TACTICAPLAN WHITEBARRINEIN THEOMINECA
REGION

REPORBUMMARY

Whitebark pine Pinus albicaul)s a subalpine and treeline species of western North America is
animportant tree speciegor forest biodiversitysupporting wildlife communitieand providing
ecosystem services in mounta@nvironmentswhere it is found The species has declined
across its rangand is now listed on th€anadiarSpecies at Risk Act (SABRgdENdangered

due to the cumulative effects of an invasive pathogen (e/pine blister rustCronartium

ribicolg), mountain pine beetléDendroctonuponderosdoutbreaks, competitive exclusion
underfire suppressionand the potential impacts of climate chanddne Omineca regioof BC
contains the most northern stands of vidbark pine which are as vulnerable tdister rust and
mountain pine beetles their southern counterpartdvaintaining these stands will be

important for the recovery of the species, for facilitating future migration north with a changing
climate and fo maintaining biodiversity, particularly supporting species that relyvbriebark
pine so closelylnitiatives to recover whitebark pine outside of federally protected lands in
Canada is extremely important for this species as mossdié&nadian rangalfs outside
nationalparks, resulting in littldederalprotection. The actions outlined in this report will
therefore be important contributions to the recovery of the speciegrticularly in the interim
between the designation of whitebark pine as endared, and theroduction offederal and
provincial recovery plan3his report summarizes the current state of knowledge on the
occurrence, threats and status of whitebark pine in the Ominegion provides giidance on
actionsto begin the process of species recovery, as well as recommendations for future work
Thisreport shouldbe usedn conjunction with higher level recovery planniogce available
Recovery planning for whitebark pine is currently underway at the proviaoihfederal levels,
so there should be ongoingview and reassessmentf the recommendations in this repoas
new information becomes availabé the regional, provincial, national and international levels
facilitatingspecies recovery.

PARTI - BACKGROUND

RANGE

Whitebark pine is found in subalpine and treeline environments from the southern Sierra
Mountains in California to northern BCdnccurs in both the Rocky and Coastal Mountain
RangesKigurel4). The current most northern confirmed population foetspecies occurs in



Mt. Blanclet Parkand the adjacent Mitchell Rangeorth of Fort St. JameFBi@ure2 & Figure

3). Current range maps$-igureld) do not well represent whitebark pine in northern areas, such
as the Omineca, making planning restoration based on the location of populations challenging.
For instance, the current provinditorest inventory (vegetation resource inventory, VRI) does

not indicate the northern populations on Mt. Blanchet or in the Mitchell range, however the
previous forest inventory did contain these polygoRer a full discussion on distribution and

range naps, as well as new mapping products for the Omineca Region generated for this report
see Part Il.

Figurel ¢ The Ominecaegion of British Figure2- Vegetation Resourcénventory (VRI)
Columbia forest cover containing whitebark pine in BC
in red
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Figure3 ¢ Whitebark pine distribution for the Omineca region predicted by the VRI




BIOLOGY

Whitebark pine can be identified Bight greenneedlesfound in clumps of fivéen each fascicle
white/gray barkthat tends to be smooth on small diameter treegswept branchested
resinous cones that do not open when ripenedogifire, and pollen cones that are purple.

Figure4 ¢ five needles per fascicle Figure5 ¢ resinous cones opened by wildlife

The overall appearance of the tree is brushigth a broader canopy than other specigsch as

lodgepok pineor subalpine fiFigure7). As a stone pinayhitebark pine produces large,

wingless seedthat are high in fat and adapted for animal disper&agjure4, Figure5).

