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How much birch (Betula papyrifera) is too much for
maximizing spruce (Picea glauca) growth: a case study
in boreal spruce plantation forests
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ABSTRACT: Interest in conifer-broadleaf mixedwood forests has greatly increased due to continuous demand for
hardwood products and a shift towards more biological or ecosystem-based management. In British Columbia, more
than 30% of the productive forest land is a conifer—broadleaf mixture and current forest regulations are more conifer
biased rather than maintaining a mixed-species condition. The aim of this study was to examine the impact of paper
birch on white spruce growth. Spruce growth data from 10 to 18 years old complex stands indicate that radial, height,
and stem volume was not impacted by retaining up to 3,000 stems-ha~! of birch. Similarly, growth and yield model
projections suggest spruce-birch stands would be more productive up to a threshold birch density (3,000 stems-ha~!)
than pure spruce stands. At a 4% real interest rate, the removal of birch from these stands does not appear to be war-
ranted as an investment. The results suggest that instead of encouraging uniform broadleaf removal across conifer

plantations, mixed species management strategies could enhance the forest productivity, stand diversity and resilience.
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Boreal mixedwood forests are ecologically and
economically important ecosystems in north-
ern Canada as they demonstrate greater resource
heterogeneity, complexity and higher biodiversity
than most pure species stands (TAYLOR et al. 2000;
MARTIN, GOWER 2006). Mixed species manage-
ment has been historically associated with lower
stand yields. In part, this is due to a legacy of am-
biguous reports (MARD 1996). As a result, intensive
vegetation control has been justified to enhance
conifer productivity (LAVENDER et al. 1990; WaAG-
NER et al. 2006). However, ecosystem management
of mixedwood stands is favoured as it focuses on
the conservation of all seral stages (BERGERON et
al. 1999). Such a coarse filter approach conserves
forest structure at the landscape level to help main-
tain diversity. In addition to maintaining biodiver-
sity, mixedwood stands yield a greater wood vol-

ume than a single-species stand (MAN, LIEFFERS
1999) and may enhance stand resistance to wind
damage, disease (BALESHTA et al. 2005), insect out-
breaks (TAYLOR et al. 1996; SIMARD et al. 2004),
and site nutrient imbalance (RICHARDS et al. 2010).
Moreover, a mixed forest condition (complex fo-
rest) is better able to deal with the uncertainty
of future stand development and environmental
(GAYER 1886, page 5) risk as well as having poten-
tial economic advantages and managerial flexibility
(KNOKE 2008; NEwWSOME et al. 2010).

Generally in British Columbia (BC) forest man-
agers are forced by regulation to measure a regen-
erating plantation’s performance against pure coni-
fer stands where all deciduous vegetation is treated
as a competitor (Forest and Range Practices Act of
BC 1996; SIMARD, VYSE 2006). Therefore in early
stand development most broadleaved species [e.g.
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paper birch (Betula papyrifera Marsh.), trembling
aspen (Populus tremuloides Michx.), black cotton-
wood (Populus balsamifera L. ssp. trichocarpa T.
and G.)] are routinely removed from plantations to
ensure the successful regeneration of conifers (Co-
MEAU et al. 2000). Generally this practice has been
consistently applied across Canada regardless of
stand age or species composition.

Forest managers are always facing challenges
when managing the forests as the decision-making
process needs to address environmental, social
and economic issues using adequate decision sup-
port tools to model and test sustainable manage-
ment of forest resources. Intensive forest manage-
ment activities require the forest industry to spend
large amounts of money for future economic gain.
Therefore it is important for managers to be able
to predict with relative accuracy the effect of man-
agement practices on tree and stand productivity.
Several tree and stand growth models have been
developed as decision support tools to help for-
est managers in this quest. Among the numerous
growth and yield models that have been developed,
the Lakes States version of TWIGS (The Woods-
man’s Ideal Growth Projection System; MINER et
al. 1988) and TIPSY (Table Interpolation Program
for Stand Yields; MITCHELL et al. 1992) were used
in this investigation to predict future yield and eco-
nomic return.

