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SUNSHINEOASPILOTMAPPINGForConservatior& ClimateResiliencé’lanning
1 INTRODUCTION

SouthwesB C dGgorgiaBasinlowlandshostover75%of B C gapulationandincludesthe Coastal
Douglasfir zone(CDF), hometo thelargesthumberof speciesandecosystematrisk in the province.
Perhectare,forestsin the Basinhaveamongthe highestcarbonstoragecapacityof anyforestin BC,
with thosein old growth beingsomethe highestcarbonstoringecosystema theworld!. GeorgiaBasin
ecosystemsalsoprovidecritical ecosystenservicessuchassupplyingwater, controllingfloods,
improvingair quality and providingsalmonhabitat, recreationand climaterefuge.Asthe traditional
territory of the CoastSalisrandother FirstNations,theseecosystemare alsoimportant to indigenous
food security,and supporta multitude of culturallyimportant plantsandanimals.

However increasingdemandfor residentialdevelopmentandtimber are intensifyingpressureon the

I & hRayufaldssetsandthe ecosystenserviceghey supply.Thesepressuresare compoundingas
climatechangeancreasesheintensityandfrequencyof heat,droughtsflooding, andwildfires,
threateninghewell-beingof B C Gauthcoastcommunitiesandtheir capacityandlong-rangeoptions
for adaptingto climatechange.

In responséo thesepressuresn 2022the UBC BotanicalGardensandthe CoastaDouglasfir
ConservatiorPartnershifCDFCP)formedajoint projectcalledActionfor Adaptation The Project
aimsto supportocal governmentandFirst Nation plannersanddecisioamakersby enhancingnapping
andpolicy toolsneededo acceleratematurebasedclimateadaptationn the GeorgiaBasin.

SensitiveEcosystemsarethosedeemedare,ecologicallyfragile, andprovidehabitatfor Speciesat
Risk TheBC ConservatiorbataCentre(CDC) tracksthe occurrencesf ecologicalcommunitiegaka
plantcommunities}o assesandassignconservatiorstatusredor blueareconsidered ar ti $MO&
2006).

Althougha SensitiveEcosysteménventory(SEI) andvariousTerrestrialEcosystenMapping(TEM)
projectshavebeencarriedoutin the studyarea stakeholdelengagementndertakerby Action for
Adaptation(2022,2023)identified a numberof limitations associatedvith publicly availableatrisk and
sensitiveecosystenmapping including

Limited/incompletecoverage

Oftenold/outdated,

Expensivandtime consumingo update/create
Considerabldarrier for smallerlocal& FirstNationsgovernments
Doesnot directly addresshydrology& watershedhealth,

Doesnot addressclimaterelatedissues

= =4 =8 -8 -4 -9

As partof the Actionfor Adaptationproject, KWEST Inc. wascontractedo exploreoptionsfor
0 mi npubligyGvailablespatialdatato helpbridgethe abovelimitations, usingthe Sunshire Coastas
apilot studyarea.Thefocuswason deriving spatiallayersto representhefollowing themes:

1 Potentialecdogicalcommunities at risk
1 Potentialsensitiveecosystems

1 Hydroriparianareas

1 Climatemicrorefugia

KWESTNC. 5



SUNSHINEOASPILOTMAPPINGForConservatior& ClimateResiliencé’lanning

1 Naturalrangeof variability & risk
9 Disturbancegto helpupdatethe abovelayers).

Thisreportcontainsa literaturereviewrationalizingthe derivedspatiallayers,anda summaryof data
sourcesandmethodghatwereused. It alsooutlineshow thesefeaturescanbe usedfor conservation
planningon the SunshineCoastwith a specificfocuson planningclimateresilientgreeninfrastructure
andbr conservatiometworks.

2 STUDWAREA

Thestudyareais locatedon the SunshineCoastportionof the GeorgiaBasin.It is delineatedy the
Sunshine CoastRegionalDistrict andgathetRegionalDistricts (Figure 1), andlies within theterritories
of theKlahoose,T | a 0 amshath andSquamisiFirstNations.The studyareaspandour different
biogeoclimatidBEC) zones andfive subzonegFigure 1). Startingfrom sealevel andworking upwards
in elevation thesenclude:

1 CoastaDouglasfir Zone(CDF)
o Moist Maritime SubzongCDFmm)
1 CoastaWesternHemlockZone(CWH)
o Very Dry Maritime SubzongCWHxm1)
o Dry Maritime SubzongCWHdm),
o Very WetMaritime subzondCWHvm1,2),
o SoutherrDry SubmaritimeSubzone/VarianfCWHdsZT)
o SoutherrMoist SubmaritimeSubzone/VarianfCWHmMs¥)
T  MountainHemlockMoist Zone(MH)
o Moist Maritime SubzondMHmMmM1, MHmMmM?2)
1 CoastMountainHeatherAlpine Zone(CMA)

Forreferencepurposesregionaldescriptionof the studyareais locatedin Appendix A, including
physiographidistory, climateandbiogeoclimaticzones andregionalhydrology.

Thestudyareamakesup thelower two thirds of the SunshineCoastForestDistrict, andis comprisedf
thefollowing ForestLandscapeinits, asshownin Figure 1.

1 Brem* M Lois

1 Toba* 9 Brittain

1 Homfray* 1 Jervis

1 PowellDaniels 1 Deserted

1 Skwawka 1 Narrows

i Bunster 1 Salmoninlet
1 PowellLake i Howe

1 Haslam 1 Sechelt

1 Texada 1 Chapman

1 Within the studyarea,CWHds4s only foundin uppervalleysof the TobalLandscap&nit.
2 Within the studyarea, CWHmsIs only foundin uppervalleysof the TobaLandscap&Jnit.

KWESTNC. 6



SUNSHINEOASPILOTAPPINGForConservatior& ClimateResiliencdlanning

*TerrestrialEcosystenMapping(TEM) wasnotavailablefor theselandscapeinits, limiting the featureshatcouldbe
mapped.

[ Study Area
[ Forest Landscape Units

i__1 Regional Districts

Biogeoclimatic Units
CDFmm
CWHxm1

- CWHdm

© CWHds1

" CWHms1

- CWHvm1

 CWHvm2

© MHmm1

0 MHmm2

CMAunp

Ns ; -'\;
9 it
\.w' ~ Y
Narrows' §*

vy ™
.

Figurel. Studyareawith landscapeunits, RegionalDistricts,and biogeoclimaticzonesindicated.
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SUNSHINEOASPILOTMAPPINGForConservatior& ClimateResiliencé’lanning

METHODLOGY

2.1 Approach

A threestepapproachwasusedfor this analysis:
1. Literaturewasreviewedto identify:

1 Projectedclimate-drivenecosystenshiftsandimpactson biodiversity ,hydrologyand aguaticecosystems
in the studyarea;

1 Ecologicatiskthresholdsfor BEQunitsin the studyarea(basedon Natural Range of Variability; Section
6);

9 Bestpracticesfor riparianbuffersfor fish, riparianhealth,amphibiansand climateresilience(e.g.stream
temperature Section?);

1 Characteristicef potential climate microrefugiaandcorridorsin the studyarea(asper Ashcroft201Q
Section8).

2. Spatiallayerswere assembledepresentingthe following features

1 Knownandpotential distributionsof at risk ecologicacommunities(akaplant communitieg listed by the
BCConservatiorDataCentre(CDC)

1 Potentialdistribution of sensitiveecosystems;

9 Distributionof old and mature forest, big-tree old/mature forest, andancientforest;

91 Deviationof old forest percentagarelativeto naturalrangeof variability,andassociatediskto species
andecosystenservicegby BEG landscapeunit combination);

9 Hydroriparianelementsimportant for sustainingaquaticecosystemsndfish habitat;

1 Highvaluenearshoremarinehabitats;

1 Locationsof potential climate microrefugiaand corridorsfor speciesandecosystems.

3. Theaboveinformationwassynthesisedo makerecommendationsn ecosystenelementandbuffers
for consideratiorby plannersandland managersspecificallyin relationto:

Sensitiveecosystemsndat ecologicacommunities

Requirementdor fish habitatand aquaticecosystems;

Highvaluenearshoremarineecosystems;

Climatecorridorsand microrefugianeededfor the longterm persistenceof speciesgcosystemsnd
ecosystenservicedn the studyarea

=A =4 =4 =9

2.2 DataCoverage

Analysiswaslimited by the availability of existingspatialdata Table 1 summariseshe maindata
sourcesusedfor theanalysisandtheir coveragen the studyarea.Notethatno TEM wasavailablefor
the Brem, TobaandHomfray landscapeinits, thereforeno mappingderivedfrom TEM datacouldbe
generatedor theseareasAlso notethat TEM/SEI, VRI, andOGSRTAP mappingwasnotwall-to-wall
for the studyarea(Figures 2-5), with thelargestnotablecoveragegapson privatelandsandwithin
parks The SunshineCoastSEI coveragas limited to selectedeaturesn the CDMmm, CWHxm and
CWHdmsubzoneglower elevationareas).

KWESTNC. 9
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[ Study Area
" TEM with Structural Stage
TEM no Structural Stage

[ Study Area
| SEI coverage

Figure2. TerrestrialEcosystemMapping(TEM)coverage
in the studyarea.

Figure3. SensitiveEcosysteminventory (SElcoveragen
the study area.

[ Study Area
" VRI 2023
('vegetated')

—
(3 = 4 [ Study Area
. OGSR TAP
gl ¢ o 771 Assessed Area
Fr L7
o Fonel ‘ o 8
= R
P ™
2 Brittain’
Bunster.
: Jervis
gy
'Salmon|
3 i
g 'f)b -
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SUNSHINEOASPILOTMAPPINGForConservatior& ClimateResiliencé’lanning

Figure4. VegetationResourcdnventory (VRI)coveragein  Figure5. OGSR echnicalAdvisoryPanelmapping(OGSR
the study area. TAP)coveragen the study area.

Tablel. Primaryspatial data sourcesand their coveragewithin the study area.

TerrestrialEcosystenMapping(TEM) SeeFigure 2 20082022
SensitiveEcosystenMapping(SunshineCoastSEI) SeeFigure 3 2008
VegetationResourcénventory(VRI) SeeFigure 4 2023
OGSRTechnicalAdvisory Panelmapping(OGSRTAP)® SeeFigure 5 2022
FreshwateAtlas layers(streamslakes,wetlands coastling Wholestudyarea | 2006
Topographicatiparianmapping(TNT) Wholestudyarea | 2021

CRIMS shellfish andherringspawnmapping Wholestudyarea | 2004

Pacific EstuaryConservatiorProgram(PECP)mapping Wholestudyarea | 2007 (update2019)
TerraininventoryMapping Wholestudyarea | 19721987

Detailsaboutall of theinputdatacanbefoundin Appendix B.

2.3 MappingThemes& Layers

A numberof publicly availabledatasourcegseeAppendix B) wereassembledo depictandcreatea
variety of mappingthemeswhich areoutlinedin Table 2.

New maplayershadto becreatedo helpdepictthefollowing themeswhich arenot currentlymapped
or only partially mappedor thestudyarea

1 PotentialEcologicaCommunitiesat Risk basedon TEM/SEI
U Allecologicacommunities(includingforest communities regardlesf structuralstage)
U Forestedcommunities(non-flood, non-wetland)

PotentialSensitiveEcosystems

NaturalRangeof Variabilityand Risk

ClimateMicrorefugia

= =4 =

A combinationof datawasusedto devisethe abovelayers,includingé ¢ r o s s wankskurcasg 6
togethern(e.g., correlatingTEM ecosystemsvith EcologicalCommunitiesat Risk, SensitiveEcosystems,
andClimateMicrorefugia),asperthe methodsdetailedin Appendix B, andthe crosswalkandratings
tablesin Appendix E.

3 Theforestedassessmentand base(FALBYisedby the Old Growth StrategicReview(OGSRJ echnicaAdvisoryPanel(TAP)s amodified
versionof the provincialVegetationinventory(VegetationCompositePolygonsRankl layer,akaVRI)forest managementand base
(FMLB)Themodificationsincludesuchthingsas:

wlncludeareaswith knownforestharvestinghistory

wEXxcludeareasconsideredvegetatedout Non-Treed,where not otherwiseconsideredorested

wExcludenaturaldisturbancetype 5 (alpinetundraand subalpineparkland)

KWESTNC. 11



SUNSHINEOASPILOTMAPPINGForConservatior& ClimateResiliencé’lanning

Thesespatialfiles areavailablefrom the CDFCP,andareorganizedn projectfoldersthatallow themto
beloadedinto a correspondin@)GIS projectfile ( e 6SginshineCoastPilot project 3July2024.qgzjo
beviewed,alreadyformatted/styledor usedfor furtheranalyses.

Table2. Map themesand layersincludedin the pilot project; layersresultingfrom GISgeoprocessingare in bold italics.

Theme

Layers

Tenure

ForestLandscapdJnits
RegionabDistricts
Municipalities
ForestHarvestRestriction
ParcelFabric

Landcover& Disturbance

CEMHumanDisturbance2021
DigitalRoadAtlas(DRA)
ESRlandcover
VRI2023AgeClass & 2
DisturbanceMasks:

o Cleared cutblocks

0 Built/ developed,includingroads

=4 =4 -4 _8_8|_48_9a_°a._-5a._52

Ecological& TerrainData

1 TEM& SEmapping

1 VegetationResourcenventoryMapping(VRI2023)

9 OldGrowth StrategicReviem(OGSR) echnicaAdvisoryPanelOldforest
Mapping

1 Biogeoclimati&EcosystenClassificatiofBECL2)

At RiskandOtherSensitiveEcosystems

Ecological
Communities at Risk

1 BCConservatiorbataCentre(CDCElementOccurrences
1 Potential ECARx-walked from TEM/SEI)
9 Potential Old & Mature ForestedECARfrom TEM/SEE VRI,OGSR)

KWESTNC.
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SUNSHINEOASPILOTMAPPINGForConservatior& ClimateResiliencé’lanning

Theme Layers

1 SunshineCoastSEI
9 Potential SensitiveEcosysterafrom TEM/SEI:
0 Wetlands
Riparian
Woodland
Estuaries
Herbaceous
Sparselyegetated(includingCliffs)
o0 Old& Mature Forest(from TEM/SE& VRI)
1 OGSRAPOId Forestmapping:
0 Priority DeferralAreas(old forest)
0 Ancientforest
0 Bigtree old forest
0 Priorityrecruitmentforest
0 Intactforestedwatersheds
1 Riparianfringe (buffered FWAlakes wetlands,streamg
1 Karstpotential
1 SensitiveNearshoreMarine Ecosystemgfrom CRIMS)
o Shellfishbeacheqfrom CRIMS)
0 Herringspawnareas(from CRIMS)

O O O oo

SensitiveEcosystems

Theme Layers

NRV Risk 1 Natural range of variability & risk levels(from BEC& VRI)

Lakeswetlands, streams(bufferedfrom FWA)
Wetlandecosystemgfrom TEM/SEI)
RiparianEcosystemgrom TEM/SEI)

Fans& cones(from TEM/SEmodifiers)

Hydroriparian

Coastalfringe (from FWAand CRIMS)
Moist/cool forest (from TEM/SEI)
Oldforest (from TEM/SE& VRI& OGSR)
Old & mature forest with big trees (from OGSR)
Ancientforest (from VRI)

9 Talusslopes(from TEM/SEI)

1
1
1
1
1 Hydroriparianlayergqlistedabove)
1
1
ClimateMicrorefugia 1
1
1

Becausdhe ecosystenmappingis quiteold for mostof the studyarea,disturbancema s kveré
createdo exciseall or partsof polygonsthathavebeendevelopednd/orloggedsincethe TEM was
completedmethodsandsourcesn Appendix B). Two disturbancenaskswereproduced:

1 permanentlybuilt areas,ncludingroads;
1 andclearedareas,ncludingagricultureand cutblocks(includingVRIpolygonswith ageclassl or 2).

KWESTNC. 13



SUNSHINEOASPILOTMAPPINGForConservatior& ClimateResiliencé’lanning

Theaccuracyandprecisionof theinputsourcesvasvariable,anddespiteeffortsto reviseandrefinethe
masksbasedon aerialimagery,theyarestill very coarse.

