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The responses of black spruce growth to an
increased proportion of aspen in mixed stands1
Sonia Légaré, David Paré, and Yves Bergeron

Abstract: In the southeastern boreal forest of Canada, the presence of mixed stands of black spruce (Picea mariana
(Mill.) BSP) and trembling aspen (Populus tremuloides Michx.) growing in similar abiotic conditions offers the opportunity to study the influence of aspen on stand volume and spruce growth. A regression analysis performed on field
data from the ministère des Ressources naturelles du Québec showed a significant relationship between the relative
basal area of aspen (aspen relative basal area was determined by the ratio of aspen basal area to total basal area of the
stand) and the total stand merchantable volume after accounting for stand density. However, the relationship between
total black spruce volume and relative basal area of aspen was not significant, implying that the volume gain was, in
fact, aspen fibre. The positive effects of aspen on black spruce DBH and height were only present when the proportion
of aspen in the stand ranged between 0% and 41% of the total stand basal area. These results suggest that aspen uses a
different niche than black spruce. Furthermore, the significant increase in black spruce dominant height along the aspen
gradient suggests that aspen enhances soil fertility by its influence on nutrient availability. The management of mixed
stands, which make up an important proportion on the landscape, offers an example as to how commercial management
of the forest can be in agreement with ecosystem management.
Résumé : Dans la forêt boréale du Sud-Est du Canada, la présence de peuplements mixtes d’épinette noire (Picea mariana (Mill.) BSP) et de peuplier faux-tremble (Populus tremuloides Michx.) croissant dans des conditions abiotiques
similaires a offert l’opportunité d’étudier l’influence du peuplier faux-tremble sur le volume du peuplement et la croissance de l’épinette noire. Une analyse de régression effectuée sur des données d’inventaire du ministère des Ressources
naturelles du Québec révèle qu’il y a une relation significative entre la surface terrière relative en peuplier et le volume
marchand total du peuplement. Cependant, la relation entre la surface terrière relative en peuplier faux-tremble et le volume marchand en épinette noire n’est pas significative, suggérant un gain net en fibre de peuplier. L’effet positif du
peuplier faux-tremble sur le DHP et la hauteur de l’épinette noire est présent seulement lorsque le peuplier fauxtremble couvre de 0 à 41 % de la surface terrière du peuplement. Ces résultats suggèrent que les deux espèces utilisent
une niche écologique différente. De plus, l’augmentation significative de la hauteur de l’épinette noire le long du gradient de peuplier faux-tremble suggère que la présence du peuplier augmente la fertilité du sol par son influence sur la
disponibilité des nutriments. L’aménagement de peuplements mixtes, qui sont abondamment représentés dans le paysage forestier, pourrait offrir une situation où la mission commerciale de la forêt pourrait être en accord avec l’aménagement écosystémique.
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Introduction
The management of mixed stands, which make up an important proportion of the boreal forest landscape in Canada,
is favoured by ecosystem management, which focuses on the
conservation of all seral stages (Bergeron and Harvey 1997;
Bergeron et al. 1999). This coarse-filter approach advocates
that the conservation of the forest structure at the landscape
level could allow the maintenance of biodiversity. In addition to maintaining biodiversity, mixed management could

