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Introduction
In January 1998, a severe ice storm occurred across eastern
Canada and the northeastern United States. While ice storms
are not unknown to this region (Lemon 1961, Mahaffy 1961,
Stroempl 1971), the severity, duration, and extent of this particular storm was unusual (Savage 1998). Ice accumulation of
up to 80 mm was reported and accumulationsof 30-60 mm were
common across eastern Ontario and Quebec. This storm resulted in extensive damage to forests of the region, affecting
thousands of hectares of hardwood forests and coniferous
stands, including many valuable red pine (Pinus resinosa
Ait.) plantations (Fig. 1) (Irland 1998).
~ a & a in~ the
e red pine stands (Fig. 2 and 3) ranged from light,
characterized by broken leaders, to patches of severe damage,
where crowns were lost (Irland 1998). Observed damage
included: 1) trees with varying levels of crown loss (from ~ 2 5 %
to >75%) but with green branches remaining; 2) trees with complete m w n loss having snapped along the trunk(snags); 3) uprooted trees lying on the ground with the root system exposed; 4)
trees blown-down with the trunk lying on the ground but the
root system still largely intact in the soil; and 5) trees with varying degrees of bend in the trunk (from slight to extreme where
the crown has touched the ground). Storm damage, therefore, resulted in high volumes of downed coarse woody debris
and large numbers of standing injured trees.

Potential for beetle damage
After the storm, questions arose with respect to the future
of damaged pine plantations. In particular, concern was raised
that additional tree mortality would be caused by opportunistic bark beetle (Scolytidae) and wood-boring beetle (Cerambycidae) populations. The ecological role of these beetles is to
act as thinning agents removing weakened trees from the
environment and assisting in nutrient cycling. However, under
exceptional circumstances, such as those observed after the ice
storm, bark beetles and wood borers can cause extensive
damage to North American conifer species, resulting in physical degradationof lumber and possibly affecting adjacent healthy
trees (Waters et al. 1985, Irland 1998).
Bark beetles comprise some of the most destructive forest
insect pests in North America and Europe (Rudinsky 1962). Tree
death is caused by large densities of colonizing beetles and their
associated fungi, which damage the phloem layer (Raffa and
Berryman 1983). The fungi are vectored by the adult beetles
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as they bore into the wood and create galleries. The resulting
wood is stained and this further reduces the value of the timber. The native pine engraver [Ips pini (Say) (Coleoptera,
Scolytidae)]has caused considerable damage to plantation pines
in the Great Lakes region (Klepzig et al. 1991,Miller et al. 1997).
This species is typically non-aggressive, reproducing in logging slash, wind-thrown trees, and severely stressed trees
(Thomas 1961). However, Ips populations may increase following the creation of an abundanceof brood material (i.e., after
logging or during drought stress) and subsequently infest and
kill standing trees (Sartwell et al. 1971, Livingston 1979,
Gara et al. 1999). In western North America, Ips has caused
significant problems following harvesting, with damage to standing timber (Klepzig et al. 1991, Miller et al. 1997), and is an
important killer of pole-size ponderosa pine (Pinusponderosa
Dougl. ex Laws) in the southwesternUnited States (Schmid 1987).
In addition, high populations of Ips have been found in
association with drought-stressed trees and log piles in the Algonquin region of Ontario (Howse 1995), although tree mortality was not reported.
Considerable damage and losses have also been caused by
wood-boring beetle (Cerambycidae) larvae, which create large
feeding tunnels throughout the wood, again causing significant
reductions in the value of wood products (Richmond and
Lejeune 1945, Gardiner 1957,Prebble and Gardiner 1958,Ross
1960, Gardiner 1975). Adult beetles are attracted to chemicals
emitted from dead, stressed, and recently cut trees (Roden et al.
1998). The adults lay eggs in slits cut in the bark and the larvae then mate U-shaped galleries that can reach depths of 15 cm
(Roden et al. 1998).In addition, these beetles introduce woodrotting fungi into infested trees. High populations of the whitespotted sawyer beetle [ M o m c hscutellatus (Say) (Coleoptera,
Cerambycidae)] associated with fire-killed stands, has caused
extensive damage and economic loss (up to 30% full value) in
central Saskatchewan and the Northwest Territories (Cerezke
and Volney 1995).
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Fig. 1. Locations, recorded in 1998 during aerial survey, of severe ice damage to conifer stands. (Canadian Forest Service).

Wood-boring beetles can also cause damage when adults feed
on the bark of new shoots in host conifers. Heavy damage of
this type is often observed in stands adjacent to cutover areas
(Howse 1995). Indeed, this feeding damage can cause tree mortality as was observed from 1977 to 1980 in northern Ontario,
where 200 ha of heavy crown damage led to 135 ha of tree mortality (Howse 1995). It is well known that many species of these
wood-boring beetles can increase rapidly in response to large
volumes of non-resistant brood material (coarse woody debris)
and the presence of stressed trees (Chnstiansen et al. 1987, Bany
et al. 1993,Schroeda and Eidmann 1993, Schroeder et al. 1999).

