(Rettie & Messier
1998; Courtoi®t al.2007) Theresponseof calving females wagsarticularlystrongfor upland
deciduous forestsEffect sizes for this variable were consistently among the highest within the
top calving RSF moddBable 6and there was a large difference in the strength of avoidance
between calving and barren females. Only when comparing winter ranges to calving did a
majority of females show relative selection for this habitat type. This seasonal difference in
selection,however, is likely a result of females shifting from winter ranges dominated by large
peatland complexes to more mosdigpe landscapes in the spring and we note that within this
seasonal comparison no females showed absolute selection (i.e., a posgifieieat) for

upland deciduous forest during calvi(igppendix0).

The avoidance of areas representing increased predation risk was also evident in female
response to anthropogenic features. Females generally avoided well sites and areas of high
linear feature density. Caribou avoidance of anthropogenic features has previously been
documented(Dyeret al.2001; DeCesaret al. 2012b; Leblonekt al.2013)and females have

been shown to select calving sites away from roads and cut b{bektereet al.2012) Based

on our comparative analyses, avoidance of these features intensifies when a female is
accompanied by a neonate calf. This avoidance results in a functional loss of calving habitat
(Dyeret al. 2001) Moreover, in highly modified landscapéisis avoidance response could
negatively impact the spatial dispersion strategy of calving fen{@esyerud & Page 1987)
potentially resulting in females becoming increasingly clumped, and hence more predictable to
predators(Fortinet al.2013) Maintaining functional calving habitat within caribou range will
therefore require management strategies that focus on restoring highly impacted areas in
addition to conserving existing leimpact areas.

Femalesgenerally situated calvingreas away from riverand lakesa further strategy for
reducing predation risk given that both wolves and black bears selected for these features
during the calving seasdsee below) Avoidance of lakes was particularly strong witfi% of
GPS locations for females withoreate calvegallingwithin 500m of a lake and < 20% were
within 1-km (C. DeMars, unpublished dat8he avoidance of lake®ntrasts with other studies
from eastern Canada where caribou used lakeshores and isédmd$ving presumably because
these haitats provided escape terrain from predatqiBergerud 1985; Caat al.2011; Dupont
2014) Innortheast BChowever,the effectiveness of lakes as escape terrain may be limited
becauseshorelines are marshy unlike the rocky shores of lakes situatéeti€anadian Shield.
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Further,the majority of lakes are devoid of islands and relatively shajiog. < 16m mean
depth; Prepaset al.2001)

While our analyses indicate that predation risk is an important driver of calving area selection,
forage qualiy and/or quantity may still factor into female selection of calving areas. Females
appeared to shift from winter ranges comprised of lich@h bogs to landscapes with a higher
proportion of poor fens at calving and the selective response for poor fasscansistent

across other seasonal and maternal status comparisons. Relative to bogs, poor fens have
higher primary productivity due to a higher abundance of sedges and sfiftllosmann &

Bayley 1997) This shift from bogs to fens likely accounted fae high number of females
showing selection for calving areas with higher NDVI values relative to winter raAgemted
earlier, shiftingto areas with higher forage qualifi.e. vegetation with higher caloric and

protein values)may be necessary foemalesto meet maternal nutritional demand®8arboza &
Parker 2008Parkeret al. 2009) By making this shift, females may be trading off an increase in
predation risk to access higher quality forage because fens provide less of a predator refuge
than bog (Lathamet al.2011a, 2013a) Increasing predation rates of caribou in the srioee
season have been linked to increasing spatial overlap between caribou and predators during
this time period(Lathamet al.2011a, 2013h) This hypothesis has been parly based upon
studies assessing seasonal habitat shifts of predators. Our results suggest that increasing
spatial overlap between caribou and predators may also be driven by a habitat shift by caribou,
at least during the calving season.

Across the poplation, however, females displayed considerable variation in calving area
selection as reflected by the relatively wide 95% confidence intervals of the raistigra
variablesg with a few overlapping zerg and the predictive performance of the calvinglRS
models. This variation is consistent with studies of calving habitat selection by boreal caribou in
eastern Canadq where calving RSF models yieldedhlues < 0.8(Dussaulet al.2012;
Leclercet al.2012)¢ and for the northern ecotype of woodland caribou in northeast British
Columbia(Gustineet al.2006) Individual variation in the selection of calving areas may be a
further life history stategy of caribou for reducing predator encounters. By preventing
predators from associating calving areas with certain habitat types, behavioural plasticity in
calving area selection may make females and their calves more unpredictable to predators
(Mitchell & Lima 2002; Minest al. 2005)

4.3. Predator Habitat Selection during the Calving Season

Similar to caribou, we also used a musitiale approach to assess predator space use during the
caribou calving season. Interestingly, this approach yielded astintig results for each

predator. Wolf resource selection was best predicted at finer spatial scales (i.eothed
selection) whereas resource selection by black bears was better predicted at largerleaabe
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scales.Thisdiscrepancyikelyrefleasdifferences in life history strategiesAsa generalist

predator, wolves can occupy a variety of habitatgl territory occurrence is likely inghtive of
territoriality more than ideal resource selecti@er se particularly at high population denss

As suieh, pack size may be a better index of habitat (or territory) quality for wolves than second
order resource selection unlesslf packs are collared in proportion to pack size or analyses
are weighted by pack size, which were unknown in our saudg.Nevertheless, we tested
resource selection at this scale to assess spatial separation of wolves and ¢Beipgerud

1974; Jamest al.2004) The high variability ihabitat composition among wolf packs suggests
that wolves are not confined to ggific areas within the distribution of boreal caribou in
northeast BC Moreover, a visual inspection of wolf GPS locations (Appe3)dinggests that

pack territories are tightly spaced and overlap significantly with caribou range and core areas.
Takentogether, these findingparallel those of Latharat al. (2011c) which showed &igh

degree oflarge-scalespatial overlap between wolves and caribou in Alberta ranges.

