WILEY-
BLACKWELL

Long-Term Post-Fire Changes in the Northeastern Boreal Forest of Quebec
Author(s): Louis De Grandpré, Jacques Morissette, Sylvie Gauthier

Source: Journal of Vegetation Science, Vol. 11, No. 6 (Dec., 2000), pp- 791-800
Published by: Blackwell Publishing

Stable URL: http://www.jstor.org/stable/3236549

Accessed: 20/10/2009 07:27

Y our use of the JSTOR archive indicates your acceptance of JISTOR's Terms and Conditions of Use, available at
http://www.jstor.org/page/info/about/policies/terms.jsp. JSTOR's Terms and Conditions of Use provides, in part, that unless
you have obtained prior permission, you may not download an entire issue of ajournal or multiple copies of articles, and you
may use content in the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/action/showPublisher?publisherCode=black.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

JSTOR is anot-for-profit service that helps scholars, researchers, and students discover, use, and build upon awide range of
content in atrusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

Blackwell Publishing is collaborating with JSTOR to digitize, preserve and extend access to Journal of
Vegetation Science.

http://www.jstor.org


http://www.jstor.org/stable/3236549?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/action/showPublisher?publisherCode=black

Journal of Vegetation Science 11: 791-800, 2000
© IAVS; Opulus Press Uppsala. Printed in Sweden

791

Long-term post-fire changes
in the northeastern boreal forest of Quebec

De Grandpré, Louis”; Morissette, Jacques & Gauthier, Sylvie

Natural Resources Canada, Canadian Forest Service, Laurentian Forestry Centre, 1055 du P.E.P.S., P.O. Box 3800,
Sainte-Foy, Quebec, Canada, G1V 4C7; *Corresponding author; Fax +1 418 648 5849; ldegrandpre @cfl.forestry.ca

Abstract. Natural dynamics in the boreal forest is influenced
by disturbances. Fire recurrence affects community develop-
ment and landscape diversity. Forest development was studied
in the northeastern boreal forest of Quebec. The objective was
to describe succession following fire and to assess the factors
related to the changes in forest composition and structure. The
study area is located in northeastern Quebec, 50 km north of
Baie-Comeau. We used the forest inventory data gathered by
the Ministere des Ressources naturelles du Québec (MRNQ).
In circular plots of 400 m?, the diameter at breast height
(DBH) of all stems of tree species greater than 10 cm was
recorded and in 40 m? subplots, stems smaller than 10 cm were
measured. A total of 380 plots were sampled in an area of 6000
km?2. The fire history reconstruction was done based on his-
torical maps, old aerial photographs and field sampling. A
time-since-fire class, a deposit type, slope, slope aspect and
altitude were attributed to each plot. Each plot was also
described according to species richness and size structure
characteristics. Traces of recent disturbance were also re-
corded in each plot. Changes in forest composition were
described using ordination analyses (NMDS and CCA) and
correlated with the explanatory variables. Two successional
pathways were observed in the area and characterized by the
early dominance of intolerant hardwood species or Picea
mariana. With time elapsed since the last fire, composition
converged towards either Picea mariana, Abies balsamea or a
mixture of both species and the size structure of the coniferous
dominated stands got more irregular. The environmental con-
ditions varied between stands and explained part of the vari-
ability in composition. Their effect tended to decrease with
increasing time elapsed since fire, as canopy composition was
getting more similar. Gaps may be important to control forest
dynamics in old successional communities.

Keywords: Abies balsamea; Disturbance; Picea mariana;
Succession; Species replacement; Windthrow.

Abbreviations: CCA = Canonical Correspondence Analysis;
NMDS = Non-metric Multidimensional Scaling.

Introduction

It is widely recognized that disturbances are the
driving ecological forces of ecosystems (Shugart et al.
1992; Pickett & White 1985; Bergeron et al. 1998). Fire
is a major force that structures the vegetation mosaic in

the boreal forest (Pickett & White 1985; Heinselman
1981; White 1979) and landscape diversity, to some
extent, reflects the disturbance regime of a particular
region (Romme 1982; Romme & Knight 1982; Bergeron
1991; Gauthier et al. 1996; Johnson et al. 1998).

