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Abstract 
 
Red alder is a common component of low elevation CWH zone forests in Southwestern BC and often 
grows intimately with young conifer stands on highly productive sites.  It is a strong competitor in 
young conifer stands and rapidly overtops juvenile conifers, often making it challenging to meet free 
growing obligations under current standards.  Presently, many forest managers err on the side of 
caution and expend resources to control red alder to meet free growing requirements.  Unfortunately, 
we are unable to determine whether these expenditures are warranted due to a lack of scientific data.  
This project provides preliminary best available information to assist in improving policies and 
practices around free-growing.  

The overall objective of this project is to provide science-based information useful for developing 
sustainable forest management strategies for complex coastal mixedwoods. More specifically it will 
provide much needed credible, scientific support to refine free growing standards for coastal forests, 
and guide decisions around policy and timber supply.  

This project utilises mixed alder-conifer experiments that were designed to study the competitive 
effects of red alder on conifers.  The experimental sites are now old enough to assess the 11-yr free 
growing window.  During the first year of this project (2004/2005) standard GY measurements and 
state-of-the-art light measurement techniques were used.  A variety of competition indices that use 
measures of the number, size, proximity and location of broadleaf trees within a small plot centred on 
the subject tree were tested to estimate the intensity of broadleaf competition.  In this study densities 
of red alder ranged between 0 and 400 trees/ha and basal area ranged up to 9 m2/ha, resulting in light 
levels ranging between 100 % and 37 % of full sunlight.  These densities and light levels had only 
weak competitive effects on Douglas-fir and western redcedar on certain sites.  We found consistent 
relationships between the basal area of red alder and light levels at the height of mid-crown for both 
western redcedar and Douglas-fir at the four study sites.  However, on some sites conifer growth was 
positively related to red alder density.  As expected due to its greater shade tolerance, western 
redcedar showed less sensitivity to the presence of red alder than Douglas-fir. We found that for the 
red alder densities in this study the radius of assessment plots should be at least 4 m.  While one alder 
within a 1 m radius may be indicative of densities approaching 10,000 alder/ha, however, our results 
suggest that densities of up to 400 red alder/ha, may be acceptable and possibly desirable on some 
sites.  These findings suggest the use of larger radius plots may be a consideration for evaluating red 
alder competition and free-growing in coastal conifer plantations. 

The second and final year (2005/2006) of this project focused on extending the research findings of 
the first year to the target audiences.  The Extension Plan was finalised, an Extension Note and Stand 
Evaluation and Decision Aid (SEDA) were published, a site tour conducted and a journal article 
submitted. 
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Introduction 
An understanding of both the competitive and beneficial effects of red alder (Alnus rubra [Bong.]) in 
mixture with conifers is fundamental to making sustainable management decisions for complex 
forests.  Red alder is a common component of low elevation CWH zone forests in Southwestern BC 
and often grows intimately with young conifer stands on highly productive sites.  Although red alder 
is valuable as a source of lumber, contributes to the long-term productivity of a site (Comeau and 
Sachs 1992; Binkley 1983), may mitigate the effects of root disease on Douglas-fir (Pseudotsuga 
menziesii [Mirb.] Franco), and contributes to biodiversity and forest health at both the stand and 
landscape levels (McComb 1994; Hibbs and DeBell 1994), it is also a strong competitor in young 
conifer stands.  Young red alder rapidly overtops juvenile conifers, resulting in subsequent challenges 
and costs associated with meeting current free growing obligations.  Growth of Douglas-fir in mixture 
with red alder is often less than in pure stands (Cole and Newton 1986), as a result of lower levels of 
light reaching the overtopped conifers (Comeau 1996; Shainsky et al. 1994; Shainsky and Radosovich 
1992).  However, the competitive effects of alder on light maybe counterbalanced by increased 
Nitrogen (N) availability due to fixation of atmospheric N.  Nitrogen fixation rates in alder stands 
usually range between 20 and 85 kg ha-1 yr-1 (Binkley et al. 1994), but rates up to 320 kg ha-1 yr-1 
have been reported (Van Miegroet et al. 1989).  Red alder management in mixedwood stands requires 
striking a balance between the detrimental effects of over-topping alder on understory light and the 
nutritional benefits produced by the alder. 

