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ABSTRACT

Tree mortality resulting from a severe spruce budworm outbreak
which began in 1974 on the Cape Breton Highlands was analyzed at five
locations. Five permanent sampling plots at each location were measured
for initial tree and stand characteristics, and assessed for tree mortal-
ity as of September 1977 and September 1978. Mortality varied consider-
ably among and within sampling locations, with three broad groupings
emerging: one location with <1% of the basal area dead by 1978, three
locations with 10-15% of the basal area dead, whereas the fifth area had
36% of the basal area dead. Examination of increment cores from several
trees at the sample locations indicated that growth during the infesta-
tion was considerably lower than, and correlated with, growth before the
infestation. Mortality on the sample plots generally increased with
increasing values of a variety of stand characteristics, including basal
area, total volume, mean dbh, and mean basal area, but considerable
variability was present, possibly because the infestation was more
aavanced at certain sampling locations than at others. Undoubtedly,
further mortality will occur on these plots since budworm populations are
still high and many of the trees presently surviving are in advanced

states of defoliation.
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RESUME

L'auteur a analys& en cing endroits la mortalité des arbres due
i une invasion massive de la Tordeuse des bourgeons de 1'Epinette, qui a
débuté en 1974 sur les hautes terres du Cap Breton. Cinqg placettes
&chantillons & chaque endroit ont &t& mesurdes pour définir les caract@&r-
istiques initiales des arbres et des peuplements, puis leur taux de mor—
talité a &té &valué en septembre 1977 et en septembre 1978. 1La mortalit@
a considérablement varié parmi et au sein des sites d'&chantillonnage.
On a retenu les trois groupes généraux suivants: un site ayant perdu <lZ%
de surface terridre en 1978, trois sites ayant 10 & 15% de perte de sur-
face terriére et le cinqui&me site ayant 36% de perte. L'examen de
carottes provenant de plusieurs arbres aux sites d'échantillonnage a
indiqué que la croissance durant 1'invasion &tait beaucoup plus faible
que la croissance avant l'invasion et s'y trouvait corrélée. La morta-
lité dans les placettes &chantillons a généralement augment& avec
1'accroissement des valeurs d'un certain nombre de caract@ristiques des
peuplements, y compris la surface terrisre, le volume total, le dhp
moyen, et la surface terrifre moyenne, mais on a observé umne variabilité
considérable, possiblement relige 3 1'invasion, plus grave en certains
sites d'&chantillonnage qu'en d'autres. Sans doute se produira-t-il umne
mortalité plus accentude sur ces placettes, car les populations de Torde-
uses y sont encore &levées; de plus, de nombreux arbres qui ont survécu

se trouvent dans un &tat de d&foliation avancée.



INTRODUCTION

A severe spruce budworm (Choristoneura fumiferana (Clem.))

outbreak began in 1974 on Cape Breton Island, Nova Scotia. No defoli-
ation had been observed on Cape Breton Island in 1973 (Forbes et al.
1975), but budworm numbers at permanent sample plots increased dramati-
cally from 1973 to 1974 (Kettela and Moran 1975), suggesting that, along
with appropriate forest conditions, moth dispersal from other outbreak
areas was involved in initiating the outbreak. The Central Highlands of
Cape Breton (Fig. 1) are presently suffering the most serious impact of
the infestation, with severe defoliation of the tree's current year
foliage and substantial backfeeding occurring over most of the 162 000-ha
area (Sterner et al. 1977; Magasi 1978). The Highlands consist mainly of
continuous mature or overmature softwood stands with a high proportion of

balsam fir (Abies balsamea (L.) Mill.), which are generally considered to

be very susceptible to spruce budworm outbreak and vulnerable to damage.
Early in the course of the present infestation, the Nova Scotia govern—
ment decided not to use chemical insecticides against the spruce budworm,
but rather to place increased emphasis on a salvage program for defolia-
ted and dead timber. Mortality of trees has occurred to varying degrees
over much of this area as a result of defoliation, and salvage harvesting
operations are underway on the Highlands.

Research into the rates of fungus deterioration of balsam fir
trees killed following budworm defoliation in northwestern New Brunswick
(Stillwell and Kelly 1964) and in Ontario (Basham 1959), coupled with
results on deterioration of girdled killed fir trees in five regions from
northwestern Ontario to Newfoundland (Basham et al. 1976), has indicated
that salvage operations must be carried out from within 1 - 1.5 years (in
Ontario) to 3 years (in New Brunswick and Newfoundland) after tree mor-
tality to avoid substantial amounts of sap rot. Therefore, it is impor-
tant to accurately monitor rates of tree mortality as the budworm infes-—
tation proceeds, in order to aid the forest manager in making decisions
about salvage. Also, the current budworm outbreak on Cape Breton Island

represents an opportunity to follow the course of impact of epidemic






origin are uncommon, and the effective agents of forest destruction and
regeneration appear to be wind and insect attack (Loucks 1959-60; Rowe
1972).