Studies in Picea mariana forest have shown that
vegetation development after fire involves very few
changes in species composition (Morneau & Payette
1989; Foster 1985; Cogbill 1985; Carleton & Maycock
1978; Dix & Swan 1971). This absence of successional
changes is closely associated with a short fire recur-
rence, precluding major changes in forest composition
(Johnson 1992). However, fire is not the only distur-
bance element influencing boreal forest dynamics. In
boreal regions where fires are rare, gap dynamics
control establishment, growth and mortality (Lissig &
Mocalov 2000; Drobyshev 1999; Kneeshaw & Bergeron
1998). In the mixed-wood boreal zone, vegetation
development involves species replacement in the
canopy (Gauthier et al. 1996; Bergeron & Charron
1994; Bergeron & Dubuc 1989; Foster & King 1986).
In some of these forests, gap dynamics has a significant
impact on community development (Kneeshaw &
Bergeron 1998).

The Quebec North Shore is a vast, forested region of
the boreal Picea mariana domain (Rowe 1972). Al-
though P. mariana is dominant in these forests, Abies
balsamea is also frequently observed and can be domi-
nant in some areas, particularly along a northeastern
narrow band following the St. Lawrence River. Little is
known about the disturbance regime characteristics of the
area but climatic data and the high occurrence of Abies
balsamea suggest that fire may not be a major element
contributing to forest dynamics. Spruce budworm out-
breaks have been recorded in the region (Blais 1983) and
windthrow is also a common disturbance in the area.

The objective of this study was to describe the changes
in species composition and structure following fire us-
ing a chronosequence approach and to assess some of
the factors related to such changes. We hypothesized
that species and individual replacement in the canopy
can occur in this part of the boreal forest and that gaps
are important elements controlling natural dynamics.
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As the stands grow older and become increasingly
dominated by coniferous species, their dynamics will be
more controlled by disturbances other than fire, mainly
spruce budworm outbreaks and windthrow. As a result
of these disturbances and natural mortality, stands will
develop an irregular size distribution characteristic of
multi-cohort stands (Oliver & Larson 1996).

The interpretations of the results of a chronosequence
have to consider that the differences in forest composi-
tion between sites may not be only related to time
elapsed since last fire. Historical, environmental and
physical factors specific to each site may confound
temporal changes in species composition. However,
chronosequence studies in the boreal forest have re-
cently been supported by site history reconstruction
studies (Bergeron 2000). Furthermore, preliminary re-
sults from the analysis of the changes in canopy compo-
sition in the Quebec North Shore region, with the use of
old and recent aerial photographs, also support the idea
that changes in canopy dominance do occur in the
absence of fire for long periods of time.

Study area

The study was conducted in the Quebec North Shore
region (49°30' - 50°00' N; 67 30" - 69° 00" W) (Fig. 1).
The study area covers 6000 km? and its topography is
characterized by hills of moderate slopes (16 - 30%)
with flat or rounded summits that can reach 500 to 700
m. Rocky outcrops occupy close to 40% of the area and
are present on the summits, close to bodies of water and
on steep slopes. Undifferentiated glacial till deposits
constitute the majority of the remaining surficial depos-
its and are found on gentle slopes and in depressions.
Glacial fluvial sand deposits occupy the bottom of large
valleys (Robitaille & Saucier 1998).

The closest meteorological station is located in Baie-
Comeau, 50 km south of the study area. The climate can
be classified as cold and maritime with a mean annual
temperature of 1.4 °C and a mean annual precipitation
of 1018 mm where 70% of this total is rainfall (Anon.
1996). The region is located in the boreal forest and is
part of the Chibougamau-Natashquan boreal region
(Rowe 1972), which is dominated by Picea mariana.
The study area overlaps two bioclimatic domains. The
Abies balsamea-Betula papyrifera domain character-
izes the southern part of the area whereas the northern
section is part of the Picea mariana-moss bioclimatic
domain (Thibault & Hotte 1985). Overall, P. mariana
and A. balsamea are the dominant species in the area.
According to Robitaille & Saucier (1998), A. balsamea
is dominant on mesic sites in the south along with B.
papyrifera and Populus tremuloides. P. mariana be-
comes more frequent as the latitude increases. Pinus
banksiana is found on sandy soils.

Disturbance history

With the use of historical documents, it was possible
to reconstruct the recent fire history of the study area.
Major fires (over 2500 ha) have been mapped by the
MRNQ since 1941. The use of aerial photographs from
1930 allowed us to map some older fires. Some of these
areas were then visited and trees were cored to confirm
the passage and the year of the fire. Four major fires
affected the area during the last 100 yr (1955, 1941,
1923 and 1896) (Fig. 2). For the remainder of the
territory, it was not possible to precisely map the pas-
sage of a fire. However, with the use of existing data
from the MRNQ and some field sampling it was possi-
ble to give a minimum time since fire for most of the
territory (Fig. 2). The 1930 aerial photographs did not
cover the western part of the study area, which explains
the lack of information on this portion of the map.

