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Introduction

Background

Since 1999, thMlinistry of Forests (FORhas annually completezkrial overview surveys (AOS) across
the province to capture curreamdvisible forest health impactaused by insects, pathogens, animals and
abiotic factorsThe aerially captured datae supplemented with additional forest health information that
is collected from detailed helicopter surveys, ground surveys, insect trapping/tree beatavigsy of
damage sampleand ground checkbat are completeby trained personnel.

Approximately 60% of British Columbia (B.C.) is forested, covering close to 55 mhigmaregha).
Currently, 22 million ha are public forest lands that are subject to forest management agreements (also
referred to as the timber harvesting ldvabe). The annual AOS program objective is to survey as much
forested land as possible, regardless of land ownership or tenure, and cover a minimum of 80% of the
province (~76 million ha). Surveying is completed by certified contractors in each forest region (Coast,
Thompson Okanagan, Cariboo, Omineca, Skeldogheasiand Kootenay Boundary) between June and
October.Upon completion othe survey the spatial datare digitized, reviewed and collated. Dadge
summarized by forest health factforest egion andimbersupply area (TSA,Figure 1).

—
TSA Code TSA Narme
Carlboo Natural Resource.
TMH 100 Mile House TSA
TwL Williormns Loke TSA
Tou Guesrel TSh

TAR Arrow T5A
TeO Boundary TSA
T Cranbrook TSA
TG0 Golden Th
[ Invermere 154

ne Revelstoe 154

Tsa
TN FortNelson T84
i) Fort St 1ohn TSA
Resource
MacKenze T5h

Prince Geonge TSA
Rodson ValeyTSA

Omineca!

THK

e

TRY

™ Noldoy TSA
TeA Cossiar TSA
TGON

™

TV

A

™o

A

GBR North TSA
Kispiox TSA
Kalum T4
Lkes TSA
Morice TSA
Noss TSA

‘South Coast Natural Resource.
TR FreaerTsh
TSC Sunshine Cosst TSA

TS0 SooTSA

5 -

Reglon

™A Komioop: TSA
T Ullocet TSA
™ Mot Tsa

oK Oonagen Tsh

“West Coast Natural Resource Region

Tas Arrowsmt TSA
TGN GIIR North TS4
Tcks Gaisouth 154
TiC Taida Guall T5A
e North ioland 154

"TGBN i3 i 0t the Skeeno and West Coast Natural
Resonn Rogions

Figure 1. Map of British Columbia Ministry of Forests Timber Supply Areas and Forest Region Boundaries.




2022 Summary of Forest Health Conditions Report

The AOS dateaare a valuable source of forest healttiormationthat is collected in a timely and cest
effective mannerand is the cornerstone of forest health monitoring in Bl@wvever, t is important to

note that there are limitations with how and when the data is collected. Not all damage is captured
consideringnot all forest health factors produce distinct aerial signatéeditionally, visibility, survey

timing and the elevatiomt which surveying is completedan result innot capturing all forest health
damage, plushereis variability in the spatial accuracyf mapped impactsThe AOS data is aoarse
dataset anthe annually capteddataarenot cumulativg'seeMethodssection)

The AOS datasets provide invaluable historical information on the patterns of disturbance across the
forested landbase and thisnformation is utilized for a variety of purposes by government agencies,
industry, academia and the public. The AOS is use
efforts related to forest health, for input into timber supply analgeelsanalyses related to climate

change and carbon accountirgdditionally, the datareincluded as national indicators for sustainable

forest managemehandinput into the National Forest Pest Strafegy

This report summarizes the results of the 2022 AOS, forest health operations, special surveys and
research projects completed by each forest region.

2022 Summary

A total of 620.6 hours of fixedwinged aircraft flying time (includes surveying and ferrying times) over
113 days were completed betwedualy 9 and November2, 2023 (Table 1). Approximately 73,714 ha
weresurveyed, covering 78% of the province. The annual objective is to survey a minimum of 80% of the
province however surveying was hindered in select regions due to poor weather andi$mokepped

area for 2022 (flight lines) is illustrated figure 2.

For 2022, the leading damage agents were biobicsidering it was not a significant wildfire or drought

year Figure 3). In the past ten years, wildfire seasons of note have included 2017, 2018 and 2021.
Wildfire and drought related mortality significantly declined in 2022, impacting 7,059 ha and 799 ha
respectively. Bark beetle impacts also declined in 2022, with the least amount of area impacted in over
ten years 4,308602 ha; Figure 4). This is attributed to drastic decreases in mountain pine beetle
(Dendroctonus ponderosatBM), spruce beetlediendroctonus rufipennidBS) and Dougladir beetle
(Dendroctonus pseudotsugd8D) activity. At the peak of the IBM outbreak in 2007, 10M ha of pine
were killed and as stand susceptibility increases across the province, impacts will increase. Spruce beetle
impacts peaked in 2020 (525,270 ha impacted), during the Omineca outbreak but has drastically declined
with 143,569 ha of mortality recorded for 2022. Dougdlaseetle is the principal killer of mature
Douglasfir in B.C. and it typically attacks stressed or dying trees but as populations increase they do
infest and kill large numbers of healthy trees; however, outbreaks are typicalifiamhriDouglasfir

beetle related mortality peaked between 2016 and 2021, and drastically declined in 2022 (45,613 ha)
where the majority of IBD related mortality was mapped in the Cariboo and Thompson Okanagan
Regions. Western balsam bark beelleypcoeteconfususIBB) is the most destructive pest of subalpine

fir and is the primary driver of succession in high elevation subalpine fir stands. After a peak in 2017 with
3.7M ha of mapped damage, impacts have steadily declined over the past five years with approximately
2.07 ha of damage mapped in 2022. Western balsam bark beetle impacts are typically light or trace in
severityas it is not like other bark beetles where populations quickly build and erupt, rather the impacts
are more chronic. However, it is important to note that the impact over several years equates to significant
levels of instand mortality (L. Maclauchlan, personal communications, 2022).

"Canadads Nat i onhitp:/nfEpoccie.ad/en/iDdet.pab a s e :
8 Pest Strategy Information Systemww.ccfm.org/pdf/PestStrat_infosys 2012 en.pdf
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Table 1. Aerial Overview Survey mapping completed in 2022 by trained contractors across B.C.

Number of Total Flight

Region Survey Window Survey Days Hours Surveyor
Coasti South July 217 Sept. 9 6 40.8 B.A. Blackwell & Associates Ltd.
Coast- North August 26 Sept. 26 4 25.5 HR GlSolutions Ltd.
Coasti Haida Ministry of Forests Haida Gwaii
Gwaii September 12 1 5 Regional Staff
Cariboo- South  July 14- July 28 12 59.9 Zimonick Enterprises
Cariboo- North  July26- Aug. 19 10 43.5 Industrial Forestry Service Ltd.
Kootenay July 97 Oct. 2 26 124.2 Nazca Consulting
Boundary
Thompson . . . .
Okanagan Aug. 27 Aug. 12 10 57.2 Zimonick Enterprises
Omineca / . .
Northeast July 26-Nov. 2 36 173 Industrial ForestnBervice Ltd.
Skeena July 13i Sept. 21 13 91.5 HR GlSolutions Ltd.

Total: 118 620.6

2022 Forest Health
Aerial Overview

— Track Files

Figure 2. Flight tracks for the 2022 aerial overview survey.
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Figure 3. Summary of forest health impacts by leading forest health factaptured by the Aerial Overview
Surveyshetweer2013and 2022 .Damage is not cumulativever the yearsind pathogens araot visible and fully
captured by the survey.
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Figure 4. Bark beetle mortality captured by the Aerial Overview Surveys between 2013 and 2022.
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The leading conifer defoliatoracross the provincancluded western spruce budwormIDW;
Choristoneurdreemanj 141,611 ha)two-yearcycle budworm(IDB; Choristoneurabiennis 60,584 ha),
western hemlock loopell¥L; Lambdina fiscellaria lugubrosa37,639 ha) and blackheaded budworm
(IDH; Aclerisgloverana 19,103 ha)Western spruce budworm populations hheen slowlyincreaing
across the southern interior sincel@0with damage tripling from 2021 to 2022 (141,611 Wakpray
program was completed in the Cariboo to convektern spruce budworpopulations in high priority
Douglasfir stands (see€South Areasection. Two-year cycle budwornm{Choristoneura biennjsiDB)
peaked in 2021 (310,049 ha) but dramatically declined this yéestern hemlock loopgvopulations
started building in the southern interior in 2019 and on the coast i, pOpOlations are crashing
following a peak in 2021 (51,093 ha).

Deciduous related damage was primarily attributed to aspen leaf miner (257,477 ha) and large aspen
tortrix (IDX; Choristoneuraconflictang 12,199 ha). A significant portion of mapped defoliator damage

was not identified to species in the Great Bear Rainforest Region and Skeena Forest Region (55,645 ha).
Surveying was completed late in the season in the two regidricsh made tree species identification
difficult, and no ground verifications were completed due to timing.

