
Introduction

Mixed second-growth stands of west-
ern hemlock (Tsuga heterophylla) 
(Hw) and Sitka spruce (Picea sitch-
ensis) (Ss) comprise nearly half of 
the timber harvesting land base on 
Haida Gwaii, and are representative 
of other second-growth mesic sites 
within the Coastal Western Hemlock 
(CWH) biogeoclimatic zone in British 
Columbia. Intensive silviculture was 
strongly supported by government-
sponsored forestry programs in the 
980s and 990s. To monitor the ef-
fectiveness of these programs, an 
experiment (EP097) consisting of a 
series of juvenile spacing and fertil-
izer treatments was established on 
Graham Island, B.C. in 99. While 
major policy change has led to a sharp 
decline in intensive silviculture in 
British Columbia and an end to juve-
nile spacing on Haida Gwaii since the 
late 990s, spaced stands are currently 
prioritized for harvest on Moresby 
Island. Given the degree to which 
mid-term Hw/SS stands in the CWH 
are to be relied upon for harvesting, 
results from this long-term 99 study 
can be used to guide local manage-
ment practices. This report documents 
the growth and yield of intensive 
silviculture treatments in naturally 

regenerated mixed Hw/Ss stands after 
9 years, and the future economic ben-
efits of those treatments.

Study Area

The experimental site is located 
at 40−80 m elevation within the 
Coastal Western Hemlock sub-
montane wet hypermaritime 
biogeoclimatic variant (CWHwh) on 
Haida Gwaii, B.C. (Green and Klinka 
994). The site is approximately 4 
km north of the Village of Queen 
Charlotte on Graham Island. The 
stands are naturally regenerated mixes 
of Hw and Ss with minor components 
of western redcedar (Thuja plicata) 
that originated after harvesting in 
966 and 970. The plots are within 
mesic site series 0 (Hw/Ss - Lanky 
moss) with a medium nutrient and 
fresh moisture regime. The site index 
for Hw and Ss is estimated at 30 m 
and 33 m, respectively (de Montigny 
and de Jong 998). The stands were 
approximately 20 years old when the 
experiment was established.

Methods

Experimental design
Five thinning-level treatments and 
two fertilization-level treatments were 
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completed in 99 (Table ). The origi-
nal design was an incomplete factorial 
experiment in a completely random-
ized block design. In our analysis, 
we compiled the data and treated 
the design as a one-way randomized 
block statistical design to maximize 
statistical power. The experiment was 
comprised of eight treatments in total, 
replicated equally over three blocks. 
Each block had a minimum of eight 
plots, each 25 × 25 m (0.0625 ha), with 
0-m buffers between each treatment. 

The thinning treatments consisted 
of a modified thin from below, where-
by Hw and Ss were cut to a thinning 
ratio of 0.8−0.9 (mean diameter of 
stems removed to mean diameter of 
stems before thinning), with a residual 
basal area variation of 5% among plots 
that received the same treatment (de 
Montigny and de Jong 998). All dead, 
damaged, or broadleaf trees were re-
moved. Fertilization was applied in 
the form of prilled urea (49% nitrogen 
[N] at a rate of 250 kg/ha) and triple 
superphosphate (45% P2O5 at a rate of 
0 kg/ha for phosphorus [P]). The fer-
tilizers were pre-weighed and applied 
with a 57 Cyclone spreader along 2.5 m 
wide strips. 

Data and analyses
Measurements were made pre-treat-
ment in 99 and then every 4 or 5 
years post-treatment (i.e., 996, 2000, 
2005, 200). Variables recorded or 
measured included species, diameter 
at breast height (dbh), tree height, 

tree class (healthy, damaged, dead), 
crown class (dominant, co-dominant, 
intermediate, suppressed, understorey, 
veteran), and pest and damage codes. 
In unthinned plots, heights were sub-
sampled for about 50 Ss and 50 Hw 
in each plot from across the diameter 
distribution; nonlinear regressions 
of height versus diameter were used 
to impute missing heights for all 
measurement dates. The Chapman-
Richard function (Ratkowsky 990), 
which uses dbh as an independent 
variable, was chosen as the best mea-
sure of fit for predicting missing tree 
heights.

