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Abstract 
 
This report compiles the available literature regarding the relationship between lodgepole 

pine (Pinus contorta Dougl. ex Loud. var. latifolia Engelm.) growth and interspecific 

competition within mixed-wood canopies. Growth is defined as a tree level or stand level 

change in diameter, height, basal area, volume, biomass, or crown dimensions. Survival, 

vigour, and height to diameter ratio were also examined as they affect growth parameters. 

This review concentrates on studies with measurements of both competitor abundance 

and lodgepole pine growth. 

 
A total of 14 studies with measurements of competitor abundance and lodgepole pine 

growth were identified. The main competitor to lodgepole pine in most of these studies is 

trembling aspen (Populus tremuloides Michx.). Study site locations include the IDF, 

ICH, MS, SBS, and SBPS biogeoclimatic (B.E.C.) zones, Alberta, and Alaska. 

Lodgepole pine age in all the identified studies is juvenile. There is little information 

regarding mature aged lodgepole pine mixed-wood competition. Tree level lodgepole 

pine growth is examined in all but one of the studies and stand level growth is described 

in only three studies. There is also a lack of information on the relationship between 

crown allometry and biomass and mixedwood competition.  

 

The reviewed literature contained regression equations describing lodgepole pine growth 

as a function of competitor abundance for study sites in the IDF, SBPS, and SBS B.E.C. 

zones. Broader comparisons over more B.E.C. zones could be attained if the data from 

several of the reviewed studies were obtained. Currently available data indicates that 

competitor density and the Lorimer (1983) competition index may be potentially useful 

tools in describing lodgepole pine mixedwood compeitition in B.C. The reviewed 

literature indicated that the relationship between mixedwood competitor abundance and 

lodgepole pine growth is concave up to linear, and either descending with increasing 

competition, or in some cases, flat. Though there are several holes in the currently 

available information on pine growth and yield in mixedwood canopies in B.C., there is a 

potential to fill in many of those knowledge gaps in the near future. 
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Introduction 
 

This report compiles the available literature regarding the relationship between lodgepole 

pine (Pinus contorta Dougl. ex Loud. var. latifolia Engelm.) growth and interspecific 

competition within mixed-wood canopies. Growth is defined as a tree level or stand level 

change in diameter, height, basal area, volume, biomass, leaf area, or crown dimensions. 

Since survival, vigour, and height to diameter ratio affect stand level volume, they will 

also be examined here. 

 

There is a substantial amount of literature that examines the relationship between 

lodgepole pine growth and light availability in conifer dominated mixed-woods. This is a 

topic that has been thoroughly examined by Astrup (2005), and as a result, these 

references will not be included in this review. This review will instead concentrate on 

studies with measurements of competitor abundance and lodgepole pine growth. The 

available data is compiled to assist in further development and parameterization of the 

experimental process-based growth and yield model TASS III (Goudie et al. 2006). 

Consequently, the compilation of the available information focuses on studies with a 

strong quantitative component. Therefore, only literature that includes both measures of 

competitor abundance and lodgepole pine growth will be included in this report. 

 

This report has been produced in conjunction with two Microsoft Excel databases. These 

databases (A and B) were produced to compile the best available quantitative information 

to form the basis for meta-analysis. Database A includes regression models that predict 

lodgepole pine diameter or height increment as a function of competitor density and basal 

area. Database B includes regression models that predict diameter and height increment 

as a function of selected competition indices. 

 

It was originally intended for the two databases to include predictions of other growth 

measures such as biomass, leaf area and crown allometry increments. Unfortunately, the 

amount of available information on these topics is too sparse to do so. 
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Literature Summary Section 

 

This section contains two summary tables. Table 1 includes references that have 

measurements of pine growth and competitor abundance. Table 2 includes a brief 

summary of the content of the references in Table 1 that are relevant to the topic of this 

review.  

 

Table 1 & 2 Column Headings and Definitions 

 

The definitions and explanations for the column headings used in Table 1 are outlined 

below: 

 

Location: Indicates geographic location of study sites. In British Columbia, this column 

refers to Biogeoclimatic Ecosystem Classification (BEC) zone, as well as subzone and 

variant, if known (Meidinger and Pojar 1991). In the rest of Canada, this column refers to 

province. In the USA, this column refers to state. 

 

Main Competitor Species: Indicates the main species competing with lodgepole pine. 

Unless noted as ‘mature’, age of the competitors is juvenile. 

 

Pine Life-stage: If known, indicates lodgepole origin (planted or naturally regenerated), 

pine life-stage (seedlings or saplings), height and age at planting or study establishment, 

and measurement years relative to planting or study establishment. Growing seasons from 

planting is abbreviated as “g.s.f.p.”. 

 

Pine Growth Measurements: Indicates what pine growth measurements were taken. 

Unless otherwise stated, measurements are at the tree level. Height to diameter ratio is 

abbreviated as “HDR”. 
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Sampling/Treatments: Indicates whether pine were selected for measurement by 

sampling or treatment type, and whether or not there has been remeasurement. 

 

Treatment Type: Indicates the types of treatments that were applied. 

 

Analysis: Indicates what method(s) were used to analyse the relevant data. 

 

Database Entry: Indicates whether the reference is included in one of the associated 

databases. “A” indicates that the reference is included in the database for regression 

models that predict lodgepole pine diameter or height increment as a function of 

competitor density and basal area. “B” indicates that the reference is included in the 

database for regression models that predict diameter and height increment as a function 

of competition indices. 

  

Quantitative Usefulness: Indicates a subjective judgment of the quantitative usefulness of 

the data for parameterization of a process-based forest growth model. The quantitative 

usefulness is judged in two categories. The first category refers to the actual information 

that is available in the publication. This information is judged on the following scale from 

1 – 4: 

 

1. The data is only somewhat relevant (e.g. the data is not directly related to competitor 

abundance). 

 

2. The data is relevant but may not be easily accessible through the publication and the 

data has questionable utility (e.g. only one year’s pine size measurements, only two levels 

of competitor abundance, or growth is measured in biomass, which is not included in any 

of the databases). 

 

3. The data is relevant but at least some of the relevant data is not easily accessible 

through the publication (e.g. graphical representation, not enough data given in 

publication to calculate growth increments, or regression model equations not given). 
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4. The data is relevant and accessible through the publication (e.g. a regression model 

with growth increments). 

 

The second category refers to the usefulness of the data given it was obtained from the 

owner. This data is judged on the following scale from 1-3: 

 

1. The data is somewhat relevant. 

 

2. The data is relevant but has questionable utility. 

 

3. The data is relevant and is worth pursuing, or the data has been used in one of the 

associated databases.
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Summary Tables  
 

Table 1. References that have measurements of pine growth and competitor abundance. 

