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CHAPTER NTRODUCTI ON

1.1 FORESTS AND CONNECTI VI TY

Borealmadlbe esps27% of t HEA@p rabn@P@a) nfaodraedsst ar «
| argestLiibmieodnet.o northern circumpol ar regi on
speci es Awiitehsi,n Ltabre x, PRPainkleagé¢éReBrandPppBO00S9
and suabdesambaos are influencéBrhagpdfiet, aln
201B9orkeatpsbsgsi de vital servi carsd ifnicllturda tnigo n
carbon seguesemgre aroesnhoané@ont wolndulthrbibeinttatcycl
culturatraebfpgpontuniti €ss,ucandsmdtuerhiear| saamde p
a f(eAwni el ski &TWebsenl|l PR206B6BEHhdbBromeress due
t emper(atenrreyss MBAMbYye(lsprgodrmreseatn dalp.a radiOcludl)ar |

i ncr ehausrean nr esouance eevéGapmémt al ., 2015;
Kreutzweiser et al.,.2013; Schindler & Lee
Wat son( 20td 8ayimar i ze the i mportance of intact
to climate regul ation, watershed services,
heaEtblogical connectivity is a measure of
the movement of organisms and ecol ogical p
suitabl(eratyd mirt alttn vaelrrsaeglhy®, @8 8fat i on i s the bre
contiguous habit a@Haddad eBAbbhoeghptaibabment
caused by natur al di sturbance (insect outb
forestnthemsneveiforestrel apdeactickhepageni @nt
intensified (Bbpscheagmentahti oB8009; Stanoj e
201Ref orestation, the restoration of previ
tool B0 tbombi mpact@GFAD dmdgubR at2 w20 )ef f or |
focused to connect i1isolated patches of for
ecosystem services proyHdadgbgettheé.{for2é622¢



1.1.1 iFrorlmsamaoki

Unamg Ckipe Breton,s Monwa o3c csteivae)n di stricts i
anancelsamal of t(lhiegM).Bkmaalsi M oUmras mad ki h a
undersgognneiffoirceasntta fceosnss i adnedr e d Bforuargame rette da | . ,
Succeaslsipoamtb hwhgseal f omensattsurian |Un gecmoandleiol | e
budw¢ hmri stoneura fSmBiWet danf@Ba@E®leedgmend)e, 1¢
which defoliate and KADblile sp rbéald cshgiaiesdh twihy t kea l
spr ecee@ (gMoaeunccapt)r ¢v&@s8gser nment o.f Taen amoas,t 2 0
reclemmrge outbreak of spruce (bod®waibnc waasn s e ¢
1989)

Foll owsnongbwkalknomwm @é¢ cad saens e rPseotnefbie g a n
browsing on the . Tlhegewegstadrrn m gmoeeaged ii anglesopdeucc e
the Cape Breton H{GBHBRBRdsoNathenB&ar Pmwmrikn t |
west er n( LCaatnhaidafno,| 1109w/ién)g t he extirpation of
SubspRlcces al ce€d i dahmonucd nttiBe | HgB@aswd et al .

Moose popul ations in CapegrBewtfornomiagrhl| extdisn
individuaCeuchi a9&7Bal dwi m,s Id9Btra;d Rlrreerscc od tt
al . ), 2007 1, (Webntizne ldlD,BE&MO9 85 Br i dgMdanael et al

abundanca hiefqlhermo’ ne /24, and. hooppPkekmbel
in ZMRO6 Smit h.Tehteaimundapgwdlldt)i on | ed t o over

regenerating stands, many Cof SwmhitbhecomVert
However, t herrees eoasr cohd e kvie@swretr me moose subspec
signi fdii d d reirdeyitthliysh arne gtihoen e a st ed nidnmot ohsee psaushts
and the extent of browsing pressure may no

el i minatimmeaddt onlov.s e

Cari Ramgi f esC.tth.r aSndiatl socwef ®eund t hroughout
forest of Unamadokmn tHhik9 GEeleywyex tuidr a tMed cer ,



Caribou fill a different niche than moose
coni ferous forests, wbhirebmoag€hpaptepbeos
et al.A, r20h3 )y bttwct ibouw ofmt o Cape Breton Hig
1968 and 1969 was dwnes umc b casrhguptrhpealdit kogflo br ai n
worarel aphostrowgycbschaesesspathol ogical ¢
hab{ Batgerud &. Mercer, 1989)

Il n additi on targe tracts ofd@ealfarest wparted bl the SRMYI@ak
weresalvagdogged to minimize lost profitdNova Scotia Department of Natural
Resources, 1994%alvage logging removed large amourftéree biomass and resulted

in thecreation of road network3his lossandfragmentatiorof boreal forest limitedhe
services provided by intact boreal forest cobeit,alsothe combinedlisruptionof over
browsing and logginghay havded to a decrease specieghatrely on mature boreal

forests for habitat, including th@ovincially listedatrisk American martefMa r t e s
amer iTcuarnta@m t t and Z&ana&da [ynd (nx canadensikKerr) and

provincially and federally listeB i ¢ k n e | [(Gatbarus icknellRidgway, D6 Or s ay
& Howey., 2020)
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The Parkhas applied control measumasch asduilding moose exclosures and organizing

a moose harvest w ocnodnuncut neidt ibefsDMiIDG ldiamga msa 6Hka we
2020; R. SmiThégoa of thesé measurdsOvasso mire further moose

browse and allow the forest to regenerate naturally. However, it is possible that areas
converted to grasslands have reached a new stable ecological state and may not revert to
boreal forest cover unless more proactive measures are(@k8mith et al., 2010)

Parks Canada has therefore also begrast restoration throughtree planting pragm

to increase the number of balsam fir and white spruce saglilpé Or say & Howey,
2 0 2 Giyen limited resources and capacity, the Park is interested in focusing their tree

planting efforts to areas that will restore historical connectivity.



Restoratiorecologyis a branch of ecology that studies interactions within and among
ecosystems, in a restoration contex? a | me r e HEcolagital restoratiorio&en

occurs when an ecosystem has been disturbed or otherwise sitehed its structure or

function is impacted Pa |l me r eRefer@rice condifobsAnGifheibethe state of

an ecosystem prior to disturbarmesome ideal ecosystem state which restoration efforts
seektorecreae Al agona et al ., . Htdrzal dat® anlecogystemet al
structure and function is often used as a referémmeever it is recomended historical
conditions not be used as an exact target but as a guide for restoration prbbidlg g s et
al .1, 4 In2Atls case, the Park is aiming to restore historical forest connectivity by

planting trees in areas previously considered connected.

1. Mo2dlel |l ing ecological connectivity

Ecological estoratiorrequires robust data and analysis upon which teébdecisions.

Several methods exist to modhelbitatconnectivity to inform conservation efforts.
Commonsoftwarepackages and algorithms used for this iaskudethe leastcost path

function within ArcGIS Prq 2 0 2Q@reultscapd Anant har amagzZonagan al . ,

( Moi | aneandMargaf(1Bia)l | e t(T & bhlll gumrBadizEsthduse,

benefits,and limitationsof eacl). Leastcost path identifiea path of least resistance

between a source and target area. Resistance is calculated from input features which often
refl ect an organi smos r eShscambeeusedto di f fer en
understand how speciase likely to move through a landscagp&Et mgtron, 2016)
Circuitscape software uses circui(tMdahaery
et aland2068used! toorirdaechdi rigfiynlcdt woeemt axi st i
patches of habitdt.go @uiode ecenseadlvat i2®@nl5;
Zonation i s a spattihaadsfike dtouvariddSanidisicapes bhtswe
various metrmaxi mpatl ud naegg blyat o hgecaeslhlapei n t
study ar ea acqcuoarldiitnyg atrnge ohnanleietsaitvi t y . i nt o it
Zonat$ ooften used in planning contexts suc|
(Westwood, Lambeprnot edt ead AybedePRanmailng 20

5
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ht om2 ki aend adons rovat)C amr onlolin ibdats readin.g,n 2010
nnecti viRiynalrliynwciMadrexsan anal yses | andscarg
eas for ldonserfwatcitam.nal |y Bemubar tmosZoas

nNi mum t ar gdte (| memrdcemtpegf tbans ¢ tmaastdipd n ma l
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Tablll&8ummarsy fdaévad eal gommommymadesdd [toogi cal connectivity.

Software Main use Benefits Limitations

Circuitsc Corridor desilncorporates resi Assumes organi s
area est,abmMaipAnal yzes infiniteover time; cann
gemhéow Hi ghlights connecpreferraggds pat hcvn

Randomness of patpreference with
reflects stochastincorporate dir

Least cos Ecol ogi cal c Relatively simpleOnly creatcest,om
(wi Ahic®lI)Smapping, procomputation time.reality there m
establ i shmen not take width
accoAilsnssumes oOr g:¢
change over tim
preferred pathw
preference with
Mar x an Protected ar Applicable foliw$Requires straig
establi shmentargets. Del i-optait mat hemati cal pr
protected areas. costs, quantifi
Does not produc
optimal solutio
Zonation Protected ar A variety of paraSubjectivimy 1in
establishmenavail abl e fUsrearg®indeter mining wei
area monitor weights and wheth
management p Outputs allow for

comparicCiasnomccount
change.




Leacsotst path is a very simple and effecti

corridor connkcwasihgt i deweveéwfiad icorri

do

existing foraeshephii dd attqq Uk wnaarnalags safor i c al
connedtoi triadrsgteomak il m@ast wvoapppatablaendi ti on
exact proportitoon boef rtehset d saentdh shcafisp emeoatn sb e e n

Mar xan can not be applied. Circuitscape ¢c

corrbhbetowesen knownThabi aatl patehesul d high

connectivity at previousiowemes,thhe gornt e

researdceht eirsmitnoe pri ority haasseads oonf o occemshkti n

of hiasanhpresgatyobr est .comadudiomg restorati

on

hi storicablrgasornsesated that r edtnoraateiacsn a

which previously s upTphoerteefdo rse ,mid ocanra tfioor nedsst

celclcsoradi ng to their value to hanwoisttat

appl isodktlwear e for this research.