Some research suggests low densities of red alder will not have a negative impact on conifer growth 
and may enhance it (Comeau et al. 1997; Miller and Murray 1978).  Presently, many licensees err on 
the side of caution and repeatedly expend resources to control red alder to meet free growing 
requirements.  Unfortunately, we are unable to determine whether these expenditures are warranted 
due to a lack of scientific data.  If this standard was better defined both industry and government 
would have more confidence that their limited resources were being spent wisely and that best 
practices were being used to ensure a sustainable forest.  

This project utilised existing Replacement and Additive research experiments that have a statistically 
sound design (Comeau et al. 1997), and were established to assess the competitive effects of red alder 
on conifers.  These installations are now old enough to assess the 11-yr free growing window to 
determine the impact of various levels of broadleaf competition on conifer growth and stand yield.  
Data was collected using standard GY measurements and state-of-the-art light measurement 
techniques.  We then tested a variety of competition indices that used measures of the number, size, 
proximity, and location of broadleaf trees within a small plot centred on the subject tree (Lorimer 
1983; Navratil and MacIsaac 1993) to estimate the intensity of broadleaf competition and evaluate the 
usefulness and applicability of these indices across a range of broadleaf-conifer spatial arrangements. 

Methods 

Experimental design: 

Additive experiments were established at three locations (EP1121.01): Waterloo Creek in the South 
Island Forest District in 1992; Gough Creek in the Sunshine Coast Forest District in 1992; and Holt 
Creek in South Island Forest District in 1994.  In this experiment, each plantation was a 50:50 mix of 
Douglas-fir and western redcedar [Thuja plicata Donn] planted at 3 m spacing or approximately 1100 
trees/ha (tph).  Douglas-fir and western redcedar were planted so that they alternated in both 
directions.  One of five red alder densities [1) 0 tph; 2) 50 tph; 3) 100 tph; 4) 200 tph; 5) 400 tph] was 
then applied (treatment).  At Waterloo Creek and Gough Creek the treatment plots measured 70 m x 
70 m (0.49 ha) and 60 m x 60 m (0.36 ha) at Holt Creek.  Treatments were randomly assigned to the 
plots.  
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Replacement Series experiments were established at East Wilson Creek in the Sunshine Coast Forest 
District in 1992, and at Holt Creek in the South Forest Island District in 1994.  In this experiment red 
alder and Douglas-fir were planted in a series of five proportions of:  1.0:0, 0.5:0.5, 0.25:0.75, 0.11: 
0.89, and 0:1.0 of alder to Douglas-fir, respectively, at a total density of 742 tph (3.67 m spacing).  
This experiment follows the design protocol prepared by the Oregon State University Hardwood 
Silviculture Co-operative (see website http://www.cof.orst.edu/coops/hsc/meminfo/index.htm).  Each 
installation consists of one replicate of each of the five treatments.  Treatment plots measured 70 m x 
70 m (0.49 ha) at East Wilson Creek and 60 m x 60 m (0.36 ha) at Holt Creek.  

Measurements and Analysis: 

In each treatment plot (Additive and Replacement Experiments) a 0.1 ha (17.54 m radius) permanent 
sample plot was established, numbered tags affixed to all trees, and root collar diameter, dbh, height, 
height to crown base, and crown radius were measured for all trees.  For the additive experiment 
measurements were collected at ages: 1, 2, 3, 4, 5, 7, and 10.  For the replacement series experiment 
measurements have been collected at ages: 1, 2, 3, 4, 6, and 9.  In addition, the location of each tree in 
the measurement plots was previously mapped within 10 cm accuracy.  The installations were re-
measured in the fall of 2004 to provide 11- and 13-yr data. 

Six Douglas-fir and six western redcedar were randomly selected from trees tagged in each of the 
additive experiment plots at Waterloo Creek (five plots), Gough Creek (five plots), and Holt (five 
plots), and 10 Douglas-fir were selected from trees tagged in each of the replacement series plots at 
East Wilson Creek (five plots) and Holt Creek (five plots).  Map data were used to select trees located 
at least 7 m from the edge of the permanent sample plot.  Map data for each plot were also used to 
identify all red alder occurring within a 7 m radius of the selected subject trees and to determine 
distances among red alder and the subject trees.  These distance measurements were used, together 
with measurements of diameter and height collected for all trees in the plots in 2001, to calculate 
various competition indices (Table 1). 

