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Abstract

Western hemlock looper populations were monitored at 23 permanent sample plots
located throughout the interior of British Columbia in 2003 with FII funding, in UBC
Research Forest and Coquitlam Watershed with Canadian Forest Service funding, and
in Strathcona Park in cooperation with the BC Ministry of Water, Lands and Air
Protection.  Adult male moth catches in pheromone traps, as well as larval and pupal
sampling in 2003 indicate that populations in most locations have peaked and will likely
decline in 2004.

Introduction

The western hemlock looper, Lambdina fiscellaria lugubrosa (Hulst), is a defoliating
insect that causes defoliation primarily in the Interior Cedar Hemlock and Engelmann
Spruce – Subalpine Fir biogeoclimatic zones in British Columbia. The primary host tree
is western hemlock, Tsuga heterophylla (Raf.) Sarg., but it can also feed on other host
trees, including some deciduous trees and shrubs under outbreak conditions (Koot,
1994; Parfett et al., 1995).

In the 1900s, there have been about12 to 14 western hemlock looper outbreaks.
During the last outbreak (1990-1994) 335,664 ha of forest were moderately or severely
defoliated (Council of Canadian Forest Ministers, 2004).  Many trees subsequently died
in the severely defoliated stands; only a fraction of these stands could be salvaged (Art
Stock, personal communication and personal observation by the authors).  The current
outbreak started in 2000 in the Greater Vancouver Regional District Coquitlam,
Capilano and Seymour Watersheds (Carlson and Burleigh, 2001).  Defoliation in the
interior of the Province was first observed at several locations in 2002, including a
severe outbreak in some Interior Douglas-fir stands in the vicinity of Kamloops.

Funding by FII was provided for monitoring western hemlock looper populations in
the interior.  Cost of monitoring on the coast in the Greater Vancouver Regional District
Coquitlam Watershed and the University of British Columbia Malcolm Knapp Research
Forest were borne by the Canadian Forest Service.  Monitoring western hemlock looper
populations within and in the vicinity of Strathcona Park on Vancouver Island was done
in collaboration with the BC Ministry of Water, Lands and Air Protection.

Materials and Methods

Pheromone traps
A total 69 Multipher pheromone traps were placed, three traps per location, at 23

permanent sample plots (Fig. 1) at the end of July 2003.  In addition, on the coast three
traps were placed at each of two locations in the Coquitlam Watershed, one location in
the University of British Columbia (UBC) Research Forest, and 10 locations on
Vancouver Island in and around Strathcona Park.  Each of the pheromone traps was
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baited with a 10µg lure (purchased from PheroTech, Vancouver, Canada).  At each of
the sample locations one pheromone trap was placed at the same location where traps
have been placed in previous years during the pheromone monitoring program.  Two
additional traps were placed at each sample location about 100m from the nearest trap.
Previous work by Liang et al. (1997) showed that pheromone trap catches within ca
100m of each other represented the same looper population.  The pheromone traps
were recovered during the first week of October, 2003, and the contents placed in pre-
labelled paper bags for transportation to the Pacific Forestry Centre for identification
and counting of trap catches.  At the Centre the bags were stored at –20°C until the trap
contents could be processed.

Larval and pupal sampling
Larval sampling was conducted at all 23 permanent sample plots (Fig. 1), as well as

in the Coquitlam Watershed and UBC Research Forest.  Although it is hoped that the
pheromone trap catches will provide sufficient warning of looper population build-up and
will be used the forecast expected defoliation, larval sampling was done at all 23
locations to confirm expected defoliation.  Pupal traps were used at fewer locations to
determine if the pheromone trap catches alone can be used to forecast expected
damage.

The three-tree beating collection method, used in the past by the Canadian Forest
Service Forest Insect and Disease Survey (FIDS) (Shore, 1984), was employed at
these trap sites.  All larvae that were collected using the FIDS three-tree beating
method were collected and up to 100 larvae were placed into 20lb Kraft paper bags
containing hemlock foliage.  The samples were shipped to the Pacific Forestry Centre
within 1 or 2 days after collecting for rearing to determine percent parasitism and
incidence of naturally occurring diseases.

