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This report summarizes second year findings of the UNBC Mixedwood 
Department’s Sub-Boreal Spruce (SBS) long term research installation 
(LTRI). In addition to the results of the already established study sites, 38 
treatment plots were established at Sinclair Mills, and treatments (no 
treatment, saw, girdle or herbicide) were randomly assigned to each plot. 
Pre- and post- treatment tree metrics were recorded. Data loggers were also 
installed in both treatments (control and herbicide), and leader, soil and air 
temperatures were collected as well as photosynthetic photon flux density. 
Results from Cozens Vama Vama indicated that dbh was significantly lower in 
the control treatment than the partially brushed or brushed treatments, while 
height was greatest in the partially brushed treatments at two of the three 
sites. No difference was found between treatments for white pine weevil 
attack (WPW) and this was likely because stand age is past the age of WPW 
susceptibility. Model simulations were run and differences in mean annual 
increment for spruce were similar in the control and brushed treatments.  
Preliminary results from the model showed that management of the stands 
including brushing and partial thinning may result in little or no gain with 
respect to spruce growth.  Results at Spey Creek indicated that height and 
diameter of subalpine fir were greatest in the 600 sph birch treatment. Birch 
mortality was greatest in the 1200 sph treatment.  Mortality of subalpine fir 
was low in all treatments.  At Raft Creek, height of subalpine fir was not 
impacted by birch density while the height of cedar, Douglas-fir, and spruce 
decreased with increasing birch density. Seedling survival was good in all of 
the birch density treatments. At Vama Vama (Lodgepole Pine-Aspen) 
diameter and height decreased with increasing aspen density. 
 
Comeau, P.G. and J.L. Heineman. 2003. Predicting understory light 
microclimate from stand parameters in young paper birch (Betula papyrifera 
Marsh.) stands. For. Ecol. Manage. 180: 303-315. RAFT 
 
On productive sites, young paper birch (Betula papyrifera Marsh.) outgrows 
most of the conifers with which it is associated.  Due to its dominant position 
in the canopy, and the potentially high densities of birch regeneration found 
on some sites, its presence may lead to a reduction in the amount of light 
reaching subordinate conifers. To evaluate the potential use of stand 
attributes for estimating competition for light and understory light levels, we 
measured fractional transmittance of light (DIFN1) using Licor LAI-2000 Plant 
Canopy Analyzers, at a height of 1 m under the canopies of nine 10–40-year-
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old paper birch stands in southern interior BC. Various measures of broadleaf 
and conifer abundance were made at each of the 55 sample points where 
light measurements were taken. Vertical light gradients were also measured 
to a height of 8 m within birch canopies at four of the nine sites. Regression 
models were developed to predict understory light availability from broadleaf 
and conifer abundance. The models that best-fit the data were based on 
broadleaf basal area (BAb), and included either conifer cover (Cc) ðR2 ¼ 
0:83Þ or conifer basal area (BAc) ðR2 ¼ 0:80Þ. Broadleaf density (TPHb) 
alone was a poor predictor of understory light, but in combination with 
broadleaf quadratic mean diameter (QMDb) or height of the tallest broadleaf 
(HTb) the models improved ðR2 > 0:85Þ. Light availability increased rapidly 
with relative height in birch canopies, especially where transmittance to the 
understory was low; at 35% of the height from live crown base to top of the 
canopy (relative height of 0.35), approximately 80% full light was available. 
A diagrammatic representation of the relationship between DIFN1, QMDb and 
TPHb is presented as a potential tool for the development of stand-tending 
prescriptions. DIFN1, BAb and TPHb were all highly variable across individual 
sites, indicating that the models should be applied at the microsite level. 
 