A total of 47 disturbance agents were mapped in 2022, and included localized damage caused by a host of
abiotic factors and pathogens (Aeading forest health damage agents). Detailed summaries of the
leading damage agents are summarized by area, and abstracts for special projects completed by the Forest
Health Program specialists are outlined in this report.

Methods

The AOS is completed with smajminimum four seats)high-wing configuration aircraft that ar
approved by FOR and meet all the requirement®seby Transport Canada. Surveying is conducted
when the symptoms of forest health factars most visible and flight conditions are suitaSigrveying

is completecbetween June and Octold®y experiencedFOR Certified Surveyors in each region of the
province The primary surveyor is typically seated in the front (next to the pilot) and is responsible for
navigating and mapping all visible forest health factors on the right side of the aircraft. The second
surveyor maps from the back left seat of the aircraft. Surveysuglly does not exceed 6 6 hours

Flight lines are recorded with recreational quality Global Positioning Satellite (GPS) receiveanthits
flight tracks from each survey are collected weekly to monitor prograedollowing aircrafts were used

to survey each region:

Coasti South: Cessna 206

Coasti North: Cessna 206

Thompson Okanagan: Cessna 210C

Cariboo: Cessna 182

Kootenay Boundary: Cessna 337

Omineca & NortheastCessna 182 and Cessna 210
i SkeenaCessna 185

= =4 =4 =4 -8 -9

Visible forest health damage is hand sketched by two surveyors on customized 1:100,0p@psrale
mapsheetgcolour Landsat 8 satellite images with additional digital features). Surveying is conducted at

9 FOR Certified Surveyors must complete the FOR training course followed by a minimum of 15 hours of trainee
mapping to qualify as a second seat surveyor. Primary surveyors must have completed one season of surveying as
the second seat with a minimum of 50 hours.
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an aircraft speed betwedd0i 250 km/hour (depending on mapping complexity, and wind speed and
direction) and agpproximately7007 1,400 m above ground level. Over relatively flat terrain a grid
flown with parallel lines7 i 14 km apart but can vary with pest incidence and visibility. In mountainous
areassurveying usually follows drainages and is dictated by the terrain.

Visible forest health damage includes tree mortadibd foliar damage from the current year. Tree
mortality is typically attributed tdark beetleshalsam woolly adelgidanimal feeding, root diseas@d
selectabiotic factorssuch as drought and yellow cedar decline. Tree mortality and defoliatidetated

by distinct changes in the foliage coloWith tree mortality, the complete tree crown will appear as
different shades of red and/or browitees with current year foliar damage caused by insect feeding,
foliage pathogens and select abiotic factors will have foliage that appears faded (pink tinge) and may not
be uniform across the crown.

When mapping small clumps of up to 50 dead or dying trdesy are mapped as a point (spot
infestation). When digitized, a point ofi130 trees is delineated to 0.25 ha and a point with 2Q trees

is 0.5 haand the impacted area is assigndith 6 s e virdensityorating. Polygons are used to delineate
larger, continuous areas infipact and the surveyor assigns the severity rating based on the proportion of
the trees impacte(Table 2). Points or polygons are used to capture tree mortality and polygons are
usually used to map foliar damage, with some exceptions. In mixed stands with scattered deciduous
components, foliar damage can be mapped as a point (i.e., Venturia blight damagaly affect a

clump of less than 50 treeg)or each forest health factor, surveyors record host, damaging agent (using a
threedigit codé?), extent (point or polygon) and severity.

All forested lands are surveyed, regardless of land ownership and surveys are carried out using the
standardizedProvincial Aerial Overview Survey ProtocbisAs sketch mapping is completed on each
mapsheet, surveyors transfer the mapped pointgpalydonsonto clearMylar mapsheets. Thilylars

are then digitized, reviewed and a final annual dataset and geodatabase (GDB) are published on the public
FOR FTP sit&.

10 hitps://www.for.gov.bc.ca/hfp/publications/00026/fs7D8appendix_d.htm#ad 29
11 hitp://vww?2.gov.bc.ca/gov/content/environment/reseanamnitoring reporting/monitoring/aeriabverview

surveys/methods
12\www.for.gov.bc.ca /itp/HFP/external/!publish/Aerial _Overview/
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Table2. Aerial overview survey severity rating classes for capturing current forest health damage.

Disturbance Type Severity Class Description
Trace <1% of trees in the stand recently killed
Tree mortality Light 1-10% oftrees in the stand recently killed
Moderate 11-29% of trees in the stand recently killed
Severe 30-49% of trees in the stand recently killed
Light ;omt_a branch tip and upper crown defoliation, barely visible fro
e air.
Foliar damage Moderate Thin foliage, top third of many trees severely defoliated, some
completely stripped
Severe Bare pr_anch tips and compl_etgly defoliated tops, most trees
sustaining >50% total defoliation
Light Decline with no mortality the first detectable stage, characteriz

by thin crowns and no individuals without visible foliage
Decline with light to moderate mortalitythin crowns are
Decline syndromes | Moderate accompanied by individuals devoid of foliag&reater than an
estimated 50% adhdividuals have some foliage.

Decline with heavy mortality crowns are very thin and greater
than 50% of standing stems are devoid of foliage.

Severe

Further details on th&OS standards, methods, survey limitations and data captutea list opest
codesare outlined in th&orest Health Aerial Overview Standards for British Colunmeiport=.

13
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Coast Area

For the Coast Area (South Coastd West Coast Forest Regions), 31 damage agents were nragpad.
Damage impacts d&7,912 haacross six TSAwere mappedb1,579 ha less than 20Zhe majority of the

West Coast Forest Region was flown late in the survey season, resulting in potentially missed aerial
signatures and missed opportunities to ground truth unknown damage agentsihiernoay have
contributed to thelecline in captured damage impaottween 2021 and 2022

The extent and severity of forest health impacts are generally not as significant on the Coast as they are in
other regions. Generally, incidence and severity of biotic forest health agents are more significant in the
submaritime (leeward side the coast mountaingnd warm(sub-continental, interior areagjlimatic

classes of the Coast, and the leading biotic forest health agents in theseaseshsstorically included
Douglasfir beetle (BD), mountain pine beetldBM), western balsam bark beetlBB), western spruce
budworm (DW) andwestern hemlock loopetlL). The leading abiotic factorcross the Coast arese

typically windthrow (NW) andslides NS), and more recently includedgrought N\D), drought flagging

(NDF) anddrought related mortalityNDM).

Between 2013 and 2022, bark beetle related mortality declined across theT@easiain decline in bark
beetle impactbave been duw the reduction in area impacted by western balsam bark bedteving a
peak in 2016 where just under 48,800 ha of IBB related mortality was mafpstern balsam bark beetle
impacts are light or trace in severigndusuallyobserved in overmature subalpinedird occasionally in
amabilis fir. Mountain pine beetle is most active in the South Coast Forest Regiesver, following a
peak in 2010 (21,700 hanpd2020 (5,479 ha), impactave been minimalver the past decade

A total of 19,103 ha of defoliation was mapped for 2022 across the West Coast Region and 9,109 ha in the
South Coast RegiorDefoliator damagencreasedn 2022, due to the start of hlackheaded budworm

(IDH) outbreakin the Haida Gwaii TSAvhere1,896 ha of damage was mappéte lastiIDH outbreak

peaked in 2010 where approximately 87,500 ha of damage were mafpstern hemlock looper
decrease for a final yearwith 583 ha impacted in the Fraser TSA (South Coast Rediigwing an
outbreak that started in 20. The outbreak lasted three years aagrestricted to the Sunshine Coast and
Metro Vancouver area. Impacts during the outbreak were mapped in North Vancouver, West Vancouver,
the Powell River Community Forest, within the Rainy River and Brittain River drainages in the DSC and
within TFL 39.Damage was still present in Stanley Park howetés expected the population will crash
(Figure 5).

Abiotic damage was mapped across 2,547 ha with 483 ha of wildfire damage (NB; West Coast Region
only), 806 ha of yellow cedar decline (NCY), 345 ha of NDM and 519 ha of NW.
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Approximately 198 ha of laminated root rot (DRRhellinus weiri) was mapped (primarily in the Sunshine
Coast TSA) and 509 ha of white pine blister rust (DSBynartium ribicolg primarily in the North Island
TSA/Campbell River Forest District). It is important to note that root disease impacts captured by the AOS
are a drastic underestimation considering it is difficult to detect at the elevation and speed-wfnigxed
surveying, and the impacted areas captured by the AOS are attributed to ground knowledge.

Figure 5. Western hemlock looper defoliation and mortality in Stanley Park.