Whitebark pinealsovaries in its growth form. For irestice at or above treelinaet can growin a
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montane forests growing as large diametstraight stemmed tree¢seed 2 KA G So6F NJ LAY S
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more information on taxonomy and growth forms

The high caloric, fatty seeds of whitebark pineeache and then forget to retrieve the seeds

are specifically adapted to animal dispersal. Ifrom a suitable microsite within a suitable

LJ- NI A Odzt | NE / f | chhdveh@d Hatiriat@oNwhitebakikie geriiBation and

avian dispersal agent for whitebark pine, establishment. A series of factsheets have

adapted to cracking open the ripened cones, been developed by the USDA on nutcracker

collecting the seeds in their stiimgual pouch behaviour that summarizes the most -tig-

and then caching these seeds within their ~ date information on caching at the landscape,

K2YS NI y3ISo /fl NJ]Qa {abaiat@nimiorpsiesbialess hoind ranydSanddzNy/ (i
their cache sites inhte spring with their young migratory behaviour, population trengand

offspring and forage on the seeds hiddenthe(i KS S¥FSOUGA GBSy Saa 2F /[ & N
previous year. As a result of this-egolved seed dispersal agent for whitebark pine

dispersal mechanism, whitebark pine is able thttp://ecoshare.inb/projects/whitebark

produce seedlings onlyhenthe nutcrackers pine/).
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HABITAT AND GROWINGNDITIONS

Whitebark pinesa stress toleratorfound on
harsh sites where other species may struggle
to survive such as sites with a shontagving
season, lack of moistaand poor nutrients.
Dry, southfacing slopes, wind exposed
treeline and subalpine rock outcrops rocky
sitesalongthe shorelines oSubalpinelakes
within suitable elevational rangare common
habitat types for this specie8latter sites,
such aswell-drained glaciafluvial fans also
support whitebark pine within its northern
range. Being restricted to less productive
habitats, vhitebark pinehasa wide
fundamental, but narrow realized niche
(Weaver 2001 This means that while there
Figure7¢! LJA ¢ SLJ0 & 6 NHz& K & &e bppadergligaticredaphie conditions

whitebark pine that may be suitable for whitebark pindue
to

biotic interactions suclascompetition, whitebark pinesrestrictedto a much narrower range
of sites. This is an importanbnsideration for restoration activities as givenitable
disturbance, site and climate, whitebark pine can be planted in a wide range of habitat types.

by



Whitebark pine occurs exclusively in mixed stands at the northern edge of its range, including
the Omineca region. Common associates are subalpingbie$ lasiocarpa Engelmann spruce
(Picea engelmanniand lodgepole pineRinus contorty In the southern portiorf the
Omineca, in the ESSFmm1/mmp south of Valemount, whitgbaecan also be found mixed
with Dougladir (Pseudotsuga menziesandwestern hemlockTsuga heterophylla Common
understory associates in the Omineca incliuecinium membranaceurRhododendron
albiflorum, Menziesia ferruginegEmpetrum nigrumArctostaphylos uvarsi, Spirea betulifolia
Ribes lacustreOrthilia secundaLinnaea borealid.ycopodium annotinupCladinaspp.,
Cladoniaspp.,Pleurozium shrebemicranumspp. andStereocaulorspp.(see Arno and Hoff
1989 Arno 2001 0gilvie 1990 Weaver and Dale 197#r more background on community
types and vegetatiocomposition across the range of whitebark pine)

A list of ptentially suitableenvironmental habitas described byBEC subzones is foundTiabk

8 and whilesuitabk site series within each of theseibzoneshave not been identified
whitebark pine is generally fourmh sub-mesic to xeric and nutrient po@daphicconditions.
Whitebark pinecan be found on more productive (mesic) sities disturbance such dse
opensup growing spacandenabksestablishmentAs a moderately shade tolerant, but very
slow growing specieg, is expected to be outompeted on these sites over tinas faster
growing, or more shad&lerant species begin to dominatéSee Campbell ahAntos2003
Kipfmueller and Kupfe2005 or Keane 2001 for a more thorough discussion on successional
pathways in whitebark pine stangs

ECOSYSTEM SERVICES

Whitebark pineis/ 24 2yt & | &AAIAYAFAOlI Yy T2 adkfordtRedzND S
species of wildlifesuch as squirrels and beaes excellent food source due to the high fat and
protein content of the seedRed squirrels are common foragers of whitebark pine seed,
clipping mature cones off the end of branches and stptime cones in their middens for
consumption over the winter. Both grizzly and black bears are known to excavate squirrel
middens in order teeat whitebark pine seeds. They are efficient at cracking the cma¢es and
extracting the seed with their tonggeBears are also known to climb trees to access the seeds
(Figure8).
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Figure9 ¢ Bear €at full of whitebark pine
seedsoutside of Lilloett, BC