The western hemlock looper larvae from each location were shipped to the Pacific
Forestry Centre and reared in insect rearing cages on 1-metre tall potted western
hemlock trees in the greenhouse at 25°C.  The larvae were monitored daily for mortality,
pupation or parasitoid emergence.  Each potted tree, when denuded of foliage, was
replaced with a new potted hemlock.  The defoliated tree was carefully examined and all
hemlock looper larvae on the tree removed and placed back in the cage before the
denuded tree was discarded.

Dead larvae were removed, placed individually into microfuge tubes and stored at
–20°C until they could be examined for the presence of viral or fungal pathogens.
Parasitoid puparia or cocoons were collected daily, placed into small petri dishes
containing a filter paper moistened with a 2% sodium proprionate solution (an anti-
fungal agent used to reduce contamination from the frass) and reared until adult
emergence.  Parasitoid adults were removed from the petri dishes as they emerged,
placed in microfuge tubes and stored at –20°C until they could be identified.  If no adult
parasitoid emerged from the puparia or cocoons by the end of September, the
parasitoid puparia and cocoons were placed in a cold room at 4°C until the end of
March the following year to simulate winter conditions in case the parasitoids belong to
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species that require overwintering.  The western hemlock looper pupae were removed
from the cages and placed in cardboard buckets covered with cheesecloth for rearing.
were reared until the looper adults had emerged and finished egg-laying.

For sampling pupae, three sites with high larval populations (over 60 larvae
collected during the larval sampling) were chosen for monitoring parasitism of western
hemlock looper pupae collected in the field.  Three trees at each of these locations
(Tangier River, Martha Creek and Goldstream) were selected for placing burlap traps.
One piece of burlap 1m wide and approximately 6m long was cut, folded longitudinally
and attached to the tree using the method described in Liang et al. (1998) to collect
pupating Lepidoptera.

The burlap traps were collected at the end of August when it was determined (from
monitoring populations in the Coquitlam Watershed) that a majority of the western
hemlock looper larvae would have pupated but adult emergence had not begun, and .
stored at the Pacific Forestry Centre at 4°C until they could be examined.  The contents
of each trap were examined, and the dead larvae, western hemlock looper pupae and
parasitoid puparia and cocoons handled in the manner described above.

Results and Discussion

Pheromone traps
The number of adult males caught in the traps in the Revelstoke area averaged

1,584 moths per trap (range 295 to 3,108) (Table 1). The trap catches increased 1.5 to
2.6-fold at 4 locations (Begbie Trail, Illecillewaet, Martha Creek and Goldstream River),
remained at about the same levels at one location (Tangier Creek), and decreased at 4
locations to about 33 to 50% of the trap catches in 2002.  (Galena Bay, Downie Creek,
Bigmouth Creek and Redrock Penninsula).  Adult moth catches in 2003 at Martha
Creek, Downie Creek and Bigmouth Creek (light defoliation) and at Goldstream River
(severe defoliation) ranged from ca. 1,250 to 3,100 moths.  Although there was a
significant increase in the number of moths caught at Martha Creek, defoliation did not
appear as severe as at Goldstream, where a number of trees were completely denuded
of needles.  It is also interesting that while trap catches were high at both Begbie Trail
and Illecillewaet, low numbers of larvae (Table 1) were collected and no defoliation was
observed at both locations.  In all three cases, these results suggest the moths
immigrated from nearby infested stands, rather than the trees in the immediate area.

Western hemlock looper adult male catches decreased to about 75% of their
2002 levels in the North Thompson area in 2003.  Adult male catches decreased at 4 of
the 7 permanent sample plot locations (Avola, Finn Creek, Murtle Lake and Mud Lake),
and remained at about the same level at 2 locations (Helmcken Falls and Clearwater
Lake).  Only one location, Peddie Mountain, had a substantial (11-fold) increase in male
trap catches (Table 1).  The relatively high number of male moths caught in the traps at
Peddie Mountain and Mud Lake suggest that defoliation may occur at or near one or
both of these locations in 2004.
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In the McBride-Prince George region there was a slight increase in the number of
male moths in traps at one of the permanent sample plots (Hungary Creek),
representing a 1.5-fold increase in the number of male moths caught over 2002, while
trap catches remained the same at three of the five locations (La Salle, Catfish Creek
and Walker Creek), and decreased by about 50% of their 2002 levels at Sugarbowl
Creek (Table 1).  The continuing low numbers of male moths caught in the traps and
decline in the number of moths caught at Sugarbowl Creek indicates that no outbreak
populations will occur in this area during 2004.

