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Introduction

The 2000 aerial overview surveys of the Kamloops Region were conducted from July 18 – 
August 31, 2000 and September 21 - 22, 2000. A total of 72.1 hours of flying over 16.5 days 
were required to provide complete coverage of the Region.

All surveys were completed to the standards set by the B.C. Ministry of Forests Aerial Overview 
Survey Strategy, and recorded mortality or damage resulting from bark beetles, defoliators, 
and any other visible forest health factors. All data was digitized to BCMOF Branch Forest 
Health standards and can be located on the Forest Service website (http://www.for.gov.bc.ca/
hfp/forsite/Forest_Health.htm).

The bark beetle and defoliator damage levels used in the aerial overview surveys are:

The most damaging pests in the Kamloops Region in 2000 were mountain pine beetle, 
Douglas-fir beetle, two-year cycle budworm, western balsam bark beetle, and western spruce 
budworm. Other less important factors included spruce beetle, western pine beetle, satin moth, 
pine needle cast, and wildfire, plus scattered abiotic mortality factors such as windthrow and 
flooding (Table 1).

Mountain pine 
beetle

	Bark beetle	 Current
	itensity class	 mortality

	 Light	 1-10%

	Moderate	 11-29%

	 Severe	 30%+

	 Defoliatior		  Attributes
	 intensity class

	 Light	 some branch tip and upper crown defoliation
             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 de-
foliation
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Regional Overview

Focus on Mountain Pine Beetle, Dendroctonus ponderosae

Currently, British Columbia is experiencing one of the most extensive mountain pine beetle (MPB) epidemics 
to date. The Kamloops Forest Region has been experiencing increased MPB levels since 1996 (Fig. 1), with 
populations rising due to a series of mild summers and winters plus an abundance of susceptible lodgepole pine.

Mountain pine beetle (MPB) mortality was mapped over 21,218 ha throughout the region. In addition, >7,800 
individual red attack trees were mapped in 770 spot infestations of 5-50 trees. This is a decrease from 1999 
levels of 29,750 ha; however, in many areas, infestations occurred over a greater geographical area, in more 
widespread smaller pockets, than in 1999. 
Areas of greatest concern are Red Lake and 
the Opax Mountain - Watching Creek area 
in Kamloops District, and Arrastra Creek, 
Willis Creek, and Pimainus Creek in Merritt 
District. Large population expansions could 
result in very large increases in mortality in 
these areas, due to widespread scattering of 
small polygons and numerous spot infesta-
tions, coupled with the presence of large areas 
of susceptible host.

Aggressive control efforts by forest licensees 
and the Forest Service brought about much 
of this reduction in mountain pine beetle 
mortality. Many of the largest areas of MPB 
were addressed through harvesting in 1999-
2000. Although the total area affected is down 
dramatically from 1999, the expansion rates 
after the 2000 beetle flight were high (average 
= 6.4:1) (Table 2). Rather than large, continu-
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Figure 1. Area affected by the Mountain Pine Beetle 
in the Kamloops Region, 1995-2000

Table 1.  Summary of hectares affected by pests in the Kamloops Forest Region during the 
1999 and 2000 Aerial Overview Surveys.

a  Includes Manning Provincial Park 
b  Spruce beetle infestations are difficult to detect in overview surveys, therefor the 1999 & 2000 estimates of area attacked are 

most likely  underestimated. 

c  Area mapped in 1998. Defoliation is more highly visible in alternating years due to the 2 year cycle of this insect.	

	 Damaging Agent		  Hectares Affected
		  1999		  2000
	 wildfire	 1,670		  560
	 mountain pine beetle	 29,750 a		  21,218 a

	 Douglas-fir beetle	 235		  >1,535
	 spruce beetle b	 340		  673
	 western balsam bark beetle	 17,230		  16,708
	 western spruce budworm	 1,130		  14,693
	 two-year cycle budworm	 35,000c		  74,023
	 pine needle cast	 350		  6,400
	 satin moth	 190		  503
	 drought mortality	 10,035		  ongoing effects
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ous areas of attack, we are now facing a more diffuse 
and scattered attack pattern (Tables 3, 4). The number 
of polygons mapped during the 2000 overview surveys 
increased by over 100 (an 11% increase), while the 
average polygon size decreased from 28 to 21 hectares 
(Table 4). The number of spot infestations (5-50 trees) 
increased from 1999 levels (Table 3). This trend towards 
higher numbers of smaller, more scattered infestations 
reflects an expanding and dispersing population. This is 
much more difficult and costly to manage and presents a 
greater risk to remaining pine stands due to the scattered 
and dispersed nature of the attack.

Year	 Area	 # polygons	 Average polygon	 # of spot	 # trees killed in
	 infested		  size (ha)	 infestations	 spot infestations
1998	 19,100	 1,129	 n/a	 n/a	 7,500
1999	 29,750	 921	 28.0	 681	 7,570
2000	 21,218	 1,024	 20.8	 771	 7,815

Table 4. Area infested, number of polygons, and average polygon size, for mountain pine beetle in the Kam-
loops Forest Region, 1998-2000.

Forest	 Average 	 Estimated  
District	 Green:red	 area of 2000
	 Ratio	 green attacka

Clearwater	 3-5:1	 189
Kamloops 	 8:1	 12,175
Salmon Arm 	 8:1	 1,558
Vernon	 8:1	 3,883
Penticton	 6:1	 2,169
Merritt 	 3:1	 18,015
Lillooet 	 5:1	 918
Regional Average	 6.4:1	 38,907
a  30% applied to green:red expansion rate from overview mapping.

Table 2. Green:red mountain pine beetle ratios for 
the Kamloops Forest Region, August 2000.

Figure 2. Mountain pine beetle mapped infesta-
tion and average green:red ratio for the Kamloops 
Region, 1998-2000.
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Figure __. Mountain Pine Beetle infestation area and average green:red attack ratios 
for the Kamloops Forest Region, 1998-2000.

District	 # spots	 # trees
Clearwater	 13	 140
Kamloops	 247	 2,605
Salmon Arm	 16	 130
Vernon	 64	 715
Penticton	 147	 1,327
Merritt	 277	 2,846
Lillooet	 31	 353

Table 3.  Number of “spot” infestations of mountain 
pine beetle in the Kamloops Forest Region, by 
District.

		  Area infested (ha)			 
	 light	 moderate	 severe	 # spots	 # trees	 Total ha affected
Clearwater	 126	 0	 0	 13	 140	 126
Kamloops	 3,680	 1,325	 68	 247	 2,605	 5,073
Salmon Arm	 385	 264	 0	 16	 130	 649
Vernon	 824	 640	 154	 64	 715	 1,618
Penticton	 879	 315	 11	 147	 1,327	 1,205
Merritt	 5,805	 5,259	 936	 277	 2,846	 12,010
Lillooet	 428	 184	 0	 31	 353	 612
Region Total	 12,127	 7,987	 1,169	 795	 8,116	 21,293

Table 5. Area under attack by mountain pine beetle (by severity), by District, in the Kamloops Forest Region 
as mapped in the 2000 overview flights. Number of “spot” infestations is shown, by District.
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The 2000 average green:red attack ratio of 6.4:1 (Table 2) means that the number of trees killed by MPB was three 
times greater this year than in 1999. Despite the continued implementation of very aggressive control tactics, it 
is expected that the 2001 overview surveys will reflect this year’s population expansions with increased mortal-
ity in both area and severity. Areas of greatest concern are Red Lake and Opax Mountain-Watching Creek in the 
Kamloops District, and Arrastra Creek, Willis Creek, and Pimainus Creek in the Merritt District. Large population 
expansions could result in very large increases in mortality in these areas, due to widespread scattering of small 
patches, numerous spot infestations, and the presence of large areas of susceptible host. In the absence of control 
efforts, the area affected in 2001 could approach 39,000 ha (Table 2).

All Districts are currently developing comprehensive Bark Beetle Management Strategies that will mesh with the 
Regional and Provincial strategies. These plans will be complete on or before September 2001 and will include 
delineation of the landbase by management strategy units, and hazard & risk analysis for each of the major bark 
beetles.

Factors contributing to the present mountain pine beetle outbreak
There are many factors that have contributed to the current MPB epidemic, the most important of which are fa-
vorable weather conditions and an abundance of older age class, high hazard lodgepole pine stands.

The productive forest land base of the Kamloops Forest Region is approximately 4,947,000 hectares; of this, 20% 
(approximately 1,010,800 hectares) is covered by leading lodgepole pine greater than 80 years of age, at which 
time it becomes very susceptible to MPB. A large proportion of these pine stands is considered to be currently at 
risk from MPB. 

The age distribution of stands in the interior of British Columbia is believed to vary significantly over time, in 
response to changes in disturbance patterns (fire, harvesting, etc) and climate (A. Arsenault, personal communi-
cation). Other experts believe that the present age distribution of lodgepole pine, although still within the natural 
range, may be slightly weighted towards the older, more susceptible age classes, based on landscape fire model-
ling conducted by Dr. Dave Andison for a lodgepole pine dominated area north of Prince George BC (B. Hawkes, 
personal communication). 

The annual harvest of leading lodgepole pine in the Region is estimated to be slightly under 10,000 hectares. 
Combined with losses from wildfires, the annual area of lodgepole pine removed from the productive land base 
is approximately 11,500 ha. Most harvesting activity is currently directed towards high-hazard, older age class 
pine stands; within the next 20 years, 222,000 additional hectares of pine will reach susceptible age, ensuring the 
availability of host material for the mountain pine beetle in the future.