Figure8 ¢ likely gizzly bear (perscomm.,
Tony HamiltonOct. 30,2012)claw marks
moving up a whitebark pine tree on Mt.
Sidney Williams, north of Fort St. James, BC

There are severangoingresearch pojects to investigate the importance of whitebark pine
seeds togrizzly bear dietin the Canadian rangge. FoothillsResearchnstitute in Alberta
http://foothillsri.ca/program/grizzlybearprogramand Yvonne PattersoriJniversity of Victoria
MSc researcin the Lillooetarea) Research from the Greater Yellowstone Area of the U.S
indicatesa strongrelationship betweergrizzly beas and whitebark pie whenthere are
enough seeds available for consumption (Mattsdral. 1991)

In addition to its importance as a food source for wildlife, whitebark pine can also contribute
significantly to the hydrological cycle and treeline dynamics. As an inititogeislands, it

modifies the harsh treeline environment, enabling the establishment by other species. As a high
mountain species, it is also important in modifying the rate of snowmelt in ss@sgromback

et al.2001andWeaver 200Xor a more thorogh discussion on ecosystem services provided by
whitebark pine).

SFED PRODUCTION

In order to enhance or supplement the natural process of colonization and suisival
restoration and recovery planning is important to understanthe process ofeed production
and maturationof whitebark pine Age of cone productionstimatesvary between studiedyut

v
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on averagereproduction may begin somewhere between-80 years, with greater cone
production associated with larger crowns from steh265-250 years oldArno and Hoff 1980 A
reproductively mature whitebark pine can house both pollen and seed cones on the same tree,
with pollen cones generallpund on the lower brancheand thefemalecones found at the

tips of branches higher on theee. With good pollination and adequate growing season for
maturation, 4060 seeds/cone can be expectdwweverit maybe prudent to planfor lower
seed/cone estimates on average.

FigurelO- Seeds in a whitebark pine cone. Photo: Don Pigott

One of the most challenging aspects of conservation planning for whitebark pine is trying to
coordinate seed collection effort with seed production in a given yadrtebark pine is a
masting species, michmeans that trees within a given area will synchronize their seed
production, resulting in the production of abundant seed in one year and substantially less in
other yearsThe prediction of masting is challenging as there does not appear to be kesimp
environmental cue triggering synchronization of seed production (Weaver 2001, €rahe
2011).

This has significant implications on restoration planning, as having the resources to fund a seed
collection in any year will not guaranteleat there will be seeds available for collection.

Funding sources for restoratiomould workbest if therewas flexibility in deadlines for

collection

LANDSCAPE DYNAMICS

Whitebark pine often occuraithin islands of suitable habitah a sea of unsuitablew

elevation habitat Understanding the dynamics between populations as well as the impacts of
landscape level processes, such as fire disturbawmitiehyeimportant to naturally sustain and
establish new populationandasa consideration forestoration prioritization.The dependence
of whitebark pine2 y°  / stnilitdddck@rgor dispersais central to these dynamics and
maintainingconnectivitybetween whitebark pine populationf®r nutcrackes to continue
dispersing seed is an important cemgation considerationBetter understandinghe

NBfl 0A2YyaKALI 0 Skes SvBitgbark pire Adur@aneend cade@ieductionas



well as the abundance of alternate food sources for nutcrackers is essential for managing

stands ofdeclining whitelark pine andrioritizing restoration resourcesThere has been little
documentationon/ £ I NJ Q& y dzi ONJ O i Nf&epthom a linfit&d nimber gFS OF NS :
eBird recordsChristmas bird counfgandthe BCbreedingbird atlas (J. Vinnedge pers.
commurication).Better understanding how nutccliers are using northern whitebark pine

populations, their alternate food sources, where thag caching seeds, where theye

breeding and how successfulllgey are breeding at the northern edge of the range, vaill help

to better understandhe thresholds in whitebark pinabundance/ SSRSR (2 &adza il Ay |
nutcrackers over time. Given the importance of northern populations of whitebark pine for

future species latitudinal migration under climate change, itssestial to understand where

management should fars efforts in order to suppoy I G dzNJ f RAALISNEFt GALF [
This may also involve the need to manage alternate food sources in certain (@eas.

