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Abstract 
 
Changes in stand composition from pre-harvest to 15-22 years post harvest were 
quantified for managed aspen and white spruce stands in northeastern BC.  In the first 20 
years post harvest, a variety of stand structures and species composition were present in 
the harvested spruce stands.  This variety of conditions reflected initial composition, as 
well as management activities.  In contrast, the pre-harvest broadleaf dominated stands 
had a greater degree of broadleaf dominance and were less diverse in species composition 
at this early stage of stand development.  White spruce natural regeneration was present 
for more than 90% of the broadleaf cutblocks where a white spruce seed source could be 
identified on the opening perimeter.  Distribution of white spruce natural regeneration 
was more irregular in the Dawson Creek broadleaf stands.  The presence of a receptive 
seedbed and the location of seed source relative to prevailing winds were the most 
important predictors for both white spruce presence and density in broadleaf cutblocks.  
The equations, while statistically significant, had a low predictive ability.   



Introduction 
Boreal mixedwood management objectives might be achieved more effectively by 
applying a range of silvicultural prescriptions. In order to implement such a mixedwood 
strategy, it is essential to predict how management activities affect the amount, type and 
spatial distribution of stands across the landscape.  The main objective of this project was 
to develop predictive empirical models of compositional changes in managed aspen 
(Populus tremuloides Michx.) and white spruce (Picea glauca (Moench) Voss) stands as 
a function of stand composition, management and spatial context. 

To ensure the sustainability of boreal mixedwood forests it is necessary to predict 
the impacts of our management decisions upon them (Messier et al. 2003). Significant 
efforts have been made to parameterize existing stand-level growth models (e.g., TASS, 
SORTIE, MGM) for aspen – spruce-pine (Pinus contorta) mixedwoods in British 
Columbia and Alberta. To project regenerating stands, these models need a specification 
of the initial stand composition (e.g. per-species stocking density and size-structure).  
Initial stand composition depends partly on harvesting and silvicultural treatment, but 
also on the pre-treatment composition, spatial context and essentially random factors 
(Lieffers et al. 2003). The relations between pre- and post-treatment compositions can be 
described statistically as a “regeneration” matrix of transition probabilities between 
distinct stand types or compositional strata. However, the variability in stand composition 
following common management practices (e.g., clearcut harvest of a spruce-leading 
stand, mechanical site preparation and planting) is not well quantified. Thus, a recent 
landscape-modeling project in Dawson Creek (Timberline Forest Inventory Consultants 
and Farnden, 2005) used a regeneration matrix based on expert opinion, not data.  

In the most recent Timber Supply Analysis for the Dawson Creek Timber Supply 
Area all leading species stands that were sufficiently restocked and all leading species 
stands harvested in the future were assumed to regenerate according to simple stand yield 
curves (MoF 2002).  Although the general principles of forest stand development (Oliver 
and Larson 1996) and spruce-aspen mixedwood succession are well understood (Lieffers 
et al. 2003) the developmental trajectory and fate of any particular patch of mixedwood 
forest remains difficult to predict.  Process models in a landscape context may eventually 
synthesize the needed information in a reliable manner, but many more years of 
ecosystem-level research will be needed to address all relevant factors.  Even when 
completed, process models will need empirical datasets compiled for purposes of 
validation and verification.  The statistical description of state transition probabilities 
(e.g. Markov modelling) provides a simple alternative to process modelling, similar to 
analysis by Weir and Johnson (1998) for boreal mixedwoods in Saskatchewan.  

The primary purpose of this project is to develop predictive empirical models of 
compositional changes in managed aspen and white spruce stands, as a function of: 
1. Key management interventions (prompt regeneration within a silviculture plan); 
2. Pre-treatment stand composition (e.g. dominantly broadleaf, or white spruce); 
3. Spatial context (e.g., abundance of mature spruce adjacent to or near broadleaf 

harvest blocks).  
A long term objective is to provide calibration and verification data in support of 

improving specific components (growth, natural ingress and mortality) of existing stand 
level models such as TASS, SORTIE and MGM. 
 



