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Abstract: In this study we used dendrochronology to reconstruct the history of eastern spruce budworm (Choristoneura
fumiferana (Clem.)) outbreaks over the last 450 years in the Bas-Saint-Laurent region of southeastern Quebec. In total,
260 tree cores were sampled from 204 beams in seven historic buildings and 12 trees in a virgin forest stand. Eight
previously documented outbreaks (1975–1992, 1947–1958, 1914–1923, 1868–1882, 1832–1845, 1805–1812, 1752–1776,
1710–1724) and three presumed previous outbreaks (1678–1690, 1642–1648, 1577–1600) were identified based on peri-
ods of growth reduction. Of these 11 confirmed or presumed outbreaks, six were documented for the first time in east-
ern Quebec. Such data suggest that outbreak frequency has remained quite stable, with a mean interval of about
40 years between the midpoint of successive outbreaks since the mid-16th century. In addition, together with previous
studies, our results indicate a strong spatial synchrony of spruce budworm outbreaks across central and eastern Quebec
during the last 300 years. Consequently, our study does not support the hypothesis that spruce budworm outbreak fre-
quency and synchrony increased during the 20th century.

Résumé : Dans cette étude, nous utilisons la dendrochronologie pour reconstituer les derniers 450 ans d’histoire des
épidémies de tordeuse des bourgeons de l’épinette (Choristoneura fumiferana (Clem.)) dans la région du Bas-Saint-
Laurent au sud-ouest du Québec. Au total, 260 carottes de tronc d’arbre ont été échantillonnées dans 204 poutres de
sept bâtiments anciens et 12 arbres d’une forêt vierge. Huit épidémies précédemment documentées (1975–1992, 1947–
1958, 1914–1923, 1868–1882, 1832–1845, 1805–1812, 1752–1776, 1710–1724) et trois épidémies présumées plus an-
ciennes (1678–1690, 1642–1648, 1577–1600) ont été identifiées à partir de réductions de largeur des cernes annuels de
croissance dans les échantillons. Parmi ces 11 épidémies confirmées ou présumées, six sont documentées pour la pre-
mière fois dans l’Est du Québec. Ces données suggèrent que la fréquence des épidémies est demeurée stable depuis le
milieu du 16e siècle, avec un intervalle moyen de 40 ans entre l’année centrale des épidémies successives. De plus, en
association avec des études précédentes, nos données mettent en lumière une synchronie spatiale des épidémies dans le
centre et l’Est du Québec au cours des derniers 300 ans. En conséquence, cette étude ne supporte pas l’hypothèse vou-
lant que les épidémies de tordeuse aient été plus fréquentes et mieux synchronisées dans l’espace au cours du 20e

siècle en comparaison des siècles précédents.
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Introduction

Outbreaks of the eastern spruce budworm (Choristoneura
fumiferana (Clem.)) represent one of the most important for-
est disturbances in the coniferous and mixedwood forests of
eastern North America (Maclean 1984; Morin and Laprise
1990). Recurrent outbreaks mostly affect balsam fir (Abies
balsamea (Payette and L.) Mill.) and white spruce (Picea
glauca (Moench) Voss), which are the main host species,
and strongly drive forest dynamics over large areas. During a
typical outbreak, high defoliation occurs repeatedly over a
period of 5–25 years, leading to substantial decline of vigor
and increased mortality of affected trees and stands. The
budworm-induced canopy gaps are rapidly filled by released
seedlings and saplings of the hosts, along with those of addi-

tional species, thus leading to rapid forest renewal and eco-
system recovery (Morin 1994; Bergeron 2000). Describing
the frequency, duration, and severity of past outbreaks is a
major research objective in sustainable forest management.
Such knowledge could eventually lead to the development
of logging models based on a long-term, natural disturbance
regime (Harvey et al. 2002).

