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Study Objective 
The objective of this study was to 

quantify key interactions between density-
dependent competition (which refers to both 
stem density and canopy density) and 
environmental conditions in a sub-boreal 
mixedwood forest in central British 
Columbia.  While several landscape 
gradients (e.g., elevation, latitude, 
continentality) may alter environmental 
conditions sufficiently to influence 
mixedwood stand dynamics, this study 
targeted slope aspect (i.e., cold north-facing 
vs. warm south-facing) due to its common 
landscape association.   Consequently, the 
specific intention of this study was to test a 
single hypothesis: Deciduous competition in 
a sub-boreal mixedwood stand affects 
spruce crop-tree growth differently on north- 
and south-facing slope aspects.  Further, this 
study attempted to characterize the spatial 
and temporal differences in these 
relationships across the environmental 
gradient.  These findings should provide 
useful insights in answering key 
management questions for sub-boreal and 
boreal mixedwood stands:  What are the 
“tolerable” levels of deciduous cover that 
will not severely impede conifer crop-tree 
growth for a given site?  Do these levels of 
deciduous competition vary across 
environmental conditions, and can these 
relationships be modeled based on key 
landscape features?   
 
 
Study Methods 
  
Study site 

To characterize density-dependent 
competition in a sub-boreal mixedwood 
forest under different environmental 
conditions, this study quantified short-
duration tree stem-volume growth 
increments among interior spruce saplings 
(naturally occurring hybrids of Picea glauca 
[Moench] Voss x P. engelmannii Parry) 
under variable densities of paper birch cover 

on north- and south-facing slope aspects at 
the Sinclair Mills research site (54o00′ N  
121o38′ W), located about 100 km northeast 
of Prince George, British Columbia.  The 
research site is located in the variant of the 
very wet cool subzone of the Sub-Boreal 
Spruce biogeoclimatic zone (abbreviated as 
SBSvk01) (Meidinger and Pojar, 1991) at 
about 700 m elevation.  The site was 
harvested in the winter of 1987-88 and 
broadcast burned in June 1988.  In 1989, 
77.7 ha were planted with interior spruce 
(2+1 PBR, seedlot 29164) at 2.5 m spacing.  
In July 1996, 24.1 ha of the plantation were 
treated with glyphosate by aerial application 
to remove competing paper birch.  The 
remaining portion of the block was not 
treated, and a mixed birch-spruce stand has 
developed.      
 
Study plots and measurements 

  
 
 

Sample spruce trees were identified 
across a wide range of birch cover densities 
(from fully open to covered under high 
canopy densities) on north-facing (320o to 
40o azimuth) and south-facing (140o to 220o) 
slope aspects.  Manual band dendrometers 
(Agricultural Electronics Corporation, 
Tucson, AZ) capable of resolving stem-
diameter growth increments as small as 1.6 
µm were installed at diameter breast height 
(dbh) on the sample spruce saplings in each 
plot.  Basal diameter increments of sample 
trees were measured approximately every 
two weeks throughout the growing season 
(from late April to late October).  
Corresponding height measurements for 
each sample tree were conducted using a 
telescoping height pole until height growth 
ceased.  Changes in conical stem volume 
were calculated for each sample spruce 
sapling using the equation:  stem volume = 
⅓(πr2h), where r is the stem basal radius 
and h is the stem height (Green et al., 2003).  
The relative growth rates for stem volume 
increments (RGR) of sample spruce saplings 
during each measurement intervals were 



 

determined in the classical manner (Fischer 
1921, Evans 1972), where RGR = (ln SV2 – 
ln SV1)/(T2-T1), where SV1 and SV2 are 
tree stem volumes at times T1 and T2. 

Deciduous competition was 
quantified by measuring the stem densities 
and basal areas of birch trees greater than 2 
cm dbh within fixed-radius plots around all 
sample spruce saplings (Comeau, 2001; 
Lieffers et al., 2002).  For competing birch 
trees within a 5.32 m radius of each target 
spruce sapling, height and basal diameter 
were measured, grouping birch stems by 
distance from spruce saplings (0-1.33 m, 
1.34-2.66 m, 2.67-3.99 m, and 4.0-5.32 m).  
Stem densities and basal areas were used to 
assess the relative influence of deciduous 
competition on spruce sapling growth based 
on the grouping of birch trees by sampling-
ring distance from target spruce saplings.   
 
