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INTRODUCTION 

This report summarizes the results of the 2021 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, Lands, Natural 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 Aerial Overview Survey protocols (http://www2.gov.bc.ca/gov/content/environment/research-

monitoring-reporting/monitoring/aerial-overview-surveys/methods).  Polygons are used to record larger 

areas of continuous damage and are assigned severity ratings as described in Table 1.  Spots are used to 

record small, discrete groups of affected trees. 

The 2021 surveys were completed between July 10th and October 8th.  Due to the number and severity of 

wildfires in the southern interior, particularly in the Thompson Okanagan and Kootenay Boundary 

Regions, flying conditions were difficult because of smoky skies and no-fly zones due to fire fighting.  

Flights were shut down for 5-6 weeks in the Thompson Okanagan and Kootenay Boundary Regions and 

resumed in September when conditions improved.  A total of 358.8 hours of fixed-wing aircraft flying 

time over 55 days were required to complete the surveys, which covered all areas within the Cariboo, 

Thompson Okanagan, and Kootenay Boundary Natural Resource Regions.  These three Regions cover 

more than 25 million hectares, of which over 15 million hectares are forested. 

The Aerial Overview mapping was conducted by trained contractors in the three Regions as follows: 

Region 

Start-end dates 

flown Mappers Aircraft  # days Hours Contractor company 

CAR - south Aug. 3 ï 24 

Barbara 

Zimonick  

Karen Baleshta 

Cariboo Air Ltd., 

Cessna-182 13 104.0 Zimonick Enterprises 

CAR - north July 27 ï Oct. 8 

Nathan 

Atkinson 

Scott Baker 

Cariboo Air Ltd., 

Cessna-182 

11 90.6 

Industrial Forestry 

Service Ltd 

KBR July 10 - Sep. 16 

Neil Emery 

Adam O'Grady 

Babin Air, Cessna-

337 19 94.3 Nazca Consulting  

TOR July 16 - Sep. 11 

 

Janice Hodge 

Kevin Buxton  

Upper Valley 

Aviation Ltd., 

Cessna 182P (long 

range tanks) 12 69.9 JCH Forest Pest Mgmt. 

Total      55 358.8   

 

   
White Rock Lake Fire, Okanagan TSA AOS pilot with Janice Hodge & Kevin Buxton Douglas-fir beetle, Kamloops TSA 
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Thirty-three damage agents were mapped during the 2021 surveys, affecting approximately 1,484,422 

hectares over 14 TSAs, which is about 875,669 hectares more than was mapped in 2020, and represents a 

2.4-fold increase.  However, much of this increase was due to wildfires that affected over 695,992 

hectares in the southern interior.  The damage from other factors totaled 788,430 hectares, an increase of 

180,000 hectares from 2020.  Bark beetle infestations (western balsam bark beetle, Douglas-fir beetle, 

mountain pine beetle, spruce beetle, western pine beetle, fir engraver beetle) increased by 9,993 hectares 

to 323,697 hectares.  Douglas-fir beetle and western balsam bark beetle both increased, by 14% and 6% 

respectively, while spruce beetle and mountain pine beetle decreased.  Damage caused by insect 

defoliators doubled in 2021, affecting 334,283 hectares, mainly due to increases in western spruce 

budworm and deciduous defoliators such as aspen serpentine leafminer. 

Abiotic damage was mapped on 806,466 hectares mainly due to the 2021 wildfires, drought and the heat 

dome.  The severe 2021 drought and heat dome affected 96,429 hectares, with most damage manifesting 

as foliar damage (96,346 hectares), plus 84 hectares of drought mortality.  Fire damage was mapped on 

695,992 hectares, with 3,640 hectares of post-fire mortality.  Aspen decline was mapped over 383 

hectares, a slight increase from 2020. 

Foliar disease levels declined from 31,311 hectares in 2020 to 19,745 hectares, largely due to fewer pine 

needle cast infections observed. 

 

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, abiotic 

factors, and animal damage) 
Light 1-10% of trees 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 

  Very Severe 50%+ of trees in the stand recently killed 

Defoliation* Light 
Some branch tip and upper crown defoliation, barely visible 

from the air. 

(including defoliating insect and 

foliar disease damage) 
Moderate 

Thin foliage, top third of many trees severely defoliated, some 

completely stripped 

  
Severe 

Bare branch tips and completely defoliated tops, 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 mortality - thin crowns are 

accompanied by individuals devoid of 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 are devoid of foliage. 

