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INTRODUCTION

This reportsummarizes the results of the 2019 Aerial Overview Surveys, forest health operations, and
research projects conducted in the southern interior of British Columbia. The aerial overview survey is
performed annually by the B.C. Ministry of Forests, Landstui Resource Operations and Rural
Development and details forest damage due to bark beetles, defoliators, and other visible forest health
factors, such as foliar diseases and abiotic damage. Surveys were carried out using the standardized
Provincial Aeral Overview Survey protocoléhttp://www2.gov.bc.ca/gov/content/environment/research
monitoringreporting/monitoring/aerialoverviewsurveys/methofls Polygons are used to record larger

areas of continuous damage and are assigned severity ratingsridseddacTable 1. Spots are used to

record small, discrete groups of affected trees.

The 2019 surveys were completed between JuffeaBd8 September's In general, flying conditions

were much more favorable in 2019 with clearer air quality due to féavest fires. A total of 249.6

hours of fixedwing aircraft flying time over 47 days were required to complete the surveys, which
covered all areas within the Cariboo, Thompson Okanagan, and Kootenay Boundary Natural Resource
Regions. These three Regsotover more than 25 million hectares, of which over 15 million hectares are
forested.

Approximately 1,016,993 hectares of damage were mapped over 14 TSAs during the 2019 surveys. Bark
beetle infestations expanded slightly to 455 hectares while defoliators decreased minimally to

355,298 hectares, mainly due200 19 bei ng the Aof f yhedacline okaomet he f e
deciduous leafminers.

Abiotic damage was mapped on 17@2eectares and included drought, paddfire mortality, cedar
flagging and other minor issueProught foliar damage and mortality declined throughout the interior
due to the moist summer but pegtdfire mortality, affecting 73,784 hectares primarily in the Cariboo
Region, increased signifinty.

Foliar disease activity declined slightly, with the total area mapped being just 3,409 hectares. Larch
needle blight was the most prevalent, at 2,122 hectares mapped, mostly in the Cranbrook TSA. There
were very few wildfires in 2019, which are ¢keed by the BC. Wildfire Management Branch, damaging

only 4,513 hectares.

Ministry of Forests, Lands, Natural Resource Operations and Rural Development, Kamloops, B.C.
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Table 1. Severity ratings used in the aerial overview surveys.

Disturbance Type

Severity Class

Description

Tree mortality

Trace

<1% of trees in the stand recently killed

(including bark beetles, Light 1-10%of trees in the stand recently killed
abiotic factors, andnimal . .
! - )
damage) Moderate 11-29%o0f trees in the stand recently killed
Severe 30-49%of trees in the stand recently killed
Very Severe | 50%+of trees in the stand recently killed
Defoliation* Light Some branch tip and upper crown defoliation,
(including defoliating insect barely visible from the air.
and foliar disease damage) | Moderate Thin foliage, top third of many trees severely
defoliated,some completely stripped
Severe Bare branch tips and completely defoliated topy
most trees sustaining >50% total defoliation
Decline Syndromes Light Decline with no mortality the first detectable
stage, characterized by thin crowns and no
individuals without visible foliage
Moderate Decline with light to moderate mortalitythin
crowns are accompanied by individuals devoid
foliage. Greater than an estimated 50% of
individuals have some foliage.
Severe Decline with heavy mortality crowns are very

thin and greater than 50% of standing stems af
devoid of foliage.

* Serpentine leafminetefoliation is rated according to the percentage of trees in the stand that are affected, based on tree mortality classes.

Severe defoliation near Dog Creek by Dougfiasussock moth

TSA

Ministry of Forests, Lands, Natural Resource Operations and Rural Development, Kamloops, B.C.
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Table 2. Area affected by damaging agents in the southern interior in 2019.

Timber Supply Area

Area of infestation (hectares)