Haida Gwaii TSA

Surveying ofHaida Gwaii TSA was completed byaida GwaiiForest District staff (Erica Reid and Sean
Muise) using a Dédavilland Beaver DHE float plare on September 12 Spruce beetlevasmappedover
1,730 hamostly in the northern half of the districiomparabléo 2021 (1,700 haMountain pine beetle
damage was concentrated at the northern end of Graham asldimtreasedrom 13 ha in 20210 166 ha

Western black headed budwopapulations started to build, adéfoliationcovered 19,103 hancreasing
by 18,886 ha since 202The last recordetDH outbreak occurred from 206812 and peaked at 37,378
ha. Historically IDH outbreakshavelasted betweetwo andfive years.The current outbreais currently
concentratedn the southern half of th€SA, along theeast coast. On Graham Islan®@H impacts were
most visiblebetween Eden and lan Lakeonifer sawfly(IDS; Neodiprion abietisimpacted 467 ha, close
to the shoreline of the island. It was detected on Sitka sifRicea sitchens)s western hemlockTsuga
heterophyllg and shore pinéPinus contortq Increases inDS populations are often associated witiH
outbreaks.

Yellow cedar decline wgsredominantly mappeith the northern half othe TSA andhe damage covered
707 ha, a decrease fram763 ha 20210ther captured abiotic factors include& @77 ha),NF (41 h3,
andNW (83ha).Thelarger NW impacted areawere around the north end of Lyell Island.

North Island TSA

There were no significant forest health impacts captured in the North Island TSA. It is common for the
AOS to capture small, localized impacts from IBD, IBB, DSB, DBR&lsam woolly adelgidiAB; Adelges

piceag and select abiotic factors such as NWN@ related impacts. Approximately 8.5 ha of IBD related
mortality was mapped as points across the TSA. Scattered incidence of DSB related mortality was mapped
and amounted to 276 ha of impact.
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Arrowsmith TSA

There were no significant forest health impacts captured in the Arrowsmith TSA. Historically, it is common
to capture small, localized impacts from IBD, IBB, DSB, DRL, IAB and select abiotic factors such as
windthrow and drought. In 2021, 768 ha of IBD damage was mapped and in 2022 less than 7 ha were
mapped across the TSA (mapped as points) and no IBB damage was captured. Approximately 378 ha of
abiotic damage was mapped and primarily attributedréoight mortality and 295 ha of pathogen related
damage was mapped and primarily attributed to 3#bth young and old stands (mapped as points)

Fraser TSA
Forest health impacts across the Fraser TSA were minimal. [
leading damage agents were IBB (551 ha) which declined forjs
third year in a row, IBD (393 ha) which was primarily mapped§
spot infestations, and IDW (578 ha) which drastically declirf&s
following the outbreak that started in 2020 and peaked in 2
(10,297 ha).

Soo TSA
The most significant forest health impact across the Soo T&A
IDW defoliation (4,462 ha) where populations and impact
appear to be building following a drastic increase in dam
between 2021 (129 ha) and 20X&pacts associated with IDW
were mapped for the first time since 2006 in Squamish ForeS&=t
District (DSQ Figure 6). Defoliation was visible arounc Figure 6. Western sprucéudworm
Birkenhead Lake, D6 Arcy, n defoliation in the Sea to Sky Fore®istrict. e t
side of MountAthelstanand south of Anderson Lake.

Bark beetle related mortality was minimal across the Soo and the only significant impacts were associated
with IBB (1,693 ha) which has drastically declined since 2019 (27,638 ha).

Sunshine Coast TSA

No IDL impacts were mapped following the collapsett@ outbreak that lasted between 2019 and 2021.
Bark beetle mortality was minimal and primarily attributed to IBB (783 ha), followed by IBM (295 ha).
Following multiple years of drought over the past several years, the incidemteugiht mortalityand
foliage loss/damage due to drought stragsificantly increased. Drought related mortality was primarily
observed on western redced@hyja plicatg and coastal Douglafe (Pseudotsuganenzies)i.

Localized root disease impacts are common but not adequately captured. Laminated root rot related
mortality in mature DouglaBr stands were mapped in Toba Inlet near Mount Powell and on the southern
end of Texada Islan@35 ha) Scattered patches of DSB impacts on western white Pineg monticola

were also capturelut minimal

10
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South Area

For theSouth Area(Cariboo, Thompson Okanagan and Kootenay BounBargstRegions), 28 damage
agents were mappeid 2022 compared to 33 in 2021The mapped damagefecied approximately
534,994haover 15 TSAs(including the Cascadia TSA near Revelstpkegrrly949,428halessthanwhat
was mapped in 202representing 64%decline Table 3. A significant proportion of the 2022 decrease
damage recordedas due tdesswildfire activity and 88.5% less deciduous defoliation being mapped.

Total area affected by bark beetles declined3by06hato 291,351ha

damagedn 2022 This decline was solely due to decreased infestation
Douglasfir beetle in 9 of 15 TSAs, decreasing from 100,029 ha in 202
just 45,092ha in 2022 Overall, spruce beetle increased &$69 ha over
2021 primarily due to substantial increases in the Quesnel B8Aough
declines were observed in the Williams Lake, Golden and Kamloops THS88

Western balsam bark beetEnd mountain pine beetle both increask.
nominally by 8% and 2%espectivelyVery small infestations of wester
pine beetle €4 ha total) were mapped four TSAs. Damage caused by
insect defoliators declined by2% in 2022 affecting 225,001ha The [
decline was mainly due tan 88% decline iraspen serpentine leafming:
activity across most of the south ar@mly 28,526 ha ohspen serpenti
leafminer defoliation was mapped in 2022 as compared to 247,794
2021.Small pockets of satin moth were detected in the Kamloops, Me
and Okanagan TSAs (71 ha) and 68 ha of Dotfgflasssock moth were
recorded in the Williams Lake TSAVesternspruce budworm defoliatio
increased in six TSAs in the Cariboo and Thompson Okanagan Reg
from 53,895 ha mapped in 2021 187,149ha in 2022 with the largest
increases in area affected in the 100 Mile House and Williams Lake. TS

Abiotic damage (drought, fume kill, windthrow, aspen decline, cedar flaggingfiposhortality) was
mapped on 19,07Bain 2022, down substantially from the 96,813 ha mapped in 2021-fiRostortality
affected 1,78Ghawith the largest areas affected in the 100 Mile House and Queshel TSAs at 659 and 405
ha, respectively (Table 3Fume kill affected 2,218ain seven TSAs, mainly in the Williams Lake TSA.
Relatively minor areas of foliage damage due to drought and wind throw were mapped.decline was
mapped over 38a with little change from 202Xedar flagging was detected in 5 TSAs affecting 14,142

ha This is likely an underepresentation of the amount due to much of the discoloration not becoming
obvious until late summer after the aerial surveyselh@en completed.

11
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Very little foliar disease damage was observed in 2022 with just small amouatstofandDothistroma
needle blight mapped on 1,7B& About 327haof bear damage was mappedavenT SAs.

Heavy cone c¢cr Wood borer aantdt e Wood borer attac
in fires. woodpecker ac

Southern Interior Overview
Insect Defoliators, General

Methods Used to Monitor Defoliator Populations

There are several methods used to monitor or predict defoliator popul&i@isdescriptions of the most

regularly used methods are described below and more detailed information is provided within separate

defoliator sections.

Methods include:

1. Aerial overview and detailed mapping of defoliatibprovides the most current information on
extent and severity of defoliatiofetailed aerial surveys are conducted when planning control
programs.

Annual trapping with pheromones at permanent sample sites (HSPsg)vides trends in
populations and can predict imminetgfoliation. Trapping is conducted annually for Dougfas
tussock moth and western hemlock looper.

Threetree beatings is an assessment of species richness and abundériseis a technique
conducted annually to collect defoliator larvae at permanent sample sites (often coupled with
trapping). Threetree beatings are conducted at Dougiasussock moth and western hemlock
looper PSPs throughout the southern interior and at an additional thirteen PSPs established in the
East Kootenays to monitor western spruce budworm and other defoliating insects.

Egg mass surveyisconducted late summer or fallhese surveys provide an estimate of predicted
defoliation (defoliator population) in the next seadégg mass surveys are most often conducted

12
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for western spruce budworm and Dougiiastussock moth, and occasionally western hemlock
looper, as part of the planning process for control programs.

In 2022, approximately 225,00t of deciduous and coniferous forests were impacted by insect defoliators,
down from 334,024ha mapped in 2021(Figure 3. Conifer defoliation increased 2f8ld over 2021,
damaging 196,404 h®eciduous tree defoliation saw a precipitous decline from 248,732 ha in 2021 down
to only 28,597 ha in 2022This decrease was due t0249,268 ha decline (almostf@ld) in aspen
serpentine leafminer defoliation over 10 TSApendix A: Forest Healtibamage Summary Tabldésr

the South Area Only the Boundary, Cranbrook and Merritt TSAs saw small increases in aspen serpentine
leafminer defoliation.

