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Abstract 
 
In this project we investigated the effect of above plot light availability on the 

growth of understory trees. The objective was to help in the design of partial cuts 

harvests to produce the most desirable light conditions for regeneration. With this 

objective, we analyzed the development of natural regeneration in four types of 

cutting: uniform shelterwood, irregular shelterwood, strip shelterwood, and 

expanding group cuts.  

 

Above-plot light availability is not necessarily indicative of the actual amount of 

light received by an individual tree. For example, a tree can be shaded by other 

small trees or by shrub and herb cover. Thus, above-plot light availability is not 

likely to impact individual trees in the same way. Specifically, it is plausible that 

larger trees will be more differently impacted by above plot light availability than 

smaller trees. Small trees are more likely to be shaded by shrubs, herbs and 

other trees than large trees.  

 

We found that the relationships are quite complex and the derivation of simple 

design criteria very elusive.  Clear relationships did not result from the analytical 

approaches proposed and used in this project, although trends worthy of 

additional study did emerge. 
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Introduction 

 

Partial cutting for the renewal of even-aged forests using natural regeneration is 

a common practice throughout the world.  Mounting social pressures in BC 

against clearcutting has led to greater interest in partial cutting.  With the use of 

partial cutting the contribution of natural regeneration is often left to chance, 

merely to be monitored in regeneration surveys after the cuts.  Planting in the 

openings has been used to ensure regeneration success and meet legal 

requirements, but the actual planting needs are based on the best estimation of 

the manager. 

 

Silvicultural systems such as shelterwood, patch cut, and partial harvest aim at 

producing understory conditions that are favourable for establishment and growth 

of natural regeneration or planted understory trees. The success or failure of the 

natural regeneration under different types of partial cutting is driven by the 

microsite light conditions throughout the cut area.  These light conditions will 

dictate seedling growth, as well as the growth of competition.  The effect of light 

will be modified by the amounts of other growth factors on site.  In this study we 

investigated these relations and quantify the effects. 

 

A range of different silvicultural systems have been established at the Alex 

Fraser Research Forest (AFRF) since the early 90’s as part of demonstration and 

research. These trials were established to investigate the effect various types of 

partial cutting have on the recruitment and subsequent growth of regeneration. 

Silvicultural systems used consist of many different types including various 

shelterwood systems (uniform, irregular and strip), patch cuts, and expanding 

groups. These cuts have been operational in nature, but all represent trials and 

demonstrations and have been monitored as such.   

 



 4

In this project we investigated the effect of above plot light availability on the 

growth of understory trees. Our goal was to help in the design of partial cuts 

harvests to produce the most desirable light conditions for regeneration. With this 

objective, we analyzed the development of natural regeneration in four types of 

cutting: uniform shelterwood, irregular shelterwood, strip shelterwood, and 

expanding group cuts.  The cuts were carried out between 1992 and 2005, but 

the majority have been since 2000.  All of the cuts we use have had previous 

regeneration surveys and been found to have sufficient regeneration.  A couple 

of the older cuts have been the site of previous research and have detailed data 

on regeneration growth (e.g Burton et al. 2000, Waterhouse 1999, Waterhouse 

and Newsome 2006). 
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Experimental Design and Field Methods 
 
We measured regeneration density and growth rates in four types of partial 

cuttings (uniform shelterwood, irregular shelterwood, strip shelterwood, and 

expanding group cuts) in the Alex Fraser Research Forest (AFRF). We sampled 

two uniform shelterwoods, two irregular shelterwoods, one strip shelterwood, and 

one expanding group cuts for a total of 6 stands (Table 1). The partial cuts were 

carried out in 2000 or 2001 and all the stands were found to have sufficient levels 

of regeneration in preliminary regeneration surveys. 

 

Table 1: Year of establishment and treatment for each stand.  
Type of regeneration harvest Cutblocks Year 
Uniform shelterwood 91B, 200 2001 
Irregular shelterwood 122, 123 2000 
Strip shelterwood 113 2001 
Expanding group cuts 115 2000 

 
Within each stand, the regeneration was sample systematically along transects. 