Dendrochronological methods have frequently been used
to reconstruct the history of past forest-damaging insect out-
breaks (Mott et al. 1957; Blais 1958, 1962, 1983;
Schweingruber et al. 1986; Swetnam and Lynch 1989, 1993;
Morin and Laprise 1990; Jardon et al. 1993; Girardin et al.
2001; Speer et al. 2001). Such methods are based on the fact
that insect-induced reduction in foliage cover can be de-
tected from tree-ring width patterns (Kulman 1971; Krause
and Morin 1995). Accordingly, the history of spruce bud-
worm outbreaks has been reconstructed over the last three
centuries from several locations across eastern North Amer-
ica (Blais 1983; Morin and Laprise 1990; Morin et al. 1993;
Krause 1997; Jardon 2001). Overall, three distinct outbreaks
have been identified in the 20th century, three in the 19th
century, and two in the 18th century (Figs. 1 and 2). Recon-
structed outbreaks are generally less frequent, less severe, or
less spatially synchronous during the 18th and 19th centuries
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than during the 20th century. Hypotheses to explain such
differences fall into three categories: (1) forest logging and
fire suppression during the 20th century increased the abun-
dance of balsam fir across wide areas, thus increasing the
frequency, severity, and spatial synchrony of outbreaks
(Blais 1983); (2) reduced fire frequency during the 20th cen-
tury (due to both climate change and fire suppression) in-
creased the abundance of mature, budworm-sensitive stands,
thus increasing outbreak severity, but the frequency and spa-
tial synchrony of outbreaks were only slightly affected
(Royama 1984; Jardon 2001); and (3) outbreak reconstruc-
tions are less reliable going backward in time, as sampled
individuals were less prone to defoliation during the seed-
ling and sapling life stages (Jardon 2001).

More numerous and longer reconstructions of past spruce
budworm outbreaks are thus clearly needed to improve our
understanding of this disturbance agent. Most dendrochrono-
logical reconstructions of past outbreaks have been per-
formed based on tree-ring chronologies from living white
spruce individuals, as this species has a longer life span than
balsam fir (Blais 1965). However, spruce trees older than
200 years are rare, such that reconstructing past outbreaks
over longer periods must also rely on well-preserved woody
material, as found in old buildings (Krause 1997). Surpris-
ingly, this approach has rarely been used, and to our knowl-
edge no study has combined dead and live trees to build a
long, continuous record of eastern spruce budworm out-
breaks. In this study we reconstruct the history of spruce

budworm outbreaks over the last 450 years, using samples
from an old-growth forest stand, as well as from historic
buildings in the Bas-Saint-Laurent region of southeastern
Quebec. Previous reconstructions from this area and sur-
rounding regions have demonstrated the occurrence of the
three known 20th-century outbreaks, as well as two 19th-
century outbreaks (Blais 1961, 1964). Specifically, the ob-
jectives of this study were to (1) build a continuous,
multicentury chronology of spruce budworm outbreaks; and
(2) evaluate the hypothesis that compared with outbreaks in
the 20th century, previous outbreaks may have been less fre-
quent in eastern Quebec (Blais 1983).

Study area
Sampling sites were all located within 40 km of the town

of Rimouski, along the south shore of the St. Lawrence estu-
ary in eastern Quebec (Fig. 1). This area belongs to the
Appalachian geological formation composed mainly of sedi-
mentary rocks (Robitaille and Saucier 1998). Mean annual
temperature is 2.5 °C. The growing season lasts for about
170 days, from early May to mid-October, and corresponds
to 2200–2400 growing degree–days (>5.6 °C). Mean annual
precipitation is 900 mm, with about 65% falling as rain (En-
vironment Canada 1993). In the bioclimatic ecosystem clas-
sification, this area is in the Eastern subdomain of the
Balsam Fir – Yellow Birch (Betula alleghanensis Britt.) do-
main (Robitaille and Saucier 1998). Balsam fir and yellow
birch (Betula alleghanensis Britton) mostly occur together
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Fig. 1. Location of the sampled sites within the Bas-Saint-Laurent region and regions covered by previous reconstructions of spruce
budworm outbreaks in Quebec. We consulted only published studies that mentioned the covered period, as well as the onset and termi-
nation of each identified outbreak episode: 1, Morin et al. (1993); 2, Blais (1981); 3, Jardon (2001); 4, Morin and Laprise (1990); 5,
Blais (1965); 6, Krause (1997); 7, Blais (1961); 8, present study.