Thelack of accuracyandprecisionin thedisturbancenasksmadethem unsuitableo beusedto
permanenthalterthe TEI layers.Only the VRI layer (ageclassl & 2) wasactuallyusedasaii c o e ki e
Cc ut toemavedisturbedareasandonly to changethose TEI layersconsistingof only forested
polygons(i.e., TEM/SEI polygonscontainingforestin structuralstageb to 7 wereselectecandsavedas
aseparatdayer). RecentVRI clearcutgageclassl and2) wereclippedout of theforestedTEl

polygonsin the®ld & maturef o r layers. 6

KWESTNC. 14
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3 PROJECTEILIMATEMPACTS

Climatechangewill haveprofoundimpactsontheB C &Gauthcoastecosystemdijsh andwildlife, and
needgo beanoverarchingconsideratiowhenundertakingconservatiorandclimateadaptation
planningfor the studyarea.Figure 6 showsClimateB C @redictedchangesn meanannual
temperaturen the studyareaby 2070.Biogeoclimaticprojections suchasthoseusedin the ClimateBC
modef, canbe usedto approximateclimate changempactson awide rangeof speciesecoystemsand
ecosystenserviceyMahoney2019).The ClimateBC modelprojectsthatby 2070the CDFmmwill
completelydisappeafrom the studyarea(andBC). In its placewill beanewBEC zonethatis
completelynovelto the province(Figure 7). By 2070this novelBEC zonewill havealsodisplacedhe
drier CWH subzonegCWHxm andCWHdm)from wheretheyarecurrertly foundin thestudyarea,
andby 2100it will havealsodisplacedmostof the currentCWHvmlaswell (Figure 7). This meansall
coastalareasaswell asvalley bottoms will bein amuchwarmerBEC zone,onewith no currentanalog
in the PNW andpossiblyNorth America(Mahoneyetal. 2022;Mahoney2019).For context,climate
modelingby the Pacific ClimatelmpactsConsortiumhasprojectedthatby the 2050s Vancouvewill be
warmerthanpresentay SanDiego,2000kmto the south(Metro Vancouver2016).

Within the studyarea potentialranges/nichesf manyspeciesandecosystemsvill shift markedly.Pojar
(2010 summarzesthe consequenceasfollows:

Specieswill beforcedto migrateto staywithin their rangeof temperatur@ndmoisturetolerance.
However,slow movingspeciessuchastrees will needdecadesndprobablycenturieso catchupto
their shiftedclimateniche.Specieswith poordispersatapabilities(e.g.red-leggedfrogsor tailed
frogs) couldfail to movequickly enoughto surviveatthelocal level. Speciesvhosepotential
geographigangeshrinksor disappearge.g.manyspeciesn the CDFmm,which is projectedto
disappeaby 2070)couldultimately vanishin the eventof diseaser extremeevents(e.qg.fire,
drought)andlossof suitableenvironmentatonditions.

Generalpredictedchangesn thezonalclimateenvelopesncludethefollowing:

1 Ageneralshift of BECzonesfrom North to South¢ (the CDifnm is an exception:ClimateBCmodelling
indicatesthis zonewill be constrainedbe from movingboth northerly and elevationally and will therefore
disappearcompletely);

1 Amajorupslopeexpansionof dry coastalforest;

1 Shrinkingof alpineand subalpineecosystems;

1 Wide-rangingchangein wetlandsand aquaticecosystem$ecauseof warmerwater andchangesn
hydrologyrelatedto decreasedsnowpackandaltered precipitationpatterns;

1 Largediebackdor treesdueto droughtanddroughtfacilitatedinsect,diseaseandfire damage;

1 Increasedrequencyandintensity of windstormsandblowdowndamage(Pojar2010).

Specieghatarealreadyrareor atrisk will be particularlyvulnerableto climateshifts, especiallythosein
smallerandmoreisolatedpopulationsandwith poorerdispersahbilities (e.g.RedleggedFrogs,Coastal
Tailed Frogs),andthosewhich arealreadylimited or stressedby lack or fragmentatiorof suitable
habitat(e.g.MarbledMurreletsandotherold growth obligates) Speciesandecosystemshatare
currentlyatrisk becauseheyareatthenorthernlimit of their rangewithin the CDFmmor CWHxm
subzonewvill bedisproportionatehaffected becauseherewill beno suitablefuture biogeoclimatic

4 Seehttps://climatebc.ca(Mahoneyet al. 2022).
KWESTNC. 15



https://climatebc.ca/

SUNSHINEOASPILOTAPPINGForConservatior& ClimateResiliencdlanning

conditionsto which they canretreat.Speciesandecosystemghataredisturbedandfragmentedeyond
their natural range of variation (seeSection6) will belessresilientagainswildfire, heatstress,
drought,diseaseandinsects.

Pverlays: ((Mean annual temper_# ) ((BEC maps +)(Species maps _#) (1961-1990 4] Transy Pverlays: (‘Mean annual temper_# ) ((BEC maps +)(Species maps _#) [[sSP245_2041-% #] Trans)

Mean annual temperatui -14.0 ._ . 138°C
I A

Mean annual temperature ' -0 | M 13.8°C
P ’ e —

. \'.‘."h:’l‘_

Map  Satellite . : ok o
: S S g
{ 2 7y

Map  Satellite

a) 1961to 1996 b) 2041to 2070

Figure6. Projectedchangesn meanannualtemperature for the study areaby 20402070(SourceMahoneyet al. 2022).

Climatedrivenecosystenshiftsare alreadyleadingto extensivebiologicalimpactsacrossBCand Canada;
ultimately, conservingspeciesand ecosystemst riskwill require more than just protectingremnantsof suitable
habitat® (Corristine& Kerr2011).Assuch,conservatiorplanningthat aimsto supportthe longterm persistence
of speciesand ecosystemat risknot only needsto captureremainingat riskecosystemsandhabitats, it also
needsto be future-orientedin termsof capturingadequaterecruitmenthabitat, migrationcorridors, and
climate microrefugia (seeSection8).

5BChasno dedicatedspeciesat risk legislation,and federalspeciesat risklegislation(SARAJs plaguedby ineffectivenessandlackof
timelinessandlimited applicationoutsideof federallands(Westwoodet al. 2019).
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Figure?. Projectedshifts in the study | NBBio@edbclimaticzones by 30 year periods.
The CDF is indicated in yellow, the CWH in shadesof green,and the MH in purple. (Source:CCISS
Tool, 202- Climate ChangdnformedSpeciesSelectionTool (thebeczone.ch)
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4 SENSITIV& AT-RISKECOSYSTEMS

Dueto decade®f intensiveforestharvestinganddevelopmen{especiallyin lower elevatiors alongthe
coastandin valley bottoms;i.e. the CDFmm,CWHxm andCHWdmBEC units), manyof the study

a r eexdogicalcommunitiesareatrisk of beinglost, particularlyold forestecosystemaviany of these
ecosystemwvill befurtherimperilledby climatechanggasdescribedabovein Section4). Manyother
areaswith sensitiveecosystems the studyarea includingkarstfeaturesarealsosusceptibldo climate
changeampacts.

Ecological Communitiesat Risk (ECAR) andother SensitiveEcosystemsreprioritiesfor conservation
andinclusion within conservatiometworksdueto their Provincialandregionalscarcity fragility or
vulnerability to disturbanceandvalueto biodiversity:sensitiveecosystemareimportanthabitatfor
severahtrisk plantandanimalspeciesespecially

1 Oldandmature forest, particularlywith tall treesandin the drier andlower elevationBEGubzones
(CDRM, CWHxm@dm & vmy1);
Dryopenwoodland(especiallywithin the CDFmnon Lasquetiand Texaddslands);
Wetlands floodplainsandriparianareas;
Shallowsoiled,sparselyegetatedareas(e.g.rock outcrops,cliffs);
Beach/duneareas(primarilyon SavaryHernandoand Thormanbylslands and SargeanBay,but there
maybe undocumentedspeciesat riskin similarhabitatson Harwoodlslandand elsewherd.

E N N

4.1 EcologicalCommunitiesAt Risk

The BC ConservatiorDataCentre(BC CDC) maintaindlists of EcologicalCommunitiesatrisk of being
lostin BC (ECAR). TheC D C élementccurrencenapping for the studyareaincludesoccurrencesf
14 redlisted andfive bluelisted ecologicalcommunitieqtabulatedn Appendix D, Table D-1). CDC
elementbccurrencanappingof ECARis not, however,comprehensiveandis concentratedn the
CDFmm As aresult,notall ECAR arerepresented mapped Whenusedalone,the CDC element
occurrencemappingcanthereforebe misinterpretedo suggest:

1 FewECARrefoundoutsidethe CDFmm

1 Therearefewertypesof ECARN agivenareathan actuallyoccur.

By contrastthe BC Speciesind EcosystemExplorerdatabas&BCcCDC 2024) indicatesthat58 redlisted
and37 bluelisted ecologicalcommunitiesarepotentiallyfoundin the studyarea(tabulatedn Appendix
D, Table D-2). Twenty-two of thesecommunitiesarealsoglobally imperilled (G2) or critically
imperilled (G1),and26 areknownto beendemic.Theglobalrangeof manyof theseECAR is largelyor
almostentirelyrestrictedto the CDFmn? and CWHxm subzone®f southwesBritish Columbia,
underscoringoththeir globaluniquenessndB C &esponsibilityfor their conservation.

6 CDGlementoccurrencegEOsYyepresenta standor patchof an ecologicatommunity,or more commonly,a clusterof standsor
patchesof an ecologicacommunity(NatureServe002).EOsare givenconservatiorrankingsbasedon their condition,sizeand
landscapecontext(MOE2006).

7 Basedon asearchconductedin February2024,usingthe SunshineCoastNaturalResourceDistrictasa boundary.

8 TheCDFzoneishometo the highestnumberof speciesand ecosystemst riskin BC manyof whichare rankedgloballyasimperilledor
criticallyimperilled (seeCDFCP.dar moreinformation).
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To providea morerealisticrepresentationf whereECAR arelikely to occuronthe SunshineCoast a
list wasgenerateaf all TEM units/codesisedby the21 TEM projectsin the studyarea Thiswas
crosswalkedvith thelist of ECARin Appendix D, Table D-2, to identify all TEM polygonsthat
potentiallycontainECAR (seeAppendix E for crosswalktable. Usingthe methodsoutlinedin
Appendix B, the crosswalkiablewasthenusedto generateatingstablesthatwerejoinedto the TEM
spatialdatato producemays showingpotentiallocaions of ECAR in the studyarea without considering
ageor condition

Disturbancemaskswerecreatedo exciseall or partsof ECAR polygonsthathavebeendeveloped
and/orloggedsincethe TEM wascompleted methodsandsourcesn Appendix B). Two disturbance
maskswereproduced permanenthbuilt areasandclearedareagincluding VRI polygonswith age
classl or 2). Theaccuracyandprecisionof the input sourcesvasvariable,anddespiteefforts to revise
andrefinethe masksbasedon aerialimagery theywerestill very coarseandinconsistentlyaccurate
Severaimportantareasoccurunderthe6 b u mdski(Fiure 8), which would removethemfrom the
mapping soit wasconsideredoo inaccurateo be usedto alterthe TEM polygons The VRI layerwas
theonly inputusedto revisethe TEM, by adjustingforestageandcuttingoutrecentcutblocksfrom the
mature& old forestlayers

Disturbance Masks
Built

=~ | [ Cleared (incl. VRI)
"l [ VRI AgeClass1+2

| CDC Element Occurrences
| [ Red-listed ECAR

A

0 500 1,000 m
. ——

Figure8. Exampleof the disturbancemasksand CDGnappedEOsshownon aerialimagery, poor/inconsistentaccuracy
and low precisionprecludedall inputs exceptVRIfrom beingusedasa mask(for old & mature forest layersonly).
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Locationsof CDC ElementOccurrencedor all ECARin thestudyareaareshownin Figure 9, aswell
asall TEI polygonswhereECAR arepotentiallyfound, regardles®f age

All ECAR

CDC EOs
Bl Red
Il Blue
Potential from TEI
Red
Blue

Figure9. Locationsof all CDCElementOccurrencegor ECARind all potential ECARocationsfrom TEM/SEI.

While the CDC elementoccurrencanappingonly capturesl9 of the 95 red andblue-listed ECAR that
Specieand EcosystemExploreridentifiesaspotentiallyoccuring in thestudyareathe potential
ECAR mappingbasedn TEM capture$9 (Appendix D). The TEM-basedECAR mappingalsoshows
that ECAR aremuchmorewidely distributedin the studyareathanis suggestetby the CDC element
occurrencenappingalone.

Notethatthe potentialECAR mappinghasgapswhereTEM coveragas lackingor incomplete(seethe
TEM coveragemapin Figure 2). The CDC considerssize,condition viability, etc.,of theecological
communityduringelementoccurrencenapping(NatureServe002);theseassessmentserebeyondthe
scopeof the potentialECAR mappingdonefor this pilot study,but someof these resultsmaybeof use
asSourceFeaturegrom which to createEOs.

Figure 10 showslocationsof ecologicalcommunitieghathavebeenmappedoy the CDC asElement
Occurrencesswell aspotentialECAR basedn TEI, but differentiatedby habitattype. Ecosystem
Figure 10aarenonforestedor high-valueatanystandage(eg., riparian treedwetland. Figure 10b
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showsthe potentialECAR locationsof forestedecosystemsyith youngforeststhatareunlikely to meet
fisufficiently established r i t° élteredau.

'‘Ageless' ECAR

Old/Mature Forest

CDC EOs ECAR
Il Red CDC EOs
Il Blue Il Red

Potential from TEI Il Ble

Red
Blue

* !l Potent'l from TEI+VRI
FE

Red

a) Ecological Communities that are at risk regardlessof ~ b) EcologicalCommunities that are at risk oncemature or
structural stage/ ageclass old; fAinsufficiently e s t a b | foresthagediltered out.

Figure10. ECARn the study area,includingCDQlement occurrencesand potential occurrencesdasedon TEMSEI(and
VRIfor b).

4.2 SensitiveEcosystems

Sensitiveecosystemarethosedeemedecologcally sensitivéfragile, rareonthelandscapgegenerally
high biodiversity, andcontainng importanthabitatsfor manythreateneé&ndendangereglantand
animalspecieqi.e. Speciesat Risk). Sensitiveecosystentategoriesnappedy the SunshineCoast
SensitiveEcosystem#nventory(Cadrinetal. 2003)include:wetlands(bog, swamp fen andshallow
water) riparianareaspld forest,woodland herbaceougnonforestedecosystemshndcliffs. Mature
forestandseasonallyloodedfields weremappedasotherimportantecosystemgFigure 11).

9 Asper guidelinesusedto identify listed plant communitiesfor the GreatBearRainforestOrder(Banneret al.2019), criteriafor
BufficientlyEstablishefinclude:

1 Standghat are at least250yearsandolder,

1 Low,mid, or high-benchfloodplainecosystemst anyage,

1 Standsk m ryearswith VeteranOverstoreyTreeso + h ¢18sbemsper hectare(sph),and

1 Standsk y but >Xm rygarswith VOTsk20 sph.
DeterminingvVOT densitywasbeyondthe scopeof this pilot study.Henceall forests80 yo andgreatemwereconsideredo havepotential
forbeingh suf f iecsitamtlliyshedo.
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Sunshine Coast SEI
Sensitive Ecosystems
Cliff
Herbaceous
Bl Oid Forest
B Riparian
Woodland
Wetland
Other Important Ecosystems
Mature Forest
Seasonally Flooded

Figurell. SensitiveEcosystemsnventory of the SunshineCoast(Cadrinet al. 2003).

The SunshineCoastSEI mappinghasa numberof problemsrelatedto its scopeandvintage:
1 Mappingcoverageslimited to lower elevationareasalongthe coast;
1 Manyforestsmappedasold or mature at the time of mappinghavesincebeenloggedor developed;
f  Manyforeststandsthat were & & 2 daytEedime of mappingarenowd Y @ dzNB €

To addresshesessuesthedatasourcesandmethodsoutlinedin Table 2 andAppendix B wereusedto
updateandextendmappingof potentialsensitiveecosystems the studyarea(Figure 12). In summary
thesemethodsncluded

A A list of currentSensitiveEcosysten{SE) classesindsubclasseapplicableto the studyarea
weregeneratedasper TerrestrialEcosysteninformationUnit 2023)
U Wetland(WN:bg,ms,fn,spetc.)
Riparian(RI:fh,fm,fl)
Woodland(WD)
Herbaceoug$HB:du,cs,hb,vs)
SparselyegetatedSV:ro,cl,ta)
Old / MatureForest(coniferousforestwith potentialto be matureor old).

cCoccc

A TheaboveSE classesindsubclassewerecrosswalkedvith the TEM mapcodesor Site Series
usedby thevariousTEM/SEI projects(21) with coveragen the studyarea(seecrosswalkiable
in Appendix E).