1.1.3 Data quality

While the method chosen to model tree

gua

pl a

so tootgpeguwuiniiehy dfata i ncor pdroatadd oinnt o

anal yses feature distribution data. A

f ea

di stribution model, hMdMbiltanen yptda, ZlooadB0b
model often i nclofdesproyseivigirvae afweea/ tgunrtense g at

according to theMointenenstest odl the2uk2)

Understanding and quantifying limitations of a datasestures results built on those
datacan beinterpreted appropriately amday beconsidered more reliab{@owers &
Hampton, 2019)Efforts to correct the inaccuracies inherent in spatial ecological data
can be resource intensive, complicated and in some circumstances impossible.
Modellersmust therefore make every effortab a minimunqguantify and

communicate such deficiencies and interpestultscautiously( Canf i el d. et

a l
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Thever aobhenotytvhee soifs eschangeal psf orest c«
connectivity through time in northwestwer
boreal fore$s®hiapilehevgalrueagtieonexi sting met h
gual ity for wuse idie veeald po ga poyahl io @dohdbeul illidnsg .o
Strenptebxsi sotbidirgom ot her aeshomesii &ndapi opas s
address shortfalll sapiphmegt hddirs aad pml ireasteiacgc h
Unama&kia cascElobbdudygssessiimg | dhdatea aqueaeldi tiyn
33t he connectCGhvaipttyeram@alcyasni sbh.at br bh@8kBedobj e
Quantify forpstocoveracthahgl!l owing the SB
forest connectivit;gndac3o3p Hiagkl tgme peir o

planting based on historical forest cover
To meedct obpr8dacel visualizationsl1l6¥72fores
1989, 1999, ,2@0hpane 2009 change within ar
aregéd®anchanage eirfalogsetsaamrde a, peri meter and no

peri met(eNPolr)hdext o and foll.Bwrngbjfédet SB& B8
prodmocdeel s of foatebé abownedwmtiumedtegrtsedapasnd ho
| andscape hcacsn rcehcatnigweidtl yt dm dluyghe tti me di strik
areas within and Fountdsloldyaee @tr od lejcd eewde hae pe a3
model of tree planting prioritization to

day and historicméctcioniitfyeyrous forest con



CHAPTERASSESSI NG SPATI AL DATA QUALI T
FOR USE I N ECOLOGI CAL :MBDELLI NG
ACCESSI HIOD L

2. 1NTRODUCTI ON

Ecol ogi cal model s are simulations which r
in the na&at PBE&IS,Twh@slled ) model s are used to b
natural phenomena and are becoming an inc
maki ng. Anj oaunranBaglesp s soa nsi e aatispee s BC D €

ecol ogi cape-emeovdiecelmse dicnne® t he eaasr lwel20 0alss an

increase imctoheoatlt i migesl s an@i JAB ESi on m

25000

20000 ® "Ecological model*"

15000 m "Ecological model*" AND "decision making

o ——————— ---llllllllllllll““||||““‘||

5000
o N~ O MmO

|_\
o
o
o
o

Number of Results

AN O M O© O N O 0 O N O 00 «d

O O SN MM MM O OWOOWO OOO0)O O O O O d d d N

O OO OO OO OO OO OO OO OO OO OO OO OO OO OO o o

I = A —d A A A A A A " N AN N AN N N N N
Year

Fi garReesul ts from quecgnaoddiciSedpidfordat alb a2 @
published arti"cdcesl ddiiadalmemadeln* "1)and 2)
AND fideci sion making" between 1961 and 20
(such as medicine) were excluded.

The increasing av@fFanbey atwdaolbdespaA@®&) i da

Geographic I nformation SSomrgpcé& Wk §302a2hM

s p altye xap leicoiltogi c alusmeddd!l lainmdgrrasleiselalre ht amld
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deci-md kidfnhgo.ugh ¢ onc espptakaclalllyo ghh rcmdd model s a
answer various Foomeglxeampd e stsipercs.es di stri
commonly wused to better understand the en
(Cameron, 2021; Roli nsiemtet yalar ea30bdb7) con
(Junker et al ., .Modet sPbhattarponastteiqaldddn
used to inform polilde andal and2madageekeal
Det ai | ed ortdomrmmesnod fesgpiamaldé! types are pr o)
Jackson2®yadd2d@@®)d GCea(ry0.a)Y ali.ncl uded i
ecol ogi ccaarnamgeelf s om demidcoedetre dipnpagercy | i
el evati orc,cuspenices colmmueitédgntcler,oadampbur ve)

climate data such amepsercec¢i att,weamntdn ¢esecomp e

on.
Variability and randomness andhelrgyetint i n ec
model |l ing such systems difficult. While i

uncertaintyguiamttihfeyiirngwournkc,er t ai nty can su|
accuracy and-makf ogmathecit sihomw t o best wuse
managem pyrGedsdadd ake, 1981; Hamilton, 1991
Sl uij sTherO0ed 2ar e at hemaéer c ale sme tntea cad i tsht d tc a
reli asiplambgédsj newhudlke t he Mon(tBee sGagr |1& si n
Diggleand9gé&dnsi t(iNarntrnwybeampdry s& aSnmpenar ,0t 1he§Is
Further, \Yan perp oSlewsi jas met hod of 1 nvol vir

the gpenee@lt and interpretation of model s an

Il n commons wattiha,lnkkempdebsmponent aotdl Babeur akcly
ofsmamoadiéb,thbagqual it ystorfoinnghhppuendasat he ou
(Aerts et al ., 200 3; Beck et aHor, 2014, L
exampl e, sgpamptadn ddiasst oot ng aitmn edinstri but i
(Baker et al .-Mej2i02 2et Ball |l ,es2.®&i®djst Beok | ¢,
spatial autocorrelation measuries a4 hedatdage
and negmtiinMdluyence t he oug(decme. AR0 Wbty astti,s t |

ecol ogi cal mo d ehlag thhaast nwd e udatea gomaen a dat
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l ead to fal se ass(mpweHasnsp& aonndA cc2obnicél )unsgi ot nos
| S®4 02 quatlhiet yitiost al ity of characteristics
to satisfy staffQadl ot yi Mphiage meaedadd Qual
840@P94)Therefore an assessment of data (¢

both the data itself and( Denwei Icloenrtse xdt ial .w
Data qualrbstgpodsithreslee msalofand e xotfe ran al ch
dat.aslenternal data quality refers to the
accuwiatcly respect to | ocation and ti me, wh
represegiedlenccoynsiasndé Gempheseant al ., 200
Mor ri son,Exlt9e9r5nal data quality, also know

with the specific needs 0§ ohkeemseommuni e
through (Betrvghhisa.e2P®® )axamplerequires inf
the positional accuracy of a.ldfataswedert oi o
interemodedplliaammg species assembl agearatd a
but data blse3@afil yt haev ad d tam hiasE xntoetr nfailt dfaotra q
varies depending on the application conte
data produc¢®d®evsi daheérssetsal ., 2002)

Within the contextcomimeaerc ofl dgti cwrad tmoate lil n fn
gual ntyude the | ack of st®&udar & Zahtiuemn kian
2013)ata drteryy eegr,raaamsgl 2048npce of suffici
( Maylke,r n20XEY)en i f the dataset has a high |
have the appropriat et er$ wedneastirhegsudad richy, or
guesdri ommchi eve t he nvemag e meretarohhje@cstgihvaer e
Wu e02#2nd devel oped methods for measurin

spati al dat a, including effpFtsDdmomarmT 0@ in
200armdi dat esovowd dcodbatcahi | dS@galtki, 2012)
autocorrelation is a measurmd | afc otohbga ednda gsr e

similatGwviafl uiesiHow2@5%) statistical tests
that all objects or val uedataa es datn dfeqremd etn

strong spati al autocorrel atsitann imay clad ad et
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(Gri ffibDéedspiBtdDdiSt) mmostfi 6f spati al data to

di stributed without sufficient informatio
reported in the dataset itself or in ecol
(Hunter et al ., 20009)

Furt helmenomecgent i nc sbeeatswe e mr YWeas & encelr esrhs pa n

|l ndi genous knowl edgeohithen exsarnkda s i vyeen f ou
di sproportionasebhychensesfandthet the knowl
( Nadasdyn tlh9e9®a)egye pr ofl uaxced anmmehsneaagre ment of

resoudmraasparent and pl aesall asggeggeosammact
partner édMgageamedt BarWeemustet halref o2 @2 0na k
effort to quantify and communicate such d
cautioAsl with all science conmmumi ocgautailadn,y
asseslsaneandcessi ble to diverse stakehol der

in the creation ofanedc/odro gtihcoasle dwahtoa door nrootd

training ial ygseiosspati al an

The goal of thisl| prastemd!| ewleirach seamwaev &lou
for use i n ecolaongdi cianl tnmoed ealblsierngc e of f i nd]
newelo defined the following criteria whic
to thisanfdleseasehby others in the field of

1. Applicable to diverse emogdedimumnarityext s
science datbaa saendd dpartoat)o c o |
Does not reevlayl usaotkieobng aobfa

3. Cansbepbypmuni cated to stakehol ders n
production of ecologi cal data or mod
Ecol osgpiactenldé |l s commonly incorporate dat as:¢

phenomena, across many Copat ied.lT atta d| t20M@Bor
thereéo@ded t o be appl iicnacbllued itnog dsiavteerlslei tdea
commuancitgnce obser vbaatsieodC aaamdas it gthee®oli nv ol
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public participation in data collection a
ecol(oSghyi rk etnabhddi 20bA) the goal was to
applied to nearly al/l ecol ogi cal model | in
to be wusedf icnondeevxatdsa.eayi ®8 the i nformation
including how @&mpmr ovchieme d .hearmddtias wa key co
shariMang heneHowe2v0elr5,) met adata is often mis
communicated in a way that i s -wanehBdiprm ul 0
& Hunter, 2008; TGohedapptdacRROORMen had to
depend solely on the presence ofwnsufhfaitci e
data quality assessments atrendfuseenr ss oo co
(Goodchild, 2007;THog icgtahedmadbddh 2i0dl8 )need
undersameod bgyer who may not moawd |ISmegci al i

mat henpoart isctsat i sti cs.

Sever al met hods exist, however | was wunab
the above criteria. The devel opment of a
became a component of this research. I di
then introduce a new approach.

