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Abstract 
 
Interest in managing broadleaf and mixedwood stands has grown due to increased 
demand for hardwood products and a shift towards more biological/ecosystem-based 
management. The current ‘default’ operational practice is the elimination of the non-
conifer component of the stand. Presently, there are no silviculture guidelines for 
managing mixed species stands in the sub-boreal spruce (SBS) biogeoclimatic zone. 
When managed, they tend to be managed poorly due to a limited understanding of their 
dynamic processes and a lack of predictive models. Our current quantitative findings as 
well as model projections suggest spruce growth is promoted when growing at birch 
densities up to 2000 – 2500 sph. A similar observation was made for lodgepole pine with 
aspen but the aspen threshold is considerably lower, about 500 sph. White pine weevil 
(WPW) attack on spruce was also significantly reduced with a deciduous overstory. The 
birch density threshold in this case appears to about 2000 sph. Land expectation values 
based on our model projections indicate mixedwood management is a much better 
investment than our current operational ‘default’. If the deciduous density thresholds are 
similar for both spruce growth and WPW attack, the economic analysis is 
underestimating the return from mixedwood management. Logs from the mixedwood 
stand will have fewer WPW induced defects and smaller branches, i.e. greater value. 
Managing complex stands in the SBS will improve site utilization through enhanced 
productivity and increased species and structural diversity. 
 
Introduction 
 
Natural stand dynamics and disturbances produce a variety of mixedwood stands 
(Prévost & Pothier 2003). Natural mixed species stands are often vertically complex 
because shade intolerant species with rapid juvenile height growth rates overtop slower 
growing shade tolerant species following stand initiation (Kelty 1986, Oliver & Larson 
1996). An understanding of the dynamics of forest ecosystems and the factors that 
influence these dynamics provides the basis for sustainable use of forest resources and 
the conservation of their environmental values (Peng et al. 2002). Mixedwood stands are 
difficult to manage because the species differ in environmental requirements, 
regeneration strategies, growth rates, and life span (Prévost & Pothier 2003).  
 
Interest in managing broadleaf and mixedwood stands has grown due to a shift towards 
more biological/ecosystem-based management (Comeau et al. 1999) as well as an 
increased demand for hardwood products for pulp, paper and sawlogs (Hibbs et al. 
1989).  The current ‘default’ operational practice is the elimination of the non-conifer 
component of the stand, which among other things decreases diversity (Comeau et al. 
1993).  Presently, there are no silviculture guidelines for managing mixed species stands 
in the sub-boreal spruce (SBS) biogeoclimatic zone.  When managed, they tend to be 
managed poorly due to a limited understanding of their dynamic processes and a lack of 
predictive models.   
 
Stand structure forecast for silvicultural treatments in mixed species stands is poor due 
to the lack of knowledge in this area.  Many silviculture systems could be used to 
develop mixed species stands in sub-boreal ecosystems. Productivity, the total 
merchantable volume at rotation, is influenced by stand structure; the composition of 
mixed stands and treatments used can change the productivity of a stand as well as the 
quality of the timber produced (Lieffers et al. 1996). Some (Rauscher 1987, Jobidon 
2000) argue the need to i) evaluate the impact of interfering hardwood vegetation and 
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develop measures of competition severity to aid in management decisions and ii) 
develop a silvicultural approach conducive to high juvenile growth rates and long term 
retention of hardwood species for conservation of mixedwood stands to meet these 
objectives. 
 
There is also limited understanding of the potential impact of forest pests such as the 
white pine weevil (WPW), Pissodes strobi (Peck) and the effective management in 
mixed species stands under various silviculture treatments in the SBS.  Current Free 
Growing Guidelines do not account for WPW management in mixed species stands.  
Previously, WPW attack has been shown to be diminished by the presence of deciduous 
overstory (Taylor and Cozens 1994, Taylor et al. 1996; Alfaro 1998).  However, the 
optimum level at which WPW attack is reduced and conifer growth is not adversely 
affected by competition is not known. Determining this level of overstory in mixed 
species stands will be invaluable for natural resource managers and landowners in 
managing complex stands for maximum productivity and wood quality. Information on 
growth and yield and related impacts on wood quality is also lacking for these stand 
types.  Mixedwood stands could then be managed based upon ecological principles for 
non-timber as well as timber management objectives. 
 
This project examines six established mixedwood stands in the SBS biogeoclimatic zone 
with variable paper birch or trembling aspen densities, and incorporates both historic (30 
years) and new data.  By studying the management of mixedwoods, particularly birch, in 
the SBS there will be enhancements in biodiversity and to the value added sector. This 
research addresses two broad themes: 

1) managing mixedwood stands for a variety of biological and ecological 
objectives; and 

2) wood quality and growth dynamics of productive complex stand types. 
 
Economic analyses of the various resulting management scenarios have also been 
undertaken.  Growth measurements, quality assessments, and models are being utilized 
over the life of the project to determine optimal threshold deciduous levels in mixed 
species stands, the influence of deciduous species in areas of WPW attack, timber 
quality of fast-grown spruce and birch grown at variable densities, growth and yield of 
variable density, fast-growing mixed species stands, and the wood quality of 30+ year 
old spruce developed under open-grown/high WPW attack and under aspen/low WPW 
attack.    
 