Ice Storm Study
Following the 1998 ice storm, little quantified data were available upon which to base salvaging decisions regarding the likelihood of beetle outbreaks in eastern Ontario. The lack of
known aggressive bark beetle species in eastern North America suggested that mortality in otherwise healthy trees was unlikely (D. Allen in lrland 1998);however, this was not known with
certainty. Thus, our research was initiated to investigate the potential for bark and wood-boring beetle populations to increase in
red pine plantations in those years immediately following the
1998 ice storm. Specifically, our objectives were to address:
1) changes in bark and wood-boring beetle populations in
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response to large volumes of woody debris; 2) the sequential
pattern of infestation by these species in pine material damaged
to varying degrees; and 3) the probability that additional tree
mortality would be caused by these beetle infestations.
Beginning in the spring of 1998, we monitored scolytid and
cerambycid populations in a number of red pine plantations with
varying levels of storm damage using a variety of methods. First,
surveys were conducted along forest fire fuel intersect transects
in July and August (1998,1999,2000, and will be repeated again
in 2001) to determine the total volume of woody debris, as well
as the volume infested by the various beetles at each sampling
date. Samples of insects infesting the woody debris were regularly collected for identification.Second, about 200 trees with
varying levels of damage (0-75% crown loss) in different stands
were tagged in 1998 and monitored yearly thereafter for mortality and evidence of insect infestation. Third, trap logs were
cut and left on site in early-May (1999, 2000, 2001) and
allowed to be naturally infested by the beetles in both damaged
and undamaged plantations. Trap logs were removed kom these
sites after 10 to 12 weeks and then placed in rearing chambers
to collect and identify bark and wood-boring beetles and their
natural enemies (predators and parasitoids). Finally, to further
monitor populations of predators responding to changes in their
scolytid prey populations, we placed Lindgren funnel traps
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Fig. 2. Red pine uprooted and blown-down during the ice storm of
1998. (from a plantation in the Limerick Forest, Leeds and Grenville
counties, southeastern Ontario.)

1957,Klepzig et al. 1991, Miller et al. 1997,Roden et al. 1998,
Gara et al. 1999).
Preliminary results from the first three growing seasons following the ice storm have indicated low levels of beetlecaused tree mortality. No activity was observed in undamaged,
seemingly healthy trees; however, beetles were found in standing trees with severe damage (50-75% crown loss) (Ryall and
Smith, unpublished data). In contrast, extremely high populations
of both beetle species reproduced in the downed woody material (i.e., snapped tops, snags, and uprooted trees) during 1998
and 1999 (Ryall and Smith, unpublished data). To date, these
results suggest that it is unlikely outbreaks of bark or woodboring beetles will kill healthy red pines in southern Ontario,
although further work is needed to document their potential to
stress apparently healthy trees. Detailed results from this
study will be outlined in subsequent papers.
To understand why these potentially problematic bark and
wood-boring beetle species did not cause the predicted tree mortality, our research expanded in 1999 and 2000 to assess the ability of natural enemies (invertebrate predators and parasitoids)
to respond to and potentially suppress scolytid or cerambycid
prey populations. Recent European and North American
research has highlighted the potential for predators to reduce
scolytid prey populations (Turchin et al. 1991, Schroeder
1996, Reeve 1997). Preliminary results from 2000 ( R y d and
Smith, unpublished data) indicate a significant positive response
by the @tor complex that may be integral in s u p i n g scolytid
populations and will be the subject of further work in 2001.

Conclusions
baited with a chemical attractive to Ips and its predators
(50+/50- ipsdienol) in both damaged and undamaged plantations during the summer of 2000.
As expected, the two most common beetle species encountered in our monitoring were: the pine engraver beetle (Ips pini)
and the white-spotted sawyer beetle (Monochamusscutellatus)
(Roden et al. 1998, Thomas 1955, Gardiner 1957,Thomas 1961,
Gardiner 1975). Again, both species have been reported to infest
downed conifer debris and cause tree mortality (Gardiner

This research was designed to improve our understanding
of the population dynamics of these economically important
bark and wood-boring beetle species, leading to predictions of
the potential impact of these species on red pine stands with
extensive accumulations of woody debris. Findings from this
work will allow us to provide management recommendations
to landowners regarding the likelihood of bark or wood-boring
beetle infestation and tree mortality in pine plantations in the
event of future ice damage or other disturbances.

Fig. 3. Ice-storm damaged red pine showing
snapped tops, standing snags, blown-down
trees and undamaged trees. (from a plantation in the Limerick Forest, Leeds and
Grenville counties, southeastern Ontario.)
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