Other than host availability, the main limiting 
factors for mountain pine beetle populations 
are climatic patterns, and natural mortality 
caused by predators, parasites and intra-spe-
cific competition. Prolonged, very cold winter 
temperatures result in high mortality during 
the larval stage, and cool temperatures during 
the summer result in slower development and 
uncoordinated flight periods. Warm weather 
during the summer flight period, combined 
with mild winters, provides the necessary 
conditions for beetle populations to expand. 
Drought conditions during the summer of 
1998 resulted in a very coordinated flight and, 
consequently, a massive population expansion. 

Figure 3. Current age class distributions for leading Pl stands 
in the Kamloops Forest Region.
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Ministry of Forests, 515 Columbia Street, Kamloops, B.C.  V2C 2T7  Telephone: (250) 828-4179Figure __. Area of leading lodgepole pine, >80 years old, in the Kamloops Forest Region by Forest 
District
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Figure 4. Inventory and 
harvest of lodgepole pine 
in the Kamloops Forest 
Region.

Figure __. Leading lodgepole pine, average annual Pl harvest, and mountain 
pine beetle infestation areas, Kamloops Forest Region, 2000
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Figure __. Inventory and harvest of lodgepole pine in the Kamloops Forest Region 
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Figure 5. Area of leading lodgepole pine, 
>80 years old, in the Kamloops Forest 
region by Forest District.

Since 1997-1998, winter conditions in the Region have been mild, with few prolonged cold periods; limiting 
much of the natural brood mortality therefor allowing high populations to persist.

Lodgepole pine inventory and harvesting summary
In 1997, lodgepole pine accounted for 41% of the total harvest volume of the Kamloops Forest Region (Fig 4). 
Harvesting since 1997 has increased significantly due to aggressive MPB control efforts. In many areas, licensees 
have had to redirect the majority of their timber harvesting resources towards MPB control efforts. For instance, 
the southern portion of the Merritt Forest District is currently under an AAC uplift to allow for 1.2 million cubic 
metres of sanitation and salvage harvesting of lodgepole pine; this is a substantial proportion of the normal annual 
pine harvest in the region of 2.7 million cubic metres. Since 1997, the area killed by mountain pine beetle has 
been similar to the total area harvested, all species, in the Region, and has far surpassed the area of leading pine 
harvested. This trend is expected to continue, despite very aggressive control tactics. Merritt District is currently 
conducting a survey to determine what the unsalvaged losses are for their district.

Approximately half of the susceptible leading lodgepole pine in the Region is in the Merritt and Kamloops dis-
tricts, which together account for 80% of the active MPB infestation area. Significant areas of pine also occur in 
Lillooet, Penticton, and Vernon districts.
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Two-Year Cycle Budworm, Choristoneura biennis
The ongoing two-year cycle budworm infestation in the Clearwater Forest District covered 74,000 ha, over double 
the area mapped during the last “on” year in 1998. Of this total, just over 1,000 ha were within the boundaries 
of Wells Gray Provincial Park, with the majority of the area on other forest lands. The actual area defoliated by 
this insect is likely greater the 74,000 ha indicated due to light and weather conditions at the time of mapping 
and often light severity defoliation is not easily discernible from the air.

Western Balsam Bark Beetle, Dryocoetes confusus
Western balsam bark beetle continues to cause significant mortality in several areas of the Region. Most of the 
heavily infested stands centred in the Buck Hills - Harris Creek - Mission Creek area and surrounding areas in the 
southern and eastern portion of the region. However, there are pockets of active D. confusus scattered throughout 
subalpine forests region-wide. Infested area in 2000 decreased slightly to 16,700 ha, from 17,200 ha in 1999. A 
forest health inventory conducted on Riverside Forest Products, Ltd., T.F.L. 49, showed D. confusus to be the 
cause of the greatest amount of mature, overstory tree mortality (report by JCH Forest Pest Management 2001). 
Overall, D. confusus accounted for 4% stem mortality.

Western Spruce Budworm, Choristoneura occidentalis
Western spruce budworm populations were on the increase in 2000 following the 1998 population “crash”. This 
insect defoliated just under 14,700 ha in the region, a 13-fold increase in area. Most defoliation occurred in the 
Merritt area, and expanded into the Nicola River valley between Merritt and Spences Bridge, where no defoliation 
has been observed since the mid 1990s. Defoliation was also observed in and around Pavilion Lake and the West 
Pavilion area in Lillooet Forest District, and near Hat Creek and McLean Lake in Kamloops Forest District (see 
Figs. 12 & 13 in district summaries). Table 6 summarizes the results of the fall 2000 egg mass sampling program. 
The most severe defoliation is expected to occur the vicinity of Hat Creek, Tom Cole Road, Medicine Creek, and 
McLean Lakes in Kamloops and Lillooet Districts, and near Shackelly Creek, Mill Creek, and Hector Creek in 
Merritt District. A warm spring in 2001 could prompt further population expansions. Western spruce budworm 
populations are continuing to expand in the Cariboo Region as well, primarily in the 100 Mile House and Williams 
Lake areas. Both the Kamloops and Cariboo Regions will be treating priority areas with B.t.k. in June 2001. Ap-
proximately 10,000 ha in the Kamloops Region and 15,000 ha in the Cariboo Region are targeted for treatment.

Douglas-fir Beetle, Dendroctonus pseudotsugae
Fading of Douglas-fir beetle killed trees was more visible than usual during the survey period this year, and there 
was a large increase in the area mapped, from 235 ha in 1999 to >1,534 ha. An additional 3,600 trees were killed 
in 430 spot infestations of 5-50 trees. This increase is likely due both to increased ease of detection, and linger-

          	                     Number of sites in each Defoliation category	 	
District	 Nil	 Light	 Moderate	 Severe	 Total number	 Average # egg
					      of sites	 masses/10m2 foliage   
Kamloops	 26	 44	 31	 14	 115	 61.26
Merritt	 4	 26	 19	 4	 53	 59.18
Lillooet	 17	 12	 4	 2	 35	 25.25
Vernon	 38	 8	 1	 0	 47	  3.85
Salmon Arm	 21	 9	 0	 0	 30	  2.56
Penticton	 40	 11	 0	 0	 51	  3.72
Clearwater	 16	 4	 0	 0	 20	 2.6
Nil=	         no egg masses found
Light=	         1-50 egg masses/10 m2 foliage
Moderate=    51-150 egg masses/10m2 foliage
Severe=	         >150 egg masses/10m2 foliage

Table 6. Summary of Kamloops Forest Region fall 2000 western spruce budworm egg mass sampling results, 
showing predicted 2001 defoliation.
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ing effects of the 1998 drought. Most affected stands were observed in the North and South Okanagan, from 
Anglemont south to the Naramata area, in Wells Gray Park and other areas within the Clearwater District. Most 
other areas of the Region experienced only spot infestations of this insect.

Spruce Beetle, Dendroctonus rufipennis 
Spruce beetle mortality was detected on 280 ha in 2000. Mortality due to this insect is often extremely difficult 
to detect in overview surveys, so the area affected is far greater than reflected in Table 1. There are numerous 
active areas of spruce beetle in the Vernon District. The Vernon Small Business program is currently harvesting 
approximately 5,000 infested stems scattered over 350 hectares in Boom creek, and Riverside Forest Products, 
Ltd., is harvesting about 40 ha of spruce beetle-infested timber near Bouleau lake.

Western Hemlock Looper, Lambdina fiscellaria lugbrosa
No defoliation was detected during the 2000 overview surveys. However, permanent trapping site 6-trap clusters 
caught an average of 31 male moths per trap, up from 20 in 1999 (Table 7). All sites experienced an increase in the 
absolute number of moths captured. It remains unclear what these results indicate in terms of population dynam-
ics; however, based on historical outbreak cycles, some areas of visible defoliation are expected to occur in 2001.

Douglas-fir Tussock Moth, Orgyia pseudotsugata
No defoliation was detected during the 2000 overview surveys. Permanent trapping site 6-trap clusters caught an 
average of only 6 male moths per trap, down from 11 in 1999 (Table 8). Most notably, catches decreased at the 
Kaleden, Stemwinder Park and Ashnola River sites, areas where populations had been predicted to reach damag-
ing levels during 2000 or 2001. The Kelowna site experienced a slight increase in trap catch for 2000. Visible 
defoliation is still expected to occur near this site during the next 1or 2 years. In most Districts the tussock moth 
has been at a very low level since 1993, except for Penticton and Merritt Districts that have seen building popula-
tions over the past 3 years (Table 9). The treatment of Knox Mountain Park with NPV (virus) was successful, as 
no subsequent defoliation has occurred.