enhance stand resistance to wind damage, diseases, and insect outbreaks and may represent a way to reduce economical risk by compensatory growth (Kelty 1992; Frivold and
Mielikaïnen 1990). However, because of the large array of
species combinations and different structure possibilities, little is known about the dynamics of mixed stands (Assmann
(1961) in Frivold and Kolström (1999)), and mixed management is often associated with a lower yield. The outcome of
mixed stand management in terms of forest productivity,
which depends particularly on site conditions and species
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combinations, has been ambiguous, in part because of contrasting results and inappropriate study designs (Tarrant
1961; Tarrant and Trappe 1971; Binkley 1983; Perry et al.
1987; Frivold and Mielikaïnen 1990; Binkley 1992; Kelty
1992).
There are two main mechanisms that may explain the improvement of stand growth in mixed stands: (1) the use of
different ecological niches by each species, which maximizes the use of site resources, and (2) the positive influence
of deciduous species on nutrient cycling (Kelty 1992). However, interspecific competition for resources such as light,
water, and nutrients may also negatively affect stand growth.
In the southeastern boreal forest of Canada, the productivity
of black spruce (Picea mariana (Mill.) BSP) stands is very
low, averaging 1 to 2 m3·ha–1·year–1. The influence of black
spruce on nutrient cycling has been suggested as an explanation for the low productivity of these forests (Flanagan and
Van Cleve 1983). The poor quality of black spruce litter decreases decomposition rate, thus lowering nutrient availability as well as soil temperature. These conditions lead to an
unproductive stand with a thick organic layer that inhibits
the processes of nutrient mineralization, thus reducing nutrient uptake by plants (Viereck 1973; Van Cleve and Viereck
1981; Foster 1983). On the other hand, trembling aspen
(Populus tremuloides Michx.) increases nutrient cycling because of the chemical quality of its litter (Van Cleve and
Noonan 1975; Paré and Bergeron 1996). The presence of aspen in a stand dominated by black spruce could positively
influence the decomposition processes, nutrient availability,
and microclimatic conditions, which could allow for better
growth of black spruce. In this paper, we hypothesized that
the presence of aspen in mixed stands positively influences
(1) the growth of black spruce and (2) the total merchantable
volume of the stand. The objectives of this study were to estimate the volume of black spruce stems and the stand total
merchantable volume along a gradient of stands with an increasing proportion of aspen, and to test whether a certain
proportion of aspen is conducive to a significant increase in
the volume of black spruce stems and black spruce stands.
The present study used the forest inventory of the ministère
des Ressources naturelles du Québec, which provided observations of the growth of black spruce along a gradient of
stands with various proportions of aspen. This allowed a
more complete understanding of the influence of aspen on
black spruce growth. On the other hand, observational approaches like this one do not allow for a full control over environmental variables. Nevertheless, precautions were taken
to avoid, as much as possible, the correlation between site
characteristics and species composition.