Western hemlock looper male trap catches in the Cariboo region remained at about
the same levels as they were in 2002 at the Bouldery Creek 6109 trap location (the trap
at 6117 was attacked by a bear in 2002, so no male moths were collected) (Table 1).
However, no defoliation was observed at 6109 in 2003, although light defoliation was
observed in hemlock stands along the Bouldery Creek Road between the two sample
plots.  unlike the previous year.  This would further support the hypothesis that the
moths in the traps immigrated from neighboring infested stands, several of which were
within 2-3 kilometers of 6109.

Pheromone trap catches of male moths in the Coquitlam watershed remained at
about the same levels on the western side of the watershed, but declined to about 20%
of the previous year's catches on the eastern side of the watershed (Table 1).  This
decline on the east side of the watershed probably reflects the loss of suitable host
trees from two years of severe defoliation, the appearance of virus in the population and
extremely high levels of parasitism, especially among the pupae (Table 4).  Taking all of
these factors into consideration, the data suggests that the infestation at this location is
collapsing and may reach pre-outbreak levels in 2004.  This is further supported by the
qualitative general observation that defoliation was considerably less severe in 2003
than it was in 2001 and 2002.  Western hemlock looper populations are "predicted" to
continue their decline on both sides of the Coquitlam Watershed.  Based on previous
experience, it is also likely that a substantial number of trees that were severely
defoliated during the current outbreak in the Coquitlam watershed will begin to die over
the next 3-5 years either directly or indirectly as a result of the effects of the hemlock
looper infestation.

Male moth counts in the UBC Research Forest increased in 2003 from an average
of 39 adult male moths per trap in 2002 to 122 in 2003, but no defoliation was observed
on any of the trees surrounding the sample plot.  Pheromone trap catches of male
moths made in Strathcona Park (10 trap locations) on Vancouver Island have remained
relatively stable at low levels (less than 30 moths per trap) during 2002 and 2003.  It is
unlikely that an outbreak will continue in the UBC Research Forest or develop in
Strathcona Park in 2004.

Larval and Pupal Sampling
Western hemlock looper larval populations increased at 5 of the 9 permanent

sample plots in the Revelstoke area in 2003, declined slightly at 2 sample plots and
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declined by about 60% at the remaining 2 locations (Table 1). Mortality among larvae
collected in July 2003 and reared to the adult stage at the Pacific Forestry Centre
averaged 25.6% (range 6.1 to 74.3%).  An average of 15.7% of this mortality appears to
be related to the presence of virus in the looper populations, which means that overall
only 2.9% of the larvae collected from all locations were infected with looper NPV (Table
2).  Percent parasitism of the hemlock looper collected as larvae averaged 3.5% for all
locations in the Revelstoke area (ranging from 0 to 66.7% of the larvae reared).
Approximately 75% of these parasitoids were Hymenoptera (Table 3).  Rearings of
pupae collected from the burlap traps showed that percent parasitism of the pupae was
somewhat higher than larval parasitism, averaging 11.9% (range 10.4 to 12.6%), 75%
of the parasitoids collected were Hymenoptera.  On the other hand, adult moth
emergence was high, averaging 75.4% (range 74.6 to 84.1%) (Table 4).

The number of larvae collected in the Revelstoke area in 2003 declined from the
levels present in 2002 (average of 118 and 133, respectively). Although there were
substantial increases in the western hemlock looper larval populations at several
locations in the Revelstoke area, these increases occurred at permanent sample plots
where populations had been low in the previous years (Table 1).  Observed defoliation
was also lower (light defoliation, down from moderate defoliation) in 2003 in three of the
four permanent sample plots than it was in 2002, which appears to be consistent with
the lower larval counts obtained at two of these locations, the exceptions being Martha
Creek and Goldstream.

However, a comparison of defoliation at the two locations is somewhat confusing,
as in both cases the number of larvae collected using the three tree beating method
were identical at each plot in both 2002 and 2003.  Defoliation at Martha Creek was
observed to have decreased while at Goldstream defoliation increased to the point
where some trees suffered 100% defoliation.  One possible explanation is that, although
the larval numbers did not change, the overall health of the insects did.  Western
hemlock looper larvae collected at Goldstream were had much lower rates of viral
infection (0.9%) than larvae collected at Martha Creek (6.5%).  This is supported by the
fact that there were proportionally fewer dead larvae found in the burlap traps collected
at Goldstream than at Martha Creek (31.8 and 36.3% of insects found in traps,
respectively).