* Serpentine leafminer defoliation is rated according to the percentage of trees in the stand that are affected, based on tree mortality classes. 
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Table 2. Area affected (spots and patches) by damaging agents in the southern interior in 2021 by Timber 

Supply Area (TSA). 

TSA and Area of infestation (hectares) 

Damaging Agent Trace Light  Moderate Severe Very Severe Total 

Douglas-fir beetle       
100 Mile House 2,536 189 92 36,953  39,769 

Quesnel 73 50 125 73  322 

Williams Lake 9,398 687  31,188  41,273 

Arrow 2,677 1,745 127 1,164  5,713 

Boundary 262 196 82 109  650 

Cranbrook 454 588 117 205  1,365 

Golden 77 379 65 174  694 

Invermere 857 609 29 111  1,607 

Kootenay Lake 844 878 41 280  2,043 

Revelstoke 159 271  77  507 

Kamloops 1,479 2,315 1,026 44 192 5,055 

Lillooet 59 18 41   118 

Merritt 68 69 27  10 173 

Okanagan 236 291 164  50 741 

Total 19,178 8,286 1,935 70,379 252 100,029 

Spruce beetle       

Quesnel  434 51  79  563 

Williams Lake  3,692 351 36 6,404  10,482 

Arrow  13     13 

Cranbrook  379 1,087 637 7 9 2,119 

Golden  843 785 195 390  2,214 

Invermere  515 151  721  1,387 

Kootenay Lake 155 192 204 75  626 

Kamloops 1,346 2,104 295 88  3,832 

Lillooet 944 826 566 330  2,666 

Total 8,321 5,547 1,933 8,094 9 23,904 

Mountain pine beetle 

Williams Lake 3,457 963  30,037  34,457 

Arrow  191 91  99  381 

Boundary 22 61  28  110 

Cranbrook 326 826 131 692  1,975 

Golden  50 164  14  228 

Invermere  991 1,873 215 964  4,042 

Kootenay Lake 628 579 14 335  1,556 

Lillooet 939 318 41 73  1,371 

Merritt     34  34 

Okanagan  13     13 

Total 6,616 4,875 401 32,276 0 44,167 
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TSA and Area of infestation (hectares) 

Damaging Agent Trace Light  Moderate Severe Very Severe Total 

Western balsam bark beetle      
100 Mile House    440  440 

Quesnel 4,723 183 57 26,116  31,078 

Williams Lake 3,407 152 277 39,888  43,725 

Arrow 407 56  1,991  2,454 

Boundary 10 66  237  312 

Cranbrook 2,776 574  4,405  7,754 

Golden 4,790 770  5,486  11,046 

Invermere 3,388 794  5,968  10,150 

Kootenay Lake 824   2,844  3,668 

Revelstoke 196   2,252  2,448 

Kamloops 355   20,127  20,482 

Lillooet 1,110 5  7,615  8,731 

Merritt 117 4  3,682  3,803 

Okanagan 728 80  8,697  9,505 

Total 22,830 2,685 334 129,308 0 155,156 

Western spruce budworm      

100 Mile House 2,581 10,444    13,025 

Williams Lake 1,996 27,013 8,384   37,392 

Lillooet  315     315 

Merritt 2,908 224    3,132 

Okanagan 30     30 

Total 7,830 37,681 8,384 0 0 53,895 

Two-year cycle budworm      

100 Mile House  4,626    4,626 

Arrow  50    50 

Kootenay Lake 24     24 

Kamloops 1,295 225    1,520 

Merritt   9   9 

Total 1,319 4,900 9 0 0 6,228 

Douglas-fir tussock moth      

Williams Lake     121 121 

Lillooet  9 6 79   94 

Total 9 6 79 0 121 215 
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TSA and Area of infestation (hectares) 

Damaging Agent Trace Light  Moderate Severe Very Severe Total 

Western hemlock looper      

Quesnel 269 63 25   357 

Williams Lake 5,751 3,175 1,103  46 10,074 

Arrow 1,181 954 194 26  2,354 

Golden 774 636 99   1,509 

Invermere 131     131 

Kootenay Lake 715 256    971 

Revelstoke 2,721 3,702 1,756 63  8,243 

Kamloops 65     65 

Okanagan 217 280    497 

Total 11,825 9,067 3,176 89 46 24,202 

Aspen serpentine leafminer      
100 Mile House 82,962 3,694 264   86,920 

Quesnel 16,086 24,414 1,628   42,128 

Williams Lake 64,865 4,605 521   69,990 

Arrow 2,325 1,392    3,717 

Boundary 361     361 

Cranbrook 1,432 716    2,148 

Golden 4,867 3,819    8,686 

Invermere 373 780    1,153 

Kootenay Lake 1,104 2,165 36   3,306 

Revelstoke 1,460 586 53 236  2,334 

Kamloops 14,834 9,372 1,351   25,558 

Okanagan 719 775    1,493 

Total 191,388 52,317 3,853 236 0 247,794 

Birch leafminer (Fenusa pusilla, Profenusa thomsoni, Lyonetia prunifoliella) 