Quantitative Usefulness 

Source Location 

Main 
Competitor 
Species 

Pine Life- 
stage 

Pine Growth 
Measurements 

Sampling / 
Treatment 

Treatment 
Type Analysis 

Data-
base 
Entry 

In 
Publication 

If Data Is 
Obtained 

Coates 2000 ICHmc 

mature 
forest, 
conifer 
dominated 

planted 
seedlings 
measured 1, 2, 
3, and 5 g.s.f.p diameter, height 

treatments 
remeasurement 

gap size 
sampling 

ANOVA 
regression no 1 1 

Johnstone 
2005 Alaska 

trembling 
aspen  

planted 
seedlings (age 
2-3 years at 
planting) sown 
seedlings 
measured 2 
g.s.f.p biomass treatments 

complete 
competitor 
removal ANOVA no 2 2 

Landhausser 
and Lieffers 
2001 Alberta   

mature 
trembling 
aspen and 
balsam 
poplar 

planted 
seedlings (age 
1 year at 
planting) 
measured 2 
g.s.f.p.  

height, total leaf 
area, specific 
leaf area, 
biomass 
components and 
ratios treatments 

planted in 
understory 
and in open 

several 
approaches no 2 2 

MacIsaac 
and Navratil 
1996 Alberta   

trembling 
aspen  

saplings (age 
7-8 years) 
measured 1 
year after 
treatment diameter, height treatments 

competitor 
removal in 
variable 
sized radii 
around pine ANCOVA no 3 3 

Navratil and 
MacIsaac 
1993 Alberta   

trembling 
aspen 

naturally 
regenerated 
saplings (age 
5-16 years) diameter, height sampling 

competitor 
sampling 

correlation 
regression no 3 3 
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Table 1. Continued. 

Quantitative Usefulness 

Source Location 

Main 
Competitor 
Species 

Pine Life-
stage 

Pine Growth 
Measurements 

Sampling / 
Treatment 

Treatment 
Type Analysis 

Data-
base 
Entry 

In 
Publication 

If Data Is 
Obtained 

Newsome et 
al. 2003 

SBSdw1 
IDFdk3 
IDFdk4 

trembling 
aspen 

naturally 
regenerated 
saplings (age 
7-12 at 
establishment), 
measured 0, 2 
(SBS), 5 
(IDF), and 9 
years after 
establishment 

diameter, height, 
HDR, crown 
allometry, 
survival and 
vigour 

sampling 
remeasurement 

competitor 
sampling 

ANOVA 
correlation 
regression  

A 
B 4 3 

Newsome et 
al. 2004a IDFxm 

trembling 
aspen 

planted 
saplings (age 5 
years at 
establishment), 
measured 5 
years after 
establishment 

Tree level 
diameter, height, 
HDR, crown 
allometry, 
survival and 
vigour. Stand 
level diameter, 
height, basal 
area, and density. 

treatment 
remeasurement 

competitor 
retention 
densities 

ANOVA 
regression A 4 3 

Newsome et 
al. 2004b SBSdw2 

trembling 
aspen 

planted 
saplings 
(treatments 
applied 
annually for 8 
years), 
measured 1, 2, 
4, 5, 6, and 8 
g.s.f.p 

diameter, height, 
HDR, survival 
and vigour 

treatment 
remeasurement 

competitor 
removal in 
variable 
sized radii 
around pine 

ANOVA 
correlation 
regression  A 4 3 
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Table 1. Continued. 

Quantitative Usefulness 

Source Location 

Main 
Competitor 
Species 

Pine Life-
stage 

Pine Growth 
Measurements 

Sampling / 
Treatment 

Treatment 
Type Analysis 

Data-
base 
Entry 

In 
Publication 

If Data Is 
Obtained 

Newsome et 
al. 2006a SBPSxc 

trembling 
aspen 

naturally 
regenerated 
saplings (age 
11 years at 
establishment), 
measured 2 
and 4 years 
after 
establishment 

Tree level 
diameter, height, 
HDR, crown 
allometry, 
survival and, 
vigour. 
Stand level 
diameter, height, 
basal area, and 
density. 

treatment 
remeasurement 

mixed 
competitor 
removal 
approaches 

ANOVA 
regression A 4 3 

Newsome et 
al. 2006b SBSdw1  

trembling 
aspen 

planted 
saplings (age 
10 years at 
treatment) 
measured 2 
and 4 years 
after treatment 

Stand level 
height, diameter, 
basal area, 
density and, 
qmdbh, survival, 
and vigour.  

treatment 
remeasurement 

competitor 
retention 
densities 

ANOVA 
correlation 
regression  A 4 3 

Opio et al. 
2000 SBSdw 

trembling 
aspen and 
red alder 

planted 
saplings 
measured 1 
year after 
treatment HDR 

treatment 
remeasurement 

competitor 
removal in 
variable 
sized radii 
around pine ANOVA no 2 2 

Simard et al. 
2001a 
 
  
Sullivan and 
Heineman 
2005a 

IDFdk1 
IDFdk2 
MSdm2 

trembling 
aspen 

saplings (1.6-
2.0 m, age 7-
10 years at 
treatment) 
measured 1, 3 
and, 5 years 
after treatment 

diameter, height, 
HDR, survival, 
vigour 

treatment 
remeasurement 

complete 
competitor 
removal 

ANOVA 
regression no 3 3 
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Table 1. Continued. 

Quantitative Usefulness 

Source Location 

Main 
Competitor 
Species 

Pine Life-
stage 

Pine Growth 
Measurements 

Sampling / 
Treatment 

Treatment 
Type Analysis 

Data-
base 
Entry 

In 
Publication 

If Data Is 
Obtained 

Simard et al. 
2001b 
 
 
Sullivan and 
Heineman 
2005b 

ICHmw3 
ICHmk1 paper birch  

saplings (0.9-
3.5 m, age 3-
10 years at 
treatment) 
measured 3, 5, 
and 10 years 
after treatment 

diameter, height, 
HDR, survival, 
vigour 

treatment 
remeasurement 

complete 
competitor 
removal 

ANOVA 
regression no 3 3 

Strong and 
Sidhu 2005 Alberta   

trembling 
aspen 

planted 
seedlings 
measured 17 
years after 
treatment  

diameter, height, 
survival 

treatment 
remeasurement 

herbicide 
treatments 

Kruskal-
Wallis Chi-
square GOF no 2 2 
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Table 2. Short summary of contents related to pine growth in response to competitor abundance. 
Source Summary 

Coates 2000 

Investigated the effects of gap size on lodgepole pine growth. Fifth year diameter and height, and diameter and height increments 
increased rapidly from small single-tree gaps to about 1000 m2 gaps but afterward showed little change in gaps up to 5000 m2. 
There were significant effects of gap position (middle, north, south) on pine growth. However, seedlings planted just off the gap 
edge under canopy trees performed poorly regardless of the cardinal direction into the understory.  

Johnstone 
2005 

Investigated the effects of complete aspen brushing on the biomass growth of planted and sown lodgepole pine seedlings. 
Aboveground biomass of transplanted seedlings was 30% lower in the control than treatment plots. Sown seedlings had 48% less 
aboveground biomass in control plots than in removal plots. 