Furthermore to develop effective management
strategies for mixed species stands where soft-
wood timber production is the primary objective,
silviculturists require information about levels of
broadleaves that can be retained without critically
affecting conifer performance. They also require
practical ways of using this information to develop

Table 1. Site history of the sampled stands

cost-effective treatment prescriptions. The goal of
this research was to increase our level of under-
standing about the (i) interactions between coni-
fers (spruce) and associated broadleaf competition
(paper birch) and (ii) to project the effect of differ-
ent birch densities on spruce growth and long-term
productivity by using the different growth and yield
models.

MATERIAL AND METHODS

Sites

The study sites are located in north-eastern BC
within the Fort Nelson forest district. The area lies
in the moist, warm sub-zone of the Boreal White
and Black Spruce (BWBSmw?2) biogeoclimatic zone
(DELONG et al. 1990). Snow can occur through-
out the year, but the wettest period is the summer
between May and September. Mean annual pre-
cipitation is 330-570 mm and about 35-55% falls
as snow. The mean annual temperature is —1.4°C
with 106 frost-free days and the ground freezes
deeply for a large part of the year. Soils are well
to poorly drained with a wide range of soil types
Cumulic Regosols, Organic Cryosols and Luvic
Gleysols. The investigated stands have a significant
birch component and white spruce (Picea glauca
(Moench) Voss) was the target crop tree.

Sampling

In total, eight mixed forest stands were randomly
selected and they had to have at least five hectares

*Stand age at

Site Latitude Longitude Year‘of plot plot establish-  Total plots Mean DBH Stan.d
(N) (W) establishment ment (cm) grouping

Klua 91 58°47' 122°21' 2005 8 60 2.79 1

B51-271 59°13' 123°40' 2005 10 60 4.57 2

B56-272 59°09' 123°44' 2005 10 37 4.69

B56-408 59°10' 123°42' 2005 10 7 4.82

Profit 59°09' 122°38' 2005 13 12 5.64 3

Beaver 59°00' 123°22' 2004 15 54 8.27 4

]84-012 58°44' 123°34' 2004 17 13 9.38 5

J84-011 58°52' 123°22' 2004 17 63 10.92

*Stand age at establishment — between October of the year indicated and the following March
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Table 2. Regression equation and 7?2 for the relationship between plot density (stems-ha~!: birch) and spruce basal area

for the population and each stand group

Spruce variable r Equation

BA per plot 0.3269 0.0015440 + 0.0005610 x stems per plot

BA class 0.4135 0.0004355 + 0.0011470 x density class

BA class 0.4512 —0.0000820 + 0.0011910 x density class group 1
BA class 0.3063 0.0000634 + 0.0009168 x density class group 2
BA class 0.4151 0.0001860 + 0.0009969 x density class group 3
BA class 0.5900 0.0004533 + 0.0015130 x density class group 4
BA class 0.4870 0.0007082 + 0.0015120 x density class group 5

planted to spruce (Table 1). Given the difficulty of
establishing spruce plantations in the Fort Nelson
area, all stands were subject to an aerial application
of the herbicide glyphosate at a rate of 6 I'ha~! (Vi-
sion = contains about 35.6% glyphosate) approxi-
mately two years post planting, as a means of veg-
etation control.