Percent larval parasitism at all locations in the Revelstoke area remained fairly low
in most locations.  The high proportion of parasitized larvae collected at both Galena
Bay and Redrock, coupled with the relatively low and declining trap counts indicates
that no outbreaks will develop at these two locations. Likewise, declining trap counts
and moderate viral infection rates indicate that the population at Bigmouth Creek is also
declining.  Forecasting the future population trends at the other 6 locations is more
difficult, but the lack of substantial increases in larval and adult moth counts, the
presence of some virus in the population at most locations and substantial parasitism of
pupae collected in the burlap traps (Table 4) would suggest that the infestation has
reached its peak, with the possible exception of the Begbie and Tangier Creek
locations. Given the high proportion of pupae emerging as adults, the high number of
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male moths collected in the traps, and the relatively low parasitism, it is likely that
populations of western hemlock looper will continue to cause defoliation in the
Revelstoke area next year, although parasitism and viral infection may start to bring
about a collapse of the population in 2004.

The number of western hemlock looper larvae collected in the North Thompson
area using the 3-tree beating method remained low in 2003, less than 50 per location
(Table 1).  Although 18.1% of the larvae reared died, no virus was observed in any of
the larvae that were smeared and examined (Table 2).  Percent parasitism of larvae
collected in the North Thompson area averaged about 8.3% (range 0. 0 to 17.6%); the
majority of the parasitoids reared were Hymenoptera (Table 3). Overall, the number of
larvae collected during the three-tree beatings in the North Thompson Valley in 2003
remained at approximately the same levels as in 2002.  Given the low numbers of
larvae collected at each of the permanent sample plots, no defoliation is expected at
these locations, in spite of the absence of parasitoids and disease.

No larvae were collected at any of the five permanent sample plots during the 3-
tree beating samples conducted in the McBride-Prince George area (Table 1).  This
may be explained in part because of the large number of stands in which most, if not all,
the hemlock, the preferred host tree, have died since the previous outbreak, depriving
the hemlock looper stands containing host trees of a suitable age that can support large
populations. No sizeable infestations of hemlock looper are anticipated in this area
during the next few years.

Larval collections made using the 3-tree beating method yielded about 59 and 48
larvae at the two sample locations in the Cariboo Region, representing a 65% decrease
at one location and a two-fold increase at the other, respectively (Table 1). Larval
mortality in the rearings was high, averaging 55.9% for the two sample locations.  The
primary cause of this decline can be attributed to the presence of virus in the population
– over 43% of larvae at 6109 were infected with NPV (Table 2).  Parasitism of hemlock
looper larvae by Hymenoptera (no Diptera were collected) averaged 8.5%, also
contributing to reducing the looper populations and preventing damage to the stands in
2003 at these locations (Table 3).  Unfortunately, because of the stand structure (tall
overstory trees with no low branches and only a few understory trees under 2m in
height) it is very difficult to collect larvae and obtain an accurate picture of the health of
the western hemlock looper larval population at these two locations.  However, given
the presence of both virus and fairly high proportions of parasitoids in the larval samples
collected at both locations, it is unlikely that anything other than trace or light defoliation
will be observed in any of the stands in this area in 2004.

In the GVRD Coquitlam Watershed in 2003 there was a decline in the number of
western hemlock looper larvae at both sample locations compared with 2002.  An
average of 41.5% of larvae collected died during rearing, of which about 40% died from
virus.  This equated to a virus infection rate of approximately 10% in the looper
population at the Coquitlam Watershed (Table 2).  Percent larval parasitism of hemlock
looper decreased from 16.8% to 11.7% on the west side of the reservoir and from
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48.3% to 18.6% on the east side (average percent parasitism for the watershed in 2004
was 13.5%, down from 21.5% (Table 3).  About 50% of the parasitoids reared from
larvae collected on the west side of the watershed were Hymenoptera, while on the east
side about 85% of the parasitoids reared were Hymenoptera.  However, a large
proportion of pupae reared from the burlap traps were parasitized; 50% of the pupae
collected from the west side of the Watershed and 62% of pupae collected from the east
side of the Watershed were parasitized (Table 4).  In both cases about 75% of the
parasitoids reared were Hymenoptera.  Total adult hemlock looper emergence from
pupae collected using burlap traps was only around 16.7%, again indicating the
population is collapsing and may reach pre-outbreak levels in 2004.