Arrow  15    15 

Cranbrook 68 104    172 

Kootenay Lake  20    20 

Kamloops 29     29 

Okanagan 195 508    702 

Total 291 647 0 0 0 938 
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TSA and Area of infestation (hectares) 

Damaging Agent Trace Light  Moderate Severe Very Severe Total 

Drought - general, foliage loss 

100 Mile House 247 472    718 

Quesnel 39 162 142   343 

Williams Lake 1,776 2,456 100   4,332 

Arrow 203 1,024    1,227 

Cranbrook 144 160    304 

Golden 554 940 32   1,526 

Invermere 38 219    257 

Kootenay Lake 827 1,448 230 17  2,522 

Revelstoke 6 50    56 

Kamloops 10,547 23,934 2,557   37,039 

Lillooet 113 14    127 

Merritt 152 55    207 

Okanagan 19,032 27,774 881   47,688 

Total 33,679 58,708 3,942 17 0 96,346 

Drought - mortality        

Williams Lake   76   76 

Okanagan 8     8 

Total 8 0 76 0 0 84 

Pine needle cast       
Quesnel 220     220 

Kamloops  676     676 

Lillooet  26     26 

Merritt  230     230 

Okanagan  652 137    789 

Total 1,804 137 0 0 0 1,940 

Dothistroma needle blight      
100 Mile House 40 140    180 

Quesnel 1,734 2,875 88   4,697 

Williams Lake 614 215 24   852 

Golden  24    24 

Kamloops 308 470    778 

Okanagan 46 102    147 

Total 2,742 3,825 112 0 0 6,678 

Aspen decline       
100 Mile House 36 13 15   65 

Quesnel  12    12 

Williams Lake 62 20 7   89 

Kamloops  112    112 

Lillooet  70 12   83 

Merritt 22     22 

Total 120 228 35 0 0 383 
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SOUTHERN INTERIOR OVERVIEW 

MOUNTAIN PINE BEETLE, DENDROCTONUS PONDEROSAE 

The area affected by mountain pine beetle declined by 4,358 hectares, to 44,167 hectares affected (Table 

2; Figures 1 and 2).  Mountain pine beetle was detected in 10 TSAs.  No mountain pine beetle was 

mapped in the 100 Mile House, Quesnel, Revelstoke or Kamloops TSAs in 2021.  A decline in area 

infested was recorded in all 10 TSAs (Table 2) except for Arrow and Cranbrook, where small increases 

were observed.  Although the area infested in the Williams Lake TSA declined by 2,525 hectares in 2021, 

it still had the most active mountain pine beetle, at 34,457 hectares.  Key areas of activity continued to be 

from Taseko Lake northwest to Chilko and Tatlayoko Lakes.  Areas of increase in the Cranbrook TSA 

included Cranbrook Mountain, Wigwam River, Yahk Mountain, Caven Creek, and scattered spots 

throughout other mature pine types. 

Many of the higher elevation infestations occurred in whitebark pine or mixed species stands.  

 

 

Figure 1. Timber Supply Areas and bark beetle infestations in the southern interior. 
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Figure 2. Area affected by major bark beetles in the southern interior of B.C. (Thompson Okanagan, 

Kootenay Boundary and Cariboo Regions) from 2015-2021. 

 

DOUGLAS-FIR BEETLE, DENDROCTONUS PSEUDOTSUGAE 

Douglas-fir beetle remained widespread across many areas of southern B.C., with 6 of 14 TSAs showing 

an increase in area attacked (Table 2, Figures 2 and 3).  The most significant increase was observed in the 

100 Mile House, Arrow, Cranbrook, and Kootenay Lake TSAs (Figure 3).  In the 100 Mile House TSA, 

expansions were most significant in the south around Clinton, along the Bonaparte River, near Big Bar 

Creek, Big Bar Mountain, south of Big Bar Lake and near Canoe Creek.  In the Williams Lake TSA, a 

decline in Douglas-fir beetle occurred near Williams Lake, but increased in Churn Creek and Empire 

Valley. 