Single tree temporary sample plots (TSP) were
established based on the nearest individual method
(KENT, COKER 1992). A systematic grid point was
established on every stand at a 100 meter interval
and the closest undamaged spruce tree was selected
as a target tree for each grid-point (by BC regula-
tion 1,000 stems-ha~! are recommended density for
target species). Sample trees were free of defects
and taller than 1.37 m. Defects may have been in-
duced by pathogens or insects and reduced growth
would not be due to competition (stand density).
Based on the target tree a temporary sample plot
(TSP) with 1.78 m radius (10 m?) was established.
Several birch specific density classes 1,000, 2,000,
3,000, 5,000, and 6,000 stems-ha~! including control
(no birch) were selected by plots to investigate the
impact on spruce growth. All spruces and birches
within the plot taller than 1.30 m were measured.
Height and diameter at breast height (DBH) for
birch and total height, height to live crown, crown
width, DBH, and age (using tree cores at DBH) for
spruce were measured.

Height to diameter ratio (HDR) is an alternative
competition index used to determine the compe-
tition between birch and spruce. This competition
index was widely used in northern British Columbia
to determine the vigour and ‘free growing’ status of
crop trees, especially young lodgepole pine (Pinus
contorta Dougl.) and spruce (Opr10 et al. 2000). The
HDR was calculated individually for each target
tree by dividing the height of the tree by its DBH.
Depending on the stand, 10—15 sample plots per
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specific density classes were established in each
stand. In total 622 sample plots were established
across the eight sites. From each sample plot, the
target tree (spruce) and birch stems were sampled.
The stems were cut into cookies (cross-sectional
discs) at 0 m, 0.5 m, 1.0 m, 1.3 m, 1.5, 2.0 m etc. in
the field. In the laboratory, the annual rings of each
cookie were counted to determine tree age at each
height. The cookies were scanned to file for future
reference.

Statistical analysis

All statistical analyses were based on the pooled
data and visual tests for normality of data distri-
bution were done using histograms with normal
smoothing curves. Initially data were analysed us-
ing linear regression modules to predict the impact
of birch on spruce growth. However regression
analysis showed that birch stems per plot were a
poor predictor of spruce basal area per plot when
all data were pooled or individual single stand was
considered (Table 2 and Fig. 1). The relationships
were better when pooled class data were used in-
stead of raw data and class data showed variation
among the different stand groups and in no in-
stance did the regression account for 60% of the
variation (Table 2). Therefore GLM analysis was
done for each stand group where birch stem den-
sity and basal area classes were used as indepen-
dent variables and different spruce variables as de-
pendent variables. Spruce DBH (cm), stem volume
(m3) and HDR were used as the primary indicators
of birch competition on crop tree performance. To-
tal broadleaf basal area per plot was assigned from
0 to = 9.0 (m*ha~') with 0.5 m? interval classes.
Comparisons were made among sites and within
sites. In this investigation 8 stands were converted
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Fig. 1. The relationship be-
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to five different forest groups based on stand age
(Table 1).

After the overall GLM analysis, a sequential anal-
ysis for each of the density or basal area classes was
carried out to determine the density threshold that
no longer significantly affected DBH, HDR or stem
volume. Threshold levels were identified using a
ceiling function which described the upper bound-
ary of the data and enveloped at least 95% of the
observations (BurTON 1993). All statistical analy-
ses were carried out using SYSTAT® v. 12.