Landhausser 
and Lieffers 
2001 

Investigated the effects of open and understory (21.5% light availability) conditions on transplanted lodgepole pine seedling 
growth and biomass allocation. Height growth was not affected by growing conditions. Shoot mass and total root mass were 
significantly lower when grown in the understory than open. Root shoot ratio was greater in the understory than in the open. Total 
leaf area per plant and specific leaf area were higher in the understory than in the open.  

MacIsaac 
and Navratil 
1996 

Investigated the effects of variable radii aspen brushing around lodgepole pine on pine growth. One year after treatment, there 
were significant differences in radial increment between the complete aspen removal treatment and the control. There were no 
significant differences in height increment. 

Navratil and 
MacIsaac 
1993 

Investigated several interspecific competition indices and individual measures of aspen abundance for their ability to predict 
lodgepole pine performance. The Navratil and MacIsaac (1993) competition index had the strongest Spearman's rank-order 
correlation values of the tested competition indices and variables. The correlations were strongly negative. Lorimer's competition 
index performed second best in the rank-order correlations. Single variables such as density and cover did not perform well in 
comparison to the competition indices but the correlations were still significant. There was no effect of aspen quadrant position on 
pine growth. There was a competition threshold at CI values of 1.5 and 2.0 for lodgepole pine aged 5-10 and 11-16, respectively. 

Newsome  
et al. 2003 

Investigated the effects of naturally occurring aspen abundances on lodgepole pine growth. Also determined the size of the 
competitive neighbourhood in which aspen were competing with target pine, evaluated competition indices (CIs) and individual 
measures of aspen abundance for their ability to predict lodgepole pine performance, and determined aspen density thresholds 
beyond which lodgepole pine performance declines. Pine vigour decreased with increasing aspen density during all measurement 
years and decreased over time. Survival 9 years after study establishment declined with increasing aspen density. There were 
significant differences in diameter, height and height to diameter ratio between some of the tall aspen density classes in all years 
and in both subzones, except for height in the IDF in 1992. As tall aspen density increased, diameter and height decreased and 
height to diameter ratio increased. Trends were more pronounced for SBS than IDF sites and differences in pine size became more 
apparent as stands aged. Stronger relationships between aspen abundance and pine size were found for 1.78 m radius plots than 
2.52 m and 3.99 m plots. Tall aspen density was the aspen abundance measure most strongly correlated with pine size. The 
competition indices that best predicted pine diameter was the Navratil and MacIsaac (1993) CI in SBS sites and the Lorimer 
(1983) CI for IDF sites. The Lorimer competition index was the best predictor of pine leader length in both BEC zones. The aspen 
competition thresholds for the SBS and IDF are 1000 tall aspen/ha and 2000 tall aspen/ha, respectively. Thresholds appear to be 
decreasing with stand age. 
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Table 2. Continued. 

Source Summary 

Newsome 
et al. 2004a 

Investigated the effects of aspen thinning densities on tree level and stand level lodgepole pine growth. Also determined the size of 
the competitive neighbourhood in which aspen were competing with target pine, and evaluated measures of aspen abundance for 
their ability to predict lodgepole pine performance. Vigour was heavily decreased due to moose browsing damage in the first year 
after treatment. Damaged pine had recovered after four years. There were no significant differences in tree level or stand level pine 
growth between the treatments and the control in any year. Though not significant, there was a visible increase in height to 
diameter ratio with increasing tall aspen density. Stronger relationships between aspen abundance and pine size were found for 1.0 
m radius plots than 0.5 m, 1.78 m, 2.5 m, and 3.0 m radius plots. Tall aspen density was the aspen abundance measure most 
strongly correlated with pine size, but the relationship was weak. Lack of significant effects could be due to a small height 
differential between the pine and aspen. 

Newsome 
et al. 2004b 

Investigated the effects of variable radii aspen brushing around lodgepole pine on pine growth. Also evaluated measures of aspen 
abundance for their ability to predict lodgepole pine performance. Survival and vigour depressed due to vole damage for four years 
following planting. There were no significant differences in diameter and height between the treatments and the control, however 
there was a trend of increasing diameter in the treatments relative to the control. This may mean that maintaining a competitor free 
zone around young pine may be less critical to their performance than controlling density of tall aspen. HDR was significantly 
lower in the complete removal treatment than the control and the 50 cm radius brushing treatment. Tall aspen density was the 
aspen abundance measure most strongly correlated with pine size. 

Newsome 
et al. 2006a 

Investigated the effects of aspen removal on tree level and stand level lodgepole pine growth. Also determined the size of the 
competitive neighbourhood in which aspen were competing with target pine, and evaluated measures of aspen abundance for their 
ability to predict lodgepole pine performance. Diameter increment was significantly larger in the 0, 1000, and 2500 aspen/ha 
retention treatments than the control. 2003 diameter was significantly larger and height to diameter ratio was significantly smaller 
in low aspen density treatments than the control. There were no significant differences in height, leader length or crown width and 
no significant differences in stand level pine growth. Stronger relationships between aspen abundance and pine size were found for 
2.56 m radius plots than 0.5, 1.0, 1.8 m radius plots. Tall aspen density was the aspen abundance measure most strongly correlated 
with pine size. 

Newsome 
et al. 2006b 

Investigated the effects of aspen thinning densities on stand level lodgepole pine growth. Also determined the size of the 
competitive neighbourhood in which aspen were competing with target pine and, evaluated measures of aspen abundance for their 
ability to predict lodgepole pine performance. Survival and vigour were reduced as aspen density increased. Disease occurrence 
increased as aspen retention density decreased. There were no significant differences in stand level pine growth between the 
treatments and the control in any year. Stronger relationships between aspen abundance and pine size were found for 1.78 m radius 
plots than 3.99 m radius plots. Tall aspen density was the aspen abundance measure most strongly correlated with pine size. 

Opio et al. 
2000 

Investigated the effects of variable radii aspen brushing around lodgepole pine on pine height to diameter ratio. There were 
significant differences between treatments and the control for only 1 site of 5. Significantly lower height to diameter ratios were 
observed in the 0.75 m radius and 1.25 m radius aspen removal treatments than the control. 
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Table 2. Continued. 

Source Summary 

Simard et 
al. 2001a 
 
 
Sullivan 
and 
Heineman 
2005a 

Investigated the effects of complete aspen removal treatments on lodgepole pine growth. Also evaluated measures of aspen 
abundance for their ability to predict lodgepole pine performance, and determined aspen competition thresholds beyond which 
lodgepole pine performance declines. In year 5 there was a non-significant  decline in vigour in the control relative to treatment. 
Diameter increment was significantly higher in the treatment than the control 3 and 5 years after treatment. Height to diameter 
ratio was significantly smaller in the treatment than the control 3 years after treatment but the effect disappeared 5 years after 
treatment. Leader length was significantly smaller in the treatment than the control 3 years after treatment. There were no 
significant differences in diameter or height in any year. Aspen cover was a stronger predictor of pine diameter than aspen density. 
There was a competition threshold at 3180 stems/ha.  

