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Project Purpose and Management Implications: 
This project was initiated to study competitive relationships between lodgepole pine 
(Pinus contorta) and trembling aspen (Populus tremuloides) and to provide scientifically 
based and operationally useful information about the management of mixed stands. 
Conifer timber production is usually the primary management objective for forest 
plantations and the effects of broadleaves within these plantations are not well 
understood. Pine and aspen were chosen for study because they are the most common 
conifer-broadleaf mixture to occur in the Cariboo-Chilcotin.  
 
An initial retrospective study provided results that have been used to update free growing 
guidelines for some of the IDF and SBS subzones; however, longer-term information is 
needed to refine these guidelines. Data is also needed for other biogeoclimatic subzones 
to determine whether guidelines require modification. We have established four long-
term studies regarding pine-aspen competition in the following ecosystems: IDFxm, 
SBSdw1, SBSdw2 and SBPSxc. Increasingly, the value of mixed species stands for other 
values such as maintaining biodiversity and long-term ecosystem health are being 
recognized and it is important that accurate growth and yield information is available for 
timber supply estimates. 
 
The main focus of the research is species interactions between pine and aspen. 
Neighbourhood studies looking at the influence of aspen on pine growth and 
development have been established in all the long term trials. Except for the initial 
retrospective trial, all of the four replicated trials include treatments where variable 
densities of aspen were retained along with pine. Growth and yield plots are installed on 
three of the trials (Clusko - SBPSxc, Meldrum - IDFxm, and McKinley - SBSdw1). 
These data will be used to calibrate and/or verify tree growth models such as PrognosisBC 
that predict the growth of these complex stands. In addition, light levels in aspen stands 
have been assessed and documented in a variety of subzones across different stand ages 
and aspen densities so that models can be developed to predict light availability based on 
easily measured stand parameters.  
 
There are 3 groups of experiments within this project: 

1. A ‘retrospective study’ was initiated in 1992 in naturally regenerated pine aspen 
forests in the IDFdk and SBSdw1. Some of the results have already been used to 
develop the existing free growing guidelines.  



2. Based on findings from the retrospective study, 4 ‘variable density studies’ were 
established in the – SBPSxc (Clusko), IDFxm (Meldrum), SBSdw1 (McKinley), 
and SBSdw2 (Tyee) subzones to provide information about the effects of aspen 
density and spatial arrangement on pine growth.   

3. A ‘light study’ investigates the relationship between aspen basal area and light 
availability in aspen stands of different ages across a range of subzones.  

 
Objectives 
All the above studies are focused on providing scientifically based information to assist 
in the management of mixed species stands. This project provides options for maximizing 
timber production within mixed species stands while reducing health risks and enhancing 
biodiversity. More specifically the long-term objectives are: 
 

1. To investigate and quantify the effects of trembling aspen competition on 
lodgepole pine growth and performance by (a) assessing established stands, and 
(b) manipulating aspen densities and spatial arrangement within young stands.  

2. To use the above results to produce scientifically-based guidelines for developing 
silviculture prescriptions and implementing operational treatments. 

3. To gather growth and yield data from mixed species stands as they mature. 
4. To determine whether models developed by Dr Comeau at the University of 

Alberta to predict understory and within canopy light availability from aspen 
abundance are suitable for application in Cariboo-Chilcotin SBS, IDF, and SBPS 
stands.  

 
 
Project History:  
All trials are ongoing except the light study which is completed. 
Study Installation 

date 
Last 

Assessment
Publications 

Retrospective Study 1992 2004 Tech report1 #5, 2003 
Neighbourhood 
studies 

   

   Tyee 1994 2005 Tech report # 14, 2004 
   Meldrum 1998 2004 Tech report # 15, 2004 
   Mckinley 1999 2005 Tech report # 32, 2006 
   Clusko 2001 2005 Tech report # 29, 2006 
Growth & Yield 
studies 

   

   Meldrum 2004 2004  
   Mckinley 2003 2005 Tech report # 32, 2006 
   Clusko 2005 2005  
Light study 2003 2004 Forest Ecology and 

Management, 2006 
 

                                                           
1 Tech report refers to the BC Ministry of Forests Technical Report Series which can be found at 
http://www.for.gov.bc.ca/hfd/pubs/Tr.htm.  