A total of 23 transects and 233 plots were established in the six stands (Table 2). 

In the strip shelterwood and the expanding group cuts, the transects were run 

across the openings. In the uniform and irregular shelterwoods, the transects had 

random directions and random starting points.  Along the transects, 20 m2 

circular plots (2.52 m radius) were positioned at 10 meters intervals with a 

minimum of 10 plots per transect. In the strip shelterwood and the expanding 

group cuts, the transects were stopped after one plot fall completely within the 

surrounding uncut stand.  

 
Table 2: Number of transects and plots by stand number.  

Cutblock Number of transects Number of plots 
91B 4 37 
113 4 40 
115 4 47 
122 4 49 
123 3 24 
200 4 36 

Total 23 233 
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For each plot, we counted all regeneration by species and measured all 

seedlings older than two years. The measurements included: species, vigour, 

nature (natural or planted), age, total height, and diameter at the collar; 

comments concerning any damage or abnormal growth and health condition. 

Vigour status was subjectively assigned to each individual. Three vigour classes 

were used: (A) no growth limitation from above, overall good health, good growth 

condition (dense and green foliage, single leader, no damage), leader growth 

(current and previous years exhibiting very good performance); (B) some growth 

limitation from above (presence of other competing neighbours) or reduced 

health and limited growth (lighter and/or less dense foliage, damaged); (C) 

severe growth limitation from above and health condition (poor foliage, multiple 

leaders, browsing, etc). Age was estimated by counting bud scales scars or by 

destructive sampling with subsequent rings counts. Destructive sampling was 

only performed when it was difficult to determine age from the bud scars. On a 

subsample of the regeneration older than two years (a minimum of four 

individuals and at least one for each species present in each plot), we recorded 

height increments for the past five years. For each plot, overstory cover (open: < 

75%, partial: 25-75%, close: > 75%), understory vegetation cover (percentage of 

herbs, shrubs and bare ground), and other general plot conditions (presence of 

slash, skidtrails, etc) were recorded.   

 
At the center of each sample plot, one hemispheric photograph was taken to 

obtain estimates of growing season light availability. The photographs were taken 

above seedling height (around 1.5 meters). All photographs were taken with a 

tripod-mounted digital Nikon Coolpix 950 with a Nikon true fish-eye lens. Uniform 

sky-conditions (either early in the morning, late in the afternoon) or uniform 

overcast days were chosen for taking the photos. The photographs were 

analysed using the GLA Version 2 software (Frazer et al. 1997, 2000).  
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For each sampled stand, we obtained information on aspect, slope, site index, 

stand composition, density and overstory basal area from the AFRF inventory 

database. The obtained site index estimates stem from a site ranking system 

established by Klinka et al. (2004) for the AFRF. Klinka’s site index uses 

estimates for Douglas-fir for all sites.   

 

Data  

Before the analysis, all observations with missing values (e.g. light availability) 

were removed from the data. Additionally, observations (trees) with physical 

damage (e.g. browsing) were removed from the data. This resulted in a total 

sample size of 594 trees distributed across light levels and tree sizes (Table 3). 

 
Table 3. Sample characteristics. The numbers are minimum – maximum (mean).  
Species Sample size Height (cm) Diameter Light (GLI %) 

Douglas Fir 296 9 – 248 
(60.5) 

0.15 – 4.67 
(1.08) 

23.2-76.8 
(52.7) 

Lodgepole Pine 33 29 - 234 
(116.0) 

0.75 – 4.81 
(2.08) 

24.9 – 72.8 
(51.9) 

Interior Spruce 89 12.6 – 318 
(79.2) 

0.17 – 5.78 
(1.55) 

22.1 – 72.8 
(48.3) 

Subalpine Fir 176 
 

11 – 275 
(75.4) 

0.19 – 4.7 
(1.51) 

14.0 – 76.8 
(40.9) 

 
 