Growth and Yield Models

TWIGS is a spatial growth and yield simula-
tion program developed by the US Forest Service
(MINER et al. 1988). It is useful for forest manag-
ers in making silviculture and forest planning de-
cisions because its output is based on actual tree
lists developed from permanent sample plot data.
This program represents the complex stand growth
on the basis of its projections of tree lists, annual
diameter increment and stand site index. Although
we did not use long-term re-measurement data to
evaluate the performance of this model, TWIGS
was extensively validated by LACERTE et al. (2004)
at higher latitudes in Ontario and the performance
was consistent with other studies where long-term
re-measurement data were not used (PAYANDEH,
HuyNH 1991; PAYANDEH, PapaDpoPO 1994). This
model projection also provided confident predic-
tion in boreal-northern forest transition of the
Lakes States: MN, WI, MI Upper Peninsula (Mi-
NER et al. 1988). All those findings made us opti-
mistic to apply this model in our ongoing study and
validation of TWIGS can be done when long-term
re-measurement data will be available in the near
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future. The TWIGS Lakes State version growth
routines are based on permanent sample plot (PSP)
data. Two different sites (i) poor site [SL,; = 15 m
(site index or SL,; = is defined as top height at a
reference age of 50 years at breast height in BC)]
and (ii) better or good site (SI,, = 21.4 m) were se-
lected to project the spruce yield. The character-
istics of the poor site are poorly drained soil and
nutritionally poor. For the poor site (SI,, = 15 m)
four tree lists with nominal birch densities of 450,
1,200, 1,650 and 5,800 stems-ha~! each with 1,000
stems-ha™! of spruce [BC’s legislative recommend-
ed density (BC Ministry of Forests 2000)] were used
based on TSP result. The characteristics of the bet-
ter site are well drained and nutritionally rich. Sim-
ilarly five tree lists with nominal birch densities of
500, 2,000, 3,000, 5,000 and 8,600 stems-ha~! each
with 1,000 stems-ha~! of spruce were projected for
the better site (SI,, = 21.4 m).

TIPSY (Table Interpolation Program for Stand
Yields) is a spatial growth and yield model which
enables timber supply analysts to predict future
volumes for a variety of harvesting patterns and
silvicultural regimes ranging from clear-cutting
to variable retention (MITCHELL et al. 1992). This
model projection can be easily calibrated with the
BC online database system which contains more
than 15,000 permanent sample plots or 548 man-
aged stand yield tables across BC (Lucca 1999,
http://www.for.gov.bc.ca/hre/gymodels/TIPSY/
index.htm). In our study, the yield information in
TIPSY was calibrated with the BC online database
system for more accurate prediction.

Growth from zero to 120 years in a managed
stand can be predicted by this model if the stand
is growing in a relatively pest-free environment
(MITCHELL et al. 1992). TIPSY is the standard sin-
gle species stand (monoculture) growth and yield
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Fig. 2. Mean (+ SEM) DBH by (a) density and (b) basal area class for each stand group

model for BC and was used to do projections on
both sites [SI,, = 15 m (poor site) and SI, = 21.4 m
(better site)] in this study. For the TIPSY projec-
tion, a stand was treated as a pure spruce stand
with all birch trees removed. All projections were
done 100 years into the future at 10 year intervals
and short-term annual projections were also done
for the better site. The TIPSY model projections
were also based on annual diameter increments of
the crop trees.

Future values of several growth and yield sce-
narios were determined using an aerial herbicide
application at a cost of 500 USD-ha™}, real interest
rates of 2, 4 or 6%, and spruce revenues of 40, 60 or
80 USD-m™3. Potential revenue from birch was ig-
nored due to the poor market value in BC. The sce-
narios were as follows:

(a) TWIGS all broadleaves removed (base case),
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(b) TWIGS 80% broadleaves removed,

(c) Mean of the TWIGS runs with birch present on
the better site (SI,, = 21.4 m),

(d) TIPSY spruce projection for the better (SI,, =
21.4 m) and poor sites (SI,;= 15 m).

RESULTS

DBH, stem volume and height
to diameter (HDR) responses

Based on the density and basal area, DBH showed
different responses among the groups (Fig. 2). Nei-
ther density class nor basal area class was signifi-
cant in explaining the DBH response for all groups
(Table 3). Based on the GLM analysis a non-signif-
icant threshold density was determined for each
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Table 3. GLM results based on overall spruce DBH and density threshold for DBH in each stand group by birch den-

sity (stems-ha~!) and basal area class

Based on all DBH data

Based on threshold density Threshold

Group Source
mean square Fratio P (F)

r mean square F ratio P (F) r? density

density class 1.74033 2.1614 0.0656
1 BA class 1.40182 1.7410  0.1088
error 0.80519