Methods
Study area
The study area was located in the Abitibi–Témiscamingue
region, in the southeastern boreal forest of Canada. The latitude of the plots varied from 47°77′N to 50°10′N, and the
longitude varied from 76°47′W to 79°45′W. Selected plots
are either part of the western balsam fir – paper birch (Abies
balsamea (L.) Mill. – Betula papyrifera Marsh.) bioclimatic
domain or part of the black spruce – feathermoss (Pleurozium schreberi (Brid.) Mitt.) forest of western Quebec
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(Grondin 1996). These domains extend over the Clay Belt
region of Quebec and Ontario, a major physiographic region
resulting from the deposits left by the proglacial lakes Barlow and Ojibway at the time of their maximum expanse, in
the Wisconsinian stage (Vincent and Hardy 1977). The nearest weather stations are located in Val d’Or, Amos, and La
Sarre, where the average annual precipitation is 927.2,
920.0, and 856.8 mm, respectively, and average annual temperature is 1.2, 1.1, and 0.8 °C, respectively, according to
Environment Canada (1993).
Sampling design
For this study, we used a part of the forest inventory
database of the ministère des Ressources naturelles du Québec that covers two administrative regions (Abitibi–
Témiscamingue and Nord du Québec). The sampling units
of the forest inventory database were circular plots of
0.04 ha, distributed every 150 m along transects of at least
1.5 km. Transects were first randomly determined and selected for composition by the Direction des inventaires
forestiers of the ministère des Ressources naturelles du Québec (Forêt Québec 2000). Starting with more than 8000 plots
over 40 000 km2, we selected all plots (N = 43) that were on
lacustrine clay deposit, had moderate to imperfect drainage,
and contained aspen and black spruce (Fig. 1). To ensure
that drainage conditions were not associated with the abundance of aspen and that the two factors were not confounded, we performed a t test to compare the relative basal
area of aspen between plots with moderate drainage and
ones with imperfect drainage. This test revealed no statistically significant difference (t value = 0.14, p = 0.8905). The
mean aspen relative basal area was 27% for imperfectly
drained sites and 26% for moderately well drained sites (aspen relative basal area was determined by the ratio of aspen
basal area to total basal area of the stand). For the 43 plots
selected, the mean density was 4475 stems/ha, varying from
1200 to 12 425 stems/ha, and the mean age of dominant
black spruce trees was 55 years, varying from 23 to 75 years
(Table 1). Plots with more than 10% of their total basal area
occupied by species other than aspen or black spruce were
also rejected. In general, selected plots were relatively young
mixed stands of black spruce and aspen on well-drained soil.
Diameter at breast height (DBH) was measured for every
stem in each plot. In each plot, the height of three dominant
stems of black spruce was measured with a clinometer, and
their age was assessed by coring. Tree merchantable volume
was calculated with equations using DBH and an estimated
height to calculate the volume of each stem >10 cm DBH
(Perron 1985). These equations are inadequate for small
stems under 10 cm DBH, and the information required to
calculate the volume of these stems was not available in the
forest inventory database; thus total gross volume could not
be calculated.
Forest dynamics
In the western balsam fir – paper birch bioclimatic domain and the black spruce – feathermoss forest of western
Quebec, the disturbance regime is dominated by large crown
forest fires (Heinselman 1981; Bergeron 1991; Payette
1992). In the southern part of the study area, after fires, the
stands generally follow a successional path that is initiated
© 2004 NRC Canada
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Fig. 1. Location of plots in Abitibi–Témiscamingue, northwestern Quebec. Each black dot represents one or more plots.

Table 1. Description of the 43 plots selected from the forest inventory database of
the ministère des Ressources naturelles du Québec with 0% to 87% of relative aspen
basal area.
Basal area (m2/ha)
Stand density (stems/ha)
Merchantable volume (m3/ha)
Dominant black spruce age (years)
Dominant black spruce height (m)
Dominant black spruce DBH (cm)

Mean

SD

Range

31.41
4475.00
152.34
55.38
13.90
14.56

8.62
2741.00
86.17
13.47
2.89
2.25

15.29–49.53
1200–12 425
33.59–461.99
23.00–75.00
8.23–21.50
10.50–20.60

with deciduous species that are gradually replaced by tolerant coniferous species (Bergeron and Dubuc 1989). In the
northern part of the study, the black spruce – feathermoss
domain, the first cohort of black spruce following fire is
even aged. Progressively, in the absence of fire, there is an
accumulation of organic matter that is resistant to rapid decomposition, and the stands evolve to open, irregular, and
unproductive black spruce forests (Van Cleve and Viereck
1981; Foster 1983). In mixed stands, aspen and black spruce
establish themselves at the same time after the disturbance,
and either aspen or black spruce becomes the dominant species or both species are codominant, depending on site conditions, time since last disturbance, and predisturbance
composition (Chen and Popadiouk 2002). In the northern
part of our study area, aspen currently invades logged or
burned areas, which had been dominated by black spruce for
many years. In the Gaspésie region, in the eastern part of
Quebec, this phenomenon was observed, and the main vector for the spread of aspen was identified as the development
of logging road networks (Fortin 2000).

stem density, a polynomial regression analysis was
performed between the relative basal area of aspen and the
residuals of a regression analysis between black spruce
mean DBH and stem density. Polynomial regression was
performed as a multiple regression with the relative basal
area of aspen and square of relative basal area of aspen as
independent variables. Despite the common assumption that
dominant tree height is not influenced by stand density, we
used a polynomial regression analysis for investigating effects of aspen on black spruce mean dominant height with
density as a covariable. With a proportion of aspen basal
area greater than approximately 45%, a negative influence of
aspen was observed on the residuals of the regressions analysis between stem density and both DBH and height of
black spruce. A piecewise regression was performed to test
the significance of the model with two segments and to identify a breakpoint. The following equations were fit to the
data:

Statistical analysis

where x is relative basal area of aspen, τ is the breakpoint, b0
is the y intercept, b1 is the slope for the first segment, and
b1 + b2 is the slope for the second segment (Seber and Wild
1989). The two-piece regression was nonlinear and involved

Individual-species scale
To explore the relationships between aspen relative basal
area and black spruce mean DBH without the influence of

y = b0 + b1x, if x < τ
y = b0 + (b1 + b2)x – b2τ,

if x ≥ τ

© 2004 NRC Canada
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Fig. 2. (a) Regression analysis of black spruce mean DBH against stem density, Y = –0.0004X + 16.456 (R2 = 0.2657, p = 0.0004,
N = 43), and (b) polynomial regression analysis of residuals from the precedent regression against the full gradient of relative basal
area of aspen, Y = –0.0011X2 + 0.0784X – 0.5284 (R2 = 0.1193, p = 0.0789, N = 43).

parameter estimation (NLIN procedure, version 8, SAS Institute Inc., Cary, N.C.). Since the final parameter values
were dependent on initial parameters, data were first assessed visually to estimate parameters. Regressions were
considered significant when the 95% confidence intervals of
one or more consecutive slopes did not contain zero (p <
0.05).
According to the breakpoint identified by the piecewise
regression, it was decided to test the influence of aspen on

the residuals of black spruce mean DBH and dominant
height on a restricted gradient of aspen basal area (from 1%
to 41% of the total stand basal area). A linear regression
analysis was performed between the relative basal area of
aspen and the residuals of a regression analysis between
black spruce mean DBH and stem density on a restricted
gradient of aspen basal area (from 1% to 41% of the total
stand basal area). The same method was followed to test the
relationship between the relative basal area of aspen and
© 2004 NRC Canada

Légaré et al.

409

Fig. 3. (a) Regression analysis of black spruce mean dominant height against stem density, Y = –0.0005X + 16.283 (R2 = 0.2537, p =
0.0006, N = 43), and (b) polynomial regression analysis of residuals from the precedent regression against the full gradient of relative
basal area of aspen, Y = –0.0018X2 + 0.1256X – 0.9181 (R2 = 0.1650, p = 0.0272, N = 43).

mean dominant height of black spruce to control for the influence of stand density on a restricted gradient of aspen
basal area (from 1% to 41% of the total stand basal area).
Finally, an analysis of covariance, with stem density as a
covariable, was used to test the influence of aspen on black
spruce stem volume. This analysis was performed on two
types of sites with different proportions of aspen: 0%–5% of

total basal area, which were considered as control sites, and
5%–15% of total basal area, which were considered as sites
with a slight presence of aspen. Because the assumptions of
the covariance analysis were not met, a nonparametric covariance analysis was performed on four ranges of aspen relative basal area (0%–5%, 5%–15%, 15%–45%, 45%–100%
of basal area), and another nonparametric covariance analy© 2004 NRC Canada
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Table 2. Piecewise regressions performed between aspen relative
basal area and the residuals of both regressions analyses on DBH
and height of black spruce against stem density.
Covariate

DBH

Height

Breakpoint (% aspen basal area)
Standard error (% aspen basal area)
Slope first segment
Slope second segment
R2 (model with two segments)
p value

40.4700
10.5037
0.8976
–0.8561
0.2310
<0.0001

40.6335
9.2312
1.3074
–1.2907
0.2950
<0.0001

Note: R2 = SSregression/SScorrected total; slope second segment = b1 + b2.