Site	 1999 Location	 1999 average	 2000 Location	 2000 average
		  trap catches		  trap catches
1	 Lempriere	 0.2	 Serpentine	 4
2	 Thunder River	 12.6	 Thunder River	 13
3	 Mud Lake	 14.7	 Mud Lake	 25
4	 Murtle Lake Road	 13.7	 Murtle Lake Road	 22
5	 Finn Creek	 26.7	 Finn Creek	 39
6	 Tumtum Lake	 (logged)	 Tumtum (new site)	 36
7	 Scotch Creek	 23.2	 Scotch Creek	 35
8	 Yard Creek	 13.7	 Yard Creek	 25
9	 Crazy Creek	 22.5	 Crazy Creek	 34
10	 Perry River	 28.0	 Perry River	 43
11	 Three Valley Gap	 22.0	 Three Valley Gap	 33
12	 Hidden Lake	 30.7	 Perry River (new site)	 36
13	 Kingfisher Creek	 25.7	 Kingfisher Creek	 32
14	 Noisy/Kingfisher Creek	 28.3	 Noisy/Kingfisher Creek	 36
15	 Shuswap River	 7.3	 Shuswap River	 31
16	 Greenbush Lake	 6.7	 Greenbush Lake	 43
17	 Adams River	 36.2	 Adams River	 39
18	 Finn Creek/Upper Adams	 26.7	 Discontinued in 2000	
	 Average for all sites	 19.9		  30.9

Table 7. Average number of western hemlock looper moths caught per 6-trap cluster over time in the 
Kamloops Forest Region.
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Pine Needle Cast, Lophodermella concolor
Pine needle cast caused defoliation of 6,400 ha in the Region in 2000. Most of the affected 
stands were located on the Aberdeen Plateau and near Trepanier Creek in the south Okanagan, 
and around Tunkwa Lake, southwest of Kamloops. Ground checks conducted during August 
2000 confirmed that several lodgepole pine stands thought to be affected by this needle dis-
ease were defoliated by the pine needle sheathminer (Zelleria haimbachi). It is assumed that 
a proportion of the areas mapped as pine needle cast may have actually been defoliated by 
Zelleria, since it is almost impossible to distinguish between damage caused by these two 
factors during high level flying. Lophodermella infects current year’s foliage, but no visible 
damage is produced until the following year. Hence, in any given year, it is the previous year’s 
growth that exhibits symptoms of infection. The effects of defoliation by Zelleria are evident 
immediately, as it feeds on the current year’s foliage.

Site	 Location	 1999 average	 2000 average
		  trap catches	 trap catches
1	 McLure	 2	 0
2	 Heffley Creek	 4	 2
3	 Cherry Creek	 2	 0
4	 Six Mile	 2	 2
5	 Battle Creek	 1	 1
6	 Barnes Lake	 1	 5
7	 Carquille/Veasey Lk.	 13	 5
8	 Pavilion	 16	 2
9	 Stump Lake	 7	 2
10	 Robbin’s Range/Monte Creek	 1	 1
11	 Chase	 0	 6
12	 Yankee Flats	 1	 1
13	 Vernon	 11	 4
14	 Winfield/Wood Lake	 14	 7
15	 Kelowna	 33	 34
16	 Summerland	 25	 8
17	 Kaleden	 28	 6
18	 Blue Lake	 8	 1
19	 Stemwinder Park	 33	 18
20	 Ashnola River	 27	 19
21	 Spences Bridge	 5	 1

Table 8. Average number of Douglas-fir tussock moths caught per 6-trap cluster 
over time in the Kamloops Forest Region
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Kamloops TSA
Clearwater Forest District

Mountain Pine Beetle
The mountain pine beetle is in scattered small spots throughout the District (Tables 3, 10). It 
is primarily in the white pine component of mixed stands and is in a 2-year cycle in some of 
the cooler, more northern drainages. Areas of building populations include the Clemina area, 
Blackpool the southern North Thompson Valley, Slocan Forest Product’s T.F.L. and the west 
side of Adams Lake. A green:red ratio of 5:1 indicates an expanding population.

Two-Year Cycle Budworm
Two-year cycle budworm defoliated 74,022 ha of subalpine fir in this district in 2000. Ap-
proximately 2,180 hectares of this were moderately defoliated, with the remainder classed 
as light defoliation. This represents a two-fold increase from 1998 levels of 35,000 hectares. 
Defoliation was observed in the North Thompson River valley north of Blue River and most of 
its tributary creeks; several areas of TFL #15; and in Wells Gray Park, near Clearwater, Azure, 
and Murtle Lakes (Fig 6). Egg-mass sampling was conducted at 5 sites in TFL #15 (Slocan 
Forest Produstcs), near Corsica Lake and Italia Lake, in early November of 2000 (Table 11). 
All samples indicated light to moderate defoliation for the next ‘on’ year, in 2002. Ground 
reconnaissance in several defoliated stands revealed more severe levels of defoliation than 
were evident during the aerial surveys, especially on mid-canopy and understory subalpine 
fir. Sometimes these stands have a significant spruce overstory component, that impedes vis-
ibility of much of the subalpine fir component.

Table 11. Summary of fall 2000 two-year cycle budworm egg mass sampling in TFL #15.

Site #	 Average no. egg masses/10m2	 2001 predicted 
	 foliage per site	 defoliation

1	 124.3	 moderate
2	 1.7	 light
3	 11.7	 light
4	 159.2	 moderate
5	 45.0	 light

			    Forest District
Year	 Kamloops	 Vernon	 Penticton	 Merritt	 Lillooet
	  (±100 traps)	 (±46 traps)	 (27-30 traps)	 (±30 traps)	 (15 traps)

1994	 19.5	 NT	 NT	 0.1	 8.0
1995	 10.4	 0.9	 3.6	 2.6	 NT
1996	 1.9	 1.5	 4.4	 1.9	 1.2
1997	 17.0	 2.5	 9.3	 17.0	 1.6
1998	 25.8	 10.6	 24.4	 25.8	 4.9
1999	 4.8	 6.8	 27.0	 19.7	 2.5
2000	 3.6	 5.9	 19.3	 17.0	 2.0

Table 9. Average number of Douglas-fir tussock moths caught per trap (single trap per 
site) over time in the Kamloops Forest Region.

NT=  no traps placed
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Forest District 	 	Area of Infestation(ha)	 	
and pest type	 Light1	 Moderate1	 Severe1	 Total
				  
Mountain Pine Beetle	 			 
Clearwater	 126	 0	 0	 126
Kamloops	 3,751	 1,323	 68	 5,142
Lillooet	 317	 261	 0	 578
Merritt2	 5,830	 5,134	 936	 11,900
Vernon	 824	 640	 154	 1,618
Penticton	 879	 315	 11	 1,205
Salmon Arm	 385	 264	 0	 649
Total	 12,113	 7,936	 1,169	 21,218		
Douglas-fir Beetle	 			 
Clearwater	 298	 0	 0	 298
Kamloops	 89	 33	 0	 122
Lillooet	 *			   0
Merritt2	 136	 0	 0	 136
Vernon	 356	 120	 0	 476
Penticton	 176	 12	 0	 188
Salmon Arm	 262	 54	 0	 303
Total	 1,316	 219	 0	 1,534
Spruce Beetle	 			 
Penticton	 49	 0	 0	 49
Vernon	 350	 19	 40	 409
Merritt2	 46	 0	 0	 46
Lillooet	 0	 169	 0	 169
Total	 95	 188	 0	 673
Western Balsam Bark Beetle	 			 
Clearwater	 1,704	 116	 0	 1,820
Kamloops	 2,580	 148	 0	 2,728
Lillooet	 871	 542	 0	 1,413
Merritt2	 2,160	 0	 0	 2,160
Vernon	 3,827	 82	 0	 3,908
Penticton	 2,495	 214	 0	 2,709
Salmon Arm	 1,971	 0	 0	 1,971
Total	 15,607	 1,101	 0	 16,708
Western Spruce Budworm	 			 
Lillooet	 1,435	 0	 0	 1,435
Kamloops	 1,465	 0	 0	 1,465
Merritt2	 11,266	 527	 0	 11,801
Total	 14,166	 527	 0	 14,693
Two-Year Cycle Budworm	 			 
Clearwater	 71,840	 2,182	 0	 74,022
Total	 71,840	 2,182	 0	 74,022

1  severity ratings for bark beetle attack levels/drought mortality:	 light = 1-10% current attack
	 moderate = 11-30% current attack
	 severe = >30% current attack
2  area totals for Merritt Forest District include Manning Provincial Park
*  indicates spot occurrences of 5-50 trees

Table 10. Area summaries for major damaging agents mapped during the 2000 aerial 
overview.
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Figure 6. Two year cycle budworm defoliation in the Clearwater Forest District, as 
mapped by the 2000 aerial overview surveys.

Douglas-fir Beetle
Douglas-fir beetle mortality increased in the extreme south portion of Wells Gray Park, and 
affected over 300 hectares of mixed stands. Approximately 20 spot infestations of 5-15 trees 
and numerous small polygons were mapped in and around Helmcken Falls, Placid Lake, 
and the Clearwater River. Average green:red ratios in the district were 8:1; this indicates that 
population expansions occurred during the last year. Further increases in mortality due to this 
insect are expected in 2001.

Western Balsam Bark Beetle
Western balsam bark beetle infestations decreased to 1,820 ha in 2000 from 2900 in 1999. 
Most mortality occurred in and around the Mad and Raft River drainages.

Western Hemlock Looper
No defoliation was observed in the 2000 overview surveys; however, larvae were observed 
along the east shore of Clearwater Lake by Ministry staff, and at Helmcken Falls by CFS 
researchers.

