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INSECTS AND DISEASES OF THE MIXEDWOOD FOREST:
PROBLEMS OR OPPORTUNITIES?

W.J.A. Volney
Canadian Forestry Centre

Edmonton, Alberta

Insects and diseases can have a significant effect on
forest stand productivity. Although sound estimates of
annual volume losses from the combined effects of insects
and diseases are difficult to make, there is a perception
that for Canada these losses may equal, on average, the
annual losses attributed to forest fires. Except for a few
instances, insects and diseases have been traditionally
ignored in the plans prepared to manage stands in the
northern mixedwood forest. In these plans, therefore, the
amount of timber required to supply the wood-using
industry is obtained by expanding the area from which
wood is harvested to offset the losses caused by insects
and diseases. As long as the forest resource is not fully
allocated to wood-using concerns, and presuming that
unlimited opportunities to expand forestry operations
exist, the major effects of insect and disease losses are the
increased transportation and harvesting costs incurred by
operating in an area larger than required had the insect
and disease losses not been anticipated.

Naturally, the forest resource is finite, and in some
regions of the northern mixedwood forest, most of the
resource will soon be allocated to different forestry
concerns. The impact of forest insect and disease losses
in these forests will depend to a great extent on the
objectives of the forest manager. These effects will
represent both problems and opportunities for managers
and argue strongly for the development of pest manage-
ment systems for inclusion in future resource management
plans. Before pest management systems can be devel-
oped, however, some understanding of the manner in
whichinsects and diseases affect forest stand development
i8 necessary.

Recent publications on pollution damage to forest
vegetation (Malhotra and Blauel 1980), forest tree
diseases (Hiratsuka 1987), and tree and shrub insects
(Ives and Wong 1988), coupled with exhaustive reviews
by Davidson and Prentice (1967), Hinds (1985), and
Jones et al. (1985), obviate the need to review all the
biotic and abiotic agents that damage trees in the
northern mixedwood forest. Further, the problem of
aspen decay was the subject of several papers presented
at a recent workshop (Northern Forestry Centre 1987)
and a review by Hiratsuka and Loman (1984). My
objective in this paper is to forego the traditional

recitation of pest species lists and descriptions of life
cycles and to concentrate on describing the effects of
selected insects and diseases on the development of
mixedwood stands.

Graham et al. (1963) described the autecology of
aspen (Populus tremuloides Michx.) in Michigan and
commented on the natural regeneration of pure aspen
stands following fire. They also described the succession
of species in these stands that produce mixedwood
stands. Of particular interest to foresters of the northern
mixedwood forest is the invasion, establishment, and
growth of white spruce (Picea glauca (Moench) Voss) as
an understory tree. Because of the importance of spruce,
and the increasing importance of aspen to the wood-using
industry in this region, it is instructive to understand the
agents that influence the development of mixedwood
stands so common in western Canada and Alaska.

The forest tent caterpillar (Malacosoma disstria
Hbn.) may regulate the productivity of aspen stands,
according to Mattson and Addy (1975). Although their
conclusions were based on simulations of aspen stands,
the simulacra they presented on stand productivity with
and without defoliation provide us with an opportunity to
discuss the significance of forest tent caterpillar defoliation
on stand development. They modeled the annual produc-
tion of stem wood, foliage production, and tent caterpillar
biomass production in stands initially 26 years old to age
40. They provided data for a stand that was completely
defoliated for 3 consecutive years in one forest tent
caterpillar outbreak and contrasted them with data from
an unaffected stand.

Mattson and Addy’s (1975) simulation suggests
that annual stem wood biomass production and foliage
production are increasing functions of stand age over the
period modeled (Fig. 1). In contrast, when the trees are
defoliated by the tent caterpillar the stem wood and
foliage production functions are drastically altered (Fig.
2). Stem wood production decreases from its normal
value shortly after the onset of the outbreak and shows
some degree of recovery in the latter half of the period
modeled. At the same time foliage production is initially
depressed in response to light feeding, but then climbs to
abnormally high values before returning to a normal
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Figure 1. Annual stem wood (solid line) and foliage production (broken line) in a simulated aspen stand

without forest tent caterpillar defoliation. (Source: Mattson and Addy 1975.)
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Figure 2. Annual stem wood (solid line) and foliage production (brokeﬁ line) in a simulated aspen stand

defoliated by the forest tent caterpillar. (Source: Mattson and Addy 1975.)
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sequence of values. The counter-intuitive behavior of the

foliage production function is real and reflects the.

response of the trees when tent caterpillar population
densities are extreme (Fig. 3). The years in which
caterpillars completely defoliate aspen stands are the
ones in which the trees produce a second crop of foliage,
accounting for the extreme foliage production values
(Fig. 4). The simulations also suggest that even with light
defoliation in response to low populations at the beginning
of the outbreak, there is some depression in stem wood
production and the recovery to post-outbreak levels of
production is not complete for 2 years following the
population crash (Fig. 5). More serious, perhaps, is the
suggestion that stem wood production never fully recovers
when compared to the stand in which no defoliation
occurred (Fig. 6). The cumulative effect of the years of
lost stem wood productivity in the defoliated stand is an
ever-widening gap between the damaged and undamaged
stand (Fig. 7). This widening gap is the result of the
failure of the post-outbreak stand to recover to stem wood
production levels achieved by the undamaged stand.