Experimental Design and Methods 
We used the Ministry of Forests Results Based Code Silviculture and Land status 
Tracking System (RESULTS) to identify populations of promptly regenerated, managed 
stands of aspen or white spruce at least 15 years old in the boreal forests of northeastern 
BC.  Each of the candidate white spruce stands had met their legal reforestation 
obligation, and had supported a merchantable white spruce stand prior to harvest.  
Salvage logging after wildfire, and conifer afforestation areas were excluded from the 
white spruce sample population. All of the candidate aspen stands in the Dawson Creek 
area had met their legal reforestation obligation.  In the Fort Nelson area, aspen stands 
older than 15 years had been harvested by the Canadian Chopstick Manufacturing 
Company, which had ceased operations before the reforestation obligations were 
completed.  Candidate stands in the Fort Nelson area were expected to have had 
sufficient regeneration to have met the reforestation obligation, based on available 
information.. 

From the potential population of 340 ha of managed spruce stands in the Fort St. 
John and Dawson Creek area, we sampled approximately 230 ha.  We sampled 198 ha of 
managed aspen stands in Fort Nelson from a potential population of 428 ha. In the 
Dawson Creek area the population of managed aspen stands was stratified into two 
groups based on relative abundance of white spruce seed sources within 100 m of the 
managed stand boundary.  From a population of 333 ha we sampled 204 ha where a white 
spruce seed source was present, and sampled 214 ha from a potential population of 310 
ha where the spruce seed source was minor or absent. 

Prior to field work, white spruce seed source were examined using  vegetation 
cover maps and existing air photos.  Field sampling used GPS and prism sweeps to 
determine location, and ‘strength’ (basal area, extent) of white spruce seed sources in the 
vicinity of the harvested aspen stands (Greene et al. 1999, Albani et al. 2005). 

Sampling intensity averaged one 50m2 plot per 10 ha of harvested area.  Sample 
plot locations within a cutblock were randomly located using a GIS software utility.  
Within each plot we recorded species, stem diameter, height, height to live crown and 
origin (i.e., planted or natural) for each tree above 1.3m in height.  For trees less than 1.3 
m in height we recorded species and total height.  On three plots within an opening, three 
randomly selected individuals for each tree species had sample discs taken for 
determining breast height age and total age. Additional sampling was done in aspen 
stands for white spruce natural regeneration.  Sampling intensity averaged one 50m2 plot 
per 10 ha.  White spruce natural regeneration was recorded as above.  Broadleaf (aspen, 
balsam poplar [Populus balsamifera L.] and paper birch [Betula papyrifera Marsh.]) 
regeneration was assessed on a 12.6m2 subplot, collecting only diameter at 1.3m.  White 
spruce natural regeneration in aspen stands was assessed at an average intensity of one 
50m2 plot for every 5 ha when both sample types were combined. 
 
Data Analysis 
From the pre- and post- treatment compositions, we computed simple first –order 
Markovian transition probabilities (Weir and Johnson 1998) for the two ‘anchor’ stand 
types of the boreal mixedwood spectrum (i.e. dominantly aspen, and white spruce).    



 The percentage of aspen block perimeter shared with map polygons with > 30% 
white spruce composition, or >30 but <10% white spruce composition was calculated 
using GIS utility software. 

Within cutblock distribution patterns for white spruce natural regeneration were 
assessed using the Morisita index of dispersion.  The Morisita index (MI) provides an 
assessment of the mean degree of spatial dispersion (Morisita 1962, Hurlbert 1990): 
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where n is the number of plots, d is the number of trees in a plot and the summations are 
across all plots in the stand or cutblock.  An MI value of 1 indicates a random pattern; >1 
indicates clumping; and <1, a regular dispersion.  A highly regular pattern with no more 
than one tree per plot, has an MI near zero, while the most clumped pattern, where all 
trees are in a single plot, has an MI = n (Feng et al. 2006). 