sis was performed on three ranges (0%–5%, 5%–15%, 15%–
45%), but there was no significant difference between these
categories.
Stand scale
Because preliminary results suggested a negative impact
of aspen on black spruce growth when it accounted for more
than 41% of the stand basal area, we tested the influence of
the presence of aspen on stand volume along the restricted
gradient (1%–41%) of aspen used in the preceding analysis.
To control the influence of density on stand volume, we performed a regression analysis between the relative basal area
of aspen and the residuals of the regression between total
merchantable volume (all species) and stem density. The
same method was used to test the relationship between the
relative basal area of aspen and the merchantable volume of
black spruce on a restricted range of aspen importance (1%
to 41% of basal area). All statistical analyses were performed using SAS (SAS Institute Inc., Cary, N.C.), and the
significance threshold was fixed at 5%.
Stand age
Despite the great variability among plots in the mean age
of dominant black spruce trees, we did not include this variable in the analyses because, contrary to stand density, age
since last disturbance was not correlated with the relative
basal area of aspen (Spearman correlation tests: all data (N =
43), r = –0.0978, p = 0.5325; 1% to 41% of aspen basal area
(N = 33), r = 0.0449, p = 0.8041).

Results
Individual-species scale
The relationship between DBH and stem density was significant, and the residuals from the regression analysis were
affected by the relative basal area of aspen (p = 0.0789;
Fig. 2). The relationship between black spruce dominant
height and stem density was significant, and the residuals
from the regression analysis were significantly affected by
the relative basal area of aspen (p = 0.0272; Fig. 3). Relative
basal area was positively related to DBH and dominant
height of black spruce when aspen accounted for less than
40% of the stand basal area, but was negatively related when
the proportion of aspen was greater than 40% of the total
stand basal area (Table 2). Considering only the 0%–41%
part of the gradient, we observed that the relationship between black spruce DBH and stem density was significant
and that the residuals from the regression analysis were,

again, affected by the relative basal area of aspen (p =
0.0657; Fig. 4). The relationship between black spruce
height and stem density was significant, and the residuals
from the regression analysis were significantly affected by
the relative basal area of aspen from 0% to 41% (p =
0.0235; Fig. 5). Black spruce stem volume in a stand with
0%–5% of aspen basal area was significantly lower than that
in a stand with 5%–15% of aspen basal area, according to
the covariance analysis with stem density as the covariable
(Table 3; Fig. 6).
Stand scale
Residuals from the significant regression analysis performed on total (all species) merchantable volume and stem
density were significantly affected by aspen basal area when
the proportion of aspen varied between 0% and 41% of the
total stand basal area. However, the residuals from the significant regression analysis of black spruce merchantable
volume and stem density were not significantly affected by
aspen (0%–41%; Fig. 7).

Discussion
Despite the presence of similar abiotic conditions, black
spruce growth changed with the proportion of aspen in the
stand, and the nature of the influence of aspen also changed
with the proportion of aspen in the stand. The apparent absence in the literature (see review by Rothe and Binkley
2001) of a clear trend regarding the effect of mixed-stand
management on stand productivity could be explained, in
part, by variability in the influence of the companion species
with respect to its abundance in a stand. In this study, the
presence of aspen in proportions lower than 41% of total
stand basal area increased black spruce DBH and height.
According to the piecewise analysis models, we estimated
an increase in DBH of approximately 13 to 17 cm and an increase in height of 12 to 17 m with aspen varying from more
than 0% to 41% of relative basal area, which suggests that
facilitative production mechanisms could be present between
aspen and black spruce. Reported site indexes for black
spruce in Quebec’s commercial forest vary from 9 to 18 m
(Pothier and Savard 1998). Observed gains are therefore
highly significant from a growth and yield perspective. For
example, the commercial volume of a 90-year-old mediumdensity black spruce stand with a site index of 12 m is
80 m3/ha compared with 240 m3/ha for a similar stand with
a site index of 18 m (Pothier and Savard 1998).
In addition to a positive influence of aspen on diameter
growth of black spruce, which could increase the economic
value per hectare, the presence of 5% to 15% of aspen basal
area in a stand is sufficient to obtain a higher volume of
black spruce per stem, which could also benefit commercial
users of the forest. However, the presence of aspen seemed
to negatively influence black spruce DBH (12 cm at 85% of
aspen basal area) and height (13 m at 85% of aspen basal
area) when the proportion of aspen reached values greater
than 41% of the total stand basal area. Over this threshold,
the decrease in black spruce growth could be explained by
higher interspecific competition. However, the estimation of
the difference of DBH (1 cm) and height (1 m) between both
extremes of the gradient of aspen (more than 0% vs. 85%)
© 2004 NRC Canada
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Fig. 4. (a) Regression analysis of black spruce mean DBH against stem density, Y = –0.0004X + 16.742 (R2 = 0.3180, p = 0.0006,
N = 33), and (b) regression analysis of residuals from the precedent regression against restricted gradient of relative basal area of aspen (0%–41%), Y = 0.0472X – 0.648 (R2 = 0.1051, p = 0.0657, N = 33).

