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EXECUTIVEUMMARY

Woodland caribouRangifer tarandus caribQuare experiencing population declines largely because of landscape
changes that convert mature forest to early seral forest. Conservation initiatives for caribou will need to include
forest practices that expedite the recovery of functional caribou habit¢e evaluated differences in the ecological
outcomes of fire and forest harvest for woodland caribou and other forest values across an extensive area (88,900
km?) of Alberta. In the summers of 2021 and 2022,aoHected field data from 251 timber harvested, 264 burned
stands (@40 years since disturbance), and 256 older forest stands used by caribou (> 40 years since disturbance)
distributed across 5 Natural Subregions (NSR). Field data included stand chstiestévat reflected timber supply

(e.g., basal area, stems per hectare (SPH)), understory and ground conditions (e.g., coarse woody debris (CWD), soi
depth), and abundance of forage important for caribou (e.qg., terrestrial lichenspdroentage and ksal areeaof
deciduous trees was greatest in tRentral MixedwoodNSRand caribouforagewas the least abundant in th@entral
Mixedwood(Chapter 2) We did not detect other significant differences in stand characterifdicsaribou use sites
among NSRsvhich may be explained by the broad range of stand éf£220 year¥used by caribouTimber supply
increased more rapidly following timbéarvestcompared to wildfirea pattern that waslargelyconsistent across

NSRs (Chapter 3). CWD and coniferous saplings were more abundant in eawiigfost sites, but with increased

time since disturbance abundance decreased and matched values in the timber haraedtedribou ussites.
Abundance of caribou lichens wgeatest in caribou use sites agdnerally low following both timber harvest and
wildfire butbecame more abundant in wildfire sites after 10 years mbsturbance We found that relationships
between stand characteristics and forag@gpsvariedamong site typeFor example, canopy cover was positively
associated withmoose saplings iautblocks buhad no association with moose saplings in wildfire sitdso,some

stand characteristics could have positive impacts on one forage group and negative impacts onFothextample,
deciduous basal arga cutblockswvas positively associated with moose shrubs and negatively associated with caribou
lichens In Chapter 4, weised agrowth-and-yield forest model t@rojectfuture standdevelopment andcharacterize

the impact of harvest and wildfire dature timber supplyand availability of théoragegroups We compared those
projected values to timbesupply and availability of forag#hservedn caribou use sitedNe found that projections

for timber supply(e.g., basal areajenerally reached greater values in cutblock sites compared to caribou usasites
as early as 10 projected yeafhe projected trajectory of wildlife fogge greatly varied among NSR and disturbance
type. We found that projectecabundance of caribou licheis cutblock and wildfire sitesould reflect values in

stands used by caribou as early as 40 projected ydtoese shrubs and bear shrub&re projectedto reach a

greater abundance in most cutblock and wildfire sites when compared to caribou use sites, irrespective of time since
disturbance Overall, our data and models suggest that initial tree densities of (ZHMDSPHnN cutblockgesulted in

the greatest basal areaf all tree types and lower deciduous basal afRaducing deciduous basaleacould also

have negative impacts anoose and bear forage and positive impacts on caribou forage. As caribou use sites
generally had lower canopy cover and SPH than cutblocks, targeted stand thinning or planting densities to achieve
final metrics similar to those of caribou use sites in shene NSR, could reduce the differences between cutblocks
and stands that caribou usén this report, we described the firgcaleforest attributes that characterize caribou
habitat. Furthermore, we have described where and when timber harvest diffems dribddfire and area used by




UNCLASSIFIERON CLASSIFIE

Study to advance harvest system and silviculture practices for improved woodland caribou and fibre outcomes

cariboufor multiple stand characteristiaga multiple NSRs across Albertiie described the associations between

stand characteristics and availability of forage for caribou, moose, and bear. Finally, we provided future projections of
stand characteristics and forage for timber harvested and burned stands with comparisonsstartde used by

caribou.
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Figure 4.1. Schematic of the preparation of data for mixedwood growth models (MGM) and forage models.

Figure 4.2. Mean values bésal area (BA.Alivg)rojected over 100 years in cutblock and wildfire sites
across natural subregions, and compared to empirical values in caribou use sites. Values of cutblock and
wildfire sites generated from MGM. Values of caribou use sites based on field data colfemtgdojected

time, O represents sampling year 2021 or 20E#or bars represent standard error (SE) of the mean.65
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wildfire sites across natural subregions, and compared to empirical values in caribou use sites. Values of
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2022.Values of caribou use sites based on field data collected. Error bars represent standard error (SE) of
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wildfire sites across natural subregions, and compared to empirical values in caribou use sites. Values of
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2022.Values of caribou use sites based on field data collected. Error bars represent standard error (SE) of
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Figure 4.5. Mean values stems per hectare (SPHyojected over 100 years in cutblock and wildfire sites
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wildfire sites generated from MGM. Values of caribou use sites based on field data colfemtedojected

time, O represents sampling year 2021 or 20E2ror bars represent standard error (SE) of the mean.68
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Figure 4.9. Mean projected valueshasal area (BA.Alivah cutblock and wildfire sites at different initial

tree densities: a) SPK3000, b) SPH = 10®999, and ¢) SPH < 1000, compared across natural subregions.
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Empirical values for caribou use sites were not discretized by initial SPH. For projectedlremesents
sampling year 2021 or 202Brror bars represent standard error (SE) of the mean........................... 72
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Figure A2. Mean values of stand characteristics A) Canopy cover, B) Coniferous saplings (count), C) Coars
woody debris (CWD), and D) Soil depth compared between seasons (caribou use) across natural subregior
Error bars represent standard error (SE)red tnean. Data includes caribou use sites only. Some missing
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Figure A4. Mean values of forage groups A) Moose forbs, B) Moose saplings, and C) Moose shrubs
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Figure A5. Mean values of forage groups A) Caribou forbs, and B) Caribou lichens compared between
seasons (caribou use) across natural subregions. Error bars represent standard error (SE) of the mean. Dat
includes caribou use sites only. Some missingftglida 6 SPI PT WALINAYIQ YR WTI |
WOl f GAY3IQ Ay | LIISNI C2 2 iBé&ahshriba wereMd abbskB/adSmytdribon usa dités $1a
the Upper Boreal Highlands, so values reflect sites in Lower Boreal Highlands............................ 124

Figure A6. Observed compared to predicted values from final models for abundareebaiu forbs(%

cover) in A) cutblock, B) wildfire, and C) caribou use sites in Alberta, Canada. Natural subregions (NSR): re:
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Figure A7. Observed compared to predicted values from final models for abundareeboiu licheng%
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slope line for reference of model predictive accuracy. Animal silhouette obtained from R package
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Figure A8. Predicted abundance of A) moose forbs (% cover), and B) moose saplings (count) based on
interactions between soil depth and basal area (BA) in caribou use sites. Solid lines represént the 5
percentile of soil depth, and dashed lines represent thé pércentile. Red and blue shading represent the
lower and upper (95%) confidence intervals for tlieaiid 95" percentile of soil depth, respectively...156
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Figure A10. Observed compared to predicted values from final models for abundamo®sd saplings

(count) in A) cutblock, B) wildfire, and C) caribou use sites in Alberta, Canada. Natural subregions (NSR): re
circles represent Central Mixedwood, orange for Foothills, light blue for Lower Boreal Highlands, and dark
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Figure All. Observed compared to predicted values from final models for abundamo®sd shrubg%

cover) in A) cutblock, B) wildfire, and C) caribou use sites in Alberta, Canada. Natural subregions (NSR): re:
circles represent Central Mixedwood, orange for Foothills, light blue for Lower Boreal Highlands, and dark
blue for Upper Boreal Highlandselicted values were generated from -26ld cross validation. Bquared

FYR wa{9 @FfdzSa LINBaSyuSR 2y LX20a 6SNBE OFf Odz I {
slope line for reference of model predictive accuracy. Animal silhouette ademom R package
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Figure A12. Predicted abundance of A) bear forbs in wildfire sites, B) bear shrubs in wildfire sites, C) bear
forbs in caribou use sites, and D) bear shrubs in caribou use sites based on interactions between soil depth
and basal area (BA). Solid lines esgamt the ' percentile of soil depth, and dashed lines represent the

95" percentile. Red and blue shading represent the lower and upper (95%) confidence intervals fér the 5
and 95" percentile of SOil depth, rESPECLIVEIY............cccivviiee it 160

Figure A13. Observed compared to predicted values from final models for abundanear dbrbs(%

cover) in A) cutblock, B) wildfire, and C) caribou use sites in Alberta, Canada. Natural subregions (NSR): re
circles represent Central Mixedwood, orange for Foothills, light blue for Lower Boreal Highlands, and dark
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blue for Upper Boreal Highlands. Predicted values were generated freiml®0ross validation. Rquared

YR wa{9 @I fdzSa LINBaSyGSR 2y LX20a 6SNB O f Odz I
slope line for reference of model predictiaecuracy. Animal silhouette obtained from R package
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Figure A14. Observed compared to predicted values from final models for abundanear chrubs%

cover) in A) cutblock, B) wildfire, and C) caribou use sites in Alberta, Canada. Natural subregions (NSR): re:
circles represent Central Mixedwood, orange for Foothills, and dark blue for boreal highlands. Predicted
values were generated from Z0ld aoss validation. Bquared and RMSE values presented on plots were
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1. BACKGROUND

1.1 INTRODUCTION

Declines of woodland caribou populations are caulsgtindscape changes that convert mature forests
to early seral stands, resulting in habitat loss for caribou, abundant forage for primary prey species, and
increased predation risk for caribou via apparent competi{ipbeCesare et al. 2010, Fe®mnchet et

al. 2011, Johnson et al. 202Qpngterm solutions for caribou conservation will require habitat
restoration and adaptive managemefilohnson et al. 2019, Serrouya et al. 2020, N_gjg et al. 2021,
DeMars et al. 2023Within managed forests, current reforestation strategies as well as future timber
harvesting systems and silviculture practices could influence the timelineféextiveness of re
establishing functional caribou habité&@ourtois et al. 2008, Nadeau Fortin et al. 2016, Vitt et al. 2019,
McKay and Finnegan 2022)ifferences in forest stand characteristics and habitat attributes between
natural disturbances and harvest disturbances may also influence availability of current and future
woodland caribou habitagRudolph et al. 2019Adaptive forest management has the potential to
contribute towards caribowecovery anccould help maintain caribou across the boreaiest in the
uncertain face of climate chandgeeblond et al. 2022)

The purpose of this project is to provide the forest sector with information that could be used to
implement forest managemersgtrategies thabenefit caribouacross AlbertaSpecifically, we evaluade
the fine-scale attributes of forest starsdused by caribou and compat¢hoseattributes to stands
disturbed by wildfire and harvesgpecific objectives are outlined in sectibd.

1.2 STUDYAREA

The study area was within the homelands of the Aseniwuche Winewak, Beaver, Beaver Lake Cree, Big
{G2yS /I NBS> 51 1S5S0 YSe2KZ 5SSy ¢KIFQ>X 53ySYRSKX Yo
Piyii, Mountain Ml A 3> { SOgSLISYOgt USOps> {G2ySeés ¢adzdz ¢QAY L
available knowledge from nativiand.ca). The study area was 88,906kmsize and included three

regions comprising of norttwvestern, northeastern, and westentral, Alberta, Canada (Figure 1.1).

These regions incorporateatie ranges of nine caribou populations: nostlesterrt Chinchaga (boreal
population); northeasterrm East Side Athabasca, West Side Athabasca, Nipisi, and Red Earth (boreal
populations); westentralt Little Smoky (boreal population), A La Peche, Narraway Radrock

Prairie Creek (central mountain populations; COSEWIC 2014). Boreal and central mountain caribou are
listed asThreatened under the federdépecies atRisk Act (SARA) and the provincial Alberta Wildlife Act
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(Government of Alberta 208, central mountain caribou are also listedEslangered by the
Committee on the Status of Endangered Wildlife in Carf@d2SEWIC 2014)

NaturalSQubregions (NSR) within the study area incl@entral MixedwoogdLower andUpper Foothills
andLower andUpper Boreal Highland&igure 1.1NaturalRegions Committee 20D6The study area
included 5 of 9 N&Rvhere caribou currently occur in Alberta (did not include Alpine, Subalpine, Boreal
Subarctic, Northern Mixedwood). Dominant tree species in the study area are lodgepol®jpins (
contorta), jack pineRinus banksianawhite spruceRicea glauch black spruceRicea mariang
trembling aspenRopulus tremuloidgstamarack (arix laricing, and paper birchBetula papyrifera
Shrubs and forbs include willowSdlixspp.), bog birchBetula ghndulosun), alders Alnusspp.),
blueberries Yacciniumspp.), Labrador teaRhododendron groenlandicyirand horsetailsEquisetum
spp.). Ungulates in the study area include caribou, m@asmes americanyselk(Cervus canadensjs
white-tailed deer Qdocoileus virginianjismule deer Qdocoileus hemionshighorn sheepQ@vis
canadensiy and mountain goatsJreamnos americandisLarge carnivores include wolv&afis
lupug, coyotes Canis latrank grizzlybears(Ursus arctof black beargU. americanuy, cougars Puma
concolo), Canada lynyynx canadensisand wolverinesGulo gul9.