Effects of spatial context (i.e. distance from spruce seed source, ‘strength’ of 
spruce seed source) on white spruce natural regeneration were modeled statistically by 
general linear models (GLMs) for ordinal polytomous data, and logistic regression 
models as appropriate using SYSTAT 10 (SPSS Inc. 2000).  Where appropriate, data 
were transformed to improve assumptions of normality and equality of variances..  
 
Results 
The pre-harvest species composition for each of the aspen silviculture openings are 
summarized in Table 1.  Five of the sampled openings had no evidence of a conifer 
component prior to harvest (Table 1).  The post harvest stand composition was dominated 
by broadleaf regeneration, with white spruce present as 2% or less of the stem count 
(Tables 2,3).  The transition matrix was very similar where a minor (< 20%) component 
of conifer was present prior to harvest.  Using basal area, all nine broadleaf dominated 
stands had no measurable white spruce component post harvest (Table 3).  Using the 
stem count, the transition matrix indicated that 71% of the openings had a very minor 
presence of spruce, and 29% of the openings had 8% or more spruce stems (Table 3) at 
the time of sampling. 
 Seven conifer stands were sampled (Table 4).  One opening (94H 004 016) was 
removed from analysis, when species composition, ecosystem classification and site 
history did not match the RESULTS database description.  The reported analysis was 
done for six stands where a minor (<20%) broadleaf component was present in each of 
the sample openings prior to harvesting.  Site preparation, planting and vegetation 
management activities are summarized in Table 5.  Three of the sampled stands had had 
aerial herbicide applications, one had a manual brushing treatment, and two had no 
vegetation management activities.   

The transition matrix for the conifer stands had representation in four of the six 
species composition categories (Table 6).  Two of the sampled stands were 95% or more 
spruce by basal area, while two had more than 50% conifer content post harvest.  One 
stand was dominated by aspen, having only 9% spruce basal area when sampled (Table 
6).  The stem count summary of the conifer stands found that three of the six stands had 
less than 50% conifer stems, and two of the six had 80% or more conifer stems (Table 6). 



Table 1.Silviculture opening, area, pre-harvest species composition and harvest dates for 
sampled aspen stands. 

 
Opening Net area 

reforested 
(ha) 

Pre-harvest species 
composition (%) 

Pre-harvest 
information 
source 

Harvest date(s) 
 

Fort 
Nelson 

    

94O 003 
003 

90 At>80, Ac<20 Timber cruise December 1990 to 
March 1991 

94O 004 
025 

61 At>80 No information 
on file 

September 1990 to 
March 1991 

94O 004 
027 

16 At> 80 Timber cruise February 1990 to 
March 1991 

94J 057 
007 

15 At & Ac>80, 
Sw<20 

Timber cruise March 1991 to 
December 1991 

94J 057 
009 

36 At> 80, Sw< 20 Timber cruise March 1991 to 
December 1991 

94J 057 
014 

35 At> 80, Sw<20 Timber cruise July 1991 to 
November 1991 

     
Peace 
District 

    

Spruce seed source ‘strong’ 
93P 030 
002 

51 At 95, Sw 5 Scale volume June to September 
1989 

93P 039 
006 

50 At > 80, Pl < 20 Inventory label June 1988 to 
December 1988 

93P 098 
001 

71 At 88, Sw 12 Scale volume 1981-82 on 30 ha, 
summer 1987on 71 
ha 

94A 007 
002 

25 At & Ac 82, Sw & 
Pl 18 

Inventory class June 1990 to 
December 1990 

     
Spruce seed source ‘weak’ 
93P 050 
004 

61 At & Ac 100 Scale volume December 1989 to 
November 1990 

93P 069 
024 

73 At & Ac > 80, 
Sw<20 

Inventory class June 1989 to 
December 1989 

93P 069 
028 

57 At Ac 92, Sw 8 Scale volume May 1991 to 
December 1991 

93P 080 
003 

23 At & Ac > 80 Inventory class August 1989 to 
January 1990 

 



Table 2. Transition matrix for ‘pure’ broadleaf (Populus spp.) stands using basal area and 
stem count. 