Area affected by western spruce budworm continued to increase in both the Cariboo and Thompson
Okanagan Regions in 2022, reaching 137,149 ha defoliated compared to 53,895 ha irh202bst
significant increases were observed in the 100 Mile House, Williams Lake and Lillooet W&Atern
hemlock looper defoliation was mapped over 36,467 ha in 2022 compared to 24,202 haTin@0&best
increase occurred in the Okanagan TSA where there was more thdiold iB@rease in area affected, with
10,277 hadefoliated. Some TSAs saw moderate increases in area defoliated whereas others such as
Revelstoke and Williams Lakeeclined (Table 3)The Okanagan saw an increase in area defoliated in
2022, primarily in the eastern portion of the TSA ngagar and Mabel Lake$he expansion of hemlock
looper damage was outside the areas treatedBatithin 2021 (Figure 7andFigure 8). This year 2022 is

likely the final year of this outbreak cycle.
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Figure 7. Area of deciduous and coniferous defoliation in the southern interior of B.C., 2Q022.
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Western hemlock looper defoliation and B.t.k.
treatment 2001-2022
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Figure 9. Areas in southeast B.C. defoliated by western hemlock looper in 2022 (red) and treated with B.t.k. in the Kootenay

Boundary Region in 2021 (green).

14




2022 Summary of Forest Health Conditions Report

Figure 10 illustrates the population cycles of four major conifer defoliators in the southern interior from
2012to 2022. In 2012 all four defoliators were activelThen, aver the nextlO years two-year cycle
budworm and Douglafir tussock moth populations declinddore recently, western hemlock looper and
western spruce budworpopulations have increased but with western hemlock looper having a more
eruptive cyclejnfestations of this insect will likely decline within the next year

Only two species of deciduous defoliators weraserved in 2022, with the aspen serpentine leafminer
(Phyllocnistis populiellabeing the most prevalent affecting 28,526 ha, although significantly lower than in
previous years in all but the Lillooet and Cascadia TSadin moth eucoma saliciswas mapped on 71

ha within the Thompson Okanagan Region.

Western hemlock looper Looper defoliation near Avola Western sprucbudworm
500,000 22012
450,000 22013

- 400,000 2014
ﬁ 350,000 2015
g 300,000 2018
E 250,000 2017
s 200,000 2018
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Two-year cycle budworm Western spruce budworm
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Douglas-fir tussock moth Western hemlock looper

Figure 10. Ha affected by four major conifer defoliators in the southern interior of B.C. (262@22).
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Five species of coniferous defoliators were recorded, with western spruce bud@bamstoneura
freeman)j affecting the largest area of southern interior fordstaffected 137,149 ha, a 2féld increase

over 2021, with most of the increase seen in the 100 Mile House and Williams Lake TSAs, at 44,737 ha
and 72,571 ha respectivelflwo-year cycle budworm Ghoristoneura bienn)swas in its 2¢ year,
defoliating 22,674 ha a 3#ld increase over 2021Western hemlock looperLémbdina fiscellaria
lugubrosg increased by 12,265 ha in 2022 for a total of 36,467 ha affected, simiarmifected to that
mapped in 2020In 2021, 68,768 ha were sprayed wBfi.k. to control high population®f western
hemlock looperVery light or no defoliation was mapped within the treated areas in ZB22nost notable
increases in defoliation occurred in the Kootenay Boundary Region (24,035 ha defoliated), with moderate
defoliation mapped in the Thompson Okanagan (10,448 ha defoliated) and Cariboo (1,985 ha defoliated)
RegionsAs n ot e @021 Qverview eforést Health Conditions Southern BritishCo | u nthei a 0
heat dome did not seem to affect insect populations as severely in helologiated stands in the Interior
Cedar Hemlock (ICH) biogeoclimatic zariEhe main areas of defoliation mapped in 2022 in the Kootenay
Boundary Region occurred near Kootenay Lake, south of Crawford Creek, Gray Creek and Coffee Creek;
west of Slocan Lake on the south side of Nemo Creek; along Arrow Lake near Kuskanax Creek between
Nakusp and Wilson Lake, and along Leon Creek; south of Trout Lake and along the west side of Upper
Arrow Lake in the Revelstoke TSAn the Thompson Okanagan Region, defoliation was mapped near
Sugar Lake, Mabel Lake, the north end of the Perry River and along the Anstey Arm of Shuswap Lake.
Very small patches of defoliation were detected near the west arm of Quesnel Lake in the Williams Lake
TSA within the Cariboo RegiorThis will likely be the last year of significant defoliation in this outbreak
cycle.

Western Spruce Budworm,Choristoneurafreemani

Western spruce budworm defoliation of Dougfiasvas mapped irsix TSAs in the south area in 202
(Table 3) for a total of 137,148a defoliated.All these TSAs had an increase in ha defoliated over 2021.
The most significant increases occurred in the 100 Mile House and Williams Lake TSAs, with increases of
31,712 and 35,178a respectively, over 202IThis outbreak spanned the Lillooet TSA near French Bar
Creek, along the Fraser River north through the 100 Mile House and Williams Lake TSAs to De Sousa
Creek, affecting vast expanses of interior Dougladorests. Western spruce budworm increased
substantially in the Lillooet TSA affecting 7,798 ha in 2022 up from 315 ha in 20Q4t of the active
populations in the Lillooet TSA were along Seton and Anderson Lakes and near Gold Bridge, along Gun
Lake and Tyaughton Lak&here were also increases noted in the Merritt TSA near Mamit Lake and in the
south, east of Princeton near August Lake.

The CaribodRegion sprayed 34,73@a of priority Douglasfir standswith the biological insecticid&oray
48B B Bacillus thuringiensis var. kurstaki?.C.P. No. 24977 July 2022 to mitigate damadeom
western spruce budworm defoliation (

Table 3; Figure 11). Five blocks were treated between July &hd July 18, at 2.4 litres per hectare.
Western Aerial Applications Ltd. conducted the aerial applications using two 315B Lama helicopters and
two Hiller UH12ET helicopters, each equipped with four Beecomist 361-loltravolume hydraulic
sprayersThe spray operations were conducted from five staging sites wheBetthemobile fuel trucks

and loading crews were positionésipray conditions were optimal due to overcast conditions and cool
temperatures.
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Table3. 2022 Western spruce budworm spray blocks in the Cariboo Region, showed treated area, litres of B.t.k.
and date sprayed.

Spray Block Location Ha sprayed Litres B.t.k. Date Sprayed
1. Williams Lake Community Forest 1,695 4,068 July 67

2. Joes Lake Road 19,534 46,882 July 69

3. 2700 Road 5,087 12,209 July 910

4. Dog Creek Dome 2,288 5491 July 89

5. Big Bar Mountain 6,146 14,750 July 910
Total 34,750 83,400

e B
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Figure 11. Western spruce budworm 2022 spray blockshe Cariboo Region.

Efficacy assessment

Pre and postspray larval sampling was dométhin the2700 Road and Williams Lake Community Forest
spray locks and comparable unsprayed aneadetermine larval density and treatment effic&ngspray
sampling was done the day before treatment,pasispraysampling was done atbday intervals after
treatment

Budworm larval density at the pepray sampling time ranged from 4.5 to 4&&ae per rhfoliage and
by the final postspray samplingthere were no larvae found in spray blocks and an average of 14.3 larvae
per nt foliage at control sitesTéble 4). TheB.t.k.treatment achieved very high larval mortality.

Table4. Pre- and postspray larval sampling conducted in the 2700 Road andliams Lake Community Forest
spray blocks and comparable unsprayed areas to determine treatment efficacy

Budworm larvae density
(# larvae per n¥ foliage)

% Mortality
Uncorrected

Corrected

Sample Location Pre- st ond 3rd 1st ond 3rd 1st ond 3rd
Spray post post post post post post post post post

2700 Road 20.8 17.6 1.5 0 156 93.0 100 - 87.7 100
2700 Road Control 423 349 240 230 175 434 455 505 -

Williams Lake CF 45 7.5 0.8 0 - 81.6 100 - 52.1 100
Williams Lake CFControl 15.7 5.6 6 5.6 642 616 641 641 616 64.1

2023 Defoliation Predictions

Fall egg mass sampling is conducted to predict defoliatidhe following yeamand b determine whether
standswill require treatment withB.t.k Current, historic, and predicted defoliation &deken into
considerationwhen determining population trends addterminingwhich areas are most at risk for
continuing defoliation and damag31 sites weresampled for western spruce budworm egg massibe

south area(no samplingvas conducted in the Chilliwack area in 2022) (Tabld&Joliation estimates are
based on the number and densitggfj masses foun@f all sites sampled, 33% predicted no defoliation in
2023, 56% had predictions of liglitefoliation and 11% had predictions of moderate defoliation, a
substantial increase in defoliation severity predicted over that of B#2% Thompson Okanagan Region,

the Lillooet and Merritt TSAs remain the key areas where budworm populations are active and increasing
however no spray treatments are planned in the Thompson Okanagan region in 2023.
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Western spruce budworm  Western spruce budworm larva feeding Western spruce budworm egg
needle mining. masses.