Other forest health factors included small areas of pine needle cast (706 ha) and wildfire (4.5 ha).
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Kamloops District

Mountain Pine Beetle
Mountain Pine Beetle infestations covered 5,140 ha, a decrease from 11,275 ha in 1999. As well, 2,600 red attack 
pine were mapped in ±250 spot infestations of 5-50 trees (Table 3). Significant expansions were observed in the 
Red Lake and Opax Mountain areas, with smaller increases in several areas west of Kamloops (Arrowstone Creek, 
Maiden Creek, Two Spring Creek, and Hat Creek)(Fig 7). Ongoing infestations in Louis Creek, Georges Creek, 
and on Red Plateau decreased significantly. While the total area infested decreased this year, mountain pine beetle 
attacks occurred over an increasingly large geographical area, in a more scattered pattern than in recent years. 
This pattern of attack is much more difficult and costly to monitor and control than continuous areas of attack.

The average green:red ratio for the District was 8:1 indicating another significant expansion of area infested in 
2001 unless aggressive control measures are continued (Table 2, Fig 8). Overwinter mortality estimates were 
also conducted in critical areas throughout the District (Table 12). Five of six sites assessed showed a vigorous, 
expanding population.

Western Balsam Bark Beetle
Western balsam bark beetle caused significant mortality on 2,730 ha, mostly on the Thompson Plateau southeast 
of Bonaparte Lake (Table 10).

Western Spruce Budworm
Western spruce budworm was observed again, after being absent from the district for a year. Defoliation occurred 
on 1,465 ha in the Hat Creek – Gallagher Lakes area. Egg mass sampling completed in the fall of 2000 indicates 
that populations of this defoliator are expanding, and light to severe defoliation is expected in many areas around 
Hat Creek, Gallagher Lakes, Maiden Creek, and Logan Lake. Just under 6,000 ha are scheduled for treatment 
with B.t.k. in June 2001.

Location	 N	 Species	 R-value	 Population prediction

Scottie Creek	 9	 Py	 30.1	 increasing
	 2	 Pl	 20.0	 increasing
Gillingham Rd.	 12	 Pl	 16.3	 increasing
Bush Lk Rd	 12	 Pl	 3.8	 static
Scottie Creek	 12	 Py	 21.5	 increasing
Anderson Creek 	 12	 Pl	 17.6	 increasing
Medicine Creek	 7	 Pl	 8.9	 increasing
	 2	 Py	 26.5	 increasing

“R”  =	 a + b	 a = number of eggs & larvae
	 c	 b = number of pupae & adults
		  c = number of galleries originating within sample area

		
R-value interpretation:
	 <2.5	 decreasing population	
	 2.6 - 4.0	 static population	
	 >4.1	 increasing population	

Table 12. Mountain pine beetle reproductive ratios for sites in the Kamloops Forest District (Feb. 2001).



Ministry of Forests, 515 Columbia Street, Kamloops, B.C.  V2C 2T7  Telephone: (250) 828-4179

Pine Needle Cast
Pine needle cast lightly defoliated 1,456 ha of lodgepole pine, mostly west of Tunkwa Lake.

Douglas-fir Beetle
Douglas-fir beetle was mapped on 120 ha, and 750 trees were killed in approximately 100 spot infestations.

Other forest health factors observed included small scattered areas of satin moth and wildfire.
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Figure 7. Area under attack by 
the mountain pine beetle in the 
Red Lake area (Kamloops TSA, 
mapsheet 92INE), as mapped 
by the 2000 aerial overview 
surveys.
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Okanagan TSA
Salmon Arm District

Mountain Pine Beetle
Mountain pine beetle infestations decreased to 650 ha in 2000, from 1999 levels of 1,240 ha. 
In addition, 17 spot infestations killed ±135 trees. Most mortality occurred in ongoing infesta-
tions in the Chase Creek – Charcoal Creek area (Fig 9).

Western Balsam Bark Beetle
Western balsam bark beetle infestations caused mortality on 1,970 ha, mostly in Hunter’s  
Range, Fly Hills, and in upper Celista Creek. This was a slight decrease from 1999 levels of 
2,400 ha.

Douglas-fir Beetle
Douglas-fir beetle mortality was observed on 315 ha in the Celista-Anglemont area, in lower 
Scotch Creek, along the east side of Mara Lake, around Bobbie Burns Mountain, and at Mt. 
Ida, in areas bordering the 1998 Silver Creek Fire. Spot infestations killed an additional 275 
trees in these areas. See summary report on Silver Creek Douglas-fir beetle Project in research 
section.

Other forest health factors observed included small areas of pine needle cast, wildfire, and 
flooding.

Vernon District

Mountain Pine Beetle
Mountain pine beetle was mapped on 1,620 ha, a slight decrease from 2000 in 1999. Most in-
festations remained relatively unchanged in size and location. Most mortality occurred on TFL 
#49 (Riverside Forest Products, Ltd.), near Monte Hills and the Salmon River. Approximately 
825 ha were classified as light mortality; 640 hectares were classified as moderate mortality.

Douglas-fir Beetle
Douglas-fir beetle caused mortality on 475 ha, mostly in Harris Creek, numerous areas around 
Cherryville and Coldstream, in Whiteman Creek, near Falkland, and in scattered areas along 
the west side of Okanagan Lake. An additional 1,100 Douglas-fir were killed in 115 spot 
infestations of 5-35 trees.

Spruce Beetle
The Small Business program is harvesting ±5,000 infested stems scattered over 350 hectares 
in Boom creek, as well Riverside is harvesting two blocks of spruce beetle infested timber 
near Bouleau Lake (40 hectares).

Western Balsam Bark Beetle
Western balsam bark beetle infested 3,900 ha in the district, up from 2,900 in 1999. Most 
infestations occurred in the same general areas as in the last few years, mainly near Buck 
Mountain, Harris Creek, Cherry Ridge, and Winnifred Creek. Most of the infested stands 
experienced light mortality; moderate mortality was observed on only 80 hectares.
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Figure 9. Area under attack by the mountain pine beetle in the Chase Creek area, as 
mapped by the 2000 aerial overview surveys.
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Figure 10. Area under attack by the mountain pine beetle in the Vernon Forest District, as 
mapped by the 2000 aerial overview surveys.
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Pine Needle Cast
Pine needle cast was mapped on 1,290 ha in the district. 
Most defoliation occurred on the Aberdeen Plateau, 
near Stove Creek, the West Kettle River, and Inonoaklin 
Creek.

Other forest health factors observed were small areas 
of spruce beetle, satin moth, wildfire, windthrow, and 
flooding.

Penticton District

Mountain Pine Beetle
Mountain pine beetle infested 1,200 ha, a slight decrease 
from 1999 levels of 1,440 ha. Moderate mortality was 
observed on 315 hectares; the remainder was light. Most 
occurred in Snehumption Creek and other drainages of 
the Okanagan Range. Other areas of significant mortal-
ity were in Beak Creek, the Ashnola River, around Apex 
Mountain, and in the McDougall Creek/Mt. Swite area. 
Spot infestations were scattered throughout the major 
infestation areas, and killed an additional 1,325 trees.

Western Balsam Bark Beetle
Western balsam bark beetle infested area increased to 
2,700 ha this year, from 1,600 in 1999. Most mortality 
occurred near Penticton Creek, KLO Creek, and upper 
Mission Creek.

Douglas-fir Beetle
Douglas-fir beetle expanded to over 190 hectares, mainly 
in the Naramata Creek – Chute Lake area, and was also 
observed, mainly in spot infestations, near KLO Creek, 
Whiteman Creek, and along the west side of Okanagan 
Lake near Nahun.

Other damaging agents included small areas of spruce 
beetle, wildfire and satin moth. Douglas-fir tussock moth 
larvae were collected from trees in Naramata; however, 
no defoliation was observed during aerial overview 
surveys.

Merritt TSA
Merritt District

Mountain Pine Beetle
Mountain pine beetle continued to be the main forest 
health problem in the district in 2000, with mortality 
occurring on 10,277 ha. In addition, 1,623 ha of mortal-
ity was mapped in Manning Provincial Park, for a total 

of 11,900 ha. Approximately 2,760 pine were killed in 
spot infestations (Table 3) of 5-40 trees. This number is 
close to 1999 levels of 12,900 ha and, like 1999, over half 
of the area infested was either moderately or severely 
attacked. Very aggressive control efforts are ongoing 
throughout the District and are responsible for keeping 
the expansion level static. Most infested areas were 
south of Princeton, in the Whipsaw Creek, Similkameen 
River, Pasayten River, Willis Creek, Wolfe Creek, Arkat 
Creek, and Manning Park areas. Other large infestations 
continued in Summers Creek, Red Creek, in and around 
Kentucky-Alleyne Park, Skuhun Creek, Clapperton 
Creek, Guichon Creek, and southwest of Highland Val-
ley Copper Mine (Fig 11). The most significant expan-
sions occurred in Arrastra Creek and Pimainus Creek.

Western Balsam Bark Beetle
Western balsam bark beetle mortality decreased to 2,160 
ha in 2000, all of which was classified as light. The main 
areas of mortality continued to be in the upper Spius 
Creek drainage.

Western Spruce Budworm
Western spruce budworm expanded significantly this 
year, from 480 ha in 1999 to 11,800 ha. Most defoliation 
was seen on the north side of the Nicola River between 
Skuhun Creek and Promontory Hill, in Guichon Creek, 
and in the Mill Creek/Clapperton Creek area (Fig 12). 
Egg-mass sampling completed in the fall of 2000 in-
dicated that populations of this defoliator are on the 
increase, with defoliation expected to expand. The most 
severe defoliation is expected in the Mill Creek area, 
north of Merritt near Hector Creek, and in the Shackelly 
Creek area. Approximately 3,900 ha are scheduled for 
B.t.k. treatment in June 2001.