Analysis  

As an initial step of the analysis we plotted height increment versus light 

availability, initial tree size, site index, shrub cover and herb cover. To quantify 

the effects of these factors on individual species-specific tree growth we used 

regression analysis. First, we fitted simple linear models of annual height growth 

as one of light availability, site index, shrub cover or herb cover. Secondly, we 

fitted multiple linear regression models with the same four predictor variables. To 

investigate if the effects differ between different tree sizes and to reduce the “tree 

size effect” in the dataset, we fitted the regression models to three date sets for 

each species. The first dataset is for trees less than 50cm in height, the second 
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dataset is for trees between 50cm and 100cm, and the final dataset for taller than 

100cm.  
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Results 
 
Data preliminary analysis 
The initial plotting of the data (Figure 1 – Figure 5) illustrates that the only clear 

trend among all species is that height increment for the period 2005 increases 

with initial tree size (expressed here as total height in the year 2004). The effect 

of light availability, shrub cover, herb cover, and site index is unclear.   

 
 
Figure 1. Scatter plot of growth 2005 height increment versus light availability. 
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Figure 2. Scatter plot of height in 2004 versus the height increment in 2005. 
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Figure 3. Scatter plot of the height increment versus the Herb cover. 
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Figure 4. Scatter plot of the shrub cover and the growth rates. 
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Figure 5. Height increment plotted against the site index. 
 
 
Contrary to expected, height increment did not exhibit a positive relation with site 

index (Figure 5). For this reason we plotted total height against site index (Figure 

6). As shown, the trends are the same as those shown in Figure 5. However, 

species such as spruce appeared to have a clearer trend.
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Figure 6. Height of the sampled trees across the three site index values.  
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Figure 7. Scatter plot of the light availability and shrub and herb cover. 
 

 

Simple linear regression models 
The fit of the simple linear regression models to the three different size classes 

are illustrated in Table 4 (Douglas fir), Table 5 (subalpine fir), Table 6 (spruce), 

and Table 7 (lodgepole pine). None of the tested variables are very good 

predictor variables. The best variables, in general, are light availability and site 

index. It should be noted that site index generally have a negative effect of height 
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increment. It should also be noted that light availability generally is a much better 

predictor for larger trees than for small trees.  

A more detailed analysis reveals that the response in terms of the estimators 

might be different by species and tree sizes. Large Douglas fir trees exhibited the 

highest correlation with site index (Table 4). For the case of subalpine fir, GLI is 

the best estimator for all tree size classes; however site index appears to be only 

important for medium tree sizes (Table 5).  Light availability, though low, was the 

best estimator for medium spruce trees (Table 6). Interesting are the results 

found for large trees of this species where herb, shrub and ground cover resulted 

in good estimators. Site index resulted in the best estimator for small lodgepole 

pine trees (Table 7). Though the estimates for site index and the all rest variables 

were found to have high correlation values, the sample size for this species is 

considerable low for drawing strong conclusions. 

 
 
 
Table 4. Simple linear models of Douglas fir height increment 
Small Trees (0-50cm) (n = 158) 
Model Intercept 

Estimate 
(Std. error) 

Slope 
Estimate  
(Std. error)  

AIC R2 

GLIbaY ×+=  6.52 (1.21) -0.02 (0.02) 790.42 0.010017
SiteIndexbaY ×+=  8.37 (1.73) -0.15 (0.07) 788.23 0.023767
HerbCoverbaY ×+=  5.13 (0.46) -0.00 (0.01) 791.95 0.000327
ShrubCoverbaY ×+=  4.35 (0.42) 0.02 (0.01) 788.23 0.02377

rGroundCovebaY ×+=  4.19 (0.84) 0.01 (0.01) 790.92 0.006911
Medium Trees (50-100cm) (n = 74) 

GLIbaY ×+=  11.4 (4.22) 0.03 (0.07) 478.24 0.002395
SiteIndexbaY ×+=  13.7 (6.96) -0.02 (0.30) 478.41 0.000134
HerbCoverbaY ×+=  14.8 (1.72) -0.04 (0.04) 477.21 0.016393
ShrubCoverbaY ×+=  10.2 (1.60) 0.06 (0.03) 474.44 0.053047

rGroundCovebaY ×+=  11.7 (4.77) 0.01 (0.05) 478.34 0.001129
Large Trees (>100cm) (n = 37) 