This technical report summarizes the research activities undertaken as part of the 2003 
– 2004 FII forest research program (R04-093), and the findings that will apply to the 
future years of the study.  The findings reported here represent the third year of a seven 
year research project.  The fourth year work plan has been approved for funding, 2004 
field work is underway, and will continue to support the long-term objectives of this 
project. 
 
Background 
 
Theme 1 
Studies suggest complex stands may have greater productive potential than single 
species stands (Simard 1996, Man & Lieffers 1999) and that some populations are more 
productive than others (Wang et al. 1998a,b).  Broadleaf species can contribute to 
nutrient cycling, increasing ecosystem productivity and thereby promote biodiversity and 
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forest health in mixedwood forests (Morrison et al. 1991, Taylor & Cozens 1994, Simard 
1996, Comeau et al. 1999).  Mixedwood management supports ecosystem management 
by promoting biological diversity and adaptation to successional changes (MacDonald & 
Thompson 2003).  A key component of ecosystem management is maintenance, at all 
scales, of compositional and structural diversity to protect ecological processes (Landers 
et al. 1999).     
 
This research project has been designed to provide information in  
a) determining threshold deciduous levels in mixed species stands in the SBS, 

specifically: 
?  effects of various paper birch density manipulations (thinnings) on performance 

of co-dominant spruce, birch growth, and WPW attack, 
?  effects of various densities of aspen on lodgepole pine and aspen grwoth,  
?  effects of various densities of aspen on spruce and aspen growth and WPW, and 

b) assessing WPW attack at the stand level and determining the temporal influence of a 
deciduous overstory.  

 
This will be accomplished by determining stocking levels for spruce/birch stands, 
spruce/aspen stands and aspen/pine stands to maximize productivity and surveying 
existing research trials and mixedwood stands in the SBS. Stand tending activities for 
deciduous species within mixed species stands will be defined. Stocking levels, which 
reduce the incidence of WPW attack in mixed species stands and their cost-benefit, will 
be outlined for incorporation into Free Growing Guidelines (or documents which replace 
them), and deciduous thresholds that meet the above objectives will be defined for stand 
and landscape levels. 
 
Theme 2 
Presently, there is little information on how to manage mixed species (complex) stands 
for sustainable yield, what yields to expect in central BC (Hawkins 2000, Comeau and 
Vyse 2000, Hawkins and Byman 2003) and the level of product quality exists in these 
stand types (Lieffers et al. 1996). Complex stands have also been shown to mitigate 
WPW attack but density thresholds are unknown (Taylor and Cozens 1994, Taylor et al. 
1996).  
 
This project will determine the relationship between complex stand density and wood 
quality for spruce and birch, and aspen and spruce, the relationship between complex 
stand density, the WPW and wood quality, and the early growth and yield of this 
complex stand type with respect to various stand densities. Findings from 2002, suggest 
wood density of both spruce and birch at breast height is similar to that reported for the 
literature (Balliet et al. 2003, Fig. 1 and Table 1). This information will allow policy 
makers and natural resource managers to make informed decisions about complex 
stand stocking and forest health issues based on economics, wood quality, future stand 
yields and values, and desired future forest condition. 
 
Methodology 
 
The research methodology for this work was established in 2001, with model 
development being a key project element.  Managed stand growth models are 
developed using pairs of consecutive measurements of stand variables such as basal 
area per ha, stems per ha (sph), and mean tree height (Garcia 1992).  There should be 
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sufficient growth data by 2004 or 2005 to begin validation of short-term mixedwood 
growth at Sinclair Mills, Spey Creek, and Cozens’ Vama Vama sites (detail below). 
 
Six locations, with research trials dating between 0 and 30 years since establishment, 
are being studied. 
 
Spey and Raft Creeks 
The study site at Spey Creek (Prince George Forest District) is part of a large opening 
that includes a sizeable area of a fire origin 40 year old paper birch. A completely 
randomized design with four treatments: 1) control; 2) 1200 birch sph; 3) 600 birch sph; 
and, 4) no birch or other broadleaf trees; were replicated 4 times. Understory conifers 
were spaced to 1200 sph in all treatments. Following thinning, permanent measurement 
plots 0.16 ha (40 m x 40 m) were established at the centre of each main plot (80 x 80 m) 
and all trees (paper birch and conifers) in each plot were number-tagged, and the stand 
was mapped.  
 
The Raft Creek study site (Williams Lake Forest District), established after logging and 
burning in the late 1960’s, is a large and relatively uniform area of pure paper birch that 
was selected for an underplanting experiment. A 5 x 3 factorial experiment using a 
completely randomized design was established with five levels of canopy closure, i.e. 
densities of paper birch (0, 300, 600, 1000 and control) and 4 coniferous species: 
Douglas-fir, white spruce, subalpine fir, and lodgepole pine.  Each treatment was 
replicated three times. The main treatment plots are 70 m x 70 m with a 40 m x 40 m 
measurement plot in the centre (20m x 20m subplot for each conifer species).  
 
These studies established by Drs. Comeau and Wang before they left the BC Forest 
Service are integral to the overall success of the SBS Mixedwood Program. The Spey 
Creek site will provide data for growth and yield modeling at the next measurement but 
the Raft Creek site is about a decade away from having similar utility.  
 