could be negligible. The relative proportion of aspen in the
stand is a major parameter in mixed management, and more
studies are needed to understand the dynamics of these
stands and to fix a range or a threshold of aspen proportion
for successful management. Despite the attention given to
selecting plots with similar abiotic conditions, there is still a
possibility that the positive influence of aspen on height and
DBH was confounded with differences in soil properties that
were correlated with stand composition and productivity.

The influence of stem density on black spruce dominant
height was not expected, but this relationship has been observed before in black spruce stands of high density
(Grondin et al. 2000).
At the stand scale, the presence of aspen in proportions
lower than 41% of total stand basal area increased the total
merchantable volume of the stand. The absence of a significant relationship between the merchantable volume of black
spruce and the relative basal area of aspen implies that vol© 2004 NRC Canada
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Fig. 5. (a) Regression analysis of black spruce mean dominant height against stem density, Y = –0.0005X + 16.553 (R2 = 0.2769, p =
0.0017, N = 33), and (b) regression analysis of residuals from the precedent regression against restricted gradient of relative basal area
of aspen (0%–41%), Y = 0.7674X – 1.055 (R2 = 0.1549, p = 0.0235, N = 33).

ume gain in the stand is aspen fibre. This suggests that aspen
uses a different ecological niche than black spruce, thus reducing the competition between the species. In addition to
providing an “extra cubic metre” of aspen fibre, the presence
of aspen appears to provide similar merchantable volume of
black spruce that is distributed in fewer stems of greater
height and DBH.

Man and Lieffers (1999) discussed two main mechanisms
by which mixed stands of aspen and white spruce (Picea
glauca (Moench) Voss) could be more productive than a
single-species stand: competitive reduction and facilitative
production. Our results can also be interpreted as competitive reduction, which arises from ecological niche differentiation between species, and facilitative production, which is a
© 2004 NRC Canada
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Fig. 6. Covariance analysis comparing the relative importance of stem density and the relative basal area on the variation of black
spruce mean stem volume (cubic metres per stem). The black line shows the relationship between density and black spruce volume in
stands with 5% to 15% of aspen basal area, and the grey line shows the relationship between density and black spruce volume in
stands with 0% to 5% of aspen basal area.

Table 3. Covariance analysis comparing the relative importance
of stem density and relative basal area of aspen on the variation
of volume by stem of black spruce (cubic metres per stem).
Source of variation

df

SS

F ratio

2

Full model: testing for slope homogeneity, R = 0.51
Model
3
0.0037
Error
14
0.0035
Stem density
1
0.0017
Relative basal area
1
0.0039
Stem density × relative basal area
1
0.0000

4.92*
6.72*
1.56
0.09

Model testing for homogeneity of intercept point, R2 = 0.51
Model
2
0.0037
7.81**
Error
15
0.0035
Stem density
1
0.0017
7.12*
Relative basal area of aspen
1
0.0012
5.01*
Note: *, 0.01 < P < 0.05; **, 0.001 < P < 0.01; ***, P < 0.001.