on mesic sites, whereas sugar maple (Acer saccharum
Marsh.) and yellow birch frequently occur together on well-
drained and exposed sites. Black spruce (Picea mariana
(Mill.) BSP) and eastern white-cedar (Thuja occidentalis L.)
are frequent on organic soils. The forest vegetation has been
extensively disturbed by human activities since the late 18th
century. The conversion of forest to agricultural lands began
around 1790 along the St. Lawrence River. Sustained log-
ging activities began around 1820 and increased in ampli-
tude until the early 20th century (Fortin and Lechasseur
1999). Extensive logging occurred subsequently, so virgin
forest stands are extremely scarce.

For this study, seven historic buildings were selected on
the basis of known or suspected date of construction, along
with architectural criteria such as the presence of manually
shaped beams. We identified three historic barns and a
church in the town of Saint-Fabien, the Maison Lamontagne
in Rimouski (the only building remaining from the French
regime in the Rimouski area), the church in the village of
Sainte-Luce, and a historic house in Sainte-Flavie (Fig. 1
and Table 1). Although historical data confirm that the trees
used to erect the Saint-Fabien and Sainte-Luce churches
were logged in the corresponding parishes, the origin of the
timber used in the houses and barns is less clear. However,
during the 18th and 19th centuries, local people usually con-
structed their buildings using trees logged on their own
property (Lavoie 2000). This is also suggested by testimony
from the present-day owners of the sampled buildings. Only
one old-growth, virgin forest stand with sufficiently abun-
dant white spruce trees could be found to allow us to iden-
tify outbreaks during the most recent period. This stand
covers about 1 ha on a well-drained upper slope in the
Nicolas-Riou Seigniory, which is managed by the Lower St.
Lawrence Model Forest. Although the stand is dominated by
sugar maple, it also has white spruce, balsam fir, and eastern
white-cedar.

Materials and methods

A maximum number of wood pieces were sampled (one
or two cores per beam) at each building (Table 1). In all
buildings, the majority of samples came from the structural
components of the roof. Some additional samples were taken
from the bell tower of the Saint-Fabien church and from
large wall components in the three barns. Large white spruce

individuals in the old-growth stand were systematically
searched and sampled (one core per tree; n = 12). Samples
from the buildings were identified to species or genera on
the basis of wood anatomy criteria (Hoadley 1990). Because
there is no absolute criterion for differentiating white spruce
from black spruce or red spruce (Picea rubens Sarg.), we are
not certain that all the samples are from white spruce trees.
However, most samples classified as spruce are probably
white spruce, as this species is by far the most abundant
spruce in the study area. Samples from other genera were
excluded from the data set.

All spruce samples were glued to a frame and finely
sanded, and the width of tree rings was measured with a
Velmex micrometer. To avoid pseudoreplication (Hurlbert
1984), ring widths measured along two cores from the same
piece of wood were averaged to produce a mean raw chro-
nology. However, we do not know whether different beams
were from the same tree. All raw chronologies (from timber
with one or two cores) were then standardized with the
ARSTAN program (Cook and Holmes 1999) to remove the
long-term, age-related growth trend. Standardization was
achieved by dividing each raw series by a cubic smoothing
spline with a 50% frequency response of 60 years. To pre-
serve the outbreak signal, the autocorrelation was not re-
moved from the standardized chronologies. We cross-dated
these standardized chronologies within sites and then be-
tween sites, using the PAST32 program (SCIEM 2002),
along with the COFECHA program (Holmes 1983) as a vali-
dation tool. Mean standardized chronologies were thus built
for each sampled site by averaging all cross-dated series ac-
cording to the calendar years of tree-ring formation.