2. POCATNEXI STI NG APPROACHES

| Mar ch of c2onzd2u,s tepdi ng review (9%dogilhe. dS.c)op
to search for existing meltfhooudnsds e¢twreaetalal uat
t oodwe hbeen developed to communicate dat a
6end users6, as in those who are not invo
mod el but who use andpanaik@h dgeaxtnesti loonds bwlsie
met one acerimeria and -wevieewupbpobusheallds i wepe

descandeeval uate these here

Pl -as(2@déaYel opedablbhxtdemrdreaxl Qual ity of Sp:
Met a(EaDa,Mo evaluate the quality of spatd.i
data userpl aodttbersr adapediandeguiasi tgmpnids
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which datiatdeal d nmeewelternbyd 4 sd(Pét-acdatea al . ,
Theseu defines these quality indicators bz
A binar(yC mjgfjiosi xcal cul at ed wheaqgeuaa idayt aset
indicator (1)woaer{ebeaeg2 noiwsnbt®) ng t he numbe

daasetjs, { a2 c ol unmybse,itnge t Mmumber of. qual it

A dataset ureecoefi vies( neeevtasl qual ity indicatol
indicator), as {(e&pmgsent edfbyrle)yss thenuse
determined using the following equation:
0 L T
g 9P (1)

The approach introduces tihnediutsdetadorfs fcrndti c
di squadatfysathlese user determines which qua
considered Arddtiasadt faan obes.consi dered 1)
factor wa®9 matrtmetl) y fit for use (at | eas:c

critical f aocrt o3)s fwetr ef ometuyse (all i ndi cat

Went z & (2h0iémdiaZz wate data qualteyi ahdeaghi e
making fmamedod &ft arsfei t((Dadftdhl) ke t he model
et (210, 14t)he t ool cr e at(e2d0 db8y¢ sWennottz r&e |Syh isnoilze
metadata to understand data quaduadalyi.t yl heef
mul tiple datasets which represent the san
for the (%enbHzg &e8Hb mMihzeu,us20l18&8)et er mi nes
and apei gosmaomresach odat aset according to h
cri tiesmeithrni teria can either be considered

better) or a costSddomevercaml e saagiegmhed ta
(rank), or inter vtahle/nr antoiromavi a lzueeds. whi cahd da ri

criteria can be weighted to plEqgueat2ingpnhsas i

15



anidbel ow are the normalization equations |

Whewd s the perfaafimantedesoorenal i zed value
. | Elw
@ 0
" TA@ TEio 2
. I Ad
@ 0
" TE0 1TA® 3)
Q Q
|l f weights are included, the normalized v

weight for each criterion.

Fi schgr20td 3xir.i be a met hod called the Spat
Application Assessmenth STAA&)Swhdoodubui |
talismcl ude t he meassupraetmeanlt aonfd at ernmapnogrea lo fs
all202Aaplaf edheussse approach t @ odnantuenc migne ewh
data is sufficient for specific end uses.
to measure data quality are predetermined
eachi t,erainadn av er adgiess raaanckh toorligteearnik D f nal |
datasets. Similar to the (t2000ll18t)hi sdttoed by
designed for the compaprisentoifngnwtiitd pd ema
the goal of daetact bmgetetdeseus de ask

2.3 EVALUATI ON OF EXI STI NG APPROACHES

Each of the above methods take a unique a

However, each have t henTrabdeawbacks, as su
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Tab2l®Overview ofqguellietvyands sdlemassament t ool s.

Stud Assessment ¢ Benefits Chall enges to ap
P1-as Overall fitnessUse of <cristuigcgee Requidees mat adlaeat s pr
ald0l«dataset, calculcritehreaavialrye actgeospatyatsdiatal ways

user's specifi matrix calculations t

Went zNor mali zed scor Weighting of ¢ Cal cul ati on;s oanrley caopnppl!l
Shimi calcul ated fronincorporates cdeciding between mul't
(2018 eachiterion criteria; doesthe same featusaeabphbehn
met adat a weighting has signifi

FischOverall score ilncorporates reCritend astama aprded ett eal
all202value assigned temporal scaleless fl exi blae;r aosuktapfuity
criteria values ot heysodamaay be har dar

specific equat. maki ng




APl - as( 204 &) etmeet ronch | meteessd awhi ch is a) not
provided and b) when included, may not ne
dat asetd®bi guarelit gnce on metadata makes th
needs of this research.

One dr awlbneectki aodd m Wentuw( 20108hmihat it i s des
user deciding between muOfttien ,e al amoadseelt sp ra
only has one dataset awvaiti abs et ool repulede
bappl ilcnappdret atnhd yuse of the multiple deci
detailed calculation of data quality but

without adviamatelde mastpiachd a¢y data t o under st

Theolt oproduced (b0 ddi¢ssc hae rp reetd eatleer mi ned set
l' i kely that some dat at tussterar evindt haovceo wmtr
predeter mi ned wmaiknighi islantaopgopbltlidoiash lapdr.lew ent s t
t ofod om apeplnigcabl enttedk tdsit vheerrs e tche f i nal ran
dataset provides the usedatagbamaveohoonhh
others, but not necessarillhysanuabsohst eehe

one dataset i s aovtaia nasbweer, gtuhees ttiooonls noafy fni

| weansabl e t o tf hrmdde tas naeltlihlotds peep gli ietdalfi a t o
di verse model contexts and data types; do
can be simply commuitihceatee d rteo cshtoaskee h ool doerre
flexible tool to meet these specific crit

met hods

24DEVELOP NEW APPROACH TO ASSESS DATA QUA

To develop a novel approach whichlis frie
analysis trainimg,xeld oqhoadantttddi iedbeaviyed ud pa tao r
which can be tabulated manually or used i
Excel
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Based

on

evaluat e

criteria used ichotslgdhhbaltaove eagx amit

data quality: pasimeilomalsdaddur dg

redun,dalnicyeage/ tr an s/pgaeroegnrcayp, h iscpaalp baarbd ae x t e

ext/eentme,
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Z e

pamd od ccdeessscirbibleidt yal 6wy t hArdated &1
a scor e foofr owhei cfho ri te antehe t,csr ittheer iro

ro for any it does not. The wuser

a
appl itomahkklheir research andgotmhe t belatl pbet
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OwW ma
ct of

sers
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Though
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det er mi

observ
consid
ocriti
used i
deci de

The r e
and pl
t hat r

S i
ny
q
to

ag

o

s u

an

ep

ble to create a single equation t
criteria and criutsiec alf dtrdoettdhreeb | ser
ual i tati velcyr idteesrciroinb iénsgc ohna va Geersdo tw
b etthtee rl iummidteartsetbannadn d f i t 8 ei mpmodat |
e the use of the table rather tha

he criteria are predetermined, tF
ser according to the ontology of
e dawh enteled s tame accoana¢tiyhercktoseness
ion to its actual position on Ear

ed accurate (e.g., within 25 metr

e
cal factorsd (as ,i mthreadeu cne da hkdya t Rals-ea
n

analysis unless each of the criti

n a minimum total score necessary
|l ting approacthtyofassaese sBpatetcal o
ni ngTal@lebhe toohdcan si hdgetea sheet u s

resentlslvaa edaaht bnasttewdr ¢ e pores@emtat hat
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0¢

accuracy/ actual
resolutio

position on E¢

Replicati The number of dataset
representiandionatt or t |

Spati al The spat i(ag e ocgorvaeprhbafgcea
ext gmagr ardat aset
area

Tempor al The time interval C 0o\

ext dinme pe

Tab228coring table for eval uausienrg dtehtee rgmianleist yt hoef
which, if any, criteria wil!/ be critical factors,
Criterion Definition Minimum standard Critical factor? (yes/no)

Accessibi Rights to access and
CredibiliReliability of the de

and representation
Ti melinesThe degree to which

worl d at the relevant
Lineage/ The trustworthines (
transpare
PositionaThe cl oseness of the

sgt eaonsdpaar tdisa |If odra twah.i
based



24. 1 Description of criteria

24. 1Accessibility

A key component of research being replica
same (Katag. 2T0hle )accesssiapelQui yect haeridamna b
ot hers t mwWroaurgh aramsa ehaot hgr s@gmeement s .
inst apee@s  access d;dtoax amplhern ushieng ddeaatla on
at risk or with culturall ye ssetnasnidtairvde ciamf o
to an appropriatfeolmwbdawdi laxlkclees stidbirl d sea

private sharing agr eenbeentnsa)r koerd tahse ncorti taepr)
24. 2Credi bil ity

Credibility within a dataset i s dependent
provide amzuf@mnati n&oMadhhick, c200B¢ deter
bas
One

an expertori nketyhek nfowelleddgef hahdexter nal re:

is of an wunder stanldliengt eed, hiomt d rhper atad c

may examine whether standard protocol

conduiAuttendor credi bi led yi merra vap ese rujdoyu rpnuabl | insa
use@d &% amodraredx ampl e, data provimdgdbby t he
considered credible, however @aftnedits possib
included in the metadat ai.t yl her idtad rai avro ub Wt
the transparency criterion

2. 43Ti mel i ness

Il n order Ti me neraietsasahiea nt, have been produce
frame that i s sufficient #doary tameal aymsalsy s itsl
cri twirlilonbe set to a time frame that reas
the data represents historical conditions
time able to represent the condition suff

witheasanabl e intervalFoar cewxrmadnptl egt dtaitme pp
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several decades ago may not be appropriat

mo d e |l but could be used as a baseline to

24. 14i neage/transparency

Lindageanspar entcryugtewaerrtshitog ¥anmegpfet.hal dat A
This can includeobhheuhdensmaiwtdbmmowihdle san a
t he wadmmogmrl cefd gtehe dataset. Comprehensive
communi cation may be requir epdr ottoo cnoele tf arhi
standardi zed data coll ectiomrmomurddadt ddeola pr o

st a nfdaarr dr hotng r i

24. 1Positional accuracy/ spati al resolution

Thpositional ocrspeatialeramunasywhet her t
represents the(hagomenaHarn a pvaeBcet or dat a
|l ine, or polygon), positional accuracy re
bet ween the actual obj dat a smahyd abned st woe pare s
t h rda eme n sSin tlee waesd of raster datasets, this criterion determines whether the
resolution(cell size) is accurateFor example, a species distribution model for an

animal that has a relatively small habitat range or niche requirement such as

salamander may require fingpatialresolution than that for a large mammal.
Positional accur acy ir s ofghe derice withevpich dathe nt o n
is collected.