McKinney and Tomback 2007, McKineg¢wl. 2009, Barringelet al. 2012for current
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DECLIN®F WHITEBARK PINE

Whitebark pine in the Omineca regiamdeclining and susceptible to the same threfdand
elsewhere in its rang&Vhite pine blister rust (WPBR), mountain pine beetle (MPB), fire
suppression and climate change are redagd as the primary threats to whitebark pine,

however greater recognition of thele of industry as a threat could also bensidered

WHITE PINELBSTER RUST

WPBRs afungalpathogen introduced into North America on both the east and west ciast
the early 28 century from Eurasia, resulting in the decline of five needle pines across North
America.lt is important to undestand the basic biologgnd spreadf this invasive disease, as
the recovery of whitebark pineill requirefacilitatingincreased rustesistance as one of the
main restorationefforts.

To complete its life cyclg-igurell), WPBR requires a five needle pine as the primary host and
most commonly a species within tiibesgenus(but alsoCastellejaor Pediculariy as

secondary hostsThae are fivestagesn the rust life cyclehowever the two mostrequently
discussed are the amxspore stage where the rus visible on the pinel is at this stage that

the rusttravels toits secondary host At thebasidiospore stage the rust travels frdribesback

to five needlepines. Aeciosporescan travel upwards of 506m by wind, and basidiospores
travel in the order of severdilometresbut these spores alseequire constant high humidity to
survive in the windBasidiospores enter the pine through its neegsland as a result cankers
often first form on the branches, moving into the stem over time where the infection can
become lethalWhitebarkpineis susceptible to rustom seedling through to mature tregize
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classesldentifying rust and monitoring cha@es in rust infection rates over time is another
crucial component of restoration planning.

There was &Ribeseradication program in the U.S that proved largely unsuccessful at controlling
the spread of rust as a result of the long distance dispersatsibapores, the large abundance

of Ribesacross the landscape, long survivaRibesseed in the forest floor and its ability to

sucker from rhizomes after removal of the above ground biomislePponald and Hoff 20014

more promising approach might be tdtain seed from rust resistant individualkhere is some
native resistance in North American five néegines to this invasive rusthe whitebark pine
genetic restoration program based out of Idaho focuses on producing seedlings that are not
immune, but more likely survive infection by rust.

Predicting the probability of infection by blister rusftthe stand and individuas anapproach

to prioritizing seed collection and restoration activitid$ere are several strategies to selecting
candidate trees for rust screening, but one of ideasis to collect seed from whitebark pine
trees that show some degree of resistance (lack okeas) in a stand that has high infection
rates(Mahalovich and Dickerson 2004 his way, therés a high probability that a tree without
cankers was exposed to the rust, with the apparent resistance potentially due to genetic
factors.ollectingseedfrom these trees should be prioritized over trees that may not have
been fully exposed to rustinfections rates may vary with microclimate, topography, secondary
host distribution or abundance, forest structuZeglen (2002) found an increase in infection
rate from the CoasMountains to the Rockies; however, little of this variation mayekplained
by climatic factors. Zeglen (2002) indicatesakcausal relationships between rust incidence
andlatitude, longitude and elevatiorkzor instancewhitebark pne growing at high elevations

as krummholz in treeline environments in Montana had 35% incidehtree infection(Resler
and Tomback 2008)which indicates high rust infection even at high altitudes

Theaverage plot level infection ratey WPBR in th®mineca region i28%(Figurel?2), with a
maximumrate of infection within a plot 0f71% on Mt. Sidney Willian{Bigure26, data from
Clason (unpublished) and Zeglen (2002)). In total, 88% of all plots surveyed in the Omineca
region had at least one individual infected by rusbwever here are relatively few sampling
points forWPBR in the north (43 plots reported here, but many are spatially continuous, and
sampled over a long time period (1982013)).In comparison, lie Kootenay$avel4-71%

plot levelinfection (Murray 2010), Smithers arbas>k72%infection within plots(Haeussleet

al. 2009),98%o0f plots surveyed had at least one tree infecitadhe Canadian Rockiggth
average plot infection rate of 52¢mithet al.2013), provincewide in B(lot level infection
ranged from0-83%with an average of 31% infectione@en2002) andanother studyacross BC
hadan average of 33%angingrom 0-100% infectiorrate within plots(Campbell and Antos
2000).(SeeHoff 1992 andTombacket al. 2005for more information on identifying and