5

and Damaging Agent Trace Light Moderate  Severe Very Severe  Total
Douglasfir beetle
100 Mile House 9,588 820 1,471 393 0 12,272
Quesnel 1,485 760 338 0 0 2,582
Williams Lake 38,639 13,164 2,259 479 0 54,541
Arrow 263 1,233 829 0 0 2,324
Boundary 217 548 327 9 0 1,101
Cranbrook 123 293 110 0 0 526
Golden 0 0 159 15 0 174
Invermere 182 560 645 57 0 1,443
Kootenay Lake 36 425 497 19 0 977
Revelstoke 9 153 95 0 0 258
Kamloops 372 857 1,109 688 84 3,110
Lillooet 0 58 70 51 9 188
Merritt 0 156 145 102 4 407
Okanagan 168 927 931 237 24 2,288
Total 51,082 19,953 8,984 2,050 120 82,190
Spruce beetle
Quesnel 1,793 337 0 0 0 2,130
Williams Lake 3,386 3,391 1,645 49 0 8,472
Arrow 58 235 118 17 0 428
Cranbrook 142 254 1,041 2,273 235 3,945
Golden 271 310 1,111 129 0 1,822
Invermere 18 1,613 1,835 214 379 4,059
Kootenay Lake 41 111 311 647 0 1,110
Revelstoke 123 27 27 0 0 177
Kamloops 0 2,425 1,967 622 0 5,013
Lillooet 681 500 1,247 682 12 3,122
Okanagan 114 0 0 0 0 114
Total 6,625 9,205 9,301 4,635 626 30,391
Mountain pine beetle
Quesnel 0 60 0 0 0 60
Williams Lake 15,301 20,413 6,172 688 0 42,575
Arrow 574 290 172 0 0 1,036
Boundary 641 209 42 0 0 892
Cranbrook 500 630 184 0 0 1,313
Golden 218 129 220 45 186 797
Invermere 968 1,552 2,958 517 17 6,012
Kootenay Lake 719 1,474 1,189 127 0 3,509
Revelstoke 47 67 148 0 0 262
Lillooet 697 4,016 1,876 159 0 6,747
Okanagan 2 44 0 0 0 46
Total 19,667 28,884 12,960 1,536 203 63,249
& Ministry of Forests, Lands, Natural Resource Operations and Rural Development, Kamloops, B.C.



Timber Supply Area Area of infestation (hectares)

and Damaging Agent Trace Light Moderate  Severe Very Severe  Total
Western balsam bark beetle
100 Mile House 3,876 31 85 0 0 3,993
Quesnel 53,876 1,070 0 0 0 54,946
Williams Lake 64,949 5,430 658 47 0 71,084
Arrow 6,273 885 0 0 0 7,158
Boundary 1,678 0 0 0 0 1,678
Cranbrook 4,833 3,052 1,023 0 0 8,908
Golden 3,765 5,956 1,314 6 0 11,042
Invermere 7,872 5,583 1,991 60 0 15,506
Kootenay Lake 6,579 1,870 64 0 0 8,513
Revelstoke 4,317 1,019 14 0 0 5,351
Kamloops 51,826 5,367 36 200 0 57,429
Lillooet 14,839 742 27 89 0 15,697
Merritt 7,439 70 0 49 0 7,557
Okanagan 41,949 351 0 63 0 42,362
Total 274,072 31,424 5,215 514 0 311,225
Western spruce budworm
100 Mile House 0 934 126 0 0 1,059
Williams Lake 0 9,517 786 4,582 0 14,885
Boundary 0 67 0 0 0 67
Kootenay Lake 0 0 10 3 0 13
Kamloops 0 3,543 752 0 0 4,296
Lillooet 0 745 105 0 0 850
Merritt 0 2,736 209 0 0 2,945
Total 0 17,542 1,988 4,585 0 24,115
Two-year cycle budworm
100 Mile House 0 250 0 0 0 250
Quesnel 0 1,897 0 0 0 1,897
Williams Lake 0 402 0 0 0 402
Kamloops 0 884 37 0 0 922
Total 0 3,434 37 0 0 3,471
Douglasfir tussock moth
Williams Lake TSA 0 0 0 1,662 0 1,662
Kamloops TSA 0 0 4 0 0 4
Merritt TSA 0 0 0 14 0 14
Okanagan TSA 0 211 642 175 0 1,028
Total 0 211 646 1,851 0 2,708
Western hemlock looper
Arrow 0 373 61 114 0 548
Invermere 0 8 0 0 0 8
Kootenay Lake 0 202 83 14 0 298
Revelstoke 0 157 63 0 0 220
Total 0 740 207 128 0 1,074
& Ministry of Forests, Lands, Natural Resource Operations and Rural Development, Kamloops, B.C.
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Timber Supply Area Area of infestation (hectares)