In the Arrow TSA, in the Kootenay Boundary Region, Douglas-fir beetle was 

scattered throughout particularly from New Denver, south to Silverton, Slocan 

and Salmo.  In the Cranbrook TSA, Douglas-fir beetle activity increased in the 

Grasmere to Wigwam River area.  In the Thompson Okanagan Region, 

Douglas-fir beetle populations were most active in the Kamloops TSA; 

however, there was a decrease of 1,033 hectares from 2020, with 5,055 

hectares affected (Table 2; Figure 3).  Much of this decline is most likely due 

to the fact that many of the active Douglas-fir beetle areas were affected by 

wildfires in 2021.  In particular, the Sparks Lake and Tremont Creek Fires 

burned in areas where there was significant beetle activity mapped in 2020.  

These fires will present many trees and stands that will be highly susceptible 

to Douglas-fir beetle attack in 2022; therefore, detection and mitigation should 

be targeted in and near these burnt stands where hazard and risk are high. 
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Figure 3. Hectares affected by Douglas-fir beetle in the southern interior 2017-2021, by TSA. 
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SPRUCE BEETLE, DENDROCTONUS RUFIPENNIS 

Spruce beetle was detected in 9 TSAs, down from 11 TSAs in 2020.  The total area affected by spruce 

beetle decreased, from 34,078 hectares in 2020, to 23,904 hectares in 2021 (Table 2; Figure 2).  The most 

significant declines were observed in the Quesnel, Williams Lake, Invermere, Kamloops and Lillooet 

TSAs.  The decrease in area detected could in part reflect the two-year life cycle of this insect, with fewer 

trees being attacked in the 2nd year.  

 
Old spruce beetle mortality in Kamloops TSA, Kostal Lake. 

 

WESTERN BALSAM BARK BEETLE, DRYOCOETES CONFUSUS 

In 2021, there was an increase of 9,891 hectares in area affected by western balsam bark beetle, for a total 

of 155,156 hectares across 14 TSAs.  Eight TSAs recorded an increase in area attacked and 5 TSAs saw a 

slight decline (Table 2; Figure 2).  The area affected in all TSAs remains less than what was recorded at 

its peak from 2015 through 2019 but is slowly increasing and could indicate the start of the next 

population pulse of this bark beetle.  The highest levels of western balsam bark beetle activity were 

observed in the Williams Lake (43,725 ha), Quesnel (31,078 ha) and Kamloops (20,482 ha) TSAs.  
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INSECT DEFOLIATORS, GENERAL 

Methods used to monitor 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 defoliation ï provides the most current information on 

extent and severity of defoliation.  Detailed aerial surveys are conducted when planning control 

programs. 

2. Annual trapping with pheromones at permanent sample sites (PSPs) ï provides trends in 

populations and can predict imminent defoliation.  Trapping is conducted annually for Douglas-

fir tussock moth and western hemlock looper. 

3. Three-tree beatings ï is an assessment of species richness and abundance.  This is a technique 

conducted annually to collect defoliator larvae at permanent sample sites (often coupled with 

trapping).  Three-tree beatings are conducted at Douglas-fir tussock 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. 

4. Egg mass surveys ï conducted late summer or fall.  These surveys provide an estimate of 

predicted defoliation (defoliator population) in the next season.  Egg mass surveys are most often 

conducted for western spruce budworm and Douglas-fir tussock moth, and occasionally western 

hemlock looper, as part of the planning process for control programs. 

In 2021, approximately 334,024 hectares of deciduous and coniferous forests were impacted by insect 

defoliators, doubling the area affected since 2020 (Figure 4).  The increase was mostly due to a 2.5 to 

almost 3-fold increase in aspen serpentine leafminer in the Cariboo (199,038 ha) and Thompson 

Okanagan (27,051 ha) Regions, respectively, and a 5-fold increase in defoliation by western spruce 

budworm (50,417 ha) in the Cariboo Region.  

 

Figure 4. Area of deciduous and coniferous defoliation in the southern interior of B.C., 2016-2021. 
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Figure 5 illustrates the fluctuation in four major conifer defoliators in the southern interior from 2012 to 

2021.  In 2012, all four defoliators were active.  Over the next several years, all but two-year cycle 

budworm declined.  Western hemlock looper increased from 2019-2021, approximately 9 years since the 

last outbreak cycle.  Western spruce budworm remains low compared to some past outbreak years but is 

slowly increasing within parts of its range. 