24. 6Redundancy

Redundaoamsy der phewmetdadegno nrae r epresented thr
data sources, or only one. Generally, hayv
phenonmndnomws o nxei kgirleiattyeri f lteer ms of how to
ecologicabrpaxaephei ple datasets could be

ot her or extend the coverage of a feature
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24. ISpat i alg eeoxgtreanpthi c al area

A dataset mupshe nroenperneas eonft itrhteer est at a su
analiynsiosrder to MmMEe#&a,.t BIONs 2octrhietrerwoornds, t he
spatially representative of thfe temegire ap

phenomena.

24. 8Tempor alt ienxet epnetr i od

Temporal components of Edtad a atr daolo.imeead0 b &)e
criterion, a dataset must represent the p
Thtei melcirndsegs i on al sacacanrsoaegbadtd reanpwh etl h e
featueeorded at a time consideredheeprese
temporal extent criterion appblbiesdwhaed a
exami nes ewlwétoH eer rtam g € h ensaeyr ieloper teasrecnet se dwh er e
this criteridmri sexmotplepplfi ppdBlbdtdypesi €9
di strabuomenp oMhretr eiars tai herd | i fe cycle mao
vari ety okaspatialraagdss and otnltee mapge mieed

acr oss a tempor al range.

25CASE STUDXSSESSI NG DATA FOR USE I N

BI OCULTURANNECTI VI TY MODEL

As a pilot studyasstessedntthcemmonl cate th

available to repr esnmomdte | s pencgi eosf dod cowcrurl & nua &
Unamadoks part ofpree pfa@seeddaheh Unapmaik i l nsti
ResouUice®Walelt al .Notz@aA)at-oh araitrag agr eement
contractual obligations, this report is n

The pur pose ofnetshpiosn sree ptoor ta WRaesquesd for P
devel op ba opcluant ufroasl connectivity between
Unamadoki) to the Bras (dd R, LTaelke EBsi eoasrpchhe r e
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exami ned c donoroa cotcidvyit tisri agdripi efd irceagnrtou pasof s p e
i dent iMiidkdkhaboyw!| e d g &ph odtdat rtddla r efpea aetswernds t dire
the | andscawenemgumoceNdvwan gScot ieamtPdifest |
DNRR, , 2021 Atl antic Canadad&a(s@swracthiiolnl D8

Bl aneyan@O0ttle¢ Gl obgl |l BFf odmaatrasgb@BHegFci | ity
Gl obal Bi odiversitwoelR@agd.remblite 6or Eati | nvegn
ia | andcover dataset priodtuerepn thtasstesdo mne ae

125, 0868 DNRR, T2h0el 6A)CCDC organize and col | €

di versityobpactesubnad!| gcddgynt emancefr ngof o

Nova Scoti a, New Brunswi cKk, Prince Edward
(ACCDC,.L2622)Yy, GBIF is a global compil at]i
variety of sources, includiomgnmnumgseummecol |

apps such (®sobbdat Brnafdoirsneartsiiotn Flaz) | ity
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Species A

Species B

G 19 “1¢

PO AP
P
w0 ";;d-

Species C

Fi g2a2Segpati al data representing distributi
used in case connectivity modelling proje
obvat i onal vector points, whereas data foc
and represempesspeoines

To evaluate the quality of these dat a, I
order to be comhasb28eer ed fit for use (
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Tab238t andards and expl anat i ondsataoaf uassesde sisnmebnto coufl tduartaa qcuoaninietcyt ifva rt
Criteri Definiti Mi ni mum stanlndicators tha Criticél
AccessibiRights to aPublicly avail iAgreembaltlsowwhé Yes
dat a granted to be idatautme nbanaly
pr odfurcdm anal vy
delivered to p
made public
CredibiliReliability Expaudit or revData coll ectioNo
co:jlectlon,lnvolved s publiskedeiw
an represe journal
Met adat a tiamddiac
practices for
(i .vhagt constit
grade)
Expert is cons
knowl edge hol d
community
Ti meli nesDegree to w5 years for spe«Metadata provi No
[ﬁpres;ents 10 vy eegurescifesr D collection tim
t_ere evan Coll ection dat ¢
- me data i1itself



LZ

Criteri Definiti Mi ni mum stanlndicators tha Critical
Lineage/ The trustwoDescription of Metadata are a No
transparethe dataset methods is avaidescribe the p

coll ection or
St andards of pr
communi tgrecage
PositionegThe closene Wi thin 25 m Ras:iteRol ati bad:No
acculra;:y/obsgiyatlon Vector : Mi ni mu
resoluticposition on Unitm 5 | ess
Point Data: mAo
| ess
RedundancNumber of dSome | evel of tMore than one N o
availabl e t avaitltabt eprese
i ndicator species of int
Spati al The spatial Covapelicable :Spati al extent Yes
ext egeogr the dataset and/ or indicat(the study area
area
Temporal The time inAvailable acro¢«Metadata provi No
ext bt me by the datayear ranges forcollection tim
s relevant Coll ection dat
data itself




The resulting assTkashlde NNtotcca n hbag ftdven d ciomr e s
the ACCDC and GBI F datachoéedepeandlgat soant
reflect that of the entire database or of
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6 ¢

Tab2d®ata quality score dase asmtaldwictxaow ald esifgisd addzadi dienr i on
criticalrefatabrsi zed.
ACCDC GBI F NS Fo
Criteriorl l'nven
Speci eSpeci Speci Speci Speci Speci Speci
Accessibilit 1 1 1 1 1 1 1
Credibility 1 1 1 1 1 1 1
Ti meliness 1 1 1 1 1 1 0
Lineage/ tr a 0 0 0 0 0 0 1
P03|t|onal a 0 0 0 1 1 1 1
resol ution
Redundancy 1 1 1 1 1 1 0
Spati al exte 1 1 1
area
Temporal ext N/ A N/ A N/ A N/ A N/ A N/ A N/ A
Tot al scor e 5 5 5 6 6 6 5

desi



The analysis was conducted on the datasets
However, the ACCDC and GBI F datasets scor e

SO rtenseul ts are described for t he datasets &

Based on t heéestNSn Faormrkes tsdtn,vent orymeht ases
oredundandsmehat ogwvhapghthy t he NS Forest | nvent
was t ®&ken yasas 2008 and 2009 anddtehhemefdons
within 10 year defspnt@pdeieag Downl oaded fro
201Z NS DNRRTht®iORdl)i nes & 0s pvaaasd aclde csoafum s e

although dmrsetsétodcimay not chawnmgeerrgoti magt p
silviculturalbjmanagememtc oaurdilds @dhanhgebadnast i
Addi aliyonr here are no ot hders tdra tbau twhoinc hdl bdveaspcerc
Scotia that could replace the NS Forest 1In

redundantegrion.

The ACCDC dataset does not provide infor ma
observations andcdoe¢Ehnophmeetmet Hat AsEeEE W
positional accaooacgal néraseandiotniavt e osnpse wife s ,
species included in thirsaskdalt hsiisstWwer ¢ acdat
positional accuracy i nftohremart ipdnetcéacitCiDdnt. b e
dataset is a compilation of observations f

met hodol ogi es that are not clearly communi

criterion.

Finally, the

o

bservatdétoamd olmmodaidemt i it <GB 1
not considered collected using a standard

' ineage criterion.

]

It i s worth noting that both the ACCDC and

more than 5 years ago,t iwmelcihhnaeaves i oime ¢$oaed
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there were suffi ci ebwyte pceati @ dc dlhlad c daad @ t oswiettddn it
meet that criterion. W th this information
coll ected outsi deatshevade gihree ¢ atsiema fnr arhe ,s p
ol der data with the understandiesg trleatr etstea

Al dat asets met the two critical factor C
none of the three datasets included in this
gual ity scoring table. While it iIs ideal t

l'i mited to the data availabl e atetdavdis AN i n
not receiswepras opelrofnegctas al Ic acnr isttiiclall bfea citnocr

analysis so long as the results are interp

26 APPLI CATI ONS OF NOVEL APPROACH

The case study modelwas rnapst wgahrditu adchfu bab h e b e
r eplowal | et. dlhe, da@2a2)uality assessment t o
uncertainty to theandontcoadctixngadbing@miezastui @
eval uat i ohni gthol avily &itttesalestpfe ctth e d atFao rareex a nopw eq,u
the fact that neither the ACCDC nor GBI F d

selected, met the |Iineage/transparency cri
report incl udetdhifnugr tahnedr vgarloiudnadt itornu, t hr ough
to collect more reliable data. IR qgqurde ti on

22) despistpee ctihees r amga ua mickenndeiandi astt iarn gnoirt s houl d
present thr oughouwts etdh ed asttau dcyo ledgeecstaisoln f or t

recommended.