A RI:ff (ripariandlood fringed cannotbe deriveddirectly from TEM (andcoveragds incomplete)
soavariety of datasourcesvereused,ncludingthe FreshwateAtlas streamslakesand
wetlandg(with 30 - 50 m buffers)andThe NatureTrustof BC6 ®opographicatiparianmapping
(TNT 2021) Seethe6 RarianS o u r tabéem Appendix E for details
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A 0Old andmatureforestsweremappediusinga combinationof methodsWherethereis no TEM

coverage\VRI and/orTAP OGSRmappingwasused(seeAppendix B); Wherethereis TEM
coveragetheageof forestedTEM/SEI polygonswasupdatedif necessaryysing

corresponding/overlappingRI polygons

U recentclearcutVRI polygonswith ageclassl or 2) wereclippedout of the TEI

polygonsin theforestedayers

U c&entroid®weregeneratedor eachremainingpolygon,or remainingportion(s)of TEI

polygons;

U eachTEIl centroidwasassignedgeclassdatafrom theVRI polygonthatit fell within,

andthis datawasjoinedbackto the TEI polygonthatthe centroidoriginatedfrom;
U TEI polygonswith structuralstage7 (old forest)wereassignedgeclassof 9 (250+yo0)

evenif VRI identifiedthemasyounger(ageclasse$-8).

Notethatthe potentialsensitiveecosystemsapping(Figure 12) still hasgapswhereTEM, SEland

VRI coverage arelackingor incomplete(seeFigures 2to 5).

10

Pot'l SensEcos from TEI
Alpine
B Estuary
I Fresh Water
Herbaceous
Moist Forest
B Riparian
Sparse Veg
Woodland
Wetland
Pot'l SensEcos from TEI+VRI
I Mature Forest
I Old Forest
Other Riparian
B TNT_toporiparian
B FWA 30m buffer
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Figurel2. Potential sensitiveecosystemsn the study areabasedon TEMand other data sources.

4.2.1 Old Growth Forest

TheBC governmentormedthe Old Growth TechnicalAdvisory Panel(TAP) to implementthe
recommendationsf its 20200Id Growth StrategicReview(OGSR;Gorley & Merkel 2020).The
OGSRstatesii F o r vétls dldeindancienttreescontainuniqguecombinationof attributesthatgrow
from ecosystemghathaveformedover centuriesor millennia. Theseattributescanrarely,if ever,be
replicatedin youngeror compromisedcosystemsgvenif they containold trees.Someof the many
valuesfoundin forestswith old andancienttreesare:

Uniqueconditionsand processeshat areimportant to conservatiorof biodiversity;
Uniquespeciesmanyof whichare still undiscovered;

Banksof geneticmaterialfor future useor adaptationstrategies;
Highvaluetimber with qualitiesnot found in youngerforests;

Resistancéo fire;

Interceptionand storageof water;

Highcarbonstorageand sequestrationcapacity;

Botanicalfforest products,includingmedicinal,edible,decorativeand ceremonialplants;
Fishandwildlife habitats,includingessentiakttributesfor nestingor denning,thermal protectionand
hidingfrom predators;

Spiritualand culturaluses,includingcarvingscanoesand ceremonialpoles;
Aestheticssuchasresidentviewingandtourism;

Commerciabnd non-commerciakecreation;and

Knowingthey arethere for their own sakeg intrinsic@ | t dzS ¢ ®

=4 =4 =4 -8 -8 -4 -8 -8 9

= =4 -4

TAP wastaskedwith identifying old forestecosystemshatareat highestneartermrisk of irreversible
biodiversityloss,for harvesideferraluntil the Provincedevisesa new Old Growth Strategy.Dueto a
centuryof intensiveforestharvestingmanyof thestudyare® ®restecosystemareatrisk areold,
particularlyin thevalley bottomsandthedrier BEC subzonegi.e. CDFmm,CWHxmandCWHdm).
Figure 13 showsremainingpatchesld growth,with areasdentifiedby TAP asprioritiesfor deferral
highlighted.(Notethatthis mappingis basedon TAP datathatdoesnotextendto privateandFirst
Nationslands).The TAP deferralcriteria(OG TAP 2021a)include:

1. Big-treedold growth (remainingold growthwith big treeg;

2. Remnanbld ecosystem&remnantbld growthin BEC variantswith lessthan10%old remaining,
in total andwithin alandscapeinit);

3. Ancientforest(forestover400yearsold in ecosystemsvith rarestandreplacingdisturbance)

4. Intactwatershedgcontiguousareasof forestecosystemselatively unalterecoy human
activities).

Big-tree & Remnant Old Growth

Old forestsmeetingcriterial and2 arerarein thestudyarea(Figure 13), andlargely overlapwith the
redandbluelistedforestcommunitiesshownin Figure 10. (Notethatthis mappingis basedn TAP
datathatdoesnot extendto privateandFirst Nationslands).
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Ancient Old Growth

With regardto ancientforest(criteria3), inherentdeficienciesn the ProvincialVegeation Resource
Inventory(VRI) do notallow for ancientforests(>400 yo) to bedistinguishedrom old forests(>250
yo) withoutfield verification (Holt etal. 2008;Priceetal. 2020).As a consequencgncientforestsare
poorly representeth the TAP priority deferralmapping(OG TAP 2021b) whichalsod o e ovér t
rivateandFirst Nationslands

OGSR TAP OLD FORESTS

B Ancient Forest

B Remnant Ecosystems
B Priority Big Tree OG
B Big Tree OG

I Recruitment Forest
(Mature Big Tree)
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Figurel3. Old forest priorities mappedby the Old Growth StrategicReviewTechnicalAdvisoryPanel

Tofill thisgap Figure 13 alsohighlightsadditionalold foreststandsn the VRI with leadingspecies
aged350yo andup (asclassedn theforestanalysiscompletedoy JamesTricker, Appendix C).
Becausenostof theseforestsareat higherelevationsvherethereareinfrequentaturaldisturbances,
thereis goodprobabilitythatthey areactuallyancient(>400 yo), andthereforelikely to meetdeferral
criteria #3. Specifically,thisis because:

1 Wetter andhigherelevationcoastalforestsnaturallyexperienceonly low levelsof disturbance(i.e. fire):
historicallytheseforestswould havebeen85-95%old growth. Firereturn intervalsin thesetypesof
forestshavebeenestimatedat between700and6000years,andasaresult someforestsare many
thousandsof yearsold (Priceet al. 2020,Hebda2007,Lertzmanret al. 2002. Forexample the CarenRange
Forestof the lower SunshineCoastis knownto have1250yearold Hemlockand 1824yearold Yellow
Cedarandmaybe the oldestknownclosedcanopyforestin the world (Jones2003).

1 Consequentlywithin the studyarea,manyremainingbigtree old growth standsin the CWHvmaand
MHmmwould be expectedto be ancient(400+yearsold), particularlythose standsin the MHmm
subzonewheretreesare slowgrowingand smallfor their age(andhenceare often manyhundredsof
yearsold beforereachinga harvestablesize).

f  Incomparisonthe Technicaldvisoryt |y $hap@irgof ancientforest'® showsonly a handfulof ancient
foreststandsin the studyarea,with nonebeinglabelledasgreaterthan 557yearsold.

Accordingto the Old Growth StrategidReview(Gorley & Merkel 2020),andthe Old Growth Technical
Advisory Panel(OG TAP 2021),ancientforestsareglobally uniqué, rare andcontainspeciesasyet
undiscoveredandmanyof theseancientforestsarenonrenewablevithin anyreasonabléime frame.
Theseforestshaveancientgeneticmaterialandarerepositorief biotaandprocessesve maynoteven
know or understandThey alsostoreextremelyhigh amountsof carbon built up overmillennia(OG
TAP 2021;Gorley & Merkel 2020) This makesthemanimportantbuffer againsispeciesextinction,
climatechangeandlostfutureopportunities.

Klinka & Chourmouzig2001,citing others)highlightthewatershedmportanceof suchforests noting
thatther relatively openforestcanopyis idealfor capturingandretainingsnow:this preventsspring
flooding andprovidescleanwaterevenduringdry summer&. Recentesearclshowsthathigh
elevationold andancientforestsplay acritical role in providing climatechangerefuge(seeSection8
for detail9, functioningasmicrorefugiafor speciegpopulationsatlower elevationsaswell asfor high
elevationspeciesinableto moveelsewherasthe climateshifts (Wolf etal. 2021 Morelli etal. 2019.
Theseirreplaceabldorestsaresensitiveto disturbanceandareslow to recover(Parish& Antos2006;
Antos2004;Voller & McKinnon 1999);theyshouldnotbein thetimberharvestandbase(Wolf etal.
2021).

10Whichwasbasedon Provinceof BC2010.BCLandManagementHandbookk#25. Structuralstage7b. NDT1, 2 and4 for lessfrequent
disturbance

11Someof. / €bastalrainforestsarethousandsof yearsold. Theseforestshavecompletelydifferent biodiversityvaluesthan forests
definedby the Provinciabld growth thresholdof 250years(Priceet al. 2020).

12|n addition, Klinka& Chourmouzig2001)state that anyform of clearfelling MH forestson siteswhere deepersnowis likelyto
accumulate(e.g.cooler, flatter sites)isinappropriate.Thisis becausedeep,lingering(e.g.into June)snowin the MH zonecreates
adverseconditionsfor the establishmentsurvivaland growth of trees,andtherefore preventingregeneration.
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Intact Watersheds

Dueto the extensiveamountof harvestinghathastakenplacein the studyarea few forestsmeet
deferralcriteria#4. Figure 14 showssomeof theremainingrelativelyintactwatersheds studyareaas
mappedoy the Old Growth TechnicalAdvisory Panel(OG TAP 2021) Thesearewatershedsvith
relatively contiguousandintactold andmatureforest,largely unfragmentedby roadsandhuman
activity. Theyincludeareasof relatively undisturbedorestin the Toba,Brem,Homfray,westernPowell
Lake,upperBrittain, westernSkwawka,andDesertedandscapeinits,aswell asDesolationSound
ProvincialParkandLasquetilsland.
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Figureld. Relativelyintact watershedswith high conservationvalue.
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4.2.2 Karst

Karstis aunigue,nonrenewablaesourcevith significantbiological,hydrological,mineralogicaland
scientificvalues Karstecosystemsftensupportunusualbr rareplantandanimalspeciesbothonthe
surfaceandundergroundBC Ministry of Forest2003) Karstecosystems B.C. arehighly vulnerable
to disturbanceroadconstructiorandforestharvestingcandamagekarstsinkholesundersurfacewater
systemsandpotentialy collapseentirekarstcavesystemgHolt 2007).

Figure 15 showsthe generalocationof the Stromberglarstareaon Texadalsland Areasmappedoy
the Provinceashavingkarstpotentialarealsoshown.Consultatiorwith local caverswould assistwith
identifying otherimportantkarstareas.

7 by [] Landscape Units
Il Stromberg Karst
I Karst Potential

Bunster

Brittain

Salmon
Inlet

Sechelt

Texada ) Howe

Chapman
0 10 20 30 km /
N

Figurel5. StrombergCreekkarstareaand karstpotential.

4.3 Summaryof ConservationConsiderations

1 Climatedrivenecosystenshiftsare alreadyleadingto extensivebiologicalimpactsacrossBCand Canada;
ultimately, conservingspeciesand ecosystemat riskwill requiremorethan just protectingremnantsof
suitablehabitat*® (Corristine& Kerr2011).A conservatiometworkthat aimsto supportthe longterm
persistencef speciesand ecosystemat riskin the studyareanot only needsto captureremainingat risk
ecosystemsand habitats, it alsoneedsto be future-orientedin termsof capturingadequaterecruitment
habitat, migration corridors and climate micrarefugia (seeSection8).

13 BChasno dedicatedspeciesat risklegislation,and federalspeciesat risk legislation(SARAIs plaguedby ineffectiveness
andlackof timeliness,andlimited applicationoutsideof federallands(Westwoodet al. 2019).

KWESTNC. 29



SUNSHINEOASPILOTMAPPINGForConservatior& ClimateResiliencé’lanning

1 Gonservatiomplanningshouldaimto captureat riskecosystemsighlightedin Figure8, especiallyed-listed
communitiesand particularlyin areasof the CDFmnand CWHxm that are hot-spotsfor at risk species
and ecosystemsdncluding the northernend, southerntip andwesternsideof Texadaall of Lasquetithe
Malaspinapeninsula andthe areawestof InlandLake.

1 CDFmnecosystemsvere historicallyshapedoy traditional indigenousresourcemanagemenipractices
(eg., usingfire andthinningto maintainan openunderstoryfavorableto food and medicineplants).
Gonservatiorplannersshouldmakeallowancedor silviculturalpracticeshat enhanceold foreststructure
in red and bluelisted CDFmnecologicacommunitiesasper Negrave& Steward(2010),specificalljthose
which:

0 maintainstructuraldiversityin standswith high conservatiorvalue(e.g.old growth forest);
0 recruitstructuraldiversityandold foresttraits in structurallyhomogenoustands(e.g.second
growth stands).

1 Itisrecommendedhat conservatiorplansand networksincludeold and ancientforestecosystems
identifiedasbeingat risk,andthe intact watershedsshownin Figure14 especiallygiventheir potential
valueto speciest risk,watershedfunctioning and as climatemicrorefugia(asdiscussedn Section3).

1 Gonservatiorplansand networks shouldidentify and prioritize karstfeatures,in consultationwith local
caversandnaturalists.
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5 NATURARANGBEFVARIABILIT& RISK

An importantconsideratiorwhenplanningfor conservatiorandclimateadaptationis how mucha
naturallandscapeanbe alteredbeforespeciesarelost anddesiredecosystenservicesare
compromisedi.e. how muchneeddo be conservedor thelong termviability of speciesaand
ecosystems(Priceetal. 2009).This s particularlyimportantin contextof the projectedclimatedriven
shiftsandimpactsdescribedn Section 4.

TheOld Growth StrategidReview(OGSR;Gorley & Merkel 2020)stateghata generakisk ratingbased
onane c o s y $naterahi@msge of variabilityd'4 (NRV) shouldserveasguidanceThe NRV rule of
thumbis thataslong asecosystemarenot disruptedbeyond30% of their natural/historiabundancen
thelandscapethereis low risk of losing speciesandecosystenfunctioning/service. Howeverif the
naturalabundancef ecosystemss alteredby 70%or more,therisk of losing speciesandecosystem
servicesacrosghelandscapés high (seeGorley & Merkel 2020;Keaneetal. 2009,Priceetal. 2009,
Priceetal. 2007,CIT 2004b) TheNRYV of forestedecosystermon the coastreflectstheamountof a
forestthatwould naturallybeold (CIT 2004b).

In BC, precautionarNRYV targetsfor old growthretentionhavenot historically beenapplied,dueto
impactson timbersupply®. NonethelessNRYV risk thresholdsarea usefulyardstickfor gaugingrelative
risk of losingbiodiversityandecologicalfunctions/services a particularwatershedr landscapeinit,
andlevelsof risk posedor amelioratedy differentconservatiometworkconfigurationsTable 3 shows
the historicpercentagesf old forestthatwould be expectedn eachBEC unit foundin the studyarea.
Theseare: CDFmMmM29%'” CWHxm1,dm 70%, CWHvm 85-90%,andMHmMm 90-95% (MOE 2020).1t
alsoshowsthe percentagef old growthforestin eachBEC unit belowwhich (<30%of the historic
percentagef old forest)thereis highrisk of losing speciesandecosystenservicesandabovewhich
(>70%of thehistoricpercentagef old forest)thereis low risk.

Estimatef remainingold forest(ageclass9) within eachBEC-landscapeinit combinationin the study
areatogethemwith associatedRYV risk levels,areshownin Table 4 (basedon 2023VRI ageclassdata,
usingmethodsoutlinedin Appendix C) andillustratedin Figure 16. Althoughtheresultsof this
analysisareindicativeonly, it suggestshatpercentagesf old growthremainingin mostof the study

a r eBEG-ndscapeinit combinationsarewell belowthe high risk thresholdshownin Table 3. This
is especiallysoin thelower elevationareasandvalley bottoms(i.e. CDF, CWHxm andCWHdm),
whereit appearghatold growth percentagemay notevenmeetthetargetdaid outin B C @sder for
EstablishingProvincial Non-spatial Old Growth Objectives Similarly low percentagesf old growth

14 Thisis typicallybasedon a descriptionof ecosystemasthey existedbefore major changesroughtabout by extensiveindustrialor
agriculturalactivity (Gorley& Merkel 2020),recognizinghat the structure of someecosystemge.g.CDFmmecosystemsyvashistorically
shapedby traditional indigenousresourcemanagemenpractices(e. g. usingfire andthinningto maintainan openunderstoryfavorable
to plantfoodsand medicine).

15 Accordingo the World Resourcesnstitute: & b | (i etddystemiike forestsand wetlandsprovideessentiakervicego water utilities,
businessesind communitiest from water flow regulationand flood controlto water purificationand water temperatureregulation.
(citedin Gorley& Merkel2021,p. 29).

16 Interim 30%NRMWargets(highrisk)were adoptedfor TheGreatBearRainforesta decisionbasedon timber supplyanalysisather than
the precautionary70%NRMargetsrecommendedy the I NBdciéhtificadvisorycommittee (Priceet al. 2009).