Vama Vama Creek 
The Vama Vama Creek site is located within the SBSwk1 variant in the Prince George 
Forest District. Maximum tree age in the block was 14 years-old at establishment. The 
study site is predominantly lodgepole pine and aspen with lesser amounts of spruce and 
subalpine fir. The total density is 11,400 sph. The experiment is laid out as a completely 
randomized design with six different aspen densities (0, 300, 1200, 2500, 5000, and 
control) replicated three times when established in 2000. Birch within 1.5 m of conifers 
was cut, but aspen within 1.5 m of conifers were not cut if they were required to meet the 
treatment density. Treatment plots measure 50? 50 m with a circular 0.01 ha (radius 5.64 
m) permanent measurement plot (pmp) in an aspen patch nearest the plot centre.  
 
Approximately equal numbers of free growing and not free growing lodgepole pine were 
selected across the experimental site. Trees with no aspen within the effective growing 
space (1 m radius cylinder) were classed as free growing. The height and DBH of each 
lodgepole pine and competition within the cylinder was measured in 2001 and 2003, and 
will be remeasured in 2006, 2010 and 2015.  
 
LAI was measured at the top and mid-crown of each tagged pine during the midsummer 
of 2001 and will be re-measured in summer 2004. A variety of competition indexes, 
including aspen basal area, aspen height, and proximity of aspen stems to the subject 
tree, will be evaluated next season.  
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Results from his study will provide information for refinement of free-growing 
assessments and free growing policy for aspen-pine mixtures. Results will contribute to 
an improved understanding of the effects of different amounts and arrangements of 
aspen on the growth of lodgepole pine, and will contribute to the evaluation and 
refinement of methods for assessing free-growing. 
 
Sinclair Mills 
Sinclair Mills was established in 2000 to investigate the impact of birch overstory on 
white pine weevil (WPW) attack, conifer growth, and free growing specifications. The 
stand was logged in winter 1987-88, broadcast burned in spring 1988, and planted in the 
spring of 1989: currently (April 2004) it is a rising 16 year old spruce-birch mixture 
located in the SBSvk. Height, diameter and incidence of weevil attack for 2001, 2000, 
1999 and years prior to 1999 have been recorded. A MSc thesis by Nykoluk (2002) 
documents all work at the site up to the end of the 2001 field season.  
 
As a result of the early findings (Nykoluk 2002), a new trial was established at Sinclair 
Mills in 2002. The objectives were to determine the optimum level of deciduous 
(predominantly birch) cover, which does not impede crop (spruce) tree growth, but does 
reduce insect damage (WPW attack). The trial consists of 38 70 x 70 m plots with 
variable spruce and birch densities.  The trial encompasses 4 broad treatments: (1) 
control – 3 plots; (2) historical glyphosate treatment - 3 plots; (3) 8 - variable spruce 
density plots with constant birch density (1200 sph); and (4) 24 - variable birch density 
plots (3 replicates of each) with total spruce retention.  The variable spruce density plots 
were created with brush saws.  The variable birch density plots were created with one of 
three treatments: (1) girdling, (2) brush saw, or (3) Release?  herbicide.  Following stand 
density manipulation treatments in July 2002, 30 x 30 m measurement areas were 
established in the centre of the treatment plot.  All trees within 3, 5.64 m permanent 
measurement plots (PMP) or 5, 3.99 m PMP’s in the measurement area were tagged 
and measured (height, diameter, crown class and health (weevil attack on spruce) in 
2002 and 2003. This will be remeasured in 2005 and 2007.  Health assessments will be 
conducted in 2004, 2005 and 2007.  
 
The Lakes States version of TWIGS (The Woodsman’s Ideal Growth Projection System) 
(Miner et al. 1988), a growth and yield simulation model, was selected to do sub boreal 
projections. There are two reasons for its selection: i) no mixedwood growth and yield 
model exists for the sub boreal and ii) the calibration data for TWIGS is from the 
transition between the boreal and northern hardwoods forest of MN, WI and MI. We 
thought LS-TWIGS (hereafter TWIGS) represented ecosystems that may have stand 
dynamics similar to those around Prince George. TWIGS projections were done based 
on 2003 tree lists. Economic analysis reported as land expectation value (LEV) or net 
present value (NPV) were constructed using all silviculture costs to get the stand to its 
present day condition and the yield projections from TWIGS. 
 
Vegetation plots were established in 2002 in each of the plots.  These were resurveyed 
in 2003.  The plots were 1 m x 1 m in size, and located 5 m at a bearing of 45 degrees 
from the PMP plot centre.  For each vegetation plot, species and cover class was 
recorded as follows: 
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Cover Class Percent Cover 
1 0-20 
2 21-40 
3 41-60 
4 61-80 
5 81-100 

 
Soil samples were collected from each of the plots and prepared with KCl extracts for 
nutrient analysis by the Ministry of Forests, Laboratory in Victoria.  
 
In the spring of 2003, 257 dendrometer bands were attached to one representative 
spruce and birch tree (when present) within each PMP. Across each treatment unit, the 
full range of observed densities was covered: small to very large diameters. These were 
monitored monthly for incremental growth over the growing season.  We will continue to 
monitor dendrometers annually until at least 2007. These data will be used to validate 
early growth projections of tested growth and yield models.  
 