Other forest health factors observed were small areas of 
spruce beetle, Douglas-fir beetle, wildfire, and scattered 
pockets of satin moth.

Kevin Buxton, 
aerial 
overview 
surveyor.
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Figure 11. Area under attack by the mountain pine beetle in the Merritt Forest District, as mapped by the  
2000 aerial overview surveys.

Figure 12. Western spruce budworm defoliation in the Merritt area, as mapped by the 2000 aerial overview 
surveys.
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Lillooet TSA
Lillooet District

Mountain Pine Beetle
Mountain pine beetle caused mortality on 580 ha in the district, down from 860 ha in 1999. 
In addition, 540 trees were killed in spot infestations (Table 3). Most mortality occurred in 
Sleetsis Creek, Skoonka Creek, Murray Creek, Tyaughton Creek, Lost Valley Creek, and 
Kwoiek Creek. Numerous small spot infestations were observed in the Stein River, near the 
outlets of Cottonwood Creek and the North Stein River.

Western Balsam Bark Beetle
Western balsam bark beetle caused mortality on 1,410 ha, mostly in the upper Bridge River, 
where an ongoing infestation expanded considerably.

Western Spruce Budworm
Western spruce budworm caused light defoliation on 1,435 ha near Pavilion Lake, Farrar 
Creek, and Ward Creek (Fig 13). Egg mass sampling completed in the fall of 2000 indicates 
that limited population expansions will occur in 2001, and moderate to severe defoliation is 
expected in the Tom Cole area. Light defoliation is expected in the West Pavilion area from 
Leon Creek north to Ward Creek. Approximately 1,200 ha are scheduled for B.t.k. treatment 
in June 2001.

Other damaging agents included spot infestations of Douglas-fir beetle, mostly in Fountain 
Valley, and small areas of spruce beetle, satin moth, and pine needle cast.
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Figure 13. Area of western spruce budworm defoliation, as mapped by the 2000 aerial 
overview surveys.
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Research Update
Western balsam bark beetle research

The western balsam bark beetle (WBBB), Dryocoetes confusus, plays a major role in the natu-
ral succession processes of subalpine fir forests and is considered the most serious mortality 
causing factor of subalpine fir (Abies lasiocarpa) in British Columbia. D. confusus is found 
in most mature and overmature high elevation stands. In association with the pathogenic fun-
gus, Ophiostoma dryocoetidis, vectored by the western balsam bark beetle (WBBB), it has 
been responsible for the loss of millions of cubic metres of timber. D. confusus typically kills 
0.5-1.5% of mature stems in a stand annually over a period of about ±60 years. Periodically, 
higher levels of attack can be seen, but seldom more than 6% current attack is observed in a 
given year. Once a stand is >100 years, it is susceptible to attack by Dryocoetes. The majority 
of attack is on trees 22-44 cm in diameter. As stems are slowly eliminated from a stand, gaps 
are created allowing understory trees to release and fill in the canopy. This creates a very slow 
“in-stand” turn-over but one that is fairly continuous over a long time period.
Over the past 5 years, numerous studies have been conducted to further elucidate the attack 
dynamics and impact of WBBB. Short descriptions and progress reports from these studies 
are highlighted below.

Permanent Sample Plots
Seven permanent 1 hectare plots have been es-
tablished (3 plots in 1998, 3 plots in 1999, and 
one in 2000)(Table 1) to examine the attack 
dynamics of D. confusus over time. The 6 plots 
established in 1998 and 1999 were re-assessed 
in 2000 for new D. confusus attack. These 
large-scale permanent sample plots enable us 
to study the attack dynamics and impact of D. 
confusus in both building and declining phases 
of their population cycles. Plots were located 
in stands exhibiting one of the three following 
stages of infestation:

1.	Early-stage infestation, with new/building populations of D. confusus - character-
ized by scattered red attack and low numbers of greys and/or snags;

2.	Mid-stage infestation - characterized by high levels of red attack, and moderate 
levels of greys and/or snags;

3.	Late-stage infestation - characterized by low levels of red attack, and high numbers 
of greys and/or snags.

The Home Lk. 1 & 2, Buck Mtn., and Martin Cr. plots are composed of many densely spaced 

Location	 Attack Stage	 No. of Trees	 No. Bl 	 No. Sx
Martin Cr.	 Early-stage	 1416	 1167	 249
Home Lk. #1	 Early-stage	 1,197	 1,003	 194
Home Lk. #2	 Early-stage	 1,310	 1,152	 158
Buck Mtn.	 Early to mid	 1,317	 1,215	 102
Torrent Cr.	 Mid-stage	 597	 514	 83
Cherry Ridge	 Mid- to late-stage	 496	 429	 67
Sicamous Cr.	 Late-stage	 930	 732	 198

Table 1. Permanent sample plot locations, noting initially designated stand attack stage, 
total trees per plot (all species), total subalpine fir and total spruce.
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small diameter subalpine fir. In contrast, Cherry Ridge, Torrent Cr., and Sicamous Cr. plots are more open and 
composed of fewer larger diameter trees. As stands senesce, mortality is first seen in the smaller subalpine fir 
due to suppression and secondary insect attack, after which the larger diameter trees are attacked and killed by 
D. confusus (early phase). This lowers the density of these stands and may condition the stands for further bark 
beetle activity. The stand will eventually reach a point when it is very open, with a low number of susceptible 
balsam, and thus less suitable for D. confusus establishment (late phase). Table 2 gives a breakdown of subalpine 
fir attack categories in plots.

Home Lk 1 & 2, Martin Creek, and Buck Mtn. were 
found to exhibit relatively low levels of past attack 
and significant levels of recent attack (Fig. 1). These 
stands represent early stages in the succession pat-
tern. Cherry Ridge, Torrent Cr., and Sicamous Cr. 
plots have a more extensive history of D. confusus 
attack, with high levels of past attack and low levels 
of recent attack (Fig.1), characteristic of stands in 
the mid- to late-phases of succession.

Another factor that may affect succession and D. 
confusus population dynamics within these stands 
is windthrow or blowdown. The mid- to late-phase 
attack plots contained the highest annual rates of 
blowdown (Table 3) whereas blowdown rates in the 
early-phase plots were much lower.

				    Subalpine fir (sph)
	 Home Lk. 1	 Home Lk. 2	 Buck Mtn.	 Martin Cr.	 Sicamous Cr.	Cherry Rdg.	 Torrent Cr.
Healthy	 547	 563	 700	 859	 322	 151	 334
New attack	 44	 65	 28	 40	 6	 11	 2
Recent attack	 69	 80	 68	 25	 13	 23	 8
Old attack	 116	 164	 101	 115	 220	 159	 71
Dead unknown	 200	 272	 317	 124	 134	 50	 77

Table 2. The number of subalpine fir (stems per ha), by plot in each category: healthy; new attack (current 
attack – attacked in 2000); recent attack (bright red and faded red – attacked in 1999 & 1998); old attack 
(grey trees – attacked prior to 1998); and dead unknown.

				    Plot Statistics
	 Home Lk 1	 Home Lk 2	 Buck Mtn	Martin Cr.a	 Sicamous Cr.	 Cherry Ridge	 Torrent Cr.
Attack rate	 8	 11.5	 4	 4.6	 1.9	 7.3	 .05
Blowdown rate	 0.7	 0.4	 0	 -	 2.7	 7	 3.9

a Martin Cr. was just assessed in 2000 so has no blowdown rate yet.

Table 3. D. confusus attack rate (%) and subalpine fir blowdown rate (%) in each plot.

Figure 1. Levels of recent and past attack by D. confu-
sus in each of the permanent sample plots.
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D. confusus Trapping Trials
An improved understanding of the dispersal patterns of the WBBB could help explain within-stand attack pat-
terns and lead to more effective management strategies. Two experiments were conducted in 2000 to study the 
dispersal and flight habits of D. confusus inside stands (forest edges and interiors) and in openings (cutblocks)
An area of active D. confusus with numerous large cut areas near Home Lake, Vernon Forest District, was 
selected for this trial. Lindgren funnel traps baited with WBBB lures were placed at cardinal directions run-
ning equidistant into the cut block and into the stand. Trap collections were made bi-weekly from June 15 

until August 3, 2000, and once a week thereafter until August 31, 2000. Preliminary analyses show more D. 
confusus were caught near the stand edge (±10 m) and in the interior forest than in the cutblock (Fig. 2). 

Dryocoetes began flying @ July 13/00, continuing through early August.

Recent work (Bleiker 2001) identified criteria for identifying trees susceptible to WBBB, one of which 
was growth rate (fast vs. slow). To further understand the host selection mechanisms of D. confusus, 

w e attempted to elucidate the frequency and intensity of in-stand flight and landing patterns on susceptible 
and less susceptible hosts. Growth rate was the indicator of susceptibility, with a felled tree being the most 
susceptible. The objectives of this experiment were:

1.	to determine if standing, live, susceptible trees (slow growing) and recently felled trees are visited at 
equal frequency by D. confusus as less susceptible standing, live trees (vigorously growing);

2.	to determine if baited slow growing, felled and vigorously growing trees are visited and successfully 
attacked at equal frequency;

3.	to determine if baited and unbaited slow growing, felled and vigorously growing trees are visited and 
successfully attacked at equal frequency; and

4.	to determine if baited slow growing, felled and vigorously growing trees are all successfully mass at-
tacked.

