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Abstract

Northeast British Columbia (54-60° N latitude, 120-123° W longitude) has 10+ M ha of
complex conifer—broadleaf forest, which is a unique forest type in the province. Current
management practice is to remove competing broadleaf species to promote the growth
of more commercially valued conifers. This approach ignores the species silvics and
results in forest simplification, thus reducing species and structural diversity, habitat
value, and overall stand resilience to future events such as climate change and wildfires.
These practices also negatively impact traditional First Nation treaty rights. Three trials
were established across the region in 5-to-18-year-old post-logging mixed species stands
where broadleaves had not been removed. Competition-free radii of 0, 1, 2, and 4 m were
established around white spruce (Picea glauca (Moench) Voss) crop trees. The objective was
to investigate the impact of broadleaf (aspen Populus tremuloides Michx. or paper birch
Betula papyrifera Marsh.) competition on crop tree growth with respect to the free-to-grow
(FTG) standard. Except at extreme broadleaf densities (>10,000 SPH), crop tree DBH growth
was not impacted when trials were established. After at least 11 growing seasons, except
at the competition-free 4 m radius, DBH was not impacted by competition. Spruce DBH
in the mixed stand at all radii was greater than the expected BC model projections for a
pure spruce stand on these sites. Our findings suggest that the current FTG management
approach in northeast BC only has a positive result if taken to an extreme. It has a low
return on investment and reduces stand resilience and total productivity. An alternative
forest management approach for the region is presented.
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1. Introduction

Resource extraction, wildfires, and climate change are the main drivers transforming
Much of the 10+ M ha of the northeast British Columbia (BC)
boreal forest is a productive conifer-broadleaf mosaic [2]. Economics (maximum return to

boreal landscapes [1].

companies and government) and legislation generally dictate pure conifer management
in reforested stands in the region. A conifer bias is also reflected in BC’s timber supply
analysis and the free-to-grow (FTG) standards (a BC legal requirement). FTG measures a
regenerating stand’s performance within a determined time against the projected growth
of a pure conifer stand [3-5]. To meet FTG standards, at a minimum, there must be no
competition taller than two-thirds of the crop tree height within a 1 m radius of the crop tree.

Given the observed and anticipated changes such as Indigenous rights, old growth,
and climate change, sustainable forest management is key for social licensing going forward.
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Regeneration standards are a critical first step in dealing with the continuum. Current re-
generation standards (FTG) fail at predicting the interactions between growth determinants
and environmental conditions in mixedwood stands [6]. In fact, current BC regeneration
standards are not regeneration standards; they are stocking standards [7]. The BC approach
ignores competitive interactions in mixedwoods, which differ from those of pure stands [8].
BC FTG regeneration (stocking) standards result in relatively pure spruce (conifer) stands
early in development when under past natural ecological conditions, spruce, a mid-seral
species [9], generally establishes under broadleaf canopies in BC’s boreal forest [10].

BC’s FTG standards were originally developed for even-aged pure conifer stands [3,5],
where broadleaf species were ecologically less dominant and economic compared to the
boreal forest of northeast BC. The FTG assumption is that there is a link between sam-
pling outcomes (stocking) and management objectives, particularly yield; however, the
link is, at best, tenuous [11-13]. Furthermore, FTG standards are poorly suited to the
sustainable management of boreal mixedwoods [14]. Harper [15] recommended develop-
ing performance-based standards for BC mixedwood stands. There are limited interim
reforestation performance standards for mixedwood stands, but those available still have a
conifer bias [14]. The solution is to treat broadleaves as undesirable and remove them unless
they are in pure broadleaf stands. Removing broadleaves early in the rotation provides
more growing space for crop trees but reduces stand biodiversity. However, this approach
does ensure a legally free-growing conifer stand [3,5] but leads to forest simplification [4,10],
negatively impacting biodiversity [16].

This paradigm can cause forest managers to unnecessarily remove (brushing)
broadleaves with broadcast chemical or manual treatments to avoid administrative penal-
ties [4]. Little room is left for retaining lower commercially valued broadleaf trees (BC
stumpage for broadleaf species is a low flat rate, while conifer stumpage is market-driven),
and the practice ignores the many ecological benefits of broadleaves.