Use of this tool benefits both the data us
stakesholRecrr t he ,madel sgrooku@erdat aset recei:
sever al deci gmaymgl.i cAatleoalnadac tajruea luistelyre ndaayt ad e e

unflift .t wo datasets are availalkl ett ocr epit e se
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not possible,heée sombeher bbemdPpmpared to det
of higher quality or whildhighowl d eluerdi ndlau
gual ity dataset is avaitl hibd et d ol sreeps eisme nt
deciding whether to conti nueawfddthurme dedtl a n
coll ection efforts cowl gdadhe tfi @mayseart omefrisl
the creation of models can udeitrheecutspwins

rooted understanding of the ways the input

27CONCLUSI ON

Similar to the decision maki(mRgtfBrga meowdr k f
proposed here also does not rely solely on
met hod pr(oPposaesd ety dl. i,k & OWednt z and IShi mi zu
decided against usingkimougt{MCPMrramneri adide
formula to mai At ebiim@pgmmplaichi ty as,aessing d
propos,edrieadaet aeisncl usi on anchaki egni ngmdee
appealing to modelomimwinlicean £ Itda tasdsdgjetsadoind, rydt
formula could be craatsepd affomgt idhepnteadd ret ¢ d
encourages a better understanding of which
not Imeptortantlyisameremphecessoble to those
production of spati al Rdearoa i anngd ceocnpll cegri ccaall ¢
reduces barriers to understanding of data
makers, communi hees whoomhgrnoéesbawve exper
spatial data quality. Therefore, these gro
criticamoyednaugpedassed on this understandi

Whil e we often édravtehd idudiel ainltirtoy arwvd qual
t ool provides a straightforwar d masktianngd ar di
regardi ng tThhee uasses esfs neantta .her e can provi de
necessary dat a nce etaonicnognt icnaune awiltohw boui | di ng
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CHAPTERANALYSI SBOREAL FOREST LOSS AND
CHANGE I N CONNECTI VI TY TO GUI DE RESTOI
EFFORTS I N UNAMAOKI

3.1 I NTRODUCTI ON

Bor eal forests make up( RAOQG, @aXn0d2 ta)e ewCrlndds 6
| argest Dbi ome. Limited to northern circump
speci es Awiitehsi,n Ltabre x, PRPankleagé¢éReBrandPppBO00S9

and succession dynamics asedgiBafandeneed alby ,

Boreal forests provide vital services incl
segatration and storing, erosion control , |
recreational opportuni t(ilensi,elasnkd n&a tVd H iesaolns,,
boreal forest biome is under 1 gsHremagi,ng st

2005 )mMant i ve( sprergormreseatndalp.ar t2i0cludl)ar |l y human
extraction anchiugdernveltopament 2015; Kreutzwei s
Lee, .2010)

Unamaoki is one of seven districts in Midk
Friendship treaties. These treaties did no
but ithatMeaddk mawhts to hunt, fish and earn a

l and and r es ourscteesw avihdiecdh tt ihmg( Tl rmewe nporrtiiacll e s
of Peace and Fr. ebnasrmha pkKiihrtcodine cir8 )ar ea s, i
Cape Breton Highl avmdhs lchoavtail Bré@blo UtRarhke t ot al

l andmaBlkse Unamaodki I nstituthel epetlsdtherdalt hRe s
Sepite'tmnej Kmiwvhikdad mu ELlommsgesivhae cytimert hMi 6 k1
process of establishing Indigenous Protect
Unamaoki contains the only boreal forest f

for a number of stphee ifedsd esBticedthinsek ,I disn d lhu duismhg
(COSEWI C,, @#mMmdv)hcisaleldy Canada | ynx and Amer
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(Endangered Species Act, Bae8eskavbouwoél ber.
Unamaoki i's naturally Chotirotl oereluby fSpmiufcet
(Cl emeBW)) outBaskhé&svwhileh d6#6pgr ead @emiaman tkli y

bal sam fir and white spPpBawcleangers&ecAresgnSadl
Government of Canada,. 20He8 ; mdRoty armac ertt allar, ¢
spruce budwormMObeghah &nMd®Tdaant 18860 unt il
popul ations crashed in 1982. Bal sam fir mo

and (M&8&Lean & .OsRalflifgqwilMd 9t) hhel coeust bar,nedaekr, s omnc

(Peté¢erdegpn browsing on the regenerating s

't i s i mport ant utpoe cnioetse ohfe rneo otshealtrcattdievand ctes
amer i(cGtnogm )ast ern moose, was believed to ha
he 192Bri dgl 4d®980d8tt als. ,| iX®E®A7%d) the popul
Bsowne & Deardekwasl hut)t ¢édBri dgeéarnidr pat abdbn

in t
€

espite the Mi dkmaq having sustainably har
u
n

i s

t hous areds sofpri or t o EurBopeetam cHolgohn iaznadtsi oNma.t
(henceforth the Par Weet e CBAMNIM&® sasrsk e rpsdaurcieid
into the Par k( Lot hli9a4n7,d akXie@h®idadt sh aofe per si s
the region Tthe preesdentn dhanyd. eastern moose su
ecol ogicahowecbaest he hibhstrmooWiddg . nooo mtad xutr ail s
predators and an increase in saplings foll

d

Cape Breton Highlands National Park grew f
2
0

1,126 (a&as 198pmor tdedeti nalBrdea2z@atny of 1 moose
kil meter is the threshold where the Park
to Fair conditions, according to(R.heSmi tEhc o
et al. , M@®dd&)abumdan ggeh2rodhad®hed0@ 4, and dr o
bel oMods&/kmiI®RI6 Smith. eThal pop20dB)on has
consistently abBtohvree & el d Rarso 8wfe t kQdldfe ial ., 2

hyperabundant owepgwlwastiingn olje d ¢ raatdisng after

out break, causing many(@reami thh. eonalert 20:
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l addition to moose browse, | arge tracts of

out side of prodlecdbm@agedr eas mwe(rNeo vzae 3 coostti apr

Department of NaturmMdalef Rimscseamlcesor ad9940)i mi t

pro
spe
has
con
t he
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(Ta
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i nc
wat
cCo
su
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O v o
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(0]
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> »

S
p
[
[

ded by intact boreal for eksdpemdvent, bu
es includi(m® OBisakn &l HoBvetyh a ROR®rnest i
een reowceoprdntieagaent ed. Fragmentat.
guous habitadHaddad e s obhachotleodg2i pcdabl ¥ hceosn n e
ther hand, i s a measure of the extent
i sms and ewiotlhoigni caanld pbreotcweesesne spat ches o
or et al ., 1993)

Defining ecological connectivity

l'y speaking, ecological connectivity
stem and ifrse snhewaetbestaa ryr @ it rbioalh habi t at s
t connectivity wil!/ b e2 Otd8aenmfac d wse d fh et
asing importance of intact and connec
shed services, biodiversity,okindigleao

c tbhiowvietay dfor est fWbuttuatateidmea hd upeu bthov en a |
ssion patterns (predominanstgahdpruce
ion, contiguous bor ealy fhoarredswto owdo udlodmi bn
t along (ltatepumivall ll ey&asmaodpkbi,s 29 1&)so ar
gcdmomeathit wirtay | y arocen satsrimucedlteyalf bygr saeds

s geomMmpeaaiedl admd Canada

capes can be naturally fragmented due
t f r agpmeenvti @bunsol dyaméldsad ape can have myri
guous patches of habitéadbobulbedcomethreadgm
ons of the habitat may now be exposed
X hdBenMélezypesRodAr tgoyez, 2008;ThE®nsec
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i s knownd gees, etfiWflesiaceth al t er mi crocl i mate condi

i mplications for speci(eMo edne p& nJdoennstA onn hi&n0t Oe3

|l andscape scale, sever al m{( glaeasparngdO 9 pci es
ungul 8obéger et al ., ,20r08guiGre ecncamtaiyg u 2WsL 6h ¢
mi gration, and | ong distance travel may be

mai ntenance ofsvigabgeepolpuyl aéependent on r e:
resources become isolated in separate habi
scaffaehri g & Paloheimo, 198&ur$%Saemdemant&rior
cl i mate icshacnagusi ng rapi d g(hDiafvtiss i& Srhamyl S2@e
their ability to | ocate and move to viable
t heaendscape through WKrobBbyhey must @datDyat

Western science generally recognizes two k:
The first, stywucisrakseesrdcbiged on the p
of | andscape features such (&Rudfndrcekstetc amaver,
The second, functional connectivity, i1 s as
ecol ogi cal processes to the configuration
Functional coemtexcttilve tgxtremtr ean organi sm wi

|l andscapeds vegetation cover and el evation

S
connectivity can be relatively easy to qua
n

def i itionoienht datdasaVvhail able to represent
For example, an area of contiguous grassl a
connekunecdt.i on al connectivity, on the other

understang amrmd aguasntibbut the species of in
habitat preference, distribution, predator
natur al history, to determine what | andsca
and apawhaof tHeicohtfeueythe. example, an
grasslands at one part of their |ife cycle

connectivity of grasslands and forests to
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3. 1.

2

Protected aredaimdnageaemmdaretl lamd) connec

Th@anada Nat i @mal0 Whirkls dA*aeaverns Nati onal P a

that the fAmaintenagicealori mesgoirtayioéd] ofshalcl
of the Minister when consi der iongVhalrleiaaspec
ecol ogi cal integrity is defined as fAa cond
natur al regioriand I nkebdi hg pbiotic compo

and

supportin

e
abundance of native species and biolog
¢

Cpnatdiacs mlals OPar k KReAati ,rt e@0edBy algeew i n

restoration of, &apleo Biredloni rHti gdirliatnyds Nati o

t he
Par k

|l oss of bor eal forest within the Park

Un ama

2020
Howe
det e
gr as

cove

Par k
bal s
Howe
bil I
al |l

conn
conn

requ

Mo d e

and

)]
y
r

S

r

S

a

y
i
a
e
e
[

_;
D

0]

0

n

rgamrsiezdcdhraaemd conducted by the Mi 6km
K i I nstitute of Na&a20K ®DOORsaguikc ¢lo wey
addi ti onwermoolsei letx cil o sair( @@ Oroday n& e

2D )go al of these measures was to r

mi ne eff e.ctHowe vwmeoro,s ei tbrioswspeossi bl e t ha

m

(0]

]

]

(7]

ands hawvebreaebteldogi acew state and ma:

unl ess mor e pr(dcCachSimitda ane.asu2@k0)ar e t

iCeaheardiea¢é @ir mnitmge planting program to i

fir and white spruce saplings and e
Th@2@)yee planting efvfeo mig®rad & g poo rptl atnh
n trnedsFoinn tGanmadsab mi ¢t s thpaf®iar kéb abi
eas that have | ost boreal forest cov
ted forests, the Park is interested
tivity. An nnrecdri svtiarydiorfg tdfe tfloe esa |
ed.

of |l andscape connectivity are commo

stor at(i®al prearnma geetmeanit. , 201 1Ko Rtuaelmi etk
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al . ,.S20k5)al psofit wms eareki asltgdroi tmomde |l ecol og
connectivity, howevetrheéhpr agemeanda gao@ap!| iod a

n
prioritizing areas f oirs f2Do(eMdtii lcaonnenne, c t2iOvlid4t)y
a

Zonation is a spatial prioritization softw
and 1 according to habitat quality and can
connecZtoinvaitaipoinldist y droe pgoirfoveaicttstzeeit ysed i n

pl anning contexts such(&8stwogdj dkeambetajn
protected (aAlebae rptl aentnianlg. , 20drwd demdom?ktii @&
moni t(C@amrgol | .et al ., 2010)