10



surveying blister rust. See Van Arseiedl. 1956 for the interactions between rust and climatic
factors, and McDonald and Hoff 2001 for a good review of blister rust in whitebark pine
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Figurell- The life cycle stages of white pine blister rustl¢Donald and Hdf2001)
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Rust incidence in Omineca
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Figurel2 ¢ Relative white pine blister rust infection rate across the Omineca, data from
Zeglen (2002) and Clason (unpublisheHgalthy sites are in green, sites with high levels of
infection in red and intermediatdevels of infection in yellow
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MOUNTAIN PINE BEETLE

The cumulative effects of WPBR and MPB combined with projected climate change are
anticipated to result in further reductions in whitebark pine abundance rangke (Logaret al.
2010. There is littlespecificdocumentation on the extent of theurrent MPBoutbreak on
whitebark pine in the Omineca regioHowever, MPB mortalityis mapped based on overview
flights andthe provincial MOFLNRO Mountain Pine Beetle Moll@haybe possible to overlay
MPBmappngwith whitebark pine occurrence to determine potential extent of mortalNM{PB
mortality has beerobserved imorthern whitebark pine ecosystens the Skeearegion
(Clason 2010Q)with significant mortality in the Moric®istrict (averageof 81%Haeussleet al.
2009) In the Omineca, MPB mortality deen observed in the CaribocmlMntainssouthwest
of Dunster, on Mt. Sidney Williams, and on Mt. Davidson (Clason unpublishedFlatagr
consultation with experts on the extetf MPBkilled whitebark pineacrosshe Omineca
region may yield improved mappingo it is recommended tdiscuss with these experte get
a better picture of the overall impact MPB miagve already had in thiggionand MPBas a
future threat to whitebark pine

HRE SUPPRESSION

Fire plays an important role in whitebark pine ecosystems, by opening up growing space for
establishment of new seedlingsd by maintaining a mix of stand ages on the landscape, such
as early successional stands containing whitebark piatebark pine cones do not open after
fire, but there is substantial evidence that the seedbeds available after burns are suitable for
whitebark pine germination and establishmefifiomback 1982, Campbell and Antos 2003)e
effect of decades of fire supgssion in places like Montana has certainly reduced the
abundance of young whitebark pine stands across the landscape, increasing the likelihood of
successional replacement, and decreasing potmégeneration on thge suitable sitegKeane
and Arno20@).¢ KS NRBfS 2F FTANB adzZlJNBaaiazy |4 GKS
an agent of decline is not well understood, but certainly must be considered as a potential
threat to the recovery of whitebark pine in this regidee Keanet al. 1990,Keaneet al.

1994 ,Keane and Arno 200Larsonret al.2009for more information on the potential role of

fire and fire suppression on whitebark pine

QLIMATE CHANGE

Whitebark pine in the Pacific Northwest region of the U.S. was recently assessed as the most
vulnerable tree species to anticipated impacts of a changing climate (Deval£2012).

Climate change will directly affect the ability for whitebark pine tosps over time through

effects on climate suitability, but changing climate will also result in indirect effects on
persistence. For instance, indirect effects could include changes in disturbance regimes,