Regardless of the current situation, forest managers require confidence that managing
mixedwood stands will not significantly compromise the expected growth of conifers.
Diameter is an easily measurable integrative index of tree physiological responses to
environmental variation [17]. In addition, it is the first energy sink to be abandoned (before
height or reproduction) when tree growth is challenged [18]. Managers require easy-to-
measure, relatively inexpensive, and reliable analytical metrics. Two such measures are the
DBH relative growth rate (RGR) [19,20] and the height-to-diameter ratio (HDR), both of
which indicate the effect of competition on crop tree diameter growth [21]. Height is less
predictive than diameter because, except at stocking extremes, it is not negatively impacted
by stocking levels [22].

In part, the above management regime may be reinforced by older, often contra-
dictory reports of broadleaves negatively impacting conifer growth [23-26]. However,
mixedwood productivity is now generally accepted to be greater than either species
grown alone [14,27-29].

Compared to single-species stands, mixedwoods result in (i) greater biodiver-
sity [30,31] and habitat values [32,33], (ii) increased stand resilience with respect to climate
change [34], and (iii) generally enhanced ecological services [35]. As noted, the drivers of
change on the boreal landscape are resource extraction, wildfire, and climate change [1],
which erode the goods and services expected by First Nations [36] and society in general.
Mixedwood attributes support First Nations’ traditional world view of the four realms
of the medicine wheel, which involves a continuous interaction of the physical, mental,
spiritual, and emotional, representing alignment and aspects of human nature that must be
used in decision making [37]; however, current management practice is incongruent with
traditional First Nations’ values and treaty rights [38]. Moreover, it may be inconsistent
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with the UNDRIP (United Nations Declaration on the Rights of Indigenous Peoples), which
the BC Government has endorsed [39]. First Nations’ values are likely to be a prominent
consideration in future BC forest management decisions and legislation.

In northeast BC, the future climate is projected to change, with a warmer and longer
growing season and a small increase in precipitation [40]. Broadleaves (mixedwoods)
should be more capable than conifers at successfully responding to changed climate
regimes [41,42], making them more resilient. Managing for mixedwoods is further sup-
ported by observations that climate change will impact conifers more than broadleaf species
in the region: the suitable conifer habitat will shift, while the broadleaf habitat will be
relatively unaffected [43]. Additionally, the southern boundary (i.e., northeast BC) of boreal
forests will be subjected to greater climate stress than other forests [44].

Our objectives were to (1) investigate the impact of broadleaf (trembling aspen, Populus
tremuloides Michx. or paper birch, Betula papyrifera Marsh.) competition on white spruce
(Picea glauca (Moench) Voss) tree growth at three geographically separated mesic sites in the
Boreal White and Black Spruce (BWBS) Biogeoclimatic Zone of northeast BC, (2) determine
whether current regeneration (stocking) standards (FTG) are appropriate to determine
reforestation success, and (3) suggest approaches to optimize mixedwood benefits and
minimize ecological and economic costs.

2. Methods

The three, even-aged mixed conifer-broadleaf (mixedwood) study sites are located
east of the Rocky Mountains in the Boreal Black and White Spruce (BWBS) Biogeoclimatic
Zone [45] of BC, Canada (Table 1). All sites were mesic and relatively uniform in species
distribution, with the northern site being in the moist cool (mk) subzone and the other
sites being in the moist warm (mw) subzone [45]. Soils at all three sites were dominated
by lacustrine clays. This area of the boreal forest is projected to be the most vulnerable to
climate change [44]. For the region, Picketts [40] suggests a future with increased mean
annual temperature (MAT, 1.9-4.7 °C); precipitation (MAP, 11%-19%); and frost-free (FF)
days (25-40 days). Currently, the regional MAT ranges from +3 °C in the south to about
0 °C in the north, with extremes from —52 °C to +36 °C. The current MAP is about 450 mm
across the region with half falling as snow, and the FF period varies independent of latitude
from 90 to 125 days.

Table 1. Study site locales in northeast British Columbia, year established, area, calculated SI, and
number of plots installed.

