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1.0 Introduction 
 
This report summarizes results from the 2004 field season for EP 1192.01 “Growing –
space management in Boreal Mixedwood Forests” (Harper and Kabzems 2003, Harper 
and Biring 2003).  The primary purpose of this study is to examine a number of 
operational brushing options designed to address concerns regarding sustainable 
management of mixedwood forests (Harper and Biring 2003).  Long term data will be 
collected to document the effectiveness of several manual and chemical treatments that 
manipulate aspen density and distribution in the vicinity of white spruce seedlings. The 
study is designed to allow examination of the long-term impacts of the treatments on 
stand dynamics, stand growth and yield, vegetation competition and treatment efficacy. 
 
Key Questions to be addressed: 
 
1) How do brushing treatments influence competition dynamics, relationships between 

conifer growth and competition, and the growth of aspen?  
2) What are the long-term consequences of these selected treatment options?   
3) Can manual and chemical brushing treatments be used to promote the establishment 

of boreal mixedwood stands? 
 
This report describes interim results from measurements taken in 2004. 
 

2.0 Objectives  

The objectives of this study are: 
1) To evaluate the effectiveness and impacts of spot control of aspen around white 

spruce seedlings in comparison to broadcast treatment;  
2) To compare the effectiveness of basal bark application of triclopyr ester 

(Release? ) and manual spot treatments; and,  
3) To establish a permanent installation for long-term studies of competition 

dynamics which will be used to demonstrate and evaluate the consequences of 
alternative management regimes. 

 

3.0 Methods  

3.1  Study Design: 

This experiment follows the design described by Biring et al. (1998) for long-term studies 
of stand responses to silviculture treatments. Each of 6 treatments is replicated 3 times 
with treatments randomly assigned to one of 18 plots (completely randomized design).  
Treatment plots are 50 m x 50 m (0.25 ha) and are permanently marked as described in 
Harper and Biring (2003).  
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3.2   Site Description 

 

 Table 1.  Site information. 

 Aspen mixedwood site 

district Fort Nelson F. D. 

location  Liard Hwy 77 - 47.2 km from Alaska Hwy 

map sheet opening / size  94O024 – x19 (806) /  poly approx. 10 ha 

admin. number TSL A57485  

Latitude 59’ 16” 

Longitude 123’ 18” 

UTM east 483,700 

UTM north 6,570,150 

Air photo line no’s 30BCC 97042 #94, 95 

BGCZ - site series BWBS mw2  01  

elevation 600 m  

moisture / nutrient regime Fresh / medium  (4C) 

site class Good (SI 20 m) 

slope Flat < 5%. 

soil texture - depth Fine textured SiL- A, Clay – B, 30 cm Bt layer 

inventory label / total stems At 50% Sw 50%     sph 

silviculture label / total stems Sw 100 %   1200 sph  

plantation - seedlot Sw (2+0)  

history Winter logged 1998  

 planted 1999 

 Spot manual brushing 2001@ 1.25 m radius seedling centered 
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3.3  Treatments: 

Treatments included in this study are described in Table 2.  
  
Table 2. Treatments. 

treatment  

T1     Complete aspen removal – manual 

T2     Complete aspen removal – glyphosate 

T3     1.25 m radius of aspen removal – manual 

T4     1.25 m radius of aspen removal – triclopyr ester 

T5     Aspen spacing (3 x 3 m) – 7 year after planting 

T6     Untreated control 

  
 
 
3.4  Treatment application:  

The complete aspen removal-manual (T1), complete aspen removal-glyphosate (T2), and 
small radius-manual (T3) treatments were applied during mid-late August of 2001.  The 
small radius-triclopyr (T4) treatment was applied during the fall of 2001 after leaf fall.  
Aspen spacing treatment (T5) will be applied in the summer of 2005. 
 
Glyphosate (Vision) herbicide was applied with a back pack sprayer (2 % solution 
applied at approximately 1.6 kg a.i./ha) as a foliar treatment.  At the time of application, 
some aspen were in excess of 2 m in height resulting in areas with incomplete control.  
All live aspen and woody shrub stems on the complete aspen removal-glyphosate (T2) 
were manually cut in early September 2004. A second back pack application of 
glyphosate on live aspen regeneration is planned for the summer of 2005. 
 