13
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competitive interactions, or changes in disperdghamics. As a resultll astands of whitebark
pinewill not be equally vulnerable to climate change. Fexample Haeussleet al.(2009)

indicate thatlow elevation whitebark pindichen woodlands (primarily associated with glacial
fluvialfans) are moe vulnerable to climate change because of increased competition from

faster growing, more shade tolerant species. This reduction in suitable habitat through
encroachment of species adapted to milder environmental conditions moving upwards in
elevation andpotentially outcompeting whitebark pine in its former habitat is expected to

occur significantly faster than whitebark pine is able to migrate north to new climatically

suitable habitats (Hamann and Wang 2006). Regardless of changing climate, it appears t
GKSNBE Aa adadlrofS OfAYFGS FdzNHKSNI y2NIK (KI Y
range, suggesting that climate may not be the only factor limiting this northern range limit
(Figurel3). Whitebark pine can germinate and survive north of its current range within this
predicted current climatically suitable habitat (McLane and Aitken 2012). By 2025 with a
changing climate, it is predicted that suitable @i® will be increasingly lost from southern BC,

and increasingly gained in the Omineca region. As a result, conserving populations of whitebark
pine in the Omineca region will be important for facilitating future migration north. (See Devine
et al.2012, Fhmann and Wang 2006, McLane and Aitken 2012 for more information on the
potential effects of climate change)

7 ¥
3
\
\ 1961-90 <
S predicted

1961-90 & i
= \Wy¢
observed ) .{

7%

i
AN :'-Q\ \ Mo
2025 “:24(
., 2085 SURG

predicted Ny RS predicted % ”"“:‘

Figurel3- Thetwo upper maps represent the current observed and cent predicted
suitable climate in green. Ae bottom two maps represent future predictedlimatically
suitable growingspacein 2025 and 208%Wangin McLane and Aitken 2012)
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INDUSTRIAL ACTIVITIES

While the four threats listed above (WPBR, MPB, fire suppression and climate chamg&en
considered the most important to mitigate in order to recover whitebark pine, industrial
development in whitebark pine habitat is another impact tieah result in further loss. In the
Omineca region, forestry, mining and minerapkxationisa serious concern fohe
conservation of the species. Industrial activities that may affect whitebark pine should be
identified early to minimize potential impacté/orking with companies in the natural resource
sectors will be @rucial component of reagery.(SeeMoody and Claso8013 for a description

of the workwith Blackwater mine in the VanderhobBistrictand Murray and Krakowski 2013
for mechanisms for collaboration with the forest indugtry

RATIONALE FOR CONSERGON

The objective of this plan st to provide high level strategic guidance for the recovery of
whitebark pine, as this should be provided by recovery plans (provincial and fedéral).
recovery planning process has begun for Canadian whitebark pine as a result of the federal
listingon the Speciesit-Risk ActThe scope of thisaport is to makeecommendations
specificallyfor ongoingwhitebark pinerestorationplanningfor the Omineca region. There are
other restoration strategiesGenetic Conservation Technical Advisory Commit@®92
GYCCWBPSC 20Kganeet al.2012 and the Alberta provincial recovery pl&:Jones pers.
communication) currently available that provide different perspectives or higher level planning
that covervariousaspects of whitebark pine conservationmore detail thanwhat is found in
thistactical planfor the Omineca regiorfor instance,tie 16 authors involved in the Range
wide restoration strategy (Kearet al. 2012) provide a much more thorough background on the
biology, causes of decline, and pot&ttapproaches to management across scthes found

in this report which may be of interest to some readefi$ey also provide a brief discussion on
the conceptual framework for active restoration that is worth considering before takiag
actions discussebelow (pg. 3839, Keaneet al.2012).

Another useful contexand rationalefor this tactical plan in the Omineca region is the BC

Conservation Framework. KS 321 fa 2F (GKS ./ [/ 2yaSNBIGAz2y CI
to global efbrts for species and ecosystem conservation, (2) Prevent species and ecosystems

from becoming at risk, and (3) Maintain the diversity of native species and ecosystems. Given
GKFG €1 NBS SEGSYG 2F 6KAGSOIl NJ hasBeghSQa 3If 26|
identified both provincially (bludist) and federally (endangered) as at risk, and whitebark pine

is an important component of forest biodiversity across the province, the conservation of

whitebark pine falls within this Conservation Framework
(http://lwww.env.gov.bc.ca/conservationframework/ The framework provides provincial

context for the conservation of whitebark pine. The goal of any actions recommended in this
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region.