While overall territory composition varied among packs, wolves were more predidtable
resources selectedt a thirdorder scale. In general, wolves had a strong association with
aquatic habitats. The highest ranked land cewveererichfensandi 2 § KSNE X KA OK Ay ¢
continuum of aquatic features such as marshes riparian areasWolves werealsocloser to

rivers and lakes than expected. Aguatic habitats may be important for wolves during spring for
a number of reasons. First, spring constitutes the denning period and wolves are known to
situate dens near water sources repraluctive females have sufficient water to meet

lactation demandgTrappet al. 2008; Person & Russell 2008econd, wolves are known to use
rivers as travel corridord.athamet al.2011b) Third, many aquatic areas in our study area

were occupied byeaver, which become a primary prey item of wolves in the spring and
summer(Cullinget al.2006; Lathanet al.2013b) Beaver may play key role in creating

increased spatial overlap over wolves and caribou in the spBagh wolves and caribou

showed rédative selection for rich fens during tloalving seasofirables 5, 12and keavers have
been showrto select areas with high proportions of rich feffhiessen & DeMars 2012)

Wolf response to landscape disturbance was counter to expectations. Wanesadjy

avoided early seral vegetation and showed no response to wedl $teevious studies have
suggested that wolves select for early seral vegetation because it is a preferred habitat of their
primary prey, moos€Seip 1992; Courbiet al.2009; Hole et al.2010) Our results may differ
because of our focus on the spring, a time when wolves may be switching from moose to
beaver(Lathamet al.2013b) Surprisingly, wolvealsoavoided areas of high linear feature
density although the overall effesize was smallThisavoidance mayave occurredf high line
densityis correlatedwith higher levels of human activiHouleet al. 2010; Zimmermanet al.
2014) A further explanation is that wolves may have a curvilinear or quadratic response to li
density, selecting areas of medium density and avoiding areas with low and high denalges.
elected to not assess for quadratic relationship &R SF covariates tolav for more
straightforward comparisonboth within and among speciedeverthelesseven if a quadratic
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relationship was evident, it is likely that wolves would still show avoidance of areas with high
line density. This result has implications for management actions aimed at restoring or de
activating lines, indicating that restoratiaiforts may be best directed toward areas with low
to medium densities of linear features.

Black bears were more predictable at larger spatial s¢akes wolves likely due to their lower
territoriality. In general, bears selected landscapes domindgdpland deciduous forest and
were closer to disturbed areas than expectekhisselectionpattern is consistent with bears
favouring habitats associated withigher grass and forb abundance, which dominate the early
spring diet of bears living in northe forests(Raine & Kansas 1990; Mosnétral. 2008b;
BastilleRousseaet al.2011) In our study area, pland forest and disturbed areas are also the
first areasto greenup in the spring (C. DeMargersonal observatign When specifically in
caribourange,bearsshowed strong selection faich fens, further supportinghe importance

of graminoids in bear spring dietslosnieret al.2008b)and again suggesting that rich fens
may be an area of spatial overlap between caribou and predators at caBewysin caribou
rangewere also closely associated with rivers and lakdsch combined with a similar
response in wolves, provides further reasoning as to why these aquatic features were avoided
by calving caribou.

At a finer, thirdorder scale, bea were more variable in resource use. This finding is consistent
with other studies assessing selection patterns of black bears in boreal férastemet al.
2011a; BastilllRousseaet al.2011) This variation may stem from at least two sourcesstFi
green vegetations patchy during May and early June in owcigarea Variation in patch
guality and distribution could create variation in patch residency times and-pa&sh
movements, which would also create variability in resource selectientd the time
dependency of these analyséBastilleRousseawt al.2011) Second, the omnivorous diet of
bears could create variability in resource seleciiadwardset al.2010) For exampleduring
2013investigations of caribou mortalitiesve found at least two winteskilled caribou that had
been scavenged by bears in treed bog complekesg the spring In this situation, RSFs for
these bears could differ from other individuals that are foraging primarily on vegetation in
upland forests.