Comeau, P.G., J.R. Wang, and T. Letchford. 2003. Influences of paper birch 
competition on growth of understory white spruce and subalpine fir following 
spacing. Can. J. For. Res. 33:1962-1973. SPEY 
 
Five years after spacing a young, 11 m tall paper birch (Betula papyrifera 
Marsh.) stand, we examine relationships between growth of understory white 
spruce (Picea glauca (Moench) Voss), subalpine fir (Abies lasiocarpa (Hook.) 
Nutt.), and level of birch retention. Our objectives were to evaluate the 
effectiveness of selected measures of competition for estimating the effects 
of the residual birch and to evaluate the influence of residual birch densities 
on growth responses of naturally regenerated subalpine fir and white spruce. 
Basal area of Scouler willow (Salix couleriana Barratt) and birch were found 
to effectively predict light transmittance (diffuse noninterceptance). The best 
models for predicting 4-year volume growth of subalpine fir and white spruce 
incorporate initial crown volume of the subject trees and transmittance as 
independent variables. Lorimer’s index and Hegyi’s index gave similar results 
to those obtained using basal area and transmittance, suggesting that there 
is little benefit in including measurements of proximity in a competition 
index. For both species, the correlation between basal area increment and 
light was substantially stronger than observed for volume increment. 
However, height increment of both subalpine fir and spruce was only weakly 
correlated with measured light levels. The ratio of height increment to 
volume increment decreased with both increasing initial height and 
transmittance for subalpine fir and white spruce.  
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Comeau, P.G., J.R. Wang, T. Letchford, and D. Coopersmith. 1999. FRBC 
Project Report HQ96423-RE (MoF EP1193). BC Ministry For., Victoria. 
Extension note 29. 7 p. SPEY AND RAFT 
 
This extension note describes studies that have been established at Spey and 
Raft Creeks in the central interior of British Columbia to provide information 
on the effects of thinning paper birch on growth of understorey conifers. At 
both sites, growth of residual birch and understorey conifers, resprouting of 
cut birch, development of understorey vegetation, and understorey light 
regimes are being studied. Climate stations have been installed in selected 
plots at each site to provide a continuous record of light, soil moisture, and 
soil and air temperatures. At both Spey Creek and Raft Creek, LAI increases 
with increasing stand density. As LAI increases, understorey light decreases, 
and transmittance decreases with increasing basal area. At Spey Creek, 600 
birch/ha  resulted in understorey transmittance values of 0.45. At Raft Creek, 
the 800 birch/ha treatment resulted in transmittance values of 0.57, and the 
1200 birch/ha treatment resulted in values of 0.45. Understorey light levels 
are expected to decline as the crowns of residual birch expand. At Raft 
Creek, light levels in the understorey of the untreated stand average 0.16. At 
Spey Creek, due to removal of willow, understorey light levels in the 
“untreated” plots average 0.29. Foliage of the subalpine fir at Spey Creek 
responded quickly to the thinning treatments. New needle growth was 
greatest in the 600 birch/ha treatment, which yielded the largest area and 
dry weight per 100 needles of all treatments. This suggests that 600 birch/ha 
may be an appropriate density for understorey subalpine fir. The height of 
resprouting birch 2 years after treatment was significantly lower in the 600 
birch/ha treatment (88.6 cm) than in the 0 birch/ha treatment (139.6 cm) 
(Figure 5). At Raft Creek no significant differences were found in height of 
resprouting birch after 1 year, but the height of resprouts generally 
decreased with increasing birch density. At both Spey Creek and Raft Creek, 
thinning of the birch overstorey increased the amount of light reaching 
understorey conifers. The amount of light reaching the understorey is 
strongly correlated with basal area of birch and conifers. Preliminary results 
from Spey Creek suggest that leaving 600 birch/ha may result in less 
sunscald and wind damage to understorey conifers, and reduced resprouting 
of cut birch, compared to complete removal of the birch canopy. At this 
density, growing conditions for spruce and subalpine fir are favourable.  
 
Comeau, P.G., F. Gendron, and T. Letchford. 1998. A comparison of several 
methods for estimating light under a paper birch mixedwood stand. Can. J. 
For. Res. 28: 1843-1850. SPEY 
 