Ultimately, while whitebark pine is not widespread across the entire Omineca region, it houses
the northernrmostwhitebark pine stands globally. These northern popolas are important

for forest biodiversity, genetic diversity, as well as local adaptation to northern climBtes
responsibility to conservand restoe these northern populations inthe Omineca region,

which will be critical fofacilitating future species migration under a changing climate.

PARTII ¢ TACTICAPLAN

OVERVIEW

The tactical plan for management of whitebark pine in the Omineca Region includes three
parts.

1 current baselinanapsshowing knowrocations of whitebark pine stands,

1 managemenbptions

1 asummary of potential restoration priorities by forest district

1. MAPPING WHITEBARKEPINI THEOMINECA

Developing management strategies for the recovery of WBP in the Oniegican requires a
better understanding of the current location and status of WBP populaiibiggirel4). The
highest resolution inventory currently available for Wi BC is thprovincialVegetation
Resource Inventorgsee:http://www.for.gov.bc.ca/hts/vri/intro/index.html; Figure2 & Figure
3). This forest inventonappears to be of limited use for mappiadnitebark pine given its
relativelow abundance across BC comparedrany other tree specie3.he BEC regional field
guidesalsodescribe subzones/site series where whitebark pine occuashier regions of the
provincebut likelybecauseNBPoccurrencean the Omineca regiois low, it is not described in
any of thefield guidesfor this area(land management handbooks 15, 24, 29, 51, 54 produced
by the BC Ministry of Forest¥leidingeret al. 1998, Delonget al. 1993, Delonget al. 1994,
Delong 2003, Delong 20p4rhis may result in ongoing misunderstanding about possible
occurrence frequency and even growth form of WBP when it ocaeeTableb). As a result,
whitebark pinemaps based on presence within BEC units alsgunderrepresent its
occurrence in the Omineca region.
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Figurel4 ¢ Current rangemap for whitebark pine (COSEWRD10)

Adequately mapping current locations of whitebark pine is critical for recovery planning

and immediate regiration actionslt isimportant that location mapping be updated

periodically andhat information about the health and status of whitebark piise

included in mapping updatescross the Omineca region. For instance, the Greater

Yellowstone Whitebk PineSubcommitte® 8 Y2 a i NB OS (GYCGNBRSCY | LILJA y 3
2011) includesa map indicating dominance, maturity amality, resulting in

prioritizationfor restoration of whitebark pine stands across their study rediased on

this information Mapping the locatin and abundance of whitebark pings well aghe

health and reproductivetatuswill help informprioritization of recovery efforts for this

speciedn the Omineca regiarRecommendations to begin the process of mapping
populationsare outlined below.

Although VRinformation aboutwhitebark pine is likely insufficient to use as a starting
point for restoration and conservation planning, it is currently one of the only mapping
products availableThe first step to improving inventory of whitebark pirshould be
simplydeterminingthe accuracy of the VRRkingground plots to create a confusion
matrix (under-prediction of presence, ovarrediction of absence)Anothe method of
remote mapping that may be more accurate than the VRI for whitebark pugng
remote sensedmagery,identifying the location ofvhitebark pine based on its spectral
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signature Kokalyet al. (2003) used hyperspectral (2B&ndsof 10nm bandwidth, pixel
resolution 17.5m) AVIRIS imagery obtained by aircraft fixed with a senswy dlyer their
study area of YellowstoneaFk They were successful in indentifying whitebark pine from
this imagery Kokalyet al. 2003)

A potentially more cost effective and rapid mapping product would a predictive map
based on larger resolutiof25m) but freely available imagery (e.g. LandsatTMbands
instead of 224 abovye combined with topographic variables (Digital Elevation Model) to
predict probable occurrence of whibark pine (Landerburgt al. 2008, McDermidand
Smith2008). This has provestcurateover relatively large areaand could be done right
now without a great cost investmeniowever more ground plots then are currently
available would be needed to valigdverify the predictive model. For instance,
McDermidand Smith(2008)used 145 ground verifiedhitebark pine presencplots for
~500knt area of Waterton National Park. Currently there 2@&BEC program whitebark
pine presence plots with GPS coordinates, some of which mayabeurate and ~50
from various researchers ifé Omineca region which covers ~158,341katthough
much of the northern part of the Omineca does not appear to currently support
whitebark pine).The drawback to this approach is as a predictive matelay capture
the potential but not actual occurrare of whitebark pine.