0.391 0.39600 04126 0.7978  0.384 < 6,000
1.67368 1.7436  0.1415
0.95977

density class 3.44097 2.1412  0.0702
2 BA class 1.99863 1.2437 0.2978
error 1.60700

0.403 2.25710 1.1688 0.3345 0.279 < 3,000
1.78073 0.9221 0.5035
1.93111

density class 5.39883 1.9731 0.1056
3 BA class 1.67054 0.6105 0.8078
error 2.73618

0.269 0.71933 0.2228 09484 0.312 < 6,000
1.78179 0.5518 0.8195
3.22906

density class 1.59455 0.4934 0.7796
4 BA class 1.66923 0.5166 0.8702
error 3.23147

0.178 0.77900 0.2771 0.7601  0.189 < 3,000
1.65441 0.5884 0.7601
2.81183

density class 5.79904 1.8067 0.3845
5 BA class 3.73131 0.6992 0.7201
error 5.33648

0.223 0.55473 0.0897 0.7671 0.101 < 3,000
1.51020 0.2441 0.9780
6.18544

Density only shown where the GLM changes from significa

nt to non-significant (P = 0.05). The threshold level was identi-

fied using a ceiling function which described the upper boundary of the data and enveloped at least 95% of the observations

(BURTON 1993)

stand group. The threshold density for groups
2, 4, and 5 was < 3,000 stems-ha! while it was
< 6,000 stems-ha™! for groups 1 and 3 (Table 3). A
similar result was found for stem volume in relation
to density and basal area for all groups (Table 4).
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The threshold response for stem volume by groups
was similar to the DBH response (Tables 3 and 4).

The result showed that the HDR was gener-
ally greater in stand groups 1, 2 and 3 with the
exception of group 4 at < 3,000 stems-ha~! class
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Fig. 3. Mean (+ SEM) height to diameter ratio (HDR) by density class for each stand group
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Table 4. GLM results based on overall spruce stem volume and density threshold for volume in each stand group by
birch density (stems-ha~!) and basal area class

Based on all stem volume data Based on threshold density Threshold
Group Source .
mean square Fratio P (F) r? mean square Fratio P (F) r? density

density class 0.0000007 2.1675 0.0649  0.382 0.0000001  0.2681 0.9286 0.389 < 6,000
1 BA class 0.0000006 1.8512 0.0863 0.0000008  1.9928 0.1003

error 0.0000003 0.0000004

density class 0.0000066  2.0675 0.0795 0.422 0.0000058  1.8661 0.1851 0.432 < 3,000
2 BA class 0.0000047 1.4880 0.1867 0.0000059  0.8918 0.1409

error 0.0000032 0.0000031

density class 0.0000098 1.4857 0.2100 0.281 0.0000006  0.0781 0.9881 0.137 < 6,000
3 BA class 0.0000043 0.6532 0.7588 0.0000053  0.6899 0.7223

error 0.0000066 0.0000077

density class 0.0000152  0.3516 0.9056 0.151 0.0000033  0.0770 0.9261 0.169 < 3,000
4 BA class 0.0000193 0.4467 0.9024 0.0000245  0.5705 0.7737

error 0.0000432 0.0000429

density class 0.0001838 1.3473 0.2561  0.224 0.0000170  0.1206 0.8869 0.132 < 3,000
5 BA class 0.0001138 0.8338 0.5989 0.0000435  0.3081 0.9437

error 0.0001364 0.0001413

Density only shown where the GLM changes from significant to non-significant (P = 0.05). The threshold level was identi-
fied using a ceiling function which described the upper boundary of the data and enveloped at least 95% of the observations
(BURTON 1993)

Table 5. GLM results based on overall HDR and density threshold for HDR in each stand group by birch density
(stems-ha™!) and basal area class