positive influence of one species on another (Vandermeer
1989). Similarly to the aspen – white spruce case, aspen and
black spruce differ in their shade tolerance. Moreover, the
timing of foliage production of these species is different
(phenological separation). Black spruce keeps its foliage all
year long and could benefit from the absence of aspen foliage in spring and fall to achieve better growth without, or
with less, competition for water and nutrients (Constabel and
Lieffers 1996). However, aspen shade could limit the growth
of black spruce in summer. Parallel to a reduction in crown
competition, there may also be reduced root competition between aspen and black spruce because of niche separation.
In fact, some studies have observed that early-successional
species have deeper root systems than late-successional species (Grier et al. 1981; Gale and Grigal 1987), and this root

stratification could be a competition avoidance strategy
(Strong and La Roi 1983; Kabzems and Lousier 1992; Perry
et al. 1992). However, a study conducted in the southern
part of our study area indicated that stratification of fine
roots changed with the age of the stand (Finér et al. 1997).
Our results suggest that the presence of aspen could enhance the productivity of black spruce in mixed stands. Previous studies conducted in the southern part of our study
area indicated that aspen positively influences nutrient cycling (Longpré et al. 1994; Brais et al. 1995; Paré and
Bergeron 1996). Moreover, forest composition, by its effects
on nutrient cycling, influences understory composition
(Légaré et al. 2001). By influencing the composition of the
understory layer, and especially the presence of sphagnum
that deteriorates the conditions of the decomposition process, aspen could ameliorate the negative effects of black
spruce on nutrient cycling and consequently on stand productivity. The dominance of aspen in a stand may change
growth conditions such as the availability of light, nutrients,
and water. Some of these conditions may become unfavourable to black spruce over a certain threshold.
The presence of more than one tree species may allow a
better use of resources (Vandermeer 1989) and increase the
total biomass of a stand, even though the biomass of each
species in the stand may decrease relative to the biomass of
single-species stands (Lehman and Tilman 2000). In this
study, black spruce total volume was stable along a gradient
of aspen proportion in the stand. However, there was a positive influence of aspen on stand biomass and black spruce
growth within a specific range of aspen abundance. By using
a different ecological niche than black spruce and by improving the conditions for the decomposition process, aspen
could improve the growth of the stand and the growth of
black spruce.
© 2004 NRC Canada
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Fig. 7. (a) Regression analysis on residuals, from the regression performed on total merchantable volume against stem density, Y =
–0.0105X + 188.776 (R2 = 0.1619, p = 0.0275, N = 30), and relative basal area of aspen (0%–41%), Y = 1.9912X – 28.792 (R2 =
0.2284, p = 0.0076, N = 30), and (b) regression analysis on residuals, from the regression performed on merchantable volume of black
spruce against stem density, Y = –0.0047X + 125.824 (R2 = 0.0920, p = 0.1032, N = 30), and a restricted gradient of relative basal
area of aspen (0%–41%), Y = –0.3731X + 5.3957 (R2 = 0.0209, p = 0.4464, N = 30).

Management implications
For the forest industry, which uses mainly softwood species, the presence of aspen requires an additional silvicultural treatment that is conducted to release black spruce
saplings. Despite the commercial value of aspen, the invasion of aspen in the managed landscape, which has been observed by Fortin (2000), worries the industry, and a question
is raised among foresters: How can we fight this welladapted species? In the light of our results, this question
could be changed to: What proportion of aspen do we need
to keep in the stand to reduce the negative impact of black

spruce on nutrient cycling and stand productivity? At different time and spatial scales, the presence of aspen could be
important for the maintenance of forest productivity. Moreover, the management of mixed stands, which make up an
important proportion of the landscape, could offer an example as to how the commercial objectives for the forest can be
in agreement with ecosystem management.
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