GLIbaY ×+=  16.5 (8.21) 0.09 (0.15) 272.89 0.010412
SiteIndexbaY ×+=  78.8 (25.1) -2.42 (1.06) 268.10 0.133701
HerbCoverbaY ×+=  23.6 (3.00) -0.08 (0.09) 272.35 0.02518
ShrubCoverbaY ×+=  17.3 (4.19) 0.07 (0.07) 272.15 0.030618

rGroundCovebaY ×+=  8.85 (18.6) 0.13 (0.19) 272.79 0.013204
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Table 5. Simple linear models of Subalpine fir height increment 
Small Trees (0-50cm) (n = 73) 
Model Intercept 

Estimate 
(Std. error) 

Slope 
Estimate  
(Std. error)  

AIC R2 

GLIbaY ×+=  1.74 (0.92) 0.06 (0.02) 328.50 0.114026
SiteIndexbaY ×+=  7.95 (2.29) -0.16 (0.10) 334.74 0.033838
HerbCoverbaY ×+=  4.61 (0.59) -0.00 (0.01) 337.04 0.002491
ShrubCoverbaY ×+=  3.76 (0.42) 0.02 (0.01) 333.46 0.050941

rGroundCovebaY ×+=  2.74 (0.99) 0.02 (0.01) 334.20 0.041024
Medium Trees (50-100cm) (n = 63) 

GLIbaY ×+=  4.99 (2.64) 0.18 (0.06) 415.00 0.128482
SiteIndexbaY ×+=  34.4 (7.63) -0.98 (0.34) 415.40 0.122865
HerbCoverbaY ×+=  14.4 (1.98) -0.04 (0.03) 422.20 0.021141
ShrubCoverbaY ×+=  11.5 (1.54) 0.02 (0.04) 423.01 0.008327

rGroundCovebaY ×+=  13.1 (4.37) -0.0 (0.05) 423.49 0.000507
Large Trees (>100cm) (n = 34) 

GLIbaY ×+=  0.11 (3.67) 0.36 (0.07) 231.45 0.414317
SiteIndexbaY ×+=  27.6 (14.8) -0.48 (0.63) 248.48 0.018883
HerbCoverbaY ×+=  23.4 (3.69) -0.16 (0.07) 244.43 0.132039
ShrubCoverbaY ×+=  13.0 (2.51) 0.11 (0.06) 246.24 0.083162

rGroundCovebaY ×+=  10.8 (7.05) 0.06 (0.08) 248.46 0.019375
 
Table 6. Simple linear models of Spruce height increment 
Small Trees (0-50cm) (n = 45) 
Model Intercept 

Estimate 
(Std. error) 

Slope 
Estimate  
(Std. error)  

AIC R2 

GLIbaY ×+=  3.28 (2.91) 0.08 (0.05) 269.15 0.043575
SiteIndexbaY ×+=  5.67 (5.65) 0.069 (0.25) 271.04 0.001708
HerbCoverbaY ×+=  8.66 (1.32) -0.04 (0.03) 269.24 0.041642
ShrubCoverbaY ×+=  5.46 (1.36) 0.04 (0.03) 268.86 0.050019

rGroundCovebaY ×+=  6.69 (2.90) 0.00 (0.03) 271.08 0.000714
Medium Trees (50-100cm) (n = 22) 

GLIbaY ×+=  0.15 (7.22) 0.31 (0.15) 161.77 0.172503
SiteIndexbaY ×+=  -3.8 (23.1) 0.752 (0.98) 165.11 0.030037
HerbCoverbaY ×+=  13.2 (4.33) 0.013 (0.08) 165.72 0.001319
ShrubCoverbaY ×+=  12.4 (4.06) 0.04 (0.09) 165.54 0.009842

rGroundCovebaY ×+=  16.6 (16.9) -0.0 (0.18) 165.72 0.001518
Large Trees (>100cm) (n = 20) 