Based on overall HDR Based on threshold density Threshold
Group Source .
mean square  F ratio P (F) r? P (F) r? density

density class 1753.89 2.9680 0.0163 0.365 0.6540 0.321 < 6,000
1 BA class 595.859 1.0083 0.4484 0.3521

error 590.930

density class 196.241 0.2409 0.9601 0.132 0.9519 0.093 < 5,000
2 BA class 373.717 0.4587 0.8931 0.9838

error 814.716

density class 658.011 0.7817 0.5693 0.134 0.9837 0.1254 < 6,000
3 BA class 209.171 0.2485 0.9914 0.9986

error 841.723

density class 58.0057 0.4201 0.8325 0.215 0.8055 0.192 < 6,000
4 BA class 111.831 0.8098 0.6203 0.7726

error 138.090

density class 26.4563 0.6362 0.7006 0.273 0.9122 0.189 < 5,000
5 BA class 120.851 0.8348 0.5981 0.9056

error 139.523

Density only shown where the GLM changes from significant to non-significant (P = 0.05). The thresholds level was identi-
fied using a ceiling function which described the upper boundary of the data and enveloped at least 95% of the observations
(BUrTON 1993)
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Fig. 4. Plantation height over
age curves for spruce grown at

different birch density

Age (year)

(Fig. 3). HDR response to birch density was incon-
sistent, for some groups it increased and for other
groups it decreased with increasing birch density.
Neither density class nor basal area class was sig-
nificant in explaining the HDR response for all
groups except in group 1 where density class was

significant (Table 5). The threshold for group 5
was < 6,000 stems-ha-!. Further density class re-
ductions did not improve the result for this stand
group. The density thresholds were larger for
HDR than for DBH for groups 2, 4 and 5 (Tables
2 and 4).
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Fig. 5. TWIGS spruce yield (m®) projection based on 1,000 spruce (Sx) stems-ha™* for (a) better site (SI,;=21.4 m), birch (Ep)
densities were 500 (SxEp 500), 2,000, 3,000, 4,500 and 8,600 stems-ha~!, projections were also done at the two extreme densities
classes (SxEp 500 and SxEp 8600) without birch: Sx5Ep0, Sx8Ep0, (b) poor site (SI,, = 15.0 m), birch densities were 460 (SxEp

460), 1,200, 1,650 and 5,800 stems-ha™!
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Fig. 6. Comparison of TWIGS and TIPSY (a pure stand of spruce) projection for DBH growth over 12 years at better site

(SI, = 1.4 m) for the various birch densities

Height over age curves

Spruce height over tree age curves were variable
with respect to birch density (Fig. 4). Spruce height
growth was generally greater than that of birch (not
presented) and the tallest spruce was from a higher
density while some of the shorter spruce trees were
from both low and high density plots. Even though
birch started height growth later, it often surpassed
the height growth of the spruce crop tree by the
time of initial TSP measurements.

Growth and yield models prediction

At both SI; of 21.4 and 15.0, the TWIGS pro-
jection suggests spruce yields will increase with
increased birch density (Fig. 5). When all the
birches were removed at the highest and lowest
densities for SI , of 21.4, the projection indicated
spruce yield would be significantly lower without
birch (Fig. 5a). The spruce yield at economic ro-
tation on the better site was about 500 m? for the
higher birch densities. On the poorer site it was
420 m? for 500 birches per ha and about 320 m?
when all the birches were removed (Fig. 5b). The
TIPSY yield projection at a stand age of 65 to
70 years for a pure spruce stand was similar to the
TWIGS projection of the pure spruce stand (data
not presented).

TWIGS DBH projections over the next decade
suggest DBH will converge among density regimes:
there will be small density-induced changes in
spruce mean DBH (Fig. 6). The TWIGS DBH pro-
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jections are increasing at a greater rate and are di-
verging from the TIPSY DBH projection for a pure
spruce stand at the better site (SI,, = 21.4).