4.4 . \Wolf Selectiorof Linear Features

Increasel hunting efficiencyattributed to wolves using linear featurdgms been implicated as a
primary mechanism for increasing predation rates of cariplames & Stuatidmith 2000;
McKenzieet al.2012) To date, little esearch has been conducted as to whether all linear
features function equally in this respedVe documentedvolves preferentially selettglinear
featuresthat further enhance mobility and, secondarily, sightabilit/olf selection of lines was
best exylained by the amount of coarse woody del(@ND) a finding that contradicts a
previousstudy in Alberta thatound no effect on wolf use of lines thatere blocked by fallen
trees(Neufeld 2006) This discrepancy is likely due to differences in stugsigh. Neufeld
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(2006) used an experimental approach tisampared wolf usén treated versuscontrol areas
andalthoughwolf use was lower in treated areas, the effect was not statistically significant
Our study on the other handysed an observationapproach that evaluated line ussy

wolvesas a continuumFundamentally, our results do not suggest that high amounts of CWD
will prevent wolves from using lines; rather, wolves will select lines that offer increased ease of
movementas indexed by theraount of CWD This inference, though, still has implications for
the development of management actiotslimit wolf use of lines within caribou rangé.inear
features are thought to enhance hunting efficiency by increasialj search rate (i.e.

movemert speed) and potentially the amount of area searched, thereby leading to an increase
in caribouwolf encounteryMcKenzieet al.2012) Management strategiesherefore,do not
necessarilyneed to keepwvolves off lineper se butinstead can be foused o slowing wolves
down. Our results suggest that wolf movement efficiency is lowered on lines with higher
amounts of CWD although a more rigorous test would involve correlating wolf speed to CWD,
which we were unable do because of the coarse temporal utieol of the GPS data.
Nevertheless, further researahay be warranted to determine themount and scale at which
CWD should be deployed to effectively lower wolf speed on lines and whether such action
equates to a lowering of kill rates by wolve=sor sich an analysis, we recommend a GPS fix

rate of every five minutes on wolf collars to effectively measure wolf speed on lines.

4.5. Spatial Factors Affecting Calf Survival

We used a multiscale, metriedependent approach tevaluatefour hypotheseghat related
sets of spatial factors to the pbability of neonate survival. Among these hypotheses,
predation risk from blackears wasthe best predictor of neonate survivaDutputs from this
model were also consistent with patterns of black bear predation fobher systems; that is,
that calf mortality is highest during the first8Bweeks of life then lessens as calves gain
sufficient mobility to elude bear@-ig. 6;Zager & Beecham 20Q6In eastern ranges of boreal
caribou, black bears have been identifi@slthe dominant predator of caribou calv@nardet
al. 2012) Moreover, in many muHlpredator systems, bear predation is often the primary
cause of offspring mortality for many ungulate specigager & Beecham 2006; Barkdeyer
et al.2008; Whiteet al. 2010; Griffinet al.2011) Our results here are the first to explicitly link
calf survival to black bear predation in western ranges of boreal caribou.

Therelatively strong influence of bear predation risk on neonsutievival should be viewed
cautiously giverour analytical framework. We modelled predation riskwolves and bears
using the top 25% of values from predatgpecific RSF models. This framework only considers
habitat and does not take into account differences in search rate, bgadius and

abundances between the two species. These three factors would necegsiduigyncethe

relative risk that each species represents to cariflama & Dill 1990; Hebblewhite & Merrill
2007) Thus, a pixel witla 75" percentile value fronran RSF developed for bears may not
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equate tothe same predation risk as pixel with agercentile value from a wolf RSF.
Nevertheless, our results suggest that bear predation is a likely factor in the mortality rates of
neonate calves and, similar to cdnsions drawn from eastern caribou ranges, may be driven
by high bear densitieBastilleRousseawt al. 2011; Pinarcet al.2012)

Predation risk from bears occurred at relatively small spatial scales, which was perhaps counter
to expectations. Retti& Messier(2000)suggested thatlarge scalepatterns of habitat

selection should reflect the primary limiting factor(s) of animal populations, which for caribou is
predation. Variation in largecale habitat selection or exposure patterns, therefore, 8o

equate to variation in predation rates. At our largest scale of analysis, we detected no
differences among caribou ranges in rates of neonate survival. Similarly, variation in female
selection of calving areas within ranges did not correlate to tiarian neonate survival.

Combined with theealizad high rates of neonate mortalitghese findingsuggesthat (i)

spatial factors thought to influence the predation process have exeg#dtesholds where
variation in predation is detectablgee belowy, at least at large scales; and, tfiat female

caribou cannot effectively space away from predators within northeast BC landscappset

al. (2013)reported similar result$or mountain caribou wheréandscape disturbance indices

had minimal effecon female survival Theysuggestedhowever, thatheir scale of analysis

was not sufficiently broad to encompalsghlydisturbed areautside of caribou range, a

factor likely to be unimportant in our studyreagiven thewide distribution of disturbace

within and outside of boreal caribou ranges in northeast BGiessen 2009)

We found little supporfor the other three hypotheses linking spatial factors to the probability
of neonate survivalUnlike the predation risk hypothesis which was teststhg predator

specific RSF models encompassing multiple spatial factors, the disturbance, lake refuge and
peatland refuge hypotheses wespecified asinivariate or bivariate modelepresenting

specific landscapattributes. Our results suggt that no pecific landscape featureontributes
disproportionately to the high mortality rates of neonate calves in northeastB@umber of
explanations may account for our lack of findings. Fisbnate mortality may be drivemore

by predator density (i.e e numeric response) #m by variation in spatial factogsotentially
influencingthe predation process (i.e. the functional responsielling 1959 McCutchen 2007
Predator density is thought to be driven by increased densities of other ungulate speges
moose), which respond favourably to the early seral conditions that follow disturb@ep