 
Funding History: 
This project has received funding from a number of sources including: FRDA II (#B35), 
FRBC (The project had two numbers: CC96025RE and Science Council number: 
FR96/97-032) and FII (#R04-035). 
 
Methodology Overview  
 
Methodologies vary between groups of studies. A brief summary for each group of 
studies is presented below. Please note that due to the number of studies included in this 
project, individual sections are necessarily concise. More detail is available in the BC 
Ministry of Forest Technical Reports. 
 
(1) Retrospective Study (SBSdw1 and IDFdk3/dk4) 
Specific objectives 
1. Investigate and quantify the effects of trembling aspen competition on lodgepole pine.  
2. Identify measures of competition that can easily be obtained by field staff to 

determine how trembling aspen competition is affecting lodgepole pine survival and 
growth. 

3. Monitor lodgepole pine growth and survival over time.   
 

Experimental Design and Assessments 
• On four 8 to 12 year-old sites (two in each subzone), at least 60 pine-centred plots 

(1.78-m radius) were selected on a systematic-random basis to include a range of 
aspen densities. 

• Pine measurements (diameter, height, leader length, vigour), aspen measurements 
(diameter, height), and neighbourhood measurements (distance of aspen from pine) 
were collected in 1992, 1994/1997, 1999 and 2004. 

 
Analysis 
• Correlation analysis was used to determine which neighbourhood variable (e.g., 

density of aspen as tall as or taller than the target pine) or competition index produced 
the highest correlation to pine growth, and non-linear regression models were 
developed to predict pine growth. A number of different competition indices were 
tested. 

•  Each plot was assessed and placed in a tall aspen density class depending on how 
many aspen were taller than the target pine in the 1.78-m radius plot. ANOVA was 
completed to determine if differences in pine growth existed between tall aspen 
density classes. The classes were 0, 1000, 2000, …., 9000 and ≥10,000 tall aspen 
stems/ha.   

 
(2) Variable density and variable brushing radius studies 
Specific objectives for these trials 
 Objectives are similar for the four studies: 



1. To investigate and quantify the effects of trembling aspen competition on lodgepole 
pine growth and performance by: 
a) Removing aspen within a given radius of pine at Tyee Lake (SBSdw2) and at 

Clusko (SBPSxc). 
b) Reducing aspen density to specific levels at Meldrum (IDFxm), Clusko (SBPSxc), 

and McKinley Lake (SBSdw1).  
2. To use the results to verify and refine existing “Free Growing Guidelines” for the 

Cariboo-Chilcotin, especially for subzones where data has been lacking. 
3.  To test the effects of manipulating aspen density on aspen sprouting. 
 
Experimental design (all four trials) 
The McKinley Lake trial is a completely randomized design. The other three studies use 
a randomized complete block design. On all sites, treatments are replicated at least three 
to five times. Treatments are described below for each trial. At Meldrum pre-treatment 
data indicated that the treatments should be blocked by aspen height. However, Tyee 
Lake and Clusko were blocked by geographic location because aspen heights were 
similar but there was distance between blocks. All treatments were assigned randomly 
within the blocks.  
 
Establishment and assessment (for all four trials) 
 
Tyee Lake (SBSdw1) variable brushing radius study 
• On one opening, 12 treatment plots (25x25-m) were established. All treatment plots 

are buffered. 
• The 4 treatments are: 1) total aspen removal, 2) no aspen removal, 3) aspen removal 

within 0.5 m of pine, and 4) aspen removal within 1.0 m of pine. Aspen removal is 
done annually.  