GLIbaY ×+=  12.5 (15.1) 0.30 (0.26) 152.02 0.070816
SiteIndexbaY ×+=  4.53 (56.3) 1.023 (2.30) 153.20 0.011423
HerbCoverbaY ×+=  42.6 (3.28) -0.46 (0.09) 137.03 0.577933
ShrubCoverbaY ×+=  15.3 (3.54) 0.27 (0.05) 137.66 0.56362

rGroundCovebaY ×+=  -36. (15.8) 0.72 (0.17) 140.00 0.506398
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Table 7. Simple linear models of lodgepole pine height increment 
Small Trees (0-50cm) (n = 5) 
Model Intercept 

Estimate 
(Std. error) 

Slope 
Estimate  
(Std. error)  

AIC R2 

GLIbaY ×+=  24.2 (9.64) -0.1 (0.16) 23.17 0.381761
SiteIndexbaY ×+=  28.7 (5.89) -0.76 (0.29) 19.24 0.769046
HerbCoverbaY ×+=  15.7 (2.92) -0.05 (0.06) 23.89 0.259707
ShrubCoverbaY ×+=  15.9 (1.09) -0.1 (0.06) 18.21 0.82117

rGroundCovebaY ×+=  21.6 (3.62) -0.1 (0.04) 20.00 0.720744
Medium Trees (50-100cm) (n = 11) 

GLIbaY ×+=  36.7 (13.3) -0.2 (0.23) 74.80 0.085969
SiteIndexbaY ×+=  12.7 (23.9) 0.565 (1.06) 75.35 0.034035
HerbCoverbaY ×+=  16.7 (7.05) 0.262 (0.19) 73.74 0.177484
ShrubCoverbaY ×+=  18.7 (4.75) 0.16 (0.10) 72.86 0.246874

rGroundCovebaY ×+=  10.8 (9.89) 0.17 (0.11) 73.16 0.223757
Large Trees (>100cm) (n = 13) 

GLIbaY ×+=  34.1 (14.3) -0.0 (0.27) 101.52 0.001703
SiteIndexbaY ×+=  -0.7 (65.1) 1.392 (2.73) 101.24 0.025238
HerbCoverbaY ×+=  28.2 (7.45) 0.114 (0.17) 101.04 0.040955
ShrubCoverbaY ×+=  30.0 (7.28) 0.05 (0.14) 101.38 0.013992

rGroundCovebaY ×+=  2.44 (27.2) 0.33 (0.29) 100.15 0.109528
 
 
 

Multiple linear regression models 
Table 8 – Table 10 illustrate the fit of multiple linear models to the data for 

Douglas fir, subalpine fir and spruce. Pine did not have sufficient observations to 

run the multiple linear models.  

Regression models fitted to the trees larger than 100 cm exhibited the best 

estimator for the three species, and among them, interior spruce produced the 

best model followed by subalpine fir. For all these models, and as expected, the 

inclusion of all variables (GLI, SI, Shrubs, Forbs) resulted in the best fit. For 

Douglas fir and subalpine fir, the removal of “Shrubs” and “Forbs” in the models 

did not have a considerable effect on the outcome (Tables 8 and 9); however, the 

use of GLI and SI as the only estimators reduced the correlation coefficient 

remarkably for interior spruce (0.722 vs. 0.071). 
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There were however some differences among the species. Different from the 

other two species, subalpine fir resulted in similar fit for the models for medium 

and small tree sizes.  
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Table 8. Multiple linear regressions for Douglas fir. 
Large Trees (>100cm) 
Model a(std. 

error) 
b1 (Std. 
error) 

b2 (Std. 
error) 

b3 (Std. 
error) 

b4 (std. 
Error) 

AIC R2 

ForbsbShrubsbSIbGLIbaY 4321 ++++= 96.00 
(24.26) 

0.413 
(0.158) 

-4.52 
(1.243) 

0.162 
(0.082) 