Site Lat °N Long °W  Established * Area? SI®  Plots*
One Island Lake 55.3429 —120.35075  Fall 2007 (18) 53 20 65
Mile 88 56.5469 —121.55235  Fall 2008 (5) 22 26 61
Prophet River 58.1539 —122.64659  Fall 2007 (14) 91 22 80

Note. * Year site established and (stand age) at establishment. # Site area in ha. % SI = site index base 50 calculated
using Nigh's (1999) [46] growth intercept method. * Number of plots established.

Trials were initiated in 5-to-18-year-old post-logging stands reforested with white spruce
seedlings, an intermediate shade-tolerant [9] mid-to-late successional dominant species.
Trembling aspen or paper birch were co-established with the planted spruce seedlings.

Single-tree sample plots were established using the nearest individual method [2,47].
Samplers proceeded along a randomly selected bearing for a fixed distance (usually 25 m),
and the nearest spruce to this point was the crop tree and plot center. The crop tree location
was marked using GPS. Sample (crop) trees were taller than 1.3 m (diameter at breast height,
DBH) and free of defects. Reduced crop tree growth would then be due to competition
(stand density, species) rather than poor forest health. If a crop tree defect was encountered,
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the sampler moved another 25 m along the bearing. No plots were excluded in the analysis
except for those removed by seismic activity or severe snow press. Sampling proceeded on
the bearing until the line was no closer than 100 m to the block boundary. The next sample
line was parallel to the first but at least 30 m from it. A 4.0 m radius (50.27 m?) plot was
established around each crop tree. The height and DBH of all broadleaves and conifers
within the plot taller than 1.3 m were measured. After the initial measurements, brushing
radii of 0, 1, 2, or 4 m were generated randomly from tables and assigned to the plots to
determine the optimal competition-free radius. A 1 m radius plot was installed as this is
the standard for FTG in BC, the 2 and 4 radii plots were used to generate a response surface,
and 0 m was for comparison with any brushing effect. Remeasurements were performed
during the winter of 2019-2020 when the trials were 30 (One Island Lake), 16 (Mile 88), and
26 (Prophet River) years old.

In addition to determining the plot density (stems-ha~! or SPH) and mean heights
and DBHs, the basal area, height-to-diameter ratio (HDR), and the DBH relative growth
rate (RGR) were calculated.

The relative DBH growth rate (RGR) was calculated (Equation (1)). This is a good
indicator of the plant’s total growing environment [19].

RGR = (LN DBH, — LN DBH;)/(T, — Ty), 1)

where DBH; is the DBH at time 1 (T7), namely the trial establishment, and DBHj is the
DBH at T, namely the measurement after the 2019 growing season.

Stand site indices (SIs) for spruce were calculated (Table 1) using Nigh's [46] growth in-
tercept methodology for young stands https:/ /www?2.gov.bc.ca/assets/gov/environment/
plants-animals-and-ecosystems/ecosystems/sibec-documents/sisubyregion2013.pdf (ac-
cessed 2 April 2025). The Sls calculated for each site were used as benchmarks to project
the growth of a pure spruce stand for the site using the BC government-developed model,
TIPSY Version 4.5 (https:/ /www2.gov.bc.ca/gov/content/industry/forestry /managing-
our-forest-resources/forest-inventory /field-forms-and-software /software-download#tipsy
(downloaded 3 April 2025). This model retrieves and interpolates yield tables from its
database, customizes the information, and displays summaries and graphics for a specific
site, species, and management regime. Outputs include mean spruce height, DBH, basal
area, SPH, and volume. Input attributes used in the TIPSY projection were the site index,
1400 SPH of reforested white spruce, and model default forest health growth net downs,
as there were no atypical forest health issues for the sites (operational adjustment factors),
with OAF 1 for nonproductive areas = 0.85 and OAF 2 for decay, waste, and breakage = 0.95.
The stocking used was typical of plantations established during this period, as were the
OAFs. The liberal pure spruce stand output, because of the minimum OAF values, was
used to evaluate spruce DBH and basal area growth in the mixed stands against TIPSY
projections for a pure spruce stand specific to each site’s productivity, age, and stocking.
This was the benchmark for comparison.