In 1996 we initiated a study to evaluate several techniques for measuring 
light under broadleaf canopies. Hourly average photosynthetic photon flux 
density and percent transmittance were measured 1 m above the ground at 
four points in each of three canopy densities created by a spacing experiment 
in a 35-year-old paper birch (Betula papyrifera Marsh.) dominated stand 
located near Prince George, B.C. At each point, fisheye photographs were 
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taken and LAI-2000 plant canopy analyzer (LAI-2000), spherical 
densiometer, and competition index (Lorimer’s index) measurements were 
made. Percent transmittance measurements on an overcast day (1-h 
average), transmittance measured over periods of 3 h or longer on a clear 
day, LAI-2000 diffuse noninterceptance measurements, and gap light index 
determined from fisheye photographs were strongly correlated with growing 
season percent transmittance (r2 = 0.96) as was competition index (r2 = 
0.928). Concave spherical densiometer measurements and midday percent 
transmittance measurements on clear days were also well correlated with 
measured percent transmittance (r2 = �0.89). Estimates of understory light 
by the LITE model were strongly correlated with growing season percent 
transmittance. Correlations improved with increasing length of the period 
simulated (r2 = 0.755 for a point measurement on a clear day; r2 = 0.936 
for an entire sunny day; and, r2 = 0.953 for the entire growing season). 
However, this version of the model underestimated percent transmittance in 
these spaced birch stands by 34–90%. 
 
Danskin, D. and J. Lange. 2007. Growth and survival of white spruce planted 
under varying densities of overstory paper birch at Spey Creek. BC FSP 
project Y073090. Extension note posted at http://mixedwood.unbc.ca. UNBC, 
BC. 6 pp. 
 
This note summarizes results for the UNBC Mixedwood research trial located 
25 km east of Prince George, BC near Spey Creek, and specifically focuses on 
the response of underplanted spruce and leaf area index (LAI) to a range of 
birch densities. Thinning of the birch overstory was undertaken in 16 
research plots in 1994 and 1995 to achieve four birch densities: 1) uncut 
control; 2) 1200 birch sph; 3) 600 birch sph; and 4) 0 birch sph. Plots were 
underplanted with spruce in 1999. At year five, underplanted spruce 
mortality was high overall (77%) and it is expected insufficient numbers of 
spruce will survive for the trial to remain valid. LAI in 1996 showed a 
stronger relationship of increase with an increase in birch density than was 
observed in 2004 (R2=0.71;0.37, respectively). The difference in LAI 
between the 2 measurement periods was highest in plots with low initial 
birch basal area, and is likely due to the greater potential for crown 
expansion of the remaining broadleaf trees in these plots. This crown 
expansion over time is reflected by the weaker correlation observed between 
birch density and LAI in the second sampling period. Although the difference 
in density between treatments has been maintained, the LAI is becoming 
similar as broadleaf crowns expand to provide cover similar to that in the 
uncut control. The presence and expansion of a willow-alder shrub layer, 
which was not included in the number of stems and is well above the 
measurement points, is likely contributing to the general increase in LAI over 
time. The high mortality of the underplanted spruce is likely due in part, to 
the unsuitable light environment, however small mammal browse also 
appears to be contributing to seedling mortality. The increased overstory 
cover from shrubs and broadleaf crown expansion in the low birch density 
plots appears to have promoted browsing activity in these plots. While 
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browse was harmful to the growth of underplanted seedlings in all of the 
plots, the lowest mortality observed in the 0 birch sph treatments despite the 
highest incidence of browse in these plots, suggests that light is the critical 
factor determining seedling survival.  
 
Danskin, D. and J. Lange. 2007. The growth and survival of conifers planted 
under different densities of paper birch at Raft Creek. BC FSP project 
Y073090. Extension note posted at http://mixedwood.unbc.ca. UNBC, BC. 12 
pp. 
 
