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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 nonconifer component of the stand. 
Presently, there are no silviculture guidelines for managing mixed species 
stands in the sub-boreal spruce (SBS) biogeoclimatic one. 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 2500 - 3000 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.  
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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 
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 
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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 2004 – 2005 FIA Forest Science Program (Y051090), and the findings 
that will apply to the future years of the study. The findings reported here 
represent the fourth year of a seven year research project. The fifth year 
work plan has been approved for funding, 2005 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 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). 
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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 
growth, 

• 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 or 
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 and 2003, 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 

FIA FSP Project Number: Y051090  Page 4  



1992).  
 
Six locations, with research trials dating between 0 and 31 years since 
establishment, are being studied. 
 
Spey and Raft Creeks 
 
Spey Creek 
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. 
Sixteen treatment plots were established: nine in 1994, and six in 1995. A 
completely randomized design with four treatments: 1) control, all birch left; 
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 sample plots (psp’s) 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.  Paper birch and conifers were measured in 1998 
and 1999 (4th year), 2001 and 2002 (7th year) and 2004 (10th year).  
Measurements in six of the fifteen plots will be done in 2005 to complete the 
ten year measurements.  In 1999, approximately 40 spruce were 
underplanted in each treatment plot and were measured (height and basal 
diameter) in 1999, 2002 and 2004. 
 
Leaf area index was determined in each treatment plot using LAI-2000 plant 
canopy analyzers (Li-Cor, Inc., Lincoln, Nebraska).  Measurements were 
collected at 1 m height at each of 40 staked sampling points in each 0.64 ha 
treatment plot in the middle of the growing season (July, 25, 1996 and 
August 21 2004).  These light measurement points (LMP's) are in a regular 
grid of 5 rows by 8 columns.  Rows run east-west at 8, 24, 40, 56, and 72 m 
from the southeast corner of each plot.  Columns run north-south at 5, 15, 
25, 35, 45, 55, 65 and 75 m from the southeast corner of each plot.   
 
LAI measurements were also taken at the 40 LMP's in plot 9 (control) on 
April 26, May 28, June 25, July 23, and September 16, 1996 to document 
seasonal changes of leaf area. 
 
For LAI-2000 measurements one sensor was installed in a nearby opening to 
record open sky readings at 30 second intervals.  Under canopy 
measurements were taken with the same compass orientation as the open 
sky reading and were matched in time with open sky readings to allow 
calculation of leaf area index.  During 1996 view restrictors limited sensor 
view to 90º and four measurements were taken at each point, with one 
measurement taken in each cardinal direction.  During 2004 view restrictors 
limited sensor view to 180º and two measurements were taken at each 
point, with measurements taken with the sensors oriented on a bearings of 
30 º and 300º. 
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Raft Creek 
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 
in 1996 with five levels of canopy closure, i.e. densities of paper birch (0, 
300, 600, 1000 and control – all birch left) and 4 coniferous species were 
planted in 1997: Douglas-fir, white spruce, subalpine fir, and western red 
cedar. 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). Measurements were taken in 1997, 
1999, 2002 and 2004.  
 
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 m x 50 m with a circular 
0.01 ha (radius 5.64 m) permanent sample plot (psp) 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 2005, 2010 and 2015. 
 
LAI was measured at the top and mid-crown of each tagged pine during the 
midsummer of 2001 and was re-measured in summer 2004. However, the 
LAI equipment malfunctioned while collecting data, and was not detected 
until data analysis began in the fall, well after the deciduous leaves had 
fallen. These data will be recollected in June after full canopy expansion. 
 
