
Southern
Interior
Forest Region

Extension Note

10
March 2009

Teresa Newsome 

Ministry of Forests and Range
Southern Interior Forest Region
Forest Science Program

Competitive Interactions between 
Trembling Aspen and Lodgepole Pine 
in Juvenile SBSdw1 and IDFdk3 
Stands in the Cariboo–Chilcotin 
Abstract

Competitive interactions between 
naturally regenerated lodgepole 
pine and trembling aspen in the 
SBSdw1 and IDFdk3 were as-
sessed as the stands aged from 12 
to 24 years. We identified density 
thresholds for tall aspen (as tall 
or taller than the target pine) 
that were associated with three 
separate lodgepole pine growth 
objectives: (1) achieving 80% pine 
survival, (2) achieving fair to good 
pine vigour for 80% of pine, and 
(3) achieving 90% of open-grown 
pine diameter growth. Aspen den-
sity was assessed within a 1.78 m 
radius around target pines. The 
pine diameter growth threshold 
was similar in both ecosystems:
1000 tall aspen stems/ha. Howev-
er, the pine survival threshold was 
lower in the SBSdw1 (7000 tall  as-
pen stems/ha) than in the IDFdk3 
(9000 stems/ha). Similarly, the pine 

vigour threshold was lower in the 
SBSdw1 (1000 tall aspen stems/ha) 
than in the IDFdk3 (5000 stems/
ha). Additional work is required to 
understand the management and 
operational implications of retain-
ing aspen to these higher densities. 

Introduction

Throughout the Cariboo-Chilcotin, 
trembling aspen grows in mixed 
juvenile stands along with lodge-
pole pine. Regardless of ecosys-
tem, aspen has historically been 
targeted by broadcast removal 
treatments in order to improve 
pine survival and growth and to 
meet free-growing requirements. 
We now know, however, that 
aspen plays an important role in 
maintaining forest health, that its 
importance as a competitor varies 
with ecosystem, and that retaining 
at least some stems during brush-
ing can reduce suckering. Current 
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management scenarios focus on avoiding 
unnecessary brushing treatments, but when 
brushing is required, the intent is to retain as 
many aspen as possible while still meeting 
lodgepole pine growth objectives. To ac-
complish this, we require ecosystem-specific 
information about aspen density thresholds 
and the duration of competition between 
aspen and pine.

To investigate differences in pine-aspen 
competition between a moist (SBSdw1) and 
a dry (IDFdk3) ecosystem, we repeatedly 
examined two naturally regenerated, un-
treated pine-aspen stands in each biogeocli-
matic variant as the stands aged from 12 to 
24 years (Figure 1). The two SBSdw1 stands 
were sampled at ages 12–13, 17–18, and 22–23 
years; the two IDFdk3 stands were sampled 
at ages 13–17, 15–19, and 20–24 years. At each 
site, we assessed the survival, vigour, height, 
and ground-level diameter (GLD) of pine that 
were growing among 11 densities of aspen 
(0, 1000, 2000, . . . , >10,000 tall aspen stems/

ha) that were at least as tall as the target pine. 
Height and GLD of individual aspen stems 
within a 1.78 m radius of each target pine 
were measured, and tall aspen density/ha 
was calculated based on these data.

We identified thresholds for tall aspen den-
sity retention that were associated with three 
separate lodgepole pine growth objectives: 
(1) achieving 80% pine survival, (2) achieving 
fair to good pine vigour for 80% of pine, and 
(3) achieving 90% of open-grown pine diam-
eter growth. Regression analysis was used to 
determine how much of the difference in pine 
size could be explained by tall aspen density. 
Methods are fully described by Newsome et 
al. (2008).

Our objectives were:

1. to quantify and compare the effects of as-
pen competition on lodgepole pine in the 
SBSdw1 and the IDFdk3; 

Figure 1  Location of IDFdk3 and SBSdw1 study sites.
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Figure 2  Survival (total bar height) and vigour of target lodgepole pine in tall aspen density classes 
in (a) 22- to 23-year-old SBSdw1 stands, and (b) 20- to 24-year-old IDFdk3 stands. Tall 
aspen density thresholds for achieving 80% survival are indicated by the solid arrows, and 
the thresholds for achieving 80% fair to good vigour are indicated by the dashed arrows. 
Eighty percent is indicated by the heavy dashed horizontal lines.
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2. to determine if the effects of competition 
increased with age;

3. to identify aspen density thresholds for 
pine growth and survival in each ecosys-
tem; and

4. to examine the extent to which tall aspen 
density could predict the competitive ef-
fects of aspen on pine.

Results and Discussion

Lodgepole pine survival and vigour
In both the SBSdw1 and the IDFdk3 eco-
systems, the survival of 20- to 24-year-old 
lodgepole pine declined significantly with 
increasing tall aspen density, but thresholds 
for 80% pine survival were lower in the moist 
SBSdw1 (7000 tall aspen stems/ha) than in 
the dry IDFdk3 (9000 stems/ha) (Table 1, 
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Figure 2). Trends in vigour also differed 
strongly between the two ecosystems. In the 
SBSdw1, approximately 50% of pine were in 
poor vigour or were dead where tall aspen 
density exceeded 1000 stems/ha (Figure 2a). 
A similar decline did not occur consistently in 
the IDFdk3 until tall aspen density exceeded 
5000 stems/ha (Figure 2b). If poor vigour pine 
in these 20- to 24-year-old stands eventually 
die, then tall aspen density greater than 1000 
stems/ha in the SBSdw1 and 5000 stems/ha 
in the IDFdk3 will have had an unacceptable 
effect on pine survival.