1992; FestaBianchetet al.2011) This relationship, however, may not hold across northeast BC
caribou rangesFor example, in the Calendar rancgdf recruitment has been higher than in
other ranges despite high levels of landscape disturbdmbeéessen 2009; Culling & Culling
2013) In this case, predator densitiesand thus calf mortality rateg may beunrelated to
landscape disturbance baase moosealensity is also lown Calenda(Thiessen 2010)Predator
densities may further explain why there was no support for the peatland refuge hypothesis.
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Historically, peatlands are thought to have provided caribou a spatial refuge from predators
(McLoughliret al.2005)and aur resultssuggest that caribou argelectingpeatlanddominated
areas for calving. Yet, caribou calvesstikincurring high rates of mortality within these
refugia This lack of a refuge effect is consistent with the apparent agitipn hypothesis
GKSNBoO0& AYONBlF&aAYy3I LINBRIFG2NI RSyaridaAarsa onrft
into the spatial refugia of the victim preifolt & Lawton 1994)

Specific to the disturbance hypothesis, our lack of findings may irecticat the degree of
disturbancewithin caribou rangdnas exceeded thresholdshere differences in neonate
survivalmaybe detected. McCutchen(2007)suggested that any enhancement to wolf hunting
efficiency (i.e. the functional response) provided by dinfeatures asymptotes at a line density
of 1 km/kn?. When measured on a per kilometre bastsistthreshold is exceeded in large
portions of our study areémean = 3.6 km/krhrange: 0- 22.73; se€Thiessen 2009however,

it is unclear over what spatigtalethat such a threshold might apply.inking disturbance
levels to caribou demographic performance has been integradftoming management
strategies for sustaining and/or recovering caribou populations in mgkilandscapes
(Environment CanadadP8; Sorenseet al.2008) From the standpoint of the federal recovery
strategy, disturbance is measured at the range scale; yet, caribou ranges camdsffgby an
order of magnitudg Environment Canada 2012)Ve did not detect disturbance effectd the
range scaleperhaps due tof our smallsample sizef rangegn = 6) their relatively high levels
of disturbance and themallvariation among them (583% Thiessen 2009; Environment
Canada 2012)We also did not detect disturbance effectssatall spatial scales gkm radii),
despite 13 females having calving areas with line densities < 1 kin/knis findingndicates

that caribou calving habitat cannot be manad®ddisturbance indiceat small spatial scales.
Nagy(2011)suggests thataribou require 500 krhof intact space(0% disturbanceo

effectively reduce predation riskthough his observational findinggere limited by a small
sample sizen(= 6) anddid not explicitly test the interaction between disturbance levels and the
spa® over which they are measuredl y 2 dzNJ a i dzRé X ¢S O2dzZ R y2i
because this level of intactness is rare to redastent. Testing this spacdisturbance
interaction, howeverwill be gitical to understanding the spatial requiremts of caribouand
ultimately inform managemenstrategies for sustaining caribou populations in muki
landscapes.

4 .6. Conclusions Recommendations

Managingcalving habitat for boreal caribou in muliselandscapes presents a number of
challenges. Fitand foremost is the issue gpatialscale. Management actions aimed at
improving the quality of calving habitat will need to be conducted at large spatial scales
becauseif compared to other seas@)boreal caribou are at their most dispersed during
calving and (i) management actionemployed at small spatial scales (e.g. the calving area
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scale)will be ineffectiveat improving rates of neonate survivaBecause many female caribou
migrate to landscape mosaics dominated by nutripobr fens, we sugest that potential
management actions are best targeted towdadge fen complexeswhilewe cannotprovide
specific recommendations on the most appropriate spatial sicalenanagement actionsuch
scales may need to exceed 100%qhe approximatesize of ourdargest calving areaandthat
larger scales are likely better.

The link of caribou population declines to landscape disturbance dictates that management
actions will need to address habitat restorati(Environment Canada 2012¥uch actions
however, are necessarily losigrm; for example, seismic lines in lowland black spruce forests
can take > 60 years to recovgree & Boutin 2006; Schneidetral.2010) For some caribou
herds, current population trends point to extirpation before thiéeets of habitat restoration

are realizedSchneideet al.2010) For such herds where calf recruitment is a limiting factor,
short-term actions such as maternal pennif@hisana Caribou Recovery Team 2@10)
predator control(Mosnieret al.2008a; Hevieuxet al.2014)may be necessary to augment
habitat restoration. For the latter option, our results highlight the need to understaad
specific predator(s) contributing disproportionately to calf mortality rates. In addition to these
options, ongoiwg initiatives assessing line -detivation techniques (e.g. fencing, coarse woody
debris) may hold promise but their efficacy in reducing predation rates is currently unknown

Tofurther build upon the findings of thistudy, we also suggest the following

1. Updating predictive maps of calving areas as further GPS-callar dataas
accumulated.

We used a relatively shoitierm data set to develop a predictive map of calving areas in
northeast BC. Predictive power of such maps may improve as furthersdata
accumulated.Further, our results suggest a rangpecific map for Chinchaga may be
warranted which will require additional GPS radiollar data from this range

2. Effectively managing for caribou calving habrequires understandinghe full
continuum of calving behaviour.o that end, weecommend
a. An assessment of female fidelity to calving argmsticularly if potential
management actions include the protection of predicted calving areas within
caribou range.
b. Identifying and maintaining imptant movement corridors for females travelling
from winter ranges to calving areas.