and Damaging Agent Trace Light Moderate  Severe Very Severe  Total

Aspen serpentine leafminer

100 Mile House 0 34,967 35,402 10,630 0 80,999
Quesnel 0 16,124 54,965 18,597 0 89,687
Williams Lake 0 40,809 33,362 14,987 0 89,157
Arrow 0 5,857 6,398 0 0 12,255
Boundary 0 454 0 0 0 454
Cranbrook 0 922 428 0 0 1,350
Golden 0 727 703 73 0 1,503
Invermere 0 707 768 0 0 1,476
Kootenay Lake 0 4,042 2,007 0 0 6,050
Revelstoke 0 1,405 1,444 0 0 2,849
Kamloops 0 17,518 10,140 1,741 0 29,399
Merritt 0 0 5 13 0 18
Okanagan 0 2,655 1,626 553 0 4,833
Total 0 126,188 147,28 46,94 0 320,80
Birch leafminers (Fenusa pusilla, Profenusa thomsoni, Lyonetia prunifolie)la
Arrow 0 359 341 0 0 701
Cranbrook 0 8 18 9 0 35
Golden 0 0 84 6 0 90
Kootenay Lake 0 575 212 0 0 788
Revelstoke 0 0 23 0 0 23
Kamloops 0 671 481 114 0 1,267
Okanagan 0 6 52 0 0 58
Total 0 1,619 1,213 129 0 2,961
Drought - general, foliage loss
Kamloops 0 902 1,525 240 0 2,666
Okanagan 0 47 118 0 0 165
Total 0 949 1,643 240 0 2,831
Drought - mortality
100 Mile House 0 0 171 5 0 176
Williams Lake 49 585 250 48 0 932
Arrow 0 106 89 9 0 205
Boundary 11 2,746 2,117 0 0 4,874
Cranbrook 36 340 258 46 0 680
Golden 0 14 8 0 0 22
Invermere 0 635 208 31 0 875
Kootenay Lake 0 255 41 0 0 296
Kamloops 0 0 7 1 0 8
Merritt 0 4 20 0 0 24
Okanagan 10 488 234 58 0 790
Total 106 5,174 3,403 198 0 8,881
& Ministry of Forests, Lands, Natural Resource Operations and Rural Development, Kamloops, B.C.
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Timber Supply Area

Area of infestation (hectares)

and Damaging Agent Trace Light Moderate  Severe  Very Severe  Total
Postburn mortality

100 Mile House 17 5,554 3,137 4,492 0 13,200
Quesnel 0 7,798 5,436 2,943 47 16,223
Williams Lake 21 5,276 5,005 17,385 9,546 37,233
Arrow 0 0 131 0 0 131
Boundary 0 0 110 185 0 295
Cranbrook 0 107 1,100 487 0 1,694
Golden 0 54 562 151 0 766
Invermere 0 198 1,157 1,063 0 2,418
Kootenay Lake 0 25 304 16 0 344
Revelstoke 0 12 0 0 0 12
Kamloops 0 707 277 50 15 1,048
Merritt 0 0 107 0 0 107
Okanagan 0 36 187 90 0 312
Total 38 19,768 17,512 26,860 9,607 73,785
Larch Needle Blight

Arrow 23 31 22 17 0 93
Boundary 0 25 0 0 0 25
Cranbrook 0 1,147 644 0 0 1,790
Golden 0 24 0 0 0 24
Kootenay Lake 0 81 88 20 0 189
Total 23 1,308 754 36 0 2,122

Mountain pine beetle attackjllooet TSA

BRITISH
COLUMBIA
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SOUTHERNINTERIOROVERVIEW
MOUNTAIN PINE BEETLE, DENDROCTONUS PONDER®@SE

The area affected by mountain pine beetle increas@® )8hectares, t63,249%hectares (Tables 2 and

3; Figures 1 and 3. Most of thisincreasewas due tahe continuingexparsion of infestations in the
Williams Lake TSA. A 40% increase in spot infestatiotisroughout the soutlvere noted in 2019
compared to 2018Table 3) The Arrow and Cranbrook TSAs saw significant expansion and Boundary
TSA had modest increases in new attack mapped. afidee affected in thkillooet and Invermerd SAs
declined significantly There is still very little mountain pine beetle being mapped in the Okanagan TSA
but ground reconnaissance indicates a building latipn in some locationsOver seventyfive percent

of all attack was trace to light.

Many of the higher elevation infestatiomscurredn whitebark pineor mixed species stands.

Table 3. Area infested, number of polygons, average polygon size, nohdpert infestations, and
number of trees killed in spot infestatidmgmountain pine beetle in the southern interior, 20099.

Area Number of Average Polygon Number of Spot Number of Trees Killed
Year Infested (ha) Polygons Size (ha) Infestations in Spot Infestations
2009 2,342,129 23,493 100 5,745 73,994
2010 558,118 15,127 37 6,573 89,747
2011 161,012 5,999 27 4,526 56,835
2012 109,181 3,484 20 3,515 45,574
2013 63,102 1,707 40 2,905 29,670
2014 51,804 1,350 38 2,062 17,995
2015 40,045 1,180 21 1,615 15,635
2016 54,925 1,413 39 1,410 15,050
2017 25,979 717 36 860 7,960
2018 37,181 981 38 868 7,7654
2019 63,249 925 68 1,415 11,771

D Cariboo Region - Douglas-fir Beetle
D Thompson-Okanagan Region - Mountain Pine Beetle
D Kootenay-Boundary Region - Spruce Beetle

Western Balsam Bark Beetle

Quesnel -

Williams
Lake

Figurel. Timber Supply
Areas and bark beetle
infestations in the
southern interior of B.C.
in 2019.

2100 Mile
3 Hou{o
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Figure 2. Area affected by major bark beetles in the southern interior of B.C. (Cariboo, Kootenay
Boundary and Thompson Okanagan Regions) from-2013.