• Total aspen density was not controlled in this study.   
• Crop pine were assessed for diameter, height, leader length, vigour, level of 

overtopping, and damaging agent. 
• Aspen within 1.78-m of the pine were assessed for diameter, height, and distance 

from the crop pine. 
• Eight assessments have been carried out from 1994 to 2005.  
 
Meldrum Creek (IDFxm) and Clusko (SBPSxc) variable density studies 
Information that became available subsequent to installation of the Tyee study suggested 
that overall aspen density was more important to pine performance than whether or not 
aspen was present in close proximity to pine. Therefore, rather than replicating the Tyee 
study, a decision was made to direct resources to establishing two variable density 
studies. 
• The Meldrum Creek study (IDFxm) was established in 1998 in a 6-year-old pine 

plantation with high aspen densities.  
• The Clusko study (SBPSxc) was established in 2001 in a 12-year-old naturally 

regenerated pine-aspen stand. 
• On each site 60 x 60-m treatment plots were established, 15 at Meldrum and 25 at 

Clusko.  The inner 40 x 40-m area was used as an assessment plot. A 7.5 x 7.5-m grid 



was imposed on each assessment plot, resulting in 25 sampling points. Aspen density 
had to be high enough at each point to allow any of the possible treatments to be 
imposed. The first 16 subplots that met the criteria were selected. The pine closest to 
the grid point that was vigorous with no defects was chosen as the target pine.  

• Five treatments were randomly established in each block at both sites: 1) no aspen 
removal, 2) total aspen removal, 3) 1000 stems/ha, 4) 2500 stems/ha, and 5) 4000 
stems/ha. At Clusko, the 4000 stems/ha treatment was substituted with a treatment 
that reflected an operational brushing procedure where aspen was removed from 1 m 
around target pine.   

• Crop pine were measured for height, diameter, leader length, crown width and length, 
vigour, and damaging agents. 

• Aspen within 3-m (Meldrum) or 2.56 m (Clusko) of the crop pine were assessed for 
height, diameter, and distance from the pine. 

• Densities of new aspen suckers within a the same radii were counted and a random 
sub-sample of sucker heights and diameters were collected.   

• Assessments are scheduled to occur every 2 years for the first 6 years following aspen 
removal treatments. After that, the need for additional measurements will be 
evaluated.  

 
McKinley Lake (SBSdw1) variable density study 
In 1999, MOF Research Branch and Weldwood established a similar trial to the Meldrum 
and Clusko variable density studies on a naturally regenerated site in the SBSdw1. This 
installation is replicated in the Prince George Region (‘Vama Vama’ site managed by Dr. 
Hawkins), but the study was separated for administrative reasons after the Red Rock 
Research Station was closed.  Objectives for the McKinley study fit well with the 
Cariboo-Chilcotin studies, so it was taken on by this project.  
• Five aspen retention treatments were applied to 50- x 50 m plots in an 11-year-old 

mixed-species stand of aspen and lodgepole pine on one opening in July 1999. 
Resultant aspen retention treatments included: 0, 500-800, 1000-1500, and 2000-2800 
stems ha.  

• Pine and aspen were measured in a 5.64-m radius permanent measurement plot. 
These smaller plots will be used to collect data for juvenile tree height growth 
modelling for mixed species stands for the calibration of PrognosisBC. Each tree over 
1.3 m is tagged and assessed for height, diameter, crown size, vigour and damage. 
Smaller trees and aspen suckers were assessed in four 1.78 m radius subplots located 
3-m from the 5.64 m plot centre at the four cardinal directions. 

• Sixty free growing and not free growing trees according to the 1999 standards (BC 
Min. For. 1999) were randomly selected over the treatment units. A free growing tree 
was paired with a not free growing tree of similar size. Assessments of free growing 
status and performance of the pine are scheduled for 2000, 2001, 2003, and 2005.  