 
Basal area 
category 

Broadleaf>95% Broadleaf>80% Broadleaf>50% Broadleaf<50% Broadleaf<20% 

Opening 

100%     
94O 004 
027 

At98 Ac2     

93P 080 
003  

At92 Ac8     

94O 003 
003 

At93 Ep5 Ac2     

93P 050 
004 

At84 Ac16     

94O 004 
025 

At72 Ac27 Ep1     

 Stem count 
 category 
 Broadleaf>95% Broadleaf>80% Broadleaf>50% Broadleaf<50% Broadleaf<20% 
 100%     
94O 004 
027 

At97 Ac3     

93P 080 
003  

At90 Ac10     

94O 003 
003 

At88 Ep7 Ac3 
Sw2 

    

93P 050 
004 

At82 Ac17     

94O 004 
025 

At71 Ac25 Ep3 
Sw1 

    

 



Table 3. Transition matrix for broadleaf (Populus spp. and Betula) dominated stands 
using basal area and stem count. 

Basal area 
category 

Broadleaf>95% Broadleaf>80% Broadleaf>50% Broadleaf<50% Broadleaf<20% 

Opening 

100%     
93P 069 
028 

At99 Ac1     

94J 057 
014 

At79 Ac13 
Ep8 

    

93P 098 
001 

At87 Ac13     

93P 069 
024 

At100     

93P 030 
002 

At80 Ac20     

93P 039 
006 

At65 Ac34     

94J 057 
009 

At90 Ep10     

94A 007 
002 

At69 Ac31     

94J 057 
007 

At94 Ep6     

Stem count 
category 

Broadleaf>95% Broadleaf>80% Broadleaf>50% Broadleaf<50% Broadleaf<20% 

 

71% 29%    
93P 069 
028 

At99 Ac1     

94J 057 
014 

At63 Ep28 
Ac9 

    

93P 098 
001 

At78 Ac19 
Ep2 Sw1 

    

93P 069 
024 

At98 Ac1 Sw1     

93P 030 
002 

At86 Ac12 
Sw2 

    

93P 039 
006 

At75 Ac22 
Sw3 

    

94J 057 
009 

Ep51 At45 
Sw4 

    

94A 007 
002 

 At57 Ac35 
Sw8 

   

94J 057 
007 

 At77 Sw13 
Ep10 

   



Table 4. Silviculture opening, area, pre-harvest species composition and harvest dates for 
sampled conifer stands. 

 
Opening Net area 

reforested 
(ha) 

Pre-harvest 
species  
composition 

Pre-harvest  
information 
source 

Harvest date(s) 

93P 015 
006 

36 Sw >80, At <20 File comments December 1986 to 
January 1988 

93P 083 
009 

51 Sw >80, At<20 File maps January to April 
1985 

93P 084 
001 

9 Sw> 80, Ac<20 Field notes September 1988 to 
November 1993 

93P 095 
010 

15 Sw & Pl > 80, At 
<20 

Inventory label February 1984 to 
December 1984 

93P 096 
003 

27.3 Sw > 80, Ac < 20 Field notes, and 
comment on file 

August 1985 to 
Winter 1987 

94B 040  
040 

67 Sw 70 Pl 14 At 7 
Ac 7, Ep3 

Silviculture 
prescription  

1990 to 1991 

94H 004 
016 

17 Sw RESULTS database April 1989 to July 
1991 

 
Table 5. Summary of site preparation, planting and vegetation management activities for 

the sampled conifer stands. 
 
Opening Harvest 

Completion 
Site Preparation Planting 

Year and 
Species 

Vegetation 
Management 

93P 015 
006 

January 1988 none 1988 Sw 
1994 Sw 

none 

93P 083 
009 

April 1985 1985 Ripper plow  
1985 Pile debris 
(portion) 

1987 Sw 
1989 Pl 

none 

93P 084 
001 

November 
1993 

1989 Pile debris 1992 Sw 
1996 Sw 

1994 aerial 
herbicide 

93P 095 
010 

December 
1984 

1984 Pile debris 1985 Sw 2000 manual brush 

93P 096 
003 

December 
1985 

1987 Pile debris 1989 Sw 
1995 Pl 

1994 aerial 
herbicide 

94B 040 
040 

November 
1991 

1992 Mound 1993 Sw 
2001 Sw 

2000 aerial 
herbicide 
2001 manual brush 
(portion) 

94H 004 
016 

July 1991 1990 Sharkfin barrel 
(portion), 1991 Pile 
debris (portion) 

1991 Sw 2000 aerial 
herbicide 

 



Table 6. Transition matrix for white spruce (conifer) dominated stands using basal area 
and stem count. 