Volume estimations were based 
on the variable-exponent taper equa-
tions developed by Kozak (988), and 
total stem volume and merchant-
able volume were calculated using 
Newton’s formula (Watt et al. 2005). 
Merchantability limits were set at 
30-cm stump, top diameter of 0-cm 
diameter inside bark (dib), and dbh of 
2.5 cm (FLNRO 2005).

Variables of interest for individual 
and crop trees were growth in diam-
eter, basal area, height, total volume, 
and merchantable volume. Crop trees 
chosen were the largest trees for a 
given measurement year, independent 
of past measurements, with the ac-
knowledgement that crop trees change 
over time. For this study, crop trees 
were defined as the largest-diameter 
healthy 6 trees per plot, which for 
these plot sizes translated into 256 
trees per hectare. Variables of interest 

at the plot level included quadratic 
mean diameter (dbh of a tree of aver-
age basal area), basal area per hectare, 
top height, total volume per hectare, 
and merchantable volume per hectare. 

Statistical software SAS v.9.4 (SAS 
Institute Inc. 203) was used for all 
ANOVA and ANCOVA models. Three 
different variables were analyzed at 
the treatment level for both the en-
tire stand (referred to as stand level) 
and for crop trees: total volume, 
merchantable volume, and quadratic 
mean diameter. The results of the last 
measurement (200) were used to 
test the null hypothesis, which states 
that the treatments had no benefi-
cial effect on tree growth relative to 
volume or diameter. Because all the 
plots were naturally regenerated, 
there was variation in stand densities 
between treatments in 99; there-
fore, pre-treatment volume was used 
as a covariate for all analyses. If the 
pre-treatment volume had a signifi-
cant relationship with the dependent 
variable, then comparisons between 
treatments were made on the adjusted 
means. The MIXED procedure in SAS 
was used, which allowed for linear 
modelling with a specified covariance 
structure. The fixed-effects that were 
accounted for were age (continuous), 
pre-treatment volume (continuous), 
and treatment (eight levels), whereas 
block (three levels) was treated as 
the random effect. Reynolds (204) 
provides detailed description of the 
analysis and models used.

Additional analyses that omitted 
any plots that were not mixed with 
Hw and Ss in 200 were run to test 
whether the pure plots (only Hw) 
were confounding the overall results. 
Specifically, pairwise treatment com-
parisons were conducted for quadratic 
mean diameter, stand-level merchant-
able volume, and stand-level total 

Table 1 Treatment description and codes for EP1097

Thinning treatments Fertilization treatments
T0 = unthinned F0 = unfertilized
T = thinned to 600 stems per hectare F = fertilized with 250 kg/ha N + 
T2 = thinned to 200 stems per hectare   00 kg/ha P
T3 = thinned to 800 stems per hectare
T4 = thinned to 400 stems per hectare

 N. Reynolds. 2014. A 20-year analysis of incremental silviculture in mixed western hemlock−Sitka spruce stands in the Coastal Western Hemlock 
biogeoclimatic zone (CWH). B.C. Min. For., Lands, Nat. Resource Ops., Victoria, B.C. Unpub. rep.
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volume between all treatments in 
200. Pre-treatment volume was used 
as a covariate for each test. While six 
plots were omitted from this sensitiv-
ity analysis, three replications of each 
treatment remained.

Mortality between measurement 
years was calculated by tracking in-
dividual trees by plot. Damage type, 
pathology type, distribution, and di-
ameter class were summarized by plot. 
To test for the difference between the 
mortality of unfertilized and fertilized 
stands, a univariate repeated-mea-
sures analysis was conducted on the 
stems per hectare (sph) between treat-
ments T0F0 and T0F over time. This 
analysis was to determine (a) whether 
the mortality curves between treat-
ments were parallel over time, and 
(b) whether there was a difference be-
tween treatments after averaging over 
the 9 years. 