Triclopyr ester (Release) herbicide was applied as a low volume basal treatment. Release 
herbicide was mixed with isoparaffinic mineral oil at 20% concentration (v/v) and 
applied as a streamline treatment to each aspen stem using low-pressure backpack sprayer 
fitted with a narrow angle flat fan (1502) nozzle.  Basal treatments were made following 
leaf drop to facilitate ease of treatment.  
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3.5 Tree measurements 
 
 Variables measured on  spruce trees are summarized in Table 3.   
 
Table 3. Tree measurements. 
 

MEASUREMENT ACCURACY 

Total height CMS 

Height to base of live crown CMS 

Root collar MM 
DBH 0.1 CMS 

Crown width E-W CMS 

Crown width N-S CMS 
Leader height 0.5 CMS 

Vigor & condition (tree, foliage, leader) ASSESSMENT CODES 

 

3.6  Vegetation Assessments  

Percent cover (%) and height of all vascular plants (trees, shrubs, herbs and ferns) were 
recorded in each regeneration measurement plot (3.99 m radius).  In addition, cover of 
each layer and total vegetation cover were recorded.  Pre-treatment vegetation was 
assessed within the regeneration measurement plot in early August, 2001.  The 2002 
vegetation assessments were incomplete due to bear encounters on the block. The 2004 
vegetation assessment were completed in late July. 
 
3.7  Regeneration and Stocking Assessment 
 
Within the regeneration measurement plot, total density of all commercial crop tree 
species (predominantly aspen and spruce) were recorded.  The basal diameter and height 
of every spruce in the plot was recorded.  As well as a count of total numbers of residual 
and resprouting aspen, the diameter at 1.3 m (dbh) and top height were recorded for both 
residual and resprouting aspen in the regeneration measurement plot. 
 
3.8   Statistical analyses 
 
Statistical software, SAS 9.1 (Copyright 2002-2003, SAS Institute Inc., Cary, NC, USA ) 
was used for all data analyses.   Spruce, aspen and vegetation responses to treatments 
were analysed using Analysis of Variance (ANOVA) and planned comparisons.  
Treatment effects were compared using the ANOVA for a Completely Randomized 
Design (Table 4) and Analysis of Covariance (ANCOVA) where appropriate.  
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Table 4.  ANOVA table for the main experiment (6 treatments, 3 replicates with 
subsamples). 
 

SOURCE LEVELS FACTOR TYPE DF F-TEST 

TREATMENTS (T) K = 6 FIXED K-1= 5 MST/MSP(T) 

PLOT  P(T) P = 18 RANDOM P-1(K)= 12  

SEEDLINGS  S(PT) Sw: S = 22-43 

At: S = 15 

RANDOM S-1(PT)= 378 

(S=22) 

 

TOTAL   KPS-1=395  

 

4.0 RESULTS 
 
There were no significant differences in total broadleaf density across the treatments in 
2004 (Table 5).  Total densities ranged from 14,600 st/ha in the complete aspen removal 
treatment-glyphosate, to 34,467 st/ha in the complete aspen treatment-manual.  Populous 
tremuloides was the dominant broadleaf within all treatments.  Populus balsamifera was 
a major broadleaf component within the aspen spacing-2005 (13,700 st/ha) and the 
complete aspen removal-manual (9,267 st/ha) treatments.  Betula papyrifera was a minor 
component within all treatments except for complete aspen removal-manual (8,533 st/ha).  
There were no significant differences between treatments for any of the individual 
broadleaf species in 2004 (Table 5).   
 

Table 5. Treatment means and standard errors for vegetation type measured summer 
2004.  No significant differences noted at a = 0.10.   

 
Vegetation total density (sph) 

  
Treatment Populus 

tremuloides 
Populus 

balsamifera 
Betula papyrifera Total Broadleaves 

T1 Complete aspen removal 
(manual) 
(Plots 6, 7, 14) 

16,667 ± 5,807 9,267 ± 4,346 
 

8,533 ± 3,957 34,467 ± 1,338 
 

T2 Complete aspen removal 
(glyphosate) 
(Plots 1, 12, 18) 

13,267 ± 8.556 1,600 ± 1,400 
 

400 ± 200 14,600 ± 8,394 
 

T3 1.25 m radius aspen 
removal (manual) 
(Plots 2, 5, 10) 