Simard et 
al. 2001b 
 
  
 
Sullivan 
and 
Heineman 
2005b 

Investigated the effects of complete paper birch removal treatments on lodgepole pine growth. Also evaluated measures of birch 
abundance for their ability to predict lodgepole pine performance, and determined birch competition thresholds beyond which 
lodgepole pine performance declines. There was significantly more mortality in the treatment than control due to disease 3 years 
after treatment. Pine survival was declining in the control after 10 years but did not differ significantly from survival in the 
treatment. Vigour was increasing increasing in the treatment and decreasing in the control 5 and 10 years after treatment. Diameter 
and diameter increment were significantly higher in the treatment than the control 3 and 5 years after treatment but not 10 years 
after. There were no significant differences in height in any year. Height to diameter ratio was significantly lower in the treatment 
than the control 3, 5, and 10 years after treatment. Birch cover was the strongest predictor of pine diameter than density. There was 
a competition threshold of 3367 stems/ha. 

Strong and 
Sidhu 
2005 

Investigated the effects of Hexazionone treatment on aspen competitors and on subsequent lodgepole pine growth. There was 
significantly higher survival, diameter and height in the treatments than the control. Survival, height, and basal diameter increased 
with increasing herbicide application. 
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Outline of  Main Findings 
 

A total of 14 studies with measurements of competitor abundance and lodgepole pine 

growth were identified. The main competitor to lodgepole pine in 12 of these studies is 

trembling aspen (Populus tremuloides Michx.). Other competitors include balsam poplar 

(Populus balsamifera L.), white birch (Betula papyrifera Marsh.), and red alder (Alnus 

rubra Bong.). Study site locations include the IDF, ICH, MS, SBS, and SBPS B.E.C. 

zones, Alberta, and Alaska. The age of lodgepole pine examined in all the identified 

studies is juvenile (1-21 years). There is a distinct lack of information regarding mixed-

wood competition with mature aged lodgepole pine and/or mature aged competitors. This 

makes it important that established trials from the reviewed sources continue to be 

remeasured. 

 

Tree level lodgepole pine growth is described in all but one of the studies and stand level 

growth is described in only three studies. Table 3 gives an accounting of the number of 

studies that examined each of the tree level and stand level growth and growth related 

variables. This section will examine the known relationship between lodgepole pine 

growth and interspecific competition within mixed-wood canopies at both the stand level 

and tree level, and relate relevant results from the reviewed studies.

Table 3. The number of studies, out of the 14 reviewed studies, which examine each growth or growth related 
variable. 
 

 
  Tree Level Stand Level 

Growth 
Measure Survival Vigour Diameter Height HDR 

Crown 
Allometry Biomass Diameter Height Density 

Basal 
Area 

Number of 
studies 
including 
measure 

7 6 10 11 7 3 2 3 3 3 3 
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Tree Level Growth 
 

Effects of Vigour on Tree Level Growth 

 

Reduced tree vigour due to causes such as suppression, browsing damage, damaged 

leaders, disease, etc., can reduce the tree growth performance and may cause increased 

mortality (Newsome et al. 2003, Newsome et al. 2004a). In the reviewed studies, there is 

a general trend of decreasing vigour with increasing competition levels (Simard et al. 

2001a, Simard et al. 2001b, Newsome et al. 2003, Newsome et al. 2004b, Sullivan and 

Heineman 2005a, Sullivan and Heineman 2005b, Newsome et al. 2006b). Conversely, 

one of the often cited benefits of retaining broadleaves in conifer stands is that they may 

confer protection from diseases (Finck et al. 1989, Newsome et al. 2003). Some of the 

reviewed studies have demonstrated a higher incidence of disease in the lower competitor 

density treatments (Simard et al. 2001b, Newsome et al. 2006b), however in Newsome et 

al. (2004b), there was a higher incidence of disease in the higher competitor retention 

density treatments.  

 

Tree Level Diameter Increment, Height Increment, and Height To Diameter Ratios 

 

Most sources indicate that lodgepole pine diameter growth normally responds more 

quickly and more dramatically to reductions in competition levels than does height 

growth (MacIsaac and Navratil 1996, Wright et al. 1998, Coates 2000, Newsome et al. 

2003). Results from most of the reviewed studies that investigated both tree level 

diameter and height growth supported this statement (MacIsaac and Navratil 1996, 

Newsome et al. 2003, Newsome et al. 2004a, Newsome et al. 2004b, Newsome et al. 

2006a, Simard et al. 2001a). This is probably because primary growth or height 

increment generally, and especially in lodgepole pine and other shade intolerant species, 

has higher priority than secondary growth or diameter increment (Chen et al. 1996, 

MacIsaac and Navratil 1996, Williams et al. 1999, Claveau et al. 2002). Consequently, a 

lower level of competition should be required to influence diameter increment than height 

increment. This is probably why more of the reviewed studies had statistically significant 
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effects of competition on diameter growth (MacIsaac and Navratil 1996, Coates 2000, 

Simard et al. 2001a, Simard et al. 2001b, Newsome et al. 2003, Strong and Sidhu 2005, 

Sullivan and Heineman 2005a, Sullivan and Heineman 2005b, Newsome et al. 2006a) 

than height growth (Coates 2000, Newsome et al. 2003, Strong and Sidhu 2005). This 

also suggests that larger height to diameter ratios should be observed for trees under high 

levels competition than for trees under low levels of competition (Opio et al. 2000, 

Johnstone 2004). These features of height and diameter growth also make height to 

diameter ratio a potentially useful variable for identifying the severity of competition 

effects on pine growth (Opio et al. 2000, Newsome et al. 2003). When lodgepole pine is 

released from competition, height growth may decrease but diameter growth increases, as 

in the Simard et al. (2001a) study.  

 

Tree Level Biomass, Leaf Area, and Crown Allometry 

 

Under high competition levels, lodgepole pine is known to allocate biomass preferentially 

to the stem (particularly to terminal shoot elongation) at the expense of branch and needle 

growth (Claveau et al. 2002). Pine also allocates more biomass to roots under high 

competition levels (Day et al. 2005). Together, those characteristics are what give 

lodgepole pine a competitive advantage in dry environments since water uptake ability 

increases and water loss due to transpiration decreases (Eis et al. 1982, Williams et al. 

1999). In high competition environments, lodgepole pine has a vertically oriented crown, 

high branch mortality, and branches well separated from each other on the stem so there 

is low self-shading (Williams et al. 1999). Biomass and leaf area decrease with 

increasing competition levels (Landhausser and Lieffers 2001, Claveau et al. 2005, 

Johnstone 2005). There were no significant differences in crown allometry between the 

treatments and control in the three studies that looked at those variables (Newsome et al. 