This research project has been designed to determine threshold levels of 
broadleaves by examining the response of co-dominant spruce, paper birch, 
underplanted conifers to varying densities of paper birch. This project 
specifically examines research conducted at the Raft Creek site in the Central 
Cariboo Forest District of BC This report summarizes the findings of the 
project from 1996 to 2005, and specifically focuses on the response of 
underplanted conifers, leaf area index (LAI), and soil nutrient levels to 
varying levels of imposed birch densities. The research trial was established 
in 1996 with five manipulations of paper birch densities (0, 400, 800, 1200 
sph and an uncut control ~1400-1800sph). In 1997, four coniferous species 
were planted: Douglas fir (Fd), white spruce (Sx), subalpine fir (Bl), and 
western red cedar (Cw). In 2005, mineral soil samples were analyzed for pH, 
total organic C and N, cation exchange capacity (CEC), and extractable P, 
and organic matter samples were analyzed for total nutrient. After eight 
growing seasons the overall survival of the underplanted conifer seedlings 
can be considered excellent, > 90%. The greatest growth has been observed 
in the 0 sph treatment and has decreased with increasing birch density. 
While both height and groundline diameter varied inversely with birch 
density, it was discovered that decreasing conifer growth was more dramatic 
with birch densities below 1200 sph. HDR are similar to the other treatments 
suggesting the uncut control overstory is not impacting carbon allocation. 
However, the HDR may not yet be exhibiting a treatment response. These 
results suggest that conifer growth at Raft Creek is more related to density 
(sph) than basal area, suggesting that thresholds based on density may hold 
more utility, at least in 45 year old paper birch stands. The observed rise in 
LAI over time is probably due to crown expansion of the overstory birch as a 
result of increased growing space created by the thinning treatments, 
although this expansion may be short term and could eventually reach a 
maximum. Results from this study indicate that at densities up to 800 sph, 
DIFN is maximized and LAI is minimized, at ~ 800 sph the midpoint of each 
is achieved, and at densities >800 sph LAI surpasses DIFN. In general, the 
majority of the soil nutrients measured do not fall within the optimal ranges 
described by Duryea and Landis (1984). These inadequate soil conditions 
may be reducing the conifers ability to achieve their maximum growth 
potential. Our data suggest that acceptable growth (based on diameter 
increment) and survival of subalpine fir, Douglas fir and spruce is achievable 
at birch densities up to 1200 sph and at birch densities up to 800 sph for 
cedar. 
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Green, D.S. 2004. Describing condition-specific determinants of competition 
in boreal and sub-boreal mixedwood stands. For. Chron. 80(6): 736-742.  
SPEY 
 
There is a growing economic and ecological incentive in developing best-
management practices for broadleaf-conifer mixedwood stands in boreal and 
sub-boreal regions of Western Canada. Current free-growing guidelines 
employed in these areas appear to be poor predictors of interactions between 
primary growth determinants and environmental conditions in these complex 
stands. Density-dependent relations between broadleaf and conifer 
components in mixedwood stands may vary across a range of conditions due 
to interactions discussed in this paper between primary growth determinants 
(i.e., light limitations, edaphic limitations and species-specific traits) and 
local environment. Clarifying these interactions will promote the development 
of adaptable tools that can be used to develop context-specific mixedwood 
management strategies. 
 
Green, D.S and C.D.B Hawkins. 2005. Competitive interactions in sub-boreal 
birch–spruce 
forests differ on opposing slope aspects. For. Ecol. Manage. 214: 1–10. 
SINCLAIR MILLS 
 
The management of deciduous–coniferous species stands (mixedwoods) is 
confounded because density-dependent competition may vary across the 
range of environmental conditions where mixedwood stands occur. The 
objective of this study was to quantify key interactions between density-
dependent competition and environmental conditions between north- and 
southfacing slope aspects in a sub-boreal mixedwood forest in central British 
Columbia. Specifically, does paper birch competition in a sub-boreal 
mixedwood stand affect spruce crop-tree growth differentially on north- and 
south-facing slope aspects? Study results suggest that environmental 
limitations differ between north- and south-facing slope aspects in sub-boreal 
mixedwood stands, resulting in unique competitive interactions between 
deciduous and coniferous species. On north-facing slopes, negative 
relationships between spruce growth and birch competition were observed for 
both whole growing season and periodic assessments. Further, the strength 
of these relationships increased with distance from the sample spruce 
sapling. Periodic spruce growth assessments revealed similar density 
dependence across much of the growing season on north slopes with relative 
growth declining proportionally across the range of birch competition 
following peak growth in mid-June. On south-facing slopes, there was a 
striking absence of density dependence in both whole growing season and 
periodic growth assessments. 
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Green, D.S. and C.D.B. Hawkins.  2004. Quantifying growth of spruce 
saplings in spruce-birch stands under different environmental conditions in 
the Sub-Boreal Spruce Zone.  FII project R04-085.  BC Min. of  For., Victoria. 
Extension report. SINCLAIR MILLS 
 