Anthropogenic disturbances in the study area include oil and gas extraction, and timber harvest. The
study area overlaps with eight Forest Management Agreements (AHRatiic Forest Industries Ltd.,

ANC Timber Ltd., Canadian Forest Products Ltd., Mgrtorest Products Ltd., Mercer International

Ltd., Tolko Industries Ltd., West Fraser Mills Ltd., and Weyerhaeuser Company Ltd.) and land harvested
by FoothillsForest Products. Natural disturbance in the study area includes mountain pine beetle
(Dendroconus ponderosagewindthrow, and wildfire.
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habitat for woodland caribowvithin harvested and burned stands, and stands caribou use between
2021 and 2022. Caribou population ranges and natural subregions are also shown.
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1.3.HELD DATA

We identifiedfield sampling strataand field methodsn collaboration witithe ARCKIBroject
committee. Becaus&ARCKP membevgere interested in the impacts oflgicukure treatments on
forest standsprovisional field samplingtrata (distributed 239 April 2023 includedNSR ecosite, age of
disturbancemetrics of silviculture treatments (whether herbicide were appliggethod of herbicide
application[aerial/ground), as well as burn intensitfpepending on the strata combinations, this
resulted in between 72 and 158 stratddpendix A) ARCKP membésedbackreceived(May 2021)was
to focus on theNSR/ecosite/age strateombination(Appendix A: Option Bnddetermine whether
there was enough variation within the dataset to also include silviculig@mentsat the analysis
stage Final strata and fielthethods were finalised with the ARCKP project committee (Juamel 112"
2021) and additionabpportunities for feedback and strata modifications were provided before year
two of data collectiontivo meetings held idanuary 2022).

1.3.1. Generating sampling sites

We used a random stratified design to select sites for field data collection that had been disturbed
OKIFNBSaGSR 2NJ 0dzZNYySRUO FyR aAidSa GKIFIGO 6SNB dzaSR ¢
dzaSQ aAiGSa o6CA3IdzNB ewsiteg wedse€@oNihcialdatest indi@dry ahdyviifires A £ R F A
data provided by the Government of Alberta. Cutblock sites were clearcut harvested, and wildfire sites
experienced largscalewildfires (>94% of area burned, >200 ha burned aN&&) clipped theselata to

the three regions (nortiwestern, northeastern, wesicentral), and then partitioned data by NSR and

age since disturbance (grouped into-y€ar intervals: @10, 1X20, 2130, 3%40). We used a random

number generator to identify candidate sites ficeld data collection within each stratum (Table 1.1).

For caribou use sites, we used GPS location data (20P2) collected by the Government of Alberta

as part of longerm provincial monitoring. Caribou were captured during fall or winter using helicopter
net-gun (Government of Alberta Wildlife Caribou Guittee Class Protocol #8) and fitted with GPS
collars with thr fix schedules. First, we partitioned GPS location datagrewiously definedeasons

for each population (Table 1.BjacNearney et al. 2016, Pigeon et al. 2016, Konkolics et al) 2021
created a point density layer (500 resolution) for each population and season. Then, we partitioned
populationtseason density layerstmthree density quantiles (low, medium, high), and attributed each
caribou GPS location as being within a low, medium, or high density of usé\eaesmed a random
number generator to select candidate caribou use sites (actual GPS locations) for field data selection
stratified by NSR and season. If there were insufficient-begtsity locations for a NSR we used
locationsthat fell within medium density of use areas. We did not draw sample sites frordémsity
areas. All caribou use sites were greater than 40 years since disturbance.
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To reduce spatial autocorrelation among sites, we further subset randomly selected candidate sites to
ensure that all sampling sites were >500m from other sites within the same strata. To reduce the
impact of edge effects on field data, we also ensured #lesampling sites were >20m from the strata
edge. Most sites were road accessible (< 3km from the nearest road), except for sites in the north
eastern region, which were only accessible via helicopter. If field crews encountered stratum
mismatches (e.ga recently harvested caribou use site), they moved the sampling plot by increments of
20m in a randomly selected cardinal direction until the plot fell within the target strateoss two

summers (2021, 2022) the field crews collected field data from 251 cutblock, 264 wildfire, and 256
caribou use sites (Table 1.1, 1.3, 1.4; Figuresl142.

Table 1.1. Number of sampling sites where field data were collected in the summers of 2021 and 2022
within each cutblock and fire age strata used to assess differences among harvested and burned
stands, and standased bycaribou, in Alberta, Canada

Age Cutblock Wildfire
0-10y 65 94
11-20y 75 61
21-30y 69 55
31-40y 42 54

Table 1.2. Dates used to partition caribou use samplings sites into seasons for field data coltection
the summers of 2021 and 2028 assess differencemmong harvested and burned stands, and stands
used by caribou, in Alberta, Canada.

Region West-central North- North-eastern
western
Season A La Peche Narraway RPC Little Smoky Chinchaga Combined
populations
Spring Apr11-Jun2 May5-Jun19 May 10-Jun19 Aprl1l-Jun2 Apr8-Jun6 Apr 15-Jun 30*
Summer Jun3Sep29 Jun20-Oct7 Jun20-Oct7 Jun3Sepl19 Jun 7-Sep23 Jul 1- Oct 31
Fall Sep 30 Nov 27 Oct8-Nov28 Oct8-Nov28 Sep20Dec3 Sep24Nov5 -

Early Winter  Nov 28-Jan 23 Nov 29-Feb4 Nov29-Feb4 Dec4-Jan23 Nov 6-Jan28 Nov 1-Dec 31
Late Winter Jan 24 Apr10 Feb5May4 Feb5May9 Jan 24 Aprl0 Jan 29 Apr7 Jan 1- Apr 14

*For northeastern, spring isreferred to asalvingln the data set.
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Table 1.3Number of sampling sites where field data were colledtethe summers of 2021 and 2022
within each high or moderatedensity caribou use strata for each season used to assess differences
among harvested and burned stands, and stands used by caribou, in Alberta, Canada.

Season Caribou use
Spring 29
Calving 32
Summer 57
Fall 34
Early Winter a7
Late Winter 57

Table 1.4Number of sampling sites where field data were colledtethe summers of 2021 and 2022

within cutblock wildfire, and caribou use sites within each natural subregion (NSR) used to assess
differencesamong harvested and burned stands, and stands caribou use, in Alberta, Canada. The

location of these sampling sites is shown in Figure 1.2.

NSR Cutblock Wildfire Caribou use
Central Mixedwood 49 100 69
Lower Boreal Highland 45 76 54
Upper Boreal Highland 29 37 19
LowerFoothills 57 8 0
Upper Foothills 71 43 114
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Table 1.5Characteristics of natural subregions (NSR) sampled from cutblock, wildfire, and caribou use
sites in Alberta, Canada in 2021 and 2022.

Natural Area Elevation Vegetation % MAP MAT Land usé
subregion  (km?)?  (m)® (dominant tree  Wetlands (mm)¢  (° CY

species)
Central 167,856 525 Closedcanopy 40 478 0.2 Forestry,
Mixedwood (200g mixedwood oil and

1050) forests (aspen, gas,

white spruce, agriculture

jack pine, black

spruce)
Lower 55,615 675 Mixed forests 30 495 -1.0 Forestry,
Boreal (400g (aspen, balsam oil and gas
Highlands 1050) poplar, black

and white

spruce, paper

birch)
Upper 11,858 825 Coniferous 35 535 -1.5 Forestry,
Boreal (650 forests oil and gas
Highlands 1150) (lodgepole

pine, jack pine,
black spruce)

Lower 44,899 950 Mixedwood 20 588 1.8 Forestry,
Foothills (650 forests (aspen, oil and
1625) lodgepole pine, gas,
white spruce) agriculture
Upper 21,537 1300 Closed 10 632 1.3 Forestry,
Foothills (950 coniferous oil and gas
1750) forests
(lodgepole
pine, black
spruce, white
spruce)

Notes: Adapted from Natural Regions Committee (2006dtal area of natural subregiohAverages are presented
for elevation with range in (.MAP = mean annual precipitatichMAT = mean annual temperaturd.and use with a
focus on anthropogenic disturbances
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Base Map Data provided by the Government of Alberta under the Open Government Licence — Alberta.
Esri, FAO, NOAA, USGS, NRCan, Esri Canada, Esri, HERE, Garmin, FAO, NOAA, USGS, EPA, NRCan,
Parks Canada, Esri, CGIAR, USGS

Caribou populations
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Figure 1.2. Westentral region of study area in Alberta, Canada, showing the location of sampling
sites where field data were collected between 2021 and 2022 to assess differences among harvested

and burned stands, and stands caribou use.
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Base Map Data provided by the Government of Alberta under the Open Government Licence — Alberta. 0 20 40 Kilometers
Esri, FAO, NOAA, USGS, NRCan, Esri Canada, Esri, HERE, Garmin, FAO, NOAA, USGS, EPA, NRCan,
Parks Canada, Esri, USGS
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Figure 1.3. Northwestern region of study area in Alberta, Canada, showing the location of sampling
sites where field data were collected between 2021 and 2022 to assess differences among harvested
and burned stands, and stands caribou use.
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Esri, FAO, NOAA, USGS, NRCan, Esri Canada, Esri, HERE, Garmin, FAO, NOAA, USGS, EPA, NRCan,

Parks Canada, Esri, USGS
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Figure 1.4. Nortkeastern region of study area in Alberta, Canada, showing the location of sampling
sites where field data were collected between 2021 2082 to assess differences among harvested

and burned stands, and stands caribou use.
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1.3.2. Field data collection

Field crews established 106 circular plots(5.64 m radiusat each sampling site. Within each plot,

crews recorded forest stand data including information on trees, coarse woody debris (CWD),

understory vegetation, lateral cover, and soil (Tabk Eigure 1.3). Tree data were collected within the

100-m? sampling plot, and included diameter at breast height (DBH), species composition, age, height,
and density counts (stems/ha) for all trees with a DEF¢m, species composition and density counts

ford LIt Ay3a o05.1 fpOYOSX (GKS adliddza 2F SIHOK GUNBSY |
from the vertical), or stump (dead tree <1.3m high), and the disease status of each tree (mountain pine
beetle, blister rust).

CWD data were collected along four transects (5.64m in length) within ther#@@ot, one in each

cardinal direction, and included counts of CWD intersecting each transect. CWD consisted of logs on the
ground and downed woody material at an angle of >45° from the vertical, >5cm diameter, >1m length,
and >50% above forest litter orifavhere measured. Due to time constraints, crews used a totass
decomposition classification for CWD: typelittle to no decay with intact bark and hard wood; type

lIt significant decay and bark is mostly gone, wood has begusoften butretains structure; and type

lllt debris is soft throughout with a lack of structure. Crews counted the number of pieces of each CWD
type along each transect, identifying species when possible, and recorded if the CWD was on the
ground or suspended.

For understory vegetation, field crews measured percent cover of large shrubs witiigitcular plots

(1.26 m radius) at the north, east, south, and west edges of themi@lot. For target large shrubs

(Table A2) with a basal stem diameter >0.5cm, crews also recorded height and stem counts by basal
diameter class. Within-in? circular plots (0.564 m radius) within each of thesm®plots, field crews
measured percent cover of dwarf shrubs, forbs, graminoids, terrestrial lichens, and other ground cover
(Table A3).Crews used a cover board to measure lateral cover from the plot centre in each cardinal
direction, with the cover board positioned 15m from the plot centre for each reading. Lateral cover was
measured at two heights:ddm and X2m. For soll, field crews measured the depth to the organic sail
layer at the centre of each of the four subplots, and recorded soil layers (litter, fermented, humus,
peat). Canopy cover was also measured at the centre of each subplot usphgrécal crown

densiometer.
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Table 16. Field data collectedt sampling sitesn the summers of 2021 and 202@ assess differences
among harvested and burned stands, and stands caribou use in Alberta, Canada.

Name Description
Tree data
Species Tree/sapling speciessee Table Al for list
Count Count oftrees/saplings
DBH Diameter at breast heightreesx5cm, saplings <5¢cm
Height Estimate of height to the nearest 0.5m, by eye
Disease Status of mountain pine beetle affected treesone, green red, grey. Blister rust
Burned Yes/No
Age Whorl count, core/cookie for 3 largest trees in 16t plot
Status 't A@SsT ayl3d 6RSIRY xmdo Y Ay fSy3aadKsz Xnp
Lichen Lichen class ¢B) for arboreal lichens
Canopy cover % canopy cover measured using a densiometer, recorded at centre of @athubplot
CWD data
Count CWD count by status (I, II, or Ill) along each transect
Species Species of each CWD along transect

Large shrubs
Percent cover Percent cover of alarge shrubs within $n? subplot
Stem counts ~ Stem counts of target large shrubs (Table A2) by basal diameter class
Height Height of target large shrubs (Table A2) by basal diameter class

Dwarf shrubs, forbs, gramminoids, terrestrial lichens, other ground cover
Percent cover Percent cover of all dwarf shrubs, forbs, gramminoids, terrestrial lichens, other ground cov
within 1-m? subplot

Lateral cover

Oclm % lateral cover, with cover board touching the ground, from centre to each cadimeation

1¢2m % lateral cover, with cover board 1m off ground, from centre to each cardinal direction
Soll

Depth Depth(cm)to organic soil layer
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: o SO ey, ! ‘ —
Figure 1.5. Data collection in the field showing soil sampling in a caribou use(des$ijeand

measuring DBH in a wildfire site (right).
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1.4.0OBJECTIVES

This project had 4 objectives, Objective 1 was completed in February 2021, Objechvesgh4 are
outlined in this report (Chapter2 through4 respectively)

1. Literature review[Complete]g seehttps://friresearch.ca/publications/caribodire-and-forestry

A Summarize previous research investigating caribou response to fire and harvest
disturbances, including research from ranges within Alberta and research from ranges in
similar landscapes elsewhere in Canada.