 

 

 

Figure 5. Hectares affected by four major conifer defoliators in the southern interior of B.C. (2012-2021). 
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budworm (Choristoneura biennis) was in its ñoffò year and was only observed defoliating 6,228 

hectares, down from 12,800 hectares in 2020.  Western hemlock looper (Lambdina fiscellaria 

lugubrosa) declined by 8,736 hectares to 24,202 hectares affected.  The most significant declines were 

observed in the Williams Lake, Okanagan and Kootenay Lake TSAs.  Much of this reduction in 

defoliation and lack of population growth of hemlock looper was due to the aerial control programs using 

B.t.k. in the Revelstoke, Okanagan and Kamloops TSAs.  The heat dome, which occurred in June, also 

contributed to early instar larval mortality of both western hemlock looper and western false hemlock 

looper in Douglas-fir -dominated stands.  The heat dome did not seem to affect insect populations as 

severely in hemlock-dominated stands in the Interior Cedar Hemlock (ICH) biogeoclimatic zone. 

 
Aspen serpentine leafminer and western spruce budworm 

The larch casebearer (Coleophora laricella) was observed in the Arrow (9 hectares) and Kootenay Lake 

TSAs (24 hectares) and the balsam fir sawfly  (Neodiprion abietis) was mapped on 94 hectares in the 

Okanagan TSA. 

Douglas-fir tussock moth (Orgyia pseudotsugata) remained low throughout the southern interior, with 

small, scattered spots of defoliation mapped in the Williams Lake and Lillooet TSAs for a total of 215 

hectares. 

 

WESTERN SPRUCE BUDWORM, CHORISTONEURA FREEMANI 

Western spruce budworm defoliation of Douglas-fir was mapped in five TSAs in the south area in 2021 

(Table 2) with a total of 53,895 hectares defoliated.  Four of these TSAs (100 Mile House, Williams Lake, 

Lillooet, Merritt) also saw some defoliation in 2020.  No defoliation was mapped in the Kamloops TSA in 

2021, down from 1,088 hectares in 2020, and the Okanagan TSA had 30 hectares of new defoliation south 

of Kelowna in the Priest Creek area.  The most significant increases occurred in the 100 Mile House and 

Williams Lake TSAs, with increases of 13,018 and 27,119 hectares respectively, since 2020.  Western 

spruce budworm was very active in the southwest corner of the 100 Mile House TSA, into the Williams 

Lake TSA near Dog Creek, Canoe Creek and Onion Lake.  In the Williams Lake TSA, budworm was 

active in the Meason Creek, Dog Creek to Jones Lake areas.  Increases from 2020 were noted in the Doc 

English Gulch, Till Lake and Meldrum Creek areas near Williams Lake. 

Budworm populations expanded slightly in the Merritt TSA, mainly in the south near Princeton, in the 

Asp Creek, China Creek, Hayes Creek, August Lake and along the Copper Mountain Road areas.  A 

small population persists in the Mamit Lake area.  A new and active area of budworm defoliation was 

mapped in the northeast portion of the Lillooet TSA in the Watson Bar area.  More budworm was mapped 

north of Seton Lake near Shalalth. 
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The Thompson Okanagan Region sprayed 4,132 hectares of priority Douglas-fir stands in the Kamloops 

TSA with the biological insecticide Foray 48B (Bacillus thuringiensis var. kurstaki; P.C.P. No. 24977) to 

mitigate damage from western spruce budworm defoliation (Table 3; Figures 6 and 7).  Two blocks were 

treated June 24th, 2021, with B.t.k. at 2.4 litres per hectare.  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 a staging site in the Criss Creek area, where the B.t.k., mobile fuel trucks and loading crews were 

positioned.  Spray conditions were optimal for these blocks but as June progressed the heat dome 

developed, and wildfires started to burn in the area.  By the end of the summer, it was determined that the 

entire Criss Creek block had been burnt (3,825 hectares) by the Sparks Lake fire. 

 

Lama doing spray swath over block and larval sampling. 

 

Table 3. 2021 western spruce budworm spray blocks in the Kamloops TSA, 

Thompson Okanagan Region, showing the treated area, litres of B.t.k. applied, 

hectares subsequently burnt by wildfire, and date sprayed. 