Fig. 1. Location of the study
area in the Quebec North

Shore region.
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Methods

The data used to describe the changes in forest
composition through time elapsed since last fire were
gathered by the MRNQ. Forest inventories are com-
posed of data collected over the territory of Quebec.
Since these plots are sampled for forestry purposes, the
selected stands represented forests that could be har-
vested. For this reason, forest stands on slopes of more
than 40% were not sampled. In the study area, 501
circular plots of 400 m? were sampled in 1988. The plots
were sampled every 250 m along 1.5 km transects (five
to seven plots per transect). In each 400 m2, the DBH of
every tree of 10 cm and more was measured in 2-cm
classes. Trees with a DBH less than 10 cm were meas-
ured in 2-cm classes in a subplot of 40 m? within the
larger plot and sharing the same centre. In each plot, the
height and age of three of the dominant trees were
measured. A total of 380 plots were kept for further
analyses as plots affected by logging were eliminated.
For each plot, a surficial deposit type was attributed
(rocky outcrop, tills on rock, tills and sand deposits)
based on surficial deposit maps. With the use of a digital
elevation model (DEM)), altitude, slope and aspect were
attributed to each plot. Any recent traces of disturbances
that affected the stands were also noted (windthrow,
spruce budworm outbreak or fire). Each plot was as-
signed a time-since-fire class (0 - 50 yr, 50 - 100 yr,
>175 yr and > 225 yr).

Data analysis

For each species, four pseudo-species were created
based on diameter classes (DBH measuring 1 -5 cm,
5-10 cm, 10 - 15 cm and more than 15 cm). The basal
area (m%/ha) in each diameter class was used to describe
the species’ importance in the stands. In order to evalu-
ate the size structure of each stand, a simple index was
computed. Two elements were considered in the size
structure index. The number of DBH classes (2-cm
classes) in each stand was divided by the total number of
species, to obtain a measure of stand structure. This was
done to reduce the effect of differential growth rates
between species, which could have wrongly been inter-
preted as irregular size distributions. All these variables
were used to interpret the changes in composition and
structure. The Non-metric Multidimensional Scaling
(NMDS) ordination method was used on the matrix of
plots by species. This ordination technique was per-
formed using the Sgrensen distance measure and three
axes. Additional axes did not provide more interpretable
information. The ordination axes were then rotated to
align axis 1 with strongest explanatory variables. Axes
one and three are presented and discussed as they re-
flected most of the variability in species composition.
The environmental variables were then correlated
(Pearson correlation coefficients) with the ordination
axes. Only the significant variables (p < 0.05) are repre-
sented on the ordination diagram. Species were also

49°30'
69°00"

67°30"

Fig. 2. Fire history map of the study area. Fires, which have occurred since 1896, were mapped precisely. The remaining part of
the territory was given a minimal time since fire, based on field sampling in 1998 and with the use of the age of the trees sampled in
each 400-m? plot by the MRNQ. Canopy cover has also been estimated based on the aerial photographs of 1930.
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correlated to the ordination axes. The variables used in
the correlation were: time elapsed since last fire, geo-
graphic location of each plot, surficial deposit type,
elevation, slope, slope aspect, age of the oldest tree in
each plot, presence and type of disturbance at the stand
level, stand structure and species diversity.

As ‘time elapsed since last fire’ was the variable
more strongly associated with the compositional gradi-
ent, separated ordinations were done on each of the
time-since-fire classes (four time-since-fire classes: O -
50yr, 50-100yr,> 175 yrand > 225 yr). As NMDS did
not allow us to eliminate the effect of covariables and to
use nominal variables, partial Canonical Correspond-
ence Analyses (CCA) were computed on the plots by
species matrices (four analyses, one for each time-since-
fire class). All of the analyses were constrained by the
geographical location of each plot. Since Pinus banksiana
was not present in all the age classes, the species was
deleted, to focus only on compositional differences of the
most frequent species and related to the environmental
factors, to the stand structure and species richness. The
forward selection option was used and only the signifi-
cant variables were entered in the model (p < 0.05).

Table 1. Correlation (Correlation coefficient) of pseudo-species
with the ordination axes.