Light levels were measured at mid-crown height for each selected tree during mid-summer of 2004 
using LAI-2000 plant canopy analysers (Li-Cor Inc., Lincoln NB). Other studies have shown that 
measurements taken using these sensors are highly effective for characterising growing season light 
conditions under mixed species stands (Comeau et al. 1998; Gendron et al. 1998).  LAI-2000 
measurements were taken with 180 degree view restrictors on the sensor and measurements taken in 
each of the two cardinal directions. 

A variety of competition indices, including alder basal area, alder height, proximity of alder stems to 
the subject tree, alder crown area, light levels, and others were evaluated.  Relationships among light 
levels, measures of alder competition, and conifer growth were examined using linear and non-linear 
regression analysis.  Data were examined to determine a search radius to use for calculation of 
competition indices. 
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Table 1.  A summary of competition indices tested. 

Competition indices Formula Values 

BA  - Basal Area .∑= BAjBA  BAj = competitor basal area  

BAHA - basal area per ha BAHA =BA/plot area/10000  

DS  -  Diameters’ Sum .∑= DjDS  Dj = competitor diameter  

 

DPH- deciduous trees per ha DPH =TN/plot area/10000  

CSA - Crown Projection Area ∑= CsaiCSA  CSAi = competitor crown surface area  

DDR - Diameter Distance Ratio 
.

distij
DjDDR ∑=  

Dj = competitor diameter 

distij = distance  

SF -   Spacing Factor 
.

htdiffij
distijSF ∑=  

distij = distance  

htdiffij = differential height (competitor - 
selected species) 

ISFI - inverse spacing factor index ISFI = TN/SF  

BRA – Braathe index BRA = TN*(htdmax-hti)/(htdmax*SF) htdmax=height of tallest alder in the plot, 
hti=height of conifer 

BRAM – modified Braathe index BRAM = (htdmax-hti)*(dph0.5/10000) htdmax=height of tallest alder in the plot, 
hti=height of conifer 

DIFN - Diffuse non interceptance  DIFN = transmittance  

In order to achieve this, relationships among root mean square error (RMSE) and search radius for 
regressions of conifer growth (or light transmittance) and the most effective competition indices were 
examined.  Differences among sites were explored using the Extra Sums of Squares Principle (Draper 
and Smith 1981; Ott 1997).  

Results 
Average height of the three tree species at each of the additive study sites are presented in Figures 1, 
2 and 3.  It appears that Douglas-fir height is not adversely affected by red alder densities of 400 tph.  
At the East Wilson and Gough creek sites, height of Douglas-fir was greatest when red alder was 
present than when red alder was absent, while at the Holt and Waterloo creek sites there does not 
appear to be any effect of red alder density on Douglas-fir height.  There appears to be no difference 
in the average height of western redcedar among the different alder densities.  
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Figure 1. Average height (cm) of the three tree species at Waterloo Creek (Western redcedar = Cw; Douglas-fir 

= Fd; Red alder = Dr). 

 

Gough Creek 2004
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Figure 2. Average height (cm) of the three tree species at Gough Creek (Western redcedar = Cw; Douglas-fir = 

Fd; Red alder = Dr). 
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Holt Creek 2004
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Figure 3. Average height (cm) of the three tree species at Holt Creek (Western redcedar = Cw; Douglas-fir = 

Fd; Red alder = Dr). 

Relationships among stem volume increment and the various competition indices are presented in 
Table 2.  In most cases, the coefficient of variation (R2) is quite low.  For Douglas-fir at the East 
Wilson Creek site there is a positive relationship between volume increment and basal area (after a ln 
transformation) of red alder and the R2 is the highest (R2 = 0.664) of all independent variables tested 
for this species on this site.  BRAM had the strongest correlation with Douglas-fir growth on both the 
Gough and Holt sites, while the BRA index was most strongly correlated with Douglas-fir on the 
Waterloo site.   