20,067 ± 546 800 ± - 
 

667 ± 133 21,000 ± 416 
 

T4 1.25 m radius aspen 
removal (triclopyr ester) 
(Plots 3, 11, 16) 

14,667 ± 5012 6,200 ± - 
 

2,400 ± 1,400 18,333 ± 6,361 
 

T5 Aspen spacing (summer 
2005)  
(Plots 8, 9, 15) 

18,533 ± 1,453 13,700 ± 10,700 
 

1,333 ± 593 29,000 ± 6,912 
 

T6 Control 
(Plots 4, 13, 17) 

28,600 ± 9,958 600 ± 200 
 

2,867 ± 1,041 31,867 ± 10,567 
 

P value (a = 0.10) 0.5894 0.5972 0.1071 0.2870 
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The total number of conifers averaged 733 to 1333 st/ha in 2004 (Table 6). There has 
been some mortality of the planted spruce since 2001 and ingress of white spruce natural 
regeneration. The low spruce density of the complete aspen removal-manual treatment is 
due to one plot (14) having only 400 st/ha of spruce in 2001. 
 
Table 6. Treatment means for density with accompanying standard errors by vegetation 
type 1.  Assessments made summer 2001 and 2004.    
 

Vegetation total density (sph) 
  
Treatment Conifers Conifers Broad-leaves Broad-leaves 
 2001 2004 2001 2004 
T1 Complete aspen removal (manual) 
(Plots 6, 7, 14) 

600 ± 116** 
b 

733 ± 67 28,733 ± 1834 
 

34,467 ± 1,338 
 

T2 Complete aspen removal 
(glyphosate) 
(Plots 1, 12, 18) 

1,267± 67 
a 

1,000 ± 116 26,067 ± 8,758 
 

14,600 ± 8,394 
 

T3 1.25 m radius aspen removal 
(manual) 
(Plots 2, 5, 10) 

1,067 ± 176 
ab 

1,333 ± 353 36,400 ± 3,672 
 

21,000 ± 416 
 

T4 1.25 m radius aspen removal 
(triclopyr ester) 
(Plots 3, 11, 16) 

1,200 ± 116 
a 

1,000 ± 116 30,600 ± 6,863 
 

18,333 ± 6,361 
 

T5 Aspen spacing (summer 2005)  
(Plots 8, 9, 15) 

933 ± 67 
ab 

1,133 ± 353 33,267 ± 8,928 
 

29,000 ± 6,912 
 

T6 Control 
(Plots 4, 13, 17) 

1,200 ± 116 
a 

867 ± 67 30,867 ± 10,073 
 

31,867 ± 10,567 
 

P value (a = 0.10) 0.0139 0.5031 0.9378 0.2870 

** significant difference noted at a = 0.05 using Tukey-Kramer multiple comparison test.   
1 Statistical tests for conifer density provided for completeness only. 

 
White spruce root collar diameter varied significantly between treatments (Table 7).  
Diameter growth of conifers is more highly correlated with measures of competition than 
height growth (Macdonald et al. 1990, Wagner and Radosevich 1991).  White spruce 
basal diameter in the complete aspen removal-glyphosate treatment (19.1 mm) was 
significantly greater than spruce diameter in the aspen spacing-2005 treatment (14.0 
mm).  The control and aspen spacing-2005 treatments had the smallest spruce root collar 
diameters and shortest leaders in 2004, although not significantly different from other 
treatments in 2004 (Table 7). No other treatments had significant differences in spruce 
growth in 2004.  Six growing seasons after planting, white spruce total height averaged 
96.4 to 103.8 cm across the treatments.   
 
Trembling aspen total heights ranged from 439 cm to 468 cm (Table 7).  There were no 
significant differences in aspen height or dbh between treatments in 2004.  There was 
evidence of past occurrence of Venturia macularis (aspen leaf and twig blight) on aspen 
throughout the study site, on all treatments.  The extent and severity of the Venturia 
blight was considered to be minor.   
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Table 7. Treatment least squared means and standard errors for tagged white spruce total 
height, root collar diameter, leader growth and crown diameter and aspen total height,  
diameter at breast height measured fall 2004 adjusted using 2001 measures as covariate.  
Significant differences at a = 0.05 using ANCOVA. 