TWIGS future value projections assume no veg-
etation removal at any point in future, as a result,
there are no costs incurred, only revenues generat-
ed at harvest (Table 6). These do not change regard-
less of interest rate. In TIPSY, both better (SI_, =
21.4) and poor (SI,, =15 m) site projections assume
the vegetation control. TIPSY future value de-
creased with increased interest rate and increased
with increased revenue for the wood (Table 6).
Economic rotation ages decreased with increased
interest rates for the TIPSY projection. At 2% real
interest, TIPSY better site had the best future value
in the years 2064 and 2074 followed by TWIGS
base (all broadleaves removed) and TWIGS-80%
(80% broadleaves removed), respectively. Based on
4 and 6% real interest, TWIGS better site showed
the best future value among the scenarios whereas
TIPSY poor site represented the worst future value
of all scenarios (Table 6).

DISCUSSION

Diameter at breast height is an excellent re-
sponse variable for competition studies because
interspecific competition affects diameter growth
more than it affects height growth (JoBipon 2000;
VALKONEN, RUUSKA 2003; NEwSOME et al. 2010).
Radial development is an integrative index of tree
physiological responses to environmental variation
(MissoN et al. 2003), and it is the first energy sink
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to be abandoned when growth is challenged (OL1-
VER, LARSON 1996). The TSP data suggest there is
a density threshold above which DBH is negatively
impacted. The density threshold varies according
to the stand group (Table 3). If a non-conservative
approach is taken, the threshold could be equal to
or greater than 5,000 stems-ha=! (Table 3). How-
ever, this must be tempered because of the rela-
tively small sample size for the five stand groups,
approximately 300 TSP. With a conservative ap-
proach, the density threshold is still far greater
(~ 3,000 stems-ha™!) than 1,000 stems-ha™! of pa-
per birch allowed in the current guidelines (BC Mi-
nistry of Forests 2000). The TWIGS projections
also suggest there is a minimal impact on future
yield throughout the projected time frame when
birch densities are higher than current free to grow
guidelines (1,000 stems-ha™!). The data also suggest
TWIGS has utility in north-eastern BC because an
earlier TWIGS model projection has been validat-
ed for boreal-northern forest transition (MINER et
al. 1988).

Not surprisingly, mean stem volume followed
a similar trend to DBH with respect to density
thresholds (Table 4). However, the density thresh-
old affecting HDR was large compared to the other
metrics (Table 5). This is of interest as HDR can
be used in BC to determine a stand’s candidacy
for a free to grow declaration if it exceeds densi-
ty (stems-ha™!) guidelines (BC Ministry of Forests
2000). For the most part, even at 0 stem-ha™! birch
density, the HDR exceeds what is considered to be
optimal for spruce in the central BC interior (Opr10
et al. 2000). These observations also support the
hypothesis that birch at the observed densities does
not appear to be deleterious for spruce growth.

There is a low relationship between spruce height
growth over tree age and birch density (Fig. 4). The
poorest height growth was seen at 3,000 stems
per ha while the best was observed at 5,000 and
7,000 stems-ha™! with the 0 stem-ha™! or stan-
dard operational treatment being intermediate.
Generally, the birch is taller than the spruce even
though the block was treated with herbicide after
the spruce was planted. However, spruce height
appears to generally be ‘keeping up’ with birch
height growth without any negative influence on
DBH. Spruce DBH growth was greater than that of
birch. This supports the observations of FRIvoLD
and FRANK (2002) SimarDand and VYSE (2006)
that the competitive effects of birch likely dimin-
ish as the stand ages. Further, LEGARE et al. (2004)
reported that black spruce DBH and height were
greater when grown with aspen up to a threshold
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basal area of about 40% of the stand basal area.
They also concluded that broadleaf stand compo-
nents should not only be viewed as tolerable but
also in some cases as beneficial. Whereas a nega-
tive relation with birch density was reported by Si-
MARD and HANNAM (2000), according to them the
birch density reduction from 2,500 to 50 stems-ha~!
significantly increased the conifer growth.