 
Basal area 
category 

Conifer>95% Conifer>80% Conifer>50% Conifer<50% Conifer<20%

Opening 

33% 17% 33%  17% 
93P 084 
001 

Sw100     

93P 096 
003 

Sw98 Pl1 
Ac1 

    

94B 040 
040 

 Sw91 Ep8 
Pl1 

   

93P 095 
010 

  Sw59 Ac41   

93P 083 
009 

  Sw37 At22 
Ep18 Pl18 
Ac5 

  

93P 015 
006 

    At91 Sw9 

 Stem count 
 Category 
 Conifer>95% Conifer>80% Conifer>50% Conifer<50% Conifer<20%
 17% 17% 17% 50%  
93P 084 
001 

Sw95 Ep5     

93P 095 
010 

 Sw89 Ac8 
At3 

   

93P 096 
003 

  Sw55 Ac25 
Pl10 At5 Ep5 

  

94B 040 
040 

   Sw42 Ep37 
Ac12 Pl7 At1 

 

93P 083 
009 

   Ep42 At21 
Sw21 Pl8 
Ac5 

 

93P 015 
006 

   At67 Sw27 
Ac6 

 

 
 



less than 50% conifer stems, and two of the six had 80% or more conifer stems (Table 6). 
 Selected characteristics of white spruce natural regeneration which occurred in 
stands which were dominantly aspen prior to harvest, are summarized in Table 7.  White 
spruce natural regeneration was found in 12 of the 14 sampled stands.  Mean value for 
the Morisita Index for Fort Nelson was 2.1 compared to 4.3 for the Peace District stands 
which had a ‘strong’ white spruce seed source.  The mean spruce stocking, and 
percentage of spruce stocked plots tended to be greater for Fort Nelson than the Peace 
District.  The white spruce ‘strong seed source’ openings had at least 13% of a shared 
perimeter with a polygon containing white spruce.  In contrast, the four weak spruce seed 
sources had 12.7% or less of shared perimeter with map polygons having less than 30% 
spruce content.   
 The mean distance between spruce seed sources and sample plots was 252.5 m for 
Peace District samples (range 1 to 856 m) and 133.8 m for Fort Nelson samples (range 13 
to 579 m).  The Fort Nelson opening 94O 004 027 was excluded from this analysis as no 
spruce seed source was identified within 7000 m of the opening.    

There were distinct differences between Fort Nelson and Peace District aspen 
stands for predicting the presence and density of white spruce natural regeneration.  A 
logistic regression equation for presence of white spruce natural regeneration which 
combined the Fort Nelson and Peace District samples was statistically significant, though 
with a very low predictive ability (McFadden’s Rho2 = 0.104, Chi-sq p < 0.014).  When 
the two areas were analyzed separately, the relationship was not significant for Fort 
Nelson (Chi sq p < 0.080).  This distinction between the two areas was found consistently 
for white spruce natural regeneration predictive equations. 

For the Peace District, harvest disturbance and direction to seed source were the 
best predictors in a logistic regression equation for presence of white spruce natural 
regeneration, although with a low predictive ability (McFadden’s Rho2 = 0.217, Chi sq p 
< 0.001).  The best combined model for density of white spruce natural regeneration in 
the Peace District was a multiple regression equation that included harvest disturbance, 
direction to seed source and distance to seed source (r2=0.241, p < 0.002).  A regression 
equation with only harvest disturbance and direction to seed source was only slightly 
reduced in predictive ability (r2=0.223, p <0.002). 
 