A second study was established at Sinclair Mills in 2002.  The trial was established to 
determine the relationship between stand density and i) wood quality, ii) WPW and wood 
quality, and iii) growth and yield.  100 trees (50 birch and 50 spruce) were sampled from 
low, medium and high pre-treatment densities (from above trial).  For each sample tree, 
the height, diameter, crown class and incidence of weevil (for spruce) was recorded.  
Additionally, all competing tree species within 3.99 m of the sample tree were measured 
for diameter and stem mapped. Initially, tree cookies from each sample tree were to be 
examined in 2003 for density and to reconstruct stand growth from establishment to 
2002.  However, Paprican’s Silviscan equipment was non-functional this year, and will 
not be available until mid- to late summer of 2004.  We will endeavor to have the 
analysis done once the equipment is functioning again. Preliminary results indicate birch 
and spruce wood density at breast height are within reported norms for the species 
(Balliet et al. 2003a). 
 
A third study (Single tree plots) was established at Sinclair in the fall-winter of 2002. The 
objective was to determine critical brush free radii around spruce trees for both WPW 
attack and impairment of radial growth. Trees outside of the density manipulation 
treatment areas that had no evidence of prior weevil attack were randomly selected and 
allocated to one of four brushing radii. These are 0, 1, 2 and 4 m. Trees (primarily birch 
but some spruce) within the designated radii were removed in July 2003. This was done 
after the WPW had selected which trees it would attack in 2003 in order that we might be 
able to correlate 2004 attack to the brushing radii treatments.  
  
Cozens' Vama Vama Site 
This site, near Vama Vama, was planted in 1970 and the research trial established in the 
early 1980's to look at overstory and WPW attack.  The trial has three treatments applied 
in 50 x 150 m plots: completely brushed, side shade, and unbrushed. The trial is 
replicated 3 times and all trees are stem mapped.  All conifers were measured for height, 
DBH, and incidence of WPW attack in the winter of 2001/02 (fall 2001 measurement).  
Mixed species 5.64 m temporary sample plots were also established to collect the same 
data for utilization in FVS and TWIGS.  Summary statistics were prepared for each 
treatment.  Tree lists were created and growth projections done in growth and yield 
models TWIGS and FVS (Balliet et al. 2003b).  The site was re-measured in 2003 and 
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select trees with and without history of WPW attack were destructively sampled for wood 
quality in the first log and retrospective growth analysis to 5 m.  As explained above, 
reconstruction growth will be completed in the coming year.  Projections were done in 
TWIGS using 2003 tree lists for the side shade and the completely brushed plots. 
Projections were also done in TIPSY for pure spruce. 
 
Highway 16 East (New Trial Site) 
A new trial site was established about 160 Km east of Prince George on Highway 16 
during the winter of 2003-04. The Opening number is 93H 66-01, the longitude is 
120:58.3 °W and the latitude is 53:40.7 °N. The stand is a 15 year old aspen-spruce 
mixture located in the ICHwk3.  The research trial has been designed to replicate density 
manipulation treatments at Sinclair Mills. Treatments (densities yet to be determined) will 
be installed in 2004.  Treatment plots will be 70 m x 70 m and variable density 
treatments will be randomly assigned to each plot.  Dominant, co-dominant and 
intermediate aspen with large diameters and good form will be identified for retention 
prior to density reductions.  A minimum spacing of 0.5 m will be used between retained 
trees. Within each treatment area, a 30 m x 30 m measurement plot will be established 
in the centre of the treatment area. Within each 30 m x 30 m measurement plot, 3, 5.64 
m or 5, 3.99 m radius sample plots will be randomly established depending on the 
variability of aspen-spruce densities (clumpy vs. uniform distributions) within the 
measurement plot.  Within each sample plot, all dominant, co-dominant and intermediate 
trees will be tagged and measured.  Measurements will include total height, diameter at 
breast height (DBH), crown class and WPW history for spruce trees.  Measurements will 
be taken in the spring (pretreatment) and fall of 2004, and fall of 2005 and 2007. 
 
Results 
 
The following results are for FY 2003-2004 only.  Results from previous years of the 
study have been summarized and presented in separate reports submitted to FRBC 
(2001-2002) and FII (2002-2003, Balliet et al. 2003a,b). 
 
Spey and Raft Creeks 
 
No data were collected in FY 2003-04. 
 
Vama Vama Creek 
 
In 2003 free growing status assessments of the target pines were again conducted as 
described: 

a) Free growing trees: no aspen within the effective growing space (1 m radius 
cylinder) 
b) Not free growing trees: overtopped by aspen in more than one quadrant of the 
effective growing space.  

Crown dimensions, diameter at breast height (cm) and height (m) of the 82 target pines 
were also recorded. 
 
The free-growing status of many trees changed significantly between 2002 and 2003.  
Twenty trees that were formerly not free-growing trees can now be considered free 
growing. As seen previously, mean diameters of the target pines decreased with 
increased aspen density. However up to 500 sph of aspen did not appear to impact pine 
DBH (Figure 1). 



- 9 - 

 

Mean Dbh and height of target pines at Vama Vama Creek 2003

0

5

10

15

0 500 600 900 1200 1600 2400 3500 3500

Aspen Density

M
ea

n 
Db

h 
(c

m
) a

nd
 

he
ig

ht
 (m

)

dbh (cm)

height (m)

 
Figure 1.  Mean DBH and height of target pines against aspen density at Vama 
Vama Creek 2003. 

  
Sinclair Mills 
 
Growth Increment 
Data collected in 2003 provides the first growth increment data for the Sinclair Mills 
density manipulation trial.  Diameter and height were measured for all spruce in the 38 
plots, and the mean growth increment for each plot was compared with data from fall 
2002 (Figures 2 and 3).  
 