Mattson and Addy (1975) did not specify the
causes of the loss of stem wood production; however,
Churchill et al. (1964), in a study of several aspen stands
6 years following defoliation by tent caterpillars in
Minnesota, found a general trend toward increasing total
stem mortality with increasing severity and duration of
the outbreak (Fig. 8A). Only a small portion of the total
mortality could be accounted for by other insects (Fig.
8B), but this proportion seemed to become significant
only in the most severely defoliated stands. A more
significant source of mortality was due to Hypoxylon spp.
infections. The proportion of trees affected by this disease
shows an almost steady increase with increasing outbreak
severity (Fig. 8C). Mechanical damage and other biotic
and abiotic agents that could be identified showed no

relationship between the mortality due to these causes

and increasing severity of the outbreak. By far the largest
source of mortality was that due to unknown causes.
Again, only in the stands most severely defoliated
was there an increased level of mortality (Fig. 8D).
Churchill et al. (1964) speculated that this mortality
might be a direct effect of repeated defoliation by the
forest tent caterpillar.

The net result of defoliation by the forest tent
caterpillar outbreaks seem to be considerable stem wood
volume reduction (as much as 259% by Mattson and
Addy’s (1975) simulations) largely, it would appear,
because of stem mortality from a variety of causes
(Churchill et al. 1964). One can only speculate about the
effects of these outbreaks in the northern mixedwood
forest. Conditions in the northern mixedwood forest are
different and the etfects on the trees of the understory

have not been investigated. Outbreaks of the tent
caterpillar seem to be more frequent in this region and
occur over larger areas (see annual forest insect and
disease reports published by the Canadian Forestry
Service). Whether this results in an accelerated decline of
the aspen component of stands in the prairie provinces, or
the tent caterpillar interacts with aspen differently, is not
certain. It would appear, however, that repeated defolia-
tion of aspen would be reflected in compensatory growth
in the understory stand.

Graham et al. (1963) mentioned the value of the
aspen overstory in protecting developing understory
white spruce from attack by what is now regarded as the
white pine weevil (Pissodes strobi Peck). If the aspen
overstory is removed prematurely, then the risk of white
pine weevil attack on white spruce terminal shoots
increases dramatically. It appears that the spruce under-
story becomes less susceptible to this attack at about the
stage in stand development when the spruce starts to
form part of the upper canopy and the aspen component
in the stand starts to decline. The stage at which stand
productivity can be maximized by harvesting the aspen
overstory should be determined for mixedwood stands of
this region. The harvesting schedule proposed by Lorne
Brace and Imre Bella at this symposium has merit in that
the coniferous understory is left to develop largely free
from risk of weevil attack.

If aspen production is not the prime objective of
stand management, then forest tent caterpillars present
an opportunity to thin stands at a rate that might
minimize the risk of weevil attack ‘while maximizing
yields from the coniferous understory. This assumes that
we are able to regulate forest tent caterpillar populations
to this end. The use of tent caterpillars in this fashion has
the appeal of being species-specific, environmentally
safe, and probably fairly inexpensive to manipulate over
the vast areas to be managed. Conversely, if aspen
production is the prime objective of management, then
the tent caterpillar represents a problem for the manager
of mixedwood forests who makes plans that ignore this
organism.

In conclusion, insects and diseases in the northern
mixedwood forest may ‘represent both problems and
opportunities. Whether a specific organismis regarded as
beneficial or a pest depends on the specific objective of
the land manager. In any event, understanding the
interaction of the tent caterpillar with aspen stands and
secondary organisms, and the interaction among aspen
defoliation, white spruce growth, and the risk of attack by
the white pine weevil, is required to manage future stands
of the mixedwood forest.



2000 4 I 200
1750

= - 150

L

~

o

<

c

2 1500 |

E

B

o - 100

[o3

[ oA

»)] # 2 A L A&

8 1250 4

2

E

E 50

s L
1000 -

Te---s---p---p---F--—w--=®
750_!"*' T T . o T 7 T RS IO
25 30 35 40

Stand age (years)

103

Annual FTC production {kg/ha)

Figure 3. Annual foliage production (solid line) and forest tent caterpillar biomass production (broken line) in

simulated stands with forest tent caterpillar damage. (Source: Mattson and Addy 1975.)
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Figure 4. Simulated foliage production in stands with (solid line) and without (broken line) forest tent

caterpillar. (Source: Mattson and Addy 1975.)
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Figure 5. Simulated stem wood (solid line) and forest tent caterpillar biomass p?oduction (broken line) in the
damaged stand. (Source: Mattson and Addy 1975.)
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stands. (Source: Mattson and Addy 1975).
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Figure 7. Cumulative stem wood production in simulated aspen stands that are undamaged (solid line) or
defoliated (broken line) by forest tent caterpillar. (Source: Mattson and Addy 1975.)
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Figure 8. Tree mortality attributed to attack by various damaging agents over a
3-year period: A) forest tent caterpillar; B) insects other than forest tent
caterpillar; C) Hypoxylon spp. canker; and D) no known cause (H = high, L
= low, and O = no defoliation. (Source: Churchill et al. 1984.)
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