 
White spruce Trembling aspen 

   
Treatment Diameter 

(mm) 
Height (cm) Leader 

growth 
(cm) 

Crown 
diameter 

(cm) 

Height (cm) DBH 
(cm) 

Crown 
diameter 

(cm) 
T1 Complete aspen removal 
(manual) 
(Plots 6, 7, 14) 

17.8±1.2 98.9±6.2 16.5±2.1 50.1±4.8 na na na 

T2 Complete aspen removal 
(glyphosate) 
(Plots 1, 12, 18) 

19.1±1.0** 103.8±5.4 19.6±1.9 54.6±4.2 na na na 

T3 1.25 m radius aspen 
removal (manual) 
(Plots 2, 5, 10) 

16.0±1.1 97.9±5.8 15.2±2.0 48.0±4.5 467.8±17.3 3.6±0.3 na 

T4 1.25 m radius aspen 
removal (triclopyr ester) 
(Plots 3, 11, 16) 

17.3±1.1 96.4±5.6 18.6±1.9 52.2±4.4 439.4±24.4 3.1±0.4 na 

T5 Aspen spacing (summer 
2005)  
(Plots 8, 9, 15) 

14.0±1.1** 102.7±5.8 12.0±2.0 52.7±4.4 460.4±16.0 3.2±0.3 na 

T6 Control 
(Plots 4, 13, 17) 

14.9±1.0 100.5±5.3 12.2±1.8 50.4±4.1 441.1±16.9 3.6±0.3 na 

P value (a = 0.05) 0.0443 0.9275 0.0676 0.9120 0.6528 0.5668 - 

** significant difference noted at a = 0.05 using Tukey-Kramer adjusted multiple comparison test.  Planned comparisons indicated T6 
significantly different than T2 at p=0.0134 for spruce diameter. 

Please note:  These least squared means and standard errors are for covariate analysis from the Proc GLM 
ANCOVA output supplied by SAS 9.1 and, as such are adjusted from the overall mean by the covariate 
slope estimate and standard error. 2001 pre-treatment data used as the covariate 

 
The trends for spruce leader growth (Figure 1) indicated that the spruce were responding 
to the different growing environments created by the treatments.  In the year of treatment 
all leader increments were in the range of 9 to 11 cm.  In 2004, the third year after 
treatment, the control and aspen spacing-2005 had the shortest leader growth with 12.0 
and 12.2 cm, respectively. Where the aspen canopy had been manipulated, spruce leader 
growth ranged from 15.2 to 19.6 cm, although no differences were statistically significant 
(Table 7).   
 
The trends for height to basal diameter ratio (HDR, Fig. 2) also indicate significant 
(Appendix 1) spruce responses to changes in growing environment.  Spruce HDR in the 
aspen spacing-2005 treatment increased from 69 to 74 from pre-treatment to three year 
post-treatment (Fig. 2) and increased from 63 to 71 in the control.  All treatments where 
the broadleaf canopy had been manipulated declined to HDR values under 61.  HDR 
values over 70 for young white spruce are considered to reflect stressful environments 
(Coopersmith and Hall 1999), while white spruce growing with no competition have 
HDR values near 50. 
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Figure 1.  White spruce leader growth 0, 1 and 3 years post-treatment. 
 

 
Figure 2.  White spruce Height to basal Diameter Ratio (HDR) 0, 1 and 3 years post-
treatment. 
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In 2004 there were no significant differences in vegetation cover between the treatments 
(Table 8).  Total vegetation cover ranged from 122% to 161%.  This represents an 
increase in vegetative cover from 2001 when total vegetation cover ranged from 99 to 
112% (Figure 3).  When vegetation was separated into groupings of broadleaves, shrubs 
and herbs-ferns-grasses, there were no significant differences between the treatments in 
2004.  The complete aspen removal-glyphosate or small radius removal treatments had 
lower total broadleaf cover (30-33%) than the control, although differences were not 
statistically significant. The complete aspen removal-manual treatment had 46% cover of 
broadleaf species, and the control had 62% cover (Table 8).  Shrub cover ranged from 
35% to 58% and cover of the herbaceous layer ranged from 30% to 56% (Table 8). 
 
Table 8. Treatment means and standard errors for vegetation type measured summer 
2004.  No significant differences at a = 0.10. 
 