There was interest in evaluating the 
efficacy of using crop trees in young 
stands as a reliable representation of 
crop trees projected into the future. 
A Pearson correlation coefficient was 
calculated to test whether individual 
trees by plot in 200 were crop trees of 
the same size ranking as those in post-
treatment 99 and 2005. 

Future benefit simulations
Where significant differences be-
tween treatments were identified, 
curves were developed using the Table 
Interpolation Program for Stand 
Yields (TIPSY), version 4.3 (FLNRO 
2008) to project estimated harvest 
dates based on four harvest decision 
criteria. Economic minimum mean 
diameter is commonly used in timber 
supply modelling (Watts et al. 2005) 
to estimate harvest entry. Economic 
minimum mean diameters were esti-
mated at 42 cm for both Ss and Hw. 
This was based on Sutherland (2008), 

who used the estimated diameters of 
47, 42, and 37 cm for sites with good, 
medium, and poor productivity, re-
spectively, calibrated for northern 
tenures in the CWH biogeoclimatic 
zone, for Western Forest Products 
Tree Farm Licence (TFL) 25. However, 
using diameter on its own has been 
criticized as overestimating values for 
spaced stands and underestimating 
values for unspaced stands. Therefore, 
the second estimate for harvest entry 
was based on harvest criteria for sec-
ond-growth Ss and Hw stands that 
were used by Teal Jones Group on TFL 
58 on Haida Gwaii. In this scenario, 
harvest entry occurs when the mini-
mum average diameter is 30 cm and 
the minimum per hectare volume is 
450 m3 (R. Sandberg, pers. comm., 
Mar. 204).2 The last two metrics for 
estimating the earliest date of harvest 
entry and qualifying the best return on 
investment were maximum net present 
value (NPV) and culmination of mean 
annual increment (CMAI) at 95%.

The variables of quadratic mean 
diameter, height, total volume, and 
stems per hectare were plotted by spe-
cies and treatment over time and were 
used to iteratively fit a TIPSY curve to 
match the modelled growth of each 
treatment. TIPSY variables of initial 
stand density and site index were con-
trolled to fit the observed data. Root 
mean squared error was used to evalu-
ate the best fit between the observed 
data and the TIPSY variables. The sub-
sequent harvest ages projected by the 
model with the best fit were analyzed 
using Financial Analysis of ilvicul-
ture Investment and Economic Return 
(FANIER) (FLNRO 203a), a program 
used to perform economic analyses of 
log and lumber yield predictions. The 
analysis reports on NPV and opportu-
nity costs between treatments by using 
localized treatment costs, harvesting 

costs, and coastal log values. Scenarios 
use regional and district costs relevant 
to the treatments at a 4% discount 
rate, and log values derived from the 
FANIER model (constant 2006 dollar 
value). 

Results 

Table 2 provides a summary of de-
scriptive statistics from pre-treatment 
99 to post-treatment 200.

Quadratic mean diameter—stand 
level 
• Quadratic mean diameter (QMD) 

ranged from a low of 7.5 cm 
(T0F0) to a high of 33.7 cm (T4F0). 
Pre-treatment volumes were a 
significant covariate for quadratic 
mean diameter (p = 0.04); therefore, 
all means were adjusted. By 200, 
the adjusted QMDs of T0F and 
TF0 were not significantly differ-
ent from the control, but all other 
treatments were. Table 3 presents 
the adjusted p values for the pair-
wise comparisons. 

• All of the treatments except T0F0, 
T0F, and TF0 showed a higher 
growth rate for the first 5 years after 
thinning/fertilizing, and all had 
larger diameters (Figure ).

• The sensitivity analysis that omitted 
pure plots demonstrated no appre-
ciable statistical differences in QMD 
compared to the analysis when all 
plots were included. 