Location Ha sprayed Litres B.t.k. Ha burned Date sprayed 

1. Deadman Creek 306 731 0 Jun. 24 

2. Criss Creek 3,825 9,187 3,825 Jun. 24 

Total 4,132 9,919 3,825  
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Figure 6. Western spruce budworm (Blocks 1 and 2) and western hemlock looper spray blocks (Blocks 3 

and 4) in the Kamloops TSA, Thompson Okanagan Region. 

 

Figure 7. Area defoliated by western spruce budworm and area sprayed with B.t.k. in B.C. (2014-2021). 

2021 data is only for the south area. 

 

Efficacy assessment 

Pre- and post-spray larval sampling was done within the Criss Creek block to determine larval density and 

treatment efficacy.  No ñcontrolò sampling was conducted because there were no sites with comparable 
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budworm populations outside the spray blocks.  Pre-spray sampling was done the day before treatment, 

and the post-spray sample was done 7 days later.  Budworm larval density at the pre-spray and post-spray 

sample times was 36.1 ± 6.4 and 2.1 ± 0.8 larvae/m2 foliage, respectively.  The majority of larvae were 4th 

or 5th instar at the time of the spray.  The population was significantly reduced by the treatment (Figure 

8). 

 

Figure 8. Number of western spruce budworm larvae, by life stage, at the pre- and post-spray sample 

times. L3=3rd instar; L4=4th instar; L5=5th instar. 

 

Defoliation predictions for 2022 

Fall egg mass sampling is conducted to predict defoliation in the following year and to determine whether 

stands will require treatment with B.t.k.  Current, historic, and predicted defoliation are all considered 

when determining population trends and which areas are most at risk for continuing defoliation and 

damage.  321 sites were sampled throughout the south area, including Chilliwack (Table 4), for western 

spruce budworm egg masses.  Egg mass sampling provides an estimate of the defoliation expected in 

2022 based upon the density of egg masses found.  Of all sites sampled, 71% predicted no defoliation in 

2022 and 29% had predictions of light defoliation, very similar to the predictions in 2021.  No sites 

predicted moderate or severe defoliation (Table 4).  In the Thompson Okanagan Region, Kamloops and 

Merritt TSAs remain the key areas where budworm populations are active, with defoliation expected in 

2022.  Light defoliation is expected in Big Bar, Prospect Creek, Mamit Lake and in the Princeton area.  

Due to low egg mass counts and relatively few areas of defoliation noted in the 2021 aerial overview 

surveys, no B.t.k. treatment is planned for 2022 in the Thompson Okanagan Region. 
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Table 4. Results of the fall 2021 western spruce budworm egg mass sampling in the southern interior.  

Number of sites indicating nil and light defoliation in 2022 is listed by TSA, with the average number of 

egg masses per 10m2 foliage per tree (10 trees sampled per site) by TSA and the maximum number found 

at a site.  Nil = 0; Light = 1-50 egg masses. 

Region and  

2022 predicted 

defoliation (No. sites) Total 

 No. egg masses per 

10m2 foliage 

Outbreak Area Nil  Light # sites  Avg. Max. 

Cariboo    
 

  
100 Mile House 13 15 28  7.8 45 

Williams Lake 41 18 59  2.9 20 

Total 54 33 87  4.5 45 

Kootenay Boundary   
 

  
Boundary 10 8 18  3.1 56 

Thompson Okanagan        
Kamloops 79 27 106  5.3 49 

Merritt 33 2 35  0.2 3 

Okanagan 29  29  0.0 0 

Princeton 5 22 27  13.4 37 

Salmon Arm 3  3  0.0 0 

Total 149 51 200  4.7 49 

South Coast    
 

  
Chilliwack  16   16    

2021 Total 229 92 321    
 

Eighteen sites were sampled in the Boundary TSA within the Kootenay Boundary Region.  Fifty-six 

percent of the sites sampled yielded no egg masses (10 of 18 sites) and 8 sites fell into the light category 

(Table 4).  Budworm populations remain low in this Region and no treatments are planned for 2022. 

Eighty-seven sites in the Cariboo Region were sampled for egg masses in the fall of 2021.  Fifty-four sites 

(62%) had no egg masses, 33 sites (38%) predicted light defoliation and no sites predicted moderate or 

severe defoliation in 2022.  High priority sites which indicate an increase in budworm population will be 

treated with B.t.k. in 2022. 