Sites were analyzed individually using a one-way ANOVA. Brushing radius was the
fixed factor and treatment means were compared using Tukey’s HSD. Assumptions for
normality and equality of variance were verified.

3. Results

The main spruce crop tree competitor at One Island Lake and Mile 88 was trembling
aspen with minor components of balsam poplar (Populus balsamifera L.), lodgepole pine
(Pinus contorta Dougl. Ex Loud. Var. latifolia Engelm.), black cottonwood (Populus
trichocarpa Torr. & A. Gray), white spruce, and paper birch. At Prophet River, paper birch
was the main competitor, with minor amounts of aspen and white spruce.
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Prior to density reduction treatments, there was no difference at any of the sites by
randomly assigned competition reduction treatments for mean crop tree DBH, height, and
mean competitor DBH or height (Figures 1 and 2, Table 2). At One Island Lake and Prophet
River, crop tree DBH was greater than competitor DBH, while competitor mean height was
greater at One Island Lake and Mile 88. Total stocking was variable among sites (Figure 3)
but was not different among the randomly assigned brushing treatments on a site. Basal
area was not different at establishment among treatments on a site (Table 3). After the
brushing treatments were applied, stocking was only different in the 2 and 4 m (no stems)
treatments (Figure 3), while basal area was significantly reduced in the 2 and 4 m treatments
but only slightly for the 1 m treatment (Table 3).

DBH at Establishment

9.00
8.00 ~ T
7.00 A

£ 6.00 A
© 5.00 =
& 4.00 -
0 300
2.00 A =
1.00 A
0.00-

Crop Comp Crop Comp Crop Comp

One Island Lake Mile 88 Prophet River
Il O m Brush 1mBrush [l 2mBrush [l 4 m Brush

Figure 1. Stand mean DBH at trial establishment with SEM for crop and competition (Comp) trees by
brushing (Brush) radius at each of the three sites.

Height at Establishment
700

6.00 1
500 7 T T
= 4.00 -
c
2 300-
I
2.001 x
1.00-
0.00-

Crop Comp Crop Comp Crop Comp

One Island Lake Mile 88 Prophet River
Il O m Brush 1mBrush [ 2mBrush [l 4 m Brush

Figure 2. Stand mean height at trial establishment with SEM for crop and competition (Comp) trees
by brushing (Brush) radius at each of the three sites.

After the 2019 growing season (winter 2019-2020), there was no difference in DBH at 0,
1, or 2 m at the sites, and the 4 m DBH was always greater (Figure 4 and Table 2). However,
at both establishment and Fall 2019 measures, mean crop tree DBH was greater than the
TIPSY projection for all treatments at each site. HDR was not different among treatments
at any site at establishment and was reduced slightly between the establishment and Fall
2019 measures at One Island Lake and Prophet River and was reduced significantly at
Mile 88 (Figure 5). After the last measure, at all sites, only the 4 m radius treatment had
significantly reduced (better) HDR, i.e., treatment 0 = 1 = 2 # 4 (not presented).
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Table 2. ANOVA for DBH at establishment and after the last measurement and Tukey’s HSD result

for each brushing radius mean at each site.

Site Measurement F p® Fd,f Tukey HSD
One Island Establishment 0.2621 0.8525 3,62 0=1=2=4
nelslan Last 4.420 0.0070 3,62 0=1=2+#4
Mile 88 Establishment 2.1828 0.1000 3,57 0=1=2=4
e Last 19.934 0.0000 3,53 0=1=2+#4
Prophet Establishment  0.8678 0.4616 3,76 0=1=2=4
P Last 3.478 0.0203 3,72 0=1=2+#4
Site Stocking Pre- and Post-Treatment
25,000 -
20,000 A T
© T
< T
o 15,000 - L
o
£
@ 10,000 -
n
5000 - ~ .
Pre Post Pre Post Pre Post
OneIsland Mile 88 Prophet River
Il O m Brush 1mBrush [l 2mBrush [l 4 m Brush

Figure 3. Stand mean competition tree stocking (stems per ha, SPH) at trial establishment (Pre) and
after the 2019 season (Post) with SEM by brushing (Brush) radius at each of the three sites. Note that

there are no competition trees at the Post 4 m radius treatment.