Results of data analysis show that last year’s diameter may be a good predictor of 
expected diameter growth (Figure 2). The larger a tree’s diameter at the end of the 
growing season in 2002, the greater the growth increment during the 2003 growing 
season. However, this relationship is not as strong for height (Figure 3).  A trend can be 
seen in height growth that suggests that taller trees put on more height growth. However 
it is not as predictive as diameter and diameter increment. Analysis of variance shows 
that the growth response to density is slightly negative (Figure 4). This relationship is 
expected to become more significant with time because 2003 was the first complete 
growing season for spruce at lower birch densities. However there is essentially no 
relationship between height growth and increasing density (Figure 5).  
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2003 Spruce diameter increment compared with 2002 DBH
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Figure 2.  Mean 2003 spruce diameter increment by mean 2002 DBH. 
 

Dendrometer Bands 
Diameter growth increments were monitored on a monthly basis for spruce and birch 
fitted with dendrometer bands (Table 1). Due to difficulties with surface resin flow in 
spruce, the bands were re-adjusted during June and July. This may account for the 
observed spruce anomalies during this time. On the other hand, birch also had little 
growth during July suggesting this may be a seasonal growth function. Given our 
expectations of ‘normal’ dendrometer band function in 2004 (over-wintered on tree); 
seasonal growth patterns should be functionally described in the coming years.  
 

 

2003 Spruce height increment compared with 2002 height
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Figure 3.  Mean 2003 spruce height increment by mean 2002 height. 
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Spruce diameter increment by total density of stems 
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Figure 4. Mean spruce diameter increment by total density of stems for each treatment 
plot. 

 
 

Spruce height increment by total density of stems
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Figure 5. Mean spruce height increment by total density of stems for each treatment 
plot. 
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Table 1. Mean monthly dendrometer readings in cm. 
Species May June July August September Total 
Spruce (cm) 8.66 9.05 9.05 9.28 9.33   
Spruce 
increment   0.39 0.00 0.23 0.05 0.67 
Birch (cm) 6.60 6.80 6.88 7.19 7.22   
Birch increment   0.20 0.08 0.31 0.02 0.62 

 
WPW Survey 
During the end-of-season height data collection at Sinclair Mills, spruce were assessed 
for attack by WPW.  A general trend is observed in the data, with the number of spruce 
trees attacked in 2003 declining with increased birch density (Figure 6). This has been 
reported in previous years. As density manipulations done in 2002 were applied after 
WPW attack, it is predicted WPW attack will increase even more at the lower birch 
densities in 2004. Those low birch density sites with no attack in 2003 will be of 
particular interest. Definition of a threshold birch density that minimizes weevil attack is a 
primary objective of the project. 
 
 

Incidence of w hite pine w eevil attack on spruce at different densities of birch
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Figure 6.  Incidence of WPW attacks (% spruce attacked per plot) on spruce by mean 
plot birch density. 

 
 
LS-TWIGS 
TWIGS was used to project stand growth based on current tree lists for the untreated 
(UT) mixedwood (about 1200 spruce sph with 3300 birch sph), 1200 spruce sph with 
800 birch sph (12/8), 1300 spruce sph (13/0), 200 spruce sph with 11 birch sph (2/11) 
and 13 birch sph (0/13) (Figure 7). Spruce yield was impacted at high birch density (UT) 
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and was maximal with 800 birch. Spruce yield from the 200 sph case was the same as 
the best yield but it occurred about 30 years later (very large trees). There was no 
significant birch yield until spruce densities were at 200 sph. Birch appears to be a poor 
inter-specific competitor. Land expectation value (LEV) was best for the 12/8 scenario 
and poorest for the 0/13 scenario with $0.25 stumpage (Figure 8).  A stumpage of $20 is 
needed for birch to have a positive LEV. 
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Figure 7. Sinclair Mills yield projections for UT spruce (Sx) and birch (Pb), 12/8 Sx and 
Pb, 13/0 Sx, 2/11 Sx and PB, and 0/13 Pb (see text for abbreviation details).  
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Figure 8. Land expectation values (LEV) for selected density treatments at Sinclair Mills 
(see text for abbreviation details). 
 
 
Soil Moisture and Mineralization 
The results of the soil analysis are presented in Table 2. There is an order of magnitude 
difference in both NH4 and NO3 values indicating the variability across the site.  
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Table 2.  Soil nutrient analysis results and % soil moisture by weight at Sinclair Mills. 