 

WESTERN HEMLOCK LOOPER, LAMBDINA FISCELLARIA LUGUBROSA 

Western hemlock looper defoliation was mapped on 24,202 hectares in nine TSAs within the southern 

interior in 2021 (Table 2), up from seven TSAs in 2020.  However, the area of defoliation decreased by 

8,736 hectares, primarily in the Williams Lake and Okanagan TSAs, where the recorded defoliation 

decreased by 15,334 and 2,690 hectares, respectively.  This decrease was largely due to targeted B.t.k. 

spray programs.  2021 was the second, and most likely final year in the outbreak cycle and we predict that 

very little new defoliation will occur in 2022.  In 2020, there were also numerous sites in Interior 

Douglas-fir (IDF) stands in the Thompson Okanagan and Cariboo Regions with significant western 

hemlock looper and associated defoliator species causing localised damage.  Many of the populations in 

the IDF crashed naturally in 2021; however, the Inks Lake population near Kamloops remained high, and 

therefore, a spray program targeted at this population was conducted.  In the Cariboo Region, western 

hemlock looper populations in IDF stands also crashed and therefore all planned treatments in the IDF 
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were cancelled.  Most of the 2020 and 2021 defoliation in hemlock-dominated stands in the Cariboo 

Region was observed in the Quesnel Lake area. 

In the Kootenay Boundary Region, defoliation by western hemlock looper increased from 4,339 hectares 

in 2020 to 13,209 hectares in 2021.  Defoliation was widespread throughout the Revelstoke TSA, north 

and south of Revelstoke along the Columbia River drainage, and upper Arrow Lake. 

 
Lower edge of block showing 2020 defoliation (prior to 2021 spray) and western hemlock looper larva. 

 

2021 Spray Program 

In 2021, a targeted B.t.k. spray program was conducted for western hemlock looper in all three Regions 

(Table 5).  However, due to a natural population collapse and negative impacts from the heat dome, the 

IDF blocks in the Cariboo Region were cancelled, as well as two IDF blocks in the Thompson Okanagan 

Region (Table 5).  All planned blocks in hemlock-dominated stands proceeded with B.t.k. treatment.  A 

total of 16,956 hectares over 8 blocks were treated in the Okanagan TSA; 18,902 hectares over 9 blocks 

in the Williams Lake TSA; and 10,183 hectares over 25 blocks in the Revelstoke TSA, for a total of 

46,041 hectares treated for western hemlock looper. (Table 5; Figures 9-11). 

 

Table 5. Hectares sprayed with Foray 48B (B.t.k.) to mitigate damage from western hemlock looper and 

western spruce budworm (identified by asterisk*) defoliation in southern B.C. with hectares burnt in 2021 

wildfires and date sprayed. 

TSA Location Ha sprayed Litres B.t.k. 

Ha 

burned Date sprayed 

Thompson Okanagan Region     
Kamloops  3. Inks Lake 2,634 6,617 0 Jun. 25 & 28 

 4. Duffy Lake 3,837 9,955 172 Jun. 28 & 29 

Okanagan  7. N. Shuswap-1 1,968 4,851 0 Jul. 2 

 8. N. Shuswap-2 1,627 4,042 0 Jul. 2 

 9. Perry-1 1,251 3,029 216 Jul. 1-2 

 10. Perry-2 461 1,109 0 Jun. 30-Jul. 1 

 11. Crazy Creek 3,598 9,134 0 Jun. 30-Jul. 1 

  12. Wap 1,581 3,826 307 Jun. 30-Jul. 1 

Total   16,956 42,563 695   
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TSA Location 
Ha sprayed Litres B.t.k. 

Ha 

burned Date sprayed 

Cariboo Region     

Williams Lake 1. Horsefly Peninsula 1,112 5,338  Jul. 7, 9 

 2. Horsefly Bay 400 1,920  Jul. 7, 11 

 3. Cariboo Island 84 403  Jul. 7 

 4. Winkley Creek 4,112 19,738  Jul. 7, 8 

 5. Lynx Peninsula 527 2,530  Jul. 7, 8 

 7. Wasko Lake 1,006 4,829  Jul. 6, 8 

 8. Jacques Lake 2,216 10,637  Jul. 6, 9, 10 

 9. Hen Ingram 3,343 16,046  Jul. 5, 6, 9, 10 

  10. Bouldery Creek 6,102 29,290  Jul. 5, 6, 10, 11 

Total   18,902 90,730     

Kootenay Boundary Region     
Revelstoke 1 144 346  Jul. 3 

 2 337 808  Jul. 3 
 3 368 883  Jul. 3 
 4 90 215  Jul. 3 
 5 81 194  Jul. 3 
 6 112 270  Jul. 3 
 7 159 381  Jul. 3 
 8 262 630  Jul. 3 
 9 278 668  Jul. 3 
 10 279 670  Jul. 3 
 11 84 202  Jul. 3 
 12 386 927  Jul. 2 
 13 80 192  Jul. 3 
 14 92 222  Jul. 4 
 15 272 652  Jul. 5 
 16 289 694  Jul. 6 
 17 141 339  Jul. 3 
 18 504 1,209  Jul. 2 
 19 422 1,014  Jul. 1 
 20 444 1,065  Jul. 1 
 21 522 1,254  Jul. 1 

 22 1,130 
2,713  

Jun. 29-30; Jul. 