Five permanent sampling locations were established on the
Central Highlands during the summer of 1977 (Fig. 1). These locations

were chosen from previously-established budworm egg—sampling plots, and
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Fig. 1. Map of Cape Breton Island showing five sampling locations;
forest classification is according to Loucks (1959-60).

were a subset of the permanent plots analyzed for fir mortality by

Sterner et al. (1977) and Magasi (1978). The five sampling locations were

selected to exemplify a variety of defoliation histories; visual esti-

mates of defoliation made by FIDS on a light-moderate—-severe scale

classed locations 308 and 311 as light in 1974 and 1975, and as severe in

1976; locations 314 and 316 as nil in 1974, light in 1975 and severe in



1976; and location 313 as nil in 1974 and 1975, and as moderate to severe
in 1976. The severe defoliation in 1976 often included substantial
amounts of backfeeding. Therefore the locations roughly represented one,
two, and three years of defoliation, although visual estimates of

defoliation on a stand basis may contain high degrees of error.

Field Procedures

Five 0.0l-ha circular plots were established at each sampling
location, at distances of 2, 4, 6, 8, and 10 chains (1 chain = 20 m) from
the roadside. If necessary to keep within the same stand type, plots
were offset at right angles to the original direction of travel. Within
each plot, all trees were permanently marked with a numbered metal tag
placed at breast height (1.3 m). The location of each tree within the
plots was mapped by measuring the distance and compass bearing from the
center of the plot, which was permanently marked with a metal stake. The
following data were taken for each tree within the plots: species, dbh
(mm), total height (dm), crown height (dm), and crown widths (dm) in the
north-south and east-west cardinal directions. In addition, all trees in
the plots were checked for mortality during the third week of
August in 1977 and 1978. Mortality was initially noted by a complete
absence of needles on the tree, and was checked by examining the cambium
near breast height with a knife for discoloration and dryness. During
the 1977 examination, trees that were estimated to have been dead 1 year
or less were assumed to have been killed by the budworm. Increment cores
were also taken from two trees per plot during the 1977 and 1978
measurements.

Several trees outside the perimeter of the 0.0l-ha circle were
also permanently marked and subjected to the same measurements, if they
appeared to be in direct competition with trees within the plots. This
was done because of our intention to try and relate indices of competi-
tion stress to mortality on these plots. Inclusion of these trees out-
side the actual plots resulted in sampling trees up to 10 m from the
center point (whereas the actual plot had a radius of 5.6 m) and in-—

creased the number of trees sampled for each plot by about one third.












was about 55-60 years, indicating that they developed after the outbreaks
of the 1910's and 1920's, except Loc. 308 which was about 80 years old
(probably resulting from the 1890's outbreak). Location 313 was more
densely stocked than the other four sampling areas, and had smaller trees
in terms of mean dbh, mean height, and mean basal area (Table 1).

Fir Mortality Rates

Spruce budworm-caused mortality of balsam fir at the five samp~
ling locations is presented in Table 2, as a percentage of the total num-
ber of stems, basal area, and total volume initially on each plot. No
mortality of spruce had occurred in the sample plots as of September
1978, The data of Table 2 show considerable variability both within the
five plots at each sampling location and between the various locations,
because some plots had suffered no mortality. Mortality for the various
sampling areas as of September 1977 ranged from <1% to 24%Z of the mumber
of stems, or <1% to 20% of the basal area. From September 1977 to Sep~
tember 1978, mortality ranged from <1% to 17% by number, or<1% to 16% by
basal area. The total cumulative mortality as of September 1978 at the
five sampling locations could be broadly subdivided into three groupings:
(1) ‘'low' mortality, or <2% - Loc. 313; (2) 'moderate' mortality, or
10-15% - Loc. 308, 311, 316; and (3) 'high' mortality, or about 35-40% -
Loc. 314, Eighty percent of the plots had suffered at least some mertal-
ity by September 1978, and four of the five plots with no mortality were
from Loc, 313, the most recently infested area. Maximum mortality en—
countered was almost 60% of the number of stems, in one plot at Loc. 314.
Table 2 also shows that all of the plots in which mortality occurred
before September 1977 suffered additional mortality before September
1978, Total volume losses to mortality were negligible for Loc. 313,
9-14% for Loc. 308, 311, and 316, and 35% for Loc. 314 (Table 2). There-
fore, in the fifth year of the current budworm infestation, over one
third of the total volume is dead in one of the five plots.

Fir mortality distribution by diameter class is presented in
Fig. 2 as a percentage of the number of stems sampled at each location.
Figure 2 shows that both the number and size of dead trees differ between

sampling areas, and that the initial diameter distribution of stems
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Fig. 4. Correlation of mean ring width of trees during the spruce
budworm infestation (1974-77) and mean ring width in the 10-yr
period before the infestation (1964-73). The line represents
points where growth during the infestation would equal prior
growth.

between tree vigor and mortality, but no correlation between data on den—

sity, basal area, or percentage balsam fir and mortality; (2) Turner

(1952) found fir mortality was related to percentage fir in the stand and

to actual basal area of fir considered independently of the other spe-

cies, and that percentage mortality generally increased with relative
height of fir; (3) Ghent et al. (1957) used a non-parametric rank corre-
lation method to relate mortality to percentage balsam fir basal area and
to actual fir basal area; 4) Mott (1968)2/ found in a multiple

regression analysis that mean-tree basal area was the best of 10 varia-

bles for explaining tree mortality; (5) Batzer (1969) found a combination

-g/Mott, D.G. 1968. A study of mortality in balsam fir stands after
-attack by spruce budworm in northwestern New Brunswick, 1956 - 1959.
Contract Rep. 1, Marit. For. Res. Cent., Fredericton, N.B.
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