The growth of western redcedar was most strongly correlated with ln(BAHA) on both Gough and 
Holt Creek sites while BRAM was the independent variable with the highest R2 for the Waterloo site.  
Western redcedar volume increment was positively correlated with red alder basal area at the Gough 
and Holt Creek sites while it was negatively correlated with BRAM at Waterloo Creek site.  For the 
Gough Creek site, none of the equations relating volume increment to the competition measures was 
significant (P>0.223). 
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Table 2.  Summary of relationships between stem volume increment (cm3/yr) and red alder competition.  The 
model fit to these data was: ln(vinc)=a+bx.  Highlighted row indicates the best (highest R2) model 
(excluding DIFN) for each species and site. 

Independent variable Species Site n R2 a b P (b) 

Ln(DPH) Cw Gough 22 0.012 -8.491 0.2235 0.625 
  Holt 30 0.263 -6.7477 0.2137 0.004 
  Waterloo 25 0.181 -5.8105 -0.1877 0.034 
 Fd East Wilson 35 0.649 -5.3213 0.254 <0.001 
  Gough 23 0.000 -4.4804 0.0007586 0.992 
  Holt 68 0.002 -4.3401 -0.01342 0.712 
  Waterloo 29 0.068 -4.1866 -0.0567 0.172 
Ln(SF) Cw Gough 22 0.037 -7.3804 -0.6058 0.393 
  Holt 30 0.232 -5.1677 -0.7541 0.008 
  Waterloo 25 0.241 -6.6746 0.7158 0.013 
 Fd East Wilson 35 0.627 -4.0864 -0.8669 <0.001 
  Gough 23 0.005 -4.4673 -0.07769 0.750 
  Holt 68 <0.001 -4.3842 0.00780 0.961 
  Waterloo 29 0.0813 -4.3590 0.1882 0.134 
Ln(BAHA) Cw Gough 22 0.043 -7.0264 0.2040 0.356 
  Holt 30 0.297 -5.5386 0.2752 0.0019 
  Waterloo 25 0.209 -6.6339 -0.2055 0.0215 
 Fd East Wilson 35 0.664 -4.1526 0.2761 <0.001 
  Gough 23 0.015 -4.3821 0.0530 0.575 
  Holt 68 0.001 -4.3996 -0.01015 0.824 
  Waterloo 29 0.078 -4.4269 -0.0600 0.143 
BRA Cw Gough 22 0.010 -7.2018 -0.0004942 0.666 
  Holt 30 0.100 -6.2737 0.00142 0.088 
  Waterloo 25 0.346 -5.7970 -0.00262 0.002 
 Fd East Wilson 35 0.173 -4.6366 0.00234 0.013 
  Gough 23 0.123 -4.2395 -0.00159 0.100 
  Holt 68 0.132 -4.2716 -0.00163 0.002 
  Waterloo 29 0.208 -4.2056 -0.0008271 0.013 
BRAM Cw Gough 22 0.021 -6.9573 -0.5493 0.521 
  Holt 30 0.091 -6.3428 1.0244 0.106 
  Waterloo 25 0.376 -5.6633 -1.2255 0.001 
 Fd East Wilson 35 0.180 -4.7019 1.3933 0.011 
  Gough 23 0.122 -4.1804 -0.9815 0.103 
  Holt 68 0.153 -4.1963 -1.2498 0.001 
  Waterloo 29 0.204 -4.1587 -0.4633 0.014 
Ln(DDR) Cw Gough 22 0.036 -8.0972 0.2418 0.398 
  Holt 30 0.269 -6.1882 0.1433 0.003 
  Waterloo 25 0.181 -6.2658 0.1172 0.034 
 Fd East Wilson 35 0.664 -4.6919 0.1615 <0.001 
  Gough 23 0.002 -4.4492 -0.0121 0.826 
  Holt 68 0.001 -4.3758 -0.00527 0.824 
  Waterloo 29 0.074 -4.1351 -0.03663 0.153 
Ln(ISFA) Cw Gough 22 0.031 -9.2619 0.3162 0.435 
  Holt 30 0.274 -6.2015 0.0974 0.003 
  Waterloo 25 0.170 -6.2796 -0.07786 0.040 
 Fd East Wilson 35 0.632 -4.6753 0.1098 <0.001 
  Gough 23 0.003 -4.4390 -0.00866 0.807 
  Holt 68 0.001 -4.3750 -0.00390 0.802 
  Waterloo 29 0.064 -4.3264 -0.02374 0.186 
Ln(DIFN) Cw Gough 22 0.073 -7.9843 -0.5568 0.223 
  Holt 29 0.002 -6.123 -0.1204 0.706 
  Waterloo 25 0.095 -6.0368 0.8598 0.142 
 Fd East Wilson 35 0.236 -4.7438 -1.1250 0.003 
  Gough 23 0.117 -4.2670 0.3273 0.110 
  Holt 68 0.004 -4.3544 0.1961 0.595 
  Waterloo 29 0.118 -4.2001 0.5325 0.079 
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Results from models describing variation in stem volume increment in relation to initial tree size [dbhi 
or crown surface area (CSAi)] and three selected competition measures are summarised in Tables 3 and 
4.  The modified Braathe index (BRAM) was not tested because it did not have significant parameter 
values for any site.  When we included initial tree size in the model the R2 for all models increased 
(R2