Ve

A Accepted for publication in peer reviewed literature (Stevenson et al. accepted)
2. Stand characteristics of areas with documented use by woodland carib@lbenta[Chapter 2
A Specific information regarding forest stand characteristics within areas of caribou use

A Summary statistics of stand characteristics compared between season and natural
subregion

Ve

A Statisticalanalysis otlifferencesin stand characteristics and availability of wildlife forage
among Ntural ubregions

3. Comparingcutblock, wildire, and caribou use sitd€hapter 3

Ve

A Information regarding differences in stand characteristics and vegetation understory
between harvested areasreas affected by wildfireand areas used by caribqu
statisticalmodels specific tdNatural Subregions

A Published in peer reviewed literature (Best et al. 2024)

A Investigaterelationships between stand characteristics and forage availability among
cutblock wildfire, and caribou use sitesstatisticalmodels account for variation among
Natural Subregionand are specific to disturbance type

Ve

A Under review in peer reviewed literature

4. Assessment of historical cutbloakd wildfire sitedor their ability to produce future woodland
caribou habitafChapter 4]

A Assessment of future stand conditiofwlowing timber harvest or wildfirevith the use
of growth-and-yield forest models

Ve

A Information on projections for stand characteristics (overstory and understory
vegetation) and components of habitat for cariboompared between timber harvest
and wildfire and amonglatural Subregion

14
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Ve

A Comparison of projected values of stand characteristics to those in sites with
documented caribou use

5. Synthesisaind conclusions

A Key results from eacthapterillustrating differences istand characteristicand habitat

for caribouamong sites sampled
A Limitationsin data and analyses

Ve

A General recommendatiorsndapplicationof findings
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2.STANDCHARACTERISTICS OF AREAS WITH DOCUMENTED L
BY WOODLAND CARIBOWIBERTA

2.1.BACKGROUND

Caribou need large tracts of mature forest to maintain smiftaining populationéEnvironmeniCanada
2011, FestadBianchet et al. 2011, Beauchesne et al. 2014, Johnson et al.. 2020¢ver, the specific

stand characteristics of the forests required by carilbogless wellunderstood andarelikely to vary at

local scales as the tree composition of the boreal and montane forest changes across the widespread
range of boreal and mountain caribou. Caribou response to forest stands is also likely to vasy acro
seasongDeCesare et al. 2012, Hornseth and Rempel 20{)itat selection analysder caribou

usually us broad categories of landcover data (conifer, mixed, deciduous, open, closed cavitpg)
models which aretoo general to be useful for forest managers who use detailed forest stand data (tree
species, age, stand densities, etc.) for forest management pRudolph et al. 2019)

In Alberta, numerous studies have used satelliegived or Alberta Vegetation Inventory (A'dBrived

data to assess caribou response to broad categories of forest stands. These studies found that in the
north-east, boreal caribou seleat bogs and fens with less canopy cover, and in some areas also
seleced uplands(Bradshaw et al. 1995, StugBmith et al. 1997, Schneider et al. 2000, Tracz 2005)

the north-west, boreal caribou seleetibogs and fens, and additionally conifer forests with less canopy
cover(Brown et al. 2000, Pigeon et al. 201) westcentral Alberta boreal caribou seleet conifer

forests with dense canopy cover during summer and open canopy during Wikeefeld 2006,

DeCesare et al. 201,2)hile central mountain caribou generally seletbpen conifer and avoet
deciduous and mixed fore¢Bzkorupa and Schmiegelow 2003, DeCesare et al. 2012, Slater 2013,
Rudolph et al. 2019)

Fewer studies in Alberta have included information on stand characteristics like tree species, height,
age, and understory composition and structuRrevious stardkevel studiesvere focused within one

area of the province, limigtheir application toother populations of cariboun northwest Alberta, a
study using remotesensing based measurements of stand characteristics found that caribou selected
areas with less canopy cover, lower stand densities, and moderate stand h@iglgen et al. 2023)in
west-central Alberta, boreal caribou selectlodgepole pine, mixed pine and black spruce, and treed
muskeg, and avoat white spruce(Neufeld 2006) Gantral mountain caribodrom the Narraway herd
seleced older conifer stands and pine stands regardless of stand age or canopy @obkack spruce
forestsand areas with greateabundance oCladinaspp.lichens(Saher 2005)and Redrock Prairie
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Creek caribou seleetl stands 126160 years old, with > 50% crown clos(®korupa and Schmiegelow
2003) as wellasfire-origin conifer during late wintefRudolph et al. 2019)

Understanding the stand characteristics of forests used by caribou is fundamental for landscape
management and restoration. Specifically, this information may be used to design forest management
plans, implement silvicultural practicéisat can lead to the restoration afaribou habitat, and

determine when alisturbed areamay be considered caribou habitat. In this Chapter, wedtistd

data to describe the characteristicsfofest stands used by caribou across Alberta, and to determine
how those stand chracteristicdiffered amongNatural Subregions.

2.2.METHODS

2.2.1. Stand characteristics

We selected stand characteristics that reflect timber supply, influence understory growing conditions,
andsupport biodiversity (Table 2.1). The stand characterigtigsrtant for timber supplyincluded

basal aread]l tree types, deciduous, conifergus? ha?), quadratic mean diameter (QMD, in cra))d
stems per hectare (SPH)hese timber supply metrics were calculabeted only on lwmgtrees OBHX
5cm), excluding snags and stumjdge also focused on stand characteristics that could influence the
abundance of understory vegetation, suchl@ssal area (including snags and stumpahopy cover,
coniferous saplings, coarse woody debris (CVdaBdsoil depth (in cmjTable 2.1). Because total

number of saplings and number of coniferous saplings were highly correRésagorr = 0936, p <

0.001), we focusd on the latter to better describe potential future timber supply. We defined a
downedCWD variable following the protocol of Harmon and Sexton (1996), which included counts of
downed debris of all decomposition classes (described in section 1.3.2, Tahlaslwell ag CWD
variable that included¢ounts ofdowned CWD andtanding dead trees: snags and stumps (described in
section 1.3.2, Table @).

2.2.2 Development of forage groups

Foreststand characteristicean influence the availability of understory forage preferred by wildlife
(e.g.,Coxson and March 2001; Waterhouse et al. 2011; Naé&eatin et al. 2016)Sincegorage is a
primary predictor of wildlife use of are4s.g.,Massé and C6té 2008kielsen et al. 201,0van Beest et

al. 2010, weassessedavailability ofwildlife foragein addition to stand characteristiegithin stands In
western Canada, the preferred winter forage of caril®terrestrial and arboreal lichens (Johnson et al.
2001; Bergerud et al. 2008; Denryter et al. 20ITHe availability of lichens typically decreases following
clearcut harvesting and wildfire (Coxson and Marsh 2001; Russell and Johnsparafd#h take up to
40¢50 years to recover postisturbance (NguyetXuan et al. 2000; Joly et al. 2003hnversely,
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generalist ungulates, like moose, favor vascular plants, which are abundant in early seral forest
(Franzmann and Schwartz 1997; Visscher et al. 2006; DeCesare et al. 2010). Predators including black
bears and grizzly bears also prefer early seral foreséetess forbs and berproducing shrubs

(Latham et al. 2011; Souliere et al. 2028).assessment of forage availability for caribou, moose, and
bears can be an effective indicator of habitat, especially for cari@sincreased forage for moose and
bears could reflecgreater use of areas by moose and be@ahnson et al. 20201cKay and Finnegan

2022, andgreater predation rislor caribou(DeCesare et al. 2010; Serrouya et aP12WPeters et al.

2013.

We defined groupsf plants and lichensepresentative oforage preferred byaribou moose, and
bears(Table 2.1). Terrestrial lichens comprise a large portion of winter dfetariboy but during

spring and summer deciduous forbs are oftmmsumed Thomas et al. 1996, Barten et al. 2001,

Denryter et al. 2017During winter, moose often browse on sapling foliage, and shift to herbaceous
plants and shrubs during other seasons (FranznemSchwartz 1997; Visscher et al. 2006; Koetke et
al. 2023). Although animal tissa&d invertebrates are major components of the diets of black bears
and grizzly bears, fruiting shrubs, forbs, and roots are important during spring and summer (Nielsen et
al., 2004; Munro et al., 2006; Merkle et al., 2017).

We summed the percent cover bthen, shrub, and forbaxa within each group, then calculated mean
percent cover for each group across the four subplots within eachdQglot. For the forage group
including saplings, we calculated the total stem count of the target species for eactWsiteunded
values to the nearest whole number and if any sites {@@lots) had mean values betweegq@5 we
rounded up to 1 to not exclude any plots with forage occurrence.
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Table 2.1.Stand characteristics included in analysis for Chapi&, 2nd 4 Derived from field data
collected at sampling sites in the summers of 2021 and 2022 (Table 1.5)

Stand characteristic/ Forage grou} Definition Range
Timber supply metrics
Basal area (BA.Alive) ¢20GFf ol alft | NBI cm}gersiteiprh&S &1 0¢79.79
Deciduous basal area Fakf I NSF 2F | tA3S RSOMmfhd?R  0c79.79
(BA.d.Alive)
Coniferous basal area Basal area of alive coniferoustreess . | % p @3ha) 0¢67.56
(BA.c.Alive)
Quadratic mean diameter (QMC Quadratic mean diameter of alive trees in a site (cm) 0¢39.01
Stems per hectare (SPH) Total stems per hectare of alive trees per site (trees/ ha) 0¢9500
Influence understory (forage modets)
Basal area (BA) Total basal area of trees per site{na?); all tree types 0.0c124.4

(coniferous, deciduous), all status of trees (alive, snag, stump
Deciduous basal area (BA.d) Basal area of deciduotiees per site (rhha?); all status of trees 0.0¢124.4
(alive, snag, stump)

Canopy cover (CC) Percent canopy cover measured in site 096

Coniferous saplings (CS) Total count of coniferous saplings (DBH < 5 cm) per site 0¢1988

Coarse woody debris (CWD) Total counts of downed debris (all classes; suspended or on 0¢85
ground) and dead standing trees (snags, stumps) per site

Downed CWD (dCWD) Total counts of downed debris (all classes; suspended or on 0¢50
ground) per site

Soil depth (SD) Depth to organic soil layer (cm) in site 0.1¢117.0

Forage group

Caribou forbs Percent cover of target forbs, dwarf shrubs, graminoklgrus 0c48
innovates, Lathyrus ochroleucus, Trifolispp.,Vacciniunspp.)

Caribou lichens Percent cover of target terrestrial licherSdtrariaspp.,Cladina 0¢82
spp.,Cladoniaspp.,Flavocetrariaspp.)

Moose forbs Percent cover of target forbs, dwarf shrubs, graminoisslja 0c70

nudicaulis, Carespp., Chameriorspp, Cornuganadensis,
Rhododendron groenlandicum, Rubus idaeus

Moose saplings Total count of target saplings\bies balsamea, Abies lasiocarpa  0¢483
Betula papyrifera, Populus balsamifera, Populus tremuldides

Moose shrubs Percent cover of targdarge shrubsAmelanchier alnifolia, 0c69
Cornus stolonifera, Prunus virginiana, Ssig.,Viburnum edule

Bear forbs Percent cover of target forbs, dwarf shrul#gdlia nudicaulis, 0¢58

Equisetunspp.,Rubus idaeus, Trifoliuepp.,Vacciniunspp.,
Vaccinium vitisdaea)

Bear shrubs Percent cover of target large shrulficera involucrate, Ribes 0¢50
spp.,Shepherdia canadensis, Viburnum edule
Notes: Site refers to 1662 plot. 2only included lingd NESa o65.1 x p OY0 Ay YSI adaRBYSyia

extrapolated to the hectare scalestand characteristics included in forage models (section 3.2v2yiable of focus in
analysis in Chapter, 2ndsection 3.2.1not included in forage modelsection 3.2.2)
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2.2 3. Dataanalysis

We tested for differences in stand characteristics and forage groups among NSRs in caribou use sites.
Sinceno caribou use sites were sampled in the Lower Foothills, the Lower Foothills was excluded from
subsequent analyses (Chapter Respite stratifying data collection by ecositeete wasnsufficient

variation in thefield datacollectedto include ecosite in the analysisor caribou use sites, we

compared the stand characteristics between seasons (spring, calving, summer, fall, early winter, late
winter) for each NSR, but due to the limited sample size of some groups (Table 2.2) we were not able to
statidically test for differences. For means and standard errors of the stand characteristics for each
season within theCentral MixedwoodUpper FoothillsandLower andUpper Boreal Highlanggplease

refer to Figures AQA3 in the Appendix.