3.1.3 Research objectives

The obspécthverred)sempuamt i fy historical for es

significance of that | oss and2ppreypybabatat f
pri oriatligzoartiithlehmtti 6 y f orest stands that wer e
connantdd g wi eet or att on peaftoorittsi zati on of st a
pl anting based onThd sdlsgaactabeammaleen i do wry . i
research questions:

l1)How has coniferoubBetfweenstled2erledangkd

20197
2)How connected was theinoh®V72rou989pr 289689
and 2019, and how has it changed over t

3)Where should tree plantingieffhoetas bé p
conneégtipvi or to 2he SBW outbreak

The analysis incorporates forest cover dat
spruce budwOXaF ®d)uttd rperaeks e n(t2 0dTa%y) < owmari K i prness

t he efxiarmetnati on of csiiatnigen i aan d oo ddmmamatdikvpiot ya
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the first known application of Zonuastiinogn t o

hi storical connectivity

3.2 METHODS

The study area includes fFfhgd3her tThheegsteerme ad
Wi sconsin glacier around 10,000 years ago
moderhopdaygytBpdhwne & DeBekwe2t©99@P81 and 201

station in Cheticamp |l ocated jusPaskut hwes
measured an annual 4médLn tr edmpe Mal dirme dod n WBa r
AC in July, and an annual total precipitat
142.9 mm in JanudarByCCnd 20 8mmmadikm Jsllywnd co
ecoregions: Northern Pl ateau, Cape Breton

Nort humber |l and/ Bras (dN&Iirl,y aentd VAltt.lha m2 0t th7e)C s &
ar &a gel) e Eco diNoarrtihcetrsn 1RCOAap &€ aBr,et2dm® Hi ghl e
22i0Vi ctoria Lowlands, 3L0vE€apes8rkebdomhandsl| a
Bras domds Laomwe gaNlely eprtesadithe 2t0Hr7ge mai n veg:
t hat make up Cape Breton Highlands Nationa
(mi x of hardwoods 4dPars&ef tCanads) Raedbynanecgh
forest region is dominated bBi dead smar ifdmag
(Mill.) Britton), SwkeirBet &I & oadfaynnihiadrid
American m&uwumntaisn al@iédnri gchaanlal )

40



Charlottetown d
Fredericton J Y

Saint John Truro

Halifax

Yarmouth

[1CBHNP Boundary

" Northern Plateau

M Cape Breton Highlands

" Nova Scotia Uplands
Northumberland/Bras d'Or

0o 5 10 20 Km
I T T T Y T O |

ecoregions presenh CapetBdgtaneHBObWwan
(CBHNP) indicated by bl avdc k hbor d dare. clom
va Scoti a
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3.2.1 Desscprathaadibon of

Forest cover data across multiple years wa
i magery (A. Moody, personal eFam@klencati on,
202Plaar ks CanadBbosé¢satf fcovenatteadtsart I1gy etr,s 5f,r
i magaetrm3 0 es ollhuet iR nbanldage Li nkr was used to
bet weemMhege&amsire spatsiestds exdedhtaooft Hehilso dm
study. wlehpee odjaetcat ed at L amberathdCan fvd rdreadl i @Qdn
forest typeodsde coicdouno ufseér,o uésddi, st ur beddé, and &n
the years 1972, 19BOg2.8t199t he Ot0i9meaalrmaalfa2Wrliot i
heenly been validated within T®a pdeoP Brhkitson H

ss af f ctomhhgpareesd cover | ayers with aeri al p hc
determine whether the | ayers acaewrtatl elsys din
no chan(yleelmr gpeexrrsal ucnointhAtuigo, R0 281 | | ayers
di fferentitdhtesc kait waowmu cecse & sCorpaatsey 2dtl ¥99 %.
note, office based validatbloem anetihmdfsi esluad h\
met hbdsgeneral, however, it is |likely the
subsequent time step |l ayers, because the s

onwards (Landssahoweadanpetothavamday e

The 6disturbedd forest type consists of fo

as |l ogging and the spruce budworm outbreak
browse are included i n hHeist uwdy,t udfboerde sctl asst
of tuesre d Ie tsrtiacn.d i s considered a group of ai
that contain thelAsamd efemmeadt ycamvwed D dtthieeda.

dataset is used aerasprompwdidbropsesent day
The Landsat satellite iIimagery which this d

anal(yWwelsder eMHowéver 2022)f ar as can be unde

the i magery was captured without the prior
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ancestewar ds of Unamaodoki . Providing free, |
in the United Nations Decl aratNDRIUBNt ede R
Nati onan@ecAP@®WwWner ship, Control), pAcicnecsisp laensd
(The First Nations I nformdatiacknGaowedmgandcdd a
i's persistent in satellite imagery and rem

' imitation to addr dshse tsltiopei vdud hds ittheiss s
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(A

[_IProvincial boundary Il Disturbed I Deciduous I Coniferous

Fi gB2Feor est cover data provided by Pat e ee@acehada net stOepm resol



I n addition, a | aydrnrreaegr avasntpirmgluareaa s som

Forest I nventory, as downl oaded in Decembe
fields 70 through9%,8,9%8,4 9&,r chaihl SBD NvRRrle i r
2016)ThHHsormeesnt | ayer represents | aege, road:s

Apped®é@ox f upltli odne socfr).it Tehee ef i sl chd spati al o0\
nofmor est anayy eorf atnhde f orest coverfMhedatdat@ar ovi
werceonverted to maseéewol doronatf at Bdde i n Zon
areas bauadway downl oaded from the Nova Sci¢
December 2021. nbhi panrakdest,d reviniada e @d@\si nci al

wi |l dearreepssgVv i mdiuaseer ves pr osve Ipeeacikeed dand sel ect e
trust prdoparstiNedsn E&£C., BRWOt2hl )dat a were proj ec
Conformal Gdhri proO02®kR)t.ed areas | ayer was no
model s but was incorporated in the final e

data used caifab3efound bel ow
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or

Tab3l&8ummary of spati al data used in analysi s.

Name Descripti Dat a Date pr Date dowl Source
Forest Contains folLRaster2021 October, Cape Bret
coniferous, m Hi ghl ands
di sturbed, ¢ Par k
available fc
1972, 1989,
and 2019
Nova ScForiesmtentoryVector20@28069 December , NS DNRR2 1
Forest interpreted poly,goc

l nvent ophotography 25 m N
Nova Sclncludes NatVector2020, wuiyDecember , NS EEQGC20)

ProtectNational Wilpolygaocconti nuc
Ar eas Provinci al \

Ar eas, Provi

Reserves, sc€

Provinci al F

selected | ar

properties &

*Some data in entire foiaestiuisnvenoorwintllyi rdlatdhee tshtald



3. Aszdessmaetnd wo@daldi ty

Ecol ogi cal model s, such as the connectivit
predict patterns in nature. Il n i deal scena
to represent ecological featuwes!| dndHplwenme
there is inevitably error, inaccuracies an
these models are built, poAteentsi altl Jahle s, e a&t0i0

i ssues are persist.amd yretemoldedisc ammacdebd e Il I
based on them regardless. While remedying
analysis is outside the scope of this rese
communi cate them to readers. Trtahres peeradretr @
stakehol ders are able to use these results

t hei(rPrusgger et al ., 2018)

| €Ehaptileri n2 aodooédt o efficiently quantify &
of spatial data us@&db22e. eTlod otgd lclad anotdleil d g <
which an ideal dataset would meet. I nevita
but highlighting which are adat avhgtchhe are n

introdmceéemtgai nt ydattaa sae gmovcekenl .a Asscore of 0616

meeamnd a 6006 f or feoarc ha ipto tdeondtan énl o/tit dt @all Grciotr «
can be designated critical factofist fwdi cihhs
| deftiameldarss f otro eavcdl cate erh®nqual ity of

ti me step, afsorweesltl daast a,hef onronuse i n connect

prioritizafTabdRemodlre I pmgt dcted areas data \
any model, but used to analyze model out pu
Spatial and t empcoornasli deexrteedn tc rwetriec ablotfhact or s
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Tab328t andards and explanations of asseetmbotesf dabhmequaVvVity
prioritization.
Critner. Definiti Mi ni mum stanlndicators tha Critical
AccessibiRights to aPublicly avail iAgreembaltlsowhé No
dat a granted to be i:dataute nbanaly
pr odfurcdm anal y:
delivered to p
made public
CredibiliReliabilityExpert audit otData coll ectioNoO
coijlectl n, invol ved l's publiskedeiw
an represe journal
Met adat a tiamdiac
practices
Expert is cons
knowl edge hol d
community
Ti meli nesDegree to wWRepresents concMetadata provi No
represents corresponding tcollection tim
:_he rel evan Coll ection dat ¢
I me data itself
Lineage/ The trustwoDescription of Metadata are a No
transparethe dataset met hoadvsaiilsabl e describe the p
coll ection or



6V

Cri tner i Definitd.i Mi ni mum stanlndicators tha Criticél
PositionegThe cl osene Wi thin 25 m RasteRol ati bed«No
acculrafy/obs_e:yatlon Vector : Mi ni mu
resoluticposi i on on Unitm 5 | ess

Poi nt Dat a: mAo
| ess
RedundancNumber of d Some | evel of iIMore than one No
avail abl e t avaitabteprese
i ndicator species of int
spati al The spatial Covers applicalSpati al extent Yes
Xt egeogr the dataset the study area
. rea
"empor al The time inAvailable acros«Metadata provi Yes
ext enht me by the datawhich the featicollection tim
Coll ection dat
data itself




The forest cover datneGpfotvhdefwhynloerat ke Ca
forest data from the NSTab38l8ee sBotimvdeattaog gt an

deemed acceptable for wuse

Tab33e Quanti fying quality of f oraevsati |cadoveer ¢
for each 1t9i7me slt9e8P@ , 1 9a0OrOd n t@MMedr9e s ta ndda t2ad 1a9¢) q
fromNSFloelersv erCtrardersiiggnated critical factor s

Criteri 197 198 199 200 201 No#fior ¢

Accessi bil 1 1 1 1 1 1
Credibilit 1 1 1 1 1 1
Ti meliness 1 1 1 1 1 0
Lineage/ t 1 1 1 1 1 1
Positional

accuracyl/ s 0 0 0 0 0 1
resol ution

Redundancy 0 0 0 0 0 0
Spati al

ext Egéeogr aj 1 1 1 1 1 1
area

Tempextadnt 1 1 1 1 1 N/ A
peri od

Total scor 6 6 6 6 6 5

At nBOresol ution, ddbesnieaoente stth ec dsvtean dgaavtdda tf ioo n ¢

accuracy. That said, the data is the only
for the year 1972 in this area. Therefore,
sompea eslagpati al dat a, ituil ateecompat gdrted aw
availabl e hi st drruiraailelrymoirre ,t hihserreegisom.o ot h

represent forest espasyvtelhre adattdhed® notmemeet t |

criterion.
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T hrofordeasttaisdeatt dme ¢ tmetloireeedsusndantcgr i a. The i m

which the NS Forest Inventory data is base
therefore is not considered current, despi
in 2021 (2N2HDMWRR.etrher e are no ot hnheorn dat a wl
forest covewiitm Ndhvas Scectuiracy, and thus |
this | ayer while being aware of its tempor
3. Quantifying conifeaereous forest | oss over

ArcGl S Pr o (v2eOrzsnap)nl BM7SBSS Statistics soft\

(20®8Bruesed t medeéether mimount and | ocation of f
bet ween 1NN, 1999The0d®@niamear 204 9f or est cov
particular interest due to the preferentia
hi gher I mpactc¢ci ¢é®. cbncélcowoluastsgpet otal coni i

adjacent time steps and between the base t
Il n addition, | calculated the percent chan

protected areas.