Vegetation grouping percent cover 
  
Treatment Total  

All 
groups 

Broad-
leaves 

Shrubs Herbs, ferns, 
grasses 

T1 Complete aspen removal 
(manual) 
(Plots 6, 7, 14) 

129±6.0 46±2.7 46±9.0 36±3.6 

T2 Complete aspen removal 
(glyphosate) 
(Plots 1, 12, 18) 

148±24.4 30±12.8 58±1.7 56±16.5 

T3 1.25 m radius aspen 
removal (manual) 
(Plots 2, 5, 10) 

125±2.0 30±3.6 39±7.3 52±5.6 

T4 1.25 m radius aspen 
removal (triclopyr ester) 
(Plots 3, 11, 16) 

122±10.1 33±11.0 35±10.5 51±12.9 

T5 Aspen spacing (summer 
2005)  
(Plots 8, 9, 15) 

131±6.5 60±10.2 38±9.5 30±8.7 

T6 Control 
(Plots 4, 13, 17) 

161±10.4 62±13.4 50±4.2 46±6.3 

P value (a = 0.10) 0.2492 0.1165 0.3131 0.4383 
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Figure 3. Total vegetation cover 0 and 3 years post-treatment. 
 

 
 
 
Significant differences in modal height of vegetation groups were present between 
treatments in 2004 (Table 9).  The broadleaf which had regenerated after complete 
manual removal averaged 1.49 m in height, which was significantly lower than the 
broadleaves on the aspen spacing treatment which were 3.43 m in height.  All other 
treatments were intermediate between these heights, ranging from 2.23 to 3.03 m (Table 
9).  Shrub heights were not significantly different between the treatments, ranging from 
0.84 to 1.58 m in height.  There were significant differences in modal height of the 
herbaceous layer, with the tallest being found in the complete aspen removal-manual (0.4 
m), and the shortest in the aspen spacing-2005 treatment (0.27 m).  Other treatments 
ranged between 0.3 and 0.38 m in height (Table 9). 
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Table 9. Treatment means and standard errors for modal height of vegetation types 
measured summer 2004.  Significant differences noted at a = 0.10.  Letters indicate 
Tukey's Studentized Range test (HSD) results.  Further differences noted using planned 
comparisons (not shown). 
 

Vegetation grouping modal height (m) 
  
Treatment Conifers Broad-

leaves 
Shrubs Herbs, ferns, 

grasses 
T1 Complete aspen removal 
(manual) 
(Plots 6, 7, 14) 

0.83±0.15 1.49±0.14 
b 

0.84±0.07 0.4±0.01 
a 

T2 Complete aspen removal 
(glyphosate) 
(Plots 1, 12, 18) 

0.9±0.15 2.23±0.41 
ab 

1.58±0.72 0.32±0.03 
ab 

T3 1.25 m radius aspen 
removal (manual) 
(Plots 2, 5, 10) 

1.1±0.1 3.03±0.25 
ab 

0.75±0.13 0.38±0.0 
ab 

T4 1.25 m radius aspen 
removal (triclopyr ester) 
(Plots 3, 11, 16) 

1.0±0.03 3.17±0.41 
ab 

0.96±0.2 0.32±0.03 
ab 

T5 Aspen spacing (summer 
2005)  
(Plots 8, 9, 15) 

1.1±0.06 3.43±0.53 
a 

1.05±0.04 0.27±0.04 
b 

T6 Control 
(Plots 4, 13, 17) 

1.0±0.26 2.67±0.53 
ab 

1.12±0.24 0.3±0.01 
ab 

P value (a = 0.10) 0.7383 0.0507 0.5730 0.0200 

 
The changes in components of vegetation cover from pre-treatment to three years post-
treatment (2004) are summarized in Figures 3, 4, 5 and 6. The two treatments with a 
complete broadleaf canopy (control, and aspen spacing –2005) had the most dramatic 
increase in total vegetation cover during this time period (Figure 3). Much of that 
increase was due to the rapid increase in cover of the broadleaf component (Figure 4), 
increasing from 27% cover to 60-62% cover during this time period. Other treatments 
had a much slower increase in vegetation cover, or even a reduced amount of cover, 
depending on the type of treatment applied. The small radius-manual treatment had 
reduced cover from 40% to 30%. The complete aspen removal-manual treatment had 
25% broadleaf cover prior to treatment. By the third year post treatment the broadleaf 
species had re-established to 46% cover (Figure 4). 
 