17 Accordingo Negrave& Steward(2010)the structure of pre-contact CDForestsis not accuratelyknown but evidencesuggestshat
old, often widely-spacedtreeswere a pivotal characteristicof the landscape.
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remainin theseBEC unitsprovince-wide (Priceetal. 2020).Thelargenumberof speciesand
ecosystmsatrisk in theseBEC units,asdiscusse@bove,is areflectionof this.

Table3. Historicpercentagesof old forest that would be expectedin eachBEQunit found in the studyarea,and
percentageold forest coverassociatedwith high versuslow risk of losingecosystemservicesfor each(MOE2020).

- RiskThreshold basedon % OldForestRemaining
BECUNIT HistoricallyExpected .
(foresttype) %OldForest LOWRIsk At least70%of
HistoricExpectedemains
CDFmm 29 >20
CWHxmL 70 >49
CWHIm1 70 >49
CWHvN1,vm2 8590 >61
CWHds1msl 60 >42
MHmmML, mm2 9095 >65

Whenecosystenservicesandresilieng of coastaforestsarecompromisedy extensivdossof mature
andold forestcove (relativeto historiclevels)therisk of drought,wildfire, floods (UBC Facultyof
Forestry2022) andspeciedoss(Priceetal. 2020)increass. Thesekindsof riskswill be exacerbatety

climatechangeasdiscussedn Section 4.
Forthesereasonsat thevery minimum,
conservatiorplanningshouldaim to retain
andrecruitsufficientold andmatureforest
within eachBEC/Aandscapeinit comboto
exceedhehigh-risk thresholdtargetsshown
in Tables3 and4. For watershed$osting
importantfish populationgespecially
salmonids)communitywatersupplies
(Figure 17), andspeciesaandecosystemat
risk, the percenibld foresttargetsfor each
BEC-landscapeinit comboshouldideally
align morecloselywith thelow risk
thresholdge.g.>20% for CDF forests 49
61%for CWH forestsdependingon variant,
and>65%for MH forests).For BEC -
landscapeinit comboswith lessthan30% of
theoriginal old growthforestremainingdue
to pastharvestingFigures 16 and17),
sufficientmatureforestshouldbereserved
towardmeetingandexceedinghistarget,
with priority givento productivemature
standscapableof producingd bt ge e s 6
givenhow rarebig-treeold growthis and

BEC x VRI_NRV Risk
HIGH
LOW
VARIABLE

0 10 20 30km
[ m—

becausdorestson productivesitesarelikely

to recoverold growthattributesmorequickly (Holt etal. 2008.
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Figurel6. NRVRiskratingsfor BEC/ariant ¢ LandscapéJnit
combinationsin the study area.

BEC x VRI_NRV Risk
I HIGH

. Low
VARIABLE

Salmon Spawning ZOI
| Community Watersheds

10 20
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Figurel7. NRVRiskratingsfor BECV/ariant ¢ LandscapéJnit combinationsin the study area,with drinkingwater and
important salmonspawningwatershedsoverlaid.
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Table4. Estimatesof old forest remainingin the study area,by BEGLandscapeaJnit combination, and in comparisonto
the percenthistorically expectedto occurandto highandlow risk thresholdsfor natural rangeof variation
(basedn analysisby JamesTricker 2024)

BECSLand PercenDIldGrowth

UnitCombinations Héf(gggf:g' Tﬂgggg THrlmggst:)Tg Actual NRVRISK
(>7M0%ofHistoric)| (<3%ofHistoric)

Brem 60.8

CWHIm 70.0 49.0 21.0 12.7

CWHns1 60.0 42.0 18.0 94.4 LOW

CWH/m1 8590 61.0 26.0 42.8 VARIABLE

CWH/m2 8590 61.0 26.0 80.4 LOW

MHmMm1 9095 65.0 28.0 83.8 LOW

MHmMmm2 9095 65.0 28.0 100.0 LOW

Brittain 19.5

CWHIm 70.0 49.0 21.0 4.3 -

CWH/m1 8590 61.0 26.0 6.3

CWH/m2 8590 61.0 26.0 28.5 VARIABLE

MHmMm1 9095 65.0 28.0 35.6 VARIABLE

Bunster 11.6

CDFmm 29.0 20.0 12.0 0.0

CWHIm 70.0 49.0 21.0 2.8

CWH/m2 8590 61.0 26.0 29.6 VARIABLE

CWHxm1 70.0 49.0 21.0 2.9

MHmMm1 9095 65.0 28.0 42.5 VARIABLE

Chapman 18.9

CDFnm 29.0 20.0 12.0 0

CWHIm 70.0 49.0 21.0 1.8

CWH/m1 8590 61.0 26.0 4.1

CWH/mM2 8590 61.0 26.0 25.8

CWHxm1 70.0 49.0 21.0 0.0

MHmMm1 9095 65.0 28.0 71.8

Deserted 53.4

CWHIm 70.0 49.0 21.0 2.9

CWH/m1 8590 61.0 26.0 315 VARIABLE

CWH/m2 8590 61.0 26.0 57.1 VARIABLE

MHmMm1 9095 65.0 28.0 77.6 LOW

Haslam 1.2

CDFmm 29.0 20.0 12.0 0.0

CWHIm 70.0 49.0 21.0 1.0

CWH/m2 8590 61.0 26.0 3.4
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BECLand PercenDIldGrowth

UnitCon?Binsz;?opnes Hisorically h(})rv(\e/SR';)sllé THEL?QEE(:)?I(; Actual NRVRISK
Expected (>7M%ofHistoric)| (<3%ofHistoric)

CWHxm1 70.0 49.0 21.0 0.0 ‘

MHmMm1 9095 65.0 28.0 9.1 ‘

Homfray 37.3 _

CWHIm 70.0 49.0 21.0 7.8 ‘

CWH/Mm1 8590 61.0 26.0 18.2 |

CWH/m2 8590 61.0 26.0 45.1

CWHxm1 70.0 49.0 21.0 0.9 ‘

MHmMm1 9095 65.0 28.0 75.1 LOW

Howe 22.3

CDFnm 29.0 20.0 12.0 0

CWHIm 70.0 49.0 21.0 35

CWH/m1 8590 61.0 26.0 5.6

CWH/mM2 8590 61.0 26.0 36.8 VARIABLE

CWHxm1 70.0 49.0 21.0 0.4

MHmMm1 9095 65.0 28.0 56.1 VARIABLE

Jervis 47.3

CWHIm 70.0 49.0 21.0 13.0

CWH/m1 8590 61.0 26.0 15.9

CWH/m2 8590 61.0 26.0 46.6 VARIABLE

MHmMm1 9095 65.0 28.0 71.3 LOW

Lois 6.5

CWHIm 70.0 49.0 21.0 1.0

CWH/m2 8590 61.0 26.0 5.9

CWHxm1 70.0 49.0 21.0 0.6

MHmMm1 9095 65.0 28.0 26.2

Narrows 36.1

CWHIm 70.0 49.0 21.0 4.6

CWH/m1 8590 61.0 26.0 14.2

CWH/m2 8590 61.0 26.0 29.7 VARIABLE

MHmMm1 9095 65.0 28.0 61.2 VARIABLE

PowelDaniels 45.1

CWHIm 70.0 49.0 21.0 4.8

CWH/m1 8590 61.0 26.0 25.1

CWH/mM2 8590 61.0 26.0 62.3

MHmMm1 9095 65.0 28.0 89.5

PowellLake 21.6

CWHIm 70.0 49.0 21.0 0.2

CWH/m1 8590 61.0 26.0 7.3
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BECLand PercenDIldGrowth

UnitCon?EinSz;%pnes Hisorically h(})rv(\e/SR';)sllé THEL?QEEJ)?I(; Actual NRVRISK
Expected (>7M%ofHistoric)| (<3%ofHistoric)

CWH/mM?2 8590 61.0 26.0 23.8 —

MHmMm1 9095 65.0 28.0 70.2 LOW

Salmoninlet 41.3

CWHIm 70.0 49.0 21.0 10.8

CWH/m1 8590 61.0 26.0 10.2

CWH/mM2 8590 61.0 26.0 34.2 VARIABLE

MHmMm1 9095 65.0 28.0 68.7 LOW

MHmMm2 9095 65.0 28.0 88.9 LOW

Sechelt 4.3

CDFnm 29.0 20.0 12.0 0.0

CWHIm 70.0 49.0 21.0 4.1

CWH/m2 8590 61.0 26.0 18.6

CWHxm1 70.0 49.0 21.0 0.6

MHmMmm1 9095 65.0 28.0 34.4 VARIABLE

Skwawka 49.4

CWHIm 70.0 49.0 21.0 4.6

CWH/m1 8590 61.0 26.0 25.0

CWH/mM2 8590 61.0 26.0 63.5 LOW

MHmMm1 9095 65.0 28.0 81.3 LOW

Texada 4.5

CDFmm 29.0 20.0 12.0 5.7

CWHIm 70.0 49.0 21.0 1.2

CWHxm1 70.0 49.0 21.0 3.4

Toba 56.8

CWHIm 70.0 49.0 21.0 18.2

CWHlIs1 60.0 42.0 18.0 26.2 VARIABLE

CWHns1 60.0 42.0 18.0 60.4 LOW

CWH/m1 8590 61.0 26.0 43.5 VARIABLE

CWH/m2 8590 61.0 26.0 73.5 LOW

MHmMm1 9095 65.0 28.0 85.9 LOW

MHmMm2 9095 65.0 28.0 74.4 LOW
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5.1 Summaryof ConservationConsiderations

f  Oldgrowth percentagesn mostof the studyl NBBEQandscapeunit combosare far belowthe NRV
thresholdsndicatinghighrisk of losingecosystemservicesand resultinglossof species (Figures 16 and
17), asoutlinedin the OGSRAt a minimum,conservatiorplansand networks shouldbe designedo retain
andrecruitsufficientold and mature forestwithin eachBEG landscapeunit comboto morethan exceed
the high-riskthresholdtargets shownin Tables3 and 4.

1 Forwatershedshostingimportant fish populations(especiallysalmonids)speciesand ecosystemast risk,
and communitywater suppliesthe percentold foresttargetsfor eachBEGandscapeaunit comboshould
ideallyalign morecloselywith the low riskthresholdge.g.>28%for CDHRorests,49-61%for CWHforests
dependingon variant, and >65%for MH forests).ForBEG landscapeaunit comboswith lessthan 30%of the
originalold growth forestremainingdueto pastharvesting sufficientmature forestshouldbereserved
toward meetingand exceedinghistarget, with priority givento productivemature standscapableof
producing? 6 (kNI S & Q @
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6 HYDRORIPARIAANAQUATIECOSYSTEMS

6.1 Climatelmpactson AquaticEcosystems

Climatechangewill alsoprofoundlyimpactaguaticspeciesandecosystemsOn the southcoast,
summersarebecomingdryerandhotterwith morefrequentheatwavesandincreasedearto-year
variability comparedo historicallevels.Winterswill likely becomancreasinglywarmerandwetter.
Largeandfrequentwinter rainstormsandlargedecreases snowfallareexpectedLittle 2012).These
changesn precipitationandtemperaturavill havesignificantimplicationsfor hydrologyandaquatic
ecosystemsgseeAppendicesF & G for details)andfor fish, assummarizedn Table 5. Whether

t o d aipadasandretentionstandardsvill beadequatdor safeguarding@quaticecosystemandfish
into thefutureis animportantconsideratiorwhenplanningfor conservatiometworks andclimate
adaptationAguatic habitatsandspeciesnostvulnerableto climatechange(asperPojar2010) include:

cold-water habitats;

cold-water specieqe.g.Cutthroat Troutand DollyVVarden)

flow sensitivespeciessuchascutthroat trout (Price& Daust2016);

highaltitude systemgqe.g.smallcirquesand wetlandsin the Mountain HemlockBECzone)
smallshallowlakes

smallconnectingstreams

=4 =4 =4 -8 -8 9

Table5. Summaryof projected climate changeimpactson fish and fish habitat in the study area(adaptedfrom:
Little 2012and Klassen& Hopkins2016).

Climatechangeimpact Biophysicalmpactsonfish \
Increasedrequency magnitudeof 1 Increasedtreansedimentatidnincreasedggscourandburiabndreduced
winterfloods eggsurvival
1 Increasedtreanthannefmigratiordegradatioandaggradatiofi.e.
channeinstability)
1 Lackofhabitatluringpeakflows
Changen peakflowtiming 1 Mismatcbetweemydrologicaéggimeandmigratioandspawning
1 Fewemigratingmoltsdecreasedpeedfmigrationrincreasegredation
Lowerlowflowsin summer/early 1 Reducedpawningabitat lowersuccessfidpawningndfryto-smolt
fall survival
1 Exacerbatiosf naturallowflowsnmanysmalkcohoandtroutrearing
streams

Increasedvatertemperature Thermadtress lowerfryto-smolsurvivahindincreasedovemento higher
elevationanddeepewatersoremairwithirsuitabletreantemperatures
Decreasedriticahearshortakehabitaandfeedingpportunities.
Alteredyrowtranddevelopment
Increasethcidencandseveritpfdisease

Decreasedissolvedxygen decreasedarryingapacityorfish.

Thermabarrierdo migrationalteredspeciedistributian

Changeénfoodavailability
Mismatcim predator/pregteractian

Changéan timingof seaward
migration

Increasedisksto peripherafish
habitats

Increasingsolationf peripherdishpopulatiorislossofheadwatestocksof
cutthroatroutandDollyWarden

Increasewildfirendlandslides habitatamagedishkilledwithpotentially
highimpactsnisolateghopulations

= = =2 =4 =4 -4 -8 -4_-9 =
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Climatechangeposesheightenedisksto isolatedperipherafish populationge.g.headwé#er stocksof
CutthroatTroutandDolly Varden) Forexamplethe growingintensityandextentof wildfire will
damageiparian/aquatihabitatandkill fish moreoften puttingisolatedfish populationsatincreased
risk of beingwipedout (Klassen& Hopkins2016).

6.2 FishbearingStreams

Thefish-bearingstatusof a streamis importantbecausét oftendictateswhetheror notriparianreserves
will beappliedto it, asperForestPracticeCode(FPC)standardsFigure 18 showsthe FWA stream
networkoverlainwith FISSfish observatiordata®. This data,however is not sufficientfor establishing
thepresencef fish in a particularstreanreach,asobservationsrenotcomplete Nor doesthe presence
of anobstaclesstablistthe absencef fish in thereachesboveit, asresidenfish populationsoften
existbeyondsuchbarriers particularlywhenperennialakes,wetlandsor largestreamdie above
(Nordin etal. 2023).Figure 18 showsthe locationsof major salmonspawninginesand watersheda
thestudyarea(notehowever therearenumerousmallersalmonspawningchannelghatarenot
shown).Otherthird orderwatershedshatfeaturesalmonidspawningzonesof influence(asperPSF
2021) arealsohighlighted.

In accordancevith the ForestPractice<C o d &ishsstreamldentificationGuidebookProvinceof BC
1998),any streamchannelwith lessthan20% meangradientareby defaultconsideredo befish-
bearing®. In their guidancefor avoidingmisclassificatiorof fish streamsn BC, Nordin etal. (2023)
notethatin manycasest is morecosteffectiveto defaultupstreanreachesboveobstaclego fish-
bearingstatus giventhetime, effort, andcostinvolvedin completingareliablesurveyto confirmthe
absencef fish atall timesof theyear(andgiventhatthereis agoodchanceish will bediscoverejl
AlthoughBC regulationrecognizeghe 20% gradientthresholdaslimiting upstreanpassagéor most
fish specieqespeciallyin smallerstreams)this doesnot captureall fish-bearingstreanreachesas
CutthroatTrout, Bull Trout, Dolly VardencharandsometimedRainbowTroutcanbefoundin very
steepstreamsyell in excesf 20% slope(Provinceof BC 1998).

A detailedclassificationof nonfish-bearingstreanreachesn the studyareawasbeyondthe scopeof
this analysis However,to getaroughindicationof which streamsn the studyareacould havefish-
bearingpotential,asperthe 20%gradientdefaultstandarda6 q u anddki rgtagientanalysisof the
FWA streamnetworkwasconductedusingthe QGIS Roadslopeplug in?®?%, Streamlineshownto have

18 FIS®bservationsare not comprehensivelyepresentativeof fishdistributionsin an area.Properidentification of fish bearingstreams
isimportant, becausesmall,non-fish-bearingstreamsare not currently afforded protectionwith riparianreservesundercurrent
regulation

19 Unlesghere is a permanentobstacle abovewhich éthere are no connectedakesor wetlands,and all reachesupstreamof the
permanentbarrier exceed20%gradientand/or are confirmedto be simultaneoushdry or completelyfrozenat anytime of the year,
precludingthe survivalof alocallLJ?2 LJdzf Noiifefah2023).