Discussion 
Vegetation management had made a dramatic difference in early species composition of 
the harvested spruce stands.  The basal area summaries indicated strong white spruce 
dominance for openings which had a history of broadcast herbicide application.  These 
stands did have a variety of tree species present which was identified with the stem count 
stand descriptions.  The broadleaf component in these stands was usually less than two 
meters tall among white spruce which were four meters tall or greater.  The broadleaf 
species are likely to maintain themselves in conifer gaps, and provide a diversity of 
species composition into the future.  In contrast, the stands with no vegetation 
management treatment had a co-dominant or dominant broadleaf presence, which will be 
a prominent feature of stand structure well into the future.  These results are consistent 



Table 7.  Selected characteristics of spruce natural regeneration for sampled aspen stands. 
 
Opening Morisata 

index 
Range of 

spruce 
stocking 
(st/ha) 

Mean 
spruce 

stocking 
(st/ha) 

Spruce 
stocked 

plots 
(%) 

Spruce 
cover 
>30% 
Shared 

perimeter 
(%) 

Spruce 
cover 

>10 <30% 
Shared 

perimeter 
(%) 

Fort Nelson District    
       
94O 003 
003 

1.3 0 - 1000 450 75  28.6 

94O 004 
025 

2.8 0 - 1800 375 75 18.3  

94J 057 
007 

1 1400-2800 2067 100 4.4 
 

 

94J 057 
009 

3 0 - 9000 2233 66.7 25.7  

94J 057 
014 

2.3 0 - 400 86 28.6 11.9  

94O 004 
027 

* 0 - 200 100 50.0  19.6 
 

       
Peace District strong spruce seed source 
       
94A 007 
002 

2.3 0 - 5200 1138 61.5  27.9 

93P 030 
002 

3.9 0 - 1800 291 36.4 13  

93P 098 
001 

6.2 0 - 5000 571 35.7  17.8 

93P 039 
006 

4.6 0 - 2600 422 33.3 22.8  

       
Peace District weak spruce seed source 
       
93P 069 
024 

na 0 0 0  12.3 

93P 069 
028 

12 0 - 600 50 8.3  12.7 

93P 080 
003 

na 0 0 0   

93P 050 
004 

4 0 - 400 50 16.7  6.7 

• Morisata index was not calculated for opening with less than 3 sample plots 
• Na – not applicable, no spruce stocking 



with a number of studies which document the resilience of boreal plant communities to 
vegetation management treatments (e.g. Haeussler et al. 2004, Pitt et al. 2004), 
particularly where only a single treatment entry occurs.  
 At these early stages of succession, the cutblocks which had been pure aspen or 
aspen dominant had a very minor presence of white spruce post-harvest.  Using the 
proportion of basal area as a metric, the white spruce component had decreased in the 
aspen dominant stands 15 to 20 years post harvest.  At later stages of succession the 
combination of aspen mortality and white spruce growth may increase the proportion of 
white spruce in these stands.  The degree of change over time would need to be tested by 
simulations using mixed species growth models.   The plot level data collected by this 
project enables simulations which incorporate within stand variability which is a notable 
feature of boreal mixedwood ecosystems. 

The proportion of mature white spruce in adjacent stands, and the percentage of 
shared perimeter between cutblocks and spruce component stands were effective criteria 
for identifying cutblocks according to relative amount of white spruce natural 
regeneration in the Peace District. On a landscape level, this could be used to identify 
areas where a minor white spruce component could be expected to establish within a 
dominantly broadleaf stand after harvest disturbance.  Based on this study, such a spruce 
component would have an irregular distribution, and highly variable density, even within 
the stands that had a strong spruce seed source. 

The white spruce which were present in the dominant broadleaved stands were 
overwhelmingly natural regeneration which had initiated within two year after harvest.  
Advance white spruce regeneration was a rare (1% or less) component of the study 
stands.  

