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Historically, forest management in
British Columbia has focussed on the
production of merchantable conifers
planted predominantly in monoculture
stands. Current and future challenges for
British Columbia forest management
include the mid-term timber supply
shortage caused in part by numerous
natural disturbances. Paper birch (Betula
papyrifera Marsh.) and other broadleaf
species present a possible solution to sup
plement volume loss and both alleviate
the mid-term tin1ber supply shortage and
establish mixedwood stands capable of
withstanding natural disturbances.
Paper birch is found throughout
British Columbia in pure and mixed
stands. Paper birch is a pioneer species
that establishes quickly following large
scale disturbances such as wildfire or
logging. Its ability to regenerate at high
densities leads to strong intraspecific
competition, and early and intense self
thinning influences crown development.
In British Columbia's Interior Cedar
Hemlock (ICH) forests, paper birch can
dominate early stand succession (Peter
son et al. 1997).
Paper birch ranks highly as a nurse
crop species as its canopy transmits
more light to the understorey than other
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deciduous species (Perala and Alm 1990).
In British Columbia, particularly in the
ICH, paper birch could be used as a nurse
crop to facilitate growth of naturally
regenerating and economically appeal
ing conifer species, such as Douglas-fir
(Pseudotsuga menziesii [Mirb.] Franco),
interior spruce (Picea engelmannii Parry
x glauca [Moench] Voss), western
redcedar (Thuja plicata D. Don.), and
western hemlock (Tsuga heterophylla)
without inhibiting early growth (Simard
and Hannam 2000). Management of
paper birch stand densities could be
used to influence species diversity and
natural regeneration by altering the
amount of sunlight that reaches below
the canopy.
This Extension Note provides a
summary of recently published results
from a long-term experiment designed
to follow paper birch response to thin
ning (Leclerc 2019). The objective was
to assess the effect of pre-commercial
thinning on the growth of paper birch
and the diversity of the naturally regen
erated understorey of paper birch leading
stands.

Study Sites
In

1991,

1089.02

the experimental project (EP)
was established to explore the

long-term effects of thinning naturally
regenerated, even-aged paper birch
stands. Four study sites (Burton Creek,
Barnes Creek, Eagle Bay, and Lee Creek)
were located in the interior of British
Columbia, within 100 km of Salmon
Arm (Simard et al. 2004). However,
the Burton Creek site was not measured
in 2016 and not included in this analysis.
The experimental sites are located
in the moist, warm subzone of the ICH
biogeoclimatic zone (ICHmw) (Meiding
er and Pojar 1991). The ICH is described
as the "Interior wet-belt" with cool, wet
winters coupled with moderate to high
snowfall and warm, moderately dry
swnmers. The soils are classified either
as Humo-Ferric Podzols or as Dystric
Brunisols.
The original stands on these sites
were clearcut, mechanically site pre
pared, and slash piled and burned
(Simard et al. 2004). Regeneration of
the birch stands was from both seed
and sprout. The age of the stands at
the time of thinning in the spring of
1991 ranged from 9 to 13 years (Table 1).
Slope ranged from 5 to 30% and ele
vation from 650 to 850 m. Individual
tree data were not available for the
stands prior to thinning, therefore the
closest representation of the stand pre
thinning could be derived from the
1991 post-thinning measurements in
the control plots. The nwnber of stems/
ha ranged from 13137 to 24610 (Table 1).
At the Lee Creek site, the pure paper
birch stands consisted of 84% paper
birch in basal area/ha, while Eagle Bay

TABLE 1

and Barnes Creek had 72% and 65%
basal area/ha of paper birch, respectively
(Table 1). Stands that underwent thin
ning were converted to pure paper birch
stands.
Experimental Design

The birch stands at the three sites were
thinned during June and July 1991 and
subsequently measured five times over
a 25-year period: the fall of 1991 (fol
lowing thinning), 1993, 1996, 2002, and
2016. Thinning was applied to ensure
uniform spacing and to leave only pa
per birch trees that met the following
criteria: present in the dominant or
co-dominant crown class, of seed ori
gin, healthy, and with a straight stem
(Simard et al. 2004).
At each of the sites, 12 plots of 75
m x 75 m (0.56 ha) were established
with internal measurement plots of 35
m x 35 m (0.12 ha) and a 20-111 buffer to
eliminate edge effects. Three thinning
treatments were applied to achieve
approximate densities of 3 ooo (Trt3000),
1000 (Trt1000), and 400 (Trt400) stems/
ha. These treatments and untreated
control plots were randomly located
and replicated three times in a random
ized complete block design on each
site. Experimental plots were blocked
based on their location on the slope:
lower, mid, and upper slope. In 2016,
only one replicate per site from the
control was measured due to budget
consh·aints (n = 30; prior to 2016, n = 36).

Methods

From 1991 to 2002, all trees over 1.3 m in
height were tagged and measured for
height and diameter at breast height
(dbh), and were assessed for damage
according to the Growth and Yield
Standards and Procedmes (Ministry of
Forests 2003). In 2016, untagged ingress
trees � 4 cm in dbh were added to the
inventory and all trees> 1.3 m height
( < 4 cm dbh) were tallied within the
entire 0.12-ha measurement plots. Height
was measured for every live tree within
the thinned treatments; however, in
the control plots, a subset of 100 trees
was randomly selected. A Chapman
Richards function was used in a non
linear mixed model to estimate heights.
The tree volume was calculated using
volwne equations derived from inventmy
data (Marshall and LeMay 2005).
Growth analysis was performed
using two subsets of trees. A subset
consisting of the tallest 250 stems/ha
of paper birch was selected to analyze
average height, dbh, and volume. A
subset consisting of trees � 4 cm in dbh
that were alive throughout the 25-year
period was selected to complete a
stand-level growth analysis. Height,
basal area/ha, and volume/ha were
analyzed at the stand level.
Shannon-Weiner (uncertainty),
Simpson's diversity (abundance), and
tree species count (richness) were
used as part of an analysis of tree
species diversity indices.