DOUGLAS-FIR BEETLE, DENDROCTONUS PSEUDOTUSAE

Douglasfir beetle remained widespread across many areas of southern B.C., especially in the Cariboo
Region, where 84% dfhe total area of Douglds beetle attack wasnapped. The most significant
increased activity was seen in the 100 Mile House, avil§ Lake and Kamloops TSAghere larger
patches of infestation werecordedTable 4) Boundary, Kootenay Lake and Okanagan TSAS 80
increased Douglafir beetle activity while infested area declined in Lillooet, MerriQuesneland
RevelstokeTSAs. In the remaining 7 TSAshe level of Dougla$ir beetle infestation did not vary
greatly from 2018.The increasedctivity in the 100 Mile House, Williams Lake and Kamloops T$#\s

due to the increase in available host matémniaind around the recent wild fires of 2017 and 2018.

.u\_ '. R 4 ‘.:\ 1 x > : J. t 4

| > E ;

Cryptoporusvolvatus on fire scorched and Dougttis Douglasfir beetlegalleries and larvae
beetle attacked trees

Ministry of Forests, Lands, Natural Resource Operations and Rural Development, Kamloops, B.C.
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Table 4. Douglasfir beetle infestations in the southern interior of B.C., 20089.

Spot Infestations Patch Infestations

Timber Number Trees Number Area (ha)
Supply Area 2018 2019 2018 2019 2018 2019 2018 2019
100 Mile House 405 429 2,661 2,780 94 119 6,417 12,272
Quesnel 427 400 4,038 3,872 171 34 10,389 2,582
Williams Lake 1,163 758 10,921 6,516 512 299 50,254 54,541
Arrow 365 272 5,341 3,328 138 118 2,556 2,324
Boundary 140 101 1,895 1,172 16 59 473 1,101
Cranbrook 171 200 1,565 2,255 33 34 659 526
Golden 28 24 350 383 11 8 71 174
Invermere 160 268 2,642 3,770 93 82 1,390 1,443
Kootenay Lake 223 184 3,168 2,064 41 60 642 977
Revelstoke 50 30 549 357 37 23 524 258
Kamloops 1,001 917 7,795 7,048 268 349 1,976 3,110
Lillooet 278 314 1,999 2,325 90 30 565 188
Merritt 288 326 2,275 2,258 62 54 581 407
Okanagan 879 950 7,810 7,803 278 262 1,974 2,288
Total 5578 5,173 53,009 45,931 1,844 1531 78,471 82,190

SPRUCEBEETLE, DENDROCTONURUFIPENNIS

The area affected by spruce beetle increased, from 24,493 hectares in 2018, to 30,391 hectares in 2019
(Table 2; Figure 2). The most notable increases were observed in the Quesnel, Williams Lake and
Cranbrook TSAs. Attack intensity declinedrahghout most of the Thompson Okanagan Region,
particularly in the Kamloops and Lillooet TSAs. Infestations of note continued in: Wells Gray Park;
Quesnel Lake area; Cardtable Mountain;-Dill Plateau; Tyaughton Creek; along the Duffey Lake
corridor in Van Horlick Creek, Gott Creek and Cottonwood Creek; Hamill Creek; and, Mount Aosta to
Mount Abruzzi.

WESTERNBALSAM BARK BEETLE, DRYOCOETES CONFUSUS

The total areaof western balsam bark beetteappedin 2019 decreased slightlp 311,225hectares
affected compared to 322,859 hectaraectedin 2018 However, eight of fourteen TSAs saw an
increase in attack over 2018 levels, including Lillooet, Williams Lake, Arrow, Kootenay Lake and
Cranbrook TSAs.The most significant decreases were sedhénKamloops and Okanagan TSégen

though these two TSAs still saw some of the highest attack levels in the southern interior at 57,429 and
42,362 hectares, respectivelyhe Quesnel, Williams Lake, Kamloops and Okanagan TSAs had the most
affected area, ranging from 42,362 hectares in the Okanagan TSA to just over 71,000 hectares in the
Williams Lake TSA (Table 2; Figure 2Eight TSAs saw slight to moderate increases in area affected.

WESTERNPINE BEETLE, DENDROCTONUS BREVICOM

Westernpine beetle activity remained low in 2019 and was only mapped in the Arrow (41 hectares) and
Kootenay Lake TSAs (10 hectares).

& Ministry of Forests, Lands, Natural Resource Operations and Rural Development, Kamloops, B.C.
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Western balsam bark beetle attack nBaft River, Kamloops TSA

INSECTDEFOLIATORS GENERAL

Methods used tomonitor defoliator populations

There are several methods used to monitor or predict defoliator populations. Brief descriptions 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 defoliatioprovides the most current information on
extent and severity of defoliation. Detailed aerial surveys are conducted when planning control
programs.

Annual trapping withpheromones at permanent sample sites (P$Pgjovides trends in
populations and can predict imminent defoliation. Trapping is conducted annually for Douglas
fir tussock moth and western hemlock looper.