2003, Newsome et al. 2004a, Newsome et al. 2006a). There was very little quantitative 

information regarding the relationship between biomass and crown allometry and 

competitor abundance in the reviewed studies. 
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Competition Thresholds 
 

The authors of several studies identified visible trends in tree level pine growth as a 

function of competitor abundances. “Competition thresholds” were described for the 

Newsome et al. (2003) study as well as the Simard et al. (2001a, 2001b) studies. A 

“competition threshold” is defined as a level of competition at which there is an abrupt 

increase or decrease in the rate of change of a growth response (Simard et al. 2001a, 

Simard et al. 2001b). The thresholds for the SBS and IDF were 1000 tall aspen/ha and 

2000 tall aspen/ha, respectively, for the Newsome et al. (2003) study for 7 to 11 year old 

pine. These thresholds also appeared to be decreasing with stand age, which makes it 

important to continue to monitor these trials in the future. In the Simard et al. (2001a) 

study, there was a competition threshold at 3180 aspen/ha for 7-10 year old pine, and in 

the Simard et al. (2001b) study, there was a competition threshold of 3367 birch/ha for 3-

10 year old pine. The thresholds were higher for the Simard et al. (2001a, 2001b) studies 

than the Newsome et al. (2003) study because Simard used total aspen density and 

Newsome used only tall aspen density. The Simard study site had a strongly left skewed 

height distribution, there were approximately 6 times as many small aspen as tall aspen. 

Therefore, it is probable that the density threshold of tall aspen in the Simard et al. (2001) 

would have been lower than the Newsome et al. (2003) tall aspen density threshold.  

 

Stand Level Growth 

 

Effects of Survival and Vigour on Stand Level Growth 

 

Reduced tree vigour can reduce growth performance at both the tree and stand level. 

Higher mortality may result in greater mean size per surviving tree, but it decreases stand 

basal area and volume. As a shade intolerant tree species, lodgepole pine does not slow 

its height growth in high competition environments in the same way that shade tolerant 

species do (Williams et al. 1999). Height influences ability to survive in low light 

conditions. Larger trees have better capacity to acquire resources but require more light to 

survive and grow (achieve net carbon gain), due to higher ratio of non-photosynthetic to 
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photosynthetic tissues (Wright et al. 1998). The uncompromising growth of lodgepole 

pine in high competition environments leads to high rates of mortality under high levels 

of competition (Coates and Burton 1999). High levels of competition can lead to low 

numbers of pine in mixedwood stands and reduce stand volume. Results from many of 

the reviewed studies meet the expectation of increasing pine mortality with increasing 

competitor abundance (Simard et al. 2001b, Newsome et al. 2003, Strong and Sidhu 

2005, Newsome et al. 2006b). 

 

Stand Level Diameter, Height, Basal Area, and Volume Increments 

 

There were no significant effects of aspen removal on stand level diameter, height, basal 

area, or volume in the three references that looked at stand level growth (Newsome et al. 

2004a, Newsome et al. 2006a, Newsome et al. 2006b). Significant treatment responses 

are more difficult to discern at the stand level, where means include all stems regardless 

of size or condition, than for individual target pine selected according to specific health 

and vigour criteria (Newsome et al. 2006b).  

 

Sources of Variation for Tree Level Diameter and Height Increments 
 

In all plants, and particularly perennial plants and trees, growth rate is strongly related to 

size, and treatment effects are often obscured by the variability in size of individual 

plants (Brand 1991, Claveau et al. 2002, Claveau et al. 2005). Relative growth rates can 

account for size-related variation in plant productivity, however, none of the reviewed 

regression models explicitly take tree size into account. Though trees in all the reviewed 

studies can be described as juvenile saplings, they still vary fairly widely in both age (1-

21 years) and size (height 0.3 – 3.5 m). Some of the variation in predicted height and 

diameter increments in the figures following this section, can be attributed to different 

tree sizes. Thus, comparison of the predicted or observed diameter and height increments 

is difficult. Height to diameter ratio is highly affected by competition levels and this can 

cause additional variation in diameter and height increments. 
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The observed variability in diameter and height increments is also caused by different site 

index, i.e. different climatic conditions (e.g. temperature, precipitation amount and 

distribution, etc.) and site conditions (e.g. soil nutrients, moisture, aeration etc.) of the 

various study sites (Wright et al. 1998). In general, potential tree growth is the greatest on 

moist sites and increases with soil fertility (Mah 2006). However, aspen stands of similar 

basal area, density and height may reduce understory light availability more on moist 

than dry sites because aspen leaf area index is higher on moister sites (Newsome et al. 

2003). Broadleaf species, especially trembling aspen, are considered serious competitors 

to conifers throughout most of interior British Columbia. However, the severity and 

nature of aspen competition appears to vary from southern to northern B.C. and from wet 

to dry ecosystems (Simard et al. 2001a). For example, moisture regime affects lodgepole 

pine shade tolerance; it increases on dry sites (Eis et al. 1982, Williams et al. 1999). All 

of the reviewed studies list BEC zone and subzone, and often variant. Keeping the above 

caveats in mind, it is possible to compare the growth increments to BEC zone to what is 

expected based on relative site index of the BEC zones and subzones.  

 

Regression Models of Pine Growth as a Function of Competition 

 

Neighbourhood Competition  

 

Free-to grow standards are based on the concept of a "competition neighbourhood" 

around a target conifer tree. At this scale, individual tree-based models of competition 

and growth can be developed. In this way, microsite effects may be incorporated into 

these neighbourhood models. This approach is especially useful in situations of 

asymmetric competition (MacIsaac and Navratil 1996). Competitor abundance variables 

in the reviewed studies were measured in variable sized neighbourhoods around 

measurement lodgepole pine. Competitive effects decrease with increasing distance from 

the target tree (Simard 1990a). The Newsome et al. (2003, 2004a, 2006a, 2006b) studies 

determined which plot size would capture the relevant competitors that contributed most 

to competitive effects on the pine. This was important to do because the mechanisms of 
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competition may have been different in different regions. For example, trembling aspen 

may compete for soil water on dry sites, suggesting that light competition may be of 

lesser importance than soil competition. In addition, in aspen stands of similar basal area, 

density and height may reduce understory light availability more on moist than dry sites 

because aspen leaf area index is higher on moister sites (Newsome et al. 2003). In the 

Newsome et al. (2003, 2004a, 2004b, 2006a, 2006b) studies, larger plot sizes were used 

for sites with low site index, where there would have been a lot of competition for soil 

moisture. Because of the large size of root systems, more distant competitors would still 

have an effect on the pine and therefore should be included in the competition study. 

Smaller plots were used for sites with high site index, where there would have been 

predominantly light competition. Light competition would be mostly limited to the tall 

competitors immediately around the pine. The regression models of height and diameter 

growth  discussed below were developed using ‘neighbourhood’ competitor 

measurements. 

