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The goal of this project was to study the spread of weevil infestations in three
replicate spruce plantations located in the Gavin Lake Block of the UBC/Alex
Fraser Research Forest (ICH mk3 biogeoclimatic subzone) and to summarize
related growth loss. The study plantations were logged in 1983, prior to the
establishment of the Research Forest, and planted to pure interior spruce in 1985.
A total of 4500 trees have been stem mapped and monitored annually, since 1991,
to determine growth and weevil attack status. This report summarizes the results of
a seven-year study period.

The white pine weevil (Pissodes strobi) is a serious pest of spruce plantations
throughout British Columbia. Damage is caused by destruction of the terminal
leader resulting in growth loss and stem deformities. Eggs laid in the leader hatch in
April or May and larvae feed on the inner bark, girdling the leader and killing both
the current and previous year’s terminal growth. They pupate for two-three weeks
in the xylem and emerge as adults in late summer, feed and then move to
overwintering sites in the litter. Between March and April the adults emerge to
crawl up the trees to the leaders where they feed, mate and lay their eggs in the
phloem of the one-year-old terminal shoot (Silver 1968). Individual weevils may
attack more than one tree each summer.

The presence of weevils in a stand is indicated by feeding punctures and fecal plugs
on the previous year’s leaders in early spring and adult emergence holes in late
summer. Wilted current year leaders (shepard’s crooks) also indicate current
attacks. Attacked trees may take several years to regain height as branches from the
uppermost whorl compete to take the place of the destroyed leader. Impact on stem
form depends on the number of internodes destroyed (up to three years of growth
can be destroyed during one attack), the number of repeated attacks and the growth
characteristics of the tree. Permanent stem defects include crooks and forks causing
significant reductions in tree value (Alfaro 1994).

In 1999 it is estimated that 200,000 hectares of interior spruce plantation in the
Cariboo Forest Region are currently susceptible to weevil attack (pers. comm. MoF
Cariboo Region, 1999).

Although the white pine weevil is native to British Columbia, it is a rare insect in
natural, undisturbed spruce forests. Clearcutting and the planting of single species
stands, create optimal conditions for weevil development and population explosions
(Alfaro 1994). In the past, attempts to control the weevil using mechanical and
chemical methods have proven to be either ineffective or impractical (Alfaro et al.
1995). Currently, research is focused on developing breeding programs for weevil
resistant spruce.
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Alternative silvicultural methods have proven to be effective in reducing weevil
damage (McLean 1994). Mixed species planting helps to reduce damage in a
number of ways. Fast growing species such as pine and alder, overtop spruce and
provide overstory and side shade on the leaders (Taylor et al.1994). Shading
reduces the growth rate of spruce, decreasing leader diameter and space available to
weevil broods. Shading also reduces weevil growth rates making them more
susceptible to predation and may interfere with the visual cues that enable weevils
to locate spruce leaders. Increased vegetation diversity due to mixed species
planting could also increase predation by birds.

Regeneration at the study sites has been in the absence of overstory and side shade.
The study commenced in 1991, when the trees were 5 years old. Initially, weevil
attacks on this plot had a clumped distribution. Over time, attacks became more
frequent and evenly dispersed throughout the plantation. Multiple circles around the
same point indicate multiple attacks on the same tree. Figure 2 shows the
percentage of trees in the plot attacked each year.

Figure 1.  Map
of weevil attacks
over time in one
of the 50 x 50m
study plots.
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“Weevils are not transitory pests like many of the defoliators, rather once they
arrive on the scene, they stay and increase over time.” (Hall 1994)  It is expected
that the white pine weevil will remain to attack the plantations at the Research
Forest until the trees have, in effect, “grown out” of the infestation. Weevil attack
rates begin to decline when trees grow beyond 10 meters in height.

Figure 3 shows the average height growth of trees, in each attack class, over the
seven year period. Growth loss ranged from 20% on trees attacked once to 38% on
trees that had been attacked 5 or 6 times.