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 
2005) it is a rising 17 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 
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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 by one of three methods: (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 or 5-3.99 m psp’s in the 
measurement area were tagged and measured (height, diameter, crown 
class and health (weevil attack on spruce) in 2002 and 2003. These will be 
remeasured in 2005 and 2007. Health assessments were performed in 2002, 
2003, and 2004, and will be repeated in 2005 and 2007. Dendrometer bands 
were placed on one spruce and one birch in each psp. The dendrometer 
bands were placed such that the range of the basal areas by treatment were 
included. Across each treatment unit, the full range of observed densities 
were covered: small to very large diameters. These were monitored monthly 
for incremental growth over the growing seasons in 2003 and 2004. 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. 
 
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. Initial TWIGS projections 
were done based on 2002 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.  
 
We also performed projections in TIPSY (Table Interpolation Program for 
Stand Yield), a BC Ministry of Forest model for predicting the yield of 
managed stands.  TIPSY is based on growth data (120 years) from fully-
stocked research plots and psp’s.  Projected yields are estimated to be 15% 
higher than that of average managed stands (Di Lucca, C.M., 1999).  
 
Annual increments from 2003 and 2004 tree lists (dendrometer banded 
trees) were input into TWIGS to model 20 year projections for comparison 
with actual growth at Sinclair Mills. TIPSY was also used to do the 20 year 
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projections.  
 
Vegetation surveys were conducted in all psp’s in August 2002, 2003, 2004. 
The plots were 1 m x 1 m in size, and located 5 m at a bearing of 45 degrees 
from the psp plot centres to facilitate repeat surveys. A visual estimate of 
vegetation percent cover was recorded for each understory plant species 
observed inside the quadrats.  The surveys were conducted by the same 
people all three years.  Plant species were identified according to MacKinnon 
et al. (1999) and Cranston et al. (1996). 
 
Preliminary analysis of understory species diversity was performed for two of 
treatment areas (glyphosate and control) and was determined based on 
species richness, species-abundance curves, and alpha and beta diversity 
(Kent and Coker, 1992).  Species richness (S) was the total number of 
species observed in sample plots in the herbicide – treated and untreated 
areas.  Alpha diversity (within treatment diversity) was based on Shannon 
and Simpson diversity and evenness indices.  Beta diversity (between 
treatment diversity) was calculated using both Sorensen’s quantitative index 
and a modified version of the Morisita-Horn index (Magurran, 2004).   
 
Cozens' Vama Vama Site 
This site, near Vama Vama, was operationally 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 2001 and 2003.  
 
Mixed species 5.64 m temporary sample plots were also established to collect 
the same data for utilization in FVS and TWIGS. These will be converted to 
psp’s in 2005. 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 
select trees with and without visual evidence of WPW attack were 
destructively sampled in 2004 for wood quality in the first log and for 
retrospective growth analysis to 5 m.  
 
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.  Preliminary model projections suggest that growth in a mixedwood 
scenario will result in greater spruce yields than the brushed scenario. TIPSY 
predicts a similar rotation age to TWIGS but due to different mortality 
functions, projects greater yields at longer rotations.  Net present value was 
also greater in the mixture than in the brushed or TIPSY scenario. 
 
Walker Creek 
A new trial site, approximately 160 km east of Prince George on Highway 16 
and near Walker Creek, was established during the winter of 2003-04. The 
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stand is a 15 year old aspen-spruce mixture located in the ICHwk3. The 
research trial was designed to replicate density manipulation treatments at 
Sinclair Mills.  Twenty - 70 m x 70 m treatment plots were established with 
30 m x 30 m measurement areas centered within.  Each had 5 – 3.99 m 
psp’s. Variable density treatments were randomly assigned to each plot, and 
thinning was undertaken in summer 2004: 1)0 sph aspen and birch ; 2)500 
sph; 3)1100 sph; 4)1800 sph; and 5) 2500, each replicated four times. 
Dominant, co-dominant and intermediate aspen with large diameters and 
good form were selected for retention and a minimum spacing of 0.5 m was 
maintained.  Dominant and co-dominant trees were tagged and measured 
(total height, DBH, crown class and WPW history for spruce trees).  Twenty – 
3.99 m radius psp were also established where no aspen or birch had been 
removed 
 
Results 
 
The following results are for FY 2004-2005 only. Results from previous years 
of the study have been summarized in part in the methodology of this report 
and have also been presented in separate reports submitted to FRBC 
(Letchford et al., 2002), and FII (Balliet et al., 2003a,b; Lange et al., 2004). 
 