 

Diameter and Height Growth Predicted by Density and Basal Area 

 

Tall competitor density (density of trees as tall as or taller than the target pine) was more 

successful than total competitor density and basal area at predicting lodgepole pine 

diameter and height increments in the studies by  Newsome et al. (2003, 2004a, 2004b, 

2006a et al. 2006b). This supports the premise that competition was mainly for light in 

those stands (Newsome et al. 2003). If the competition were mainly for soil and moisture 

resources, including total density of competitors would have increased the predictive 

power of the regression equations because each additional competitor would have been 

an added draw on the limited resources, whereas only “tall” competitors would compete 

with the pine for light resources. Relative height of aspen and pine is a particularly 

important consideration because of the low shade tolerance of pine and the steep declines 

in diameter growth that can be anticipated at reduced light levels (Newsome et al. 2003, 

Astrup 2006). Basal area accounts for both density and size may be useful as a more 

general competition index, suitable for application across a range of stands of different 

ages, sizes or densities within a single ecosystem. Density often only works well as a site 
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and age specific competition index (Comeau 2002). Basal area is also, more highly 

correlated with conifer growth where competition for soil resources predominated, and 

may become more common as mixed broadleaf conifer stands age and competition for 

light decreases in importance (Newsome et al. 2006a). In the Simard et al. (2001a and b) 

studies, percent competitor cover was a better predictor of lodgepole pine diameter than 

competitor density. 

 

Diameter and Height Growth Predicted by Competition Indices 

 

Interspecific competition indices are based on either stand characteristics or individual 

competitor and target tree measurements (i.e. neighbourhood measurements), or a 

combination of both. Stand measurements may include density, percent cover, amount of 

overtopping by surrounding vegetation, and light interference. Neighbourhood 

measurements may include: size ratios of competitor to target tree, competitor size, and 

distance and dispersion around the target tree, using either fixed or variable radius plots. 

Most competition indices developed for mixed-wood regeneration are individual tree 

centred and describe "neighbourhood competition" adjacent to the target tree (MacIsaac 

and Navratil 1996, Newsome et al. 2003, Newsome et al. 2004a, Newsome et al. 2006a, 

Newsome et al. 2006b). Regression equations using competition indices to predict 

lodgepole pine growth consistently explained a greater proportion of the observed 

variation than those that used individual measures of competitor abundance (Newsome et 

al. 2003, Simard et al. 2001a, Simard et al. 2001b). 

 

In the Newsome et al. (2003) study, the competition indices that best predicted 7-11 year 

old pine diameter was the Navratil and MacIsaac (1993) competition index in SBS sites 

and the Lorimer competition index for IDF sites. The Lorimer competition index was the 

best predictor of pine leader length in both BEC zones. In the Navratil and MacIsaac 

(1993) and MacIsaac and Navratil (1996) studies, their competition index was the most 

successful at predicting pine size, the Lorimer competition index was second best. In the 

Navratil and MacIsaac (1993) study, their competition index was most successful at 

predicting basal area increment. They identified a competition threshold at competition 



 20

index values of 1.5 and 2.0 for lodgepole pine aged 5-10 and 11-16, respectively. Their 

threshold decreased with age. 

 

Figures of Compiled Regression Equations from Databases A and B 

 

Regression equations predicting lodgepole pine diameter growth and height growth from 

competitor abundances were found in 5 studies. Regression equations predicting pine 

diameter growth and height growth from competition indices were found in 1 study. 

All the following figures are graphical representations of the compiled regression 

equations in databases A and B. Each line represents a regression equation from one 

study site (there were several study sites in one of the references). Each model is graphed 

in the approximate range of competitor abundance conditions from the given study. 

Figures 1 and 3 illustrate the models from database A that predict diameter increment as a 

function of competitor density and basal area. Figures 2 and 4 illustrate the models from 

database A that predict diameter increment as a function of competitor density and basal 

area. Figures 5 and 7 illustrate the models from database B that predict diameter 

increment as a function of competition indices. Figures 6 and 7 illustrate the models from 

database B that predict increment as a function of competition indices.  

 

These figures illustrate that there is large variability in both the growth increment 

observed at a given competition level, and the general shape of the competition-growth 

response curve. Below, Table 4 gives the environmental characteristics of all the study 

sites in database A and B. The dominant competitor species in all sites is trembling 

aspen. The studies used variable radii plots around measurement lodgepole pine trees to 

obtain ‘neighbourhood’ competitor measurements. Note that in some of the studies, only 

undamaged, undiseased “target trees”, whose growth represents the maximum expected 

performance under the given site conditions, were selected for measurement (Newsome 

et al. 2003, Newsome et al. 2004a, Newsome et al. 2006a). 
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In order to facilitate comparison of regression lines between B.E.C. zones in the 

following figures, the following information on order of site index, mean annual 

precipitation, and mean annual temperature are given as follows, from lowest to highest: 
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Table 4. Environmental characteristics of the database A and B study sites. 
 

 source Newsome et al. 2003 
Newsome  
et al. 2004a 

Newsome  
et al. 2004b 

Newsome  
et al. 2006a 

Newsome  
et al. 2006b 

site name 

a Hayfield,  
b Two-Mile, 
and c Oie 

a Moffat and  
b Meldrum Raven  

Medlrum 
Creek Tyee Lake Clusko 

McKinley 
Lake 

B.E.C. zone SBSdw1 IDFdk3 IDFdk4 IDFxm SBSdw2 SBPSxc SBSdw1 

site series 01 01 01 01 01 01 01/04 

moisture regime 
submesic 
subhygric mesic 

mesic 
submesic 

submesic 
subhygric mesic 

submesic 
mesic N/A 

nutrient regime medium  medium medium medium medium medium N/A 
mean annual 
precipitation (mm) 585 433 355 392 487 389 585 
mean annual 
temperature (°C) 3.7 3.3 2.8 4 3.4 1.7 3.7 
frost-free days 152 151 122 163 170 93 152 
natural pine age 
(years) 10.5 10 8 5 (1 planted) 11 

6-12 
(1 planted ) 

lodgepole pine site 
index1 24.0 18.0 12.0 15.32 21.0 15.0 21.03 

 
 
 

 

                                                 
1 From Mah (2006). 
2 Converted from interior Douglas fir site index using the site index conversion equations in Nigh (1995). 
3 An average of lodgepole pine SBSdw1/01 and SBSdw1/04 site index, 24.0 and 18.0, respectively. 
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Site Index4 

IDFdk4/01 (12.0) < SBPSxc/01 (15.0) < IDFxm/01 (15.3) < IDFdk3/01 (18.0) < 

SBSdw2/01 (21.0) = SBSdw1/04 (21.0) < SBSdw1/01 (24.0) 

 

Mean Annual Precipitation 5 (mm) 

IDFdk4/01 (355) < SBPSxc/01 (389) < IDFxm/01 (392) < IDFdk3/01 (433) < 

SBSdw2/01 (487)  < SBSdw1/01 (585) = SBSdw1/01/04 (585) 

 

Mean Annual Temperature 2  (°C) 

SBPSxc/01 (1.7) < IDFdk4/01 (2.8) < IDFdk3/01 (3.3) < SBSdw2/01 (3.4) < SBSdw1/01 

(3.7) = SBSdw1/01/04 (3.7) < IDFxm/01 (4.0) 

 

 

Equations Predicting Growth from Competitor Density 

 

The curves representing the regression equations in Figure 1 predict annual pine diameter 

increment from competitor density. They are descending shallowly in a slightly non-

linear fashion with increasing competitor density. The curves representing the B.E.C. 

zones with the lowest site index generally have the lowest annual diameter increment. 