This paper reports on the preliminary findings of a study examining the 
dynamics between deciduous and coniferous trees in mixed-species stands 
under different environmental conditions to clarify the interactions between 
environment and density-dependent, competitive relations in mixedwood 
stands in the Sub-Boreal Spruce (SBS) zone. The underlying assumption of 
this study is that the relationship between deciduous-tree density and growth 
of conifer crop trees in mixedwood stands differs across key environmental 
gradients (e.g., slope aspect, elevation, continentality), and that these 
relations should be predictable due to links between environmental and 
physiological growth determinants. Differences in tree stem-volume 
increments among spruce saplings growing under variable densities of birch 
cover (i.e., competitive relations) were quantified on north- and south-facing 
slopes at the Sinclair Mills research site near Prince George, B.C. Preliminary 
findings from the first year of this study indicate that competitive relations 
between coniferous and deciduous components in mixedwood stands may be 
quite distinct on opposing slope aspects in the SBS zone. On south-facing 
slope aspects (i.e., warmer), we found no relation between conifer crop tree 
growth and the density of competing birch over the growing season. It 
appeared that seasonal trends cancelled each other out, as growth and birch-
density relations were negatively correlated in the early growing season and 
positively correlated in the later growing season. Conversely, on north-facing 
slope aspects (i.e., colder) we found strong negative correlations between 
growth and density of birch trees over the whole growing season and in each 
seasonal period. Such dramatic differences in competitive relations may 
significantly impact operational strategies for assessing and managing free-
growing status in mixedwood stands under different conditions.  
 
Krasowski, M.J. and J.R. Wang. 2003. Aboveground growth responses of 
understory Abies lasiocarpa saplings to different release cuts. Can. J. For. 
Res. 33: 1593-1601.  SPEY 
 
A white birch (Betula papyrifera Marsh.) overstory of a 30+ year old stand 
was thinned or completely removed, releasing an advance regeneration of 
subalpine fir (Abies lasiocarpa (Hook.) Nutt.). The overstory was clear-cut 
(T0), thinned to 600 (T600) or to 1200 (T1200) stems/ha, or left uncut 
(control). Three years after release, understory responses were best 
demonstrated by decreasing specific leaf area with increasing release level 
and by changes to height and radial growth increments. Clear-cutting the 
overstory stalled the height growth in fir for two seasons and radial growth at 
the tree base for one season. Compared with the control, the 3-year height 
increment was proportionally greatest in intermediate trees of T600, and this 
treatment produced the overall best response in height growth. Complete 
birch removal produced the best radial growth response despite the initial 
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growth check. However, no release treatment significantly affected the whole 
tree variables (aboveground biomass, height, diameter at breast height 
(DBH), live crown ratio) within the studied time frame. Shoot silhouette 
ratios were lowest in the completely released understory trees, while they 
were similar to those of the controls in all partial-release treatments. Tree 
sturdiness (height/DBH ratio) was 80–90 in most treatments except T0, 
where it declined to below 80. Despite this improvement, large trees in T0 
have been damaged by wind and snow. 
 
Lange, J., K. Menounos, and CDB Hawkins. 2004. Sustainable mixedwood 
management, growth and yield and wood quality in SBS mixedwood stands. 
FII contract report R04-093. UNBC, Prince George, BC.  ALL 
 
This report summarizes third year findings of the UNBC Mixedwood 
Department’s Sub-Boreal Spruce (SBS) long term research installation 
(LTRI). Quantitative findings as well as model projections for Sinclair Mills 
and Cozens Vama Vama 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 deciduous overstory. The birch density threshold in 
this case appears to about 2000 sph. Land expectation values based on 
model projections indicate mixedwood management is a much better 
investment than the current operational ‘default’ of removing all non-crop 
tree species. 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. 
 
Lange, J., CDB Hawkins and P.G. Comeau. 2005. Sustainable mixedwood 
management in sub-boreal spruce zone of British Columbia. FSP-FIA contract 
report Y051090. UNBC, Prince George, BC.  ALL 
 