Threetree beating$ is an assessment of speciehness and abundance. This is a technique
conducted annually to collect defoliator larvae at permanent sample sites (often coupled with
trapping). Thredree beatings are conducted at Dougdilasussock moth and western hemlock
looper PSPs throughoutdltsouthern interior and at an additional thirteen PSPs established in the
East Kootenays to monitor western spruce budworm and other defoliating insects.

Egg mass surveyé conducted late summer or fall. These surveys provide an estimate of
predicted defliation (defoliator population) in the next season. Egg mass surveys are most often
conducted for western spruce budworm and Doufgldasssock moth and occasionally western
hemlock looperas part of the planning process for control programs.

BRITISH
COLUMBIA

Ministry of Forests, Lands, Natural Resource Operations and Rural Development, Kamloops, B.C.
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Area defoliated (hectares)

300,000 -

200,000 -

100,000 -

Deciduous|Coniferous|Deciduous|Coniferous| Deciduous|Coniferous|Deciduous|Coniferous
defoliators|defoliators |defoliators | defoliators|defoliators |defoliators | defoliators| defoliators

2016 | 2017 | 2018 2019

Figure3. Area of deciduous and coniferous defoliation in the southern interior of B.C-2009.6

In 2019, there was a @@hectare decrease in the overall area impacted by insect defoliators of deciduous
and coniferous forests in the southern interior of B.C. (FigureF8)wever, defoliation of deciduous
forests increased by 998 hectares from 2018 to 2019Three speciesof deciduous defoliators were
observed, with the aspen serpentine leafmiriryfocnistis populiella being the most prevalent,
affecting almosB320,030hectares. Aspen serpentine leafminer defoliation in the three Cariboo Region
TSAs increased by 84,187ectares, or 48 percent, from 2018 to 201@ive species of coniferous
defoliators were recorded, with western spruce budwadBmolistoneura freemgnbeing the most
widespread, with 24,102 hectares affected over the southern interior.

Birch leafminer damage was mapped on 2,961 hectares in 2019 compared to 4,403 hectares in 2018.
Most of the increase was observed at the north end of the Kamloops TSA (Cledwmddgrand in the
Arrow and Kootenay Lake TSAs. These defoliators continued to affect iarélas North Thompson
ey ; bet ween New Denver and Kasl o;
of Kimberly. Typically, the damage was found in mixed age stands, often containing hemlock, Bouglas
fir, cedar, lodgepole pine, whifene, with birch, aspen and cottonwood throughout.

vall
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t he S

Areas with foliar discoloration of birch were ground checked in various locations in the Kamloops and
Okanagan TSAs including Vavenby Mountain; Avola Mountain FSR; Birch Island, Lost Creek Road;
FadearCreek FSR; Scotch Creek; Skimikin; Foghorn Mountain FSR; and Martin Cizeting ground

checks, pupal hammocks were found on the underside of lower birch leaves.
blotchy leaf mining and discolouration, especially in the upper crowfe observed ejected frass

accumulated on the underside of the leaves, caught up in webbing.

Wi de
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e birch | eaf fibrowningd and
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Boundary and Thompson Okanagan Regions in the south, and Omirgtoa Rethe north, throughout
the range of paper birclBetula papyrifera Larval collections were made in midine through the
beginning of July from thirteen sites (nine in the Thompson Okanagan; three in the Kootenay Boundary;
and one in the Ominecan@ genomic DNA sequencing was conducted by Jeanne Robert, Omineca

The DNA sequencing confirmed the pest species toydmeetia prunifoliella (Lepidoptera:
Lyonetiidae) for all 13 sites. This damage was previously thought to be a comgeghdieafminers
(Fenusa pusillaeand Profenusa thomsoji(Hymenoptera: Tenthredinidae), but we now know that at least
some of the damage is caused_pgnetia prunifoliella

Region.

BRITISH
COLUMBIA
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Lyonetia prunifoliellain pupal hammocks (left andree) and foliardamage (right)

Moderate patchesf defoliation by theaspen leaf roller(Pseudexentera oregonan@6,581 hectares)
andsomesatin moth (Leucoma salicis(200 hectares) were observed throughout the survey area.

Defoliation of coniferous forests decreassd76%, to 32,107 hectares affected in 2019 largely due to the
two-year cycle budworm(Choristoneura biennjs bei ng in its f#Aoff dorthi® ar
insect was 3,471 hectares, with the majority located in the Quesnel and KamloopandSAswmll areas
mapped in the Williams Lake and 100 Mile House TSAs.