The two basal area variables (BA.Alive vs. BA) and two deciduous basal area variables (BA.d.Alive vs.
BA.d) were highly correlated (BA: Pearsen0.828p < 0.001; BA.d: Pearsor 0.830p < 0.001), so
for the following analysis (Chapter 2) we focused on the measures that only included alive trees.

We used generalized linear models to examine the relationship between stand characteristics and NSR
for all the caribou use sites pooled together. We used gaussian linear regression (link = identity) for
timber supply metrics, canopy cover, coniferous saplings, and soil depttCWEand the forage

groups we used negative binomial count models (link = log) due to the overdispersed distribution of
thedatad G a! { { ¢ ;Medaldes and Ripley 2002) all models, NSR was included as a fixed effect

and weused deviation coding to obtain coefficient estimates for each categte/ performed post hoc
FylrfeasSa olFlaSR 2y SaluAYFOISR YINBAY!Il fvaMeSF ya gA (K
FRedzadYSyda G2 GSaid F2NJ RATTSNESyY,Qéhth 2025Novndli§y b { w
of the response variables was confirmed based on the residuals of the models. We considered
significance at I Al ®tatiptidal analyses were performed using the softwRne 4.1.3R

Development Core Team 2022)

Table 2.2 Number of sampling sites where field data were colledtethe summers of 2021 and 2022
within each natural subregion for higlor moderatedensity caribou use strata for each season

Natural subregion Spring Calving Summer Fall Early winter Late winter
Central Mixedwood 0 18 18 0 15 18
Lower Boreal Highland 4 11 15 10 9 5
Upper Boreal Highland 1 3 2 2 3 8
LowerFoothills 0 0 0 0 0 0
Upper Foothills 24 0 22 22 20 26
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2.3.RESULTS

Basal aregBA.Alivepf forest standsn caribou use sites wa67.56m?ha?, QMD was0¢26.84cm,

and SPH wa;7000 Despite a lack of significant differences, basal area, QMD, and SPH were
marginally smaller in th€entral Mixedwoodompared to the other NSRs for caribou use sitesle
2.4, Figure 2.1). These three timber supply metrics were slightly greater iopiper Foothilland
Upper Boreal HighlandSable 24, Figure 2.1)Basal area of deciduous and coniferous trees were 0
53.14 and Q67.56m?ha?, respectivelyln the Central Mixedwooddeciduous basal area was greatest
and coniferous basal area was the ledslfle 24, Figure 2.1)

Canopy covein caribou use sites wa;94% Canopy cover was marginally greater in thygper Boreal
Highlandsand counts of CWD were greater in tbpper Foothill§Table 24, Figure 2.2)Counts of
coniferous saplings and CWD in caribou use sites wgté3and @36, respectivelyWe did not detect
any significant differences between NSR for counts of coniferous sapliagke (24, Figure 2.2). Soil
depthin caribou use sites was 0€GBL7cm andwas greatest in th€entral Mixedwoodind lowest in
the Upper Boreal Highland@ able 24, Figure 2.2).

Percent cover of caribou fortand caribou lichens caribou use sites eve 0c43%and 8294
respectivelyIn caribou use sitegaribou forbs were least abundant in tientral MixedwoodTable
2.4, Figure 2.3). &ibou lichens were more abundant in the lower ddgper Boreal Highlangs
compared to the other two NSREgble 24, Figure 2.3)Percent cover of moose forbs and shrubs in
caribou use sites wer@c45 and @41%, respectivelyMoose forbs and moose shrubs were less
abundant in theFoothillscompared to theCentral MixedwoodndLower Boreal Highland$able 24,
Figure 2.4)Countsof moose saplings in caribou use sitesre/;55. We did not observe notable
differences among NSRs for moose saplifigble 24, Figure 2.4)Percentcover of bear forband bear
shrubsin caribou use sites &ve ;44 and @14% respectivelyBear forbs werenostabundant in the
Upper Boreal Highlandmd least abundant in th€entral MixedwoodTable 24, Figure 2.5). Bear
shrubs werdess abundanin the Upper Foothillcompared to the boreal highlands (Figure 2.5).

Complete model results are in tigpendix (Tables A4, A5).
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Table2.3. Mean, standard error, and range (mi@max.) of stand characteristics measured in caribou
use sites (all NSR data pooled together 256).

Stand characteristic Mean Std. Error Range
Basal area (BA.Alive;?ma) 18.70 0.97 0¢67.56
Deciduous basal area (BA.d.Alive;ha?) 2.48 0.39 0¢53.14
Coniferous basal area (BA.c.Alive;ha?) 16.22 0.96 0¢67.56
Deciduous trees (%) 17.80 2.05 0¢100
QMD (cm) 10.82 0.28 0¢26.84
SPH 1844.53 91.26 0¢ 7000
Canopy cover (%) 40.20 1.72 0¢94
Coniferous saplings (count) 50.52 3.19 0¢243
CWD (count) 6.68 0.43 0¢36
Soil depth (cm) 46.80 2.45 0.63¢ 117
Caribou forbs (%) 4.43 0.41 0¢43
Caribou lichens (%) 8.81 1.06 0¢82
Moose forbs (%) 10.81 0.55 0¢45
Moose saplings (count) 1.22 0.35 0¢55
Moose shrubs (%) 1.40 0.24 0c4l1
Bear forbs (%) 9.34 0.55 0¢44
Bear shrubs (%) 0.27 0.09 0¢l4
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Table 24. Mean and range of values for eachRIi8 caribou use site®r variables describing stand
characteristicsand forage groupg$rom field data collected at sampling sites in the summers of 2021
and 2022 (Table 1.5Ranges are displayed in brackeksll variable descriptions are in Table 2.1.

Stand characteristic/ Forage group Central Lower Boreal Upper Boreal
Mixedwood Upper Foothills Highlands Highlands
Timber supply metrics
Basal area (BA.Alive) 11.02 (@53.14) 23.16 (@67.56) 17.61 (@61.94) 22.92 (5.8847.78)
Deciduous basarea (BA.d.Alive) 5.63 (&53.14) 0.47 (@¢10.94)  3.33 (®36.00) 0.70 (®9.65)

Coniferous basal area (BA.c.Alive)  5.39 (&26.47) 22.69 (@67.56) 14.28 (@54.60) 22.22 (5.8847.78)
Quadratic mean diameter (QMD) 8.86 (%22.92) 12.30 (@25.03) 10.13(0c26.84) 11.07 (6.3919.55)

Stems per hectare (SPH) 1637.68 (@5700) 1887.72 (Q 1731.48 (q 2657.89 (5085200)
5800) 7000)
Influence understory (forage modeéis)
Basal area (BA) 12.99 (@62.90) 28.93 (@75.57) 20.64 (@73.65) 24.57(6.7¢48.91)
Deciduous basal area (BA.d) 6.28 (®62.90) 0.51 (@10.94) 4.38 (®41.51) 0.93 (@11.00)
Canopy cover (CC) 32.40 (@93.50) 43.65 (@93.00) 38.12 (@94.00) 54.46 (14.7§90.25)
Coniferous saplings (CS) 42.35 (@175) 45.82 (@198) 65.26(0¢234) 66.47 (19243)
Coarse woody debris (CWD) 3.97 (¢24) 8.80 (&31) 5.81 (%36) 6.21 (&30)
Downed CWD (dCWD) 1.33 (®14) 2.77 (¢14) 2.06 (¢11) 3.10 (®20)
Soil depth (SD) 77.03 (0.88 34.69 (1.0Q 45.45 (0.68 13.46(2.7529.50)
102.00) 110.00) 117.00)
Forage group
Caribou forbs 1.84 (&13) 5.70 (@43) 3.85 (&36) 7.84 (@31)
Caribou lichens 4.64 (&60) 3.70 (&50) 17.02 (@82) 31.26 (@76)
Moose forbs 11.72 (@31) 8.39 (&35) 15.69 (@45) 8.21 (320)
Moose saplings 1.39(0c55) 0.49 (@15) 2.48 (38) 1.32 (&12)
Moose shrubs 2.43 (®21) 0.48 (&8) 2.17 (®41) 0.95 (&6)
Bear forbs 6.54 (@38) 8.95 (@44) 11.18 (@40) 16.58 (@40)
Bear shrubs 0.16 (&7) 0.09 (&2) 0.91 (@14) 0.00 (&0)
Notes 2only included lingi NBSa 65.1 x p OYO Ay YS! &dzRSardkatadterisiSE Of dzZRSR

included in forage models (section 3.2 2)ariable of focus in analysis in Chapter 2, and section 3.2.1; not included in forage
models (section 3.2.2).
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Figure 2.1. Mean values tilmber supply metric#\) Basal aregBA.Alive) B) Deciduoubasal area
(BA.d.AliveC) Coniferous basal area (BA.c.Alive)QDadratic mean diameter (QMD), aidl Stems

per hectare (SPH) compared between natural subregi@esiral MixedwoodUpper FoothillsLower
Boreal HighlandsUpper Boreal HighlandsError bars represent standard error (SE) of the mean. Both
mean and SE were calculated from the raw data. Differences in letterg)andicate significant
differences bas#& onpairwise comparisons of estimated marginal means from GLMs (Tad)le
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Figure 2.2. Mean values of stand characteristics A) Canopy cover, B) Coniferous saplings (count), C)
Coarse woody debris (CWD), and D) Soil depth compared between natural subré&gatral(

Mixedwood Upper FoothillsLower Boreal Highland&Jpper Boreal HighlandsError bars represent
standard error (SE) of the mean. Both mean and SE were calculated from the raw data. Differences in
letters (a,b,c) indicate significant differences based on pairwise comparisons of estimated marginal
means from GLMs (Taldé4, A5.

25




UNCLASSIFIENON CLASSIFIE
Study to advance harvest system and silviculture practices for improved woodland caribou and fibre outcomes

A) Caribou forbs - B) Caribou lichens
b
10 b Central mixedwood
35 Upper foothills
Lower boreal highlands
Upper boreal highlands
L w 30
» 8 n
+l +
§ b § 25
§ : §20
= =
—
g, 215
c c
: 5
= =10
a
2 a
— 5 _|_[ a
0 0

Figure 2.3. Mean values of forage groups A) Carituwshs, and B) Caribolichenscompared between
natural subregions@entral MixedwoodUpperFoothills Lower Boreal Highland&Jpper Boreal

Highlandg. Error bars represent standard error (SE) of the mean. Both mean and SE were calculated
from the raw data. Differences in letters (a,b) indicate significant differences based on pairwise
comparisons of estimated marginal means from GLMs (TAB)e
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Figure 2.4. Mean values of forage groups A) Moose forbs, B) Moose saplings, and C) Moose shrubs
compared between natural subregionSdntral MixedwoodUpper FoothillsLower Boreal Highlands

Upper Boreal HighlandsError bars represent standard error (SE) of the mean. Both mean and SE were
calculated from the raw data. Differences in letters (a,b,c) indicate significant differences based on
pairwise comparisons of estimated marginal means from GLMs (Table A5).
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Figure 2.5. Mean values of forage groups A) Bear forbs, and B) Bear shrubs compared between natural
subregions Central MixedwoogdUpper FoothillsLower Boreal Highland&pper Boreal Highlangs

Error bars represent standard error (SE) of the mean. Both mean and SE were calculated from the raw
data. Differences in letters (a,b,c) indicate significant differences based on pairwise comparisons of
estimated marginal means from GLMs (Table A®ar shrubs were not observed in caribou use sites

in the Upper Breal Highlandsso values reflect sites bower Boreal Highlands

o]

2.4.DISCUSSION

We did not detect many differences in stand characterisgim®ngnatural subregions for caribou use
sites. The lack dfignificant differences between NSR for many of the stand characteristics could be
attributed to the temporal rang®f the ageof the caribou use sitethat were sampled, whickxceeed
100 years (range 41-220years) Sand characteristicfike basal area, canopy coveand SPH can be
influenced by time since disturban¢@reene et al. 1999, Bartels et al. 2Q1%ince caribou use sites in
allNSRs includka range of stand ages, differencesuld have beemasked bystand age. Therefore, to
better explan the variation of the data, in subsequent analyses (see Chapter 3) we factored in time
since disturbancevithin models

We found lasal area of deciduous treasd soil depth wagenerallygreater in theCentral Mixedwood

NSR, which could be explained by the environmental variation characterized by the respective NSRs
(Natural Regions Committee 2008)s its name suggests, tRentral Mixedwoods dominated by
mixedwood forest, including species like aspen and birch, so it could be expected that even in mature
forest found in the caribou use sites the tree composition would include a high percentage of deciduous
trees(Naturd Regions Committee 20Q8yoncerning edaphic conditions, such as the physical, chemical,
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or biological properties of sdjEstradaVillegas et al. 2020}he Central Mixedwoodtaribou use sites
also had thegreatestnumber of hydric sites (Table A4), and generadlg morewetlands compared to
the other NSRs in our study ar@datural Regions Committee 2008)eeper soils typically hold more
water and nutrientdRajakaruna and Boyd 2008)us reflecting hydric, nutrieatich edaphic
conditions. These findings could also help explain the low abundance of caribou lichen€enthed
Mixedwood Terrestrial lichen growth can be restricted by moist, nutrigah soil conditions, which, in
turn, can promote the growth of competitor taxa like mosses and woody sh@bsson and Marsh
2001, Nobert et al. 2020, Cichowski et al. 20E2)rthermore, the forbs taxa inclusive in tbaribou
forbsand bear forbgorage groug may also be affected by the edaphic conditions, demonstrated by
the lower abundance in th€entral MixedwoodFigures 2.3, 2.5.