3. Understanding factors influencing low rates of parturition.

¢CKS NBflIOAGSte 26 NIGS 27F LBtNBeddsliAzYy S
suggests that other factongnrelated to predation may be influencing low rates of calf
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recruitment. For example, nutritiorelated factors due to declining range conditions
may result in low rates of pregnancy and/or high rates of embryonic mor{@ingsell
et al. 1998; Parkeet al. 2009)

The role of bear predation in population declines of boreal caribou in western ranges
requires further investigation.

Hypotheses for population declines in the western distribution of boreal caribou have
primarily focusedn the role of wdi predation and its link to landscape disturbance.
Our results suggest that black bear predatioay be an important factor in the low
rates of calf recruitment currently being documented in many western ranges of boreal
caribou. The degree to which begredation influences population growth rates of
caribou, however, remains uncleakloreover, mechanistic hypotheses linking bear
predation to caribou population declines are less developBlhckbears have been
shown to favour early seral vegetationlfiwing disturbancé€Brodeuret al. 2008;
Mosnieret al.2008b; Lathanet al.2011a) but it is uncertainas to whether

disturbance facilitates an increase in bear abundaftes seeSchwartz & Franzmann
1991) The effects of linear features in facilitagy cariboubear spatial and enhancing
bear movement rates also requires further investigation, particularly given recent
research suggestinglatively high use of seismic lines by black bears in northeast BC
(Tigneret al.2014)
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APPENDIX: Btudy Area Map

Boreal caribou distribution angnges within British Columbia. &
three years of data collectigrihe study arednadexpanded to included radioollared caribou

in all six caribou rangdgellow)
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APPENDIX: Boreal Caribou Calving Site

Calving site deprason created during the 2011 calving season by a female boreal caribou in the Prophet
range ofnortheast British Columbia
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APPENDI&: Random Point Sensitivity Analysis

We conducted snsitivity analyss to determine the number of random points to adedely characterize availabilitpr each
covariate at the both the calving area and range scale. Below, we show analgetertaine the number of random points the
range scaléWe used 20,000 random poinecausehe mean of most covariates stalagid with this sample size (grey dashed line).
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APPENDIA: GIS Data&irces

GIS data sourcassed to model resource selection functions.

Variable Source

Access Information

Land Cover Ducks Unlimited Canada

Forest Structure
Ministry of Forests, Lands and
Natural Resource Operations

Rivers, Lakes DigitalBaseline Mapping, BC

Integrated Land Management

Bureau, Geographic Data Discovery

Service

Forest Fire History Fire Perimeterg Historical, , BC

Integrated Lad Management

Bureau(ILMB) Geographic Data

Discovery Service

Cut Blocks Forest Tenure Cut Block Polygons,
Ministry of Forests, Lands and
Natural Resource @pations

Pipelines BC Oil and Gas Commission

OGC Seismic Lines BC Oil and Gas Commission

Vegetation Resource Inventory, BC

Ducks Unlimited Canada
100, 17958 106 Ave, Ernton, AB T5S 1Vv4

https://apps.gov.bc.ca/pub/geometadata/metadate
Detail.do?recordUID=47574&recordSet=1S01911

https://apps.gov.bc.ca/pub/geometadata/metadate
Detail.do?recordUID=3679&recordSet=1S019115

http://apps.gov.bc.ca/pub/geometadata/metadatal
etail.do?recordUID=57060&recordSet=1S019115

https://apps.gov.bc.ca/pub/geometadata/metadate
Detail.do?recordUID=50580&recordSet=1S01911

ftp://www.bcogc.ca/outgoing/OGC_Data/Pipelines

ftp://www.bcogc.@/outgoing/OGC_Data/Geophysi

al/
Major Roads Digital Baseline Mapping, BIOMB https://apps.gov.bc.ca/pub/geometadata/metadate
Geographic Data Discovery Service Detail.do?recordUID=3679&recordSet=1S019115
Forestry Roads Forest Tenure ABuilt Roas, BCGO\ https://apps.gov.bc.ca/pub/geometadata/metadate
FOR Resource Tenures and Detail.do?recordUID=45694&recordSet=1S01911

Engineering
Other Secondary  BC Oil and Gas Commission ftp://www.bcogc.ca/outgoing/OGC_Data/Roads/
Roads
Well Sites BC @ and Gas Commission ftp://www.bcogc.ca/outgoing/OGC_Data/Wells/
TRIM Lines TRIM miscellaneous annotation, BC https://apps.gov.bc.ca/pub/geometadata/metadate
Integrated Land Management Detail.do?recordUID=4188ecordSet=1S019115
Bureau, Geographic Data Discovery
Service
NDVI U.S. National Aeronautics and Spac http://modis.gsfc.nasa.gov/data/dataprod/dataproc

Administration MODIS database ucts.php?MOD_NUMBER=13
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APPENDIX: Land Cover Types Used to Model Resource Selection