Tree heights
• In 200, top height in individual 

plots ranged from 9.9 m (T3F0) to 
29. m (T4F0), with a mean of 25.2 
m across all plots. While there was 
a significant interaction between 
pre-treatment heights and treat-
ments, there were no statistically 
significant differences in periodic 

2  R. Sandberg, Operations Forester, Teal Jones Group, Surrey, B.C., pers. comm., Mar. 2014.
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increments or heights of the ad-
justed means for top height trees 
among treatments. 

• The average top height periodic 
annual increment for all plots 
was 0.6 m/yr, with Ss taller in all 
treatments, consistent with SIBEC 
predictions (FLNRO 203b).

Total volume 
• Total volume in 200 varied from 

a high of 664 and 704 m3/ha in 
the unthinned treatments (T0F0 
and T0F, respectively) to a low of 
44 and 408 m3/ha in the heavily 

thinned and unfertilized treatments 
(T3F0 and T4F0, respectively). The 
only treatment volumes that were 
significantly different in 200 were 
T0F and T3F0 (p = 0.04) (Figure 
2).

• The time taken for post-treat-
ment plot volumes to recover to 
pre-treatment volumes varied 
considerably: the most heavily 
thinned and unfertilized treatment 
(T4F0) took nearly 0 years; less 
heavily thinned and/or fertilized 
treatments (T3F, T3F0, T2F0) 
took approximately 5 years; and 

the most lightly thinned and/or 
fertilized treatments (TF, TF0) 
took less than 5 years, even though 
more than 5400 and 4300 sph were 
removed from both treatments, re-
spectively (Figure 2). 

• Growth curves for all treat-
ments were relatively consistent. 
Treatments T0F0, T0F, and TF 
had the steepest initial growth be-
tween 99 and 996, but beyond 
996, both unthinned treatments 
(T0F0, T0F) showed a decline in 
total volume growth rates. TF had 
the most consistent and steep curve 
overall. 

• Pre-treatment volumes were tested 
for interaction with the treatments 
and as a covariate; however, in nei-
ther analysis were they statistically 
significant. 

• The sensitivity analysis demon-
strated no appreciable statistical 
differences in total volume when 
all plots were included versus when 
pure plots were omitted. 

• Total crop tree volume for all treat-
ments varied from 200 to 300 
m3/ha, but there were no significant 
differences among treatments.

• Stand total volume in 200 plotted 
against diameter showed similarity 
in total volume between the con-
trol (T0F0: 664 m3/ ha, SE ± 50.8) 
and the 600 sph thinned and 

Table 2 Descriptive statistics for all treatments for pre-treatment 1991–2010 measurements

Treatment
No. trees  
per hectare

Basal area 
(m2/ha)

dbhqa  
(cm)

Top height 
average (m)

Total volume 
(m3/ha)

Merchantable 
volume (m3/ha) Species composition 

T0F0 5968–3189 41–75 9.5–17.5 14.5–26.0 198–664 83–539 HW72SS28–HW65SS35
T0F1 7195–2581 44–75 8.9–19.2 14.9–27.9 209–703 83–594 HW64SS36–HW51SS49
T1F0 7240–1629 38–59 8.3–21.5 13.4–24.2 164–510 53–449 HW70SS30–HW74SS25CW1
T1F1 6203–1531 44–70 9.5–24.1 13.9–26.3 206–649 87–583 HW74SS26–HW58SS42
T2F0 7861–1200 47–61 9.0–25.6 14.7–26.3 227–577 92–525 HW76SS24–HW57SS43
T3F0 7576–941 38–49 8.3–25.8 13.9–24.1 170–441 62–404 HW67SS33–HW58SS41CW1
T3F1 7397–971 36–54 8.0–27.0 12.0–23.8 148–471 41–432 HW77SS23–HW55SS45
T4F0 6464–491 44–44 9.4–33.7 14.3–24.9 206–408 91–380 HW65SS35–HW53SS46CW1

a Quadratic mean diameter.

Table 3  Pairwise treatment comparisons using the Holm method for quadratic mean 
diameter, showing only statistically significant treatments in 2010. Least 
squared means are adjusted to the average pre-treatment volume to standardize 
for covariate significance. 