The shrub layers generally increased in cover from pre-treatment to 3-years post 
treatment (Figure 5).  The aspen spacing-2005 and the small radius-manual treatments 
had the smallest increase in shrub cover during this time period.  Aspen spacing-2005 
increased from 32 to 38% cover and the small radius-triclopyr treatment increased from 
32 to 38% cover.  In contrast, shrub cover in the control increased from 23 to 50% cover. 

 
The total cover of the herbaceous layer decreased for the complete aspen removal-manual 
(51% down to 36%) and aspen spacing-2005 treatments (48% down to 30 %, Figure 6).  
In contrast, all other treatments had increased herb layer cover, ranging from 46% to 56% 
in 2004 (Figure 6). 
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Figure 4.  Total broadleaf cover 0 and 3 years post-treatment. 
 

 
Figure 5.  Total shrub cover 0 and 3 years post-treatment. 
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Figure 6.  Total herb cover 0 and 3 years post-treatment. 
 

 
There were no significant differences in vegetation species frequency between treatments 
in 2001 or 2004 (Table 10).  Six additional species were identified within the study in 
2004 (Appendix 3).  The total number of species within each treatment ranged from 22 to 
27 in 2001, and 24 to 28 in 2004 (Table 10). 
 
Table 10. Treatment means and standard errors for vegetation species frequency (count) 
measured summer 2001 and 2004.    
 

Vegetation Species Frequency 
  
Treatment 2001 2004 
T1 Complete aspen removal 
(manual) 
(Plots 6, 7, 14) 

23.33 ± 1.76 25.33 ± 2.19 

T2 Complete aspen removal 
(glyphosate) 
(Plots 1, 12, 18) 

22.00 ± 1.53 24.33 ± 3.28 

T3 1.25 m radius aspen 
removal (manual) 
(Plots 2, 5, 10) 

24.00 ± 1.73 23.67 ± 2.33 

T4 1.25 m radius aspen 
removal (triclopyr ester) 
(Plots 3, 11, 16) 

23.67 ± 1.33 23.67 ± 1.76 

T5 Aspen spacing (summer 
2005)  
(Plots 8, 9, 15) 

21.67 ± 2.33 24.00 ± 1.53 

T6 Control 
(Plots 4, 13, 17) 

27.00 ± 2.65 27.67 ± 1.20 

P value (a = 0.10) 0.4802 0.7616 
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5.0 DISCUSSION 

  
The complete aspen removal-glyphosate treatment did not achieve a complete removal of 
competing species in 2001, having broadleaf density and cover that was not significantly 
different from the small radius manual and triclopyr treatments.  To create a treatment 
effect as planned in the original study design, all live broadleaf stems were manually cut 
in September of 2005 and a second broadcast herbicide application is planned for 2005. 
 
The treatments have created some differences in growing environment experienced by 
the spruce, as shown by the differences in HDR, spruce basal diameter and leader 
increment.  Three years post-treatment these differences were not strongly expressed.  
Depending on the severity and duration of the competition effects, boreal white spruce 
may require more than three years to express significant differences after changes in 
growing environments. 
 
Future analysis will examine mortality of planted white spruce and ingress of white 
spruce natural regeneration.  The high vegetation cover in these plots has made 
identification of spruce natural regeneration difficult. 
 
Where aspen was retained, there were  no significant differences in aspen height or 
diameter.  The aspen spacing treatment in 2005 will reduce aspen density from over 
30,000 st/ha to approximately 1200 st/ha, creating a clear difference in aspen densities 
within the study.  
 
Average broadleaf cover of 60% after seven growing seasons for the control suggests that 
broadleaf cover will likely increase over the next few years.  Aspen leaf area tends to 
increase until canopy closure is achieved , as early as nine years after disturbance (Pinno 
et al 2001).  Aspen crowns are still expanding into natural canopy gaps.  The mixed 
species nature of the original stand would have contributed to local gaps in aspen 
regeneration. 
 