Spey Creek 
Height and diameter of birch and understory conifers in plots 1 to 9 were 
measured in 2004 (10 year).  Plots 10 to 15 will be measured in 2005.  
Analysis of variance for treatment effects will be done when all plot data has 
been collected.   
 
Underplanted spruce in all the plots were measured in 2004.  Analysis of 
variance (SYSTAT, SPSS, Inc. 2000) indicated treatment was significant for 
height but not for dbh in 2000 and 2001, and for dbh but not height in 2001 
and 2004.  Significant browse and browse related mortality were observed in 
all measurement years (Table 1).   
 
Table 1. Summary of underplanted spruce survival at Spey Creek 
 
  Spring Fall Fall Fall 
  2000 2000 2001 2004 
Number Measured 581 561 145 103 
Total Browse 0 252 215 61 
Browse, Not Measured 0 14 138 30 
Dead that year 0 6 292 97 
Not found       50 
          
Annual Mortality % --- 1.03 50.78 44.29*,a 
Overall Mortality % --- --- --- 67.99*,b 
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  Spring Fall Fall Fall 
  2000 2000 2001 2004 
Analysis of variance (α=0.05)         
Height n/a 0.004 0.05 0.119 
Dbh n/a 0.157 0.005 0.001 
* - assuming the 50 trees not found did not die 
a - if 50 missing trees are dead, mortality 54.65%  
b - if 50 missing trees are dead, overall mortality 85.90% 
          

 
 
Table 2 summarizes mean LAI values for each plot.  Figure 1 illustrates the 
general trend of increasing LAI with increasing birch density for both 1996 
and 2004.  While leaf area index increased in all plots since 1996, the 
general trend of increasing leaf area index with increasing density continues 
to hold.  However, the correlation between LAI and density is substantially 
lower in 2004 than in 1996. As indicated in Figure 2, the largest increases in 
leaf area index occurred in plots 1 and 2, which had a basal area of 2.82 
m2/ha in 1996.  The amount of change in leaf area index declined with 
increasing initial basal area. 
 
Table 2.  Stand characteristics in 1996 and LAI in 1996 and 2004. 
Plot Birch 

Density 
1996 
(sph) 

Birch basal 
area 1996 
(m2/ha) 

LAI 1996 
(m2/m2) 

LAI 2004 
(m2/m2) 

change in 
LAI 1996-
2004 
(m2/m2) 

1 500 2.82 1.41 3.63 2.22 
2 663 2.82 0.85 2.86 2.01 
3 894 9.42 1.11 2.73 1.62 
4 894 8.01 0.98 2.29 1.31 
5 619 7.33 1.13 2.86 1.73 
6 2231 8.45 1.32 3.04 1.72 
7 1306 6.24 1.28 2.96 1.68 
8 1450 10.2 1.38 2.66 1.28 
9 5319 19.96 2.06 3.21 1.15 

10 0 0 0.58 1.34 0.76 
11 875 5.79 1.57 3.13 1.56 
12 1669 7.91 1.35 2.74 1.39 
13 0 0 0.57 1.17 0.60 
14 894 8.01 1.3 2.57 1.27 
15 0 0 0.78 2.40 1.62 
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LAI 2004 = -1E-07x2 + 0.0008x + 2.0379
R2 = 0.3708

LAI 1996 = -4E-08x2 + 0.0004x + 0.7784
R2 = 0.7105
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Figure 1.  Relationships between leaf area index in 1996 and 2004 and birch 
density created by the treatments.   
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Figure 2. Relationship between LAI increment between 1996 and 2004 and 
birch basal area. 
 