• Neighbourhood competition studies were established within a 3.99-m around trees 
assessed for free growing status. Species, DBH, and height were recorded for all 
trees. The 2003 and 2005 data was collected for 1.78 m and 3.99 m plots to link to the 
retrospective data. 
 

 



Data analysis (all four variable density trials) 
Data analysis techniques are similar for all four of the long-term studies. ANOVA, mixed 
model analysis, was used to analyze individual pine and aspen variables and planned 
contrasts and / or appropriate means tests were used to test for significant differences 
between specific treatments. Regression analysis was also used to explore relationships 
between pine growth and competition variables such as aspen density or basal area.  
 
(3) Light study 
This study is now complete. 
 
Specific Objectives 
Light is usually the most limiting resource for young conifers growing in broadleaf-
dominated stands, but it is not an easy resource to measure directly on an operational 
basis. Instead, regression models can be used to predict light availability from easily 
measured broadleaf size and abundance variables. The study objectives were: 
 

1. To determine whether models developed by Comeau (2001) to predict understory 
and within canopy light availability from aspen abundance in young BWBS and 
SBS stands in northern BC are suitable for application in Cariboo-Chilcotin SBS, 
IDF, and SBPS stands. The SBPS will be sampled in 2004/2005. 

2. To conduct adequate further sampling for new models to be developed if northern 
BC models are not suitable (further sampling will take place in 2004/2005). 

 
Methods 
Site selection 
Aspen-dominated study sites were selected for sampling. Study sites from this project 
were used where possible.  
 
Experimental Design and Assessments 

• At each site, 8 (minimum 5) sample plots were selected on a systematic-random 
basis along a transect through a representative section of the stand. A minimum of 
30 plots will be sampled. 

• In each 50 m2 plot, the following measurements were done: DBH and species for 
all stems >1.3 m tall, height and height to live crown (HLC) of tallest aspen, 
height of all conifers, height and HLC of 20 randomly selected aspen, modal 
height of aspen, total cover, aspen cover, cover of shrubs <1.5 m tall, conifer 
cover. 

• Simultaneous light measurements were taken under/within the canopy and in open 
conditions using two LAI-2000 units (same methodology as used by Comeau in 
other studies) 

 
Analysis 
Regression analysis was used to evaluate relationships between light transmittance at 
different heights within the canopy and aspen and conifer tree abundance. Various 
models were tested.  
 



(4) Growth and Yield installations 
 
Growth and yield plots are established on three of the study sites. The data collection 
follows the standard growth and yield manual published by the Ministry of Natural 
Resources (BC Min of Sus Res. 2003). Some modifications were made with regard to 
plot size. To capture site variability all replications in each trial were sampled, therefore 
the plots were reduced in size to allow for reasonable cost for the assessments. All trees 
over 30cm were assessed. Pine less than 1.3 m tall and aspen less than 2 cm dbh were 
sampled in 2 to 4 smaller subplots in each treatment unit. The number of smaller plots 
was consistent within a study. Browsing on aspen resulted in selecting a larger size 
compared to pine. No analysis of this data has been complied yet.  
 
Project Scope and Regional Applicability 
 
Trial results are directly applicable to the subzones studied (the SBPSxc, IDFdk3, 
SBSdw1, and the SBSdw2) within the Cariboo-Chilcotin area and will assist in 
developing guidelines for these ecological units. Some data can perhaps be extended to 
areas with similar ecological conditions.  However, the concepts developed from these 
studies such as indicating a large variation in performance of the same species 
combination across ecological boundaries can be applied province wide and to a variety 
of species combinations. Data can also be combined with other studies such as PROBE 
(refer to project #Y073024) which will further assist in understanding the interaction 
between species in mixed species stands. The G&Y plots will help to quantify the effect 
on timber supply.  