20 Applied over250mlong streamsegmentsysingE S R Workl Hill Shaddayerasthedigital elevationmodel. This analysisis only
meantto be generallyindicativeonly, andis not a substitutefor arigorousgradientanalysis.
https://plugins.qgis.org/plugins/road_slope_calculator/

21|t appearsthat <20%gradientstreamshavebeenmappedfor the SunshineCoast-orestDistrict,howeverthis datais not publicly
availablesowasnot includedin this analysishttps://catalogue.data.gov.bc.ca/dataset/fighabitat-potentiakbasedon-streamgradient
dsc/
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agradientessthan20% arehighlightedin purpleon Figure 1822 Notethatthisis likely an
underestimatef the potentialfish-bearingstreamsn the studyarea,asthe FWA hasbeenfoundto
grosslyunderestimatemallstreamhabitatin coastawatershed¢Rosenfeld2002).It shouldalsobe
notedthatalthoughsmallstreamg<1.5mwide) arenot protectedtheyarecritically importantrearing
habitatfor CutthroatTrout (Rosenfeldetal. 2002)andotherspecies

22 Notethat further analysiss requiredto filter out <20%gradientstreamsegmentghat are unlikelyto be reasonablyaccessedby fish,
basedon steepnes®f downstreamreaches.
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—— FWA Stream Network
—— Stream gradient <20%
¢ FISS_Fish Observations

Figurel8. Potential Fishbearingstreamsand FIS®bservationsin the study area.

Forreasongliscussedn the nextsection conservatiomplanningshould,at minimum, includeall
potentialy fish-bearingstreamgasperthe 20% defaultcriteriaoutlinedin the Fish-stream
IdentificationGuidebookandmorerecentguidanceon obstaclegprovidedby Nordin etal. 2023)along
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with riparianbuffers(seeTable 6), unlessdefensiblesurveys*® haveconfirmedfish absenceluringall
timesof theyear.

6.3 StreamBuffers

Therole of riparianstreambuffersin the protectionof fish habitatandoverallwatershedealthis well
establishedFPB 2020).In BC, forestmanagersypically defaultto thefixed width riparianbuffers
prescribedinderthe ForestPracticesCode(FPC)(von LoesseR016),which rangefrom 0-50min
reservewidth (dependingon the sizeof the streamandwhetherit is fish-bearing) with no riparian
reservesequiredfor nonfish-bearingstreamqS5& S6),or smallfish-bearing(S4) streamdessthan
1.5mwide. Thisis in contrasto the moreconservativd-orestStewardshigCouncilstandard¢FSC
2005),whichincludea similar rangeof minimumdefaultbuffer widths, butwith 30mreservedor all
fish-bearingstreamgincludingsmall S4 streamsjnd20m buffersfor somesmall(S5& S6)nonfish-
bearingstreams.

Thereareanumberof problemswith the currentFPCstreambuffer standardsCostello(2008)states
thatlack of protectiongor smallstreamss oneof thelargestimpedimentgo coastalCutthroatTrout (a
bluelistedspeciesonservationn BC. Smal streamsnake adisproportionatelyargecontributionas
potentialrearinghabitatfor CutthroatTroutin coastawatershed¢Rosenfeld2002).Wetfloodplains,
flood channelsaandoff channepoolsandwetlandsprovideadditionalimportantwinter habitatandflood
refugefor fish (CIT 2004a).Theserefugesalsoserveassourceareador naturalrecolonizatiorof stream
reacheglepopulatedy disturbancdsuchaswildfire, landslidesor largefloods; CIT 2004a).

Thereis alsogrowingacknowledgemerdf theimportanceof smallnonfish-bearingstreamdo the
healthof downstreamaquaticecosystemandfish populationgCunninghanetal. 2023,Barnowe
Meyer2021,FPB2018,Tripp etal. 2017,Sweeney& Newbold2014. Smallheadwatestreamsaccount
for7 0 % 8oDtleétotal river network andexerta critical downstreamnfluenceby:

1 retainingor transmitting sedimentand nutrients;

1 providinghabitat andrefugefor diverseaquaticandriparianorganismge.g.Coastall ailedFrogs)

9 creatingmigrationcorridors;and

1 governingconnectivityat the watershedscale(Wohl2017)

Their protectionis especiallyimportantin thefaceof mountingclimaterelatedstressorssuchas
increasingmagnitudeandfrequencyof flooding flows, highersummer/fallstreamtemperaturesand
moreblow down (e.g.Stackhousetal. 2023,Johnsor& Alila 2023,FPB2018).

Lack of protectiondor smallstreamds patticularly concerningwith respecto streamemperaturend
climatechange Smallandmediumsizedstreamsaremostvulnerableto temperaturdluctuations,and
keepingthemshadeds animportantmeansof regulatingdownstreanwatertemperaturegKubo et al.
2019).In arecentUBC studyby Stackhousetal. (2023),clearcuttingto streamedge(asis commonin
small S4fish-bearingstreamswhich arethe mostcommonstreamson the coast)wasfoundto increase

23 FPB(1998)found that a major reasonfor forestry related damageto smallstreamson the southcoastwas: 1) failure to identify small
streams;2) failure to properlyclassifyfish-bearingstreams(particularlyS3streams) to which bufferswere consequentlynot applied,and
3)inadequateinventoriesthat failed to identify fish bearingstreams(dueto lackof surveyintensity,andfailure to conductinventoriesat
alltimesof the year).
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maximumfall streamtemperaturegSeptembers akey time for salmonmigrationandspawning by as
muchasb5.8°C, with thestreans predictedto reachover18°C. At thesetemperatures;old-water
specialistsuchasDolly Vardenwill experiencénigh mortality (Stackhousetal. 2023).Froma
temperatur@erspectiveKubo etal. (2019)alsonotethaton eastwestorientedwatercoursesarrower
denseaiparianbufferscanbe effective,butfor north-southorientedwatercoursesyider-taller buffers
areneededor shading

HeadwateamphibianssuchasCoastalTailed Frogs,which rely on matureandold foreststreamside
coverto createsuitablemicroclimateconditions arealsoexpectedo suffernegativempactsfrom rising
streamtemperatureandmoreseveredroughtandheatwavegThurmanetal. 2022).Cunninghanetal.
(2023)suggesthatrequiringriparianbufferson headwatestreamggiventhey comprise70-80% of
coastaktreamnetworks)would lendmuchneedectlimateresilienceto B C Gsamonstreamsby
mitigating forestharvestingmpactson streamtemperatureandleadingto downstreantooling.

Wherethe FPCreservebuffersdo apply, the defaultwidths maybeinadequatdor protectingvalued
speciesandecologicalfunctions.Researctsuggestshat 15-30mreservebuffersd o ralwaysprotect
streamdrom harvestingmpacts,andbuffers10mor lessoffer little to no protectionin manycases
largelybecaus®f blowdown(Sweeney& Newbold,2014. Maintaininga healthystreamdiversity of
amphibiansandmacroinvertebratesftenrequires buffersgreatetthan30m (Olsonetal. 2014 Sweeney
& Newbold2014,BC MoE 2004,Kiffney etal. 2003).In addition,riparianecosystemghemselvesvill
becomeancreasinglyulnerableto stressandalterationastheyaremorefrequentlydisruptedby extreme
eventssuchaslargefloods (Fink & Scheidegge2021,citing others).Stackhousetal. (2023)also
showedhatevenwith a30mno harvestufferin place,anyamountof clearingcuttingup to ariparian
managemerzone(RMZ) causestreanmtemperaturesiseto risein late Septemberandfurther
temperatureiseswith intensityof thinninginsidethe RMZ.

Table 6 providesa summaryof recommendedhinimumdefaultbuffersfor streamgincludingsmalland
nonfish-bearingstreams)basedn areview of recentliteratureandbestpracticesIn additionto
reservewidths,thetablealsomakesrecommendationfor riparianmanagemertone (RMZs) around
thereserveslt shouldbereiteratedhowever thatthinningin RMZs hasbeenshownto increasestream
temperaturegvenwhen30mno-touchreservesarein place(Stackhousetal. 2023,0lsonetal 2014).
WhereRMZs consistof young,densesecondgrowthforests thinningthatpromotescanopygaps,
understorygrowthandgrowth of tall windfirm treesshouldbe prioritized (asper Nordin andMalkinson
2021)

Giventheimportanceof smallstreamso biodiversity,fish winter habitatandrefuge watershed
functioningandclimateresilienceit is recommendethattheyarealsocapturedduringconservation
planning with minimumdefaultbuffersasoutlinedin Table 6.

6.4 SensitiveMarine Habitats

Streamscarryinghigh sedimentoadsdueto forestryandasseiatedroadbuilding activitiescanincrease
sedimentloadingin the nearshoreareasof the marinewaterstheydischargento. Coastalog handling
anduplandforestharvesiperationsanalsodischargesedimentinddebrisinto marineforeshoreareas
(Provinceof BC 1995) As suspensiofeedersshellfishareparticularlysusceptibléo increased
sedimentwhich canobstructfeeding(Holdenetal. 2019).In high concentrationsyoodyforestrydebris
cancausesignificantoxygendepletionandsmotherclambedsandeelgrasdeds.Leachatesrom woody
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debrisdepositcanalsobetoxic to fish andotheraquaticorganismgHoldenetal. 2019).The FPC
RiparianAreaManagemenGuidebook(Provinceof BC 1995)identifiesherringspawningareas,
shellfishbeds,marshareasgxistingaquaculturesites,juvenile salmonidrearingareasandadultsalmon
holdingarea asmarinesensitivezone(MSZ), aswell asthe seawardgortionsof estuariegthe upward
estuaringportionsbeingclassifiedthe sameasthe streaniriver reachthatfeeds them)(Provinceof BC
1998).Figure 19 showssomeof thesensitivenearshorenarinehabitatsthatoccurin thestudyarea,
namelyherringspawnarea, estuarieandshellfishbeaches.

UndercurrentBC regulationthereis no requirementor reserver buffersin MSZs. In recognitionof
theimportantrole coastakiparianecosystemsplay in protectingnearshorenarinehabitats Forest
StewardshipgCouncil Certification(FSC2005)does however requireprotectiondor MSZs,and
prescribesninimumreserveandmanagemertiuffersthatvary dependingon the sensitivityof the
marineshoreline Theseminimumdefaultbuffersareoutlinedin Table 6. Coastabuffersshouldbe
appliedthroughouthe studyarea particularlyin uplandareasorderingthefeaturesshownin Figure
19. Coastabuffersalsoserveasclimatemicro-refugia,asdiscussedn Section8.

= CRIMS_Herring Spawn
[ CRIMS_Shellfish Beaches
) PECP Estuary_2019

Figurel9. Sensitivemarine habitats in the study area.

6.5 HydroriparianEcosystems

Oneway of addressinghe challengesindshortfallsof conventionallyappliedriparianbuffersand
protectionsfor fish-bearingvs. nonfish-bearingstreamsandfish refugia,is to expandriparian
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protectiors to includea wider rangeof fihydroripariar functions. The Hydroriparian Handbook(CIT
2004a)usesthetermfi ydroripariam to describeaquaticecosystemgplusthe adjacenterrestrial
ecosystemghatareinfluencedby, andinfluence the aquaticsystem(Priceetal. 2009).Theyinclude
river floodplainsandextendaroundiakesandwetlands andalongestuarineandoceanshoresThe
distinctionbetweeruplandandstreamor wetlandis oftenunclear andriparianecosystemsanextend
considerabl\peyondchannelsandwetlands(CIT 2004a)

Hydroriparianecosystemseiit importantconsideratiowhenplanningfor conservationbecause¢he
sustainecealthof aquaticecosystemandfish habitatrequiresthatall hydroriparianecosystem
functionsbe maintainedduringforestdevelopmen{CIT 2004a) Specifically,they areimportantfor:
9 Fishandfish habitat (sustainingwater flow and quality,largewoody debris,spawninghabitat, leaflitter,
macroinvertebratesand cobblerecruitment);
1 Regulatingstreamflows, and moderatingimpactof floodsand drought;
1 Maintainingwater quality, includingsediment/turbidity andwater temperature
9 Creatingandsustainingcritical habitat for wildlife and manyspeciesat risk, includingbats, raptors,
amphibiangCIT20044a)

Additionally, hydroriparianecosystemareimportantbecausehey:
i Oftenhostecologicacommunitiesat risk (seeFigure10),
1 Supportproductiveanddiverseenvironmentsthat supportmanywildlife species
I Serveascorridorsfor wildlife movement
9 Createcoolmicroclimatesandclimaterefuges(CIT20044a),

Figure 20 showsa selectionof sensitivehydroriparianecosystem$oundin the studyarea derivedfrom
provincial TEM andTIM, the FreshwateAtlas,andTNT toporiparianmapping(asper Table 2, and
Appendix B). Theseinclude:

Lakesandwetlands(includingbogs,fens,and swamps)
Sreamsandriversandtheir associatediparianareag?,
Floodplains,

Fanscones& gullies’>.

= =4 -4 -9

Hydroriparianplaming (e.g.aswasdonefor the GreatBearRain Fores} involvesprotectionof unstable
terrain,reservesrounda portion of smallstreamsandreservesincludingbuffers,of all areasvhere
vegetations influencedby water(Priceet al. 2009),whetherfish arepresenor not. Forexample the
unconfinednatureof streamchannelon floodplainsandfansmeanghatthe entirefloodplainandfan
mustbe consideredbufferingthe streamchannelaloneis not sufficiertly precautionarfCIT 2004a).
Wetlandsandsmallheadwatestreamsarealsogivenbuffersandprotectionsjn recognitionof their
importantrole in watershedunctioning,andashabitatandclimaterefugiafor wildlife andspeciesat
risk. Theseprotectionsareespeciallyimportantfor climateresilience asecologicalcommunitiesaround

2 Riparianareasbeingdefinedby Green& Klinka(1994;LMH28)as:4 | R 2 to@iliifluencedby lakes rivers,streams andwetlands.
Thesesitesvaryfrom narrow bandsalongwetlandsandlakesand smallstreamsto largefloodplains,andare important or criticalhabitat
formanyd LIS OA S & d¢

25 Alluvialfansand gullieshaveimportant influenceson water and sedimentflow throughwatershedgCIT2004a).SeeWilford et al.
(2009).
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smallsprings wetlandsandephemerastreamswill beamongthefirst areasaffectedby altered
hydrologycausedy changingrainfall patternsandreducedsnowpackDwire etal. 2018)
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Figure20. Hydroriparianecosystemsshownfor a smallportion of the study area.

Table 6 includesa summaryof recommendedefaultbuffersfor hydroriparianfeatures Thesebuffers
shouldbe consideredasalternativesr additionsto the FPCdefaults(exceptwherevariablebuffers
providegreaterprotection) particularlyin watershedshatsupportimportantfish habitatandsalmon
spawningHigherandwell thoughtout forestretentiontargetsshouldalsobe consideredn these
watershedsor reasongletailedbelow.

6.6 HydrologicalRisk

Therisk posedo importantecologicalprocessessuchaswatershedydrology,whenana r efarésis
compositionis alteredbeyondits NRV (asperSection6), alsoneedgo beconsideredor conservation
andclimateadaptatiorplanning Climatechangeandforestharvestinghavecomplexandcompounding
impactson watershedydrologyandaquaticecosystemdn thelast15 years probabilisticfrequency
pairingapproachesomparingthe effectof forestharvestingon streamflows haveshownthatthe flood
regimesof . / far@stedwatershedsare muchmore sensitiveto clearcut loggingthan previously
thought®® (e.g.Alilaet al. 2009 Green& Alila2012,Johnson& Alila2023).UBCresearchhasshown

26 Forestcoverwasoften thoughtto havelittle effecton largerfloods(Bathurstet al. 2020),and sincethe 1990s(whenforest harvesting
wasgenerallylimited to 25%of awatershed)equivalentclearcutareas(ECAsin BChavecommonlyincreasedo 40%or more.
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that harvestingcanincreasefrequencyof floodsof all sizes(includingextremefloods)with aslittle as
20%of watershedharvesting- causing20,50 and 100yearflood eventsto become4 to 10timesmore
frequent (Johnsor& Alila2023;seeAppendixGfor more details).

Forestharvestingn PacificNorthwestwatershedsasalsobeenshownto exacerbatsummetdow flows
in thelong term (while increasingow flows in the shortterm),with recentiong-termstudiesindicating
thatstreamflows in plantationforestsdo notreturnto original levelsseenundermature/oldgrowth
forestcover,evenwhenriparian buffersare in place(Perry& Jone2017,Seguraetal. 2020).