Where the white spruce seed source was present, creation of a suitable seedbed by 
mineral soil exposure was a significant predictor of natural regeneration, consistent with 
the results of Wang and Kemball (2005).  All of the ‘strong’ spruce seed source openings 
in the Peace District had a summer harvest history.  This is the harvest timing most likely 
to create a variety of potential seedbeds (exposed mineral soil, reduced or disturbed forest 
floor).  Sampling 15 to 22 years post-harvest, only mineral soil exposure could be 
detected.  The degree and distribution of other types of potential seedbed which may have 
existed post-harvest could not be quantified.  The possible contribution of these other 
types of seedbed to distribution and density of white spruce natural regeneration could 
not be examined in this study.   

In the Peace District, direction to the nearest white spruce seed source was also a 
significant predictor of spruce regeneration, while distance was not.  The interaction of 
direction and distance to white spruce seed source was not statistically significant.  
Distance to nearest seed source ranged from one meter to 857 m in this study.  Distance 
to nearest seed source was not a significant variable in predicting the presence of white 
spruce natural regeneration.  This indicates that long distance transport (over 100 m from 
the seed source) of white spruce seeds is an important mechanism in the BC Peace.  
Strong wind events (>50kmh) occur more than once per year in the area which would 
contribute to wide dispersion of white spruce seed.  Cutblock location relative to 
prevailing winds and seed sources would be an important predictive tool at the landscape 
level.  



The relative proximity of white spruce seed sources may partially explain the lack 
of significant predictive equations for the Fort Nelson District.  Spruce seed dispersal 
patterns follow a negative exponential curve with the majority of seeds falling within 100 
m of the source and a very gradual decline with greater distances to windward (Coates et 
al. 2004).  Even at 300 m away from the source the dispersed white spruce seed density 
can be greater than 3% of that recorded in the stand (Dobbs 1976 as cited by Coates et al. 
2004).  With an average distance of 133.8 m to the nearest spruce seed source in the Fort 
Nelson samples, proximity of seed source would not be a limiting factor. 

The importance of mast years (Peters et al 2005) in white spruce reproduction was 
not obvious for stands sampled in this study.  In only one of the 14 openings in this study 
where a spruce seed source was identified, was there no natural regeneration of white 
spruce.  Thus it would appear that there was a sufficient level of seed production and 
transport to result in some degree of white spruce presence in over 90% of the broadleaf 
cutblocks, similar to the ‘background’ level of spruce regeneration described by Stewart 
et al. 1998.  The majority of the white spruce regeneration had initiated within one or two 
years of harvest of the original broadleaf dominated stand.  White spruce seedbed 
availability declines rapidly after disturbance whether fire (Peters et al 2005) or harvest 
initiated (Coates et al. 2004).  
 
Conclusion and Management Implications 
In the first 20 years post harvest, a variety of stand structures and species composition 
were present in the harvested spruce stands.  This variety of conditions reflected initial 
composition, as well as management activities.  In contrast, the pre-harvest broadleaf 
dominated stands had a greater degree of broadleaf dominance and were less diverse in 
species composition at this early stage of stand development.  This study provides initial 
quantification of these managed stand transitions from pre-harvest to 15-22 years post-
harvest conditions which can be used in a variety of analyses.   
 White spruce natural regeneration was present for more than 90% of the broadleaf 
cutblocks where a white spruce seed source could be identified on the opening perimeter.  
Distribution of white spruce natural regeneration was more irregular in the Dawson Creek 
broadleaf stands.  In the Fort Nelson District, distance and direction to a seed source, plus 
harvest disturbance were not useful predictors for presence and density of white spruce 
natural regeneration.  Proximity of seed sources in Fort Nelson may explain the non-
significant relationships for these variables.  The ability to predict white spruce natural 
regeneration characteristics was better in the Peace District.  The presence of a receptive 
seedbed and the location of seed source relative to prevailing winds were the most 
important predictors for both white spruce presence and density.  The equations, while 
statistically significant, had a low predictive ability.  The low predictive ability reflects 
stochastic events, as well as loss of identifiable predictive variables over time, such as 
post harvest seedbed conditions.  
 This study has provided post-harvest stand composition data which can be used in 
stand level growth models. It also provides initial quantification of stand level pre- to 
post-harvest transition probabilities.  The initial quantification of these relationships 
enables landscape level mixedwood modelling, based on current landscape condition and 
characteristics of individual stands.   
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