However, the curves representing the most productive B.E.C. zone do not have the 

highest annual diameter increment. Understory light availability may be reduced more on 

moist than dry sites because aspen leaf area index is higher on moister sites (Newsome et 

al. 2003). This may have resulted in the curves representing B.E.C. zones of 

intermediate, rather than the highest site index, having the highest pine growth. There 

appears to be a consistent impact of competitor density on pine diameter growth.  

 

The curves representing the regression equations in Figure 2 predict annual pine height 

increment from competitor density. For the most part, they are strongly descending in a 

linear to nonlinear fashion with increasing competitor density. The curves representing 

                                                 
4 Site index information from Mah (2006). 
5 According to Newsome et al. (2003, 2004a, 2004b, 2006a, 2006b). 
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the B.E.C. zone that has the highest annual diameter increment have constant near zero 

height growth, as does the curve from the coldest B.E.C. zone. This suggests that the 

existence of an impact of competitor density on height growth may to depend on a 

number of factors. It is thought that a limited degree of crowding may be required to 

maximize PL height growth since, if spaced very widely, height growth declines and 

diameter growth increases (Johnstone 1985). It may be that the curves representing the 

two B.E.C. zones that had the highest annual diameter increments had an insufficient 

amount of competition to stimulate height growth. It may also be that height growth is 

more sensitive to low temperatures and/or short growing seasons than to low moisture 

availability. Information from a greater number of B.E.C. zones is required to define 

these trends further. The variation in the shape of the curves indicates that there is a less 

consistent effect of competitor density on height growth than on diameter growth. 

 

Equations Predicting Growth From Competitor Basal Area 

 

The curves representing the regression equations in Figure 3 predict annual pine diameter 

increment from competitor basal area. They are linear in shape. The curves representing 

the B.E.C. zone with the highest site index have much higher diameter growth than the 

others and descend strongly with increasing basal area. The curves representing the three 

B.E.C. zones with the lowest site index have much lower diameter growth and are nearly 

flat. The variation in the shape of the curves indicates that there is a less consistent effect 

of competitor basal area on diameter growth than there was with competitor density. The 

flat shape of the curves representing the B.E.C. zones with the lowest site index indicates 

that competitor basal area in B.C may not be as useful a predictor of lodgepole pine 

diameter increment as competitor density. 

 

The curves representing the regression equations in Figure 4 predict annual pine height 

increment from competitor basal area. They are linear in shape. The curves representing 

the B.E.C. zones with the lowest site index descend shallowly with increasing basal area. 

The curves representing the B.E.C. zones with the highest site index are flat and near 

zero, as is the curve representing the coldest B.E.C. zone. These trends are similar to 
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those seen with the competitor diameter height growth response curves. Again, more 

information from a greater number of B.E.C. zones is required to define these trends 

further. 

 

Equations Predicting Growth from the Navratil and MacIsaac Competition Index 

 

The curves representing the regression equations in Figure 5 predict annual pine diameter 

increment from the Navratil  and MacIsaac (1993) competition index. They are linear and 

descending very shallowly with increasing Competition Index (C.I.) values. The curves 

representing the B.E.C. zones with the highest site index tend to have the highest 

diameter growth increment. The curves representing the B.E.C. zones with the lowest site 

index corresponding to the lowest diameter growth increments. Since the diameter 

growth response to the Navratil and MacIsaac C.I. is so shallow, this C.I. may not be very 

useful for describing lodgepole pine mixedwood competition in B.C. 

 

The curves representing the regression equations in Figure 6 predict annual pine height 

increment from the Navratil  and MacIsaac (1993) competition index. They are linear and 

flat. They do not change with increasing C.I. values. Again, since the height growth 

response to the Navratil and MacIsaac C.I. is so shallow, this competition index may not 

be very useful for describing lodgepole pine mixedwood competition in B.C. 

 

Equations Predicting Growth from the Lorimer Competition Index 

 

The curves representing the regression equations in Figure 7 predict annual pine diameter 

increment from the Lorimer (1983) competition index. They are slightly to strongly non-

linear and are strongly descending with increasing C.I. values. The curve representing the 

B.E.C. zone with higher site index tend to have the highest diameter increment when 

there is no competition, but diameter increment decreases rapidly with increasing C.I. 

until the curves have the lowest diameter increment. The curve representing the B.E.C. 

zones with the lowest site index has the lowest diameter increment when there is no 

competition, but since the diameter increment does not decrease as rapidly as with the 
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curves representing the other B.E.C. zones, they soon have the highest growth with 

increasing competition levels. The strong response of diameter increment to increasing 

C.I. levels makes this C.I. potentially useful in describing lodgepole pine mixedwood 

competition in B.C. 

 

The curves representing the regression equations in Figure 8 predict annual pine height 

increment from the Lorimer (1983) competition index. They are non-linear and descend 

strongly with increasing C.I. values. Height growth increments are generally in the same 

order as site index from highest to lowest. Again, the strong response of height increment 

to increasing C.I. levels makes this competition index very useful in describing lodgepole 

pine mixedwood competition in B.C.
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Newsome et al. (2004a) IDFxm
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tall aspen in a 2.56 m radius plot
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Newsome et al. (2003) SBSdw1 b
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Newsome et al. (2003) SBSdw1 c
tall aspen in a 1.78m radius plot 
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Newsome et al. (2006b) SBSdw1
tall broadleaves in a 1.78 m plot
y=1.98*e^-0.0484*x

Newsome et al. (2006b) SBSdw1
total broadleaves in a 1.78 m plot
y=1.91*e^-0.0151*x

Newsome et al. (2004b) SBSdw2
tall aspen in a 1.78 m plot
y=0.645*e^-0.056*x

 
 
Figure 1. Graph of annual diameter increment as a function of competitor density from the compiled regression equations in database A. Graph of 
annual diameter increment as a function of competitor density from the compiled regression equations in database A. Each model is graphed in the 
approximate range of density conditions from the given study. Source, B.E.C. zone, regression equations, and competitor identities are listed in the 
legend. The general form of the regression equation is: y=aebx, where y is pine diameter increment, x is competitor density, a and b are model 
parameters estimated by the (non-linear) least-squares method, and e is the base of the natural log (ln). 
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Newsome et al. (2003) SBSdw1 c
tall aspen in a 1.78m radius plot 
y=60.49*e^-0.021*x

Newsome et al. (2006b) SBSdw1
tall broadleaves in a 1.78 m radius plot
y=1.03*e^-0.0278*x