Theabovework suggestshatpreviousestimationsof forest harvestingrelated effectson highflows,
low flows, landslideswater quality, etc. havebeenunderestimated.Theseeffectswill becompounded
by climatechangeasit increaseshe frequencyandmagnitudeof stormsandrain-on-snoweventson

B C &authcoast(seeAppendicesF & G for moredetails)

6.6.1 Buffersvs. Retention

Buffering aquaticfeaturesandassigningnanagemerprescriptionson the basisof the presencer
absencef designatedish hasbeenthe standarcapproactto protectingaquaticecosystemfom forest
harvestingn British Columbia(Priceetal. 2009; asdiscussedn Section3.1). However,as the
magnitudeandfrequencyof flood anddroughteventsmount(whetherdueto climatechangeor forest
harvestingtherecoverytime for ecosystembetweertheseeventswill beincreasinglyinadequateOver
time, thiswill erodetheintegrity of ripariansystemsandreducetheir capacityto stabilizestream
channelsandtemperaturesandprovideotherimportantecosystenserviceshatsupportfish andhealthy
aquaticecosytems(Johnsor& Alila 2023, Talbot2018 SchmidtandPotyondy,2004) While
bolsteringno-harvestuffersandotherprotectivemeasuresor riparianecosystemsge.g.asper
recommendationaboveandin Table 6) is alogical first line of defenseagainstclimatechangejn the
long run, riparianbuffersandcurrentequivalentlearcutarea(ECA) standardsreunlikely to be
adequatdor safeguardindpiodiversity,fish andaquaticecosystemagainsthe combinedmpactsof
climatechangeandforestharvesting’.

Increasedetentionandrecrutmentof old andmatureforest,aspertheNRYV targetsoutlinedin Section
6, will helpreducerisk of extremehigh/floodingflows andlow summeffall flows within watersheds
(seeFigures 16 & 17). Thedegreeo which forestharvestingandclimatechangewill impactstreams
flows in agivenwatersheds furtheraffectedoy a complexinterplayof individualwatershed
characteristicssuchsize,shapeaspectslope,vegetatiorcomposition storaggwetlandsJakes,
reservoirsgetc.),susceptibilityto rainrron-snowevents anddrainagedensity(densityof theroadand
streamnetwork)(Johnsor& Alila 2023).Thesecharacteristicshouldalsobe consideredwith
assistancef a qualified hydrologistandideally aspartof afrequencypairedmodelingexercisé®) when
decidingon how muchharvestingshouldbe permittedin a watershedandwherecut blocksvs. retention
areasshouldbedistributed.This is particularlysofor watershedsvith importantsalmonfisheries,andin
watershedwhich lack naturalstoragecapacityandthereforerespondo precipitationeventsn 6 f ansl t
f | a wdys/(lLdttle 2012).

27 E.grecentwork by Wilsonet al. (2021)found intensifiedwatershedloggingover the last40 yearsto be associatedvith >97%declines
in productivityfor SteelheadCutthroatand Coho.
28 Frequencypairedhydrologicaimodellingcanbe usedto modelthe riskof harvesting/notharvestingin different partsof the watershed.
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6.7 Summaryof ConservationConsiderations

T

Climatechangewill profoundlyimpactaquaticspeciesand ecosystemsOnthe southcoast,summersare
becomingdryerandhotter with morefrequentheatwavesandincreasedyearto-yearvariability compared
to historicallevels.Winterswill likelybecomeincreasinglywarmerandwetter. Largeand frequentwinter
rainstormsand large decrease@ snowfallare expectedLittle 2012). Thesechangesn precipitationand
temperaturewill havesignificantimplicationsfor hydrologyand aquaticecosystemg¢seeAppendcesFand
Gfor details)andfor fish,assummarizedn Table5. Weighingwhether{i 2 R Irigaitadand retention
standardswill be adequatefor safeguardingagquaticecosystemsandfishinto the future isan important
consideratiorfor conservatiorplanning.

Giventhe importanceof smallstreamsto biodiversity fishwinter habitat and refuge,watershed
functioningand climateresiliencejt isrecommendedhat theyare capturedin a conservatiometwork,
with minimumdefaultbuffersasoutlinedin Table®6.

UndercurrentBCregulationthereis no requirementfor reservesr buffersin marinesensitivezones
(MSZs)In recognitionof the important role coastalriparian ecosystemsglay in protectingnearshore
marinehabitats, ForestStewardshipgCouncilCertification(FSQ005)does,however requireprotectionsfor
MSZsand prescribegninimumreserveand managementuffersthat varydependingon the sensitivityof
the marineshoreline Theseminimumdefaultbuffersare outlinedin Table6. Coastabuffersshouldbe
appliedthroughoutthe studyarea

Inthe longrun, riparian buffersand currentEquivaleniClearcut Area(ECAstandardsare unlikelyto be
adequatefor safeguardingbiodiversity fish, and aquaticecosystemagainstthe combinedmpactsof
climatechangeandforestharvesting®. Increasedetentionand recruitmentof old and mature forestis
recommendegdasperthe NRWtargetsoutlinedSection6, to helpreducerisk of extremehigh/flooding
flowsandlow summeffall flowswithin watersheds.

Thedegreeto whichforestharvestingand climatechangewill impactstreamsflowsin a givenwatershedis
further affectedby a complexinterplay of individualwatershedcharacteristicssuchsize shape aspect,
slope,vegetationcomposition storage(wetlands lakes reservoirsetc.),susceptibilityto rain-on-snow
events,anddrainagedensity(densityof the road and streamnetwork) (Johnsor& Alila2023).These
characteristicshouldalsobe considereqwith assistancef a qualifiedhydrologistand ideallyaspart of a
frequencypairedmodelingexercisé) whendecidingon how muchharvestingshouldbe permittedin a
watershed and wherecutblocksvs.retentionareasshouldbe distributed. Thisis particularlysofor
watershedswith important salmonfisheries

29 E.grecentwork by Wilsonet al. (2021)found intensifiedwatershedloggingover the last40 yearsto be associatedvith >97%declines
in productivityfor SteelheadCutthroatand Coho.
30 Frequencypairedhydrologicaimodellingcanbe usedto modelthe riskof harvesting/notharvestingin different partsof the watershed.
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7 CLIMATEBMICROREFUGEACORRIDORS

7.1 Microrefugia& Corridors

With climatechangethelong-termsurvival of speciesn thestudyareawill bedependenonthe
availability of suitablemicroclimaticrefugia(asperKim etal. 2022,Suggittetal. 2018,Bettsetal.
2018,Ashcroft2010,Noss2001,etc.).Microrefugiaareareaghatwill remaincoolerandmoister
relativeto surroundingareasandarethereforemorelikely to persistasthe climatewarms(Morelli
2018. In thesepatchegplantandanimalspecieshavea chanceo endureasthe climatebecomes
unsuitablethis maydamperpopulationdeclines(Kim etal. 2022)andallow for future speciese-
expansiorfrom theserefugia(Meineri & Hylander2017).

Recentesearctshowsthattall, old andstructurallycomplexforestshavea stronginsulatingeffect(on
theorderof 2.5to 5 degree< coolerthanplantationforestsin summemonths;Wolf etal. 2021,Frey
etal. 2016),andarethereforemportantmicrorefuge (Ashcroft2010,Wolf etal. 2021).Conservation
andrestoratiorof old-growthforests(with tall treesandcomplexstructure)s neededo maintain
favorablemicroclimatesandto reduceclimatechangampactson temperaturesensitivespeciegFrey et
al. 2016,citing others).

Retainingold forest on high elevationgelativeto their surroundingfhiasbeenshownto be particularly
important(Wolf etal. 2021).Thisis becauseheyfunctionasmicrorefugiafor speciegpopulationsat
lower elevationsaswell asfor high elevationspeciesinableto moveelsewherasthe climateshifts
(Wolf etal. 2021,Morelli etal. 2016).0ld-growthin high elevationandhigh topographigositionindex
areasshouldbe conservedvhenpossible(Wolf etal. 2021,Morelli etal. 2016. Within thestudyarea,
this correlateswith old forestsin the MHmm subzonewhich arealsolikely to be ancient Ancientforest
in the MHmm subzongwhich haveremainedundisturbedor centuries)arealsopotentialfire refugiai
definedasfiplacesthataredisturbedessfrequentlyor lessseverelybyw i | d Kiawcku&etal. 2016)
- which canplay animportantrole in ecosystenpersistencéStralbergetal. 2020;Meddensetal. 2018).

Becauseld growthforestsarecooler,moister,andlesssubjectto desiccationtheyarealsolesslikely to
burnthanplantationforests$! (Gavin2020);youngplantationsn particularhavehigh wildfire severity
risk (Zald & Dunn2018).During wildfires (which areprojectedo increasen frequencyandintensity
with climatechange)ld foreststandscanserveasfirebreaksandislandsof safetyfor wildlife, and
supportreservoirsof plantsandanimalsfor repopulatingournel areasFire refugiaarealsomorelikely
to occurin valley bottoms gullies,andlocal concavitiespotentiallydueto cold-air poolingandsoil
moisture(Meddensetal., 2018;Wilkin etal.,2016)

Maintainingriparianandwetlandhabitatsis alsoa priority for maximizingclimateresilience Being
relatively moistandcool, wetlandsserveasimportantheatrefugesaswell assteppingstonedor climate
drivenspeciesnovementRiparianecosystemspanclimatic gradientsandhavecool, moist

31 Gavin(2020)notesthat & (i &v&ilablefuel is smallin diameterand easilydried by winds and preheatedby approachindire.
Plantationsare loadedwith suchfuel of smallwind- and sunexposedrees. Thisresultsin fire spreadrateson the order of three feet per
second precludingfirefighting. While loggersreduceflammabledebrisafter harvest,there is no avoidingthe flammabilityof youngtrees
in astrongwind. Thiswasseenin somelongrunsin managedandon the seconddayofthe ¥ A NB & & ¢
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microclimategelativeto surroundingareas As suchthey serveasheatrefugesandimportantdispersal
corridorsfor climatedrivenmovemenof speciegKrosbyetal. 2018).Featureshatenhancehis
capacityinclude:

largetemperaturegradients(e.g.spanBEQunits),

high canopycover(e.g.old or mature forestwith tall trees)
largerelative width,

low exposureto solarradiation(e.g.shadedor north aspects)
low levelsof humanmadification(Krosbyet al. 2018).

= =4 =4 -4 9

Althoughhavingcorridorsbetweenwatershedss important,ripariancorridorsarethe mostimportant
elementbof a corridornetwork,becauseheylink valley bottons with the steepuplandpartsof
watershed$CIT 2004a,Fink & Scheidegge202]). Underclimatechangeriparianfloodplainareaswill
functionasboth climaterefugiaandcritical movementorridors,andold forestswith big treeswill
provideimportantthermalrefugefor manyspeciesHowever, dueto historicforestharvestingandthe
preponderancef plantationforests thereis limited microrefugeremainingin muchof thestudyarea(as
pertheNRYV tableresultsin Section?2).

Othertypesof microrefugiain the studyareainclude:fringing areasalongthe shoresof coastlinesaand
deeplakes(coolerthansurroundingareas)deepgorgestalusslopes(particularlyimportantfor
salamanderandreptiles),downslopepartsof valleysandbasinswherecool air pools,andevergreen
deciduoudorestmosaicgWolf etal. 2021,Morelli etal. 2016,Freyetal. 2016,Ashcroft2010).
Becaus&arstlandscapeareamongthe mosttopographicalljcomplexsystemswith various
microhabitatstheyarealsomicrorefugiawherespeciesanpersistdespiteunfavourableclimatechange
(Batorietal 2020).

Fishhaveparticularmicrorefugerequirementsincludingareasvherethey canescapehe scouringand
sedimentatiortausedy high/floodingwinter flows (winter stormsareprojectedo increasen intensity
andfrequencyunderclimatechange)asdiscussedn Section7). Thesencludesmallstreamsandside
channelsextendng off mainstreanthannelsaswell asoff-channehabitatssuchasflood channels,
wetlandsandpools(CIT 2004a,Provinceof BC 1998).Theserefugiaalsoserveassourceareasor
recolonizingotherstreanreachesfteradisturbancde.g.flood, landslide heatdome)(CIT 2004).

Fishwill alsoincreasinglyrequirerefugefrom high temperateesandlow flows duringsummerandfall.
Cold waterthermalrefugesincludestreanreacheded by deepcold-wateraquifers? (Morelli etal 2016,
citing others) aswell asstreamsegmentshadedy canyonsandripariangalleryforests(Torgersen
2012).At asmallerscale sidechannelsspringbrooksandtributary junctionsarealsoimportantcold-
waterrefuge,astheyoftenhavecoolertemperaturethanmainstreanthannelgTorgerser2012).

In sum,thelong-termpersistencef fish, wildlife, andspeciesandecosystematrisk in thestudyarea
will requireretentionandmaintenancef climatemicrorefugiaandmovementorridors,suchas:

1 Ripariancorridors,

32E . g.n alluvialvalleysegmens with highgroundwater/surfacewater exchanggseeTorgerser2012).
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Floodplain&,

Smalland headwaterstreams,

Wetlands

Oldforest (especiallywith bigtrees),
Ancienthighelevationforest,

Mature big tree forest,

Moist forest** (typicallycharacterizedy westernred cedar),
Lakeshoreand coastalfringingvegetation

Talusslopes& karstsystems,

Intactwatersheds/areashat spanmultiple BEQunits.

At presenthowever,thereappeargo beno Provincialmappingthatspecificallyidentifiesclimate
microrefugia,andsensitiveecosystentlasses/mappingrenot designedo explicitly capturethese
featuresTo helpaddresshis gap datasourcesandmethodsoutlinedin Table 2 andAppendix B were
usedto mapthelocationsof selectectlimatemicrorefugiain the studyarea(Figure 21). In summary:

1

Wetland,riparian:flood moist forestandtalus microrefugiatypeswere mappedby crosswalkinghem
with TEMmap codes/unitsusedby TEMprojects(21)with coveragein the studyarea(seecrosswalkable
in AppendixE).

Rparianfringe cannd be deriveddirectly from TEMsoa variety of datasourceswere used,includingthe
FreshwaterAtlasstreamsakes andwetlands(with 30 ¢ 50 m buffers)and¢ b ¢tdpagraphicakiparian
mapping(TNT2021)(seeripariancrosswalkable in AppendixEfor details).

Oldand mature forestswere mappedby selectingforested TEMpolygonsand updating them usingVR]
wherethere wasno TEMcoverage VRIwasused(AppendixB).

Y. (A NIBIGand mature forestswere selectedfrom the OGSR APmapping(selectingVRIpolygonswith
siteindex>20couldbe usedto helpfill gapsin the TAPmapping,but wasbeyondscopeof this study).
OGSR APmappingwasusedto identify knownancientforest, and potentially ancientforestswere
mappedby selectingVRIpolygonswith leadingspeciesaged350yo andup (asclassedn the old forest
analysicompletedby JamesTricker,AppendixC).

Coastafringewasmappedusingthe FreshwaterAtlasCoastlindayer,and addinga 50m buffer where
adjacentto important marineresourcegasper Figurel9), and30mon all other coastline.

A numberof limitations associateavith the climatemicrorefugiamapping(Figure 21) shouldbenoted:

M

= =4

= =

Themappinghasgapswhere TEMandVRIcoverage are lackingor incomplete(seethe TEM& VRI
coveragemapsin Figures2 & 4).

No criteriafor ecosystentondition,fragmentationor viability were applied.

Microrefugiaspecificto fish (suchastributary junctions,sidechannelsshadedstreamsegmentsand
streamreacheded by coldwateraquiferg were not mapped(beyondprojectscope)

Relativelyintact watersheds/areashat spanmultiple BEQunits were not mapped(beyondproject scope)
Mappingof moistforest microrefugiawaslimited to areaswith TEMcoveraggexploringoptionsfor using
VRIandother datasourcedo identify thesetypesof ecosystemsvasalsobeyondprojectscope).

33 Typicaldominanttree speciesnclude:cottonwood, sitkaspruceandred alder,as well aswesterncedarin drier BEGrariants
34 Westerncedaris often adominanttree speciesalsoamabilisfir and sitkasprucein wetter BEGrariants.
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As muchaspossible climatemicrorefugiashownin Figure 21 shouldbe consideredor incorporation
into climateadaptatiorandconservatiometworkplanning especiallythosethatdo doubleduty as

1

1
)l
il

ecosystemst risk (Figurel10),
sensitiveecosystemgasper Figurel2),
habitat for speciesat risk, and
important fish habitat (Figure18).

[ Coastal Fringe 30m buffer
Y FWA_Wetlands

[ FWA_Lakes

1 FWA Riparian 30m buffer
I TNT_toporiparian

TEI & VRI Climate refuge
Talus

. Wetland

B Riparian

77 Moist Forest

[ Mature Forest

I OId Forest

B VRI age 350+ years

OGSR
I Ancient Forest (>400 yr)
Il Big Tree OId Forest

[ Big Tree Mature Forest
(Recruitment)
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Figure21. Patential climate microrefugiaand corridor opportunitiesin the study area.