Table5. Results of the fall 2022 western spruce budworm egg mass sampling in the southern interior.

2023 predicted defoliation

(No. sites) No. egg masses

Region and TSA

Light Moderate

Cariboo

100 Mile House 12 24 10 46 26.0 88
Williams Lake 33 28 1 61 8.7 73
Total 45 52 11 108 16.3

Kootenay

Boundary

Boundary 18 0 0 18 0 0
Thompson

Okanagan

Kamloops 7 12 0 19 5.1 19
Lillooet 3 30 6 39 21.7 82
Merritt 1 35 9 45 31.6 91
Okanagan 2 0 0 2 0.0 0
Total 13 7 15 105 22.5

2022 Total 76 129 26 231

Number of sites indicating nil, light or moderate defoliation in 2023 is listed by TSA, with the average
number of egg masses per fOimliage per tree (10 trees sampled per site) by TSA and the maximum
number found at a sitd&il = 0 egg masses; Light =-%0 egg masses; Moderate=350 egg masses.

No western spruce budworm egg masses were found in any of gied8ampleth the Boundary TSA
Kootenay Boundary Region, in 202aple 5).

Of the 108 sites sampled for egg masses in the Cariboo Region in the fall of 2022, less than half (45 sites)
had no egg masses (Table Bifty-two sites (48%) predicted light defoliation and 11 sites (10%) predicted
moderate defoliation in 2@ with the most sites predicting moderate defoliation located in the 100 Mile
House TSAHigh priority sites in the Cariboo Region indicating an increase in budworm population will be
treated withB.t.k.in 2023.

Western Hemlock Looper,Lambdina fiscellaria lugubrosa

Western hemlock looper defoliation was mappe®®d67hain nine TSAs within the southern interidm

2022 (Appendix A: Forest Healtibamage Summary Tablder the South Area No defoliation was
mapped in the Quesnel and Invermere TSAs in 2022 indicating the collapse of all outbreaks recorded in
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these TSAs in 2021Mapped defoliationincreased by 12,265 ha in 2022 over 2021, mainly due to
expanding populations in the Arrow, Kootenay Lake and Okanagan T8Ake Kootenay Boundary
Region, defoliation by western hemlock looper increased from 13209 2021 to 24,03%ain 2022.
Defoliation was still widespread throughout the Revelstoke TSA, impacting 6,508 hlae Cariboo
Region, the area of defoliation decreased by 8,089 ha in the Williams LakeliSAdecrease was largely
due to targete®.t.k. spray programs in 2021 and the natural collapse of localized popul&@is.will

most likely be the final year in the outbreak cycle and we predict that very little new defoliation will occur
in 2023.No sites in Interior Douglafir (IDF) stands were damaged by hemlock looper in 2022.

Trapping and three-tree beating

Western hemlock looper and associated defoliators are monitored annually at permanent sampling sites
using a combination of threeee beatings and/or moth trapping (six-traps placed per sitefigure 12).
Threetree beatings and moth trapping were done at 16 sites in the Thompson OkanaganliRéggon.
Kootenay Boundary Region, thréee beatings were done at 25 sites, while moth trapping was done at 10
sites.In the Cariboo Region, thrdéeee beatings were done at 10 sites, while moth trapping was done at 14
sites.The Coast Region did moth trapping in 14 sites, of which 11 sites were newly establig®2@.in
Threetree beatings were undertaken in early to-thily at all sites and traps were placed at this thng0

cm x 90 cm drop cloth and a 2ngeter pole were used to conduct the tree beatigslefoliators, both
primary and secondary, were recordiedthe thredree beating sampledraps were collected late
September through early October 2022.

The average number of western hemlock looper moths caught peletiaped dramatically in 2022 in the
Thompson Okanagan, Kootenay Boundary and Cariboo Reffiahie 6; Figure 13; Figure 14). As noted

i n R0d2EOvdiview of Forest Health Conditionsn Southern British Columbéa, there was a
increase in moth catches from 262021, indicating that further defoliation was expected in 2022

defoliation was observed and recorded in the 2022 aerial overview s@figys 13; Figure 14). However,

due to the decline in trap catches in 2022 to below 200 moths per trap, little or no defoliation is expected in
2023.The three sites in the Coast Region that have a trapping history still had moderate trap catches, with
the Capilano Watershed site catching an average of 1,036 moths, indicating there could still be defoliation
next year.
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1 ©® Three Tree Beating Only

=% "~ A Three Tree Beating and Six Trap Cluster

Figure 12. Locations of western hemlock looper permanent sampling sites in southern British Columbia.
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/ PRI <5 el
Table6. Average number of western hemlock looper moths caught petrsig cluster in the Thompson Okanagan,
Kootenay Boundary, Cariboo and Coast Regions (22022).

Average moth catch per trap
2016 2017 2018 2019 2020 2021 2022

Site # Location

Thompson Okanagan Region

1 Serpentine River 1 9 18 38 448 541 89
2 Thunder River 2 34 146 107 489 266 88
3 Mud Lake 1 14 294 120 549 442 30
4 Murtle Lake 3 51 134 316 533 1,130 15
5 Finn Creek 0 14 43 237 356 37 5
7 Scotch Creek 4 34 311 222 844 108 15
8 Yard Creek 17 72 29 145 121 139 89
9 Crazy Creek 2 32 143 146 660 14 6
10 Perry River North 10 - 302 197 289 121 32
11 Three Valley Gap 8 55 234 291 314 68 27
12 Perry River South 8 30 156 233 128 99 5
13 Kingfisher Creek 27 50 241 211 260 51 10
14 Noisy Creek 12 47 128 178 88 19 21
15 Shuswap River 6 49 161 422 848 40 16
16 Greenbush Lake 11 81 140 515 724 138 130
17 Adams River/Tum Tum 0 39 84 119 716 142 55
Average of sites 7 41 160 219 460 209 40
Kootenay-Boundary Region
66 Sutherland Falls 1 - 72 235 1,195 1,234 1
72 Tangier FSR 1 19 98 56 196 67 5
73 Martha Creek 3 23 86 33 439 1,121 24
74 Goldstream River 3 42 55 257 1,631 2,213 27
75 Downie Creek 9 9 35 246 2,387 1,062 50
76 Bigmouth Creek 1 26 25 88 375 1,784 52
78 Carnes Creek 3 15 8 257 766 1,354 15
83 Begbie Creek 0 50 97 658 1,283 2,775 28
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84 Pitt Creek Rec. Site

85 Kinbasket Lake

87 Jumping Creek
Average of sites

50 60 342 1555 2,449 138
20 145 518 967 703 106
41 68 NA - - -
29 68 269 1,079 1,476 45

W OoIT NN

Table 6 continued.

Average moth catch per trap

Location 2018 2019 2020 2021 2022
Cariboo Region
N1 302 12 0
N2 99
N3 18 47 0
N4 828 9 0
N5 41 18 1
N6 29 9 2
N7 183 2 0
N8 50 43 0
S1 105 9 0
S2 466 42 0
S3 5 15 1
S4 5 5 0
S5 46
S6 5 23 1
S7 3 68 5
S8 7 9 0
Average of sites 137 22 1
Coast Region
1 Chehalis River 17
2 Statlu Creek 9km 11
3 Statlu Creek 10km 16
4 Salsbury 4
5 Burke Prov. Park 5
6 Belcarra 52
Seymour Prov.
! Pa¥k 6
8 Lynn Creek 125
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9 Rainy River 3km 3

10 Rainy River4km 7

11 Rainy River 5.5km 9

12 Coguitiam 191 52 1054 1731 30 118
watershed

13 Seymour watershel 71 897 1,925 295

14 Capilano watershec 18 1,045 1,450 1,036
Average of sites 1,702 30 122

Figure 13 and Figure 14 clearly show that when the threshold of £200 moths per trap per site is met or
exceeded, visible defoliation can be expected the following Jé&rindividual graphs by RegioRigure

14) show thisrelationship between average moth catch and expected defoliation in moreTdhésais a
valuable tool that the Forest Health program is now able to use to better predict and plan for operational

control programs.
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Figure 13. The annual average number of western hemlock looper moths caught per trap per site in the Thompson
Okanagan, Kootenay Boundary and Cariboo Regions and hiaedefoliated in the south area (3 regions combined)
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In the Kootenay Boundary Region, the western hemlock looper larvae in beating sdegpézsed from

475 in 2021 to 42 in 2022, with only 50% of sites positive for western hemlock 16ogiee 7). Western
blackheaded budworm populations increased slightly from 2 positive sites in 2021 to 14 positive sites in
2022, and total larval counts increddrom 5 to 51.Sawfly populations were similar to 2024ith the

highest numbers recorded at Martha Crdaé&foliator diversity was also similar to 2021 with 9 species
recordedThe richness of insect diversity remained static in the Thompson Okanagan sanipie®rall
numbers declined significantly from 2021, with sawflies being the predominant insect followed by western
hemlock looperOnly 25% of sites were positive for western hemlock looper in 2022 compared to 50%
positive in 2021 Table 7). Only three of 10 sites visited in the Cariboo Region had any western hemlock
looper larvae and abundance at these sites was very dow ().
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Table7. Results from the 2022 threee beatings at permanent sample sites located in areas of historic western
hemlock looper defoliation in the Kootenay Boundary, Thompson Okanagan and Cariboo Regidwestable
shows the total number of specimens of the dominant insect species collected.