 
Raft Creek 
 
Conifers in the psp’s were measured for height and groundline diameter in 
fall 2004.  Height-to-diameter ratios (HDR) were also calculated for conifers. 
Treatment effects were significant for height and diameter for all conifers 
(Table 3).  Height remained relatively constant with increasing birch density 
except in the control where all species decreased in height (Figure 3).  
Groundline diameter of all conifers decreased with increasing birch density 
(Figure 4).   HDR was similar for all species at lower birch densities, and 
decreased with increasing birch.  Conifer survival was high in all treatments 
(Table 3).  Overall survival was 91.6 % for year one, 98.8% between 2001 
and 2004, and was 97.8% between 2000 and 2004. 
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Raft Creek Conifers 2004
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Figure 3. Mean height of conifers by birch density. 
 

Raft Creek Conifers 2004
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Figure 4. Mean groundline diameter by birch density. 
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Raft Creek Conifers 2004
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Figure 5. Mean conifer height to diameter ratio by birch density.  
 
Table 3. Analysis of variance results and mortality for Raft Creek conifers in 
2004. 

 
All 
Conifers Bl Cw Fd Sx 

Height      
R2 0.098 0.037 0.128 0.373 0.139 
P 0.000 0.010 0.000 0.000 0.000 
Diameter      
R2 0.324 0.197 0.289 0.501 0.444 
P 0.000 0.000 0.000 0.000 0.000 
      
Live trees 1597 358 432 396 411 
Survival % 98.8 97.8 100 98.0 98.8 

 
 
Vama Vama Creek (Pli) 
 
As a result of LAI equipment malfunctioning, there are no findings to report 
for 2004. 
 
Sinclair Mills 
 
Growth Increment 
Results of data analysis from 2003 showed that diameter at the time of 
density reduction may be a good predictor of future diameter growth (Lange 
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et al., 2004). This relationship was not as strong for height. Analysis of 
variance showed that the initial growth response to density is slightly 
negative, but this relationship is expected to become more significant with 
time.  
 
Dendrometer tree diameters and heights measured in 2004 provide the 
second annual growth increment.  At the time of density reduction treatment 
in 2002, ANOVA indicated dbh was significantly different by density but there 
was no trend (MS=7.719; F=2.346; P(F)=0.0225). In 2003, dbh increment, 
was not different among densities and the covariate 2002 dbh was not 
significant (MS=0.3845, 0.0166; F=1.968, 0.085; P(F)=0.0566, 0.7714).  
However 2004 increment was significant among densities as was the 
covariate (MS=0.2739, 2.2048; F=3.342, 26.908; P(F)=0.0018, 0.0000; 
Figure 6). 
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Figure 6. Relationship between annual DBH increment (cm) and birch density 
(sph). Lines indicate the best fit regression for each year. 
 
Analysis of variance indicated that height, diameter, and 2004 diameter 
increment differed significantly between density treatments regardless of 
whether birch density was assigned by SPH or by initial basal area.  Heights 
did not differ between density treatments. 
 
LS-TWIGS and TIPSY 
TWIGS and TIPSY were used to project stand growth based on the 
dendrometer tree lists (2003 and 2004) and site index (SI) of 23.2 m.  The 
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tree lists were categorized according to birch density (2002 post-thinning) as 
follows: 1) “No” birch, (1996 herbicide treatment and the 2002 complete 
birch removal); 2) “Little” birch (1-1320 sph); 3) “Middle” birch (1321-2475 
sph); and 4) “Lots” birch (>2476 sph). At treatment in 2002, dbh and height 
were not different among densities, but hard was different (Table 4).  The 
difference among density classes increased in 2003 and again in 2004 while 
height did not change with time.  Dbh in 2003 was not different by density 
class but dbh was significant in 2004. 
 