We modelled land coven al resource selection modelssingEnhanced Wetlands Classification

(EWC) GIS data (B0 pixel resolution) deveped by Ducks Unlimited CanafaU 2010) This

data, whichencompassed the entire study area, partitioned the landscape into 26 cla¥ges.
collapsed the data down to eight classes that were biologically meaningful to caribou. Here, we
show visual representations of each of these eight classes. All photographs are from Ducks
Unlimited Canad#2010)

Treed Bog
Black spruceRicea marian) is the leading tree speci@sid generally is < 8 m tallGround
cover is dominated by sphagnum moSgkagnunspp.; >20%) and, secondarily, lichen

(Cladoniaand Cladinaspp.). This category includes open bogs and shrubby bogs (tree cover <
25%). Ared coverage ~ 20%.
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Nutrient Poor Fen

Black spruce is the dominant tree species; however, fen indictaors such adlanghgricing,
bogbirch Betula glandulospg willow Salixspp.) and alderAlnusspp.) are present. Ground
cover is predormantly spaghnum moss (> 20%) but also includes se@gasXspp.). This
category includes shrubby and graminoid poor feAseal coverage ~ 22%.

Nutrient Rich Fen

This land cover is characterized by fen indicators such as larctnitobg willov, alder, sedges
and buckbeanMenyanthes trifoliatd. Sphagnum cover is < 20%. This category includes
shrubby and graminoid rich fengreal coverage ~ 5%.
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Conifer Swamp

Black spruce is the dominant tree species with white spriéoee@ glaucpalsopresent. Tree

height is generally > 8 m. Characterized by pools of water although sphagnum moss cover may
be > 20% Areal coverage ~ 9%.

Deciduous Swamp

Characterized by pools of water and the presence of paper bBetula papyriferaand balsam
popular Populus balsamife)jaalthough conifers may be present. Understory includes shrub
layer of willow and alder. Includes mixesod swamps and thicket swamp\real coverage ~
12%.
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Upland Conifer
Characterized by mineral sqil3ree species inale black spruce, white spruce and pifenus
banksiand and tree height is generally > 8 rAreal coverage 9%.

Upland Deciduous
Leading tree species is aps&opulus tremuloidgsalthough paper birch may be present.
Mineral soilsAreal coverge ~17%.
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Other
Composite category that includes anthropogenic disturbance, burns, and aquatic classes such
low turbidity lakes and emergent marshes. Areal coverag# -~

Literature Cited:

[DU] Ducks Unlimited, Inc. (2010). Fort Nelson ProjektBced Wetlands Classification User's Guide. 63
pp. Ducks Unlimited, Inc., Rancho Cordova, California. Prepared for: Ducks Unlimited Canada;
Encana; The PEW Charitable Trusts; U.S. Forest Service; U.S. Fish and Wildlife Service (NAWCA);
Imperial Oil, Bvon Energy Corporation, and the Canadian Boreal Initiative.
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APPENDIXB: Univariate Analyses of Caribou Used Locati@nsusAvailability

Prior to fitting resource selection function (RSF) models, we graphically assessed univariate
relationships betwey G dza SR¢ NB a2 dzNOSa | yR -éandtiirdbréer 6 f S¢ NX
scales for caribou, wolves, and black bears.

Caribou Second Order Selection

Secondorder selection analyses for caribou entailed a comparison between random points

generated withinca A y 3 | NB I & andmedr@rRpdints génerated Avighifi dabibou

NI y3IS 6al @I At of SécAB.gdepichbodlgtsabrdparing a@ekagedvbldiesiof | ¢ ® M
used versus available locations for each variable us&bSiis Summaries are pariitned by

OF NAo62dz N} y3ISed / ANDESa 2F adzaSRe¢ f20FGA2ya NB
AYRADARdzE £ Ol NR o6 2 dzd /| ANDf Sa 2F al @FAflofSe¢ f
calculated per range. Each caribou value has a correspondingtd®aiblue. Available values
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moving window analysis with a 1500 radius.
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Caribou Second Order Selectio® 2y (i Q
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Caribou Second Order Selectio® 2 Y i QR0

Calendar Maxhamish Parker
0.4+ O 0.59 0.5
0.3 q 0.2
0.2
- 2 0.2 —alRel. _— <
01 1 - o o
= 8%
&0.0' 0.0 0.0
5 Prophet Snake
00.6' o | < o
a o L
0.3
° ——tr—_
0.4
o —_ofore-—o 0.2
0.2 °
0.1+ /s
0.0 0.0
] 0 ) _ 0
Used =1/ Available =0
Calendar Maxhamish Parker
0.20 1 . < 0.5 e < 0.0251 WG‘M‘
0.15 0.4 o 0.0201
0.2 ? g 0.0154
0.10 1 °
0.2 0.010 o
0.051 T
o ———i 0.1 0.0054
5 ° |
LLOAOO 0.0 1 0.0001
= Prophet Snake
o 0.04 @ o5 s 0
oY ° '
0.02 1
0.10 1
oosd [ T
2 0.05 L —a
0.01 °
<
0.00 1 0.00 1
1 0 ) 0
Used =1/ Available =0
CA3dzNB ! c doY aSly LINRLENIAZY 27F ydziNRASy

t20FGA2Yya0

02 YLJI NBR

02

(KS Y&y

L2 2NJ FS

LINE LaddNDvEr2 Y Ay OF N
proportions were calculated in a moving window analysis with a AB0@dius.