Western Hemlock Looper
gloverang
Greenrstriped forest looper
Melanolophia imitatg
Western False Hemlock Looper
(Nepytia freeman)

Gray Forest Looper (Caripeta

divisatg
Saddleback Looper Ectropis
Filament Bearer (Nematocampa
Western spruce budworm
Choristoneura freemani
Semiothisa unipunctaria
Eupithecia olivacea
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Black-headed budworm @cleris
Sawflies (Neodiprion, Anoplony

Site # Location

Kootenay Boundary
30 Keen Creek 1
38 Hills 1 2
58 Halfway River 1 10 1
61 Box Lake 1
62 Kuskanax Creek 8
65 Shelter Bay Ferry 4
66 Sutherland Falls 1 1 2
69 Quartz Creek 1 1
70 Gerrard 68
71 Trout Lake 1 1
72 Tangier FSR 1 6
73 Martha Creek 1 182 1 1
74 Goldstream River 5 3 12
75 Downie Creek 2 2
76 Bigmouth Creek 16 3 15 1
78 Carnes Creek 1 8
79 Lardeau FSR 1
80 Meadow Creek 5 2
81 Schroeder Creek 1
82 Beaton 5
83 Begbie Creek 3 1 1
84 Pitt Creek Rec Site 9 3 24
85 Kinbasket Lake 1 57
86 Beaver River 1
Total insects 42 51| 372 5 3 0 2 1 0| 2 1
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Table 7 Continued

Western Hemlock Looper
gloverang
Greenstriped forest looper
Melanolophia imitatg
(Nepytia freeman)
Gray Forest Looper (Caripeta
divisatg
Saddleback Looper Ectropis
Western spruce budworm
Choristoneura freemani
Semiothisa unipunctaria
Eupithicia olivacea
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Black-headed budworm @cleris
Sawflies (Neodiprion, Anoplonyx
Western False Hemlock Looper
Filament Bearer (Nematocampa

Site # Location
Thompson Okanagan

1 Serpentind_empriere 2 1 1 1

Thunder River

Mud Lake 1

Murtle Lake Road 1

Scotch Creek

Yard Creek Road

3
4
5 Finn Creek 1
7
8
9

Crazy Creek Road

10 Perry River North

11 Three Valley GapVap Creek 1

12 Perry River SouttEagle River 1

13 Kingfisher CeekRoad

14 Noisy CreekKingfisher Creek

15 Shuswap River 1 1
16 Greenbush Lake 3 6
17 AdamsRiver/Tum Tum
Total insects 7 2 9 0 1 0 0 0 2
Cariboo | Total insects (10 sites) 7

Douglasfir Tussock Moth, Orgyia pseudotsugata

In 2019, the Douglafir tussock mothbegan itsoutbreak cycle in the southern interior, with numerous
singletree epizootics and patches of defoliation recorded for a total of Bvy@82020to 2022 there was

a dramatic decline in the area of active tussock moth defolitttimughout the southern interiofFhere
were only 6&haof defoliation mapped in 2022 in the Williams Lake TSA.

Annual monitoring with six-trap clusters

Outbreak periodicityof Douglasfir tussock mothvaries by Outbreak Are@geographic location) and can

range from 5 to over 4Qear intervals between outbreakgpically, in the southern interior, we experience

an outbreak in one or more of the Outbreak Areas every dedédmn a consistent upward treaimoths

caught in monitoring traps found in a stand for 2 to 3 years (average over 10 moths per trap), or if an
average of 25 moths or more per trap has been caught, ground surveys for egg masses are recommended
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and defoliation may occur thi®llowing summer.The mostrecent outbreak cycle was centred in the
Cariboo, beginning in 2019 and collapsing by 2021.

Douglasfir tussock moth lures from threghemicalcompanieswere deployedin 6-trap clusters at each
trapping sitebetween2016and 2019to compare the efficacy of the three lure types in attracting tussock
moth and accurately predicting imminent outbreaks: St¢8slida); WestGreen Global Technologies
(ChemTica); and, Synergy Semiochemi&aBcott$ is now no longer supplying the same lure, so only two
lure types have been used since 20A8.lures have a loading of 5ug pheromome.2022, two lines (one

line per lure supplier) of 6 traps each were set at each trapping site in the Thompson Okédhsiges) (3
(Figure 15) and Cariboo (15 sites) Regiori$ie Kootenay Boundary Region had 9 trapping sites and used
only the WestGreen Global Technologie€HemTica) lureThereis some variation among average trap
catches each year by the ChemTica and Synergy lures, buaregtbod at predicting defoliation events
and/or increases in tussock moth population in the general area where traps were placed.

Overall average trap catchesmained lowin all OQutbreak RegionsTéble 8), well below threshold levels
predicting defoliation

Trap catchedn the Kootenay Boundary Outbreak Regiion2022 increased with an average of 2.8
moths/trapup from 0.3 moths/trap in 2020nly Johnstone Creek had notablembers with a total of 128
moths accouning for 89% of all moths caughfThis is up from 10 moths at this site in 202k with
previousyears both rusty tussock moth and pine tussock moth were present, found &t site$in the
Kootenay Boundary Outbreak Region

Monitoring will continue but we do not expect much tussock moth activity for the next few years in the
southern interior.

A Six-Trap Clusters

\ D Outbreak Areas
P Tk \\ (

S~y
\
\

p
J

2 TN iAo N
A 7 (S i { \“(/Tr: :
87 P oiw s

S oyiele Grand Forks

Figure 15. Location of Douglasfir tussock moth 6trap clusters throughout the southern interior.
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In the Thompson Okanagan and Cariboo Regions, lures from three suppliers (Scotts (Solida), ChemTica
(WestGreen Globalechnologies), and Synergy Semiochemicals) were compared ir22096 In 2020

2022, the Thompson Okanagan and Cariboo Regions deployed WestGreen Global Technologies and
Synergy lures.

Table 8. Average number of Douglafir tussock moths caught per-Gap cluster in the Thompson Okanagan and
Cariboo Regions (201:2022).

Average moth catch per site

Site Location 2016 2017 2018 2019 2020 2021
Kamloops (KA)
1 McLure 5.5 9.1 10.9 21.2 6.5 1.2 3.6
2 Heffley Creek 26.6 26.8 32.4 18.6 40.4 0.0 1.9
3 Inks Lake 0.1 0.1 0.0 0.2 0.0 0.0 0.8
4 Six Mile 3.4 3.8 9.9 23.1 32.3 0.2 0.4
9 Stump Lake 0.0 0.3 0.1 1.3 0.0 0.1 0.1
10 Monte Creek 3.8 6.4 7.8 20.1 30.3 0.0 0.7
11 Chase 1.7 0.3 3.4 5.9 2.0 0.3 0.1
48 HaywoodFarmer 9.6 20.3 2.6 0.1 1.4
49 Buse Lake 5.4 14.1 145 0.0 0.6
Average of sites 5.9 6.7 8.8 13.7 14.3 0.2 1.1
Okanagan (OK)
12 Yankee Flats 3.2 0.5 2.3 1.2 24 0.0 1.1
13 Vernon 1.4 5.3 0.4 0.1 0.6 2.0
14 Wood Lake 7.6 17 41.3 17 31.2 4.3 8.9
15 June Springs 0.5 1.1 2.0 2.7 0.1 0.0 discontinued
16 Summerland 0.7 0.9 0.3 1.6 0.1 0.1 0.0
17 Kaleden 4.9 6.2 4.4 7.5 12.1 0.0 1.2
18 Blue Lake 11.5 17.3 34.4 18.3 1.7 0.8 6.1
45 Glenmore 5.3 9.0 25.4 20.1 19.5 0.0 discontinued
Average of sites 4.8 7.1 14.4 8.6 8.4 0.9 3.2
Similkameen (SIM)
19 Stemwinder Park 8.6 8.2 29.8 - 18.1 1.7 0.3
32 Olalla 21.2 21.6 404 29.1 23.3 0.1 discontinued
33 Red Bridge 8.8 7.4 9.3 9.4 10.9 0.0 15
36 Hwy 3 Lawrence Ranch 10.7 11.2 304 no access
38 Hwy 3 Bradshaw Creek 17.7 10.3 29.2 36.8 22.1 0.3 0.7
39 Hwy 3 Winters Creek 7.6 7.6 27.7 17.4 13.8 0.2 0.8
40 Hwy 3 Nickelplate Road 8.8 9.7 31.3 18.7 21.7 0.1 1.1
41 Stemwinder 11.4 34.2 26.5 13.0 0.5 0.2
42 11.8 km Old Hedley Rd 0.3 0.4 2 3.8 1.8 0.2 0.5
43 Pickard Creek Rec Site 5.5 6.8 31.6 14.5 20.2 0.0 0.8
44 5.7 km Old Hedley Rd 3.9 4.3 20.4 7.6 10.8 0.3 0.1
Average of sites 9.5 8.8 26 18.2 15.6 0.3 0.6
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Average motlttatch per site