adj).  The models tested for Douglas-fir are presented in Table 3.  Basal area (BAHA) was significant 
in the model for the East Wilson Creek site which used dbhi as the tree size variable but not for other 
sites.  BRA and DIFN were significant only at the Waterloo Creek site.  It is of interest that growth of 
Douglas-fir at East Wilson creek increased as the basal area of red alder increased.  In the equation that 
used CSAi as the measure of initial size, DIFN was significant at both Gough and Waterloo creek sites, 
and growth increased with increasing DIFN at these sites.   

Table 3.  Summary of relationships between Douglas-fir stem volume increment (cm3/yr), initial tree size, and red 
alder competition, based on data from the selected subject trees.  The model fit to these data was: 
ln(vinc) = a + b x SIZE + c x CI.  Significant models are highlighted. 

SIZE CI Site n R2
adj RMSE a b c P (c) 

Ln(dbhi) Ln(BAHA) East Wilson 35 0.778 0.3868 -9.9901 1.4080 0.1004 0.0458 
  Gough 23 0.818 0.3110 -15.2738 2.6298 0.3704 0.3545 
  Holt 68 0.807 0.3415 -9.1055 1.2538 0.02830 0.1609 
  Waterloo 29 0.808 0.2241 -12.9193 2.0624 -0.02723 0.1454 
          
 BRA East Wilson 35 0.765 0.3980 -11.9418 1.8515 0.0007553 0.1387 
  Gough 23 0.823 0.3065 -16.2146 2.8208 0.0005730 0.2330 
  Holt 68 0.802 0.3462 -9.1859 1.2573 0.0001190 0.6618 
  Waterloo 29 0.839 0.2050 -12.4226 1.9677 -0.0003995 0.0098 
          
 Ln(DIFN) East Wilson 35 0.763 0.3995 -11.8543 1.8251 -0.3068 0.1617 
  Gough 23 0.812 0.3157 -15.1502 2.5915 0.04932 0.6035 
  Holt 68 0.808 0.3408 -9.2182 1.2600 -0.2445 0.1361 
  Waterloo 29 0.873 0.1780 -14.4004 2.4361 0.2527 0.0314 
          
Ln(CSAi) Ln(DIFN) East Wilson 35 0.848 0.3203 -8.5554 1.3722 -0.1233 0.4901 
  Gough 23 0.721 0.3854 -9.7961 1.7368 0.3317 0.0060 
  Holt 68 0.812 0.3375 -7.1523 1.0366 -0.08692 0.5869 
  Waterloo 29 0.545 0.3366 -8.0830 1.3012 0.6917 0.0027 

The models tested for western redcedar are summarised in Table 4. BRA and DIFN were significant 
only at Gough Creek and only in the model using dbhi as the tree size variable.  Analysis using the 
additional sums of squares principle (dummy variables) indicates that the different sites for each species 
could not be pooled into a single model (P<0.007). 
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Table 4.  Summary of relationships between western redcedar stem volume increment (cm3/yr), initial tree size, 
and red alder competition, based on data from the selected subject trees.  The model fit to these data 
was: ln(vinc)=a + b x SIZE + c x CI.  Significant models are highlighted. 