Table 4. Height, dbh and HDR by year with result of their regression against 
density class. 

  r2 P(F) Regression 

Dbh 2002 0.015 0.1751 n/s 
  2003 0.029 0.0583 n/s 

  2004 0.041 0.0234 
dbh=11.017 - 
0.00046*density class 

Height 2002 0.021 0.1045 n/s 
  2003 0.025 0.0787 n/s 
  2004 0.028 0.0633 n/s 

HDR 2002 0.078 0.0017 
hdr=52.105 + 
0.00329*density class 

  2003 0.124 0.0001 
hdr=54.491 + 
0.00453*density class 

  2004 0.154 0.0000 
hdr=54.634 + 
0.00509*density class 

 
 
In 2004, mean spruce diameter was 10.6 cm, and mean height was 5.8 m.  
When modeled, TIPSY projects diameter and height will not reach current 
conditions until 2015 and 2019, respectively (Figure 7). 

FIA FSP Project Number: Y051090  Page 16  



0

1

2

3

4

5

6

7

13 14 15 16 17 18 19 20 21 22

h
e
ig

h
t,
 m

Sx no Sx lit Sx mid Sx lot TIPSY
 

Figure 7. Actual and TIPSY twenty year projection for spruce height under 
varying birch densities at Sinclair Mills. 
 
TWIGS projections (SI: 23.2 m, and tree lists) are greater for diameter than 
those projected by TIPSY (Figure 8).  For all density categories, TWIGS 
projections predicted slightly higher than actual dbh values, however these 
were all within 0.4 cm of the diameters recorded (Figure 9a and b).  
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Figure 8. Twenty year model projections in TWIGS and TIPSY for spruce DBH 
with no birch. 
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Figure 9. Actual spruce dbh (Sx), birch dbh (EP) and projected spruce 
(TWIGS) dbh with a) no birch, and b) lots of birch. 
 

FIA FSP Project Number: Y051090  Page 18  



 
WPW Survey 
In the fall of 2004, spruce were assessed for attack by WPW. A general trend 
is observed in the data collected between 2002 and 2004, with the number of 
spruce trees attacked in 2003 and 2004 declining with increased birch 
density (Figure 10). This has been reported in previous years (Balliet et al., 
2003a,b). As density manipulations done in 2002 were applied after WPW 
attack, it was predicted WPW attack would increase more at the lower birch 
densities in 2004. Low birch density sites with no attack in 2003 and 2004 
are of particular interest. Definition of a threshold birch density that 
minimizes weevil attack is a primary objective of the project. 
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Figure 10. Incidence of WPW attacks (% spruce attacked) on spruce by birch 
density. 
 
Understory Vegetation 
 
Preliminary analysis of the three years of vegetation data was started in 
2004.  Comparison of the untreated and herbicide – treated (glyphosate) 
areas shows a total of 68 understory plant species were sampled between 
2002 and 2004 (S2002 =42, S2003=53, S2004=47).  By year (2002 – 2004), the 
six most abundant species, for untreated and herbicide –treated areas 
respectively, accounted for 47 – 49%, 42 – 47%, and 49 – 46% of the cover.  
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Kruskal-Wallis analysis indicated species richness, and alpha diversity were 
similar between treatments and between years.  Shannon diversity ranged 
between 2.78 and 2.95 for both the herbicide - treated and untreated areas 
respectively over the three sampling years. Shannon evenness was between 
0.57 and 0.62 respectively.  Simpson diversity was between 16.8 and 23.57, 
and evenness was between 0.45 and 0.62.    
 
Sorensen beta diversity was 0.40, 0.39 and 0.36 in 2002, 2003 and 2004, 
respectively, and Morisita - Horn diversity was 0.27, 0.19 and 0.20.  Pair-
wise beta diversity was also calculated for the three replicates for each 
treatment.  Kruskal-Wallis analysis indicated a significant difference in 
Sorensen diversity between replicates in 2004 (p=0.05), but Morisita - Horn 
diversity did not vary significantly for replicates of treatments.  Both 
Sorensen and Morisita - Horn diversity varied significantly for time (p=0.007 
and 0.003), and between 2002 and 2004 (p=0.005and 0.005) and 2003 and 
2004 (p=0.009 and 0.003).   
 