 
Results and Implications 
 
Competitive relationships on north- and 
south-facing slopes 

Study findings indicated that 
different environmental conditions on north- 
and south-facing slopes at this sub-boreal 
site translated into unique competitive 
relationships in the mixedwood sample plots 
(Green, 2004).  Among spruce saplings on 
north-facing slope aspects, stem growth for 
the whole growing season was negatively 
related to the stem basal area and stem 
density of competing paper birch trees for 
sampling distances greater than 1.33 m 
radius.   These relationships are consistent 
with other studies that have suggested that 
light is the primary understory limitation in 
many sub-boreal and boreal mixedwood 
stands (e.g., Brand, 1986; Simard, 1996; 
Tanner et al., 1996; Comeau et al., 1999; 
Lieffers et al., 2002; Wang and Kimmins, 
2002, Comeau et al., 2003).    

On south-facing slopes, no 
significant relationships between spruce 
growth and birch competition (based on 

either basal area or stem density) were 
observed at any individual or combined 
sampling distance.  The lack of whole 
season density-dependent relationships at 
any sampling distance suggests that light-
driven limitations were not the primary 
determinant of growth in spruce saplings 
(even though measured light values under 
high-density birch cover in mid summer 
approached 5% ambient light).  It is likely 
that large moisture deficits resulting from 
high heat loading associated with low 
precipitation during the growing season of 
2003 created a primary limitation on the 
warm and dry south-facing slope aspects.  
This hypothesis is being assessed in a follow 
up study.   
 
Implications for the management of sub-
boreal mixedwood stands 

Regardless of what environmental 
factors limit growth on opposing slope 
aspects, these results confirm the findings of 
other studies that suggest current free-
growing standards (B.C. Ministry of Forests, 
2000) are inadequate in sub-boreal and 
boreal mixedwood stands (Lieffers et al., 
2002).  On north-facing slopes where 
density dependence was observed in 
relationships between spruce growth and 
birch competition in this study, small radius 
plots (typical of the size used in free-
growing surveys) failed to predict density-
dependent competition.  Results from this 
study suggest that predicting competitive 
effects in mixedwood stands based on stand-
density assessments likely requires sampling 
areas considerably greater than current free-
growing standards (Lieffers et al., 2002; 
Green, 2004), particularly on north-facing 
slopes where density dependence appears to 
be more important. 

  
 
 

Further, this study suggests that 
competition indicators independent of 
density may be useful predictors of 
mixedwood stand dynamics under certain 
conditions.  For instance, stratifying 
cutblocks by slope aspect may minimize the 



 

need to assess density-dependent 
competition on south-facing aspects in sub-
boreal regions, where conifer crop-tree 
growth showed lower sensitivity to varying 
levels of deciduous competition at this 
developmental stage.  On north-facing 
slopes, management decisions may be 
simplified by the finding that significant 
control of deciduous competition is required 
to attain high growth rates in conifer crop 
trees.   

 
Potential environmental interactions in sub-
boreal mixedwood stands  

The competitive interactions 
observed in these mixedwood plots may 
differ among years, due to the influence of 
climatic variation on primary environmental 
limitations.  Assuming that moisture is a 
primary limiting factor on south-facing 
slopes during dry years in the SBS zone 
(Meidinger and Pojar, 1991), then we might 
see the emergence of density-dependence in 
spruce growth trends during years with 
above normal precipitation if light became a 
primary limiting factor (similar to relations 
observed on north-facing slopes in this 
study). 

Other factors may also influence the 
nature of density-dependence in mixedwood 
stands on opposing slope aspects (e.g., 
heavy winter snow packs, leaf phenology of 
deiciduous species; see Green, 2004).  
Further investigation is needed across a 
wider range of climatic and environmental 
conditions (including weather, slope 
aspects/steepness, and species associations) 
to characterize the variance in density 
dependence and specific limiting factors.  
This research must clarify the level of 
spatial detail required to predict optimal 
broadleaf densities across a diverse 
landscape, which remains a significant 
knowledge gap.  It is entirely possible that 
mixedwood stands in close proximity may 
vary considerably in the competitive 
relationships among deciduous and conifer 
components due to large differences in 

conditions mediated by factors like elevation 
and slope aspect.  The next generation of 
stand models and management standards 
must give attention to such important 
factors. 
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