Plot Sample N-NH4 N-NO3 
% 

Moisture Plot Sample N-NH4 N-NO3 
% 

Moisture 
   ppm ppm      ppm ppm   

1A 154 7.70 0.63 29.68 20B 191 7.74 0.89 32.4 
1C 155 20.12 0.87 30.87 20E 192 8.95 0.58 36.02 
2A 156 11.07 0.63 32.67 21C 193 9.47 0.45 25.44 
2B 157 14.87 0.33 30.81 21E 194 0.17 0.03 24.32 
3A 158 4.99 0.44 20.33 22B 195 0.09 0.02 23.63 
3B 159 12.30 0.45 24.31 22C 196 1.44 0.86 18.56 
3F 160 0.26 0.15 n/a 23A 197 6.81 1.54 29.5 
4B 161 12.80 0.27 30.41 23C 198 8.18 0.78 26.68 
4E 162 7.82 2.31 31.53 24C 199 11.02 0.52 17.06 
5B 163 8.17 0.23 24.8 24E 200 6.92 1.13 18.22 
5C 164 7.02 0.33 25.28 25A 201 3.00 0.26 12.87 
6A 165 7.51 0.51 25.07 25C 202 16.12 6.77 30.64 
6B 166 7.42 1.56 26.08 26A 203 11.83 0.57 20.74 
7C 167 3.50 1.96 34.42 26D 204 1.86 0.47 12.5 
8C 168 13.28 3.71 26.3 27C 205 12.26 2.09 14.05 
9A 170 6.98 5.40 23.85 27D 206 4.90 0.45 35.08 
9B 171 8.99 1.38 34.54 28B 207 4.60 1.00 42.62 
10C 172 12.21 0.51 24.32 29E 208 17.70 0.11 22.92 
10D 173 7.81 1.39 32.43 29D 209 6.64 0.10 28.68 
11D 174 12.38 3.84 35.09 30B 210 7.76 0.33 28.59 
11E 175 17.29 1.82 42.41 30D 211 3.33 0.23 12.52 
12B 176 14.14 0.21 23.22 31A 212 2.41 15.05 26.46 
12C 177 4.33 0.16 21.66 31C 213 11.67 2.30 26.36 
13C 178 11.15 0.15 21.48 32C 214 4.11 7.86 24.14 
14B 179 4.23 1.66 21.9 32D 215 4.61 3.30 22.91 
14D 180 0.07 0.01 30.89 33C 216 2.50 5.61 48.45 
15A 181 5.51 0.33 29.16 33D 217 7.37 6.02 32.91 
15D 182 6.98 0.20 29.24 34A 218 2.46 2.92 26.49 
16B 183 7.04 0.16 22.74 34B 219 1.84 9.43 48.77 
16D 184 8.14 1.00 29.6 35C 220 1.52 0.62 13.54 
17C 185 3.68 0.17 30.94 36C 221 8.57 0.16 23.87 
17C2 186 9.28 0.34 24.54 36E 222 2.62 0.53 20.75 
18A 187 3.66 0.44 26.73 37B 223 4.04 5.31 22.31 
18D 188 4.67 0.75 16.03 37C 224 1.18 2.87 8.11 
19A 189 4.04 0.28 17.74 38B 225 0.09 0.01 49.7 
19B 190 4.55 0.33 17.06 38D 226 13.94 1.35 40.7 

 
Single tree plots 
There were 18 trees assigned to each brushing radius. Three trees were attacked by 
WPW in 2003; two in the 0 m radius treatment and one in the 2 m radius treatment. 
ANOVA indicated there were no differences (F=0.7303, P>F=0.5375, r2=0.0312, df= 3, 
68) among treatment mean DBH in December 2002 (Table 3). DBH increments in 2003 
were not different among treatments (F=1.3196, P>F=0.2752, r2=0.0550, df= 3, 68) nor 
was height to diameter (HDR) ratio (F=1.7190, P>F=0.1714, r2=0.0705, df= 3, 68) after 
one growing season (Table 3). This suggests the density manipulation did not impact 
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radial growth in 2003. Height in the fall of 2003 was different (F=3.8950, P>F=0.0125, 
r2=0.1466, df= 3, 68) among treatments and it was not related to WPW attack (Table 3).  
 
Table 3. Mean (±SE) pretreatment DBH, 2003 DBH increment, 2003 HDR and 2003 
height for the four brushing radii treatments. 

DBH  
Brushing 
Radii, m 

Dec 02, cm Inc 03, cm 
Height 

Dec 03, m 
HDR 

Dec 03, ratio 

     
0 9.79 (0.26) 1.18 (0.04) 6.42 (0.13) 0.59 (0.01) 
1 10.03 (0.22) 1.13 (0.05) 6.84 (0.11) 0.62 (0.01) 
2 9.91 (0.25) 1.23 (0.05) 6.29 (0.11) 0.57 (0.02) 
4 10.33 (0.34) 1.28 (0.07) 6.83 (0.17) 0.59 (0.01) 

 
Cozens’ Vama Vama 
 
Thirty-third year data was collected at the three Cozens’ Vama Vama sites in the fall of 
2003.  Height, diameter, and leader growth were measured for all spruce in each of the 
three treatments at each of the three replicate sites (Table 4). WPW incidence was not 
different among treatments (Table 5). The once significant treatment differences for 
growth and WPW attack on this site (Taylor and Cozens 1994) are now minor. TWIGS 
projections at SI50 = 20m for the brushed and a mixedwood scenario suggest growth in 
the mixture will result in greater spruce yields than the brushed scenario (Figure 9). 
TIPSY predicts a similar rotation age to TWIGS but due to a different mortality functions, 
projects greater yields at longer rotations. Net present value is also greater in the mix 
than in the brushed or TIPSY scenario (Figure 10). Changing the SI50 = 23m does not 
change the growth or economic relationships between treatments or models. It does 
shorten the rotation by about 15 years and doubles the NPV. 
 