While species richness did not vary between years, understory species 
composition was different between treatments in the three survey years.  
There were more early successional/pioneer species and weedy species in the 
herbicide – treated area: Anaphalis margaritacea (L.) Benth. ex. C.B. Clarke, 
Cirsium arvense (L.) Scop., Epilobium angustifolia L., Hieracium umbelatum 
L., and Taraxacum officinale Weber. 
 
 
Cozens’ Vama Vama 
There are no results to report for this year of the study. 
 
 
Walker Creek 
20 – 70 x 70 m treatment plots were established within the designated 
research area (Figure 11).  Density treatments and thinning methods were 
randomly assigned to each plot (Table 5). Treatments were applied to the 
entire 0.5 ha area of each plot.   
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Figure 11.  Treatment plot layout at UNBC Walker Creek research site.  
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Table 5. Walker Creek pre-density treatment stocking, density treatment 
targets, and post treatment density targets.  
Method of density reduction: G = Girdling; S = Sawing 

                  
Post 

treatment   

Plot Treatment Density D sph D SD 
D % 
SD C sph C SD  

Target 
density   

                
C % 
SD 3.99 5.64 

1 G 1800 2320 1537 66.25 780 460 58.97 9 18 
2 S 2500 2900 1471 50.72 1320 554 41.97 12.5 25 
3 S 2500 2460 606 24.63 1320 258 19.55 12.5 25 
4 S 0 1520 460 30.26 1040 477 45.87 0 0 
5 S 1100 1920 497 25.89 1100 300 27.27 5.5 11 
6 S 500 1720 986 57.33 840 114 13.57 2.5 5 
7 G 0 1080 746 69.07 840 230 27.38 0 0 
8 S 1100 1940 850 43.81 1120 217 19.38 5.5 11 
9 G 1800 2080 572 27.50 1400 283 20.21 9 18 
10 G 2500 3040 1139 37.47 1340 404 30.15 12.5 25 
11 S 0 1460 513 35.14 640 378 59.06 0 0 
12 S 500 1620 444 27.41 1500 316 21.07 2.5 5 
13 G 1100 2020 1116 55.25 800 283 35.38 5.5 11 
14 G 1100 1760 680 38.64 1300 579 44.54 5.5 11 
15 G 500 1580 356 22.53 1080 259 23.98 2.5 5 
16 G 500 1680 736 43.81 1140 134 11.75 2.5 5 
17 G 2500 2740 642 23.43 1520 268 17.63 12.5 25 
18 G 0 1420 363 25.56 1240 594 47.90 0 0 
19 S 1800 2333 472 20.23 1267 268 21.15 9 18 
20 S 1800 2440 1490 61.07 1440 320 22.22 9 18 
             

Leave tree selection criteria          
  Left biggest and the best         
  Birch before aspen          
  Aspen before cottonwood         
  Cottonwood before others         
Minimum spacing 0.5 m          
Distribution was applied after leave tree quality 
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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 (2004) was the 
second year whre results from various sites are suggesting common 
direction. Projections in TWIGS (2003 and 2004) suggest there is a threshold 
deciduous density which impacts conifer DBH growth. Findings at Sinclair 
Mills suggest the birch density threshold that impacts spruce radial growth is 
greater than 2000 sph. Spruce dbh increased with increasing birch density at 
Sinclair Mills and then decreased at mid and high densities. This again 
supports previous observations of the benefits of retaining birch on site. 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.  
 
This greater spruce productivity as well as birch productivity compared to the 
herbicide treatment results in better NPV and LEV for the complex stands. 
This occurs because of lower inputs ($) and greater outputs (m3) on the 
complex stand. 
 
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. See attached manuscript submitted to 
Forest Ecology and Management (PDF file titled “Hawkins & Lange”). 
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. 
 