Site description of three experimental sites in the interior of British Columbia, in the ICHmw subzone, in the untreated control plots
post-thinning, in the fall of 1991 (Simard et al. 2004). Standard deviation in brackets.

Barnes Creek
Lee Creek
Eagle Bay

Slope

(%)

Elevation
(m)

5-10
10-20
10- 30

700
850
650

Aspect

SE
SE
N

Stand age
(years)

Site index
(m)•

Stand density
(stems/ha)

Basal area
(m2/ha)

Paper birch
proportion of
stand basal area(%)

13
12
9

19.7
20.3
22.0

14 770 (2 721)
24 610 (6175)
1 3 1 37 (2 545)

5. 31 (0.56)
8.54 (1.7 3)
3.1 9 (0.8 3)

65
84
72

a Site index based on s-year top-height increments found in Simard et al. 2004 (Table 1) using site index curves from Nigh et al. 2009.
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Analysis

An analysis of variance (AN OVA) was
used to assess significant differences
between unthinned and thinned stands
for growth, yield, and understorey di
versity. A pairwise comparison (with
Bonferroni correction) was used when
significant differences were found among
treatments. To test the null hyp othesis
of no difference among treatments, a
significance level of p � 0.05 was used.
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Basal Area and Volume
As expected, with increasing thinning
intensity, stand-level basal area/ha and
volume/ha were reduced (Figure 1)
(significant treatment differences were
noted from 1991 to 2002; see Leclerc
2019). However, in 2016, treatment
differences were not statistically signifi
cant even though the control consis
tently had the highest basal area/ha
(p = 0.1864) and volume/ha (p = 0.3133;
Table 2; Figure 1). Stand volumes in
the control plots were comparable to
those found in 30-year-old unmanaged
birch stands in Alaska and Ontario
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Results and Discussion

Although not statistically significant,
stand-level height was greater in thinned
treatments than in the control 25 years
after thinning (p = 0.1759, Table 2) with
Trt400 2016 stand height 1.9 m taller than
those in the control (Figure 1). How
ever, average height of the tallest 250
stems/ha was significantly taller in the
thinned treatments compared with the
unthinned controls (p < 0.0001). In 2016,
average tree heights of the tallest 250
stems/ha in Trt, 000 trees were signifi
cantly taller than those in Trt400, Trs 000,
and the control (Table 3; Figure 2).
Spacing does not commonly influence
height (Rytter and Werner 2007) even
though it can occur (Baldwin et al.
2000). It is possible that the trees bene
fited from increased nutrient availability
as a result of thinning at these lower
productivity sites (Sharma et al. 2006).
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FIGURE 1

Stand-level (.e 4 cm dbh)
treatment response over 25 years
for height, basal area/ha, and
volume/ha.
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FIGURE 2

Tallest 250 stems/ha treatment
response over 25 years for height,
diameter at breast height (dbh),
and volume.
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FIGURE 4
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Mean number of ingrowth stems/ha by species for Barnes Creek, Eagle Bay, and Lee Creek in 2016, which was 25 years post-thinning.

A 2016 photo of treatment
Trt400 at 25 years post
treatment at the Barnes Creek
site. Note the presence of a well
developed conifer understorey.

Conclusions

(

400

The 25-year post-thinning results indi
cated that pre-commercial thinning of
paper birch leading stands promoted
growth of the tallest 250 stems/ha and
tree species diversity. Increased thinning
intensity was found to significantly
increase average diameter and volume
growth of the tallest 250 stems/ha. At

the stand level, increased thinning
intensity significantly reduced stand
volume in the first decade (1991-2002),
but by year 25 , the apparent treatment
differences were found not to be signifi
cant.
Even though higher diversity values
were found with increasing thinning
intensity, statistical differences were
not found. Thinning promoted the
understorey establishment of a mix
of shade-tolerant and shade-intolerant
tree species at increasingly higher densi
ties (Figure 3).
Birch diameter and height-growth
trajectories suggested a decreased in
growth after year 2002 (age 20). Age
related decline in paper birch growth
may be related to species-dependent
productivity characteristics and long
term stand dynamics. Comparisons
with other birch studies, such as downy
birch (Betula pubescens (Ehrh.)), sug
gest culmination ages of 15-30 years
(Nieuwenhuis and Barrett 2002).
The results from this long-term
study suggest value in pre-commercially
thinning paper birch stands to 1 ooo
stems/ha. At this density, increased tree
diameter and volume growth will
occur while not compromising stand
volume for merchantability. Addition
ally, paper birch thinned to 1000 stems/
ha as a nurse crop encouraged diverse

understorey regeneration to establish at
high densities. Continued assessment of
this long-term study will help determine
the effect of paper birch as a nurse crop
on the development of ingrowth and
species diversity. More detail on this
study can be found in Leclerc (2019).
Management Implications

Results to date suggest that thinning
paper birch leading stands to 1 ooo
stems/ha will provide the best choice
to promote diameter and volume growth
of the tallest 250 stems/ha without
reducing stand volume. Thinning paper
birch leading stands to 1 ooo stems/ha
may also promote diverse conifer
ingrowth at densities and species com
position similar to those found at 400
stems/ha. Thinning to 3 ooo stems/ha
(Figure 5) and the unthinned control
resulted in notably less ingrowth.
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