R?=0431 R?=0.145 R*=0.293

Axis 1 Axis 2 Axis 3
DBH > 15 cm
Abies balsamea (Aba) 0.648 0.230 0.616
Betula papyrifera (Bpa) 0.142 0.375 0.290
Picea glauca (Pgl) 0.225 0.120 0.357
Picea mariana (Pma) 0.167 0.391 -0.701
Pinus banksiana (Pba) -0.050 -0.367 -0.136
Populus tremuloides (Ptr) -0.223 0.280 0.069
10 cm < DBH > 15 cm
Abies balsamea 0.487 0.305 0.436
Betula papyrifera -0.238 0.343 0.036
Picea glauca -0.136 0.064 0.169
Picea mariana -0.298 -0.103 -0.580
Pinus banksiana -0.127 0.211 -0.086
Populus tremuloides -0.570 0.056 0.202
Scm < DBH > 10 cm
Abies balsamea 0.143 0.156 0.255
Betula papyrifera -0.423 0.017 0.079
Picea glauca -0.195 -0.017 0.154
Picea mariana -0.362 -0.327 -0.327
Pinus banksiana -0.105 -0.163 0.040
Populus tremuloides -0.426 -0.062 0.176
lecm<DBH>5cm
Abies balsamea 0.101 0.131 0.208
Betula papyrifera -0.359 -0.102 0.180
Picea glauca -0.194 0.027 0.196
Picea mariana -0.259 -0.365 -0.233
Populus tremuloides -0.421 —-0.141 0.180

Results

Changes in forest composition through time elapsed
since last fire

Axis 1 and axis 3 of the NMDS ordination explained
respectively 43.1% and 29.3% of the variance in species
composition (Table 1). Along axis 1, stands located on
the right end portion were dominated by large diameter
classes of Abies balsamea, with Picea glauca and Picea
mariana (Fig. 3). The left portion of the first ordination
axis was characterized by the dominance of smaller
DBH classes of Populus tremuloides, Betula papyrifera
and Picea mariana. Axis 3 mainly discriminated be-
tween stands dominated by A. balsamea (located in the
upper part of the axis) and ones dominated by P. mariana
(in the lower part of the axis) (Table 1, Fig. 3). The first
ordination axis was positively correlated with the time
elapsed since last fire, the age of the oldest trees in each
plot, the stand structure, the richness in DBH classes and
negatively associated with longitude and species rich-
ness (Fig. 3). Species richness and the number of DBH
classes were positively associated with axis 3 (Fig. 3).
Younger successional communities presented a higher
species richness as did stands dominated by balsam fir,
as opposed to stands dominated by P. mariana. Pinus
banksiana was the only species not associated with
either axis 1 or 3.

Along the chronosequence, changes in stand struc-
ture were analysed (Fig. 4). App. 1 presents a detailed
description of stand composition along the chrono-
sequence, which complement the results of Fig. 4. All
DBH classes of P. tremuloides were found together in
the youngest successional communities. As time since
fire increased, P. tremuloides was only represented by

n

Axis 3

N
.
.

! Axis 1

Fig. 3. Position of the 380 plots on axes 1 and 3 of the NMDS
ordination. Vectors showing the influence of the significant
explanatory variables are also shown on the diagram (p < 0.05).
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Fig. 4. Frequency of appearance of the pseudo-species on axes 1 and 3 of the Non-metric Multidimensional Scaling ordination
diagram. The size of the circle corresponds to the number of pseudo-species by species present in the same stand.

one pseudo-species or absent from older stands (App.
1). For P. banksiana, all pseudo-species were never
found in the same stand. P. glauca and B. papyrifera
were present throughout the successional sequence but
rarely characterized by all the pseudo-species (Fig. 4).
The last two species, P. mariana and A. balsamea,
showed similar behaviour in their DBH distribution

Table 2. Summary statistics of the four constrained canonical
correspondence analyses.

Time-since Total Inertia after Variance explained
-fire inertia fitting by environmental
classes of CCA covariables variables
50 yr 2.68 2.34 34.6%
100 yr 241 2.17 19.0%
175 yr 1.5 1.3 20.5%
225 yr 12 1.13 18.5%

along the chronosequence. With increasing time elapsed
since last fire, the DBH distribution of these species
became more uneven. Although pure A. balsamea and
P. mariana dominated stands were found on the ex-
tremes of axis 3, there was a large proportion of stands
with both species present (Fig. 4, App. 1).