81



Caribou Second Order Selectio® 2 Y i QR0

Calendar Maxhamish Parker
- . O <
[+]
o 0.154
0.02 04 F—
0.10
- 0.01 < i
qq_) 0.2 ohsll
= ol . %
8 0.00 o l 0.0 Bt 2 0.00-
5 Prophet Snake
% ° 0.020 1 2%_0_9
Oy 154
D 0.015 1
=5 4 TP o010
<
o |
0057 0.005
3 o
0.00 = 19 ' 0.000 : '
1 0 1 0
Used = 1/ Available = 0
Calendar Maxhamish Parker
0.0e P .0 0204 et B
0.2 ORo-0-0
0,04+ 0.154
[+]
0.101
[+]
g 0.02 P 0 acked @
O ¢ 0.05
= ) = . [
o BT
¢ 0.00 2 0.0 0.00
(0]
) Prophet Snake
'd O Sl
C
(gois 0.075
Q- <
D0,‘10 [ 2 0.050 * L
0.05 9 0.025
0.00 1 ’ o 0.000 ﬁ

Used = 1/ Available = 0

Figure A6.4: Mean proportion of upland conifer and upland deciduous forests in caribou calving areas
6adza SRéa U 2GR YULAI2ZNGS R (12 (GKS YSIyYy LINRPLRNIA2Y Ay O NRAGC
cover proportions were calculated in a moving window analysis with a-frbésdius.
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Figure A6.5: Mean values of slope and ndinea vegetation difference index (NDVI) in caribou calving
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variables were calculated at a-B@ scale.
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transformed using an exponential decay function (see main3extior2.6.3).
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Figure A6.7: Mean distances to nearest patch of early seral vegetation and well site for caribou calving
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variables were transformed using an exponential decay function (see maiSé¢ekbn 2.6.8
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Figure A6.8: Mean density of linear features in a¥00 NJ RA dza F2NJ OF NA o6 2dz Ol f GAY:
locations)comp NER (G2 GKS YSIYy RA&AGIYOS&a Ay OFNRARO62dz NI y3IS
transformed using an exponential decay function (see main3extion 2.6.8

Caribou Third Order Selection

Thirdorder selection analyses for caribou entailedoanparison between radigollar GPS
f20FGA2ya 0adzaSRé €20 GA2yauv yR NYYR2Y LRAYD
locations). Because availability varied by individual caribou, we used bar charts to compare

mean values of used and availablsoarces for each caribeyear (Figs. A6.§ A6.18).
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FigureA6.9: Mean proportion ofonifer swamp for caribou GPS locations (black bars) compared to the
mean proportionin calving areagyrey bary Conifer swamp was measured at theri(pixel scale.
Comparisons are for each individual caribou in each calving seasorZ@03alving seasons).
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Figure A6.10: Mean proportion of deciduous swamp for caribou GPS locations (black bars) compared to

the mean proportion in calving areas (grey bars). Memis swamp was measured at the-80pixel
scale. Comparisons are for each individual caribou in each calving seaso2(231dalving seasons).
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Figure A6.11: Mean proportion of nutrient poor fen for caribou GPS locations (black bars) compared to
the mean proportion in calving areas (grey bars). Nutrient poor fen was measured atth@i3el
scale. Comparisons are for each individual caribou in each calving seaso2Q2@1dalving seasons).

89



931.13-
929.13-
750.13
748.13-
738.13-
737.13
736.13-
734.13-
731.13-
728.13-
727.13-
726.13-
722.13-
718.13
716.13
332.11-
331.12-
330.12-
330.11-
329.12-
329.114
328.12-
328.11-
327.12-
327.11-
326.11+
325.12-
325.11-
324.12-
321.12-
321.11-
319.12-
319.114
318.11-
316.12-
316.11-
315.11-
314.12-
314.11+
313.114
312.12-
312.11-
311.11-
310.11-
309.12-
309.11-
308.12-
308.11
238.12-
237.13-

Animal ID by Year
R ‘ III' I| -I I " || |I- |l||l

0.00 0.25 ' 0.50 0.75
Rich.Fen

Figure A6.12: Mean proportion of nutrient rich féar caribou GPS locations (black bars) compared to

the mean proportion in calving areas (grey bars). Nutrient rich fen was measured at-thi3@|

scale. Comparisons are for each individual caribou in each calving seaso2Q2@1dalving seasons).
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Figure A6.13: Mean proportion of upland conifer for caribou GPS locations (black bars) compared to the

mean proportion in calving areas (grey bars).lddg conifer was measured at the -89 pixel scale.