Past outbreaks were identified separately for each site
with the use of the corresponding mean standardized chro-
nology and the OUTBREAK program (Holmes and
Swetnam 1996). On the basis of previous works (Swetnam
and Lynch 1989, 1993; Jardon 2001; Speer et al. 2001), we
considered as a possible outbreak any growth reduction lon-
ger than 5 years that included at least 1 year less than –1.28
standard deviation from the mean. The onset and termination
of each outbreak were set at the first and last years of below-
mean growth level, respectively. Identifying insect-induced
growth reduction in tree rings is frequently achieved by
comparing chronologies from host and nonhost species. The
nonhost chronology may be used to extract the climatic sig-
nal (common to both species) from the host chronology, thus
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Thuja occidentalis Picea spp.

Sites Interval Cores Beams Cores Beams

Spruces
successfully
dated (%)

Old growth 1816–2002 — — 12 12 100.0
Sainte-Flavie house 1736–1845 — — 7 6 100.0
Barn 1 1728–1898 — — 26 24 54.7
Barn 2 1711–1902 15 12 30 20 50.0
Sainte-Luce church 1706–1838 — — 24 24 87.5
Barn 3 1695–1919 15 11 41 32 75.0
Saint-Fabien church 1647–1898 — — 34 34 100.0
Maison Lamontagne 1513–1745 29 19 23 19 36.8
All sites 1513–2002 59 32 197 171 86.8

Table 1. Sampling intensity and percentage spruce samples cross-dated at each study site.



amplifying the outbreak signal (Swetnam et al. 1985). Al-
though a regional, 500-year chronology for eastern white-
cedar (a nonhost species) was available (C. Sorel and
D. Arseneault, unpublished data), we did not use it to iden-
tify outbreaks in our spruce chronologies. This nonhost
chronology contains a strong, 22-year quasi-periodic compo-
nent that is asynchronous with abrupt growth reductions in
spruce individuals. Subtracting the nonhost chronology from
the host chronology would have amplified and lengthened
outbreaks during peaks and weakened and shortened out-
breaks during troughs of the cycle. Additionally, this would
have generated a few erroneous outbreaks (not correspond-
ing to a clear decrease of spruce growth) during the most
abrupt increases of cedar growth. Instead, we validated pos-
sible outbreaks during the last 300 years by using previously
published outbreak reconstructions, which were in most
cases based on host–nonhost comparison. More ancient out-
breaks could be identified almost exclusively from the
Maison Lamontagne samples. Fortunately, this building con-
tained several white-cedar beams that could be sampled and
cross-dated with the regional cedar chronology. We con-
structed a mean cedar chronology from 16 beams as a tool
with which to visually differentiate pre-18th-century out-
breaks from climate-induced growth decreases. In contrast to
the regional chronology, this cedar chronology contained no
cyclic component.

Results and discussion

In total, 248 cores were obtained from 204 beams in seven
buildings. Spruce (77.9% of the beams) was the dominant
taxon, whereas eastern white-cedar (20.6%) and balsam fir
(1.5%) were much less frequent. A large proportion of the
spruce material could be cross-dated (50%–100%, depend-
ing on the building), except at the Maison Lamontagne,
where because of poor preservation only 7 of the 19 sampled
beams could be successfully cross-dated. These samples,
along with the 11 living and 1 recently killed white spruce
from the old-growth stand, allowed us to build a continuous,
490-year tree-ring chronology covering the years 1513–

2002. Overall, we identified 11 growth reductions likely to
indicate outbreaks in the past: three in the 20th century,
three in the 19th century, two in the 18th century, two in the
17th century, and one in 16th century (Figs. 2 and 3, Ta-
ble 2).

20th-century outbreaks (1975–1992, 1947–1958, 1914–
1923)

During the 20th century, two severe growth reductions oc-
curred at the old-growth site in 1975–1992 and 1914–1923,
and a less intense reduction occurred in 1947–1958 (Fig. 3,
Table 2). These growth reductions closely correspond to the
well-documented sequence of spruce budworm outbreaks in
eastern Canada during the 20th century (Fig. 2), confirming
their association with the spruce budworm. The intensity of
these growth reductions in our results is also similar to that
of previous studies: researchers have repeatedly observed
less intense reductions during mid-century outbreaks than
during the early- and late-century ones (Jardon 2001). In our
study, the growth of all measured individuals decreased be-
low the threshold of –1.28 SD in 1975–1992 and 1914–
1923, whereas this occurred with only 50% of individuals in
1947–1958 (Table 2).