0.090 
(0.110) 264.4967 0.336514

SIbGLIbaY 21 ++=  91.78 
(24.51) 

0.357 
(0.160) 

-3.75 
(1.167) 

  
265.0856 0.246312

Medium Trees (50-100cm) 
ForbsbShrubsbSIbGLIbaY 4321 ++++= 14.84 

(7.277) 
0.050 
(0.083) 

-0.33 
(0.350) 

0.078 
(0.042) 

4.857 
(0.046) 479.38 0.066709

SIbGLIbaY 21 ++=  13.14 
(7.125) 

0.042 
(0.085) 

-0.10 
(0.334) 

  
480.1486 0.003709

Small Trees (0-50cm) 
ForbsbShrubsbSIbGLIbaY 4321 ++++= 10.64 

(1.915) 
-0.00 
(0.023) 

-0.34 
(0.104) 

0.040 
(0.011) 

0.023 
(0.012) 781.6227 0.099086

SIbGLIbaY 21 ++=  8.897 
(1.876) 

-0.01 
(0.024) 

-0.13 
(0.082) 

  
789.6887 0.027118
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Table 9. Multiple linear regressions for Subalpine fir 
Large Trees (>100cm) 
Model a(std. 

error) 
b1 (Std. 
error) 

b2 (Std. 
error) 

b3 (Std. 
error) 

b4 (std. 
Error) 

AIC R2 

ForbsbShrubsbSIbGLIbaY 4321 ++++= 7.987 
(12.35) 

0.335 
(0.082) 

-0.11 
(0.547) 

0.010 
(0.066) 

-0.09 
(0.077) 234.4609 0.465035

SIbGLIbaY 21 ++=  8.132 
(12.35) 

0.363 
(0.079) 

-0.33 
(0.494) 

  
232.9453 0.423206

Medium Trees (50-100cm) 
ForbsbShrubsbSIbGLIbaY 4321 ++++= 23.97 

(8.336) 
0.157 
(0.061) 

-0.84 
(0.353) 

0.035 
(0.044) 

-0.00 
(0.045) 413.6563 0.225812

SIbGLIbaY 21 ++=  24.57 
(8.246) 

0.157 
(0.060) 

-0.82 
(0.331) 

  
410.7816 0.211632

Small Trees (0-50cm) 
ForbsbShrubsbSIbGLIbaY 4321 ++++= 5.381 

(2.808) 
0.057 
(0.022) 

-0.23 
(0.127) 

0.033 
(0.012) 

0.023 
(0.015) 326.6019 0.206117

SIbGLIbaY 21 ++=  3.639 
(2.755) 

0.061 
(0.023) 

-0.07 
(0.105) 

  
329.9519 0.120794
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Table 10. Multiple linear regressions for spruce 
Large Trees (>100cm) 
Model a(std. 

error) 
b1 (Std. 
error) 

b2 (Std. 
error) 

b3 (Std. 
error) 

b4 (std. 
Error) 

AIC R2 

ForbsbShrubsbSIbGLIbaY 4321 ++++= 58.83 
(43.05) 

0.371 
(0.179) 

-2.15 
(1.579) 

0.174 
(0.105) 

-0.23 
(0.187) 135.0718 0.722334

SIbGLIbaY 21 ++=  8.767 
(56.44) 

0.295 
(0.291) 

0.171 
(2.455) 

  
154.0159 0.071099

Medium Trees (50-100cm) 
ForbsbShrubsbSIbGLIbaY 4321 ++++= -9.36 

(26.29) 
0.321 
(0.180) 

0.312 
(1.359) 

0.007 
(0.141) 

0.040 
(0.139) 167.2103 0.194403

SIbGLIbaY 21 ++=  -12.1 
(22.18) 

0.302 
(0.161) 

0.546 
(0.929) 

  
163.3744 0.188084

Small Trees (0-50cm) 
ForbsbShrubsbSIbGLIbaY 4321 ++++= 2.401 

(6.085) 
0.049 
(0.067) 

0.117 
(0.340) 

0.029 
(0.038) 

-0.03 
(0.044) 272.93 0.090709

SIbGLIbaY 21 ++=  2.945 
(5.960) 

0.081 
(0.061) 

0.016 
(0.258) 

  
271.1491 0.043672
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Light level variability 
 

 
Legend: 
.  