Comparisons are for each individual caribou in each calving seasorZ@03alving seasons).
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FigureA6.14: Mean proportion of upland deciduous for caribou GPS locations (black bars) compared to

the mean proportion in calving areas (grey bars). Upland deciduous was measured athaxaf

scale. Comparisons are for each individual caribou in eaglngadeason (2022013 calving seasons).
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Figure A6.16: Mean slope value for caribou GPS locations (black bars) compared to the mean value in
calving areas (grey bars). Slope was measured at tme 8i@el scale. Comparisons are for each
individual cariboun each calving season (202013 calving seasons).
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Figure A6.17: Mean value of the normalized vegetation difference index (NDVI) for caribou GPS locations
(black bars) compared to the mean value in calving areas (grey bars). NDVI was measiwr&@at t

pixel scale. Comparisons are for each individual caribou in each calving seaseB(q28hlving

seasons).
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Figure A6.18: Mean value of linear feature density for caribou GPS locations (black bars) compared to
the mean value in calving are@gey bars). Linear feature density was measured in ad@adius.
Comparisons are for each individual caribou in each calving seasorZ@03alving seasons).

96



Wolf Second Order Selection

Secondorder selection analyses for wolves entailed a corrgmar between random points

ISYSNI 4GSR 6AUOUKAY | NBlFa dzaSR 0@ AYRA@GARdzZE LI O
FYR NI}YR2Y LRAYyGAa IFSYSNIIGSR 6A0GKAY GKS RAAGNR
Figures A6.19 A620depict boxplotscomparing average values of used versus available

locations for each variable used in RSFsA NOt Sa 2F ddzaSRé¢ t20FdA2ya |
calculated for each individualolf packb /| ANDtSa 2F al @rAflofSé¢ 20
expected vaues calculatedor the distribution of caribou.Available values pgrackare
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Wolf Third Order Selection

Third-order seletion analyses for wolvesomparedradioO2 f £  NJ Dt { f 20F GA 2y a ¢
locations)of individuals tarandom points generated withiareas used by individual packs

during the calving seasana I @ A f | 0 f Bauchafts@r©dhawh@cgndparemean values

of used and available resources for eauthividual wolf (FigA621).
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Figure A6.21Univariate comparisons of mean values of used locations to available locations of variables
contained in thirdorder RSF models for wolves. Used locations (black lasare the radiecollar GPS
locations of individual wolves while available locations (grey hveesd random locations generated

within areas used by individual wolf packs during the calving season. Land cover proportions were
calculated in a 406n radiss. Slope and NDVI were calculated at ther8fixel scale. Distande

variables were transformed using an exponential decay function. Linear feature density was calculated
in 600Gm radius.
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Wolf Caribou Range Selection

We assessed resource selectiohem wolves specifically occurred within caribou range. For

these analyses, we compared wolf GPS locations falling within caribou range to available points
drawn within the same range (20,000 random points / range as per caribou). Bar charts are
shown to ompare mean values of used and available resources for each individual wolf (Fig.
A6.22).
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Figure A6.22Univariate comparisons of mean values of used locations to available locations of variables
contained in caribou range RSF models for wolves. ldsations (black bars) were the radiollar GPS
locations of individual wolves when in caribou range while available locations (grey bars) were random
locations generated within caribou ranges. Land cover proportions were calculated in-anG@@iius.

Slope and NDVI were calculated at therB(ixel scale. Distande variables were transformed using

an exponential decay function. Linear feature density was calculated irr60@dius.
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Black Bear Second Order Selection

Secondorder selection analysdsr black bears compared random points generated within

I NElF & dzaSR 060& AYRAQDGARzZE a4 RdzZNAYy3I GKS Ot gAy 3
generated within the distribution of caribou in NE8@ | @I A f | 0 f FegérestA@3al G A 2y & 0 ¢
A6 24 depict boxplots comparing average values of used versus available locations for each

variable used in RSF5.A NOf S&4 2F adzaSRé t20FGA2ya NBLINBaSy
each individuabeard | ANODf Sa 2F dal @ Aflof SévauesOF GAZ2Yya |
calculatedfor the distribution of caribou.Available values pgrackare identical but the circles
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Black Bear Third Ord&election

Third-order selection analyses for black bears compared kit £ | NJ Dt { t 20l GA2Yy &
locations) to random points generated within areas used by individuals during the calving
aSlhazy o6al @FLAtlofSé £ 20 (Ae2meanivatues of uselBndK I NI & |
available resources for each individual bear (Fig. A6.25).
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Figure A6.25Univariate comparisons of mean values of used locations to available locations of variables
contained in thirdorder RSF individual wolves while ava#alocations (grey bars) were random

locations generated within areas used by individuals during the calving season. Land cover proportions
were calculated in a 400 radius. Slope and NDVI were calculated at then3dixel scale. Distande
variableswere transformed using an exponential decay function. Linear feature density was calculated

in 2000m radius.
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Black Bear Caribou Range Selection
We assessed resource selection when black bears specifically occurred within caribou range.

For these analyse we compared bear GPS locations falling within caribou range to available
points drawn within the same range (20,000 random points / range as per caribou). Bar charts
are shown to compare mean values of used and available resources for each indie@ual b

(Fig. A6.26).
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Figure A6.8: Univariate comparisons of mean values of used locations to available locations of variables
contained in caribou range RSF models for black bears. Used locations (black bars) were-tadlaadio
GPS locations of inddual wolves when in caribou range while available locations (grey bars) were
random locations generated within caribou ranges. Land cover proportions were calculated in@ 6000
radius. Slope and NDVI were calculated at then3gixel scale. Distande variables were transformed
using an exponential decay function. Linear feature density was calculated im60@flus.
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