No western hemlock looper larvae were collected during 3-tree beatings at the
sample location in the UBC Research Forest in 2003, while no larval samples were
made in Strathcona Park in either year.  Therefore, no statements can be made about
the relative health of western hemlock looper at these locations.  However, pheromone
trap catches indicate that western hemlock looper populations in both these areas may
reach their pre-outbreak endemic levels in 2004.

In conclusion, in the interior of British Columbia, western hemlock looper
populations increased from 2000 to 2002, as indicated by the pheromone trap catches
and larval beatings, but stabilized and may have reached its peak in 2003.  Examination
of the raw trap catch data suggests (no statistical analysis has been done to date) that
when pheromone trap catches reach between 200-300 male moths per trap (baited with
10µg lure) and increases ca 3-fold the following year, an outbreak accompanied by
visible defoliation will occur the next year.
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Figure 1.  Location of 23 permanent sample plots in British Columbia



11

Table 1. Number of western hemlock looper larvae and adult moths collecteda at each
permanent sample plot.

Year

2000 2001 2002 2003

Location Larvae Adults Larvae Adults Larvae Adults Larvae Adults
Revelstoke
Galena Bay 0 222 2 164 2 909 13 395
Begbie Trail 1 275 7 107 24 1,678 44 2,677
Tangier Ck. 0 97 2 308 19 1,190 89 1,077
Illecillewet 4 1,160 72 824 38 863 101 1,349
Martha Ck. 3 323 13 527 241b 1,172b 212b 3,108b

Downie Ck. 2 933 32 1,463 193b 3,189b 68b 1,599b

Goldstream Ck. 3 666 51 853 484b 1,669b 455b 2,495b

Bigmouth Ck. 5 1,029 63 145 194b 1,835b 69b 1,257b

Redrock Penn. 0 693 2 418 5 1,040 8 295

North Thompson
Helmcken Falls 3 110 6 277 19 253 36 202
Clearwater Lk. 0 422 4 352 54 293 29 303
Avola 0 529 1 469 4 814 5 173
Finn Ck. 2 178 13 308 34 1,039 12 162
Peddie Mtn. 0 298 0 293 3 67 2 758
Murtle Lk. Rd. 0 156 1 328 10 542 10 318
Mud Lk. 0 512 9 298 12 774 17 583

McBride-Prince George
LaSalle Ck. 0 0 0 3 0 1 0 4
Catfish Ck. 0 0 0 0 0 4 0 3
Walker Ck. 0 0 0 1 0 4 0 4
Hungary Ck. 1 0 0 6 0 41 0 63
Sugarbowl Ck. 1 4 0 85 0 363 0 118

Cariboo
Bouldery Ck. 6109 3 927 14 932 165b 2,102b 59 1,958
Bouldery Ck. 6117 0 84 0 328 22 - 48 665

Lower Mainland and Vancouver Island                                                   
Coquitlam West - - - 521b 688b 135b 128b 122b

Coquitlam East - - - 1,971b 176b 380b 43b 43b

UBC Res. Forest - - - 705 - 39 0 122
Strathcona Park - 1 - 6 - 12 - 10

a Larvae collected using the three-tree beating method, adults collected using pheromone-baited traps.
b Highlight indicates severity of observed defoliation: yellow = light, orange = moderate, pink = severe.
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Table 2. Percent larval mortality caused by virus of western hemlock looper collected as
larvae during the three-tree beating sampling at the permanent sample plots,
July, 2003.