The abundance of moose saplings, moose shrubs, and bear shrulbmwasoss NSRs in caribou use
sites.These results are not surprising considering successional patterns of deciduous saplings and
shadeintolerant shrub taxa included in the forage grou@hén and Popadiouk 2002; Hart and Chen
2006; Bartels et al. 20)6

Overall, thecaribou usesiteswere characterized by i) intermediatievels of basal area, QMD, SPH,
canopy cover, coniferous saplings, soil de@hd moose and bear forps) relatively fewerdeciduous
trees,countsof CWDcounts ofmoose saplingsand percent cover of caribou forpsmoose shrubs, and
bear shrubsand iii)greaterabundance of caribou licheri¥able 2.3)
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3. COMPARIN®UTBLOGNKVILDFIREAND CARIBOU USE SITES

3.1.BACKGROUND

Wildfire is the dominant standeplacing disturbance across the boreal for@dacias and Johnson
2008) although forest harvesting also alters approximately 650,000 ha anr{faliyers and Stanojevic
2013, Curtis et al. 2018Both wildfire and forest harvesting are polygonal disturbances that create
early-seral forest conditions, buhe response o¥egetation and wildlife differs between the two
disturbancegStewart et al. 2020, Finnegan et al. 20Z2aribou generally avoid eaidgral forests
createdby wildfires and forest harvestin@alerum et al. 2007, Courtois et al. 2008, Konkolics et al.
2021) but forest harvestings thought to have a largeregativeaffect on themovements, demography,
andhabitat of cariboufor a full review se&innegan et af2021)). Sustainable forest practices
(harvesting patterns, silviculture) thaim toemulate natural disturbances like wildfire have the
potential to reduce the impact of forest harvesting on wildlife, including species of conservation
concern like caribo(Delong and Tanner 1996, Gauthier et al. 1996, Dhital et al. 2013, Nadeau Fortin et
al. 2016, Donovan et al. 2017)

There has been considerable research describing differences between burned and harvested stands
with respect to stand characteristics and understory vegetation Seeegan et ak2021). These

studies were carried out in small geographic areas, preventing ksoalk comparisons of stand
trajectories across natural subregions amde since disturbance. In this Chapter, we dsield data
collected across Alberta to compare the stand characteristics of harvested and burned\stdnds
stands used by cdrou, and to determine how these differ acrosatural subregions antime since
disturbance.

We also tested for relationships between stand characteristics and availability of forage @meong
different site types. Caribou habitat use is influenced by landscapale characteristics like disturbance
densities and exposure to predation risk, as well as-$icele claracteristicsvhich vary agariboutrade
off access to foodgainstshelterfrom predators(Johnson et al. 200Bvgar et al. 2013 _eblond et al.
2016), andwhich can vary with reproductive status (Viejou et24l18. Therefore we assessedot only
stand characteristics of caribou use sites, but also how those stand charactesistecnked to the
availabilityof caribou forage This information is important for understanditige characteristics of
stands thatare caribou habitgtas well as thetand conditions that represent caribou habitat that has
recovered followindhuman or naturatisturbance Finally, this information is necessary for
understandinghow stand characteristics influence the availapibf moose and beaiobds sympatric
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specieghat indirectly or directly influence@redationrisk forcaribou(Leblond et al. 2016; Serrouya et
al. 2021).

3.2.METHODS

We developed data analysis methods in collaboration with ARCKP mechlyerg March and April
2023 Because ARCKP members were interested in the impacts of silviculture treatments on forest
stands,we evaluated whether there was enough variation in fieéd datato include age, NSR, ecosite,
and simple descriptions ailviculture (whether herbicide was applied) within analyBespite

stratifying data collection by ecosite, there wiasufficientvariation in the field dat#o include ecosite
within analysis There was alsimsufficientvariationin field datato include silviculture treatments

After discussion with ARCKP membheve proceeded withanalysis focused omge and NSR strathn
future studies, the@moval of age or NSR strata may allow for an eveloaf the effect of silviculture
treatments like planting densities, site preparation equipmemntsite tendingon the stand and forage
data we collectedFor example, by combiniddSR and age strata b7 harvest blocks sampled across
the Lower andUpper FoothillsMcKay and Finnegan (2023) were able to evaluate the influence of
silviculture treatments on wildlife use of harvest blocks.

3.2.1. Comparison of stand characteristics among sites
3.2.11. Dataanalysis

We assessed theelationship between disturbance type and stand charactesstée focused on

timber supply metricsstand characteristicthat could influence understorfe.g., CWD, coniferous

saplings)and forage groupsdescribed in section 2.2.Table 2.1)We used GLMs to test for the effects

of disturbance type and time since disturbance on the stand characteristics and forage groups. We built
separate models for each NSR, except forlibmer andUpper Foothillsvhere we pooled data due to

insufficient sample s&s for some strata (i.e., O wildfire sites for age classe20,12% 30, and 3£40 in

the Lower Foothillg. Likethe models described in section 2.2.2, we used Gaussian linear regression (link

= identity) for thetimber supply variableand stand characteristicand negative binomial count

models (link = log) for CWdhd forage groupg S RS @St 21LJISR | OF §S3A2NAOFt @I
to include allsubgroup® ¥ WRA &G dz2NB I yOS (& LIS Q ¢lo, VIR0, 2130, 8B40, A y OS
>40years)Wi KAY Y2RSfad ¢KS WRAAUOGAz2NDIF yOS cOq wildfile@ FI OG 2
10, cutblock 1&20, wildfire 120, cutblock 2&30, wildfire 2130, cutblock 3&¢40, wildfire 3X40,

caribou use >40. The development of the disturbance class varsialbled us to compare all age

classes of the cutblock and wildfire sites to the caribou use sites (caribou use sites all >40 years). We

Ay Of dzZRSR RAA&A(GdNDBIFyOS Oflaa Fa I FFLOG2NIAYy FFff DJ
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Normality of the response variables was confirmed based on the residuals of the models, significance
ga O2yaARSNBR Fd h I nponpx YR Fft FyrfteasSa &SN

3.2.2. Relationships between stand characteristics and forage groups among sites

3.2.2.1. Stand characteristics as predictor variables

Wildlife forage is influenced by stand characteristie$jch in turninfluences wildlife uséNadeau

Fortin et al. 2016Souliere et al2020;McKay and Finnegan 28R Thereforewe investigated stand
characteristieforage availability relationship®Ve included stand composition and structure variables

as predictors in our analysis of the forage groups. We selected the stand attributes basal area (BA),
deciduous basal area (BA.d), canopy cover, and counts of coniferous saplings (Table 2.1). These
overstory characteristics can influence light availability and subsequent abundance of understory
vegetation, such as shrubs, forbs, and terrestrial lichens (Greene et al. 1999;ahsi0hen 2009;

Bergqvist et al. 2018). We also includimvned CWD(dCWDxnd soil depth in our models (Tablelp

Since the basal area measurements included snags and stumps, for this analysis we focused on downed
CWDCWD takes up space on the ground, which can limit resources for vascular plants and some
terrestrial lichens (McRae et al. 2001). The depth of the organic layer of soil can affect the composition
and abundance of understory vegetatidasfradaVillegas et al. 2090Greater soil depth typidly

contains more nutrients and can hold more moisture, reflecting productive growing conditions for
vascular plants (CoxsamdMarsh 2001 RajakarunandBoyd 2008. Weincludedtime since
disturbance/stand agef sites in modelsFor cutblockand wildfire sites, we determined time since
disturbance using data from the Government of Alberta. For caribou use sites, we calculated stand age
using dendrochronology data from tree core samples. If tree cores were not sampled, we used Alberta
Vegetaton Inventory (AVI) data to determine stand age.

3.2.2.2. Data analysis

We used negative binomial count models (GLM, link = log) to predict abundance of forage for caribou,
moose, and bearsd/Ne built separate count models for each site type (cutblock, wildfire, caribou use),
which allowed us to compare stand attributes influencing forage abundance among site types. We used
stand characteristics from field data (described in section 1.3.2gTAl) to construct initial candidate
models. Main effects in initial models were basal area (BA), deciduous basal area (BA.d), caeqpy co
coniferous saplingglownedCWD, soil depth, time since disturbance, and the factor NSR. Due to
insufficient sample sizes for some strata (e.g., O caribou use sites lwwe Foothillg, we combined

data for theLowerandUpper FoothillfNSRs. We also included interactions considered ecologically
important in affecting abundance of the forage groups (Tale Natural Regions Committee, 2006).
However, to avoid multicollinearity and maintain model tractability we limited interactions to basal
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area x soil depth, basal area x NSR, deciduous basal area x NSR, and canopy cover x NSR. The inclusion
of the NSRnteractions helped control for any regional variation in ecosystem subtype (Natural Regions
Committee, 2006). We used variance inflation @ast(VIF) to test predictor variables for

multicollinearity (tolerance < 6). We employed deviation coding for all predictor parameters containing

the factor NSR.

2S dzaSR (0KS WRNBRISQ FdzyOuAz2y F2N) Y2RSt &St SOGA?Z
information criterion corrected for small sample size @I0 determine the most parsimonious models
(Burnhamand! Y RSNE2Y HAnAHO® 2 S 02y &ixk RN Bqudlly parsinogidS £ & ¢
and included all predictor variables from these models in the final model for each forage group. We

used the root mean square error (RMSE) and coefficient of determinatfpmo(Rssess the predictive

ability of themost parsimonious models. Predicted scores were generated withfal@@ross
GIftARIFIGAZ2Y 6aO0FNBGE LI O1F3IST YdzZKY Hanyovd ¢2 LI 240
gl tdzSa 2F FodzyRIyOS dzaAy3a (KS SYO3) We Pougeded A 2y 0 @ S
NEBadzZ Ga adradAraacAdortte arxayAFTFAOLYyd G b I' nonpod |

3.3.RESULTS

3.3.1. Comparison of stand characteristics among sites

InmostNSRs, stand basal area, QMD, SPH, and canopy cover increased through time following timber
harvest or wildfire, anépproached or exceeded the values observed in caribou use sites;#9 31
years postdisturbance(Figures 3.1, 3,2.3. In theCentral MixedwoodandLowerand Upper Boreal
Highlands basal area, QMD, SPH, and canopy cover generally increased more quickly in cutblocks
compared to wildfire sites (Figures 3.13)3.Stand structural characteristics exhibited similar recovery
trends across the four NSRs (Figure.Zutblocks typically achieved a basal area of 20vart or

greater as early as 21 years ptostrvest, with basal area being slightly less inltbeverand Upper

Boreal Highlanddn wildfire sites, the development time for basal area, QMD, and canopy cover
generally took longr; up to 3140 years postvildfire to reach comparable values in similagiged
cutblocksand older caribou use sitg¢Eigures 3.1, 3.2). Considering stand compositiecjduous basal
area was generally low in caribou use sites inFbethills andLower and Upper Boreal Highlands
(Table 3.1). Eciduousbasal area was generally greatercutblocks compared to wildfire sitesnd by
21¢30 years postlisturbance values were greater in cutblocks compared to caribou use(Bitpse

3.1). In theFoothills we did not observe any deciduous trees in the wildfire site20121%30, 31t 40
years postdisturbance (Figure 3.1¢ountsof coniferous saplings eve greater inearlywildfire sites
compared to cutblockand caribou use site§igures 3.3, 3.4. Soil depth wagreaterin caribou use sites
compared to recently disturbed cutblock anaddfire sites (Figure 3, 3.4.
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Coarsewvoody debris wagenerallymore abundant in the wildfire sites compared to cutbl@cid
caribou use ises until at least 2@ ears postdisturbance(Figures 3.3, 3.4. In all NSRsvyildfire resulted
in high initial amounts of CWD which then decreased over time, and ¢403/ears postisturbance
CWD in wildfiresites was similar to amounts in cutblock and caribou use sites (Figure 3.4).

For caribou forbs, we did not observe clear patterns among sitestypany NSR (Figure 3.5, 3.8).

Caribou licherabundancewas low in both recent cutblocks and wildfire sites across NSRs (Figure 3.
Caribou lichens were less abundant in cutblock and wildfire sites compared to caribou use sites until at
least11¢20 years postlisturbance (Figue3.5, 3.8). Caribou lichens were generally more abundant in
wildfire sites compared to cutblock sites by¢2D years postlisturbance (Figure 3.5)

Compared to caribou use sites, moose forbs were more abundant in early cutblock and wildfirecsites (O
20 years postlisturbance)n the Upper Boreal Highlangsind in recent cutblocks in tHeoothills

(Figures 3.6, 3.8)n alINSRsmoose saplings were generally less frequent in caribou use sites than in
cutblock and wildfire site@~igures 3.6, 3.8). Moose saplimgzreased with increased time since
disturbancein cutblock and wildfire sites (Figure 3.6). Moose shrub abundance was generally greater in
cutblocks compared to caribou use sites across NSRs (Figure 3.6)@8g shrubs weralsomore

abundant in wildfire siteshan caribou use sites in th€entral Mixedwoo&ndUpper Boreal Highlands
(Figures 3.6, 3.8).