Western spruce budworm (Choristoneura freemahilevels remainedunchanged from 201& the
southern interigrat 24,115 hectares The static growth is in large part duetoh i s targeed Ispay
program in the Cariboo Region that covered most of the affected dtesuever, populations are
increasing throughouthe budwornmd sange,with new pockets foundn the Caribooand Thompson
Okanagan RegionsThe 100 Mile HouseT SA saw a foufold declinein mappeddefoliationand there

was only a modest increase in defoliation mapped in the Williams Lake TSA. Much of the mapped
defoliation in the Cariboo wakcatedwithin spray blocks where the damage haturredprior to
treatment Thereforewe expect a further decline in budworm populations in these avéastern spruce
budworm activity increased in the Kamloops, Merritt, and Lillooet TSAs in the Thompson Okanagan
Region,particularly in the Criss Creek, Mamit Lake and Nicola Lake ar&&sy little defoliation was
mapped in the Kootenay Boundary Region in 2019.

The Quesnel TSA was the only akeigh pine needle sheathminefZellaria haimbach) activity in 2019
The total area defoliated by this insect wag hectareascompared t@3,497 hectareis 2018.

z o
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Pine needle sheathmindamage in the Cariboo Western spruce budworm defoliation
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WESTERNSPRUCEBUDWORM, CHORISTONEURA FREEMAN

Western spruce budworm defoliation of Dougliasvas mapped in seven TSAs in the south area in 2019.
Thetotal area defoliatedras 24,115 hectares, an increase of 1,481 hectares from 2018. The most notable
increases were observed in the Williatrske and Kamloops TSAs (Table 2). Three TSAs saw a
decrease in budworm defoliation in 2019: 100 Mile House, Boundary and Kootenay Lake. Western
spruce budworm populations in the Kootenay Boundary Region remain low in both the Boundary and
Kootenay Lake BAs in 2019with only 67 and 13 hectares defoliated, respectively.

Although budworm populations are increasing in parts of the south area, the area afiectiediow
compared to levels reached at the height of the last outbialstern hemlock loopavas observed in

many of the stands where budworm was active in the Thompson Okanagan Region. The combination of
these two defoliators added to the severity of defoliation mapped and will likely cause higher levels of
defoliation in 2020 in manynterior Douglasfir stands. The abundance of hemlock loopemierior
Douglasfir stands coincides with marked increases in trap catches of hemlock looper in interior hemlock
stands (see western hemlock looper section).

The Cariboo Region sprayed 16,786 hexgaf priority areas with Foray 48B4cillus thuringiensivar.
kurstaki P.C.P. No. 24977) in Jurig019 figure 4 Table5). This targeted spray program held the
western spruce budworm spread to a minimum in the Williams Lake TSA.

Seven blocks (Tablg) were treated over a sday period wittB.t.k.at 2.4 litres per hectare between June

16" and June 2\ 2019. Western Aerial Applications Ltd. conducted the aerial applications using one
315B Lama helicopter and one Hiller UH12ET helicopter, each equipped with four Beecomist 361A ultra
low volume hydraulic sprayers. The spray operations were conducted from four staging sites where the
B.t.k, mobile fuel trucks and loading crews wapesitioned. The spray program was planned and
implemented by Cariboo Region and District staffid ceop students, with support from Thompson
Okanagan Region and Victoria staff.

Defoliation in Criss Creek, Kamloops TS

Ministry of Forests, Lands, Natural Resource Operations and Rural Development, Kamloops, B.C.
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Table5. 2019 western spruce budworm spray blocks in the Cariboo region showing the treated area,
litres of B.t.k.applied and date sprayed.

Spray Blocks Block size (ha)| Litres B.t.k. Date sprayed
1. Meldrum Creek West 770 1,850 June 16
2. Meldrum Creek EastWhite Lake 788 1,890 June 16
3. Riske Creek North Till Lake 1,050 2,520 June 16
4. Riske Creek SouthLower Meldrum 444 1,065 June 1617
5. Felker Lake West Colpitt 7,900 19,220 June 1618 & 2021
6. Felker Lake EastFelker 3,334 8,000 June 1721
7. Canoe Creek 2,500 6,000 June 21
Total 16,786 40,545

Y & A&

Lama leavingstaging site Spray swath over spray bloaekd Douglasfir beetle mortality

Efficacy assessment

Pre and postspray larvalsampling vasdone in select locations to determine lamd@nsity and effect of
B.t.k.treatment. Prspray sampling was done the day before treatment and then at weekly intervals post
spray until all the budworm larvae had pupated or were dead. Due to most higbrinupopulation

areas receiving treatment, larval density was generally much higher in the spray blocks sampled than
within the control areas (Tab®. Larval density ranged from 120 to more than 300 larvae pésliage

in the prespray sampling, comparable to numbers seen in 2012, which recorded some of the highest
levels of budworm observed in the south. The majority of larvae wéam 3" instar, except for the
Meldrum block where about 30 percent werethre 3" instar (Figure5). Therefore, there was visible
defoliation in most blocks at the time of treatment (Fégd). However, budwormén the Canoe Creek

block were the least advanced and minimal defoliation was evident at the time of treatmeratidPsp
declined in both treated and control areas, but the decline was rapid and significant in treated blocks.
Mortality from theB.t.k.treatment was most pronounced in the Canoe Creek area where larval densities
were reduced from over 232 to just[2@vae per rhfoliage (Table6). Natural mortality was high in the
control areas, but the treatment blocks had higher populations aBd.thepray brought larval density

down to below what was recordedthe control sites.