Stand dynamics along the chronosequence in relation
to environment

Separate partial CCAs (constrained by geographical
location) were computed by age class, to assess the
effect of environmental factors and stand characteris-
tics on compositional differences between stands. One
of the major distinctions in stand composition through-
out the chronosequence was characterized by stands
dominated by Picea mariana and the transition from a
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Fig. 5. Ordination diagram based on constrained canonical correspondence analyses of (A) 50, (B) 100, (C) 175 and (D) 225 yr-old
forest stands data. The position of the pseudo-species is also shown on the ordination diagram and the size of the letters refers to the
diameter classes. Only the explanatory variables selected by the forward selection option of CCA are shown on the diagram.

deciduous or mixed canopy to one dominated by Abies
balsamea (Fig. 5). As time since fire increased, the total
inertia of the partial CCAs decreased as stand composi-
tion became more similar (Table 2). The total variance
explained by the variables included in each CCA was
highest in the younger community (50 yr after fire) and
stabilized afterwards (Table 2). The percentage of slope
was the only environmental factor significantly associ-
ated with the compositional differences throughout the
chronosequence.

In the youngest age class, stands dominated by Picea
mariana were located on a rather flat topography and
appeared more irregular in their size distribution (Fig. 5a).
On the right end of axis 1, the presence of all other

species was significantly associated with rock outcrops,
northwest slope aspect and steeper slopes.

In forest stands that belong to the 100 yr-old time-
since-fire class, partial windthrow was a significant
variable contributing to the differences observed in spe-
cies composition (Fig. 5b). This disturbance was mainly
associated with stands dominated by coniferous species.
The structure of these stands was also more irregular.
Species richness was highest where deciduous species
and Picea glauca were present (Fig. 5b) and these
species were found on steeper slopes and at higher
elevations. In the 175 yr-old age class, stands dominated
by A. balsamea presented an irregular distribution in
their size structure (Fig. 5c). In comparison, pseudo-
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Fig. 6. Frequency of occurrence of windthrow in relation to
the dominant species association in the stand and the time
elapsed since last fire. A “+” sign represents a significant
excess of stands affected by windthrow and a “-” represents a
significant deficiency of stands.

species characterizing Picea mariana were farther apart
on axis 1. It was in the oldest stands (Fig. 5d) that an
irregular size distribution was observed for Picea
mariana, as emphasized by the significant relationship
of stand structure with axis 1.

The frequency of windthrow was analysed along the
chronosequence for deciduous, Abies balsamea and
Picea mariana dominated stands. Windthrow did not
affect the youngest successional community (50 yr-old
stands). For stands dominated by balsam fir, the con-
tingency analysis revealed a significant deviation from
the expected distribution (df = 2; y*=10.5; p = 0.005)
(Fig. 6). There was a significant excess of plots af-
fected by windthrow in the 175 yr-old age class, while a
significant deficiency of plots affected by the same
disturbance characterized the oldest age class. For Picea
mariana-dominated stands, there was no significant de-
viation from the expected distribution (Fig. 6). Finally,
deciduous dominated stands were only present in the
100 yr-old age class where more than 35% of the stands
were affected by windthrow.

Discussion

Changes in size structure

Although the environmental factors were responsible
for explaining part of the variability in species composi-
tion, their effect decreased with increasing time elapsed
since fire, as canopy composition became more similar
between stands. Despite this apparent convergence, the
occurrence of small-scale disturbances contributed to

create suitable conditions for the establishment of new
species. The presence of small and large diameter stems
of Betula papyrifera in these old communities reflected
the dynamic nature of these stands (App. 1).

The composition of the youngest successional com-
munities was influenced by environmental conditions,
as revealed by the separate CCA and the variance ex-
plained by the abiotic factors. However, with increasing
time elapsed since the last fire, other disturbances af-
fected forest dynamics. Windthrow was a significant
factor contributing to the development of irregular size
distribution of coniferous stands. Ruel (2000) has shown
that pure A. balsamea stands and old individuals were
especially vulnerable to windthrow. Since this distur-
bance does not affect all the individuals in a stand, it
may contribute to the development of a multi-layered
canopy. Canopy gaps resulting from natural tree mortal-
ity or spruce budworm outbreaks were identified as
major factors controlling the dynamics of some boreal
regions (Kneeshaw & Bergeron 1998). Even with a fire
cycle of 100 yr (Bergeron 1991), gap dynamics was an
important element contributing to long-term forest dy-
namics in this region. Groot & Horton (1994) also
suggested that partial canopy disturbances could control
the dynamics of Picea mariana stands older than 160 yr,
leading to the development of uneven aged structures. It
is thus highly probable that in the Quebec North Shore
region similar processes will affect forest development,
considering that the fire cycle could be much longer. A
fire rotation of 500 yr has been estimated for southeast-
ern Labrador (Heinselman 1973; Foster 1985), a region
close to our study area.