Bear forbs did not differ amoniSR or site type (Figw8.7, 3.8). Bear shrubs were more abundant in
cutblock sites when compared to caribou use sites inGeatral MixedwooandFoothills irrespective

of time since disturbance (Figw8.7, 3.8). Abundance of bear shrubs was generally greater in
cutblocks than wildfire sites across NSRs (Figure 3.7). Bear shrubs were not observed in caribou use
sites in theUpper Boreal Highlangseventing statistical comparison with disturbance type.

Complete model results are the Appendix (Tables AGA20).
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3.3.1. Figures
A) Basal area (BA.Alive)

B) Deciduous basal area (BA.d.Alive)
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Figure 31. Mean values of stand characteristicsBgsal are

a (BA.AliveB)Deciduous basal area (BA.d.Aliv€)Quadratic mean

diameter(QMD), and D) tems per hectare (SPidpmpared between disturbance type and time since disturbance across natural
subregions. Error bars represent standard error (SE) of the mean. Both mean and SE were calculated from the raw data.
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Figure 3.2Magnitude and significance of coefficients representing the effect of disturbance type and time
since disturbance (disturbance class) on stahdracteristics (timber supply metricagcording to natural
subregions Central MixedwoodFoothills Lower Boreal Highland&pper BoreaHighlandg. Reference
OFdS32NR Aa &AGNY I WAliveNhasa alegdisieSreds)BAd. Aid+dRdEldoQs badal
area(alive trees) QMD = quadratic mean diameter, SPH = stems per hedirmbersbelowstrips at top

of figure refer to time since disturbance (in years). Circles represensigoificant effects, squares

represent significant effects. Red and blue symbols indicate negative and positive coefficient estimates,
respectively. Size of symb@presents the magnitude of the cogfifent estimate.Coefficient estimates

and corresponding {qvalues were derived frol@LMs(Tables AGA9).
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A) Canopy cover B) Coniferous saplings
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Figure 33. Mean values of stand characteristics A) Canopy cover, B) Coniferous saplings (count), C) Coarse woody debris (CWD),

and D) Soil depth compared between disturbance type and time since disturbance across natural subregions. Error bars represen
standard eror (SE) of the mean. Both mean and SE were calculated from the raw data.
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Figure 34. Magnitude and significance of coefficients representing the effect of disturbance type and time
since disturbance (disturbance class) on stand characteristics according to natural subré&gatral
Mixedwood Foothills Lower Boreal Highland&Jpper Boreal HighlandsReference category is strata

W/ | NR 6 2 dz dzaC¥=cdanmopy c@v&ENZcdnilerous sapling®WD =coarse woody debris

(including snags and stumpsyD= il depth Numbers below strips at top of figure refer to time since
disturbance (in years). Circles represent ssignificant effects, squares represent significant effects. Red
and blue symbols indicate negative and positive coefficient estimates, respectively. Size of symbol
represents the magnitude of the coefficiergtenate. Coefficient estimates and correspondingglues

were derived fronGLMs(Tables AOcAL3).
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A) Caribou forbs B) Caribou lichens
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Figure 35. Mean values of forage groups A) Caribfoubs, and B) Caribolichenscompared betweenlisturbance type and time

since disturbance across natural subregioBg.or bars represent standard error (SE) of the mean. Both mean and SE were
calculated from the raw data.
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A) Moose forbs B) Moose saplings
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Figure 36. Mean values of forage groups A) Moose forbs, B) Moose saplings, and C) Moose shrubs compared between disturbance

type and time since disturbance across natural subregions. Error bars represent standard error (SE) of the mean. Botl Blan an
were calcuated from the raw data.
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A) Bear forbs B) Bear shrubs
30 Central mixedwood || Foothills ||Lower boreal highlandsHUpper boreal highlands| 10 Central mixedwood || Foothills ||Lower boreal highlands||Upper boreal highlands|
L L
n n 8
+ +
© 20 o]
> >
Q Q 6
(s} s}
= =
@ @
o 4
[} [}
Q.10 o
c c
© ©
(<} (] 2
= =
0 0 Q O D oS P S Q
V4 / / 7/
Q RN N
Time since disturbance (years) Time since disturbance (years)

B Cutblock [l Wildfire [ Caribou use

Figure 37. Mean values of forage groups Bearforbs, and B)Bear shrubsompared betweenlisturbance type and time since
disturbance across natural subregiorBear shrubsvere not observed y W2 A £nRAFQA NaS(iFNdMilE AY A B A RN (0 dda 4 I

in Lower Boreal Highlandeandcaribou use sitetn Upper Boreal Highland&rror bars represent standard error (SE) of the mean.
Both mean and SE were calculated from the raw data.
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Figure 3.8 Magnitude and significance of coefficients representing the effect of disturbance type and time
since disturbance (disturbance class) on forage groups according to natural subreQentsa(

Mixedwood Foothills Lower Boreal Highland&Jpper Boreal HighlandsReference category is strata

W/ | NR 6 2 dz dz&aCS forhi=ncaridd foNgE . di€hens = caribou lichend, forbs = moose forbs\.
saplings = moose saplings, M. shrubs = moose shlbf®rbs = bear forh8. shrubs = bear shrubs;
Numbersbelowstrips at top of figure refer to time since disturbance (in years). Circles represent non
significant effects, squares represent significant effects. Red and blue symbols indicate negative and
positive coefficient estimates, respectively. Size of symdqmesents the magnitude of the coefficient
estimate. Coefficient estimates and correspondinggbues were derived from GLNBables A14A20).
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3.3.2. Relationships between stand characteristics and forage groups among sites
Caribou forage

In cutblock sites, the abundance of caribou forbs decreased with greater basal area in all NSRs except for
the Central MixedwoodFigures 3.9). Caribou forbs decreased with greater canopy cover in cutblock sites in
the Central MixedwoodandFoothills andincreasedwith greater canopy covean the Lower andUpper

Boreal Highland&igure3.10. Caribou forbs increased with greater time since disturbance in cutblock sites
(Figure3.9). In wildfire sites, an increase in deciduous basal area had a negative effect on caribou forbs
(Figure3.9). In caribou use sites, caribou forbs increased with greater basal area in all NSRs except for the
Foothills(Figure3.10. In caribou use sites, greater deciduous basal area had a positive effect on caribou
forbs in theCentral Mixedwoogdand a negative effect in theoothills(Figure3.10). In all sites, cavou forbs

were less abundant in areas with greater soil depth (Fi@ude Based on cross validation, final models for
cutblock, wildfire, and caribou use sites explained 19.7%, 30.8%, and 31.9% of the observed variability of
caribou forbs, respectively (Figuié).

There were fewer forage lichens for caribou in cutblock sites with greater amounts of basal area and
deciduous basal area (FiguBe). In both cutblock and wildfire sites, caribou lichens increased with greater
time since disturbance (FiguB9). In wildfire sites, caribou lichens were negatively affected by basal area

in the lower andJpper Boreal Highlandand positively affected by basal area in entral Mixedwood

(Figure 311). In wildfire sites, caribou lichens decreased with greater canopy @oviee Central

Mixedwoodbut increased with greater canopy cover in theothills(Figure 311). In all sites, caribou

lichens decreased with greater soil depth (Fig8u®. Final models for cutblock, wildfire, and caribou use

sites explained 23.0%, 30.9%, and 47.7% of the observed variability of caribou lichens, respectively (Figure
A7).

Moose forage

Moose forbs were more abundant in cutblock sites in @entral Mixedwoodvith greater basahrea but

were less abundant in cutblock sites with greater deciduous basal area (&&y9r8.12). In cutblock sites,
moose forbs decreased with greater canopy cover inGeatral Mixedwoodnd increased with greater
canopy cover in th&Jpper Boreal Highland&igure3.12). In wildfire sites, moose forbs decreased with
greater counts of coniferousaplings andlecreased with greater canopy cover in all NSRs except for the
Foothills(Figures 3.9, 3.12). Conversely, soil depth had a positive effect on moose forbsldfire sites
(Figure3.9). In caribou use sites, basal area had a negative effect on moose forbs @G8ukowever, at a
greater soil depth in caribou use sites, moose forbs increased with greater basal area AB)gtiaal

models for cutblock, wildfire, and caribou use sites explained 14.4%, 23.9%, and 34.5% of the observed
variability of moose forbs, respectively (Fig@®.
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Moose saplings were less abundant as basal area increased in cutblock sites (Eig3ré3. In cutblock
sites, moose saplings were positively and negatively affected by canopy covetdppbe Boreal Highlands
and theCentral MixedwoodNSRs, respectively (Figldd.3. In contrast, canopy cover had a positive effect
on moose saplings in tHeower Boreal Highlangdand a negative effect in theoothillsin wildfire sites
(Figure3.13. Moose saplings decreased with time since disturbance in cutblwtkvédfire sites and
increased with greater deciduous basal area in wildfire sites (F&j@reConiferous saplings had a positive
effect on moose saplings in cutblock sites, and a negative effect in caribou use sites3E)guinecaribou
use sites in thé.ower Boreal Highlandsnoose saplings increased with greater basal area (F&u8g In

all sites, soil depth had a negative effect on moose saplings (RBd)rédowever, with greater soil depth in
caribou use sites, moose saplings increased with greater basal area (&8yurénal models for cutblock,
wildfire, and caribou use sites explained 28.0%, 34.5%, and 23.9% of the observed variability of moose
saplings, respectively (Figud 0.

In cutblock sites, moose shrubs were negatively associated with basal area, coniferous saplings, and CWD,
and positively associated with deciduous basal area and canopy cover (Bi@uta wildfire sites, moose

shrubs increased with greater basal area in tloever Boreal Highlandshd increased with greater

deciduous basal area in thépper Boreal Highland&igure3.14). Moose shrubs decreased with time since
disturbance in wildfire sites, and increased with greater soil depth in caribou use site® E&®guln

caribou use sites in theower Boreal Highlangdsanopy cover had a negative effect on moose shrubs
(Figure3.14). Final models for cutblock, wildfire, and caribou use sites explained 34.4%, 23.5%, and 17.1%
of the observed variability of moose shrubs, respectively (Figad.

Bear forage

Bear forbs were less abundant in cutblock sites with greater deciduous basal area §8yurewildfire

sites, deciduous basal area had a positive effect on bear forbs rabihills and a negative effect in the
Upper Boreal Highland§igure3.15. Canopy cover and coniferous saplings had negative effects on bear
forbs in wildfire sites (Figurg.9). Bear forbs increased in wildfire and caribou use sites with greater basal
area at greater soil depths (Figubd 2. In caribou use sites in theoothils, bear forbs were positively
affected by basal area (Figusel5). Conversely, CWD had a negative effect on bear forbs in caribou use
sites (Figure.9). Canopy cover also had a negative effect on bear forbs in caribou use sitet owtbie
Boreal Highlandé-igure3.15). Final models for cutblock, wildfire, and caribou use sites explained 9.0%,
18.3%, and 30.7% of the observed variability of bear forbs, respectively (Rig8re

Bear shrubs were not observed in caribou use sites irtUgmger Boreal Highlangdso data from thd.ower
Boreal HighlandandUpper Boreal Highlandsere combined for the analysis of this forage group. Bear
shrubs were less abundant in cutblcehkd wildfire sites with greater basal area, except for wildfire sites in
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the boreal highlands where bear shrubs increased with greater basal area €3gi&16). In cutblock

and wildfire sites, bear shrubs were positively associated with deciduous basal area and canopy cover
(Figure3.9). Bear shrubs decreased with time since disturbance in cutblock and wildfire sites, and
decreased with greater counts of coniferous saplings in all site types (B@rét greater soil depths in
wildfire and caribou use sites, bear shrubs increased with greater basal area @E&igurénversely,

canopy cover had a negative effect on bear shrubs in caribou use sites in the boreal highlandS (Fagure
Final models for cutblock, wildfire, and caribou use sites explained 30.7%, 24.4%, and 63.7% of the
observed variability of bear shrubs, respectively (FigAkd).

Complete model results are in the Appendix (Tables@&27).
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3.3.2. Figures
| Covariate/ interaction | | Factor/ interaction |
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Figure 3.9Summary of final models for each forage group and for each site type (cutblock, wildfire,
caribou use). Circles represent nsignificant parameters; diamonds represent significant parameters.

Red and blue symbols indicate negative and positive effecépeively. Categorical parameters (factors)

and interactions with factors are expressed in grey. Factors and interactions with factors were considered
significant if at least one category was significant. Blank spaces indicate that a paramasenot

included in the final model. Covariates: BA = basal dadlsstatus), BA.d = deciduous basal aréall

status), CC = canopy cover, CS = coniferous saplif@4/D =downedcoarse woody debris, DT = time since
RAaAGdzNBFyOST {5 I &a2Af RSLIWGKT FFEOG2NY b{w T yI {dzNX
parameters. Results were generated from negative binomial GLMs. Please réfppémdix TablesA21¢

A27for the coefficient results for each final model.
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Figure 3.10Predicted abundance afaribou forbs(% cover) based on interactions between NSR (natural
subregion) and covariates: basal area (BA), deciduous basal area (BA.d), and canopy cover (CC). Mappin
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effects, dashed lines indicaggnificant effects.
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3.4.DISCUSSION

3.4.1. Comparison of stand characteristics among sites

Stand basal area, QMD, and canopy cover increased after both disturbance types, and did not deviate from
expected regeneration dynamics following stamgblacing disturbanceSchneider 2002)n many of the

NSRs, basal area, QMD, SPH, and canopy cover increased more rapidly in cutblocks versus wildfire sites,
which could be due to replanting of commercial tree spe¢fdberta Sustainable Resource Development
2006, Pinno et al. 2021Another explanation could be that there were fewer residual trees and CWD in the
cutblocks. Ample free growing space in the cutbloakE00years posharvest could promote the

recruitment of shadentolerant, pioneer tree species like aspétopulusspp.) and birchBetulaspp.)