Ministry of Forests, Lands, Natural Resource Operations and Rural Development, Kamloops, B.C.
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Abbott 6s c oy compate®tie mortalityt causdd Byt.k. (percent mortality) to the natural
percentmortality observed in untreated control areas (Té&ple Percent mortality an
mortality are calculated as follows:

% Mortality = (pre-spray density ofive insects) (postspray density of live insects) x 100
(pre-spray density of live insects)

Abbottods corr e ¢treaded % mortalityduntreated %(midralityy x 100
100- (untreated % mortality)

Table6. Results of preandpostspray larval samplingt several sites in the Cariboo 2019 spray

program.
Larval density % mortality

(# larvae per mfoliage) Uncorrected Corrected
Sample location Prespray | 15'post| 2"post | 15post| 2" post | 1'post| 2" post
Meldrumspray 175.9 10.9 2.6 93.8 98.5 48.2 63.0
Meldrum control 119.7 14.3 4.7 88.0 96.0
Colpitt spray 234.3 36.7 84.3 100.0 33.4
Colpitt control (same as
Felker control) 153.3 36.0 76.5
Felker spray 302.2 20.5 15.1 93.2 95.0 71.2 62.6
Felkercontrol 153.3 36.0 20.4 76.5 86.7
Canoe spray 232.3 20.0 914 71.2
Canoe control 174.1 65.4 62.4

mL3 ml4 oOL5 ml6

Percent live larvae

Canoe North Colpitt Felker Lake Meldrum

Figure5. Distribution of larval instars within four spray Caribbo spray crew
blocks collected at the ppray sample time.

Ministry of Forests, Lands, Natural Resource Operations and Rural Development, Kamloops, B.C.

18

gza
22




Conducting efficacy assessment for budworm spray Budwormand coneworm (Dioryctrialarvae

Defoliation predictions for 2020

232 sites were sampled throughout the south area for western spruce budworm egg masses Ecaple
mass sampling provides an estimate of the defoliation expected in 2020 basdteugemsity of egg
masses found. Well over half the sites sampled J68%dicted no defoliation in 2020 and 27% had
predictions of light defoliation. No sites predicted severe defoliatith only a few expecting moderate
levels (Table7). In the Thompson Okanagan Region, the key areas where budworm populations
increasd and defoliation is expected in 2020 are in the Kamloops and Merritt TSAs, near Criss Creek,
Mamit Lake and northwest of Nicola Lake.

Egg mass surveys in the Kootenay Boundary Region are conducted annually in high priorityhsttands
havea history ofdefoliation. Eighteensites were sampled, all in the Boundary TSHAalf the samples
yielded no egg masses (9 of 18 sites). Eight sites fell into the light category Tl abione site yielded

an average of 67 egg masses per?dffoliage. The highst egg mass counts were all located southwest
of Rock Creek, off the Bridesville Road. No spray program is planned for 2020 in the Kootenay
Boundary Region.

Ninety-one sites in the Cariboo Region were sampled for egg masses in the fall of 2019. ed¢6¥ i

91) had no egg masses. Results for twénty sites predicted light defoliation and two sites predicted
moderate defoliation in 2020. Moderate defoliation is predicted in sites located along Place Lake Road
and English Road in the Central CaibTSA. Approximately 15,000 hectares are proposed fok.
treatment in 2020.

Left to Right: budworm larva; moths mating; new eggmass; and, hatched eggmass.

Ministry of Forests, Lands, Natural Resource Operations and Rural Development, Kamloops, B.C.
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Table7. Results of the fall 2019 western spruce budworm egg mass sampliregsouth area. Number
of sites indicating nil, light, moderate, severe defoliation in 2020 is listed by TSA with the average
number of egg masses per Edoliage per tree (10 trees sampled per $ite] SA and the maximum
numberfound at a site Nil = 0; Light = 1:50 egg masses; Moderate =H30 egg masses; Severe >150
egg masses.

2020 predicted defoliation (No. sites  Total No. egg masses
Region and TSA Nil Light Moderate Severe # sites Avg. Max.
Cariboo
100 Mile House 27 9 0 0 36 3.1 25
Williams Lake 40 13 2 0 55 4.3 69
Total 67 22 2 0 91 3.8 69
Kootenay Boundary
Boundary 9 8 1 0 18 13.6 67
Thompson Okanagan
Kamloops 30 19 1 0 50 8.3 53
Merritt 15 12 5 0 32 26.2 150
Lillooet 27 2 0 0 29 1.0 24
Okanagan 12 0 0 0 12 0.0 0
Total 84 33 6 0 123 104 150
Total for South Area 160 63 9 0 232

The 2019 spray program marked the first spray program for western spruce budworm since 2015 (Figure
6). Due to the continuing expansion of budworm throughout the south in 2@ %re proposing
additional treatments in 2020 in the Cariboo and Thompsomd&@jem Regions, totalling approximately
23,000 hectares (8,000 hectares in the Kamloops and Merritt TSAs; 15,000 hectares in the Williams Lake
TSA).