Changes in forest composition along the chronosequence

The results revealed two major post-fire succes-
sional trends. They were characterized by the early
dominance following fire of Picea mariana or by a
deciduous or mixed canopy. For the successional trend
of P. mariana, there were no major changes in species
composition in the first 100 yr following fire. How-
ever, in forests of more than 175 yr old, close to 40% of
the stands were sharing their dominance between P.
mariana and Abies balsamea. Throughout the range
occupied by P. mariana, it was suggested that a short
fire recurrence was responsible for the absence of any
successional changes (Dix & Swan 1971; Black &
Bliss 1978; Cogbill 1985; Morneau & Payette 1989).
Although recruitment was possible and uneven-aged
stands were observed (Foster 1985; Foster & King
1986; Bergeron & Charron 1994), the understory co-
hort had a very low probability of reaching the canopy
because recruitment was too low, mortality very high
and fires too frequent (Johnson 1992). Although there
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were no major changes in canopy composition of P.
mariana stands, the results suggested that the size
structure evolved towards a multi-layered forest. In the
absence of fire, P. mariana-dominated stands slowly
developed an uneven size distribution. The presence of
A. balsamea in old P. mariana stands also suggested
that changes in stand composition could still occur.
This observation was supported by previous studies in
which it was hypothesized that A. balsamea could
succeed P. mariana in stands on fertile swamps (Groot
& Horton 1994; Carleton & Maycock 1978).

Although not very frequent, Pinus banksiana oc-
curred on sandy deposits with Picea mariana. Pinus
banksiana and Picea mariana established shortly after
fire and the changes in canopy dominance with time
elapsed since last fire only reflected the relative growth
rate of each species (St-Pierre et al. 1992). In the ab-
sence of fire, these stands will evolve towards a forest
dominated by P. mariana.

Deciduous and mixed-species-dominated stands
evolved towards an increased dominance of A.
balsamea with time elapsed since last fire. As these
communities grew older, intolerant species like Popu-
lus tremuloides and Betula papyrifera were slowly
replaced in the canopy by A. balsamea (Foster &
King 1986; Bergeron & Dubuc 1989; Bergeron &
Charron 1994). Our results suggested that the occur-
rence of windthrow in 100 yr-old deciduous domi-
nated stands might be involved in this change in
canopy composition. Bergeron (2000) showed that as
the aspen cohort starts to die back, openings are
created contributing to release the growth of sup-
pressed individuals in the understory. From a mono-
specific canopy layer, the composition of the canopy
changed to a mosaic of Abies balsamea, Betula papy-
rifera, Populus tremuloides and Picea glauca (Bergeron
2000).

With time elapsed since last fire, forest dynamics
was increasingly influenced by other types of distur-
bances. In stands over 175 yr-old, gaps resulting from
a spruce budworm outbreak or windthrow affected
close to 50% of the stands dominated by A. balsamea.
Windthrow was also a significant variable to enter the
forward selection in the CCA. The first 100 yr of
community development in these deciduous dominated
stands could be interpreted and predicted from the life
history of the species present in the stand (Noble &
Slatyer 1980; Huston & Smith 1987). Following this
stage, it became hard to predict further community
development from the actual species composition as
disturbances influenced and changed this directional
pathway. The results suggested that A. balsamea should
become a major component of these communities and
that windthrow could contribute in creating suitable

conditions for a rapid accession to the canopy by A.
balsamea. Studies have shown that gap formation did
not significantly increase seedling recruitment of A.
balsamea (MacLean 1988) but it did affect the growth
in height of the advanced regeneration (Kneeshaw et
al. 1998). Since A. balsamea was frequently encoun-
tered in the advanced regeneration of deciduous and
mixed-species-dominated stands (App. 1), it could even-
tually dominate the canopy.

Conclusion

Gap formation resulting from windthrow or spruce
budworm outbreaks are variable in size and in shape,
thus creating highly diversified conditions for species
establishment or the release of the advanced regenera-
tion (Drobyshev 1999; Kneeshaw & Bergeron 1998). In
the absence of fire, establishment, growth and mortality
of both Picea mariana- and Abies balsamea-dominated
stands will be controlled by gap dynamics. This process
will have to be studied in more detail in order to be able
to understand and predict the effect of these distur-
bances on the outcome of succession.
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