Interim Conclusions 
Most of these studies have published technical reports that provide preliminary results 
from early trial assessments. Observations from these studies will continue over time as 
the stands mature. Monitoring of pine performance through and beyond the free-growing 
phase will assist in improving and refining the free-growing guidelines in pine-aspen 
mixed stands.  

 

Abstracts for the papers published in 2006 are given below. These provide interim results 
for these studies. Three previous publications are available as technical reports and are 
listed under trial history above. Similar abstracts presenting interim results are available 
in these reports. Also an overview of the publications that are in progress is given. Data is 
still being analyzed and interpretations refined for these parts of the project.  

 
Results from the Clusko (SBPSxc) Study 
Newsome, T.A., J.L. Heineman, and A. Nemec. 2006. Early effects of manipulating 
aspen density and spatial arrangement on lodgepole pine performance, aspen sucker 
production, and stand development in an 11 year-old stand in the SBPSxc subzone of 
south-central British Columbia. B.C. Min. For. Range, Res. Br., Victoria, B.C. Tech. 
Rep. 029.  

Two years after treatments were applied, 2001-2003 target pine stem diameter increment 
was significantly larger in the 0, 1000, and 2500 stems ha-1 removal treatments than in 
the uncut control. In 2003, target pine stem diameter was significantly larger in the 
complete aspen removal treatment than in the control, and height:diameter ratio was 
smaller. Aspen removal treatments had no significant effect on lodgepole pine height, 
leader length, or crown width within 2 years of treatment. 
 
Regression analysis showed that when the stand was 13 years old, lodgepole pine stem 
diameter growth decreased with increasing density of aspen that were at least as tall as 
the target pine. The relationship was strongest where aspen were included within a 2.56-
m radius plot, which was the largest neighbourhood examined in this study, and was not 
statistically significant in neighbourhoods with smaller radii. At age 13, tall aspen density 
accounted for a maximum of 21.2% of the variation in pine growth, with the strongest 
relationship occurring between 2-year pine stem diameter increment (2001-2003) and 
2003 tall aspen density. At the stand level, reducing aspen density immediately changed 
the diameter distribution of aspen and reduced its basal area, although after 2 years aspen 
continued to have greater basal area than pine in all but the complete aspen removal 
treatment. Two years after cutting, aspen sucker density had decreased significantly with 
the level of aspen retention. Complete aspen removal resulted in an average density of 
approximately 93 000 suckers ha-1 after 2 years, compared with approximately 44 000 
and 22 000 suckers ha-1 in the 1000 and 2500 stems ha-1 retention treatments, 
respectively. 

 



Results from Mckinley Lake (SBSdw1) study 
Newsome, T.A., J.L. Heineman, and A. Nemec. 2006. Effects of variable density aspen 

retention treatments on lodgepole pine performance, aspen sucker production, and 
stand development at McKinley Lake in the SBSdw1 variant of south-central 
British Columbia. B.C. Min. For. Range, Res. Br., Victoria, B.C. Tech. Rep. 032.  

In 1999, an experiment was established to examine the effects of reducing aspen density 
on stand-level lodgepole pine and aspen growth in the SBSdw1 biogeoclimatic variant of 
the Cariboo-Chilcotin. Aspen retention treatments of 0, 500-800, 1000-1500, and 2000-
2800 stems ha-1 were applied in an 11-year-old mixed-species stand of aspen and 
lodgepole pine. One year after cutting, aspen basal area in these retention treatments was 
0, 1.25, 3.05, and 2.89 m2 ha-1, respectively, compared with 5.36 m2 ha-1 in the control. 
Four years after treatment, based on stand-level measurements taken in permanent 
measurement plots, pine vigour tended to be better in treatments where <1000 aspen 
stems ha-1 had been retained but there were no significant differences in mean stand-
level lodgepole pine height, stem diameter, quadratic mean diameter, or basal area as a 
result of the aspen retention treatments. 
 