100,000
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Figure6. Hectares of western spruce budworm defoliatiaiménsouthern interigf20132019) showing
the yeas of B.t.k.treatmens in the Thompson OkanagdhOR) and CariboCAR) Regions.
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In 2007, thirteen permanent sample plots formerly monitored by the Fbrssct and Disease Survey
Unit of Forestry Canada were-established in the East Kootenays to monitor the incidence of western
false hemlock loopelepytia freemaniand western spruce budwor@horistoneura freemaniThe East
Kootenays do not have a history of visible defoliation by western spruce budworm. It is possible
however, that given climate change and Doufjtagncroachment throughout the Rocky Mountain
Trench, that conditions may become favorable to dpamsion of western spruce budworm populations.

Assemblage of defoliating insects found when larval sampl

Western spruce budworm populations continue to remain low in the East Kootenays withnenly
budworm larva found near Edgewater (#5Figure 7). Conifer sawflies were the most common
defoliator noted, found at eight of 13 sites, followed by false hemlock looper and green striped forest
looper both found at five sites. Defoliator diversity was down slightly from 2018.

Tree beating a method of sampling
for defoliators

Ministry of Forests, Lands, Natural Resource Operations and Rural Development, Kamloops, B.C.
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Figure7. East Kootenay permanent sample plot distribution in the Rocky Mountain Trench.

DOUGLAS-FIR TUSSOCKMOTH, ORGYIA PSEUDOTSUGATA

The Dougladir tussock moth habegun its next outbreak cycle in the southern intevidth numerous
singletree epizootics and patches of defoliation noted in 2019 (FBureA total of 2,708 hectares of

light to severe defoliation was mapped in the Thompson Okanagan and CariboosR@gible 2) and

some singletree epizootics were observed in the Kootenay Boundary Region. The 1,662 hectares
mapped in the Cariboo Region represent a new area for tussock moth and the most northerly occurrence
of tree and stand defoliati@ver to be @cordedor this insect The tussock moth has most likely been at

very low levels throughout low elevation IDF stands in the soitbwever, changing climatic conditions

have allowed this insect to reach outbreak levels in geographic locations wher@ast it could not.

Hectares defoliated by Douglas-fir tussock moth in B.C. 1918-2019
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Figure8. Douglasfir tussock moth defoliation in British Columbia 192819.
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The most extensive and severe defoliation in the Thompson Okanagan Region was located east of
Osoyoos and near Oliver in the Okanagan TSA (1,028 tesgtélrable 2). Defoliation was also mapped

near Vernon, Kelowna, Kamloopand along the Similkameen River, near StemwirRtewincial Park.
Sampling conducted near the end of larval feeding shtlegatesence of NPV (virus) in the Stemwinder

and McKinney Road (east of Oliver) populations, indicating a possible population collapse. Elsewhere
defoliation was noted near Eltis Provincial Park south of Vernon, and on the west side of the east arm

of Okanagan Lake. New areas of defoliation are expected in 2020. A private landowner near Heffley
Creek northeast of Kamloopdreated 342 hectares on the Seven O Ranch Bithk. to control a
population of tussock moth on their property.

Douglasfir tussock moth defoliation near Dog Creek amdAnarchist Mountain

Douglasfir tussock moth defoliation was mapped for the first time in the Cariboo Region south of Alkali
Lake andDog Creek(Figure 9) Approximately 1,662 hectares of severe defoliation were mapped, and
many trees were killed within this defoliated area. Ground checks found numerous new egg masses along
the outer edges of the main defoliated area and beyond.rag ppogram usind.t.k.is proposed for

2020.

Five Douglasfir tussock moth Outbreak Areas were delineated in 2011 after the last major outbreak in
the province. The original Outbreak Areas are: WK=West Kamloops; KA=Kamloops; OK=0Okanagan;
SIM=Similkameea; and, KT=Kootenay; (Figure 9). Outbreak Areas were delineated by analysing past
outbreaks (mapped defoliation) (192811), elevation and drainages (topography), host range and
ecosystem. These Outbreak Areas have unique outbreak periodicitynalitide. However, with the
occurrence of Douglafir tussock moth in the Cariboo the Outbreak Areas have been updated to reflect
this new, expanded range (Figure 9).

Ministry of Forests, Lands, Natural Resource Operations and Rural Development, Kamloops, B.C.
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