19th-century outbreaks (1868–1882, 1832–1845, 1805–
1812)

In addition to the old-growth site, six chronologies from
historic buildings were available to enable us to reconstruct
spruce budworm outbreaks of the 19th century (Fig. 3).
Taken together, these chronologies display three regional pe-
riods of growth reduction (1868–1882, 1832–1845, 1805–
1812), which are also in close synchrony with outbreaks
identified elsewhere in eastern and central Quebec (Fig. 2).
The 1868–1882 growth reduction affected 69% of all mea-
sured specimens and is best expressed at the barn 2 and
Saint-Fabien church sites, where decreases in ring width oc-
curred in 57%–78% of individuals (Table 2). This growth re-
duction is less apparent at the barn 1 and barn 3 sites,
probably because only one sample covered the entire 1868–

© 2004 NRC Canada

1038 Can. J. For. Res. Vol. 34, 2004

Fig. 2. Intervals of spruce budworm outbreaks (gray bars) identified during previous reconstructions based on tree-ring chronologies of
various lengths (white bars). Corresponding studied areas are depicted in Fig. 1. Hatched bars correspond to presumed outbreaks iden-
tified from a limited number of samples.



1882 interval in both cases. Previous studies based on tree
rings have suggested an outbreak in our study area around
1878 (Blais 1961, 1964; Swaine and Craighead 1924). This
outbreak was also recorded in tree-ring chronologies from a
large area of boreal forest, north of the St. Lawrence River
in western and central Quebec (Fig. 2), as well as in New
Brunswick and northeastern Ontario (Blais 1983; Royama
1984; Krause 1997; Jardon 2001). There are also tree-ring

series from eastern Canada that do not clearly record any ef-
fects of the 1868–1882 outbreak (Morin and Laprise 1990;
Blais 1981, 1983).

The 1832–1845 growth reduction affected 74% of all
measured individuals and 50%–83% of individuals at each
site, except at the old-growth site (100%), where only one
sample covered the corresponding interval (Fig. 3 and Ta-
ble 2). Although previous studies did not indicate an out-
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Fig. 3. Standardized spruce tree-ring chronologies showing the identified spruce budworm outbreaks (black arrows) at the sampled
sites. Dotted arrows point to abrupt growth reductions, probably corresponding to an outbreak episode, even if not meeting the 5-year
duration criterion. Gray arrows indicate growth reductions likely to correspond to a second wave of the preceding outbreak. The lower-
most panel shows the percentage of affected individuals (those with >5 years of growth reduction) over the entire study area.



break to the southwest (Swaine and Craighead 1924; Blais
1983) or southeast of our study area (Royama 1984) during
this period, other studies identified an outbreak at numerous
locations from northern Ontario to central Quebec (Turner
1952; Blais 1965, 1983; Krause 1997; Morin and Laprise
1990; Jardon 2001; see Fig. 2).

A short-lasting but well-defined growth reduction oc-
curred during the period 1805–1812 at the barn 3, Saint-
Fabien church, and Sainte-Luce church sites (Fig. 3). Similar
growth reductions, although spanning less than the 5-year
duration criterion, also occurred at the barn 1 and barn 2
sites. Surprisingly, the Sainte-Flavie house site displayed a
growth reduction in 1794–1804. This growth reduction is
probably a local artifact, as it did not occur at the other sites.
In total, only 42% of the measured samples displayed a sig-
nificant growth reduction during the period 1805–1812
(varying between 42% and 50% between affected sites; Ta-
ble 2). Although of short duration, this growth reduction
most likely corresponds to a spruce budworm outbreak as
observed elsewhere in tree-ring series from eastern Canada
and Maine (Swaine and Craighead 1924; Blais 1965, 1983;
Fig. 2), occasionally on the basis of host–nonhost compari-
son (Krause 1997; Jardon 2001). Moreover, this growth re-

duction did not occur simultaneously among sites within our
study area (table 2) or among trees within sites, as would be
likely during a regional climatic stress.