1 
 23 987 2,368  Jun. 30-Jul. 1 
 24 408 980  Jun. 29-30 

  25 2,311 5,546   Jun. 28-30 

Total   10,183 24,439   

South Area total 46,041 157,731 695   
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Figure 9. Western hemlock looper and western spruce budworm (Blocks 1, 2) spray blocks in the 

Thompson Okanagan Region, showing area burnt in 2021 wildfires. 
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Figure 10. Western hemlock looper defoliation in the Quesnel Lake area, Williams Lake TSA, showing 

2020 and 2021 defoliation, and areas sprayed in 2021 with B.t.k. 
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Hemlock foliage damaged by heat dome event, Perry River 

 

Figure 11. Western hemlock looper spray blocks in the Kootenay Boundary Region, showing 2020 and 

2021 defoliation, and areas sprayed in 2021 with B.t.k. 

 

Western Aerial Applications Ltd. conducted the aerial applications using one 315B Lama helicopter, two 

Hiller UH12ET helicopters, and one Jet Ranger 206B, each equipped with four Beecomist 361A ultra low 

volume hydraulic sprayers.  The spray operations were conducted from numerous staging sites throughout 
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the program area, where the B.t.k., mobile fuel trucks and loading crews were positioned.  Ground crews 

were positioned on site to monitor weather parameters before and during spray operations.  Spray 

treatments occurred from June 5th through July 11th, 2021.  Due to the heat dome event and continuing hot 

weather during the spray program, the morning spray window was often short.  Some Lepidoptera larval 

mortality due to the heat dome was observed, primarily in IDF sites. 

Treatment efficacy was measured.  The Cariboo Region conducted pre- and post-spray sampling using the 

branch clipping method: two branches per tree were clipped from 10 trees per site and the average 

number of larvae per 10m2 foliage was calculated.  The Thompson Okanagan and Kootenay Boundary 

Regions conducted branch beatings on up to 10 trees per site.  When and where possible, both pre- and 

post-spray samples were collected in treated and control sites.  However due to difficulty of access, 

timing of spray operations and difficulty finding comparable looper populations outside the treatment 

blocks, this was not possible in all areas. 

The B.t.k. treatment was very successful.  At the pre-spray sample time on the Inks Lake Block (treated 

June 25 and 28), there were several different Lepidoptera and sawfly species recorded, with the dominant 

species being western hemlock looper (238 larvae), western false hemlock looper (179 larvae) and 11 

larvae of other species.  B.t.k. does not affect sawflies.  At the post-spray sample (1 week following 

treatment), no Lepidoptera larvae were found. 

In the Okanagan and Revelstoke TSAs, western hemlock looper abundance was significantly reduced due 

to the spray treatment (Figure 12).  Figure 13 shows the distribution of western hemlock looper instars at 

various sampling times in the Okanagan TSA.  At the pre-spray sample, most larvae were 2nd or 3rd instar.  

By the third post-spray sample, very few larvae were collected in the treated blocks, and were mostly 

early instar (1st to 4th instar).  These were probably too small or unhatched at the time of the spray.  In the 

control block, the majority of larvae were late instar (4th to 6th instar).   and significantly more were 

recorded than in the spray blocks.   

Only a few patches of defoliation were mapped in 2021, in remote stands up the North Seymour River.  

No B.t.k. treatments are planned for 2022 in the Thompson Okanagan Region. 

In the Cariboo Region, very few larvae were collected using the branch clipping method; however, 

populations were reduced successfully.  There was 93% mortality in the 1st post-spray sample and 100% 

mortality in the 2nd and 3rd post-spray samples.  It is unlikely there will be visible defoliation in any of the 

treatment blocks in 2022, and the outbreak will likely subside over the next year.  No further treatments 

are planned during this outbreak cycle.  

 

Spray morning in the Cariboo and Perry River staging site. 