Table 3. Mean treatment competition basal area (m? ha~1) + SEM at trial establishment before

brushing and after brushing treatment.

One Island Lake Mile 88 Prophet River
Treatment " BA SEM n* BA SEM n BA SEM n
Before brushing
Om 17.66 1.56 20 6.89 0.54 17 7.83 0.56 25
Im 20.02 2.01 18 7.56 0.68 16 7.74 1.07 24
2m 18.08 1.78 15 7.37 0.77 14 6.61 0.62 18
4m 19.68 2.21 12 6.22 0.54 14 6.16 0.70 13
Post-brushing
Om 17.66 1.56 20 6.89 0.54 17 7.83 0.56 25
Im 18.82 1.93 18 7.24 0.65 16 6.92 0.80 24
2m 13.61 1.43 15 5.88 0.58 14 5.06 0.57 18
4m 0 0 12 0 0 14 0 0 13

Note. " Plot brushing radius. n * Number of plots per treatment.
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DBH by Brushing Treatment

Estab Fall 2019 Estab Fall 2019 Estab Fall 2019

One Island Mile 88 Prophet River
I O m Brush 1mBrush [ 2mBrush [ 4 mBrush [ TIPSY

Figure 4. Stand crop tree mean DBH at trial establishment and after the 2019 season with SEM by
brushing (Brush) radius at each of the three sites. The TIPSY benchmark value is the right bar in each
set. Note that the Mile 88 site was too young to have a TIPSY value at establishment.

Site Pre- and Post-Treatment HDR

250
200 A
T
T
© 1004 _ - ;
50 -
Estab Fall 2019 Estab Fall 2019 Estab Fall 2019
One Island Mile 88 Prophet River

I 0 m Brush 1mBrush [ 2mBrush [l 4 m Brush

Figure 5. Stand crop tree mean HDR at trial establishment and after the 2019 season with SEM by
brushing (Brush) radius at each of the three sites.

The RGR between establishment and Fall 2019 increased for the 4 m treatment, and the
regression decreased significantly for the combined 0, 1, and 2 m treatments at all three sites
(Table 4), indicating that small trees are not being disproportionately suppressed [20,21].

Table 4. Mean RGR with SEM for crop tree DBH growth from establishment to Fall 2019 by site and
treatment and RGR regression equation for treatments 0, 1, and 2 m at each site.

One Island Lake Mile 88 Prophet River
Treatment " RGR SEM n* RGR SEM n RGR SEM n
0m 0.0626 0.0023 20 0.1597 0.0069 17 0.0525 0.0026 25
1m 0.0613 0.0022 18 0.1553 0.0059 16 0.0539 0.0029 24
2m 0.0653 0.0026 15 0.1829 0.0116 14 0.0653 0.0037 18
4m 0.0867 0.0031 12 0.2161 0.0061 14 0.0803 0.0044 13
Site Adj 12 RGR = F p(B)
One Island Lake 0.059 65 0.0733-0.0020 « DBH 3.8646 0.0406
Mile 88 0.361 61 0.2210-0.0461 « DBH 23.344 0.0000
Prophet River 0.172 80 0.0790-0.0029 « DBH 16.947 0.0003

Note. *, plot brushing radius. 7 *, number of plots per treatment.
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4. Discussion

Prior to competition reduction (brushing) treatments (Figure 3), stocking was extreme
(>10,000 SPH) at two sites where no plots could be considered FTG and high (>4000 SPH).
This occurred at Prophet River, where about one in five plots may be FTG. After brushing,
the 1,2, and 4 m removal radii could be considered FTG. However, except at the 4 m removal
radius, competition numbers far exceeded the BC FTG standard [3,5]. The establishment
competition metrics suggest that future spruce growth should have been compromised if
the FTG standards [3,5] were suitable for mixedwood stands.