18th-century outbreaks (1752–1776, 1710–1724)
Few studies have identified spruce budworm outbreaks

during the 18th century. Tree-ring series from either old liv-
ing white spruces (Blais 1965) or dead spruces from old
buildings (Krause 1997) have suggested two outbreaks
around 1748–1760 and 1710–1720 (Fig. 2) in central Que-
bec, north of the St. Lawrence River. Our results confirm
these defoliation periods and extend the affected area to
eastern Quebec, south of the St. Lawrence River, as we ob-
served evidence of growth reduction in 1752–1776 and
1710–1724. A third 18th-century outbreak may have oc-
curred in western Quebec in 1783–1787 (Blais 1981; Fig. 2),
although this event has not been confirmed elsewhere.

Although it varied in duration among sites, the 1752–1776
growth reduction is clearly expressed in all available chro-
nologies (Fig. 3). Overall, 68% of all measured individuals
and 75% to 84% of individuals at each affected site exhib-
ited a growth reduction (Table 2). This growth reduction was
continuous at the three barns and the church in Saint-Fabien,
but it separated into two distinct periods of slow growth
(1752–1760 and 1766–1776) eastward at the Sainte-Luce
church and the Sainte-Flavie house (Fig. 3).

The 1710–1724 growth reduction is also well expressed in
the two chronologies covering the corresponding period
(Saint-Fabien church and Maison Lamontagne), although the
growth decrease was delayed until 1718 in samples from the
Maison Lamontagne (Fig. 3). In contrast to previous studies
that indicated a two-wave outbreak north of the St. Law-
rence River during this period (Blais 1965; Krause 1997),
our data suggest a continuous growth reduction in the Bas-
Saint-Laurent region. In total, five of the seven measured
samples (71%) within each chronology displayed a growth
reduction (Table 2).

16th- and 17th-century outbreaks
The spruce and white-cedar chronologies from the Maison

Lamontagne, along with the most ancient samples from the
Saint-Fabien church, allowed us to identify three growth re-
ductions, possibly corresponding to spruce budworm out-
breaks, in 1678–1690, 1642–1648, and 1577–1600 (Fig. 3).
Because of the low number of samples available for this in-
terval, we also examined the growth pattern of individual
spruce samples to get additional information on the growth
history of the corresponding trees (Fig. 4). The 1678–1690
growth reduction affected 71% (n = 5) of trees at the Maison
Lamontagne, as well as the more ancient samples from the
Saint-Fabien church. Two old spruce (samples DC2–1 and
DC4M; Fig 4) did not recover to the previous growth level, a
pattern also observed elsewhere in several black spruce and
balsam fir individuals after the most recent outbreak (Simard
and Payette 2001). The link between spruce budworm and
the 1577–1600 and 1642–1648 growth reductions is less
clear, as only 2–3 samples were measured. However, almost
all measured samples exhibited obvious growth decreases,
sometimes followed by sustained growth releases (DC1–1
and DC2–1; Fig. 4), a frequent response to canopy-opening
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Individuals
affected

Outbreak Sites affected Local interval % n

1975–1992 Old growth 1975–1992 100.0 11
1947–1958 Old growth 1947–1958 50.0 6
1914–1923 Old growth 1914–1923 100.0 12
1868–1882 Barn 2 1868–1882 77.8 7

Saint-Fabien church 1869–1882 57.1 4
1832–1845 Barn 1 1832–1841 80.0 8

Barn 2 1835–1839 50.0 5
Barn 3 1835–1844 73.9 13
Saint-Fabien church 1835–1843 82.8 24
Sainte-Flavie house 1835–1843 100.0 5

1805–1812 Barn 3 1808–1812 50.0 8
Saint-Fabien church 1806–1812 8.3 14
Sainte-Luce church 1805–1812 42.1 8

1752–1776 Barn 3 1756–1772 75.0 3
Saint-Fabien church 1756–1764 78.9 15
Sainte-Luce church 1757–1760a;