During the first stages of peak flight (July 10-19/00) felled trees caught more beetles than baited or unbaited 
trees (Fig. 3). As the flight progressed, there was no difference in trap catches. Very few “fast trees” without 
baits were attacked. Only 1 “slow” without bait was attacked, but it attracted an equivalent number of beetles 
as did baited and felled trees.

Figure 2. Total number of D. confusus caught from June-
August 2000 in traps placed at intervals inside and outside a 
subalpine fir stand.
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Figure 4. Graph display-
ing growth over time with 
year 1 representing 2000. 
Annual growth measure-
ments were collected 
from disks cut at stump 
height from all felled 
trees, and fast or slow 
growing treatment trees 
(baited and unbaited).

Figure 3. Total number of D. confusus caught in traps on fast- and slow-growing trees that were baited and 
trees that were felled (left), and trees not baited (right) (June-August 2000).
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		  Averages from tree disks
Growth rate	 Age (yrs)	 DBH (cm)	 Last 5 years growth (mm)a

slow	 233.32a	 30.23a	 2.13a
fast	 190.85a	 31.33a	 7.64b
felled	 232.56a	 32.33a	 4.76c

Table 4. Total age, diameter at breast height (dbh) and the last 5 years growth was de-
termined from disks cut at stump height from all felled trees, and fast or slow growing 
treatment trees (baited and unbaited).

a  Averages in columns followed by the same letter are not significantly different (ANOVA, P<0.05)

The growth rate in the past 5 years in the 3 categories, fast, slow and felled, were significantly different (P<0.05)
(Table 4), whereas age and dbh were not. Fast- and slow-growing trees were specifically selected because of this 
trait whereas felled trees were randomly selected from the population of trees having similar diameters. Figure 
4 shows the growth rate of these trees since establishment. Two influencing events are clearly evident from the 
growth patterns, one occurring when the trees were about 180 years and the other when they were 300 years 
(about 30 years ago). First a release occurred, then an event caused growth rates to shut down significantly. This 
decrease in radial growth corresponds well with the time frame when WBBB began increasing in the stand.
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All trees within a 10 m radius (0.03 ha) of the 50 treatment trees were assessed for attack, growth 
characteristics and other criteria. On preliminary analysis, baited trees that were successfully 
attacked had significantly more current attack within a 10 m radius than other treatment trees 
whether or not they were successfully attacked.  However, overall there was no difference in 
the incidence of current or past attacks around any of the 50 treatment trees (Table 5).

Figure 5.  70 mm photograph of 
interior subalpine fir stand showing 
location of plot (yellow line).

Table 5. Status of trees in 0.03 ha sweep plots surrounding treatment trees. The table 
shows percent trees, by treatment regime, that are healthy, contain WBBB or are dead 
from unknown causes.

		 Status of trees in sweep plot surrounding treated trees
Treatment Tree	 Healthy	 Current atk.	 Reds	 Greys	 Snags	 Dead Unknown
FAST	 66.5%	 4.0%	 4.5%	 1.8%	 4.0%	 19.2%
SLOW	 59.7%	 1.3%	 5.6%	 6.1%	 3.0%	 24.2%
FELLED	 67.0%	 2.3%	 2.7%	 3.8%	 2.7%	 21.6%
FASTBAIT	 67.9%	 3.6%	 0.9%	 7.2%	 1.4%	 19.0%
SLOWBAIT	 61.0%	 4.6%	 4.6%	 5.8%	 1.5%	 22.4%
Average	 64.4%	 3.2%	 3.7%	 4.9%	 2.5%	 21.3%

Influence of harvesting on D. confusus attack dynamics and impact
Various parameters of attack by D. confusus were analysed using large-scale aerial photog-
raphy (70 mm)(Fig. 5) obtained September 1999. The spatial attack characteristics of D. 
confusus were analysed by examining different stages of an infestation, edges and interiors 
of forests, and different silviculture systems. The primary objective of this project was to 
document changes in D. confusus attack patterns after artificial edge creation (harvesting). 
Four scenarios were compared:

Scenario #1 (interior only) - Natural stands (no harvesting within at least 600 m of 
photo location);

Scenario #2 (edge & interior) - stands near recent harvesting (1992-94) with a high 
current level of WBBB attack;

Scenario #3 (edge & interior) - stands near older harvesting (1982-84) with a high 
current level of WBBB attack; and

Scenario #4 (edge & interior) - stands near recent harvesting (1993-96) with a low 
current level of WBBB attack.

Interior stands contained significantly more standing sub-alpine fir per hectare than stand 
edges (Fig. 6). Due to increased windthrow and 
therefor more available host material for D. con-
fusus, over time, both stem density and attack 
frequency decreases on stand edges compared to 
interior forests. Stands near older cutblocks had a 
significantly lower ratio (P<0.05) of dead to total 
trees than stands near more recent cutblocks (Fig. 
6), meaning that mortality due to D. confusus on 
stand edges seems to decrease over time since 
harvest.
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Figure 6. Ratio of attacked to live subalpine fir in plots on cutblock edges at different 
intervals post-harvest and in interior sub-alpine forest (no harvest).

Droycoetes confusus female (left) and male (right). Area dense with setae on head of female is 
characteristic of the sex.
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Western balsam bark beetle baiting trials
Post-flight evaluation was conducted in 1999 of 2 baiting trials (baiting trials were established 
in 1997 and 1998). This study had 4 main results:

1.	Most of the recent attack in a baited stand is concentrated around bait centres. The 
frequency of recently attacked trees is significantly greater within 10 m of baited 
trees than outside this range, even two years after baiting.

2.	Not all baited trees were attacked in either of the trials. Usually 30% or more were 
not attacked or were unsuccessfully attacked. If unsuccessfully or lightly attacked 
in the year they were baited, trees were often mass attacked in the subsequent year.

3.	The overall attack levels in the baited stands did not exceed what is normally en-
countered in sub-alpine fir forests that have active populations of WBBB.

4.	Tree selection for baiting is important because WBBB generally attacks the larger 
trees in a stand, but factors other than tree size affect host selection and coloniza-
tion success.  If the subalpine fir selected for baiting is not “susceptible”, it may be 
difficult for attacking beetles to overcome the tree defences.



Ministry of Forests, 515 Columbia Street, Kamloops, B.C.  V2C 2T7  Telephone: (250) 828-4179

M.Sc. Thesis: Susceptibility of Subalpine fir to Western 
Balsam Bark Beetle

Katherine Bleiker, UNBC, January 2001

Abstract
In order to effectively manage bark beetle popula-
tions to meet forestry objectives, it is important to 
understand the nature of host susceptibility. Tree 
characteristics were compared between a total 
of 22 successfully attacked, 26 unsuccessfully 
attacked, and 28 Unattacked (control) trees at 3 
sites in the interior of British Columbia. Of 12 tree 
characteristics measured, five showed significant 
differences between successfully attacked and 
control trees. Successfully attacked trees had a 
lower percent of the bole covered with consist-
ent branching, lower crown volume, lower radial 
growth in the last 5 years, and lower production of 
induced resinosis than control trees. Trees success-
fully attacked were also older than control trees. 

The relationship between recent radial growth and 
resistance was selected for further study.

A total of 26 fast-and 26 slow-growing subalpine fir 
trees were pheromone baited to induce attack by western 
balsam bark beetle (WBBB) at 2 sites in the interior of 

B.C. Although all baited trees were attacked, slow-growing 
trees were more likely to be successfully attacked than fast-
growing trees. Fast-growing trees were more likely to produce 
resin, and in greater quantities, in response to attack than slow-
growing trees.

A total of 20 fast- and 20 slow-growing subalpine fir trees were inoculated 
with a blue-stain fungus associated with WBBB at one site in central B.C. Dimensions of the 
light and dark areas of the resultant lesions were compared between fast- and slow-growing 
trees and between fungus and control treatments at 3, 7, 10, 17 and 41 days after inocula-
tion. The length and width of the dark and light areas of the lesion were greater in response 
to fungus versus control treatments at 7, 10, 17, and 41 days after inoculation. The length of 
the dark and light area was significantly greater in fast-growing trees than in slow-growing 
trees at 7, 10, and 17 days after inoculation. There was no significant difference in the size 
of the hypersensitive lesion between fast- and slow-growing trees 41 days after inoculation.

This research shows that slow-growing trees are more susceptible to attack by WBBB and 
have reduced defensive capabilities compared to fast-growing trees. These findings may 
explain the scattered pattern of mortality observed in stands infested with WBBB. Western 
baslam bark beetle’s preference for low vigour hosts and its frequent inability to induce mass 
attack on high vigour hosts have implications for the management of subalpine fir stands in 
the interior of B.C.

Only preliminary results are displayed in this report. A final report for Science Council of B.C. is in 
preparation (April 2001).

Dryocoetes 
confusus  
galleries.
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Cronartium comandrae infection on 
stem of very young lodgepole pine.

Comandra Blister Rust Survey Project
Forrest Joy, Pacific Ecological Services

During the summer of 2000, a project was initiated to study the incidence and severity of 
comandra blister rust, Cronartium comandrae, in young pine stands within the Penticton For-
est District. The objectives of this project were to:

1.	Determine the impact of Comandra blis-
ter rust on regenerating pine in the early 
to mid-phase of stand development. The 
survey included pine age classes 1 and 
2, broken out into two groups: age 10-20 
years; and, age 21-30 years.