Spey Creek 
Spey Creek was established over two years, 1994 (nine plots) and 1995 (six 
plots). As a result, overstory trees were only measured for the 1994 
installation this year.  The impact of treatments (density manipulations) will 
be presented in next year’s annual report. 
 
The underplanted spruce are doing poorly; mortality after 5 years could 
exceed 80 percent. The main factor contributing to this appears to be high 
levels of browse by rodents. Given the high LAI even in the 0 – birch 
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treatment, the rodents are well hidden from their predators (Figures 1 and 
2). The underplanting of spruce on this site was a failure.  This will be further 
evaluated in the 2005 season when the overstory in the final six plots is 
measured. 
 
LAI values continued to increase with increasing birch density.  Changes in 
LAI measurement between 1996 and 2004 decreased with increasing initial 
birch basal area.  In 2004, LAI in the 0 – birch density was the same as that 
measured in the 5000 – birch plot in 1996 (2.4 m2/m2 and 2.06 m2/m2, 
respectively), and the greatest changes in LAI were observed in plots with 
low initial (2.82 m2/ha) basal area (2.01 m2/m2 and 2.22 m2/m2).  These 
increases in LAI are likely due greater area for crown expansion in these 
plots than in the higher density/basal area plots, and therefore the expansion 
of LAI in the lower density treatments.  These trends will be further explored 
in the spring of 2005 with measurement of LAI prior to deciduous tree leaf 
out in order to determine the conifer contribution to LAI. 
 
Raft Creek 
After eight growing seasons the survival of the underplanted conifer 
seedlings was excellent, greater than 98 percent; c.f. complete failure at 
Spey Creek. 
 
On average since planting (Sherman, 2000), except in the control, all species 
have at least tripled their height and groundline diameter. For the control the 
multiplier is about two-fold. At  birch densities up to 1200 sph, there was 
little impact on height or diameter growth of the underplanted conifers.  At 
establishment, the basal area in the unthinned (control) treatment was more 
than twice that of the 1200 sph treatment (Sherman, 2000).  Clearly, not all 
the birch overstory needs to be removed to achieve good growth for the four 
conifer species.  Even in the control, HDR are similar to the other treatments 
suggesting the control overstory is not impacting carbon allocation.  In fact, 
HDR for all species are lower than after the second growing season 
(Sherman, 2000). The data suggest that when other factors such as site 
productivity and structural and species diversity are taken into account, the 
two treatments not wanted are the two extremes.  This observation is 
supported by the finding of Hawkins and Lange (2005). The next 
measurement period, at 10 years, may allow growth of underplanted conifers 
and overstory birch to be modeled. 
 
Vama Vama Creek 
As a result of the LAI malfunction, there are no results to report this year.  
The LAI measurements will be done after leaf-out in spring 2005. The issue 
surrounding free-to-grow is becoming more controversial with time and the 
findings from this study will add more fact to the debate. 
 
Sinclair Mills 
For the dendrometer trees, there was a negative dbh response to increased 
birch density and the relationship was more significant in 2004 than 2003.  
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Sutton (1984) suggested it takes time for spruce to respond to stand density 
reductions. As expected (Wood and Dominy, 1988), height was not affected 
by birch density or treatment basal area. 
 
There was no difference in height or dbh in 2002 for the tree lists used in the 
TWIGS projections (Table 4).  The projections for dbh are very different 
between TWIGS and TIPSY; TIPSY is about a decade behind in its projection 
(Figure 8).  The yields, both actual and projected, in TWIGS dbh by density 
class are not different among the classes and are greater than TIPSY 
projections (Figure 9 and not presented).  The site index for the site was 
generated using Nigh and Love’s (2000) equation. Therefore the estimate of 
SI for this site is sound.  What the data and TWIGS projection indicate are 
the value of starting with a tree list rather than a bare ground projection by 
the model.  Also, single species models may not reflect the dynamics of 
complex stands. 
 