SIZE CI Site N R2
adj RMSE a b c P (c) 

Ln(dbhi) Ln(BAHA) Gough 22 0.913 0.4176 -11.8187 1.6706 -0.08065 0.2013 
  Holt 29 0.857 0.2699 -9.4362 1.2763 0.0576 0.1159 
  Waterloo 25 0.930 0.3214 -10.2506 1.3424 -0.02479 0.3665 
          
 BRA Gough 22 0.943 0.3669 -11.3325 1.6425 -0.0007402 0.0112 
  Holt 29 0.846 0.3831 -9.7443 1.3352 0.0002478 0.4101 
  Waterloo 25 0.930 0.3246 -10.1190 1.3280 -0.0002647 0.3768 
          
 Ln(DIFN) Gough 22 0.943 0.3674 -11.5094 1.7433 0.3289 0.0116 
  Holt 29 0.851 0.3775 -9.7376 1.3713 0.1363 0.2309 
  Waterloo 25 0.931 0.3258 -10.3765 1.3841 -0.06241 0.7034 
          
Ln(CSAi) Ln(DIFN) Gough 22 0.870 0.5552 -10.6167 2.2319 0.485 0.4010 
  Holt 29 0.807 0.4922 -9.1247 1.8574 0.1720 0.2473 
  Waterloo 25 0.934 0.3201 -9.8532 1.9181 0.1221 0.4412 

 
The relationship between light levels (DIFN) and basal area for the measured Douglas-fir is shown in 
Figure 4.  Additional sums of squares found no significant difference among sites (P = 0.881).  It is 
interesting to note that there are few points where light levels (DIFN) are below 0.4 (Figure 4).  Light 
levels may decline over time as diameter and basal area continue to increase in these plantations.  
Another assessment in year 15 will be very useful in determining this and will provide another 
opportunity to test and validate these models. 
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Figure 4. Relationship between light at mid-crown (DIFN) and basal area of red alder, for measured Douglas-fir. 

The equation: ln(DIFN)=-0.06872-0.1295 (BAHA) describes the line shown (n=130, R2adj = 0.584, 
RMSE = 0.1791). 
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Data from the sampled trees were used to evaluate the effect of radius of the assessment plot on the 
strength of the relationships.  To do this, the neighbouring red alder were sorted according to their 
distance from each subject tree and density and basal area were calculated for each successive radius.  

The effect of measurement plot radius on R2 and RMSE for the relationship between DIFN and red alder 
basal area are shown in Figure 5.  Results suggest that R2 approaches maximum values and RMSE 
approaches minimum values when plot radius is 4.5 m or larger.  
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Figure 5. Effect of assessment plot radius on coefficient of determination (R2) and Root Mean Square Error 
(RMSE) for the relationship between DIFN and red alder basal area. 

 
The effect of assessment plot radius on R2 and RMSE values for relationships between dbh of subject 
trees and red alder density are shown in Figure 6.  The coefficient of determination is maximised and 
RMSE is minimised at a 7 m radius for Douglas-fir at East Wilson Creek and for western redcedar at 
Holt and Waterloo creek sites.  At the Gough Creek site, a plot radius of 4 m and 5 m gives optimal 
values for Douglas-fir and western redcedar, respectively. 
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Figure 6. Effect of assessment plot radius on coefficient of determination (R2) and Root Mean Square Error 
(RMSE) for the relationship between subject tree dbh and red alder density (trees/ha) for both Douglas-
fir and western redcedar. 
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Discussion and Conclusion 
Results from this study show substantial site to site variation in the response of Douglas-fir and western 
redcedar to gradients in red alder density. Douglas-fir had a strong positive relationship between tree 
growth and the density of red alder at the East Wilson Creek site.  In addition, the lack of significant 
relationships between Douglas-fir growth and DIFN may also be an indication of other factors such as 
nutrition (N availability), which will have an influence on to tree growth.  This will hopefully be 
addressed in upcoming studies over the next few years.  At Holt Creek, the influence of red alder on 
conifer growth is weak suggesting there may be other factors compensating for reduced light level and 
positively influencing conifer growth at higher alder densities. The growth of western redcedar which 
has a higher shade tolerance than Douglas-fir, appears to have had little influence from the alder 
densities in this study. 