2.	Determine the extent and severity of 
Comandra blister rust in the southeast 
portion of the Penticton Forest District.

3.	Determine the relative hazard of young 
lodgepole pine stands to Comandra 
blister rust based on ecosystem (bio-
geoclimatic zone, subzone and variant), 
geographic location, age or other fac-
tors.

4.	Determine stand attributes or treatments 
that may influence the incidence or im-
pact of Comandra blister rust.

5.	Discuss the results of the project in 
terms of present stand conditions, future 
impacts and potential for management.

A total of 50 leading pine polygons in age classes 1 and 2, in the IDFdm and MSdm, were 
randomly selected for walkthrough surveys. Survey for Pest Incidence (SPI) surveys were 
performed in 20 polygons found having a high incidence of comandra. Preliminary results 
of the walkthrough surveys indicate a background incidence of comandra of 7.8% of stems 
affected, with a range from 1-70%. The more severely affected stands in which SPI surveys 
were performed averaged 22.4% of stems infected, with 8.2% of stems killed. Incidence of 
comandra was slightly higher in the MSdm than the IDFdm, and slightly higher in age class 
2 than in age class 1; however, based on preliminary analysis of the data, neither age nor eco-
system appear to have a strong effect on attack levels. Further detailed analysis of this data is 
still underway to determine the influence, if any, of other factors such as geographic location, 
aspect, and silvicultural treatments.

Pine Spacing Trials
A long-term study was initiated in 1987 to evaluate the effect of density on the attack dynamics 
and resultant defect severity caused by lodgepole pine terminal weevil (Pissodes terminalis) 
and other pests. The impact caused by P. terminalis is difficult to quantify because attack is 
very site specific, it is tied to silviculture treatments such as spacing, and often trees over 
time outgrow defects observed recently after attack. Six spacing trials were established in 
the Kamloops and Cariboo Forest Regions (Table 1). The goal was to bring the density of 
natural stands of lodgepole pine down to near and below operationally targeted goals of the 
time (±1,200 stems per ha). The sites were chosen without regard to weevil attack incidence 
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Location	 BEC	 District	 Mapsheet
Stump/Dardanelles Lake	 IDFdk1	 Kamloops	 92I.040 (249)
Maka Creek	 IDFdk2	 Merritt	 Dropped
Riske Creek	 IDFb5	 Williams Lake	
Monte Lake	 MSxk	 Kamloops	 82L.051 (386)
Daves Creek	 ESSFdc1	 Penticton	 82E.094 (318)
200 Rd. (T.F.L. 15)	 MSdm1	 Penticton	 82E.024 (839)

Table 1. Location of lodgepole pine spacing trials.

Pissodes terminalis 
damage on lodgepole 
pine.

 Views of 2m x2m spacing (left) and control plot (right) at Monte Creek.

at the time of establishment. Each trial, except for T.F.L. 15, was a 4 x 4 design with treat-
ment regimes of 2.0 m, 2.5 m, 3.0 m and untreated controls. Each block was 0.25 ha for a 
total trial area of 4 ha.

Except for T.F.L. 15 that was just established in 1995, all spacing trials were assessed (@ 
50% total area) in 1990, 1995, and 2000, noting incidence and severity of weevil attack, year 
of attack, tree form, other pests and growth parameters (dbh & height). Average stand age 
was 25 years.

First, looking at all 4 trials, sorted by spacing regime: in terms of % stems 
attacked, the IDF site in Riske Creek had the highest levels of attack, 
increasing from about 25% stems attacked in the control blocks to over 
60% stems attacked in the 3.0 m spacing. An interesting thing to note is 
that the % pine attacked at the ESSF site was fairly high, but in terms 
of total trees, the attack level was not an issue due to the mix 
of other species such as spruce and sub-alpine fir. Results 
from other studies show stem defects caused by weevil at-
tack in the ESSF are often more severe than those observed 
in other ecosystems. IDF pine sites have the highest hazard 
for terminal weevil, but the implcations at a landscape level 
are still uncertain because severe levels of damage are very 
site specific and seems to be closely tied to silviculture 
treatments such as spacing conducted at an early age (8-
12 years).

Over time, the number of weevil attacks per hectare increased 
in all density regimes with the increase being the greatest in the 
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Figure 2. Percent stems infected 
with Endocronartium harknessii 
or P. terminalis in each of the 4 
spacing trials and density regimes.

Figure 1. Cumulative attack by P. terminalis (attacks/ha) over time at the Riske Creek spacing trial (left 
graph) and percent stems attacked over time (tree age)(right graph).

Pissodes terminalis on 
lodgepole pine needle.

unspaced controls (Fig. 1). At the Riske Creek (IDF) trial, P. terminalis increased noticeably as the stand aged 
(Fig. 1), with many trees sustaining multiple attacks. In the unspaced blocks, attacks per ha were the highest 
@3,200 attacks per ha, followed by the 2.0 m spacing @ 2,000 atks/ha, and very little difference between the 2.5 
m and 3.0 m @ 1,500 atks/ha. However, when looking at percent stems attacked, which relates more to final crop 
trees, the trends reverse (Fig. 1). The highest percent stems attacked (>60%) was in the 3.0 m and 2.5 m spacing. 
Many stems died in the control.  In all trials except the IDFdk (Monte Creek), the incidence of western gall rust, 
Endocronartium harknessii, in percent stems infected, was lowest in the unspaced controls (Fig. 2).

Height growth was compared between trees attacked by weevil and those not attacked and there was no different 
overall in mean height growth (Fig. 3). Differences in diameter growth among treatments were observed and the 
trends were similar for both attacked and unattacked trees. As density decreased the diameter response increased. 
However, whether this diameter response and no height response in the presence of higher levels of pest damage 
is acceptable has to be interpreted further.
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Lindgren 
funnel 
trap used 
to catch 
Douglas-fir 
beetle.

Figure 3. Average height (left) and DBH (right)of clear and P. terminalis attacked lodgepole pine in each of 
the 4 spacing trials and density regimes.
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Dendroctonus 
pseudotsugae.

Douglas-fir beetle 
galleries.

Bark Beetle Management on the 1998 Silver Creek Fire, Salmon Arm Forest Dis-
trict

Wayne Anshelm, Forest Health Officer
Nicole Jeans-Williams, For Health Consulting

The summer of 1998 was one of the warmest and driest seasons on record 
in the southern interior of B.C. In late July, a lightning strike hit the upper 
reaches of Silver Creek, very close to the town of Salmon Arm. The follow-
ing week, high winds fanned the fire to 6,500 ha in size. Approximately 85% 
of the affected area was on Crown land with interior Douglas-fir the predominant 
tree species within the burn boundary.

Over the spring and summer of 1999, field staff identified Douglas-fir beetle (DFB, Dendroctonus pseudotsugae) 
and western pine beetle (WPB, Dendroctonus brevicomis) in heav-
ily scorched trees in numerous areas within the fire. Many stands 
surrounding the fire contained a high component of susceptible 

fir. Survey reports completed in the winter 
of 1999 showed approximately 3,000 
ha infested with DFB. Due to various 
constraints, the opportunity for con-
ventional control techniques (trap trees, 
harvesting) was limited, therefor alter-
native management techniques were 
required. Following consultation with 
experts within the B.C. Forest Service, 
local universities and the U.S. Forest 
Service, an ambitious management plan 
was put in place. This plan involved the 
combined use of 3 tactics: trap trees, 
mass-trapping (traps baited with 

aggregation pheromones and 
a kairomone) and the use of 
antiaggregation pheromones 
(MCH). The Forest Service, 
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Collecting douglas-
fir beetle from funnel 
traps(top). Predatory 
larva (Cleridae) and 
Douglas-fir beetle (left).
Douglas-fir beetles in 
gallery (right).

Figure 1. Average trap 
collections of Douglas-
fir beetle/day at each 
collection round seper-
ated by location, April-
September, 2000. Fly 
Hills, Mt. Ida and Wall 
Creek is on the west, 
northeast and southeast 
portion of the Silver 
Creek fire, respectively.
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consultants, four forest licencees, and local First Nations worked jointly to plan and implement the program.

The mass trapping comprised the largest component of the plan with 232 trap sites for DFB established over the 
fire area. Each site had 3 baited traps for a total of 696 traps. Eighteen sites were established for WPB. Sixteen 
trap tree patches were established on the east side of the valley, and 15 on the west side. A research permit and a 
special use permit were obtained for the use of the antiaggregation pheromone product MCH (Phero Tech Inc.), 
which is not yet registered in Canada. A total of 10 thousand MCH bubblecaps were placed in the field. It was 
hoped that this tactic would provide (by means of deterrence and flight disruptance), additional protection for 
trees on adjacent private property and along the edges of two community watersheds.

Field crews, hired through the local Salmon River Watershed Society, deployed traps and bubble caps in late 
March and maintained and collected the traps throughout the spring and summer months. Twelve collection rounds 
were completed by the end of August, totalling 6,148 
individual samples, over 125 days. Trap collections were 
sorted and assessed at the Kamloops Region lab.

An estimated 1.5 million DFB were collected in the 696 
traps throughout the season. The peak flight period oc-
curred in early June and an average of 180 beetles was 
collected/trap/day (Fig 1). Some trap lines performed 
much better than others, probably due to proximity to 
existing populations or susceptible host. Beetle catches 
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dropped significantly in July and a second flight was not apparent. The lack of re-emergent beetles may be due 
to beetles being removed in the first flight.