1770–1776
76.5 13

Sainte-Flavie house 1752–1760;
1766–1774

83.8 5

1710–1724 Saint-Fabien church 1710–1723 71.4 5
Maison Lamontagne 1710–1724 71.4 5

1678–1690 Maison Lamontagne 1678–1690 71.4 5
1642–1648 Maison Lamontagne 1642–1648 75.0 3
1577–1600 Maison Lamontagne 1577–1582a;

1587–1600
100.0 2

Note: The local interval corresponds to the identified outbreak interval
at each affected site.

aAbrupt growth reduction probably corresponding to an outbreak epi-
sode, even if not meeting the 5-year duration criterion or the intensity cri-
terion of –1.28 SD.

Table 2. Site and number of individuals affected during each
identified spruce budworm outbreak.



outbreaks (Morin et al. 1993, Jardon 2001). In addition,
none of the growth reductions in spruce samples corre-
sponded to similar growth decreases in the nonhost eastern
white-cedar chronology. Although these three presumed out-
breaks await further confirmation, they possibly represent
the most ancient spruce budworm outbreaks dated by tree-
ring chronology in eastern North America.

Outbreak frequency over the last 450 years
Tree-ring data from this study have confirmed the eight

previously documented spruce budworm outbreaks in east-
ern North America, along with three presumed previous out-
breaks. Of these 11 confirmed and presumed outbreaks, 6
were documented for the first time in eastern Quebec
(Figs. 1 and 2). Such data suggest that outbreak frequency
has remained quite stable, with a mean interval of 39.5 ± 8.6
(mean ± SD) years between the midpoint of successive out-
breaks since the mid-16th century. Previous studies have
suggested slightly shorter return intervals of 30–36 years
over the last 200 years (Royama 1984; Candau et al. 1998;

Jardon 2001). However, our estimation of the return interval
may be conservative, as only one chronology from a limited
number of samples was available to cover the 16th century.

In addition, together with previous studies, our study indi-
cates a strong spatial synchrony of spruce budworm out-
breaks during the last 300 years, at least across central and
eastern Quebec (Fig. 2). All clear outbreaks previously de-
tected in central Quebec (Blais 1965; Morin and Laprise
1990; Krause 1997) were observed at our study sites. Out-
breaks in our study area preceded those in central Quebec
(Krause 1997) by only 1.2 ± 2.8 years (mean ± SD of differ-
ences in outbreak onset between areas) during the 18th and
19th centuries. In contrast, tree rings and survey records of
spruce budworm defoliation showed that 20th-century out-
breaks tended to appear in the west, to propagate eastward in
Quebec (Hardy et al. 1986; Gray et al. 2000; Jardon 2001),
and to appear later in western Ontario than in eastern On-
tario (Candau et al. 1998). Although such differences be-
tween regions and periods probably relate to the complex
dynamics of outbreak initiation and propagation as influ-
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Fig. 4. Raw tree-ring series showing the pattern of tree growth in response to presumed spruce budworm outbreaks in samples from
the Maison Lamontagne and Saint-Fabien church (samples ESEPH7W and ESEPH4W are from Saint-Fabien) and the nonhost eastern
white-cedar chronology.



enced by internal and external factors at the local and re-
gional scales (Candau et al. 1998; Jardon et al. 2003), they
do not support the idea that outbreak frequency and syn-
chrony increased during the 20th century (Blais 1965, 1983).
Similar conclusions have been reached regarding outbreaks
of the western spruce budworm (Choristoneura occidentalis
Freeman) in western North America (Swetnam and Lynch
1989; Ryerson et al. 2003). It is likely that previous studies
that reconstructed past outbreaks from living material cored
at breast height underestimated the budworm signal prior to
the mid-19th century. The fact that such samples would
overlap the sapling life stage of trees, along with the possi-
bility that seedlings and saplings are less affected than domi-
nant trees by the spruce budworm (Bauce 1994), most likely
precluded the identification of ancient outbreaks (Jardon
2001). The scarcity of long outbreak reconstructions proba-
bly amplified this perception. In contrast, our results, based
on material from progressively older buildings, are in close
synchrony with results from a similar study (Krause 1997).
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