Aspen suckering was assessed 2 and 4 years after cutting. Sucker densities differed 
significantly between aspen retention treatments after 2 years, ranging from 28 187 stems 
ha-1 in the complete aspen removal treatment to 344 stems ha-1 in the 2000-2800 stems 
ha-1 treatment. Sucker densities appear to have declined naturally by approximately 35% 
between years 2 and 4 after cutting; however, this apparent decline may be partly due to a 
change in the sampling method. There were no significant differences between treatments 
in sucker height in either year 2 or 4 after cutting. 
 
In addition to stand-level measurements, the ongoing performance of target lodgepole 
pine that had, or had not, met existing British Columbia Ministry of Forests free-growing 
requirements at a stand age of 12 years was assessed. By 2003, pine in the free-growing 
group were larger than those in the not free-growing group according to all measurement 
criteria. Regression analysis showed that tall aspen (i.e., aspen at least as tall as the target 
pine) within a 1.78-m radius were more important competitors with the target pine than 
aspen that were further away. When the stand was 13 years old, tall broadleaf basal area 
explained 25.7% of the variation in 2000-2003 lodgepole pine stem diameter increment. 

Results from the Light Study 
Phil Comeau, P., J. Heineman and T. Newsome. 2006 Evaluation of relationships 
between understory light and aspen basal area in the B.C. central interior. Forest Ecology 
and Management. Vol 226, p 80-87. 

Data from twenty, 9–40-year-old, aspen (Populus tremuloides Michx.) stands in four 
biogeoclimatic zones of north-eastern and central British Columbia (BC) were analyzed 
to determine whether relationships between under- and within-canopy light availability 
(measured using the LiCor LAI-2000) and aspen abundance were similar between 
ecosystems. A logarithmic model provided the best-fit for these data, explaining 51–81% 
or 51–82% of the variation in light availability when aspen basal area (BAa) or aspen 



relative density (RDa), respectively, was the independent variable. Relationships between 
understory light and BAa or RDa differed significantly (p < 0.001) between 
biogeoclimatic zones, indicating that zone-specific models are appropriate. The BWBS 
and SBS zones were similar, but differed from the drier IDF and SBPS zones, which also 
differed from each other. These results indicate that differences in relationships between 
resource capture and plant dimensions may be one reason for differences in competitive 
influences of aspen in different areas. Basal area and relative density of aspen were also 
found to be higher in moister zones than in drier zones, and also contribute to differences 
in the competitive effects of aspen.  

Vertical light gradients were also measured to a height of 8 m within aspen canopies. 
Light availability increased rapidly with relative height in the canopy, especially where 
transmittance to the understory was low. As with understory light, relationships differed 
significantly (p < 0.001) between biogeoclimatic zones.  

Upcoming Reports 
Retrospective Study 
A paper summarizing the lodgepole pine growth response in a range of aspen densities 
over a period of 13 years is presently being prepared. Initial data analysis indicates that 
aspen abundance variables assessed in 1999 can predict a large percentage (up to 65%) of 
the variability in pine performance. This means that future growth response in similar 
stand types may be predicted from present conditions with a fair degree of accuracy. 
Development of pine growing under different levels of aspen competition will be 
described. A variety of aspen abundance variables will be tested as well as selected 
competition indexes from other studies.  
 
Combined Study Paper 
In 2007 a paper which will combine the individual trial results will be initiated. The 
objective of the paper is to combine and contrast the differences in competitive 
relationships between aspen and lodgepole pine across ecological boundaries. Then to 
determine trends that can be applied practically to improve forest management 
techniques.  
 

Project contacts:  

For information on all aspects of the project : Teresa  Newsome, BC Ministry of Forests, 
#200- 640 Borland Street, Williams Lake BC. V2G 4T1, E-mail: 
Teresa.Newsome@gov.bc.ca. 
For information on the light study only: Phil Comeau: E-mail: pcomeau@ualberta.ca.  
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