(llisson and Chen 2007, Bartels et al. 20T8)s seems plausible as we also found that in comparison to
wildfire sites there were fewer coniferous saplings and more deciduous trees in recent cutblocks. The
greater abundance ofaniferous saplings observed in the youngX0 year) wildfire sites suggests that
residual biological legacies, such as propagules, facilitated regeneration of conifer ¢Geemse et al.

1999, Franklin et al. 2002)

The greater depth of soil observed in wildfire sites compared to cutblocks could be due twifuise

legacies. Moreover, the qualitative differences observed between cutblock and wildfire sites could also be
due to predisturbance conditions, since meagful soil genesis would not occur over the timespan of 40
years(Rajakaruna and Boyd 2008, Estrafihegas et al. 2020)

CWD abundance was greatest in the early poidfire sites. This finding was consistent across NSRs and is

in accordance with other studig3inker and Knight 2000, McRae et al. 2001, Yan et al. 2007, Moore 2022)
We also observed high initial inputs of standing dead trees and downed debris and then a decrease in CWL
2O0SNJ GAYS Ay GKS At RTFANDE arldSax (aNGK NBRANS Y ®@idAH
abundancéollowing wildfire(Feller 2003, Yan et al. 200mfrequent CWD in cutbtks was likely due to a

low occurrence of standing dead trees in tandem with the removal of downed debris, possibly for site
preparation and replantingHagan and Grove 1999, Schneider 2002, Alberta Sustainable Resource
Development 2006)

The abundance of caribou lichens was low in cutblocks for up to 40 yearhanosist. In wildfire sites the
abundance of caribou lichens was low for at least 10 yearsfpestConsistent with our results, a large
proportion of terrestrial lichens can kestroyed following severe, larggeale disturbance even{€oxson
and Marsh 2001, Ray et al. 2015, Cichowski et al. 2@22)it can take from 40 to over 70 years for lichens
to regenerate(Brulisauer et al. 1996, Waterhouse et al. 2011, Russell am$dont2019) Theavailabilityof
caribou lichens was generally greater in wildfire sites compared to cutblocks after 10 yeadigbogiance
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in the Central MixedwoogandLower and Upper Boreal Highland$n another study conducted in the
Boreal Highlandsf Alberta, abundance of terrestrial lichen was also greater in-palsifire sites compared
to posttimber harvest sitegNobert et al. 2020)

We found thatboth moosesaplings ananooseshrubs were more abundant in young timber harvest and
wildfire sites compared to the caribou use siteghich is consistent with previous resear&trong and

Gates 2006; McKay and Finnegan 20¥8e observed a decrease in the abundance of moose saplings over
time, which corresponded with observed successional patterns for the plant species associated with this
forage group in boreal forests (Chen and Popadiouk 2002; Bartels et al. 2016).

Bear shrubs wergenerallymost abundant in cutblocksnd wedetecteddifferencesbetween cutblocks of
various age classes and caribou use sitgsss the sampled NSR3ur results were consistent with other
studies that found frudbearing shrubs preferred by bears were abundant in stands following timber
harvest (Nielsen et al. 2004; Souliere et al. 2020; Colton et al. 2021). We found that both moose and bear
shrubs vere sparce or completely absent in caribou use sites (i.e., 0 bear shrulpgpér Boral Highlands

This can be expected considering the successional patterns of shtaterant shrub species (Hart and

Chen 2006) and highlights the different ecological niches of these wildlife species.

We did not observe temporal trends ananydifferencesamong site type focaribou forbs moose forbs,
and bear forbsGenerally, each of these forage groups were as abundant in the diffagad disturbance
sites as in the caribou use sitdfsis possible that because theforage grou contained taxa of dwarf
shrubs, forbs, and graminoids, which could include both sHatigant and-intolerant species, the
different taxa may be more abundant at different successional stages with varying degreesy can
closure(Humbert et al. 2007)

3.4.2. Relationships between stand characteristics and forage groups among sites

We found that successional dynamics differed between timber harvest and wildfire. Some of the stand
characteristics that influenced abundance of caribou lichens in wildfire sites were not important in cutblock
sites. For example, canopy cover was assodiati¢h caribou lichens in wildfire sites, but not in cutblock

sites. Differences between disturbance type were also observed for the forb forage groups. For instance,
greater counts of coniferous saplings decreased abundance of moose and bear forbgiia siitss but

had no effect in cutblock sites. It is possible that-feennant tree structures in wildfire sites provided seed
sources that led to regeneration of coniferous saplings, which then limited the abundance of forbs
(CarletonandMacLellan 1994; Greene et al. 1999; Humbert et al. 2007). We observed greater differences in
the abundance of forage when comparing the disturbance sites with caribou use sites. For example,
abundance of moose shrubs, moose saplings, and bear shrubsajgricreaseadvith increased time

since disturbance in wildfire and cutblock sites, but not in caribou use sites. These three forage groups were
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largely comprised of pioneer plant taxa, and likely decreased with fiolewing post-disturbance
successional patterns (ChandPopadiouk 2002; Haend Chen 2006; Bartels et al. 2016). Moreover,
moose shrubs, moose saplings, and bear shrubs were relatively scarce in older sésm®kc{ion 3.3.1

Some stand attributes had similar effects on forage groups regardless of site type. For example, soil depth
limited the abundance of caribou forbs, caribou lichens, and moose saplings in all site types. Deeper soils
typically hold more water and nutrientsgflecting hydric, nutrientich edaphic conditions (Rajakaruaad

Boyd 2008; Estrad¥illegas et al. 2020), which can restrict the growth of terrestrial lichens in favor of
competitors like mosses (CoxsandMarsh 2001; Nobert et al. 2020; Cichowskakt2022). In these sites,
caribou forbs may have been outcompeted by mosses and some species of woody shrubs §8dxson
Marsh 2001). Additionally, stangplacing disturbances often degrade soil, resulting in shallower soils in
recently disturbed stands (McRae et al. 2001; Bowd et al. 2019). In young cutblock and wildfire sites with
abundant moose saplingsdeSection 3.3.}, the depth of the organic layer of soil was likely reduced
following disturbance (Greene et al. 2007; Jean et al. 2019). Canupy ltad a positive relationship with
moose and bear shrubs in both cutblock and wildfire sites. This was likely a result of the early seral forest
conditions (e.g. light availability, soil properties) facilitating the growth of vascular plants (Nuzamet

al. 2000; Jean et al. 2019). Moreover, the shadelerant moose and bear shrubs likely remained

abundant following disturbance until the canopy restricted light availability beyond the physiological
requirements for those plants (Humbest al. 2007Hartand Chen 2008).

The impacts of stand characteristics on availability of forageed among forage groups. Caribou lichens
increased with time since disturbance while moose saplings and bear shrubs decreased with time since
disturbance in botltutblockand wildfire stands. Vascular plants are often more abundant in recently
disturbed forest $chrempp et al. 2019; McClelland et al. 202&ereas terrestrial lichens are often
diminished following disturbance and gradually regenerate over time (Dunford et al. R086elbnd

Johnson 201 In cutblocks in our study area, basal area of deciduous trees had positive relationships with
abundance of moose and bear shrubs, but negative relationships with caribou lichens, moose forbs, and
bear forbs.In boreal forests in Ontarigercent cover of the shrulayer was greatest in stands dominated

by deciduous overstory, whereas percent cover of wascular species was greatest in coniferous stands
and increased with time since disturban@¢art and Chen 2008n our study the esteblishmentof moose

and bear shrubs may have constrained the growth of smaller understory vegetation, such as forbs, dwarf
shrubs, and graminoids (Nguyuan et al. 2000; Jean et al. 2019).

For some forage groups, we found contrasting effects of stdnadlacteristicon forage abundance among
natural subregions. For example, greater basal area increased caribou lichenEentingl Mixedwoogd
but the abundance of lichens was less in thever and Upper Boreal Highland€anopy cover had a
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positive relationship with abundance of moose saplings inGkatral Mixedwoodind a negative

relationship in theUpper Boreal Highland&urthermore, bear shrubs were not observed in any of the
caribou use sites sampled in thipper Boreal HighlandBISR€an vary in a suite of environmental
characteristics, such as forest type, dominant vegetation, amount of annual precipitation, and soil
conditions (Table .b; Natural Regions Committee 2006). Therefore, it is not surprising that overstory
attributes, sich as basal area and canopy cover, had differential effects on the abundance of understory
vegetation, such as lichens, shrubs, and forbs.

3.4.3. Implications for management

For stand characteristics related to merchantable timber (i.e., basal area, QMD, SPH), t#isjoosance
recovery rates in the cutblocks surpassed those in the wildfire sites. @03/kars posharvest, stand
characteristics in cutblocksere similar to or even greater than those in similaabyed wildfire sites and
older caribou use sitesrom the perspective of timber production, forest growth following timber harvest
was better than following wildfire. However, thoenber harvestsites likely reeived silvicultural

treatment including planting of commercial seedlings and treatments to reduce competition from,brush
which would bolster timber productio(Schneider 2002; Pinno et al. 2021).

Timber harvesting did not result in a greater production of all stand characteristcgxample, caribou
lichens were sparse in cutblocks and generally increased more quickly after disturbance in wildfire sites.
Additionally, counts of coniferous saplings and CWD wegreatestin recently burned stands when
compared to cutblocks and stands used by carilidhe presence of fireemnant tree structures, downed
debris, and exposure of mineral soil in young wildfire sites may have provided seed sourcesiknsiil
that facilitated the regeneration of prdisturbance species, including conifers (Carleton and MacLellan
1994; Greene et al. 1999; Franklin et al. 2002pur study area, pogtarvest site preparation typically
included the removal of dead woody structures (McRae et al. 280fineider 20Q02Alberta Sustainable
Resource Development 20P6Gor adaptive forest managemenif timber harvest is striving to emulate
wildfire, then effortscould be made to retain standing dead trees and downed wodelgris (Franklin et al.
2002; Lindenmayer et al. 2012).

Timber harvest and wildfire remove overstory canopy, promoting the growth of early seral vegetation, such
as forbs, shrubs, and saplings (Bergqvist et al. 2018; Schrempp et al. 2019). The availability of essential
forage for moose and bears wasstpronounced in cutblock sites. Our results also demonstrated that

even 3%40 years posharvest, ample forage for both moose and bears was still available in cutblocks,
whereas a preferred food source for caribou, terrestrial lichens, was still limiedalso éund that forage

for moose and bears was positively associated with early seral conditions in cutblocks (e.g., presence of
deciduous treeg Section 3.3.2). Therefore, the natural regeneration of competitive, bteated tree
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species, like aspen and birch (llissord Chen 2009; Bartels et al. 2016), following timber harvest could
facilitate the growth of forage favored by moose and bears, while also limiting the growth of important
forage for caribou. In our study area, commercially valuable hardwood species likeagpestocked

(Pinno et al. 2021; Alberta Agriculture and Forestry 2023), which could provide forage for moose, and
indirectly increase forage for bears. Timber harvest typically includes the removal of stdedithgrees

and downed CWD (Hagand Grove 1999; Schneider 2002), which could also encourage the growth of
large shrubs preferred by moose ahdars andconstrain the abundance of forage lichens for caribou.
Combined our results suggest that pesisturbance mechanisms influencing vegetation communities could
attract moose and bears, thus, reinforcing apparent competition and predation risk for caribou. These
responses could be even more pronounced in recent cutlsloa& both moose and bears select hatgds
stands with ample forage (Leblond et al. 2016; Mumma et al. 2021; MaHyinnegan, 2023), and where
forage lichens for caribou are typically scarce (Section 318.parts of westentral Alberta that overlap

with our study area, black bears were attracted to hardadstks that were occupied by deer (McKay and
Finnegan 2022). Caribou may avoid recently disturbed forest, especially timber harvested areas, to avoid
predation risk and due to a lack of preferred fora@®mnsequently, caribou may select older stand
dominated byconifers ormove to highelevation habitats that are typical of mountain caribou in this
system and others (Poole et al. 2000; Williams et al. 2021).

Our results demonstrate that disturbaneeldlife habitat relationships can vary between disturbance types
and among ecosystem subtypes with differential effects that could influence broader community dynamics
(e.g., competition, predation).
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4. ASSESSMENDF CUTBLO®@KID WILDFIRE SITES FOR THEIR
ABILITY TO PRODUCE FUTURE WOODLAND CARIBOU HABITA

4.1.BACKGROUND

The composition, structure, and function of boreal forest ecosystems are influenced by disturbance (Weber
and Flannigan 1997; Dale et al. 2001; Gauthier et al. 2015). Across Canadian forests, wildfire has been the
dominant natural disturbance and timber hestingisthe leading anthropogenic disturbance (Weber &
Flannigan 1997; Masek et al. 2011; Venier et al. 2014). Timber harvest and wildfire cap@isystem

services that are provided by forsstand the impacbn ecosystem servicesill depend on the type, size,

and severity of the disturbance (McRae et al. 2001; Thom and Seidl 2016).