This report summarizes fourth year findings of the UNBC Mixedwood 
Department’s Sub-Boreal Spruce (SBS) long term research installation 
(LTRI). In addition to the results of the already established study sites, 24 
treatment plots were established at Sinclair Mills, and treatments (no 
treatment, saw or girdle) were randomly assigned to each plot, and pre-
treatment tree metrics were recorded. At Spey Creek underplanted spruce 
showed high mortality (up to 80%) and this is possibly due to the high 
incidence of rodent browse observed on the young spruce. The utility of this 
part of the study will be further determined at the next measurement in 
2005. LAI in the 0 sph birch density plots was the same as that in the 5000 
sph plots. This is likely due to the greater crown expansion in the low density 
plots. Results from Raft Creek showed that at birch densities up to 1200 sph, 
there was little or no impact on height or diameter of the underplanted 
conifers. At Sinclair Mills, spruce diameter decreased with increasing birch 
density but height was not affected by birch density or treatment basal area. 
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Model projections indicate that TWIGS provides a more accurate projection of 
growth compared to actual increments of height and diameter than TIPSY; if 
TWIGS projections continue to follow actual growth trends, this site will reach 
stand rotation in 25 years. There were no differences in biological diversity or 
species richness of understory vegetation between the herbicide and control 
treatments. 
 
Lange J., C. Hawkins, K. Runzer, and C. Baker-Hawkins. 2006. Sustainable 
mixedwood management in sub-boreal spruce zone of British Columbia. FSP-
FIA contract report Y062090. UNBC, Prince George, BC.  ALL 
 
This report summarizes fifth year findings of the UNBC Mixedwood 
Department’s Sub-Boreal Spruce (SBS) long term research installation 
(LTRI). At Spey Creek, the relationship between conifer growth and density 
decreased with increasing birch density. Results from Sinclair Mills showed 
that TWIGS projections continue to follow actual tree metrics.  In the single-
tree brushing treatments, diameter increased with size of brushing radius, 
however mean diameter increment in the unbrushed treatment still showed 
favourable growth (0.9 cm) in 2005. WPW attack continued to decline with 
respect to attack rates in 2003 and 2004. Soil ammonium increased in 
medium and high density plots and may explain the excellent tree growth 
observed on this site. At Cozens Vama Vama, there continued to be low 
incidence of WPW attack (ranging from 0.8 to 3.3%) and there were no 
differences between treatments. No clear growth response or incidence of 
WPW attack in response to thinning treatment were observed in year one of 
the Walker Creek trial. Model simulation predicted diameters both under and 
over actual diameter measurements and may indicate that it is still too early 
to determine if aspen-spruce mixtures are suitable for TWIGS. 
 
Letchford, T., A. Caputa, S. Nykoluk, B. Biring, R. Alfaro, J. Wang, B. 
Richards, and N. Wilder. 2002. Sustainable mixedwood management in the 
sub-boreal spruce zone of British Columbia. FRBC Project report OPR02006-
07. Prince George, B.C.  ALL 
 