Location

No.
Dead
larvae

%
larval

mortality

No.
dead larvae

smeared

% dead
larvae

smeared

No.
smears

with virus

%
smears with

virus

%
virus

infection
Revelstoke
Galena Bay 2 20.0 2 100.0 0 0.0 0.0
Begbie Trail 12 48.0 9 75.0 1 11.1 4.0
Tangier Creek 11 22.0 11 100.0 2 18.2 4.0
Illecillewaet 6 6.1 5 83.3 2 40.0 2.0
Martha Creek 31 29.0 27 87.1 7 25.9 6.5
Downie Creek 26 74.3 7 26.9 1 14.3 2.9
Goldstream 75 23.5 45 60.0 3 6.7 0.9
Big Mouth Creek 18 27.3 18 100.0 4 22.2 12.1
Redrock 3 60.0 3 100.0 0 0.0 0.0

Average 184 25.6 127 26.3 20 15.7 2.9

North Thompson
Helmcken Falls 5 19.2 5 100.0 0 0.0 0.0
Clearwater Lake 4 11.8 4 100.0 0 0.0 0.0
Avola 0 0.0 0 - - - -
Finn Creek 3 42.9 2 66.7 0 0.0 0.0
Peddie Mountain 1 100.0 1 100.0 0 0.0 0.0
Murtle Lake 1 12.5 1 100.0 0 0.0 0.0
Mud Lake 1 12.5 1 100.0 0 0.0 0.0

Average 15 18.1 14 24.1 0 0.0 0.0

Cariboo
6109 24 59.5 24 100.0 16 66.7 43.2
6117 11 50.0 11 100.0 1 9.1 4.5

Average 35 55.9 35 77.8 17 48.6 28.8

Lower Mainland and Vancouver Island
Coquitlam West 71 48.4 35 49.3 16 45.7 12.5
Coquitlam East 62 20.9 7 11.3 1 14.3 2.3

Average 133 41.5 42 31.3 17 40.5 9.9
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Table 3. Percent parasitism of western hemlock looper collected as larvae during the
three-tree beating sampling at the permanent sample plots, July, 2003.

% Parasitism

Location

No.
Larvae
Reared Diptera Hymenoptera Unidentified Total

Revelstoke
Galena Bay 10 0.0 20.0 0.0 20.0
Begbie Trail 25 0.0 0.0 0.0 0.0
Tangier Creek 50 0.0 0.0 0.0 0.0
Illecillewaet 99 1.0 1.0 0.0 2.0
Martha Creek 107 0.0 0.9 1.9 2.8
Downie Creek 35 0.0 0.0 0.0 0.0
Goldstream 319 1.3 2.2 0.0 3.4
Big Mouth Creek 33 6.1 3.0 3.0 12.1
Redrock 3 0.0 66.7 0.0 66.7

Average 681 1.0 2.1 0.4 3.5
 

North Thompson  
Helmcken Falls 26 3.8 0.0 0.0 3.8
Clearwater Lake 17 0.0 17.6 0.0 17.6
Avola 5 0.0 0.0 0.0 0.0
Finn Creek 7 0.0 14.3 0.0 14.3
Peddie Mountain 1 0.0 0.0 0.0 0.0
Murtle Lake 8 0.0 12.5 0.0 12.5
Mud Lake 8 0.0 0.0 0.0 0.0

Average 72 1.4 6.9 0.0 8.3

Cariboo
6109 37 0.0 5.4 2.7 8.1
6117 22 0.0 9.1 0.0 9.1

Average 59 0.0 6.8 1.7 8.5

Lower Mainland and Vancouver Island

Coquitlam West 128 5.5 6.3 0.8 11.7
Coquitlam East 43 2.3 16.3 0.0 18.6

Average 171 4.7 8.8 0.0 13.5
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Table 4. Percent adult emergence and parasitism of pupae collected using burlap traps, 2003.

% adult moth emergence % parasitism

Location
No.

pupae Male Female Unknown Total
% unemerged

pupae Hym Dip Total
Martha Creek 761 39.6 32.5 1.7 73.7 13.8 10.9 1.6 12.5
Tangier Creek 103 26.2 54.4 0.0 80.6 6.8 10.7 1.9 12.6
Goldstream 367 29.7 35.4 14.7 79.8 9.8 4.4 6.0 10.4

Average 1231 35.5 35.2 5.4 76.1 12.0 8.9 2.9 11.9

Coquitlam East 93 2.2 5.4 9.7 7.5 9.7 72.0 10.8 82.8
Coquitlam West 1528 3.7 8.1 0.0 11.8 20.8 39.3 28.1 67.3

Average 1621 3.6 8.0 0.0 11.6 20.2 41.1 27.1 68.2