Newsome et al. (2006b) SBSdw1
total broadleaves in 1.78 m radius plot
y=0.980*e^-0.0103

Newsome et al. (2004b) SBSdw2
tall aspen in a 1.78 m radius plot
y=38.99*e^-0.0474*x

 
 
Figure 2. Graph of annual height increment as a function of competitor density from the compiled regression equations in database A. Each model 
is graphed in the approximate range of density conditions from the given study. Source, B.E.C. zone, regression equations, and competitor 
identities are listed in the legend. The general form of the regression equation is: y=aebx, where y is pine height increment, x is competitor density, 
a and b are model parameters estimated by the (non-linear) least-squares method, and e is the base of the natural log (ln). 
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Figure 3. Graphs of annual diameter increment as a function of competitor basal area from the compiled regression equations in database A. Each 
model is graphed in the approximate range of basal area conditions from the given study. Source, B.E.C. zone, regression equations, and 
competitor identities are listed in the legend. The general form of the regression equation is: y=aebx, where y is pine diameter increment, x is 
competitor basal area, a and b are model parameters estimated by the (non-linear) least-squares method, and e is the base of the natural log (ln). 
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Figure 4. Graph of annual height increment as a function of competitor basal area from the compiled regression equations in database A. Each 
model is graphed in the approximate range of basal area conditions from the given study. Source, B.E.C. zone, regression equations, and 
competitor identities are listed in the legend. The general form of the regression equation is: y=aebx, where y is pine height increment, x is 
competitor basal area, a and b are model parameters estimated by the (non-linear) least-squares method and e is the base of the natural log (ln). 
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Figure 5. Graph of the annual diameter increment as a function of the Navratil and MacIsaac (1993) competition index from the compiled 
regression equations in database B. Each model is graphed in the approximate range of competition index conditions from the given study. Source, 
B.E.C. zone, and regression equations are listed in the legend. The general form of the regression equation is: y=aebx, where y is pine diameter 
increment, x is competition index, a and b are model parameters estimated by the (non-linear) least-squares method and e is the base of the natural 
log (ln). All three regression equations are based on tall aspen in 1.78 m radius plots. The Navratil and MacIsaac (1993) competition index = 
(diameter of tallest aspen/target pine diameter). 
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Figure 6. Graph of annual height increment as a function of the Navratil and MacIsaac (1993) competition index from the compiled regression 
equations in database B. Each model is graphed in the approximate range of competition index conditions from the given study. Source, B.E.C. 
zone, and regression equations are listed in the legend. The general form of the regression equation is: y=aebx, where y is pine height increment, x 
is competition index, a and b are model parameters estimated by the (non-linear) least-squares method and e is the base of the natural log (ln). All 
three regression equations are based on tall aspen in 1.78 m radius plots. The Navratil and MacIsaac (1993) competition index = (diameter of 
tallest aspen/target pine diameter). 
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Figure 7. Graph of annual diameter increment as a function of the Lorimer (1983) competition index from the compiled regression equations in 
database B. Each model is graphed in the approximate range of competition index conditions from the given study. Source, B.E.C. zone, and 
regression equations are listed in the legend. The general form of the regression equation is: y=aebx, where y is pine diameter increment, x is 
competition index, a and b are model parameters estimated by the (non-linear) least-squares method and e is the base of the natural log (ln). All 
three regression equations are based on tall aspen in 1.78 m radius plots. The Lorimer (1983) competition index = (diameter of tallest aspen/target 
pine diameter). The Lorimer competition index = [Σ (aspen diameter/target pine diameter)]. 
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Figure 8. Graph of annual height increment as a function of the Lorimer (1983) competition index from the compiled regression equations in 
database B. Each model is graphed in the approximate range of competition index conditions from the given study. Source, B.E.C. zone, and 
regression equations are listed in the legend. The general form of the regression equation is: y=aebx, where y is pine height increment, x is 
competition index, a and b are model parameters estimated by the (non-linear) least-squares method and e is the base of the natural log (ln). All 
three regression equations are based on tall aspen in 1.78 m radius plots. The Lorimer competition index = [Σ (aspen diameter/target pine 
diameter)]. 
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Conclusions 

 

Tree level lodgepole pine growth in response to mixedwood competition is fairly well defined, 

however there is not a great deal of information on stand level lodgepole pine growth in mixedwoods. 

There is a distinct lack of information regarding mixed-wood competition with mature aged lodgepole 

pine and/or mature aged competitors. This makes it important to continue to remeasure these 

established research trials in the future. There is also a lack of information on the relationship between 

crown allometry and biomass and mixedwood competition. Currently available data indicates that 

competitor density and the Lorimer (1983) competition index may be potentially useful tools in 

describing lodgepole pine mixedwood compeitition in B.C. The reviewed literature indicates that the 

relationship between mixedwood competitor abundance and lodgepole pine growth is concave up to 

linear, and either descending with increasing competition, or in some cases, flat. Information from a 

greater number of B.E.C. zones is required to further define these trends. There are several B.E.C. 

zones for which there is no specific information on lodgepole pine growth in response to mixedwood 

competition. Several of the reviewed studies would contribute considerably to the knowledge base on 

this topic if the data could be obtained from the authors via a data use agreement. 

 

If the data is obtained from the Simard et al. (2001a, 2001b) studies, regression equations could be 

developed and added to database A that would predict lodgepole pine diameter and height increment as 

a function of competitor density and basal area. It may also be possible to develop regression equations 

that could be added to database B that would predict lodgepole pine diameter and height increment as a 

function of competition indices. The Simard et al. (2001a, 2001b) studies would add information about 

the competition pine growth response in an additional five BEC zones (IDFdk1, IDFdk2, MSdm2, 

ICHmw3, and ICHmk1).  

 

If the data is obtained from the MacIsaac and Navratil (1996) and Navratil and MacIssac (1993) 

studies, regression equations could be developed and added to database A that would predict lodgepole 

pine diameter and height increment as a function of competitor density, basal area, and perhaps cover. 

Regression equations could also be developed and added to database B that would predict lodgepole 
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pine diameter and height increment as a function the Navratil and MacIsaac (1993) competition index 

and possibly other competition indices.  

 

Obtaining the data from the Simard et al. (2001a, 2001b) studies would be the most useful since the 

study sites are located in B.C. If the data is obtained from any of the above mentioned studies, it may 

also be useful to obtain the data from any/all of the studies in order to develop regression equations 

based on variables and competition indices not given in the papers, to use for comparative purposes. 

Also the Newsome et al. (2003, 2004a, 2004b, 2006a, 2006b) and Simard et al. (2001a, 2001b) studies 

are part of ongoing projects and remeasurement results should continue to emerge in the near future. 

These new results would give more information on stand level lodgepole pine growth and on 

mixedwood lodgepole pine competition dynamics in older stands. In conclusion, though there are 

several holes in the currently available information on pine growth and yield in mixedwood canopies, 

there is a potential to fill in many of those knowledge gaps in the near future. 
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