Knowing the potential occurrence of whitebark pine may be a useful exercise for
restoration planning. Particularly as a first step to determine where to look for the
species, a map that widely predicts where whitebark pine is motessrlikely to occur
can help inform that next step of mappigtual occurrencat finer resolutionsThree
types of pedictivemodelswere createdfor this projectto identify areas in the Omineca
that may be currently environmentally suitable for whitek pine

1. astatistical model containing topographic and climatic variables;

2. a statistical model containing only topographic variables; and

3. anoverlayof both statistical models on BEC subzones, selecting those intersecting

subzoneghat could conceivalyisupport WBP.

Probability ofwhitebark pineoccurrencebased orenvironmental variables was predicted
using a logistic regression in R (R development Core Team 284R)pesence points
were generated by taking the centroid of VRI polygons indicaticgmmence of whitebark
pinewithin the Omineca regianThese models assume the VRI is a reliable source for
whitebark pine occurrence, which has not been tested quantitatively. Ground plots of
confirmed presence and absence would yialchore accurate re@sentation ofsuitable
environmental conditions for whitebark pireccurrencehowever there were not

enough of these for th®©mineca region30,000 absence points were generated by
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randomly selecting centroids from VRI polygons with no whitepark Topographic
variables were derived in ArcGIS 10.0 from a 25m digital elevation model, including slope,
aspect and elevation. Site index was extracted for each polygon within the VRI for both
presence and absence points as an environmental predictor. @iwzatables were
generated using ClimateWNA v. 4.Y@anget al.2012). Squared values for slope,
elevation and site index were included as optimums along those gradigapsviSe glm
model selection in Rpackage MAS$2sultedin a final modéthat incuded 5 variables

after initially reducing the predictor dataset through pairse correlation: elevation,

slope, north aspect, east aspect and precipitation as snow. The topogmaphynodel
included: elevation, elevation”2, slope, north aspect, east esmte indexand site

inded”"2 as predictor variables.

MAPPINGRECOMMENDATIONS

Although several mapping products were discussed and produced for this report, there is
still a need for improved mapping of the location of whitebark pine stands across the
Omineca region in order to plan recovery actions for this species.

Tablel ¢ Recommendationto improve current mapping of whitebark pine in the

Omineca. Se&he final section of thiseport summarizes current available data on
whitebark pine in the Omineca region, discussing options for future inventory, monitoring
andpreliminary recommendationfor restoration prioritization.Tables3-10 referto the

maps that follow (Figures 1744).

Tabk 8 for recommendations by district
Action Approach Maps

Quantify the Ground surveys within/outside of VRI polygon Figure3
accuracy of the Vk boundaries. Could create a confusion matrix to

quantify theaccuracy of VRI for whitebark pine.

Could do this with the data (plots of known

locations) currently available, but some of the BE

plots should be checked for spatial accuracy

Remote sensing  Explore the use adidvancedemote sensing Figurel5
whitebark pine imagery (e.g. Rapideye, 5m resolution, high
locations resolutionaerialphotography) to identify

whitebark pine

19



Increase ground  Regardless of future approach for mapping, more Ex.)Figure
plots to verify ground plots are required to verify 15
locations presence/absence of whitebark pin&ddnew

ground plds to BEC plots database

Forest structure  Quantifystand structure (measure of recruitment n/a
inventory andabundance ofeproductivdy mature trees)

Figurel5 ¢ Example of aerial survey data from fixed wing flight in 2012. Blue dots
represent no whitebark pine seen from the aircraft, the rest represent whitebark pine
in increasing abundance from-4 (low to high wbp abundance).

WHITE PINE BLISTERSRBND MOUNTAIN PIBEETLE RELATED MQRITA

In conjunction with efforts to map the current location of whitebark pine, collecting more
information on the health status of whitebark pine trees across the Ominegi@an is of utmost
importance.There is apaucity of data on mortality and infection rates from WPBR in this region
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