Site Location 2016 2017 2018 2019 2020 2021 2022
West Kamloops (WK)
5 Battle Creek 0.3 0.7 0.9 no access
6 Barnes Lake 25 9.9 7.7 254 16.2 burnt
7 Carquille/Veasy Lake 10.9  burnt
8 Pavilion 1.6 7.7 7.1 20.7 4.4 0.0 0.5
21 Spences Bridge 2.5 7.3 8.6 14.5 10.1 0.0 0.0
22 Veasy Lake 9.7 burnt 1.7 13.7 16.2 0.0 0.5
23 Veasy Lake 5.8 burnt 3.1
24 Veasy Lake 6.2 burnt 6.7 18.6 0.0 0.4
25 Hwy 99 8.7 burnt
26 Venables Valley 0 1.4 0.2 4.6 5.9 0.0 0.2
27 MaidenCreek 0.2 1 1.6 6.6 8.1 0.0 0.9
28 Hwy. 99 2.2 8.1 9.2 28.6 39.8 0.0 1.3
29 Cornwall 79 1.1 burnt
30 Cornwall 80 0.7 burnt
31 Barnes Lake 0.6 27 0.8 9.1 1.3 0.5 0.2
46 Studhorse Road 2.2 11.2 2.4 0.1 0.7
47 Stinking Lake 0.3 6.8 0.5 0.0 0.6
Average of sites 3.5 49 39 141 11.2 0.1 0.5
Boundary (KT) (9 sites in 2022) 0.6 1.3 2.3 5 5.7 0.3 2.8
Cariboo (CAR) (16 sites in 2022) 1.6 2.4 1.8 5 0.5 0.3 1.8

Three-Tree Beatings

Threetree beating is a procedure for sampling defoliating forest insect larvae, which involves beating the
foliage of low hanging brancheand collecting the fallen insects on a tarpaulimeetree beating provides
temporal and spatial information on the richness and diversity of defoliating insects and is conducted
annually from midJune taearly July.

In 2022, hree tree beatings were conducted at 31 of the 37 monitoring sites in the Thompson Okanagan
Region. All defoliators present on the drop cloth wadentified andrecorded.Only 4 insects were
collected in the Similkameen and West Kamloops Outbreak Regiamge (9), none of which were
Douglasfir tussock moth.This is thelowest numbers of defoliators recorded since the establishment of
these monitoring sitesSeveninsectswere recorded in the Kootenay Boundary Outbreak Reglown

from 19insectsn 2021, 76nsectsn 2020, and 8insectsn 2019.
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Table 9. Defoliators recorded in 2022 threeree beatings in IDF forests within the Thompson Okanagan and
Kootenay Boundary Regions.

Outbreak  No. beating ESE : Cladara Anoplonyx Dichelonyx  Total
g : spruce Sawflies o . .
Region sites limitaria laricivorus backi larvae
budworm

Kamloops 7 0 0 0 0 0 0
Okanagan 5 0 0 0 0 0 0
Similkameen 6 0 1 0 0 0 1
West

Kamloops 9 2 1 0 0 0 3
Kootenay

Boundary 9 0 1 1 3 2 7
Total 36 2 3 1 3 2 11

Black Army Cutworm, Actebia fennica

Black army cutworm(IDA) was a major pest in the 1980sequentlyassociated with prescribed burns
With abundantwildlife activity and tight timelines for reforestatipmcreased monitoring is required to
ensure this defoliator does naffect recently planted areakarvae feedfrom April through June on a
variety of hostscausin fihlmd te 0 t y p dhey mefem varietytofi slorubs and herbaceous plants
and will feed onwestern larch, Douglair, Engelmann/hybrid spruce and lodgepole piv&hen
populations are lowplack army cutworm feeds on its preferred hosts as well as laoeleverat moderate
and outbreak populationfeeding switches to conifer seedlings such as Dotfglagngelmann/ hybrid
spruce and lodgepole pinS8eedling mortality can occwithin a single year depeidy on black army
cutworm population densityMost seedlings can sustain moderate defoliation (i.e., less than &@¥)
limited impact on their growth or survivadlloister sites recovemore quicky thandrier sites which may
experience reduced height growth amcreasednortality due tomoisture stress.

Increases in black army cutworm populations may be noticed the following spring afterseastyn
wildfires (April through June)increase in IDA post late season fires (July through October) will generally
occur the following summemigh-risk sites such as burned openings are the preferred egg laying areas.
The more severe the burn (i.e. no to little vegetation remainimg)greater the likelihood of high levels of
defoliation on natural or planted conifer seedlitiys following yearESSF, MS, SBS, ICH and IDF BEC
zones are the highest risk areas, especially the drpughe sites in the drier subzones.

Management strategies for black army cutworm include.

1. Conducting spring surveys on the natural vegetation to determine presence of IDA.
2. Conducting adult pheromone monitoring in the summer (Julgéptember 1% annually
one to three years pefite, using baited multpher or unitraps.

3. Depending on population levels, avoid spring planting or delay planting for one to three
years following a burn.

Predicted defoliation risk the following year using mplter traps can be categorized as low for <350
moths/ trap, moderate >38@00 moth per trap and high >1200 moths per trap.

Place trapsit least 200 meters apart, well within the burn area, away from stand edgesyajibrea strip
placed insideCheck and empty traps weekly possible place traps at 0.B1to 1 m height on soutfacing
slopes, in a line across prevailing winds.
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Kootenay Boundary Region has been monitoring black army cutworm in various locations sinasi2§18
multi-pher trapsTable 10; Figure 16). Trap catch numbers fahe Meachan 2018 fire near Kimberley and

the Doctor Creek 2020 fire near Invermere are doMuimbers are low for the new trapping areas in Arrow
and Boundary TSAsThe highest trap catches in 2022 were associated with the Lavington area of the
Doctor Creek burn.

Table10. Results from 201&022black army cutworm moth trapping program in the Kootenay Boundary Region.

Average moths per

Location # Traps trap
2022 Arrow Selkirk 4 16
2022 Boundary TFL23 54 37
2022 Boundary TFL8 - Bunchgrass FSR 3 12
2018 Cranbrook Etna Creek 4 20
2018 Cranbrook Linklater 4 1
2019 Cranbrook Lost Dog 6 93
2019 Cranbrook Meachan 6 218
2020 Cranbrook Meachan 2 240
2021 Cranbrook Meachan 4 322
2022 Cranbrook Meachan 4 15
2018 Cranbrook Soowa 4 39
2019 Cranbrook WickmanCreek 4 36
2021 Invermere Doctor Creek 9 433
2022 Invermere Doctor Creek 9 72
2022 Invermere Lavington/ Bear FSR 3 319
2018 Invermere White - Middle Fork 4 127
2018 Invermere White - North Fork 4 29
2018 Revelstoke RCFC 4 40
2018 Revelstoke Revelstoke 2 80

aEdgewood (Octopus fire), Gladstone, Enterprise Creek

33



2022 Summary of Forest Health Conditions Report

(450 R
400
& 350
@ 300
o
2 250
o =201
£ 200 018
o #2019
g 150
S 2020
>
< 100 2021
50 " 2022
0
S S S S G RN - B SR P i N N G S I R
FF NS S EF TP P F SN P F O
o o P T F P L NE S D RN
@ TS T S W W S s
< ,® Q,e & il 000 000 o&
S N «
\/’b
o J

Figure 16. Black army cutworm tap catches by site in Kootenay Boundary fr&t8182022.