Netx, me atsturreeed coni ferous forest structure c

mean stand area, 2) mean stand perimeter a
i ArcGI' S Pro. Mean values for each of these
| BM SPSS. While forewswtestusred droededrndcrparmnmid
change in forest cover over damfei,garfreattihcemr

forest change. I't i s possibl e thaetendetsipmet e
steps, the st amdse tchdeowsaadtrvesdsc onmawol ut ed s haj
not necessarily increase connectivity. A m

normali zed perimeter indeX ReMRI) wW®SH1Yysed

§ 5 oS VBT 0
VU YT OT Qa Qo Qi
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Where an NPI value cl oser to 1 indicates a

for a circl e.

A statistical analysis of change i n averag
nor mal i zed pperniweetne waisnecsx eépstreaayhrough a
ANOVAROSss,in201BMlI BRMSSPSS, S2aeB§sti clskoc anal y:
Tukey HSD and BonferropRosesta3a0weéeye al so c

ArcGlI' S Pro was then used to create visual:|
years found to have a significantly differ

calcul ator fandéet enmwas wbkbetoheéer cells conv
(gain), away from coniferous forest (Il oss)
steps.

Next, a grid of hexagowaasl cdelaltsdwei temtdm ears
ar.®&asingl spaatasti ceuli ncdmicfGé ISows of ofest co
were measured plex asgiad et &b H omettieme st ep: ]
patch size; 2) average patch perimeter; 3)

3. Zohapiroowr i anadyson

| conducted an analysis of structural conn
software, (Wkoridiamre n4Z.o@.a0i 4 pn analyzes raster
features in a study ar erai,bwstuicdhn adatspech a&lsi t
ant hropogenic disturbance, and any other f
assigned varying positive or negative weig
cel |l according to its vea&lciue vtia ybatnid habittha
features prresteghiehhomakih & .Boelhaeenab2ddahn
high value features iThda cprtegr a&am gweerrk sh atby tf

cell s that have | ower val ue, as determined

52



mai ntaining habitat quality and connecti vi

i mportant cells, onkéedl dahé cells hamevbébden
this process are of highest value, accordi
The order in which cells are removed is de

main removal argdeestesd i milcadidiiehgve benefit f unc«
coBaeea ZonatMwminl drCArZz. etl allsed 2 ©E2T@AZA erte mov
based gplraengnuiinr e gl ett lee mu rer apmpe oportion of ¢t
pri orABH zperdiaorrevatdi z efsi ghhidghky twejsghbégéedl as
of the distribution or abund@AZepoiofettmoe
ardaasat co,ntpaoisni triavded ayt um@\egrhstt r emoves cel |l s

common awred glhawd features. After a cel/l i s

di stribution of all f eat uorcecsurarnedn caegsa ionf rceom
featur es. Eventually, features that were o
prioritized so that cells containing other
to maintain as many occurweingtlhetse atsupes sa o1
|l andscape and may therefore prioritize are
but contain ilmpoorrtdaenrt tfoe aeteusreersmaa ht af eatdut b
the anal ysi s, |l used the CAZ removal rul e.
Zonatoinadmmicms several optional settings and
compl ex ecol ogical model s. mMmhessaarcdt ar &I

relatively simple and use damd rk ebyutp aorna nsentoeo

Di stri bathiomg senosenti ally smooths the val ue
a distance (Moti | aynetnh e (Tuhshdsr. di 2@EB3aé kernlkeé
the | andscape use of the feature, such as
kernel i's specific to each feature. Zonat.i

smoot hing:
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C
Q'Qi 1/ ORI G260 &

Features on the |l andscape that occur withi
given higher value than those which are is
Determi hattseopreeoffi c di sper sal kernels requi
specibadg@thasse characteristics. Because the
forest type |l evel, an exact dispersal kern

examination of the habitat wuse Tarb84edi sper s
can be used to better under stand habitat r

Tab3l4d8eed despemabetsepoandehabitat ranges f .
associ atoead awh afdfoteadst i n Unamaodki

Habitat rar

Speci es di sper sal Sour ce
Bl ack BRipcaaemd ~ 8(Fry014)
Bal ambi(es Dal 2560 Fr a(nk990)

Buskirk &
"Mc Do n(all 9d8 9

Amer i ¢ anManratretse
ameri)cana

600,i2®MQ 56 02
Bi cknel [GCast htahrrt
bi

2
i clnel i 1880M@ War(d2020)

CanadalLy nyxn xc a)n i 12, 09D, 00D Parke( 168

Seed dispersal asnidg nhiafbii ctaant T &ral4)bfye gsipleacitiye s (

model s were devel op&®m580,1DiI0Np 2rdslall s ikreg nel s

the 1972 coni.Mapped o6orpisine dsahk awvad hsi mi | ar

vi sual ot hestmeghsl v m@miedrss udlzieddati ons of thes

found | nB.Apiprapamdixéd h tbhred 'yeieimo d evlasowrh i n t he
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l ecmednumfopreasi twhere the transition of
nagers may require | ocati onst o ft arogent hfiogr
ol ogicaWi tbdstbodaspen s alhek edondedflli chdd d8Y md i s
t ween areas of highedrooawmd alldbwawnw apid iadmnil @y
ni ferwushmon8®he IGeameésadpeg, alnm wetraends w
gh priority and the mendactomt & g dcolngsw asptickido r
i ndi vsicdautatle rceedl Itshr oughomtdit pet saldskapee
owed | arger priority patches, but the ar
gni ficantly | ower vadudengi stdemdwiswgt hhae
iority and those ounm smoddee |la sh ando ts ipmiiloarri tpyr
emsmddel , but with a more gradual transi
l owi ng for edsimerdiiudre mtrii foirdatyi am eas. At
e majcomi tfoetramfudess nat urwaltihyi m odcdabi@erd r oaursi f

ands, and connectivity is thus relativel

i ving the pranod itthiuzsa tpiroinoirdmstaylnybseiigst arsc ¢ .0 |

addition, the park is inteeemstbett sprpkaea
and could nadathhealabgpeaxpand tomgehtengobi
oose any one speci fthe thD 6kpbe)r sdails pkearssnaell ,k e
would incorporateidayl drhpear arcange aofefoare
addi tewswuyred the prioritization was stil
t iadlesna i fied contiguoushaughms 1600 medgieumtpg
e seed di fwmer all sasgnt ifmat esnd bl ack spruce
nges as required by American TheabB4een, Bi c
er ewfhotllee, s i s still a stcoosudaflFrscoheephi
tent of features )amd gleahbligegad s oap d het d andr
re | i kefwyntcoi ® wpphantetc ki ii tva tt yd ef poern dtehnets ewiflodr

ecies at risk.

3.2 3 ructural connédotriewitt yato fi naa rvii fdaurad u s i m
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Five models of structur al connectivity wer
time step (1972, Eagh, ofl998esrOBAdMBAEBR] |
named Coni ferous [ Year], so for example th
connectivity using 1972Cdat aersousi fbedsiiCoao
was input as an individual featdrepensaach
ker nek mTfb3l5eZonati on recommends simple weig
out puts can be better understood and inter
all forest covAfrl |l ayleenm Ppasambodoees. were | e

settings.
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Tab3be Description of input data used in Zor

l nput Model wuse Resol | Source

1972 CorConi ferous 197 30n Par ks Ca

1989 CorConi ferous 198! 30n ParCkasn a d

1999 CorConi ferous 199! 30n Par ks Ca

2009 CorConi ferous 200! 30n Par ks Ca

2019 CorConi ferous 201! 30n Par ks Ca
connectivity i/
planting prior|

2019 DecForeesnnecti vity 30n Par ks Ca
pl anting prior|

2019 Mi xForest connect | 30n Par ks Ca
pl anting prior|

2019 Di <Forest connect | 30n Par ks Ca
pl anting prior|

2021 -fMaorFor est connect | 30n Nova Sco
pl anting prior| Forest |

1972 CorTree planting | 30 Scanl an,

| ess 201

coni ferc

1989 CorTree plantomg | 30 Scanl an,

| ess 201

coni ferc

1999 CorTree planting | 30 Scanl an,

| ess 201

coni ferc

2009 CorTree planting | 30 Scanl an,

| ess 201

coni ferc

The ®wofptuhese models were then @ahelysed in

pr opoarntdi ocnr eat edo fvitshueal hizgaghtesotnsval ue cel |l s

that | ies within protected areas. Using th
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ouutpis. €972 minus 1989, 1989 minus 1999, etc

decrease in prioritization throughout the

Next, f@imbdel AiFor estwacso rbruedtti wistiyng2 01906 f ou
avail abl e fuoorusd0 1% mi&dkedc idd 6coni ferousd, an
nofmorest | ayer created fr omMNS hENRR),v @a2stSx ot i
shownhah3dbe The four forest cl asseskmere assi
whil e -ftdhreesitonl ayer wasl gofvelh lkmdiapeccrane ki
forested areas is not a priority.