Type of regeneration harvest Cutblocks Year 
Uniform shelterwood 91B, 200 2001 
Irregular shelterwood 122, 123 2000 
Strip shelterwood 113 2001 
Expanding group cuts 115 2000 

 
Figure 8. Scatter plot of the light availability for each plot in the various cutblocks 
 
 

The variation in light levels (GLI) by different cutblocks can be seen in Figure 8.  

There is no obvious pattern to the light level variation.  The greatest range was 

found in the strip shelterwood.  The two irregular shelterwood cuts have a 

narrower range, but they are very different from one another.  
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Discussion  
 

The results clearly differed from our expectations.  We had assumed in the 

proposal that it was possible to clearly characterize the distribution of light levels 

across the various type of openings and to also clearly relate growth of 

regeneration to light levels.  This is common practice in clearcut plantation 

studies.  

 

Above-plot light measures did not result in a strong estimator of natural 

regeneration growth. Above-plot light availability is not necessarily indicative of 

the actual amount of light received by an individual tree. For example, a tree can 

be shaded by other small trees or by shrub and herb cover (Lieffers et. al. 1999). 

Thus, above-plot light availability is not likely to impact individual trees in the 

same way. Specifically, it is plausible that larger trees will be more differently 

impacted by above plot light availability than smaller trees. Small trees are more 

likely to be shaded by shrubs, herbs and other trees than large trees, thus 

responding more poorly to the light environment created through the silvicultural 

cuts (Lieffers and Stadt 1994). 

 

At the beginning of the study we hypothesized that higher light levels would 

stimulate the non-tree competition resulting in a quadratic type of relationship.  

That is, at low above-plot light levels tree growth would be reduced by the total 

light reaching the plot, and at higher above-plot light levels the tree growth would 

be reduced by the strong non-tree competition.  The scattergram results 

indicated that this quadratic type of analysis would not be fruitful.  The range of 

tree growth at the mid-light levels was so great that a transformed data approach 

to the regression would not work.  In other words, the light:non-tree relationships 
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are too complex to lump the competing vegetation into two groups (shrub and 

herbs). 

 

In addition, we did not find clear patterns of variation in light levels across the 

various treatments. We expected that the strip shelterwood and the expanding 

group cut would have the widest variation and include the lowest light levels 

because the transects extended into the uncut forest.  However, it is hard to 

explain the results that has almost equally low levels in one (but not both) of the 

irregular shelterwood cuts. 

 

This is problematic for managers because it implies that simple-to-use 

predictions of natural regeneration success may not be possible.  We had hoped 

that by adding site index to a multiple regression that some of the species 

differences in the competition would be picked up.  The multiple regression 

models were an improvement, but still fell short of our expectations.  We suspect 

this minor predictive power is because of the negative correlation between the 

direct positive effect of site index on tree growth combined with the indirect 

negative effect of increased competition growth. 

 

 

Conclusion and Management Implications  
 

 

The analyses which we proposed and conducted for this report did not show 

clear, easily interpretable results for the construction of simple models for 

managers.  Both the patterns of light across the various treatments and the 

response of the regeneration did not follow the patterns that intuition indicated.  

Until now research has focussed on regeneration establishment and fairly simple 

relationships existed.  Moving into the growth aspects is even more important for 

the managers.  Our analyses show that the variability in tree response and 

growth proves to be much more complicated. 
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The data and the analyses reported here are a major step in understanding how 

we might develop simple to interpret relationships for forest managers.  Although 

the FSP project is completed we will resolve these issues in our preparation of 

peer reviewed manuscripts as eventual contributions of deliverables for this 

project. Now that we have the data set in place we will conduct more complicated 

analyses 

 

Implications for managers are that existing monitoring plans should be continued 

until better predictive guidelines can be developed. 
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