Mean crop tree DBH (Figure 1) was not different at establishment among any of
the randomly allocated brushing treatments at any of the sites, suggesting competition
was not extreme [22] or had minimal impact on the spruce. After the 2019 season, all
brushing radii DBH at all sites exceeded the TIPSY projection (Figure 4 and Table 2). As
actual SI values were input into the model, the results could be due to spruce’s silvics
or improved nursery/early silviculture practices [48]. The 4 m treatment DBH was the
greatest, as it had more than 50 m? competitor-free growing space around the crop tree.
However, regardless of tree age or DBH, trees in the 4 m plot were subjected to varying
degrees of snow press. Based on the BC FTG standard [3,5], spruce DBH should have been
negatively impacted when grown in greater density mixedwoods, i.e., 0 brushing radius,
but there was no difference in DBH among treatments up to the 2 m brush-free radius
(0 =1 =2 mradius plots).

The BC FTG regeneration standards fail to recognize that mixedwoods may support
higher stocking levels and maximum densities [49] than pure stands [50]. Hence, their
carrying capacity and productivity are greater [49]. As noted, BC FTG standards appear
to be poorly or not linked to mixedwood ecology [13,28,51] and forest management plan-
ning [13-15] and ignore the likelihood of greater productivity in mixedwoods and the
associated benefits.

HDR is expected to decrease in response to increased growing space [23] or increase
in response to decreased growing space [52]. HDR decreased over time for all treatments
and only decreased significantly in the 4 m treatment, suggesting that crop trees were not
responding to the increased growing space that the other brushing treatments provided
(Figure 5). HDR was uniform among these treatments, which may indicate a target HDR
range that forest managers should be trying to attain. Other than the noted snow press in
the sturdiest trees, the observed HDR did not appear to have any negative impacts on tree
performance, as no windthrow was observed.

The significant negative slope for DBH RGR at bushing treatments 0, 1, and 2 m at all
sites (Table 3) suggests that DBH growth was not impacted by broadleaf competition [19,20].
In general, the RGR can assess the impact of competition [53]. Larocque [54] indicated that
DBH RGR was a better competition metric than the absolute growth rate. If competition is
severe, the DBH RGR should increase with increasing tree size (have positive slope), but
if it is not, the DBH RGR should decrease with increasing tree size [20,55], as observed in
this study (Table 3). This indicates that smaller trees are not disproportionately suppressed
or more efficient in stem wood production and are not impacted by competition [42].
Unfortunately, the DBH RGR is a growth result and not a predictor of growth, nor is HDR.
Groot et al. [56] reported a lack of functionality using competition indices in their study,
similar to the results of our study. This should not be surprising, as Burton [57] indicated
static indices alone have a limited ability to predict tree growth. However, they are good
assessors of growth.

Measured DBH being greater than the TIPSY-projected DBH indicates increased conifer
productivity in these mixedwood stands (Figure 4) without accounting for broadleaf con-
tribution. Greater mixedwood productivity has been reported in many studies and re-
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views [25,58] but not all [24,56]. Contradictory mixedwood productivity findings are not
uncommon, particularly in older studies. Productivity increases are due to facilitation
or complementarity between species [25]. Specific to the western Canadian boreal forest,
spruce may benefit from the more rapid broadleaf litter decomposition [59,60] and access to
quality nutrients. Tham [58] reported similar conifer growth in pure and mixed stands, as
we also observed. These observations also argue against the practice of broadcast removal of
potential competing broadleaf species [4] at sites like those in this study. Broadcast removal
results in the loss of ecological goods and services associated with mixedwoods [38,61]
and has the added input cost of removing the broadleaves for limited benefits except at
extreme competition densities. This possibly illustrates the lack of a linkage between FTG
regeneration (stocking) standards, actual stand stocking, and mixedwood stand growth, as
has been previously reported [14,62].