Annual percentage
of attacked trees

Cumulative
percentage of
attacked trees

Figure 2. Percentage
of trees in a 13 year
old interior spruce
plantation that were
attacked by the white
pine weevil over a
seven year period.

Figure 3. Average
overall height and
average 7 year height
increment of trees in
a 13 year old interior
spruce plantation
attacked by the white
pine weevil. (n=
number of trees in
each attack
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In order to predict the overall impact of weevil infestation on stand yield at the
study sites, it will be necessary to determine the percentage of trees with permanent
stem deformities once the stand has reached maturity. It has been shown that
successive attacks on the same tree increase the probability of permanent stem
defects (Alfaro 1994). Using attack history as a guideline, it may be possible to
estimate the number of trees likely to have stem deformities.

On the coast, weevil attacks on Sitka spruce have reduced the amount of spruce
planted to only 20% in high weevil hazard areas (Alfaro et al. 1995). Concern for
weevil damage in the interior, has stimulated research efforts focused on
determining the impact of deformities on wood recovery and quality, developing
survey methods and adjusted site index curves as well as determining the
effectiveness of alternative silviculture regimes for interior spruce plantations.
Currently, the Forest Practices Code recommends the following management
strategies: identification of highly susceptible sites prior to planting, avoid planting
high proportions of spruce in high hazard areas, plant mixed species where possible
and follow the seed transfer guidelines in the Seed and Vegetative Material
Guidebook as certain seed lots are very susceptible to weevil damage when planted
outside their range.

Literature

Alfaro, R.I. 1994. The white pine weevil in British Columbia: biology and damage. In R.I. Alfaro,G. Kiss and
R.G. Fraser (eds.), The white pine weevil: biology, damage and management. Proc. of a Symp. held Jan.
19-21, 1994, in Richmond, B.C. FRDA Rep. 226. Can. For. Serv. Victoria, B.C.

Alfaro, R.I.,J.H. Borden, R.G. Fraser and A. Yanchuk. 1995. The white pine weevil in British Columbia: basis
for an integrated pest management system. For. Chron. 71(1): 66-73.

Hall, P.M. 1994. Ministry of Forests perspectives on spruce reforestation in British Columbia. In R.I. Alfaro,G.
Kiss and R.G. Fraser (eds.), The white pine weevil: biology, damage and management. Proc. of a Symp.
held Jan. 19-21, 1994, in Richmond, B.C. FRDA Rep. 226. Can. For. Serv. Victoria, B.C.

McLean, J.A. 1994. Silvicultural control of the white pine weevil at the UBC Malcolm Knapp Research Forest.
In R.I. Alfaro,G. Kiss and R.G. Fraser (eds.), The white pine weevil: biology, damage and management.
Proc. of a Symp. held Jan. 19-21, 1994, in Richmond, B.C. FRDA Rep. 226. Can. For. Serv. Victoria,
B.C.

Silver, G.T. 1968. Studies on the Sitka spruce weevil, Pissodes sitchensis, in British Columbia. Can. Entomol.
100: 93-110.

Taylor, S.P., R.I. Alfaro,C. Delong and L.J. Rankin. 1994. The effects of overstory shading on white pine
weevil damage to interior white spruce. In R.I. Alfaro,G. Kiss and R.G. Fraser (eds.), The white pine
weevil: biology, damage and management. Proc. of a Symp. held Jan. 19-21, 1994, in Richmond, B.C.
FRDA Rep. 226. Can. For. Serv. Victoria, B.C.

Acknowledgements:
Advice provided by Rene Alfaro, John McLean, and Ken Day is greatly appreciated.

Authors:
Lara Payne
Claire Trethewey

Financial Support: UBC/Alex Fraser Research Forest
BC Ministry of Forests
Forest Resource Development Agreement II
Forest Renewal BC