Table 4. Summary of spruce height, diameter and growth increments for the 2003 growing season. 
Alt-Brushed Brushed Natural 

Site 

Mean 
DBH 
(cm) 

Mean 
DBH 

Increment 
(cm) 

Mean 
Height 

(m) 

Mean 
Height 

Increment 
(m) 

Mean 
DBH 
(cm) 

Mean 
DBH 

Increment 
(cm) 

Mean 
Height 

(m) 

Mean 
Height 

Increment 
(m) 

Mean 
DBH 
(cm) 

Mean 
DBH 

Increment 
(cm) 

Mean 
Height 

(m) 

Mean 
Height 

Increment 
(m) 

Site 1 10.35 0.66 7.21 0.73 10.78 1.04 6.75 1.39 9.38 0.77 6.86 0.83 

Site 1 5.15 0.56 2.74 0.64 4.96 0.66 2.12 0.77 4.45 0.63 2.55 0.67 
                 

Site 2 10.07 0.57 7.63 0.66 9.74 0.63 6.89 0.882 9.44 0.59 7.40 0.69 

Site 2 4.92 0.51 2.71 0.53 4.89 0.54 2.46 0.75 4.14 0.48 2.52 0.57 
                 

Site 3 13.25 0.80 8.64 0.89 13.19 0.69 8.50 0.81 12.62 0.69 8.70 0.85 

Site 3 5.18 0.49 2.65 0.59 5.36 0.53 2.82 0.59 4.84 0.52 2.70 0.65 
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Table 5. Percentage of attack by white pine weevil by site and treatment - 2001 to 2003. 

Site1 
Alt 

Brushed Brushed Natural 

Attack 2000 (%) 3.5 3.5 3.0 
Attack 2001 (%) 4.0 3.8 2.3 
Attack 2003 (%) 1.8 1.4 1.1 

Site2    
Attack 2000 (%) 1.0 3.5 1.7 
Attack 2001 (%) 1.7 2.7 2.7 
Attack 2003 (%) 1.2 1.3 1.4 

Site3    
Attack 2000 (%) 2.1 2.6 1.8 
Attack 2001 (%) 5.0 2.3 2.2 
Attack 2003 (%) 2.8 2.2 4.3 
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Figure 9. Yield projections in TWIGS for spruce in a mixture, both spruce and deciduous 
in a mixture, pure spruce and in TIPSY for pure spruce at Cozens’ Vama Vama site.  
 
Discussion 
 
Overview 
This study will improve the understanding of the interactions between conifer crop trees 
and deciduous species in the mixedwood stand.  Results of this study will contribute to 
determining the optimum level of deciduous cover in mixed species stands which 
maximizes crop tree volume and growth while minimizing the risk of damage by forest 
pests. The past year (2003) was the first year where results from various sites are 
suggesting common direction. Projections in TWIGS suggest there is a threshold 
deciduous density which impacts conifer DBH growth. Very preliminary findings at 
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Figure 10. Net present values of the mixture and the pure spruce stand projected in 
TWIGS and the pure spruce stand projected in TIPSY at Cozens’ Vama Vama site. 
 
 
Sinclair Mills suggest the birch density threshold that impacts spruce radial growth is 
greater than 2000 sph. This will be verified over the coming years. The aspen pine study 
at Vama Vama Creek also suggest there is an aspen threshold at about 500 sph which 
impacts pine radial growth. Given that spruce is more shade tolerant than pine, different 
deciduous thresholds are not a surprise. Findings from Cozens’ Vama Vama site at 33 
years suggest that brush control achieved little improvement in spruce growth and may 
have reduced wood quality due to the much greater WPW attack in the early years 
(Taylor and Cozens 1994). TWIGS projections at Sinclair Mills and Cozens’ Vama Vama 
site also suggest there will be greater spruce yields in the mixedwood scenario than in 
the pure conifer scenario. 
 
Managing complex stands will improve utilization of the site not only through enhanced 
productivity but through increased structural and species diversity. Reduction in 
intensive stand management activities normally carried out to enhance crop tree growth 
may in fact enhance longer-term crop tree growth, mitigate pest problems, promote 
forest health, and soften environmental impacts while keeping with principles of good 
forest stewardship and sustainable forest management.  Sustainable forest management 
and stewardship has been set by the government of BC as one its seven core business 
areas (Ministry of Forests 2004).  This can be achieved by developing silviculture 
techniques modeled after natural disturbance patterns and stand development pathways 
(Bergeron and Harvey 1997). That is, managing these as complex species mixtures 
(mixedwoods) rather than as stands of conifers.  
 
Vama Vama Creek 
There is a threshold aspen diameter, above which, lodgepole pine DBH growth is 
negatively impacted. The lack of DBH growth reduction with up to 500 aspen per ha 
suggests the pine has good physiological vigor as interspecific competition affects radial 
growth more than height growth (Jobidon 2000). The observed range of diameter 
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responses is an integrative index of environmental variation at the site (Mission et al. 
2003). However the DBH reduction above 500 sph of aspen is not linear, pine growing 
with aspen at 3500 sph had DBH similar to pine with 900 and 1600 sph of aspen. This 
suggests there are site factors to be considered. Perhaps as Lieffers (NSC Presentation 
January 2003) suggested, the idea of a competition within a 1 m cylinder having the 
same impact on the growth of a 6 m tall tree as on a 1 m tall seedling needs to be 
reconsidered. Obviously the concept of Free Growing still needs refinement. 
 
Sinclair Mills 
Diameter and height data collected in the first full year of study at Sinclair Mills reflect 
relationships consistent with findings at older mixedwood stands.  The diameter 
increment increased relative to the trees’ diameter in 2002. This finding was not 
unexpected. However, this relationship was not as strong for height growth but taller 
trees generally had greater height growth than shorter trees. When examining 
competition effects it is important to recognize original tree size in your assessments 
otherwise competition effects may be overestimated (Comeau et al. 2003). However 
interspecific competition does affect diameter growth more than height growth (Jobidon 
2000).  
 