Most of the moistforestin the studyareahas beenlogged howeveranyremainingold foreststandsn
theseareasshouldbe prioritizedfor retentionasmicrorefugia(Figure 21). Theseforestsareoftenredor
bluelisted communitiesandusuallybig treeold growthaswell. Maturestandsof moistandfloodplain
forestshouldalsobe prioritizedfor recruitmentin watershedshatsupportvaluedfish populations,
consideratiorshouldbegivento selectingsubbasinsto beretainedasundigurbedrefugiafor fish
stocks(CIT 2004a).

7.2  Amphibians& Other Wetland Obligates

Amphibians turtlesandotherwetlanddependenspeciesvith poordispersahbilitiesarelikely to be
disproportionatly affectedby climatechangelLower elevationwetlandspeciesvhich arefoundin the
drier BEC units, particularlythe CDFmmandCWHxm, will likely be mostaffectedbecausel) the
climateenvelopedor theseBEC unitsarelikely to disappeaentirelyfrom thestudyarea(andBC, as
perdiscussiorin Section4), and?2) theyfacemanymigrationbarriersdueto widespreadragmentation
anddegradatiorof suitablehabitatwithin their currentranges.

Modelshaveshownthatamphibiangequirelargeareasof relatively undisturbeduplandsfor long term
populationpersistenceandthatcurrentregulationgprotecting30m or lessof surroundingerrestrial
habitatareinadequaté¢o supportviable populatonsof pootbreedingamphibiangHruby 2013,Harper
etal. 2008),especiallywith anticipatedncreasesn pool drying underclimatechanggCartwright
2021).As such,conservatiorplanningshouldincludea networkof coreareasandmovementorridors
for thesespeciesyhichincorporates:

91 Largeclustersof wetlandsand associatediplandhabitat (coreareas)knownto supportat risk wetland
species;

1 Movementcorridorsbetweencoreclusterareas

1 dimate corridorsto higherelevationrefugehabitat;

1 Appropriatebuffers,asper Table6.

Of particularimportanceareareaswith high concentrationsf wetlandswithin the CDFmm,CWHxm1
andCWHdm,andpotentialcorridorsbetweerthem.Wetlandclustes at higherelevationsarealso
important(e.g.in the CWHvm andMH onthemainland, astheycanpotentiallyserveasfuture climate
refugefor wetlandspeciesastheyattemptto moveupwardsto escapéneatanddroughtstressPriorities
shouldincludeareaghat:

9 Containcoreclustersof wetlands ~1-5kmapartor less,at elevationsmostlyunder600m,asper Red
leggedfrog habitat requirements(exceptfor future refugelocations,whicharelocatedhigherup, or in
higherareaswith knownor nearbyRedleggedFrogoccurrences).
Areknownto supportat riskamphibiansor turtles.
Includesurroundinguplandhabitat a minimumof 1000mfrom suitablewetland habitat.
Includemigrationcorridorsbetweenwetland clustersthat:

o arealignedthroughrelativelyflat terrain, and

o followWa (i S &J1JR YfSuitablehabitat (not more than Skmapart), includingwetlands,streams

andriparianareas,moistforest (whereephemeralpoolscanoccur)andlakeshores.

1 IncorporateCriticalHabitatfor PacificPaintedTurtles,wheredefined.

= =4 =
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7.3 Summaryof ConservationConsiderations

1 Foraconservatiometworkto supportthe longterm persistencef fish, wildlife, and speciesand
ecosystemst riskin the studyarea, it needsto incorporateclimatemicrorefugia(Figure21) and
movementcorridors,suchas

0 Ripariancorridors

Floodplains

Smalland headwaterstreams

Wetlands

Oldforest(especiallywith big trees)

Ancienthigh elevationforest,

Mature big tree forest,

Moist forest,

Lakeshoreind coastalfringing vegetation

Talusslopesandkarstsystems,

Intact watersheds/areashat spanmultiple BEQunits (seeTable2 and Figure14).

O OO O0OO0OO0OO0OO0OOoOOo

1 Asmuchaspossiblethe abovefeaturesshouldbeincorporatedinto conservatiorplansand networks,
especiallythosethat do doubleduty asecosystemst risk (asper Figure10), habitat for speciest risk, or
asimportantfish habitat (Figure18).

1 Mostofthe moistforestareasshownin Figure21 havebeenlogged,howeverany remainingold forest
standsin theseareasshouldbe prioritizedfor retentionas microrefugia(theyare alsored or bluelisted
communitiesthey are usuallybig tree old growth aswell). Mature standsof moistforestshouldalsobe
prioritizedfor recruitment.

1 Inwatershedghat supportvaluedfishpopulationsconsideratiorshouldalsobe givento selectingsub
basinsto beretainedasundisturbedrefugiafor fish stocks(CIT2004a).

1 Amphibiansturtles and other wetland dependentspeciewith poordispersabbilitiesarelikelyto be
disproportionatelyaffectedby climate change Conservationplans/networksshouldincludea networkof
coreareasand movementcorridorsfor thesespecieswhichincorporates:

0 Largecoreclustersof wetlands(1-5kmapart or less)with 1000m+of surroundinguplandhabitat,
in areasknownto supportat riskwetland species;

0o Movementcorridorsbetweencoreclusterareas,alignedthroughrelativelyflat, low elevation
(600mor less)terrainandalongW a i S &J1J2 yfSuitaDlehabitat;

o Climatecorridorsto higherelevationrefugehabitat;

o CriticalHabitatfor PacificPaintedTurtles wheredefined.

1 Toimprovethe longterm viability of amphibiandiversityin the studyarea,a conservatiometworkshould
incorporatebuffersandretentionareasthat maintain or improveamphibianhabitat quality and
connectivitywithin and betweenthe areaswith knownamphibianbreedinghabitat (especiallyffor red-
leggedfrogsand WesternToads) suchasthe InlandLakeareanear PowellRiver.
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Table6. Summaryof priority featuresfor considerationwhen undertakingconservationplanning with recommendeddefault buffer widths where

applicable.
Feature PrimaryPurpose MinimunDefaulBuffers AdditionalCommentsThinningvithirRMZshouldetoacceleratgrowth| Sources
oftalltreesforshadébecausefwarmingffecthinningntheRMzhason
Rgservione Manag_ement streamiemperaturéStackhousetal. 20230lsoretal 2014).Minimum
Width(m) Zonewidth(m) | pasahrearetentioin MZasperFSC(2005)n mostases.
FishbearingStreams®
Slaargerivers Aquatitiealth 30* 40* Min65%basabrearetentiomMZ FSC(2005)
1 >100nwide
Sib Aquatitiealth 5086 20* Min65%basahbrearetentiomMZ FRPAFSC(2005)
1 >20nwide
S2 Aquatitiealth 30* 40* Min65%basahbrearetentiomMZ FSC(2005)
1 >520mwide
S3 Aquatitiealth 30* 20* Min65%basahbrearetentiomMZ FSC(2005)
1 1.55mwide
sS4 Aquatitealth 30* 20* Min65%basabrearetentiomMZ FSC(2005)
1 <1.5nwide
Nonfish-bearingStreams
S5a& S6a(FSC2005) Minimurforaquatic| 20 20 MZasneededo prevenblonwdownmin65%basabrearetention FSC(2005)
1 >10mwide health
1 >3mwide& Amphibians 1530+ 1520 MZasneededo prevenblondownmin65%basabrearetention Olsoretal.(2014)BC
<=500nfronfish _ _ MoE(2004)USDA2016)
. Shade/temperatur| 20304738 25 MZasneededo prevenblowdownmin65%basabrearetention Barnowdeyef2021),
bearingtream | microrefugia Stackhousetal.(2023),
T 13mwide& Sweeneg Newbold
<=250nfronfish _ _ _ (2014)
bearingtream Macroinvertebrate| 30 25 MZasneededo prevenblondownmin65%basabrearetention Kiffnetal.(2003);
Sweene§ Newbold,
(2014)

35 Streamreacheswith <20%gradientand >20%gradientstreamreacheswith knownfish occurrences

36 Shadingand temperatureregulationon largerstreamsandriversrequiretall, dense,and wide riparianbuffers (Kuboet al. 2019).
37 Stackhouset al. (2023)showedthat evenwith a 30mno harvestbuffer in place,anyamountof clearingcutting up to ariparianmanagementzone(RMZ)causestream
temperaturesriseto risein late Septemberandfurther temperatureriseswith intensity of thinning insidethe RMZ.Septembeiis a keytime for salmonmigrationand spawning.
38 Smalland mediumsizedstreamsare mostvulnerableto temperaturefluctuations;on eastwest oriented watercoursesiarrower-denseriparianbufferscanbe effective,but
for north-south oriented watercourseswider-taller buffersare neededfor shading(Kuboet al. 2019).
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Feature PrimaryPurpose MinimunDefaulBuffers AdditionalCommentsT hinningvithirRMZshouldetoacceleratgrowth| Sources
oftalltreesforshadébecausefwarmingffecthinningntheRMzhason
ReserveZone | Management | gyeamemperaturéStackhousatal. 20230lsoretal 2014) Minimum
Width(m) Zonewidth(m) | pasahrearetentiomnMZasperF SC(2005)n mostases.
WildlifeCorridor 30+ 25 MZasneededo prevenblondownmin65%basabrearetention USDA?2016)
S5b& S6bAFSC2005) Minimurforaquatic| 10+ 10125 MZasneededo prevenblowdownmin30%basakrearetention FLNR@2017)
1 310mwide& health
>500nfrontfish
bearingtream | Amphibians 1530+ 1520 Min50%basakrearetentiomMZ Olsoretal.(2014)BC
1 0.5 3mwide& MoE(2004a2004b)

: ) Shade/temperatur| 20-30+2 107 25 MZasneededo prevenblonwdownmin65%basabrearetention Barnowdleyef2021),
>250nfromish | microrefugia Stackhousetal.(2023),
bearingtream Sweene§ Newbold

1 <0.5nwide (2014)
Macroinvertebrate| 30+ 10125 MZasneededo prevenblowdownmin30%basabrearetention Kiffnewtal.(2003);
Sweeneg Newbold,
(2014)
Wildlife€Corridor 30+ 10i 25 MZasneededo prevenblowdownmin30%basabrearetention USDA?2016)
Verysmallsteepheadwater | Biodiversitpguatic 70%retentionfwatershedreaoccupiettyuplandtreamsasriparian CIT(2004a)
streams healthmicrorefugid fores#?
HydroripariafEcosystems
Wetlands Minimurfor 30(orl.5tree | 1530 MZasneededo prevenblowdownmin30%basabrearetention CIT(2004a)-RPAFSC
biodiversitaquatic| ht) (2005)
healthmicrorefugig
Fish 30 30 MZasneededo prevenblowdownmin30%basabrearetention Colliso& Gromack
(2022)
Amphibians 401000 10i 25 MZasneededo prevenblondownmin30%basabrearetention Olsoretal.(2014)BC
MoE(2004a2004b),
Hruby(2013)
Planbiodiversity | 60 10i 25 MZasneededo prevenblondownmin30%basabrearetention Hruby2013)
Lakes Biodiversitfish, 30(orl.5tree | 1530 MZasneededo prevenblondownmin30%basabrearetention CIT(2004aLolliso
aquatitiealttf, ht) Gromack022)FSC
microrefugia, (2005)
39 Particularlyfor watershedswith important fish habitat (e.g.salmonspawningareas climaterefugia,etc.).
40Researchin. / Mtariorisshowingthat evenlargelakescanbe vulnerableto eutrophicationrelatedto extensiveloggingof uplandareas(FPB2018).
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Feature PrimaryPurpose MinimunDefaulBuffers AdditionalCommentsT hinningvithirRMZshouldetoacceleratgrowth| Sources
oftalltreesforshadébecausefwarmingffecthinningntheRMzhason
ReserveZone | Management | gyeamemperaturéStackhousatal. 20230lsoretal 2014) Minimum
Width(m) Zonewidth(m) | pasahrearetentiomnMZasperF SC(2005)n mostases.
Activdloodplain$!e! Aquatitealthfish, | 1.5tree Asneededor | *orasperrelevanstreanbuffeabovewhicteverisgreater CIT(2004a)
biodiversity, height&* windfirm
microrefugia reserve*
Riparia@ones Aquatitiealthfish, | 1.5treeheight* | Asneededor | * orasperrelevanstreanbuffeabovewhicteverisgreater CIT(2004a)
biodiversity, windfirm
microrefugia reserve*
Fang3 Aquatitiealthfish, | 1.5tree Asneededor | *orasperrelevanstreanbufferwhicheverisgreater CIT(2004a)
biodiversity, heights* windfirm
microrefugia reserve*
Torrentedullies Aquatitealth, 1.5tree Asneededor | *orasperrelevanstreanbufferyhicteversgreater CIT(2004a)
biodiversity, heights* windfirm
microrefugia reserve*
Unstabléerodibléerrain Aquatitealthfish notassessed
Karstandscapes Biodiversity, 1.5treeheights | Asneededor CIT(2004a)
microrefugia, windfirm
hydrology reserve*
MarineShoreline
Highvaluemarindhabita® Biodiversity, 50 30 Min50%basahrearetentiomMZ FSC(2005)
microrefugia,
fish/shellfish
Estuariesnarindagoons Biodiversity, 40 15 Min50%basabrearetentiomMZ FSC(2005)
microrefugia,
fish/shellfish
Allothercoastline Biodiversity, 20 15 Min50%basabrearetentiomMZ FSC(2005)
microrefugia,
fish/shellfish
Speciesk Ecosystem$®
Risk
Ecologicaommunitiegtrisk | Biodiversity Bufferasforrelevanteaturesbove
SARoccurrences Biodiversity Forrecommenddulifferseferto AccountandMeasureforManaging
IdentifietVildlif@andrelevantecoverplans
SARhabitat Biodiversity *x *x Forrecommenddmlifferseferto AccountandMeasureforManaging
IdentifietVildlif@andrelevantecoverplans

41 Thefirst tree heightisto capturethe influenceof the terrestrial systemon the aquaticsystem;the additionalhalf tree heightisto protect conditionswithin the buffer (CIT
2004a,Priceet al. 2009).
42 Highvaluemarine habitatsincludeshallowintertidal areas kelp beds,herringspawnareas,and other nearshorehabitatsusedby marineinvertebratesfor reproductionand

rearing(CIT2004).
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Feature PrimaryPurpose MinimunDefaulBuffers AdditionalCommentsT hinningvithirRMZshouldetoacceleratgrowth| Sources
oftalltreesforshadébecausefwarmingffecthinningntheRMzhason

ReserveZone | Management | gyeamemperaturéStackhousatal. 20230lsoretal 2014) Minimum
Width(m) Zonewidth(m) | pasahrearetentiomnMZasperF SC(2005)n mostases.

TAPprioritpldforest Biodiversity Includingotentiallgncientorest® asperFigure9

TAPpriorityecruitmembrest | Biodiversity

Relativelintact Biodiversity,

watersheds/areas microrefugia

Climate/Hydrological

Resilience

Hydroripariatosystems

Biodiversitgguatic

Asforrelevant

Asperdiscussioim Section7

Stackhousetal.(2023);

healthfish, featuresbove Fink& Scheidegger
microrefugia, (2021)Krosbtal.
climateorridor (2018)Morelletal.
(2016)CIT(20044a),

Lakeshor&coastalringing | Biodiversity, Asperdiscussiom Section? Morelletal (2016),

vegetation microrefugia Ashcroft2010)

Highelevatioancienforest Biodiversity, Asperdiscussioim Section8 Wolfetal.(2021)Morelli
hydrology, etal.(2016)
microrefugia

OldForestall) Biodiversity, Asperdiscussioim Section8 Wolfetal.(2021)Gavin
hydrology, (2020)Freyetal.(2016),
microrefugia

Maturdorest* Biodiversity, *Asneededo bringoldforespercentagagptoNRMWhresholdoreach Wolketal.(2021)Gavin
hydrology, BEC LandscapeombdnTable4 (2020)Freyetal.(2016)
microrefugia

Moistlowlyingforest Biodiversity, Asneededor | * Conservtheseoftersmalpatchecosystemshergossiblegpserveas | Wolfetal.(2021)(Gavin
hydrology, windfirmness | thermalefugiandassteppingtonedbetweetargeconservedreas. 2020)Freyetal.(2016)
microrefugia

Talus Biodiversity, Particularielevanforamphibiarsndothemwildlife Morelletal.(2016)

microrefugia

43 Ancientforestsare poorlyidentified by the VRI(OGTAP2021b) therefore potentially ancientstands(>300or 350years)needto be field checked.
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8 CONSERVATIGIONSIDERATIORAPPLICATIONS

8.1 ConservationPlanning

Thepilot mapsgeneratedor this projecthighlightimportantfeatureshatshouldbe consideredvhen
undertakingconservatiorandor climateadaptatiorplanningon the SunshineCoast.Specifically,these
arefeaturedo beconsideredsprioritiesfor plannersandresourcenanagersvhen:

Identifyingpriority areasfor conservatiorand/or retention;
Planningclimateresilientgreeninfrastructureor conservatiometworks;
Selectingareasfor ecologicarecruitment, restorationand/or enhancement;
ConductingVunicipalNatural Assetdnventories;

Respondingo referrals;

Promotingaction, stewardshipand/or awarenesdor climateadaptation.