The 54 WPB traps collected 120,121 beetles throughout the season. Douglas-fir beetles were also captured in 
traps baited for WPB and vice-versa. Scattered fir around WPB trap sites was attacked due to both WPB and DFB 
baits containing frontalin. Therefor caution should be taken when deploying either of these baits in the proximity 
of fir or Ponderosa pine host tree.

The success of the MCH was difficult to assess but less than 10 trees were found in the 50 m wide survey strip 
along the private property boundary on the Mt. Ida side except a small patch of 25 trees in an area heavily at-
tacked in 1999.

Eleven of 16 trap tree patches on Mt. Ida had moderate to high DFB occupancy. Five trap trees patches had 
high numbers of secondary bark beetles (e.g. Scolytus and Pseudohylesinus) due to their exposed placement and 
elevated numbers of these insects in scorched trees.

In summary, trap placement is critical for success. Traps near, but not directly adjacent to, susceptible stands 
caught high numbers of beetles as did traps near high beetle sources. Care must be taken in not placing traps within 
susceptible stands (because overflow attack will occur) if follow-up harvesting or other follow-up treatment is 
not possible or limited. Overall, the results were very positive. Only 11 hectares of sanitation harvest (including 
trap tree patches and trap site overflow) and a small amount of single tree disposal were scheduled post-trapping. 
A smaller scale trapping program is planned for 2001 to contain any remnant populations.

For more information, or to request a copy of the detailed Internal Report (April 2001), please contact the Salmon 
Arm Forest District.

Western Spruce Budworm Historic Analysis

The Kamloops Forest Region has a long history of budworm activity. The range is very extensive, and when 
looked at chronologically, has moved and expanded greatly over the past 100 years. This movement and expan-
sion may be in part related to the increased availability of host trees and increased susceptibility due to drought 
and past harvesting practices. The history of fire and more recently fire suppression has also had a significant 
impact on the distribution of both host and insect.

The Interior Douglas-fir (IDF) biogeoclimatic zone has the highest mapped area of historic budworm activity 
(Fig. 1), followed by the ICH and to a much lesser degree the MS, PP and CWH. Within the IDF, the IDFxh and 
dk have the most area affected by budworm, with 274,400 ha and 305,767 ha affected, respectively (Fig. 2). The 
IDFmw, which is a moister subzone of the IDF, also has a large area that is periodically affected by budworm 
(169,070 ha)(Fig. 2). What is important to note, is that of these total hectares that have at some time experienced 
defoliation by the budworm, significantly less have experienced sustained, long periods of defoliation (Figs. 3, 4). 
Many areas have sustained 1 to 3 years of defoliation, but very few have sustained long periods of severe feeding.

The amount of damage that the budworm inflicts on its host is due to a number of factors: number of larvae 
per branch or tree (insect population density); vigor of insect population; vigor of host; total number of years 
defoliated over life of stand; maximum number of consecutive years of defoliation; climatic conditions; and, 
ecosystem. Some of these factors are being built into the hazard rating system. A critical factor is the number of 
years that a stand undergoes defoliation and how many of those years are consecutive. Table 1 shows the area 
(ha) and number of polygons in the Kamloops Region that have been defoliated for many combinations of time 
and intensity.  Most areas are defoliated for 3 years or less (Table 1), although many sites can sustain populations 
for up to 10 consecutive years.
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Figure 3. Total number of years of defoliation, and 
hectares affected, in 4 IDF subzones within the 
Kamloops Forest Region.
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Figure 4. Number of years of consecutive defolia-
tion in 4 IDF subzones in the Kamloops Forest 
Region and the affected hectares.

Figure 1. Summary of the total area and number of 
polygons defoliated by western spruce budworm 
by the major BEC in the Kamloops Forest Region.

Figure 2. Summary of the total area defoliated by 
western spruce budworm in several IDF subzones 
in the Kamloops Forest Region.
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Table 1. Summary of the total area and number of polygons defoliated by western spruce budworm by the 
total number of years defoliation (left half of table) and maximum number of consecutive years defoliation 
(right half of table).

	 Total no. years	 Ha	 No. polygons	 Max. consecutive years	 Ha	 No. polygons
	 defoliation			   defoliation
	 1-5	 1,445,747	 48,704	 1-3	 1,436,999	 57,783
	 6-10	 73,884	 14,638	 4-6	 83,187	 7113
	 11-15	 4,496	 1,902	 7-9	 4,245	 635
	 >15	 304	 287
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Photos showing strata 1 (right) and strata 2 stands (left).

In the IDFxh and mw, 44% and 52% of their total area, respectively, have been defoliated at one time by bud-
worm since 1909.  This puts these 2 ecosystems at high risk for future outbreaks of budworm.  The IDFdk has 
had only 30% of its total area affected by budworm, but this ecosystem covers for more area than the other two, 
so comparatively is at very high risk.

Historical areas of defoliation were ground-truthed using protocol established for a similar project in the Kamloops 
District (1993-94).  Plots were distributed within the Lillooet, Merritt, Vernon and Penticton Forest Districts.  Plot 
distribution was based on consecutive and total years of defoliation on a site.  Just under 500 plots have been as-
sessed in 1993-94, 1999 and 2000.  In the field, four strata were delineated by subzone, tree size (layers), spatial 
aggregations of trees (clumps), stem density, gaps or openings in the stand, and tree characteristics such as vigor, 
percent live crown and size of crown.  The strata descriptions are as follows:

1)	Strata 1 – high density (prior to tree mortality), multi-layered, closed canopy.  Overstory trees evenly 
distributed and form a relatively closed canopy.  Understory trees (0 to 7.4 cm dbh) have the highest 
stem densities in these stands.

2)	Strata 2 – low density stands, of primarily even height and equally distributed stems.  This structure is 
primarily a result of past juvenile spacing activity.  Smaller trees have been removed leaving a stand 
of intermediate size.  These stands had high densities prior to spacing and tree crowns were narrow, 
resulting in stand gaps.

3)	Strata 3 – stands having a history of selective harvesting (1950’s logging), and are now multi-layered, 
consisting of grassy or bushy openings containing some young regeneration, clumps of dense, small 
and intermediate size trees, and scattered clumps or individual, large diameter trees. Stand density is 
variable due to patchy stem distribution and canopy gaps (moderate density overall).

4)	Strata 4 – stands displaying little or no harvesting disturbance.  The stand types are mature with a high 
crown closure, very little understory, and the understory present are suppressed and may not contribute 
to a future crop.

Data collected, by layer, included total trees (by spp.) and trees dead due to western spruce budworm defoliation.  
For each layer, current defoliation, total years of defoliation, total 
tree defoliation, and topkill was estimated from the average of all 
trees in the plot.

The average number of live and dead Douglas-fir was compared 
between subzones.  There were on average 720 dead trees per ha 
(0.9 ± 0.1 trees per layer per plot) in the IDFxh2, significantly 
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Photos showing a strata 3 stand (right) and strata 4 stand (left).
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Figure 5. Total percent defoliation by stand layer. 

more than the in the IDFdk1 (0.00 ± 0.1 trees per layer per plot).  Average total tree defoliation was 55% higher 
in the IDFxh2 than in the IDFdk1 (19.7% ± 6.8 vs. 36.1% ± 13.8).  Average topkill in the IDFxh2 was about 10 
cm greater than average topkill in the IDFdk1 (Table 6).

The IDFxh2 subzone is drier and warmer than the IDFdk1, therefore higher damage may be attributed to better 
synchrony between larval emergence and bud flush, as well as better budworm survival and fecundity on mois-
ture stressed trees.  Personal observation has also shown slower recovery of foliage on defoliated trees in the 
IDFxh2 vs. the IDFdk1.  This may be due to moisture being a higher limiting factor in the IDFxh2, which would 
not provide for vigorous recovery.  As well, historical observations show that budworm outbreaks often sustain 
themselves for more consecutive years in the IDFxh (Fig. 4) than in the IDFdk.

Vertical stand structure, within stands was also assessed.  Layer 3 (1.3 m to 7.4 cm dbh) has the highest number 
of stems (1,340 sph live and dead) and sustained the highest level of mortality and topkill (21% mortality and 
0.16 ± 0.01 m topkill, respectively).  Buds on understory trees usually flush in advance of overstory trees, and are 
therefor available earlier to the first dispersing larvae.  Figure 5 shows total percent defoliation by layers, with 
layer 3 sustaining the highest level of damage.

The small layer 4 trees are actually a combination of two age groups, with two different spatial distributions.  
The layer 4 trees that are directly under other layers are on average older, suppressed, and heavily damaged by 
budworm.  The layer 4 trees that are present in openings are generally young regeneration, and have received 
relatively low levels of budworm damage.  Average total tree defoliation (Fig. 5) and total tree mortality in layer 4 
is second only to layer 3.  If it had been practical 
to record these two “classes” of layer 4 stems 
separately, it is suspected that budworm impact 
on the older, understory stems would have 
equalled or surpassed that of the layer 3 stems.
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Notes

For more information, report copies or maps, please contact:
Lorraine Maclauchlan, Regional Entomologist

Kamloops Forest Region,
515 Columbia Street, 

Kamloops, B.C.
V2C 2T7

Telephone: (250) 828-4179
E-mail: Lorraine.maclauchlan@gems3.gov.bc.ca
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