The TWIGS projection showed increased spruce
yield with increasing birch density up to a certain
density (Fig. 5). This might be due to the effect of
interspecific competition between these two spe-
cies. SIMARD (1990) reported that paper birch
density up to 2,100 stems-ha™! had a low effect on
conifer growth. While in another study SIMARD
et al. (2001) reported that a birch density up to
4,400 stems-ha™! had a low impact on Douglas-fir
growth in 10 to 15 years old stands. Looking at
DBH projections, the results indicate DBH is also
increasing at a greater rate than the projected pure
spruce stand at SI_, = 21.4 (Fig. 6). These findings
are also supported by observations in the central
BC interior (HAWKINS, DHAR 2011) and in the
southern BC interior mixedwood forest (SIMARD
et al. 2005; SIMARD, VYSE 2006). Some other in-
vestigations also reported that mixedwood stands
showed greater productivity than single species
stands (MAN, LIEFFERS 1999; LEGARE et al. 2004
KeLTy 2006). This also lends confidence to the
TWIGS projection even though the version used
was for the boreal-northern forest transition of
the Lakes States (MINER et al. 1988) and higher
latitude Ontario Canada (PAYANDEH, PAPADOPOL
1994; LACERTE et al. 2004).

Short-term DBH projections for spruce in
TWIGS suggest up to a certain density level, pa-
per birch competition will have a low impact over
the next decade. This will be verified by follow-up
measurements as well as establishment of con-
trolled experiments. The latter is an important
step as species response gradients may be con-
founded with environmental gradients (GARBER,
MAGUIRE 2005). On the other hand, the TIPSY
projections for a pure spruce stand indicate lesser
DBH growth throughout the projection period.
However, further validation is required for accu-
rate projection of the TWIGS model in this area.
Moreover we also suggest that forest managers
and practitioners need caution when use our re-
sults in the field due to potential limitations of the
model projection. It is also mentionable that the
main objective of our study was to anticipate the
gross effects of treatments in birch spruce mixed-
wood stands.
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Future value

The overall reasonable real interest rate used was
4.0%. The rate was based on a survey of a range
of conservative Canadian Mutual Funds’ (stocks,
bonds, T-Bill, index, energy) performance over the
past 20 years: after inflation was taken into account,
the return was about 3.9%. However, only at a 2% real
interest rate for brushing any of the stands proves to
be a good investment (Table 6). At 4 and 6%, the best
future values, regardless of wood re-venue (value),
were found at the better site in the TWIGS projec-
tion. This suggests that the brushing of these stand
types does not enhance stand commercial value and
it may detract from biodiversity values. The money
allocated to such brushing activities would be better
used for other management activities.

CONCLUSIONS

From our study it appears that a single early
broadcast brushing might be sufficient to ensure
the survival and future growth of spruce-birch
stands in the Fort Nelson forest district. Model
projections, field data, and economic analysis also
suggest a second brushing may not be warranted at
paper birch densities at or below 3,000 stems-ha™!
for these stands. Considering potential savings
with a targeted brushing program, a higher broad-
leaf component could be financially advantageous
in addition to the noted biological benefits. In an-
other study HAwWKINs et al. (2012) reported that
broadcast brushing did not remove all birches and
suggested a move away from broadcast vegetation
control to spot control, where warranted, could re-
sult in better tree growth, improved forest health
and structural diversity. Therefore the inclusion of
other broadleaf species in these complex processes
may have more beneficial effects on spruce growth.
Conversely, spruce growth may be negatively im-
pacted when all broadleaf species are removed
from the stand. Therefore further steps should be
made to investigate more at the site level to deter-
mine whether target trees of particular sites can
accommodate higher densities of broadleaf spe-
cies. This knowledge will provide the framework
for more diverse provincial policies regarding the
maintenance of mixedwood species composition.
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