Boreal forests in Canada provide a suite of ecosystem services, including the provisioning of timber
products and habitat for wildlife (Burton et al. 2006; Saarikoski et al. 2015). For some spéiies,

disturbance results in habitat loss, fragmentation, or degradatidm|e for other speciedisturbance may

have positive impacts, includimgcreasedood supply(Fisher and Wilkinson 2005; Ripple et al. 2015;

Souliere et al. 2020More specificallypreferredwinter forage of cariboulike terrestrial lichens s often

less abndantin recently disturbed forest (Russell and Johnson 2019; Best et al. 2024). Conversely, vasculal
plants,like shrubs and forbs, favored by ungulates like mg@sewell as omnivores like beaase typically

more abundanin early seral forest (Coxson and Marsh 2@@tClelland et al. 2023phnson and Rea

2024)

Timber harvest and wildfire profoundly change plant communities of boreal and montane forests (Bergeron
et al. 1999; Burton 2013). However, the recovery trajectories of understory vegetation and stand
characteristics can vary between the two disturbangeety (McRae et al., 2001; Bergeron et al., 2004;

Bartels et al., 2016)stablishment and regeneration of tree species may differ following timber harvest and
wildfire, which will directly affect the growth and abundance of understory vegetatignchincludes

forage for wildlife (Greene et al. 1999; llisson and Chen 2009; Best et al. 2024). In areas prone to
disturbance, effective management will need information that considers the complexity of the landscape
and forest dynamics following both timber hasteand wildfire (Seidl et al. 2011; Whitman et al. 2017).

In the absence of repeated field sampling spanning decades, fdeesiopmentmodels are useful tools

that canpredictstand dynamics following disturbance events (Seidl et al. 2011). Forest models generate
projections of stand structure and composition over time with a focus on tree attributes (Bugmann and
Seidl 2022). These models also consider stamdl conditions, sch as site productivity (Bokalo et al. 2013;
Bugmann and Seidl 2022). When considering the provision of wildlife habitat ovedymeic forest
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models can be used to project future stand development and be used to inferrhpartant components
of wildlife habitat, such as forage withange(Bugmanret al. 2017; Lafond et al. 2017)hs framework
allowsfor the impact oftimber harvest and wildfiren wildlife habitat to be projectethto the future
(Bugmann et al. 2017; Cristal et al. 2019).

We used forestlevelopmentmodels to generatdéuture projections of multiple stand characteristics in sites
that had been harvested fdrmber or burnedin wildfires (see Figuesl.2¢1.4 for site locations)Welinked

our statisticalforagemodels(described irSection 3.3.2)o the output of the forest models tprojectfuture
provisioning of forage for caribou, moose, and bears in cutblock and wildfire sitesoMfgared model
projections forcutblock and wildfire sites tempirical data collected at caribou use sites. That comparison
allowed us to assess the temporal trajectory of forage for caribou, moose, andreéatrge to undisturbed
forest types typically used by boreal and mountain caribou.

4.2.METHODS

4.2.1. Mixedwood Growth Models

We used mixedwoodrowth models (MGM) taimulate stand developmerior cutblock and wildfire sites
(MGM21, MGM Development Team 2021). M@\nindividual treebased growth model designed for
boreal forests of western Canada (Bokalo et al. 2013). The nsdistanceindependent anccansimulate
stand development underarious management practices (Bokalo et al. 2013; Johnson et al. 2022).

We initialized the model with tree and sapling data collected from 250 cutblock and 259 wildfire sites
during the field surveyd-{gure4.1; described in section 1.3.2Ve inputDBH, height, and speciés all live
trees greater than £m DBH In MGM, saplings are defined as DBH < 4.0 cm and height < 1.3 m (MGM
Development Team 2021Faplingdensities were available from the empirical field survey data, but

specific DBH and heights were not recorded in tbkfiSaplings in MGMvere initialized by usig the

measured field densities, aradrandom number generatavas usedo assigrS | O K DiBNERge & 2.0

3.9). We usedspeciesspecific formulas described in Huang et al. @0 calculate height based on DBH
values for saplinggo adhere to the specifications for saplings in MGM, we limited the maximum count of
saplings to 100 per species per site. For esanfulatedplot, we providedGM withstand age (i.e., time

since disturbance), measurement year, region (i.e., Alberta), subregion (i.e., NSR), climate moisture index
(CMI),and thesite index values for theimulatedspeciegwhite spruce, black spruce, pine (jaak o

lodgepole), and trembling aspgWe derived CMI values for sites using the Alberta provincial CMI raster
layer (Climate NA v. 6.11; MGM Development Team 2021). Site index values were estimated using guides
for ecosite within the province of Alberta (Bjelanovic and Comeau 2019; Come@y 202
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We used the batch function of MGM (MGM Batch Maco v1_6; MGM Development Team 2021) to project
future tree growth and survival for cutblock and wildfire sit@ise start yeaiof each simulation waset to
the year the site was sampled (i.e., 2021 or 2022) stands wer@rojected 100years into the future with
output of stand structurefor each plot ata 10-year interval. We included an establish event at the start
year, followed by groth and record events every 10 years. Therefore, we projected treethrand
survival to the years 2121 or 2122 with a stand age rangell¥2years. Because we provided empirical
sapling data to initialize the model, we did not include additional regeneration ev8tgsndex influences
growth potential within a stand (Bokalo et al. 201Bp account founcertaintyin estimated site index we
simulated each plotvith three different site index values. We defingttermediatesite index levels as
those estimated using ecosite guides (Bjelanovic and Comeau 2019; ComeaUdd®@2@¢ index levels =
intermediate¢ 2, andhighsite index levels = intermediate + 2.

The MGM output included starl@vel summaries and full tree lists for each site. We processed the output
dataprovided by MGM to fit the requirements of the forage modétgy(re4.1; described in Section

3.2.2.2). For basal area variables, we excluded any trees with DBH < 5 cm, which would be considered
saplings based on our field data collection protocol (Section 1.3.2). We incorporated snags and stumps into
basal area measurements byst determining the proportion of standing dead trees (snags + stumps)
compared to all woody debris (downed CWD + snags + stumps) from our empirical data collected at all
sites. Next, we multipliedMGM stand basal area values of dead trees by the proporntibstanding dead

trees to all woody debri§roportion =0.485), then added the resulting amount to the MGM stand basal

area valuesToestimate counts of downed CWD, we first took the density values of dead trees provided by
MGM and divided by 100 to represent counts at the géatel (100m? plot). Next, we multiplied the count
values by the proportion of downed CWD compared to all woody debris (proportion = 0.515). To estimate
counts of coniferous saplings, we calculated the sum of coniferous trees with DBH < 5 cm from the tree lists
provided by MGM. Because MGddtput for the initialization year (i.e., 2021 or 2022) did not include any
dead trees, we replaced these values with our empirical data for basal area, deciduous basal area, and
downed CWD.
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Figure4.1l. Schematic of the preparation of data for mixedwood growth models (MGM) and forage models.

4.2.2. Forage models and data analysis

We used thestatisticalforage models anébrest projections frorMGM to project forage availability in

cutblock and wildfire sites over 100 years atyiar intervals (Figurd.17, Table A28 We constrainedime

since disturbancéo a maximum limit of 60 year3he60-yeartimeframereflected the approximatetime

for forage lichesand caribou habitato recoverfollowing wildfire(Joly et al. 2003; Rudolph et al. 2019;
RusselandJohnson 2019). Additionally, we set a maximum limit of 50 for counts of downed CWD to better
reflect the state space of the empirical dakeor soil depth, we used the empirical values measured during
field collection. The formation of new soil is a relativelyw processand we would not expect the depth to
change drastically over a period B30 years (Stockmann et al. 2014)S dza SR (1 KS WhBRBRA O
incorporating the forage models and MGM output data to project forage values for each cutblock and
wildfire site at 10year intervals. We repeated the process for MGM datasets at each site index level (low,
intermediate, high).

We compiled the projected values for forage groups from each site index level. For each forage group
variable, wecalculatedrelative effect size bysingan ANOVAhat included the factors disturbance type
Odziot 2012 At RTFANBOZ b{wX aAiGS AYRSE 06ft262 AyiGS
AYUGSNI OGA2ya RAAGAZINDI yOS (GeL)S P b{w YR &aA0S AYF
package, Beishachar et al. 2020) based tmtal and partial sums of squares to calculate the effect size

0 LJ- N3jiof éach parameter. All statistical analyses were performed using R v. 4.1.3 (R Core Team 2022).
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4.3.RESULTS

We found that site index did not explain much variance of the projected values for the stand characteristics
or forage groups (Tables A2R31) Therefore,the followingresults are based on the data generated with
the intermediate site index level.

4.3.1. Stand characteristics projected over time

In all NSRs, basal area (BA.Alive) was projected to increase with time since disturbance in cutblock and
wildfire sites (Figure 4.2Basal area in cutbloclksd wildfire sitegeached valuesimilar to thosen

caribou use siteas early ayear10, then exceeded those values with greater time since disturbance
(Figure 4.2)Basal area of deciduous tre@®A.d.Aliveyvas projected tanitially increase in cutblock and
wildfire sites with time since disturbance, then stabilize or decrease with time (Mg@ré®eciduous basal
area in cutblock and wildfire sites reached or exceeded values in caribou use sy b§. In the
Foothillsand Upper Boreal Highlandsleciduous basal area reached greater projected values in wildfire
sites compared to those in cutblock and caribou use sifemdratic mean diameter was projected to
increase over time in cutblocks and wildfire sites ilN8Rs andxceeed values in caribou use sit@sas

few as10 projected yeargFigure 4.4)Both basal area anQMDwere projected to be greater in cutblocks
compared to wildfire sites i€entral MixedwoodndLower Boreal HighlandBrojected time explained the
most variance of the projected data for QMD (Table ARBall NSRs, stems per hectare was projected to
initially increase followed by a gradual decrease over time in cutblock and wildfirdBSigese 4.5)In

cutblock and wildfire sitesSPHeached similar values as in caribou use dites year30¢40 (Figure 4.5).
Based on the effect sizes from an ANOMAjected time explained the most variance of the projected data
for basal area, QMD, and SPH (Table A29). The interaction between disturbance type and NSR explained tl
most variance of the projected data for deciduous basal area (Table A29).

In cutblock and wildfire sites in all NSRs, canopy cover was projected to increase with greater time since
disturbance and reach values exceeding those in the caribou use sites @guhe cutblocks in all NSRs,
canopy cover was greater than values in caribou use sites at the initialization year. Conversely, in wildfire
sites, canopy cover exceeded values in caribou use sitgednt0. Counts of coniferous saplings were
projected to decrease over time in both cutblock and wildfire sites in all NSRe amaich countdess than
thosein caribou use sitearoundyear30 (Figure4.7). In all NSRs, downed CWD was projected to initially
increase, then decrease in cutblock and wildfire sites with greater time since disturbance é-&ure

Counts of downed CWD in cutblock and wildfire sites were projected to reach similar counts in caribou use
sites (Figurel.8). Projected ime explained the most variance of the projected data for canopy cover,
coniferous saplings, and downed CWD (Table A29).
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When we discretized cutblock and wildfire sites by initial stems per hectare, we found that projected values
for basal area (BA.Alive) followed similar trends over time (Figure 4.9). However, the category with the
lowest initial tree density (SPH < 1008ached lower maximal basal area values, which were similar to
those observed in caribou use sites (Figure 4.9). Additionally, at an initial SPH ¢i29@9®(basal area

valuesin cutblockswere greater than those in wildfire sites in thewer Boreal Highhds For deciduous

basal aregdBA.d.Alive)at the lowest initial SPH (< 1000), projected values were greater in wildfire sites
than cutblocks in thé&oothillsandUpper Boreal Highland&igure 4.10). Conversely, at the intermediate

and highest initial SPH, projected values were greater in cutblocks compared to wildfire sites in the
Foothills Moreover, at the highest initial SP#{3000), deciduous basal area reached the greatest values in
cutblocks in theCentral MixedwooandLower Boreal Highlandat an initial SPH of 10@2999, deciduous
basal area in cutblocks reached similar values as in caribou use sites in most of the sampled sites (Figure
4.10).
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4.3.1.Figures
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Figure 4.2. Mean values bhsal area (BA.Aliveprojected over 100 years itutblock and wildfire sites
across natural subregions, amdmpared to empirical values in caribou use sites. Values of cutblock and
wildfire sites generated from MGM. Values of caribou use sites based on field data collectgatojected
time, O represents sampling year 2021 or 2022ror bars represent standard err@BE)f the mean.
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Figure 4.3. Mean values diciduous basal area (BA.d.Aliveyojected over 100 years in cutblock and
wildfire sitesacross natural subregions, am@mpared to empirical values in caribou use sites. Values of
cutblock and wildfire sites generated from MGRNbr projected timeQ represents sampling year 2021 or
2022 Values of caribou use sites based on field data collected. Error bars represent standanf@&Ejodr

the mean.
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