The TWIGS projections are not different from the actual spruce dbh data 
after two years. The findings will be updated annually to determine if or 
when the model deviates from the site’s actual growth.  If the model is 
accurate, the site will reach economic rotation age in about 25 years.  If this 
is a good projection, similar stand types in the SBS can be used to 
supplement the midterm fibre shortage arising as a result of the current MPB 
epidemic. 
 
As has been reported (McLean, 1994; Taylor and Cozens, 1994; Taylor et al., 
1996; Nykoluk, 2002), WPW attack decreases with increased density of 
broadleaf species (Figure 10). Attack in 2004 was less than in 2003 at 
densities greater than 2000 sph.  Below 2000 sph, attack was inconsistent 
between the years.  Previous observations have suggested a birch density 
threshold of 2000 – 2500 sph is required to significantly reduce WPW attack. 
 
Herbicide treatment did not have an impact on the number of understory 
species or on the alpha diversity between treatments or among years. Beta 
diversity values indicate that the two treatments are similar in terms of the 
number and abundance of species.  There was a variation between the 
herbicide and control treatments based on the Sorensen index.  Since there 
was no variation between the two treatments based on the Morisita-Horn 
index, this result may be a function of this index’s reported sensitivity to 
species richness and sample size (Magurran, 2004).  The observed variation 
in beta diversity between years (2002-2004 and 2003-2004) might by due to 
the unusually warm, dry spring in 2004 compared to those of 2002 and 
2003.  Evenness values indicated that the two treatments varied moderately 
with respect to species abundance, and there were significant differences 
observed between treatments in 2003 (J’) and 2002 (E1/D).  Again these 
differences could be the result of the variation in richness between replicates.  
These findings support those found in other studies which looked at the 
silvicultural practice of herbicide treatment and found that understory plant 
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diversity was not impacted (Rice et al., 1997; Sullivan et al., 1998; Thysell 
and Carey, 2001).   
 
Between 2002 and 2004, there was an increase in abundance of weedy 
species in the herbicided area.  While our list includes native species, they 
are considered weedy due to their ability to take advantage of disturbed sites 
(Beaudry et al., 1999), and can establish quickly on these sites due to either 
prolific seed or propagule production or aggressive rooting strategies (Fraser 
Basin Council, 2003).  The observed abundance of weed species in any given 
year may not indicate a significant loss of the naturally occurring non-tree 
vegetation.  However, Haeussler et al. (2002) suggest dominance of problem 
competitors or invaders can act as an indicator of degraded forest sites and 
the loss of ecosystem integrity. 
 
Cozens’ Vama Vama 
The only activity on this site was trail, plot and tree maintenance. 
 
Highway 16 East 
Baseline measurements and plot installations were completed in 2004. First 
year post-treatment measurements will be done in 2004. 
 
The current free – to – grow thresholds for deciduous stem retention (BC 
Ministry of Forests 2000) appear to be extremely conservative. Conifer 
stands with excess broadleaf species are not converting to broadleaf stands 
which is the perceived risk (Simard et al., 2004). In fact, given adequate 
time, most conifers will outgrow broadleaf species regardless of intervention 
(Simard et al., 2004). The regulations are also exacerbating damage to 
spruce by the WPW with concomitant reductions in quality (Alfaro, 1994) and 
potential yield (Alfaro et al., 1997). WPW attack is exacerbated by vegetation 
control when weevil populations are high (Taylor et al., 1996). The 
aggressive vegetation control resulting from free – to – grow guidelines in BC 
does not have a significant impact on species diversity and this is supported 
by other research such as that done by Haeussler et al. (2002).  However, it 
does seem to promote an increase in weedy species. Clearly, the free – to – 
grow regulations need to be revised with respect to species specific density 
thresholds by developmental stage and site quality in order to optimize 
productivity, forest health and biodiversity. 
  
 
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 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 
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killed stands. 
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