Sevenfires were monitoredfor black army cutwornactivity in 2022 h theThompson Okanagan Region

Sites within 6 fires (112 sites) were established May 17 through June 9,a2@P220 sites in thi¥icKay

Creek fire were established July 2822 All sites except the McKay Creek fire sites were checked, moths
collected, and lures replenished once between establishment and final collect&gcollections were

done between July $land Septembersl 2022.The number of IDA moths caught per site ranged from
zero @ siteg to 249 moths, with an average of almost 40 moths per site over all Bités {1). Sites

within the Tremont Creek fire had the highest moth counts averaging 101 moths, and two sites along the
Pennie Lake Haywood Farmer Bad caught over 200 mothH.there are fewer than 350 moths caught per

trap (site), then severe damage to conifer seedlings is unl&eiye sites within th@remont Creek fire

will be monitored again in 2023.

Table11. Number of black army cutworm traps established in each of the 2021 fires within the Thompson
Okanagan Region in 2022.

Range of moths  Avg. # moths per

Al B, SIS caught per site site
Garrison Lake 15 4-52 18.9
July Mountain 8 0-63 24.1
McKay Creek 20 0-46 18.5
Sparks Lake 29 3-148 41.9
Thomas Creek 13 3112 20.8
Tremont Creek 20 1-249 101.2
Whiterock Lake 27 1-128 33.1
Total 132 39.8
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ThompsonOkanagan Region Summary

The Thompson Okanagan portion of the Aerial Overview Surveys was carried out betweeri‘Ang. 2

Aug. 12" 2022.The surveys were completed in 57.2 hours, over 10 flight ddys.weather was good
during the flights and damage symptoms were clearly visihiere was a very large cone crop on several
conifer species, particularly Dougtéis and sprucelt was sometimes difficult to discern whether foliar
discoloration was insect defoliation or cone cr@@ne areas mapped as defoliation were corrected as they
were later determined to be cone crops during detailed aerial suAleysirveys were conducted by
Barbara Zimonick (Zimonick Enterprises) and Karen Baleshta, and utilized a Cessna 210C operated by AC
Airways Ltd., of West Vancouver, B.C.

Kamloops TSA

Douglasfir beetlewas mapped on 4,88¥a, down from 5,05%ain 2021, and most was mapped as trace
infestation fppendix A: Forest Health Damage Summary Tabledor the South Area; Figure 17). In the west
portion of the TSA, populations were mapped in the Hat Creek to Cornwall Hills and Allen Creek.
Populations were still active north of Kamloops Lake along the Tranquille River to Black Pau&ets of
Douglasfir beetle continued along the west side of the North Thompson River from Darfield to Little Fort
and Latremouille CreekOn the east side of the Thompson River, Doufjtaseetle was mapped along
Louis Creek, Cahilty Creek and north to Blucher Hall and Garrison Mourtiaére are active populations

of Douglasfir beetle andvood boretin the 2021 fires in the Kamloops TSA, which are expected to attack
green, live Dougla$ir in 2023 either within or outside the fire perimeter.

Figure 17. Douglasfir beetle
damage near Lyons Lake,
Kamloops TSA.

Spruce beetle declined again in 2022 to justlbdapped compared to 3,832 ha in 20&all pockets of
infestation were recorded in Wells Gray Pafkestern balsam bark beetle increased slightly from 20,482
hain 2021 to 27,936 ha in 202Zhe more concentrated populations were located in the Trophy and Table
Mountains areas, Chu Chua Creek, Granite Mountain and Dunn Peak, with scattered populations in the
North Thompson River area north to Allan Creek and Adolph Ci@ek one hectare of mountain pine
beetle was observed in two discrete locati¢tgute 18).

Western spruce budworm remained very low in the Kamloops TSA affectindha6 2022. Western
hemlock looper increased slightly in 2022 to hahffected, mostly within Wells Gray Park near Flourmill
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and Donald Creeks and at the southwest end of Hobson Teakey e ar cycl e budwor m wa
year of its cycle, mapped on 11,788 an increase of 10,265 ha from 20Zhe majority ofdefoliation
wasobserved north from Emar Lakes Park to Taweel Park, in the Grizzly Lakes and Swayback Ridge area,
and around Italia and Corsica Lakd@$ere were no recorded infestations in the southern portion of the
Kamloops TSA.

Aspen serpentine leafminer activity declined by 73% in the Kamloops TSA, recorded on only 6,975 ha in
2022 compared to 25,190 ha in 20&hbme of this decline could have been caused by larval mortality
during the 2021 heat domEhe most notable defoliation was mapped north of Thuja Lakes, between Allan
Lake and Powder Lake, with scattered spots of defoliation around Bonapart&atkenoth was the only

other deciduous defoliator active in the Kamloops TSA, affecting 2 ha.

No foliar pathogens were detected in the 2022 aerial overview flights in the Kamloops TSA.

Lillooet TSA

Damage was mapped on 29,118%in the Lillooet TSA in the 2022 aerial overview survey, a significant
decline from the 109,438 ha mapped in 2021, which was largely wildfire da@&ageas, 73% was bark

beetle damage, 27% was damage caused by western spruce budworm, plus a minor amount of windthrow.
The area affected by western balsam bark beetle increased slightly in 2022, with active populations mapped
on 10,406ha, compared to 8,731 ha in 202¥estern balsam bark beetle was active in most high elevation
subalpine fir sites near Lost Valley Creek, Copper Creek to Machute Creek, Texas Creek, Devils Lake, and
Gott Creek.It remained active in the Stein Valley Heritage Park and along Kwoiek Creek and near Big
Sheep Mountain in the north of the TS4ountain pine beetle affected 6,4h8 a 4.7#fold increase over

2021. The most active outbreaks of mountain pine beetle were mapped near Downton Creek, between
Melvin and Gott Creek, and in Stein Valley Heritage Park along the North Stein River.

Spruce beetle was mapped on 4,8&2an increase of 1,646 ha over 20RTontinued to kill small patches
of spruce in the Leckie Creek, upper Gun Creek, and Tyaughton Creek drafkagegactive population
is expanding in the Van Horlick to Cottonwood Creek area.

Douglasfir beetle affected 248a a slight increase from 118 ha in 20Phpulations persisted in 2022
along the Yalakom River west, east of Beaverdam Creek and near Askom Mountain.

Western spruce budworm expanded significantly in 2022, affecting hads the Lillooet TSA.
Populations were mappé&wmm Shalath along the north edge of Anderson Lake and in the Gold Bridge area
around Gun Lake, Tyaughton Lake and Downton L&gg mass sampling in the fall indicated moderate
populations in 2023.
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Figure 19. Western spruce budworm defoliation near Seton Lake, Lillooet TSA.

Merritt TSA

A total of 13,619ha of damage was mapped in the Merritt TSBark beetles and defoliators were
responsible for most of the damage observed, accounting for about 40% and 60%, respEuitityetyvo
percent of thadlamage was caused by western balsam bark beetledbanapped on 4,337Ya, of which

most was light severityActive populations were mapped in subalpine fir stands in Copper Creek along the
boundary ofManning Park, the east side of Brent Mountain Protected Area, between lltcoola and Arcat
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Creeks, along the Tulameen River, July Mountain, and in the Spius Creek and Stoyoma, . .
Mountain areaDouglasfir beetle increased by 700 ha to 84 affected.Patches were &
detected near Brook Lake, Summers Creek, and between Rattlesnake and Paul C

of the Pasayten RiveBpruce beetle was detected onh@2n a few spots near Juliet Creek,” -
Podunk Creek and the Tulameen River.

Western spruce budworm defoliation made up 48% of the damage mapped in the Merritt TSA, covering
6,574 ha a twafold increase over 202Defoliation increased west of Mamit Lake near Quinville and
Tolman Creeks, and in the south of the TSA around near Agate Mountain and Lorn&wakear cycle
budworm was mapped in the Maka Creek area on 1haQ0fi u p 6 Smadl pockets of aspen serpentine
leafminer were mapped throughout the central portion of the Merritt TSA affectings3b@foliation was

noted from Aspen Grove to Loon Lake, Dillard Creek and along the Summéntanwetton Road near Link

Lake. Sixty haof satin moth was mapped in 2022.

Okanagan TSA
Damage was mapped on 40,880in 2022, with 62% caused by bark beetles
and 38% caused by defoliatoihere were minor amounts of abiotic damage
detected (e.g. drought, fume kill, pdse damage, aspen declin®ouglasfir
beetle increased significantly in 2022 affecting 3,86 7compared to 741 ha ir]
2021.Most infestations were mapped as trace sevedibuglasfir beetle was
active from the south end of the TSA to the ShusvWrgiches were mapped
near Cawston, along Mission Creek to Tress Creek, Sandberg Creek, |n the
Lumby area from Ferry Creek to Heckman Creek and in the Trinity Hills§ on
Sowsap Creekln the Shuswap, small patches and spots were noted [near
Skimikin, Gleneden, Canoe, Sorrento, Scotch Creek and Squilax Mountain.
The MCH program continued in Herald Provincial Park and other high priarity
areas to protect trees from attack by Dougjlaseetle.

Figure 20. Douglasfir beetle along Adams Lake, Okanagan TSA.
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