The changes over time in other vegetation components could be attributed to: 1) the 
development of the broadleaf canopy, or 2) as responses to the treatments. Both cover 
and height of the herb layer decreased in response to the density of taller vegetation 
layers. The shortest herb layer, with a low cover was under a tall, dense broadleaf canopy 
(aspen spacing-2005). As the aspen and tall shrub canopy increase in cover and height 
after a harvesting disturbance, the cover of forbs, grasses and low shrubs decline as the 
amount of available light declines (Bradbury 2002).  The tallest herb layer was found on 
the most recent disturbance, where the aspen cover had been manually removed three 
years previously.  
 
Three years after treatment, even the broadcast application of glyphosate had not caused a 
significant shift in species frequency.  For this study site, the incomplete nature of the 
initial treatment application is likely the primary reason for these results in 2004.  Boreal 
mixedwood sites are resilient to the types of disturbance created in this study and can be 
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expected to have very similar plant communities 5 to 15 years post-treatment (Haeussler 
et al. 2004, Boateng et al. 2000).  The small radius treatments were designed  to influence 
only a small portion of the treatment site, and the lack of differences in initial species 
counts reflect this.  The complete manual bushing had a significant effect on height of 
broadleaves in the short term, but the lack of difference for species composition is 
consistent with a temporary mechanical disturbance of the vegetation 
 
 
6.0 CONCLUSIONS 
 
Three years post-treatment, the white spruce, aspen and the plant community responses at 
the EP 1192.01 are consistent with the results of similar studies.  The small radius 
treatments have initial spruce growth responses that are intermediate to the spectrum 
created by the broadcast treatments and the control.  By the fall of 2005 the full spectrum 
of treatment conditions will be present on site.  Measurements after 2005 will provide 
valuable information to quantitatively evaluate the consequences of alternative boreal 
mixedwood management regimes. 
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Appendix 1. Treatment least squared means and standard errors for tagged white spruce 
height to live crown and height to basal diameter ratio, and aspen height to diameter at 
breast height ratio measured fall 2004 adjusted using 2001 measures as covariate.  
Significant differences at a = 0.05 using ANCOVA. 
 

White spruce Trembling aspen 
   
Treatment Height to 

live crown 
(cm) 

 Height to 
diameter ratio 

(HDR) 

   Height to 
diameter ratio 

(HDR)  

    

T1 Complete aspen removal 
(manual) 
(Plots 6, 7, 14) 

14.1±1.2 56.1 ± 3.7** 
a  

  na   

T2 Complete aspen removal 
(glyphosate) 
(Plots 1, 12, 18) 

12.9±1.7 57.0 ± 3.2 
a 

  na   

T3 1.25 m radius aspen 
removal (manual) 
(Plots 2, 5, 10) 

12.8±1.9 61.1 ± 3.4 
ab 

  136.9 ± 7.7    

T4 1.25 m radius aspen 
removal (triclopyr ester) 
(Plots 3, 11, 16) 

13.3±1.8 60.1 ± 3.3  
ab 

  141.0 ± 10.7   

T5 Aspen spacing (summer 
2005)  
(Plots 8, 9, 15) 

18.0±1.8 73.8 1 ± 3.4 
b 

  147.1 ± 7.2   

T6 Control 
(Plots 4, 13, 17) 

14.9±1.7 71.3 ± 3.2 
ab 

  143.2 ± 7.5   
P value (a = 0.05) 0.3817 0.0105   0.8087   

** significant difference noted at a = 0.05 using Tukey-Kramer adjusted multiple comparison test.  Planned comparisons indicated T6 
significantly different than T1 & T2 at p=0.0085 & p=0.0081 respectively for spruce HDR. 

 

 
Please note:  These least squared means and standard errors are for covariate analysis from the Proc GLM 
ANCOVA output supplied by SAS 9.1 and, as such are adjusted from the overall mean by the covariate 
slope estimate and standard error. 2001 pre-treatment data used as the covariate. 
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Appendix 2.  Vegetation cover assessments in 2001 and 2004. 
 