There appears to be a density threshold between 2000 – 2500 sph above which spruce 
DBH increment is reduced. Simard and Hannan (2000) reported birch densities below 
2500 sph did not affect spruce survival and growth in the ICH biogeocliamtic zone of 
southern BC. TWIGS findings indicate a birch threshold of about 2000 sph above which 
spruce growth is reduced. Further it has been suggested that birch or aspen can 
effectively improve soil properties (Côté and Fyles 1994), resulting in better crop tree 
growth but our nutrient data are too variable to reinforce the hypothesis. The single tree 
plot findings will help to calibrate this in coming years. Economic projections also 
indicate greater LEV for the mixedwood scenario. Given the present day upset 
stumpage of $0.50, pure birch cannot generate a positive LEV. This can only be 
achieved when stumpage is at $20 or more. Coupling the preceding very short term 
findings suggest there would be no or little loss in the volume of the conifer crop trees 
due to competition from deciduous ‘non-commercial’ species: in fact it may increase. 
These findings are encouraging considering the difficulty in making significant shifts in 
forest policy, and in this case, free-growing guidelines. Our findings and interpretations 
may be overoptimistic as studies in Fennoscandiia and the Baltic suggest over a rotation 
mixed stands produce slightly more or less volume than pure stands of the highest 
yielding species (Frivold & Kloström 1999). 
 
It is too soon to know what effect the density manipulation had on understory vegetation 
development. For example, will shrub cover increase or decrease? However based on 
work by MacDonald and Thompson (2003), we expect to see a shift from shade tolerant 
to shade intolerant species at the lower stocking levels.  
 
Evidence from this year’s data collection for the Sinclair Mills site suggests that there is a 
density threshold of deciduous stems above which intensity of white pine weevil attack is 
reduced. This could be due to the increased shading of spruce by birch and other 
deciduous species, resulting in a reduction of degree days required by WPW to 
complete its life cycle or spruce leaders are less visible as potential hosts to WPW when 
viewed against or intermingled with deciduous canopies (Taylor and Cozens 1994, 
Taylor et al. 1996, Alfaro 1998, Nykoluk 2002).   Although the relationship between 
attack and birch density is not a strong one, it is too early to draw conclusions, as 2003 
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represents only the first full set of measurements. From a management perspective it 
would be fortuitous if the thresholds which reduced spruce growth and WPW attack were 
similar (2000 – 2500 sph). However, should the trend continue, it would be incumbent on 
forest managers to examine the potential gains in wood quality from reduced weevil 
attack compared with theoretical gains in volume expected from eliminating deciduous 
species as indicated in current free growing guidelines.  
 
Knowledge gaps exist on the current and potential impact on sustainable harvest of 
forest health pests, such as the white pine weevil, and their effective management in 
mixedwood stands under various silviculture treatments. There are no guides (Free 
Growing Guidelines) for managing high WPW hazard areas in mixed species stands.  In 
the southern BC interior, thinning of paper birch did not accelerate WPW attack (Simard 
and Hannam 2000). This remains to be verified in the SBS. The findings on this site are 
complex, in part because it is a mixedwood. However to obtain full utility from the 
findings, they need to be viewed as to their overall benefit with respect to forest health, 
growth and yield, wood quality and economics. 
 
Cozens’ Vama Vama 
 
Early results from this study indicated large WPW attack rates and growth differences 
among treatments (Taylor and Cozens 1994). Today there is no difference in WPW 
attack and growth differences are small and converging among treatments. TWIGS 
projections suggest greater spruce yields at rotation. Economic returns, NPV, are also 
better in the mixed species treatment than in the brushed one. Early WPW attack results 
suggest the first log will have more defects in the brushed treatment. This will be verified 
in the coming field season. Should that be the case and the growth and yield projections 
are realistic; managing for mixed species stands on similar sites would be the best 
management approach both for biological and economic reasons. It appears that both 
here and at Sinclair Mills competition was not excess (yet to be defined) prior to the pre-
commercial thinning age (10 – 20 years) as stand growth does not appear to be have 
been compromised in the mixedwood scenarios (Jobidon 2000). 
 
The projections from the growth and yield model TWIGS have yet to be validated for the 
SBS. However, at Sinclair Mills, projections out to 150 years indicate stand conditions 
similar to adjacent unlogged stands. Projections of pure spruce stand growth at both 
Cozens’ Vama Vama and Sinclair Mills sites have very similar yields at rotations as 
those projected for spruce in TIPSY. While not validating the model, these findings lend 
some support to the TWIGS outputs being in the ‘ball park’ and suitable for planning and 
hypothesis testing.  
 
Highway 16 East 
 
This site will allow us to compare spruce responses under aspen in the sub boreal forest 
to that of spruce under birch. It will facilitate a better understanding of sub boreal 
mixedwood management and the breadth of applicability of our management 
recommendations from the birch spruce mixedwood. 
 
Conclusions 
 
Mixedwood management appears to be a better management approach than the current 
management ‘default’ on the stands studied in the SBS. It has resulted in better site 
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utilization through enhanced productivity, potential for better economic returns, and 
enhanced structural and species diversity. This information will allow policy makers and 
natural resource managers to make informed decisions about complex stand stocking 
standards and forest health issues. Findings from this project regarding the management 
of mixed species stand may have high utility in the restoration of Mountain Pine Beetle 
killed stands.  
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