In general, no single index performed well for both species across all sites.  Other studies suggest that 
distance-dependent competition indices may provide improved prediction of competitive effects under 
some circumstances.  These circumstances are likely to include situations where densities are in the low-
moderate range since when densities are very high, competitor density is likely to be strongly correlated 
with inter-tree distance.  In this study densities of red alder ranged between 0 and 400 tph and basal area 
ranged up to 9 m2/ha, resulting in light levels ranging between 100 % and 37 % of full sunlight.  These 
densities and light levels had only weak competitive effects on Douglas-fir and western redcedar on 
certain sites.  This range of alder density is relatively low compared to natural stand densities, and there 
are other factors such as possible nutritional benefits from red alder, species differences (shade 
tolerance), and micro-site variation that may be confounding the results, thereby making it challenging 
to select a one-size-fits-all competition index.   

Several other studies have found that conifer growth is related to both initial tree size (leaf area) and 
light levels (Comeau et al. 2003; Claveau et al. 2002).  Inclusion of initial tree size as an independent 
variable in models examining relationships between growth and competition is valuable, since it 
provides an opportunity to account directly for the influence of initial tree size (leaf area, height, etc.).  
However, when subject tree size is included as an independent variable in multiple regression models, 
care must be exercised in the selection of competition variables since inclusion of size in a competition 
index may result in a strong collinearity among independent variables.  For this reason, the use of 
simpler indices such as basal area, spacing factor, or other measures of competitor abundance may be 
preferable to the more complicated measures of competition that incorporate conifer size in their 
calculation.  Based on the results from this study there is no clear, or consistent benefit in using the 
more complicated, distance-dependant indices, as there utility and value appears to be only warranted in 
certain circumstances.  

In our study, we found the simpler index, basal area, to be the most consistent index for describing 
variation in light levels at the height of mid-crown for both western redcedar and Douglas-fir at the four 
study sites.  This index had a higher R2 and better fit to the data than the other measures such as density, 
spacing factor, and the Braathe Index.  This finding is consistent with other studies that have also found 
basal area of broadleaf competitors to be effective in describing variation in light levels (Comeau et al. 
1998; Comeau 2001; Comeau and Heineman 2003). 

Current standards for free growing in BC do not accept alder within a 1m radius of conifers on coastal 
sites.  Based on this, one alder within a 1 m radius may be indicative of densities approaching 10,000 
alder/ha, however, at the densities found in this study our results suggest that densities of up to 400 
alder/ha, may be acceptable and desirable on some sites.  An alder density of 400 tph corresponds to one 
alder in a 2.82 m radius plot (25 m2), or two alder in a 3.99 m radius (50 m2) plot, or four alder in a 5.64 
m radius (100 m2) plot.  Lieffers et al. (2002) found that a 1 m assessment radius is insufficient to 
adequately characterise competitive environments for conifers growing in mixture with faster-growing 
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deciduous species.  Our preliminary results support this finding and suggest that for the red alder 
densities in this study the radius of assessment plots should be at least 4 m.  

In order to test whether these alder densities have had an effect on conifer growth at the end of the free 
growing window (15-yr) these experimental sites will have to be re-measured and the preliminary 
findings from this project evaluated and tested to determine whether larger radius assessment plots are 
warranted. 

Extension 
The second year of the project focused on extending the findings of the previous year.  The deliverables 
included: 

• A formal Extension Plan for the project; 
• An Extension Note that highlighted the findings (http://www.for.gov.bc.ca/hfd/pubs/docs/en/En76.htm); 
• A Stand Establishment Decision Aid (SEDA) for red alder management written in conjunction 

with FORREX; 
• A manuscript that was submitted to Forest Ecology and Management Journal; and, 
• A site tour (Fall 2005) given to Regional and District foresters, and policy makers. 
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