Pairwise treatment 
comparisons Standard error t Value Pr > |t|

T0F0 T1F1  0.08  -5.44  0.002
T0F0 T1F0  0.08  -3.71  0.010
T0F0 T2F0  0.08  -5.41  0.002
T0F0 T3F0  0.08  -6.31  < 0.001
T0F0 T3F1  0.09  -5.65  0.001
T0F0 T4F0  0.08  -8.04  < 0.001
T0F1 T3F0  0.13  -2.62  0.039
T0F1 T3F1  0.15  -2.66  0.037
T0F1 T4F0  0.14  -3.74  0.009
T1F0 T4F0  0.09  -3.97  0.007
T1F1 T4F0  0.07  -3.40  0.015

T2F0 T4F0  0.08  -3.35  0.015
T3F0 T4F0  0.07  -2.78  0.032
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fertilized treatment (TF: 649 
m3/ha, SE ± 27.6). While most of 
the thinned stands had significantly 
larger diameter than the two un-
thinned stands, only TF and T2F0 
had similar volumes (Figure 3).

Merchantable volume
• Merchantable volume varied from 

a high of 594 and 584 m3/ha in 
the T0F and TF treatments, re-
spectively, to a low of 404 and 38 
m3/ha in the heavily thinned and 
unfertilized treatments (T3F0 and 
T4F0, respectively). Merchantable 
volume was not significantly dif-
ferent among treatments in 200 
(Figure 2), likely because of the 
high variability of volume in the 
more heavily thinned stands.

• While the thinned stands in 200 
had significantly larger diameters 
than the two unthinned stands 
(except TF0), treatments TF and 
T2F0 were distinct in that they had 
similar volumes as the unthinned 
treatments, which all ranged be-
tween 500 and 600 m3/ha (Figure 4). 

• The average periodic annual incre-
ment (m3/yr) for merchantable 
volume over the 9 years was 23 
m3/ha/yr. The highest was for TF, 
followed by T0F andT2F0 (28, 
27, and 25 m3/ha/yr, respectively); 
however, none of the differences in 
periodic annual increment among 
treatments were significantly differ-
ent. 

• The sensitivity analysis demon-
strated no appreciable statistical 
differences in merchantable volume 
when all plots were included versus 
when pure plots were omitted. 

• Crop tree merchantable volume 
in 200 ranged from 80 to 260 
m3/ha and followed the same pat-
tern as the total and merchantable 
volumes—that is, it was highest in 
the T0F and TF treatments—but 
it was also high in the T4F0 treat-

ment. However, the only significant 
differences were between treat-
ments TF and T4F0 (p = 0.04).

Mortality 
• Mortality in the thinned treatments 

was negligible for the 9 years after 
thinning, whereas mortality in the 
unthinned treatments (T0F0 and 
T0F) continued. Mortality in the 
T0F stands was higher than in the 
T0F0 stands. A univariate repeat-
ed-measures analysis showed that 
mortality increased in fertilized 
stands, and that average mortality 

among treatments was significantly 
different over time.

• The western blackheaded bud-
worm infestation in 2000 affected 
almost 4% of all trees, and was 
relatively evenly distributed across 
treatments. The distribution of the 
affected plots was uneven (some 
plots were affected significantly, 
others were not at all), which sug-
gested that the impact may have 
been a result of the location of 
plots relative to the distribution 
of budworm larvae rather than a 
link between budworm and stems 
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Figure 1 Stand-level quadratic mean diameter by treatment over time.

Figure 2 Total volume by treatments over time at the stand level.
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per hectare. When accounting for 
all plots and all blocks across the 
treatments, there was no trend of 
thinned plots being disproportion-
ately affected.