Besides the ecological cost, there is an economic cost to removing broadleaves [2]. In
Scandinavia, Dudelis [63] found that land expectation values (LEVs) were better with mixed
species than with single species in terms of stand management. Retaining broadleaves
reduces regeneration costs for the forest manager [2] and may also reduce long-term risk.
There will be timber to harvest in the future [61] because of the species” asynchronous
response to their environment [34]. Some suggest there is a negative economic benefit in
retaining low-commercial-value broadleaf species [64], but this assumption is primarily
based on expected reduced conifer productivity and the fact that profit is greatest for conifer
stands [65]. Our results suggest that brushing will not increase conifer growth at these site
types. Often, increased profits are accompanied by a reduction in ecological goods and
services [65]. To maximize ecological goods and services, rotation ages will likely need to
be beyond the culmination age. Moreover, provincial policies may require amendments to
allow for silviculture systems that better reflect natural regeneration pathways in BC’s bo-
real forest. The observed increase in mixedwood total productivity may enhance economic
value when stored carbon has commercial worth [66]. Furthermore, mixedwoods” ability
to mitigate abiotic and biotic risks [35,42] enhances their economic value.

Climate change is projected to have the most significant impact on the western Cana-
dian boreal forest, particularly where it borders the prairies [44]. It has been suggested
that climate change will have a minimum impact on BC’s broadleaf species compared to
conifers [43]. Conifer distribution will change (relocate), while broadleaf distribution will
expand [43]. Therefore, it would be prudent to manage for mixedwoods in northeast BC
until climate change shifts are better described [41]. Additionally, the relationship between
climate change and growth is poorly understood and depends in part on stand composition
and structure [42]. Enhanced carbon storage mitigates climate change impacts [65] and pos-
sibly encourages changes in forest management practices [67]. Mixedwood management
is a beneficial option to promote resilience and mitigate climate change and is possibly a
future additional revenue stream for landowners [67].

Current forest management practices, in addition to the above concerns, also erode
the goods and services for First Nations [36], as documented in their treaties. Mixedwood
attributes and management would better support First Nations’ traditional world view,
while current management practice is incongruent with traditional First Nations’ values
and treaty rights [38]. Current practices may also be inconsistent with the UNDRIP (United
Nations Declaration on the Rights of Indigenous Peoples), which the BC government has
endorsed [39]. First Nations’ values are likely to be a prominent consideration in future
BC forest management decisions and practices. Mixedwood management may facilitate
a new management paradigm. However, a note of caution is warranted. Only three sites
are in this study, but they are typical of significant portions of BC’s boreal forest and are
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widely separated geographically. As we have noted, this approach will not be applicable
everywhere, but it will apply to large portions of the region.

Finally, there may be different ways to assess regeneration success in mixedwoods
and better link it to management objectives. The first requisite step is an understanding
of mixedwoods” ecological complexity [66] and utilizing the professional knowledge of
managers [12,64]. Next, survey results must be directly linked to a productivity metric. The
easiest to measure and link to a growth and yield model specifically for a site is the crop
tree DBH, as shown in Figure 4. With a minimum of two DBH measurements more than
8 years apart, decisions can be made with respect to stand regeneration success and future
stand management actions, such as thinning or competition removal. A minimum of three
surveys would be required with this approach as follows: (i) assessing regeneration two
or three years post-planting to ensure conifer stocking and whether target stocking is met,
with no treatment required; (ii) measuring DBH two or three years after the height-to-DBH
(1.3 m) is reached; and (iii) 8 to 10 years later. Additionally, a range of HDRs that indicate re-
generation success could be developed for the suite of site indices encountered. If accepted,
the method would vary by site and region. However, to be accepted, more data need to be
generated in pilot programs before it can be incorporated into regeneration standards.

5. Conclusions

The sites in this study all indicated that retaining broadleaf species in excess to BC’s
FTG regeneration (stocking) standard had not impacted spruce DBH growth. This raises
the question as to whether the FTG standards are suitable for similar mixedwood stands. In
addition, broadleaf retention has other benefits compared to a pure conifer stand, including
overall increased stand productivity (volume), stand resilience, better ability to acclimate
to future climates, enhanced habitat values and biodiversity, and greater carbon storage.
Furthermore, broadleaf retention provides the goods and services needed to ensure tradi-
tional First Nations’ treaty rights. At sites like ours, broadcast broadleaf removal appears
to be unnecessary, even for conifer-focused forest management.
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