= =4 =4 -8 -

A largerlist someof thekey policy arenasandtoolsthataffectbiodiversityandclimateresiliencen the
studyarea,andwherethe pilot mappinglayerscould be usedto supportdecisionmakingis locatedin
Appendix H.

8.2 ClimateResilienceConnectivity& Corridors:

Climate shifting raisessignificantconcernsaboutwhetherexistingreservesandcorridorswill remain
suitablefor the speciesandecosystems h e ynéantte protect* (Mahoney2019).Locationswith
disappearinglimate$BEC zones suchasthe CDFmm,areat elevatedrisk of habitatloss(Mahoney
2019).Projectedcclimateimpactson streamflows andwatertemperaturealsoraiseconcernsasto
whethercurrentstandard$or ECAs andriparianbuffers will beadequatdor future safeguardingf fish
andaquaticecosystemagainsthe combinedmpactsof climatechangeandforestharvestimgy. As such
ensuringclimateresiliercefor the studyarearequiresconsideratiorof thefollowing key factors:

1 Retainingandrecruitingsufficientold forest (asper NRVthresholdsin Tables 3 & 4) to reducerisk of losing
speciesand ecosystenservicesandto reduceflood risk (especiallyduringextremeweatherevents).

9 Capturingboth largeand smallpatchesof remnantat riskecosystem&nd habitat for speciesat risk
o largepatches(lessedgeeffect, more robustpopulations,etc.)
o smallpatches(laststrongholdsfor manyrare andat risk plantsand animals,steppingstones
betweenlargerpatches)Wintle et al. 2019).

1 Ensuringedundancyandseparationbetweenretainedat risk ecosystems wildlife habitat, to guard
againsttotal lossduringextremeevents,suchaswildfire.

91 Incorporatingterrestrialthermal refugeswhereverpossible jncluding:
0 Oldforestpatches(especiallthosewith bigtrees)
0 Ancientforestat highelevations
o V. ( NIEh&t@eforest,

44 Forexample recentmodelinghasshownthat by 2050,noneof . / gagkswill bein their historic climatezones(Mahoney
2019).
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(0]

(0]
(0]
(0]

Wetlands,streamsandtheir surroundingriparianareas(asper minimumbuffer recommendations
in Table6),

Moist forest (old and mature stands),

Fringingvegetationalonglakeshoresand coastlines

Talusslopesandkarstsystems.

9 Incorporatinga network of climate corridorsand steppingstonesbetweenat risk ecosystemshigherand
lower elevations,and wetter anddrier areas via:

(0]

(0]
(0]

Longitudinalkcorridors(riparian,floodplainand moistforest) up valleybottoms (whichin the study
areaare alsotypicallynorth-south corridors);

Ripariancorridorsalongsmallstreams(asper minimum buffer recommendationsn Table6);
Elevationakorridorsup hill/mountain sidesthat crossmultiple ecotones/BE@nits,

Islandsof microrefugiathat will remaincoolerandwetter than surroundingareas,and connections
betweenthem (e.g.wetlands,ponds,riparianareas,old forest, moistforest);
Maintainingvegetationand shadearoundsmalland headwaterstreams(to help cool stream
network), asper buffer recommendationsn Table6.

1 Capturingthermalandflood refugehabitatsfor fish whereverpossible and applyingbuffer
recommendationsn Table6:

(0]

O O O oo

smallstreamsand sidechannels,

flood channelsand springbrooks
off-channelwetlandsand ponds,
shadedstreamsections,

streamsegmentded by cooldeepwater aquifers,
tributary junctions

1 Reservindoreston unstableterrain, suchasalluvialfansand steepgullies.
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9 CONCLUSIOM®IDRECOMMENDATIONS

9.1 Benefitsof the Approach

Potential ECARnapping:Helpscreatebetter picture of potential variety and distribution of at-riskand
sensitiveecosystemsn agivenarea.

Potential SensitiveEcosystenMapping: Helpscreatebetter picture of potential distribution of sensitive
ecosystemsn a givenarea; mapsimportant sensitivefeaturesin areaswithout SEkoverage;
Hydroriparianmapping:Helpsaddressvater andaquatichealthrelated concernswhichare often
priorities for localgovernmentsand FirstNations;usesdatasourceghat extendbeyondareasof TEM
coverage.

NRVRiskmapping Helpscreatea picture of the overallriskto speciesgcosystema&ndecosystenservices
(includinghydrologicafunctioning)posedby lossof old forest cover,within givenlandscapeunits. Canbe
usedto helpdecideon old forestretention andrecruitmenttargets.

ClimateMicrorefugia: Providesstarting/discussiomoint for designingclimateresilientconservation
networks(alsoconsolidatesnanyof the valuesin the abovemapping).

DisturbanceMasks:Usefulasa W |j d&AROA] Nvay&oQipdate TEM/SEmappingby removingparts of
polygonsthat havebeenloggedsincemappingwascompleted,to removecut blocksfrom layersusedto
depictold and mature forest.

Yv dz& ®R NTomgaMtivelyeasyandlow cost,usingexistingpubliclyavailablespatialdata, rather than
requiringnew mapping.

9.2 Limitations

9.2.1 General

1 TEldatadistribution packages$ncludemultiple overlappingTEMprojects,with different dates,different
polygonsandsometimesdifferent mapcodesandsite seriesdescriptions.

1 TEMmappingdoesnot coverthe entirety of the studyareac there are a numberof gaps(mainlyparks,
private lands,andthe Toba,Brem,Homfrayand Texaddandscapeunits).

1 TEMcoveragan muchof the Bunster,Haslam,TexadaHoweandlower Chapmanrandscapeaunits does
not includestructuralstageinformation.

1 VRImappingcoversmostof the studyareaandfills manyof the gapsin TEMmapping.However,it isnot
wall-to-wall, with notablegapsin someareasof private and protectedland,and especiallyin the Haslam,
PowellLake Lois,and Bunsterlandscapaunits.

1 OGSR APcoveragedoesnot includeprivate or FirstNationslands,or higherelevationlow productivity
forest.In someareas(e.g.the InlandLakearea)the polygonswere out of alignmentwith shorelines
(therebydepictingforestedpolygonsin the water, etc.).

1 SeeTable2in Section3.3and TableB-1in AppendixB for additionalcommentsabout data sourcesand

limitations.

9.2.2 Accuracy

T

TEMpolygonsare comprisedof three decilesc the ecosystenof interestmight be a very smallcomponent
of the largerpolygon,especiallyfor natural smallpatchecosystemsor remnantfragmentsof ecosystems
in aconvertedlandscape.E.g first decilemight be rural, but ECARsensitiveecosystenor climate
microrefugiaisin secondor third decile.Converselythe first decilemaybe equalin sizeto the second
decile,or to the secondandthird decilescombined,and mayevenbe smallerthan the secondandthird

KWESTNC. 62



SUNSHINEOASPILOTAPPINGForConservatior& ClimateResilience

decilestogether. Anypolygonthat containedatarget ecosystem(ECARSE climaterefuge)wasselected
andincludedin a separateshapefileto representthat targetgroup.

1 1:20:000scale:not idealfor localgovernmentplanning(their preferenceis 1:5,0000r less).

1 TheWo ddisthrﬁaﬁcelayerwastoo inaccurateto be usedto alter the ECARSE andclimate microrefugia
layersdueto issuesn eachof the input layers(e.g.,rock outcropsand coastallog pileswere interpreted as
urban;smaller/recentdevelopments/landscapeonversionsiot pickedup).

9.2.3 DisturbanceMasks

1 Nosingledisturbanceor landcovedayerdid a goodjob of capturingbuilt up areasand permanentland
clearing(e.g.,agricultureandrights-of-way). Different attributes from different datasourceswere
selected,andrigorousW S & S 6 Waksrequiséddlry andfilter out naturalecosystemse.g.rockoutcrops,
wetlands,etc.) erroneouslycapturedin theselayers. Editingof inaccuratelineworkto matchaerial
imagerywasrequiredaswell. Dueto time constraints this wasnot donein an exhaustiveand
comprehensiveenoughwayto makethe layerserviceable.

9.2.4 Oldand Mature Forests

1 Usingthe TEMto identify old and mature forestsfor ECARsensitiveecosystemand climate microrefugia
mappingwaschallengingrecausehe TEMis largelyout of date and muchof it lacksstructuralstage
information (vs.the VRIwhichisregularlyupdated). Acombinationof layerswasrequiredto more
accuratelydeplctold and mature forest, usingboth the TEMand VRI:

U AWRA & ( deMIasF gexe& cut blocksfrom VRIwasusedto removepartsof forested TEMpolygons
that havebeenloggedsincethe TElwascompleted;

i VRIdatawasthen overlaidandusedto assigrageclassto the remainderof forested TEMpolygons;
someTEMpolygonsthat were mappedasW¥ € 2 dry rib@consideredmature (seeAppendixB for
details).

Theaccuracyof thesemethodsis untestedandrequiresvalidation(field, peer,etc.). Furtherdiscussions
neededasto whether TEMupdatedusingthesemethodsis areasonablemethodfor identifyingold and
mature forests,or whetherit would be better to usejust the VRIor a different combinationof the two.

1 OGSRAPdatawasusedto mapbigtree old and mature forests. However this datadoesnot extendto
private and FirstNationslands.

9.2.5 EcologicalCommunitiesat Risk

1 Thepotential ECARnappingis a possibleprecursorto sourcefeaturesusedfor ECAREIementOccurrence
mapping(NatureServe€002). However,our potential ECARnappingis limited in that:
91 It doesnot considersize,fragmentation,context,or conditionof ecosystems.
9 Itissubjectto the scaleandaccuracyissuesnherentin usingl1:20,000TEI& VRIdatafor locallevel
planning.

9.2.6 Sensitive& HydroriparianEcosystems

1 TheRi:fringesubclasTannotbe adequatelydistinguishedusingexisting1:20,000TEMalone(see
methodologyusedby Metro Vancouvein their SEmapping;Meidingeret al. 2014,pp.5052). Tohelp
identify flood fringe ecosystemsTEMunits that we categorizecasW Y 2 R # Nilge iéard knownto have
linearspatialpatterns,were crosswalkedvith the Riparianflood fringe SEsubclassHowever thesemoist
forestunits are sometimessmallpatch, not linear/riparian,so eyeballingor someother method of
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distinguishinghem will be neededto filter theseout. (Seethe RiparianCrosswalkable in AppendixFfor
additionalcommentsabout mappingriparianecosystems).

1 Acombinationof methodswasusedto mapRi:fringein areaswith TEMcoverageandRIgenerallyin areas
without TEM(asper the RiparianCrosswalkable in AppendixF). However,no in-depth comparisonsvere
doneto seeif this approachis areasonablelternativeto interpretation of aerialimagery.

9.2.7 NRVRisk

1 With respectto hydrologicakisk,the method usedonly looksat old forest (ageclass9; >250yo)and does
not accountfor mature forests(especiallythosewith big trees)that are nearingequivalencyto old growth
in termsof hydrologicalfunctioning.

1 Landscapenitswere usedbecausehey are anadministrativeunit usedfor forestry planning.Themethod
wouldideallyby appliedto smallerwatershedunits (e.g.third order watersheds}that makemore sense
ecologically.

1 Themethoduseddid not look at other hydrologicakiskfactors,suchaswatershedsize,shape aspect,
slope,vegetationcomposition storage(wetlands lakes,reservoirs etc.), susceptibilityto rain-on-snow
events,anddrainagedensity(densityof the road and streamnetwork).

9.3 Recommendations

9.3.1 Accuracy

1 Explorewaysof usingremote sensingor manualimageryinterpretation to improveaccuracyof a
W LIS NJY HisfutbgndeY I a(fo 2moveportionsof TEMpolygonsthat havebeendeveloped).

1 Explorewaysof usingremote sensingo pickup andbetter delineatesmallpatchandlinearecosystems
(e.g.wetlands- especiallyfforestedwetlands- andriparianareas)

1 ConsidewusingLiDARIerivedDEMSwhereavailable)Xo correctandimproveaccuracyof FWAstreamlines
and TNTtoporiparianmapping.

1 Explorewaysof usingLiDARo identify cleared/builtup areas,andto better mapforest coverand canopy
height.

9.3.1.1 Crosswalkrable
1 Organizeawider peerreviewof the crosswalkTableby CDCecologiststhe TElteam, and other Provincial
ecologistdo confirm site-series/mapcodecorrelationswith:
0 Listedplantcommunities(andto helpfill in the few remainingplant communitieswith mapcode
blanks),
0 Sensitiveecosystentlasseandsubclasses,
o Climatemicrorefugia.

9.3.2 ECARSensitive& HydroriparianEcosystems

1 Organizdurther peerreview/discussioraroundthe approachand methodsusedto derive potential ECAR
andsensitiveecosystermmaps,andwhetherthey would doaW 3 22yRe djb &f @lentifyingpotential
ECARINd SEor someapplicationge.g.flaggingpotential presenceand distribution of ECARN a given
areafor further assessment).

1 Hostfurther discussiorwith CDCGand TEIunit to discushow the crosswalkable couldbe usedasaninitial
stepin developingeOsor to flag areasfor localgovernmentESAmapping.
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T

M

Finetune the mappingof riparianecosystemgparticularlyRiparianfringe) (alsoseeMeidingeret al. 2014
andMcTavis2022)andexplorewaysof usingLiDARIerivedDEMso improveaccuracyof stream
networksandtoporiparianmapping.

Hostdiscussionsvith CDCGand TElunit about addingnew sensitiveecosystensubclassefor:

o Y. (k NIBI&ferest (givenits rarity andimportanceto biodiversityandasclimaterefuge),

o V. ( NEEn&t@e forest (givenits importanceasrecruitmentforest, andto hydrologicaresilience),

o Ancientforest (using350+yoasthe agethresholdin the VRIratherthan 400,giventhe+ wL Q &

deficienciesn identifying400+yo forest),

0 Fans& cones(givenrelevanceto aquatichealth),

o Coastafringe (givenimportancefor nearshoremarinehabitatsandclimaterefuge).
Explorealternativesfor more accuratelymapping¥ 6 (h NiEn&tize and old forest usingLiDARJerivedtree
canopy/heightmodels,andfor extending¥ 6 (k NiBI&a@d mature forest mappingto includeprivate and
FirstNationslands(e.g.by usingsite indexin the VRIor other methods,asper Priceet al. 2023).

9.3.3 NRVRisk

T

1

Connectwith DaveDaustand JamesTrickerto discusoptionsfor incorporating® 6 (h NISIBaENG& Vrisk
analysisandmapping.

Explorewaysof runningthe analysighat alsoincorporatemature standsapproachinghydrological
equivalencyto old forests,to providea potentially higherresolution/moreaccurateindicationof
hydrologicakisks(consultwith YounegAlila).

Exploreother waysof improvingthe resolutionof the analysisg.g.by usingthird order watershedsnstead
of landscapeunits, and/or usingmore graduatedmeasureof risk (ratherthan just high,low andvariable).

9.3.4 ClimateMicrorefugia

T

Arrangeadditionalpeerreviewof crosswalkrableby CDCTEIUnit and other vegetationecologiststo
discuss/confirmimprovethe site-seriesg climatemicrorefugiacorrelations.(e.g.by incorporatingnorth
aspectfeatures,or other refugerelated elementscapturedin TEIdata).

Explorewaysof usingremote sensingo better delineatemicroclimateecosystemgthosesiteswhichare
moisterandcoolerrelativeto surroundingareas)

Explorewaysof better capturingfringingvegetationalongcoastlinesasa variablewidth buffer, by also
incorporatingtopography,usinga similarmethodologyto that usedfor ¢ b ¢tdpagraphicakiparian
mapping(TNT2021).

Explorewaysof identifyingpotential microrefugiafor fish/aquaticecosystemgnot addressedn this
mapping);discusswith provincialecologists/terrairmappers.

Identify and maprelativelyintact areas/watershedshan spanmultiple BEGubzonegexpandon OGSR
TAPmappingof relativelyintact watersheds).
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