  Total % cover Means 
  2001 2004   

T1 Complete aspen removal (manual) 106 129  
T2 Complete aspen removal (glyphosate) 104 148  
T3 1.25 m radius aspen removal (manual) 101 125  
T4 1.25 m radius aspen removal (triclopyr ester) 112 122  
T5 Aspen spacing (2005) 95 131  
T6 Untreated control 99 161  

     
     
  Broad-leaves % 

cover 
Means 

  2001 2004   
T1 Complete aspen removal (manual) 24 46  
T2 Complete aspen removal (glyphosate) 31 30  
T3 1.25 m radius aspen removal (manual) 40 30  
T4 1.25 m radius aspen removal (triclopyr ester) 30 33  
T5 Aspen spacing (2005) 27 60  
T6 Untreated control 28 62  

     
     
  Shrubs % cover Means 
  2001 2004   

T1 Complete aspen removal (manual) 29 46  
T2 Complete aspen removal (glyphosate) 34 58  
T3 1.25 m radius aspen removal (manual) 20 39  
T4 1.25 m radius aspen removal (triclopyr ester) 31 35  
T5 Aspen spacing (2005) 19 38  
T6 Untreated control 24 50  

     
     
  Herbs % cover Means 
  2001 2004   

T1 Complete aspen removal (manual) 51 36  
T2 Complete aspen removal (glyphosate) 47 56  
T3 1.25 m radius aspen removal (manual) 40 52  
T4 1.25 m radius aspen removal (triclopyr ester) 49 51  
T5 Aspen spacing (2005) 48 30  
T6 Untreated control 46 46  
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Appendix 3.  Plant species found on-site during the summers of 2001 and 2004.  Six additional species 
were encountered in 2004.   

 
 

Species name Common name 2001 2004 
Trees: Conifers    
Picea glauca  white spruce x x 
Trees: Hardwoods    
Betula papyrifera paper birch x x 
Populus balsamifera balsam poplar x x 
Populus tremuloides trembling aspen x x 
Shrubs    
Alnus incana ssp. tenuifolia  mountain alder x x 
Alnus viridis, ssp. crispa  Sitka or green alder x x 
Salix discolor pussy willow x x 
Salix scouleriana  Scouler's willow x x 
Amelanchier alnifolia  saskatoon x x 
Cornus stolonifera  red-osier dogwood x x 
Ledum groenlandicum  Labrador tea x x 
Lonicera dioica red honey suckle x x 
Lonicera involucrata  black twinberry x  
Ribes lacustre black gooseberry x x 
Ribes oxyacanthoides northern gooseberry x x 
Ribes triste  red swamp currant x  
Rosa acicularis  prickly rose x x 
Rubus idaeus  red raspberry x x 
Shepherdia canadensis  soopolallie x x 
Sorbus scopulina mountain ash  x 
Vaccinium vitis-idaea lingonberry  x 
Viburnum edule  highbush-cranberry x x 
Dwarf Shrubs, Herbs, and Ferns    
Achillea millefolium yarrow x x 
Actaea rubra  baneberry x x 
Aster ciliolatus fringed aster  x 
Aster conspicuus showy aster x x 
Aralia nudicaulis wild sarsaparilla x x 
Cornus canadensis bunchberry x x 
Epilobium angustifolium fireweed x x 
Epilobium ciliatum purple-leaved willowherb x  
Equisetum arvense common horsetail x x 
Equisetum sylvaticum wood horsetail x x 
Equisetum pratense meadow horsetail x x 
Fragaria virginiana wild strawberry x x 
Galium boreale northern bedstraw x x 
Galium triflorum sweet-scented bedstraw x x 
Lathyrus ochroleucus creamy peavine x x 
Linnaea borealis twinflower x x 
Lycopodium annotinum stiff clubmoss x  
Maianthemum canadense wild lily-of-the-valley x x 
Mertensia paniculata tall bluebells x x 
Mitella nuda common mitrewort x x 
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Petasites palmatus palmate coltsfoot x x 
Potentilla norvegica rough cinquefoil  x 
Pyrola asarifolia pink wintergreen  x 
Rubus pubescens trailing raspberry x x 
Taraxacum officinale common dandelion x x 
Vicia americana american vetch x x 
Viola canadensis Canada violet x x 
Grasses and Sedges    
Agrostis scabra rough hair grass  x 
Calamagrostis canadensis bluejoint grass x x 
Carex species sedges x  
Elymus innovatus fuzzy-spiked wild rye x x 
Mosses, Liverworts, and Lichens    
Hylocomium splendens step moss x x 
Polytrichum juniperinum juniper haircap moss x  
Pleurozium schreberi red-stemmed feathermoss x  
Pylaisiella polyantha Pylaisiella moss x  
Aulacomnium palustre tufted moss  x  

 
 
 
 

 