This report summarizes second year findings of the UNBC Mixedwood 
Department’s Sub-Boreal Spruce (SBS) long term research installation 
(LTRI). Results from Spey Creek show that thinning treatments increased LAI 
and decreased DIFN values with increasing birch density. Results from Raft 
Creek show that thinning treatments had a significant impact on height and 
diameter growth and crown volume of paper birch.  Thinning to 800 sph 
resulted in the best height and diameter growth and the greatest crown 
volumes in paper birch, suggesting that this may be the ideal density to 
maximise such growth.  Thinning to 800 sph of paper birch also resulted in 
the largest LAI and smallest DIFN values. Results from Vama Vama Creek 
show that sprouts in zero and low aspen densities were more numerous, 
fatter and taller than sprouts in the medium and high aspen densities, 
suggesting that the number of aspen sprouts as well as their growth potential 
is influenced by the density of aspen on site. Although differences in LAI and 
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DIFN between FG and NFG saplings were small and non-significant, the FG 
trees responded more to aspen thinning than NFG trees, suggesting that 
factors other than light are influencing the growth response of FG and NFG 
saplings when released from aspen competition. Results from Sinclair Mills 
show that paper birch had a significant impact on reduction of weevil damage 
and incidence of attack. On average, the form of spruce was much better in 
areas not treated with the herbicide glyphosate. Diameter was not reduced 
suggesting positive associations associated with birch overstorey. Further, 
DBH of spruce was reduced significantly by overstorey shade at the Vama 
Vama sites, indicating that the species mixture, and/or density of overstorey 
on crop-trees may be significant factors when competing for above and 
below ground resources. The presence of 2055 sph of birch in the control 
area at Sinclair Mills did not appear to reduce growth of spruce in either 
height or diameter. Presence of deciduous overstorey, of which the main 
component was birch, did not impede height or diameter growth of interior 
spruce at Sinclair Mills. Conversely, the mean diameter increment of the 
spruce was not different between the control stand and the stand of pure 
spruce treated with herbicide. Mean height of spruce was significantly 
different between treatment areas. The effect is likely due to attacks by 
weevils and not to growth, as height increment did not vary between areas. 
The level of attack by weevils was significantly reduced in the control area 
compared to the treated. Mean emergence of weevils in the control 
compared to the treated was greater in attacked leaders in the control 
compared to the treated, although the number of attacked trees was 
significantly less in this area. Therefore, it can be assumed that the presence 
of birch in the control area must have contributed to the lower levels of 
attack, as populations of weevils are not necessarily lower in the control 
area. The average light level was reduced by about 23% in the control which 
may not be enough to etiolate trees of this age. Paper birch, at its present 
density on the Sinclair Mills site, appears to significantly aid spruce growth 
and development and increase total site yields. Treatment with herbicide to 
remove vegetation at these densities is does not appear justified. Growth of 
interior spruce was significantly better and rates of attack by weevils were 
significantly less in the control area at Sinclair Mills. This finding has 
important ramifications for forest policy in British Columbia: the control area 
does not meet the legislated “free-growing” definitions due to competition 
and the treated area did not meet these guidelines due to levels of attack by 
weevils. Competition between species at the observed densities did not 
reduce crop tree growth at 13 years, and also appears to reduce attack levels 
by the white pine weevil. Upper and lower bounds for enhancing growth of 
spruce have yet to be delineated. 
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Nykoluk, S.M, T.W. Steele and C.D.B. Hawkins. 2002. The ecology and 
economics of glysophate treatment: Evidence from a 12-year-old interior 
spruce plantation in British Columbia, Canada. Popular summaries 4th Intl. 
Conf. For. Veg. Manage. Nancy, France. Pp. 202-204. SINCLAIR MILLS 
 
This study compares the response of glyphosate treated and untreated areas 
in a 13-year-old interior spruce plantation for spruce and paper birch (Betula 
papyrifera Marsh) growth and white pine weevil attack. Five years after 
glyphosate herbicide application birch competition was significantly reduced. 
Spruce stocking was greater in the herbicide treated area and birch stocking 
was greater in the untreated area. Basal area for all species was 8.7 m2 in 
the untreated area and 5.4 m2 in the treated area. Diameter was not affected 
by herbicide treatment but height was significantly less in the treated area. 
This is a function of increased weevil attack in the treated area: weevil attack 
rates in the treated area were about twice that observed in the untreated (31 
versus 16 percent). Height increments were similar for non attacked trees in 
both areas. These findings have two important ramifications to forest 
management in conifer leading stands. The birch overstorey is not reducing 
spruce diameter growth as has been suggested (Leiffers and Stadt 1994) and 
it is reducing attack by the white pine weevil to a high, yet acceptable level. 
The TWIGS simulation indicates the control or untreated area has greater 
spruce basal areas at rotation and more stems ha-1 than the glyphosate 
treated area. As spruce growth starts to increase at about year 20, birch 
dominance of the untreated area declines. Due to the observed biological 
responses and the cost of glyphosate treatment, the untreated area has 
significantly greater land expectation values at both economic and biological 
rotation. These findings suggest that retaining birch with spruce on these 
sites may increase fibre yields, generate greater financial returns, reduce 
weevil attack, and increase structural diversity. 
 