Lodgepole pine growth
In both the SBSdw1 and the IDFdk3, lodge-
pole pine growth declined significantly as 
tall aspen density increased. In the SBSdw1, 
competition effects on pine became more pro-
nounced as stands aged from 12 to 24 years, 
but in the IDFdk3, they gradually weakened 
with time. This suggests that the competi-
tive effects of aspen on pine had peaked in 
IDFdk3 stands by the time they were 20–24 
years old, whereas the effects were still in-
creasing in SBSdw1 stands of that age.

A threshold of 1000 tall aspen stems/ha 
was associated with 90% open-grown lodge-
pole pine growth in both ecosystems (Table 
1, Figure 3). The threshold became more 
sharply defined as SBSdw1 stands aged, but 
it was not clearly defined at any age in the 
IDFdk3. 

The height differential between aspen 
and pine was consistently smaller in the 
IDFdk3 than the SBSdw1, although it gen-
erally increased with tall aspen density in 
both variants (Figure 4). Reductions in pine 
vigour (i.e., < 80% of pine were in fair to good 
vigour) occurred in the IDFdk3 where aspen 
was more than 1.41 times as tall as pine, and 
in the SBSdw1 where it was more than 1.26 
times as tall as pine. Both pine and aspen 

Table 1  Tall aspen density thresholds for achieving 80% 
survival, 80% fair to good vigour, and 90% of open-
grown diameter growth in the SBSdw1 and the 
IDFdk3

 Tall aspen density 
 (stems/ha)

Pine growth variable SBSdw1 IDFdk3

80% survival 7000 9000
80% fair to good vigour 1000 5000
90% of open-grown 
diameter growth 1000 1000
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Figure 3  Lodge pole pine diameter in tall aspen density classes in (a) the SBSdw1 at stand ages of 
12–13, 17–18, and 22–23 years, and (b) the IDFdk3 at stand ages of 13–17, 15–19, and 
20–24 years. Circles indicate the tall aspen density threshold for achieving at least 90% 
open-grown diameter growth at the oldest stand ages.
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Figure 4  A comparison of lodgepole pine and tall aspen height in tall aspen density classes in   
(a) 22- to 23-year-old SBSdw1 stands, and (b) 20- to 24-year-old IDFdk3 stands. 

were smaller in the IDFdk3 (Figure 5) than 
the SBSdw1 (Figure 6).

Regression analysis showed that tall aspen 
density was well-correlated with lodgepole 
pine diameter and height growth. Tall aspen 
density explained 63% of the variation in pine 
diameter and 69% of the variation in height.

Preliminary management interpretations

• Earlier and more aggressive brushing 
intervention is required in the moist 
SBSdw1 than in the dry IDFdk3 to ensure 
that lodgepole pine survival and growth 
requirements are met.

• Counting the number of tall aspen within 
a 1.78 m radius (10 m2 area) around crop 
lodgepole pine is a good way to assess 
the level of competition the pine are 
experiencing. However, it is important to 
understand that the following suggested 
thresholds are based on relationships in 
stands where natural aspen and lodgepole 
pine regenerated concurrently following 
disturbance, and where lodgepole pine 
(at least at the lower aspen densities) are 
growing within, rather than under, the as-
pen canopy. Height differentials between 
pine and aspen that are larger than those 
illustrated in Figure 4 are likely to indicate 
higher competition levels. Ecosystem-spe-

Figure 5 A 13-year-old IDFdk3 pine-aspen stand.

cific thresholds and the associated recom-
mendations from our study are as follows:
• SBSdw1—Reducing tall aspen density 

to a maximum of 1000 tall aspen stems/
ha by the time stands are 12–13 years old 
is recommended to prevent unaccept-
able declines in lodgepole pine growth, 
vigour, and eventually survival. At this 
threshold, aspen was 1.26 times as tall 
as the 22- to 23-year-old pine. 

• IDFdk3—Management strategies 
can be somewhat more flexible in the 
IDFdk3. Reducing tall aspen density 
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to 1000 tall stems/ha is suitable for 
optimizing lodgepole pine diameter 
growth, but it is not essential if some-
what reduced growth rates are ac-
ceptable. Vigour of 22- to 24-year-old 
pine did not seriously decline until tall 
aspen density exceeded 5000 stems/ha. 
At this threshold, aspen was 1.41 times 
as tall as pine; at 1000 tall stems/ha, it 
was 1.19 times as tall. 

• Results suggest that the competitive ef-
fects of aspen on pine have peaked by the 
time IDFdk3 stands are 20–24 years old, 
whereas competition is still increasing in 
SBSdw1 stands of the same age.

Summary

Our results suggest that current free-growing 
standards allowing a maximum of two count-
able broadleaves in the SBSdw1 and five 
countable broadleaves in the IDFdk3 within 
a 3.99 m radius survey plot are conservative. 
However, it is important to remember that 
competition is a dynamic process. Our results 
are based on neighbourhood responses with-
in a 1.78 m radius in stands up to a maximum 
stand age of 24 years. Longer-term measure-
ment is necessary before firm conclusions 
can be drawn. This is especially true for the 
SBSdw1, where competition effects were still 
increasing at age 22–23 years. We also need 
to consider the ramifications of higher stand-
level aspen retention from an operational 
perspective. Additionally, the importance 
of the height differential between aspen and 
lodgepole pine is being examined as a means 
of characterizing competitive interactions. 
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Figure 6 A 13-year-old SBSdw1 pine-aspen 
stand.
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