3.2 Modelling priority areas for treeplanti

Tree planting prioritization is based on b
conditions. Four raster | ayers were create
coni ferous forest in a previous ttime step,
ATee planti mpogel orAtsizmplienraster cal cul at
foriesYdaohi f er aecs ofser esqatwds td onred sdtegpd t o act
Thefseebayers represent cell s odt gdpg easnd | 20619
(Fi g3lrpeT hefscerest | oss | ayers wewiethnal ddepean
ker nel of lkmsand hatwdihgmtrl avfed Ig,h@ sn iafcecr ou s
was present at multiple previous time step
priority than celoins fftediradussto ndty a@«moetsap exeidf i ¢
Therefore in the outputonafeas®ushédobriest hbao
anwhich are connected to other stands of cc
model . These areas that once supported con
priority sites foprduwmsieggnplaameidngongifeemw@uth
considered spatially c¢close enough to be co

Finally, tree planting efforts wil.l be Iim

covlehree individual ma @al epelea et ipm@ durciear iutsii z
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modedt put. The initial map, titled ARestor :
out put. Newdeagdittthmedomu typ sth o wn actoenat sa i wih iccohn i dfi ed
deci dourounsi,xed f or esantdloavde ritTirnee2OpllQanti ng pr
fi mapontains the fopmldhevdlTueecellasnti ng p
that also did not contain 2019 forest cove
aredabheése high vcadruree laateeads wietrhbe t he Nova Scoc

i denthief yproportion afomiamdhdovxenreesper ecadrsd

Tab36bel suwmmat hveeeisght s of | andscalple tfleaearmc

cat egTohrel efsi.r st calhemm[rYepr é¢seownsf erouso moc

connectivity at individual time steps. The
connectivimbogel ctl @B@SORAI | f or estT heo ueri rda tca
shows all data included in .the ATree pl ant
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Tab3ee Wei ghtliaryge r &f

and retained

towards t he

Conver sneekgyafteiavr er e nesidderedbl e and

i ncl kaelatdun ens mmoidteh shi gher

removed

val ue, positive Wwe
ecdnacfe nt he tgahlo gveri igthit ,re.d Areeaa su rtelsatwidd

earl i er

[ Yeapbphnect Foreehnecitni v2 Tr ee

pl anting

1972 conifero
1989 conifero
1999 conifero
20CDni ferous
2019 coni fero
2019 deciduou
2019 mi xed

2019 disturbe
2022-fooest

Coni ferous | o
Coni ferous 1| o
Coni ferous | o
Coni ferous | o

1

T

]
N N N e

N N

n

t he

pri



3. RESULTS

3. PuBNntifying coniferous forest | oss over

By |l ayering the data chronologically, a vi
ti mesteps indpcesestmanyl9v7anwer i baose and
33) .
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Coniferous forest cover in northern
Cape Breton, Nova Scotia

1 CBHNP
N 2019
B 2009
N 1999
1989
B 1972

12.5 25 Km
L 1 1 1

Datum: North American 1983
Projection: Lambert Conformal Canic

Map by Riley Scanlan
Data from Parks Canada
March 17, 2022

Fi g33Peol ygons represent coniferous forest ¢
are shown chronol ogi cal lly.,,&rwiatsh snmooswn rienc erne
contained coniferous forest in 1972 and no

6 2



Large tracts bfweoei Fesbubefweensn 1972 and 1
coni ferous forest in northwestern Unamaodk:i
(Fi g834 e Thourgdhus ofnarfest began to increase |
there remains a 32% | oss i n cdFamngiBfesr oLuoss sf or
of coni s¢é¢r was Mmote however, uniform across
coni ferous forest was | ost within protecte
st@&p g4 Fei gdh) e
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Fi g34Ceoni ferous

Percent chagne

Percent change

-60

1985 1990 1995 2000 2005

30
20
10
0
-10

Year

e In study area e In protected areas e Outside protected areas

2010 2015

forest | ost

2020

bet ween

2025

1972 vs 1989 1989 vs 1999

1999 vs 2009

2009 vs 2019

—|n study area =In protected areas = Outside protected areas

Fi g35Ceoni ferous
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The analysis nonfamean per ieesatcths ttaammed sNPelp ahte |

contextualize the overall trend of forest
(T a b3l7)e.
Tab3l7e Average area, perimeter, and normal i z

forest stand polygons for each time step a

Mean afle Mean perm)me Mean NRI

Yea N std de std dev dev

197 725 1810 N 7¢ 579 41N 0.781
198 75 1®58 A7 435,74 0.786
199 686 1H12 M3 453,609 0.783
200 646 1245 ,NO 464 8% 0. 793 :
201 734 138307 [1: 465,68 0.785
Tot 34B8 142 % 3 480 2N 0.784

The standard deviation for each variabl e i
skewedith the majosimayl efr satre®Résoldapiemd ma h
onrway analysis of variance ( ANSWA)medaent er mi r
coni ferous forest stanld amelapedfi met4er Fdf
pO 00L. between the 1972 dat@i ga@.¢al Ipasubscad s
the 1972 | ayer showed a | arger &24%4,a720 mon
N = 72,252). As with area, mean perimeter
stand (mean = 579.5 N 5,406 m, N = 72252)

I nterestingly, the NPI amxlOyatgyefremndtsimgn
steps than the ar ela baA8ddi gBa)ra mRd e r A ppmean dyisxe s(
full post hoc analysis. The dnesing miofrimaadn tzle\
bet ween 197219819 aln9d3 dh 86O @een (2p0<@9. OAhd @O0HLY

65



a@djcent time steps that were notEasdhlgntiifme an

step after 1972 has a | arger mean NPI than

Tab38e Post hoc -waanya |IAYNSOVAA @ff ormeema liinzdeedk puesriin
Tukey HSD.

197. 198¢ 199¢ 200¢ 201¢

197 - <0.0 0.0 0.0 <0.0
198<0.0 - 0.0(<0.0
199 0.0 0. O - 0.7 0.1
200 0.0<0.0 0.7 - 0. 0
201<0.0 0.5 0.1 0. 0 -
* Thedmkharence is signifi
70000000
60000000 ’
50000000
(j§,40000000 °
:::330000000 .
20000000 §
10000002 E E X ﬁ E
1972 1989 1999 2009 2019
Year

Fi g8eGBeox pl ot showing distriMftooneadhctoininé e
Data is hjghtly maetwesit ands beliargg es nsatla n dasn.d
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0.9
0.8 X X X X X
0.7
0.6
0.5
04
0.3
0.2
0.1

NPI

1972 1989 1999 2009 2019

Year

Fi g37Beoxpl ot showing distribution of nor mal
coni feamds a8t each time step.

Whil e an understanding of the degree to wh
is useful, an understanding of where this
more informationraFigooei Be8osbkowesregée cha

t hat were found to be significantly differ

| arger images of individual maps) .
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= = ]

[1CBHNP Boundary Ml Gain No change M Loss

Fi g3& e Con

i f e
bet ween the

rous forest change between various time steps. A
two time steps, while red i ndianadtehse rarleaansd cwohveerre t



Some stands of cionncirfeearsoaudse af so rseosutt hh aovfe t he p
steps comp&rgad dMeamh9@Z8d(tot al coni ferous f
peri meter per square kil ometer was also ca
be f oAmme kkdi x

3. Bt2ucdommnalcti vity

| anal y$edtructur al conneetstvep yamd Z)ngitrel
connectivity of all forest tdcpoensi fienr 02u0sl Sf.o r
data mhdepddgbtnealstep to provide insight to t
that(Fi gb®.8efeppentior Farger individual maps.
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Prior to the spruce budworm outbreak, || arg

study ared sohstabutally to | andscape conn
contiguous patches in the center of the st
areas of high priority, according to their

moriesol ated IiNFLBDeaByg 2029, (stands | ost w

center of the study area begam Mlgwrtdurn a

39) . Further analysis of the individual mo d
half of al/l hi gh Jvalumned arne gsT a(bBdef i eddd Pagr evaesr
31D. This proportion9Br9cmpan b evtueesert o0l St 2 aan
until the proportion rTeamd9%ehnngddnt 2669 abo
guarter of high value cells i n 1972 were |

drastically to 8% by 198Mhiasnddirsetnraiilnust iaadn 2c
seefRi gBIXrdo put this in contexXt3 ofr dtaedtmad s
i hhe st,udayn da rcBaHNPsS. 9 %

Tab39dr opoorft ihoingh value cells (defined as 't
individual time step models of st rauncdt ur al

CBHNP Protected areas ahgclade kahdproonsei a
December 2021.

Proportion (%) of

Year In protec | CTBHNP
197 49. 2 6.
198 34. 8. (
199 31. 4 .
200 30. 1
201 2 1. 2. !
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1999
/ 41
3 3] 3 RS
R ’f?t‘ R, f‘@
3 } s Qﬁg
| Protected areas 1M Top 10%
Fi g8l Distribution of top 10%YRiaghetmminkeleu ® Wcaryd rmgadaglladuy cad rex
compared to protected areas (black outlined polygons)




Large areas of coniferous f68éactr etalsaetd p eir s
(Fi g3lr}jeBet wteleen ne x met(wWdOe8®s t o 1999 ,amany9oe9
the stands decreased in value. Then agai n,

increased in value.
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a) 1972 to 1989

3

Change in structural connectivity of
coniferous forest between time steps

|:| CBHNP Boundary Decrease - Increase

Fi g3lrldadj acent

A[ Year] coni
decrease (dark

ferousso onfodel
bl ue) and i

S S |
ncrease

(yell ow)
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The output of a Zonation analysis is a ras
i s important to note that while thashoutpu
cell, it is not an absolute value. Therefo
forest stand may not change between two ti
connected stands in the | andscaptahdcomg |

now contribute relatively more to overal/l

Fi g3lr2zel ow diffFpr@egsnébtei 0i tmo dieadl dDilMg al | f
classes (disturbed, andefdoporhecsotnepeesanal dac

conditions.
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Fi g3Irze Structur al conndotlil wiwti yn gard alryesits typi
in brackets: coniferous (1), ddomirckcewsdusar(ela)s
1) . Forest cover givehodespegsakenkdrapkret
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