Nykoluk, S. and C. Hawkins. 2001. Spruce leader weevil, Pissodes strobe 
(Peck): mitigating effects of overstory shad in the SBS. Northern Silviculture 
Committee Summer 2001 Field Guide. Prince George, B.C. 5 pp. SPEY 
 
Legislation surrounding free growing is controversial in BC. The level of 
deciduous vegetation is generally minimal in order to enable the 
establishment and growth of conifers. It has been hypothesized that removal 
of broadleaf competition to enhance conifer growth may result in increased 
spruce leader weevil attack. In the Aleza Lake research forest, spruce leader 
weevil, Pissodes strobi (Peck), attack is prevalent in certain areas while it is 
sparse in others. A 117 ha block was logged and broadcast burned in 1982 
and then planted with container grown interior spruce stock, (Picea glauca X 
P. engelmannii) in 1986. The area was surveyed for survival and stocking. It 
was found that close to 100 % of the spruce have been successfully attacked 
at least once since planting by the spruce leader weevil with a high 
occurrence of re-attack. This has resulted in trees which appear bush-like 
due to multiple stems and terminals. At Sinclair Mills, a site approximately 
100 km E. of Prince George, 30 km from Aleza Lake, interior spruce has been 
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shown to grow well in a stand mixed with paper birch (Betula papyrifera). 
The 94 ha stand was broadcast burned and planted in 1989 with interior 
spruce seedlings. Approximately two thirds of this area was sprayed with 
aerial herbicide (glyphosate), while the rest was not. Research plots were 
established in both treatment areas in 2000.. Spruce growth was significantly 
better and weevil attack was significantly less in the non-treated area 
growing with birch. In the mixed species stand, spruce densities averaged 
1165 sph and birch ranged from 500 to 3500 sph, with an average of 
2365sph. Densities of spruce and birch were 3530 sph. Interspecific 
competition at the observed densities did not reduce crop tree growth at 12 
years and also appears to have positive impacts on white pine weevil attack. 
However, height to DBH ratios were increased under the birch overstory. 
 
Taylor, S.P. and R.D. Cozens. 1994. Limiting white pine weevil attacks by 
side and overstory shade in the Prince George Forest Region. J. Entomol. 
Soc. Brit. Columbia. 91:37-42. 
 
A study was initiated in 1985 to measure the effects of side and overstory 
shade on attack by white pine weevil and on annual growth in interior white 
spruce. The study was undertaken in the Price George Forest Region where 
the weevil causes extensive damage to plantations of interior white spruce. 
Annual attack rates decreased significantly with increased brush cover. The 
treatment with side shade was achieved using narrow strip cuts running east 
and west. Side and overstory shade also reduced annual growth. However 
results of this study indicated that a side shade regime should significantly 
reduce levels of weevil attacks in areas of high weevil hazard. Results also 
indicate that up to 6% reductions in annual attack rates could be expected 
for at least 5 years following treatment but that differences in attack rates 
took at least three years to appear. 
 
J.R. Wang, T. Letchford, P. Comeau, and J.P. Kimmins. 2000.  Above- and 
below-ground biomass and nutrient distribution of a paper birch and 
subalpine fir mixed-species stand in the Sub-Boreal Spruce zone of British 
Columbia. For. Ecol. Manage. 130: 17-26. SPEY 
 
Stand structure, height and diameter growth, above- and below-ground 
biomass, and nutrient concentrations and content were determined for a 35-
year-old fire-origin paper birch (Betula papyrifera) and subalpine fir (Abies 
lasiocarpa) mixedspecies stand in the Sub-Boreal Spruce (SBS) zone of 
British Columbia. Paper birch, which formed the dominant overstory following 
the 1961 fire, had normal distributions of height and diameter classes. 
Subalpine fir, which dominated the understory, had the reverse J-shaped 
height and diameter distributions that are expected of a shade tolerant, 
climax species. Paper birch grew more than three times the height of 
subalpine fir. Growing in the summer shade of the birch, subalpine fir had 
slow but steady height growth during the first 10±15 years, after which 
height growth declined somewhat. Allometric equations, relating dry weight 
of foliage, branches, stemwood, stembark, roots, and total biomass to 
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diameter at breast height (DBH), were developed to estimate above- and 
below-ground biomass. Total biomass of paper birch reached 83.2 t ha-1, 
while subalpine fir biomass was 26.7 t ha-1. Subalpine fir allocated more 
biomass to foliage and branches compared to paper birch. Foliage of paper 
birch had higher nutrient concentrations of N, P, K, Ca, and Mg than 
subalpine fir foliage. Branches and stembark of subalpine fir had higher P, 
and Ca concentrations than paper birch. Subalpine fir branches contained 
more of all examined nutrients than paper birch branches. This is a 
significant component in nutrient cycling of the mixed-species forest. 
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