• In 2000, 687 trees across all treat-
ments were affected by the budworm 
infestation. By 2005, only 4 trees or 
2% had died. While 2 plots had af-
fected trees, trees died in only five 
plots. Mortality in those five plots 
ranged from < % (T0F) to 5.8% 
(one plot of TF0) of all stems. In 
those treatments that were most af-
fected (T3F0 and TF0), average 
mortality was still < %. Therefore, 
while some thinned plots had a 
high proportion of affected trees in 
2000 (as a result of fewer stems per 
hectare), the resulting mortality 
was very minor. 

Crop trees over time
• Crop trees in 200 were not the 

same crop trees as in 99 (post-
treatment). The size ranking for 
these crop trees in 200 and 99 
was poorly correlated (r2 = 0.6), 
which suggests that over the 9 
years, competition between the 
largest trees had changed signifi-
cantly. 

• Only 63% of the crop trees in 99 
were crop trees in 200; the rest 
were spread across a broad range 
of size ranking in relation to other 
plot trees. 

• By 2005, there was a strong correla-
tion between size rankings for crop 
trees (r = 0.90), which suggests that 
there was an establishment of the 
dominant trees as the stands ap-
proached 40 years of age.

 
Future benefits analysis
• The opportunity costs and benefits 

of thinning and fertilizing were 
compared using the untreated con-
trol (T0F0) and TF, the treatment 
in which the volume was apprecia-

bly the same as that in the control 
and in which the quadratic mean 
diameter was significantly larger 
than that of the control. All com-
parisons were made across a range 
of Hw/Ss proportions to account 
for scenarios where western hem-
lock was the predominant species.

• Net present value comparisons 
between treatments based on 
the harvest entry criterion of 
a minimum 42-cm mean di-
ameter averaged across a range 
of Hw/Ss proportions showed 

that, on average, the TF treat-
ment allowed for a harvest entry 6 
years earlier, with an average 40% 
increase in NPV. 

• Net present value comparisons 
between treatments based on a 
harvest entry criterion of a mini-
mum volume of 450 m3/ha and 
minimum mean diameter of 30 cm 
showed that the NPV was consis-
tently higher for non-treated stands 
(T0F0) unless the Ss composition 
was ≥ 70%. While NPV was higher 
for most untreated stands in this 
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Figure 4 Merchantable volume by treatments over time at the stand level.

Figure 3  The relationship between total volume and quadratic mean diameter  
for treatments in 2010.
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scenario, harvest entry remained 
9 years earlier, on average, for the 
TF stands.

• Comparisons between treatments 
of maximum NPV across a range 
of species proportions from 80/20 
to 20/80 Hw/Ss showed that the 
TF had higher NPV for all pro-
portion scenarios except when Hw 
was ≥ 70%. On average, the treated 
stands had harvest entry 6 years 
earlier.

• Comparisons between treatments 
of maximum CMAI across a range 
of species proportions from 80/20 
to 20/80 Hw/Ss showed that the 
TF had higher CMAI for all pro-
portion scenarios except when Hw 
was ≥ 80%. On average, the treated 
stands had harvest entry 8 years 
earlier.

• All four harvest entry analyses 
showed that increases in Ss were as-
sociated with earlier harvest entry 
and higher NPV.

Discussion

While our study showed little to no 
difference in volumes but substantial 
differences in diameters between treat-
ed and untreated stands, some studies 
of pre-commercially thinned young 
Hw stands in the Pacific Northwest 
have shown major increases in volume 
increment rates (Hoyer and Swanzy 
986). Most contemporary studies 
have focussed on the results of com-
mercial thinning (Curtis et al. 2007), 
which have shown negligible differ-
ences in volumes (Graham et al. 985), 
or no difference in merchantable 
growth while increasing average diam-
eter (Hilt et al. 977). While more than 
900 permanent plots were established 
in the Vancouver Forest Region in the 
970s to study the effects of thinning 
and fertilization over a broad range 
of age and stand types (Darling and 
Omule 989), few studies in the Pacific 

Northwest have followed through by 
summarizing the results of pre-com-
mercial thinning in Hw and/or Ss 
stands  over a broad time period. In 
a study of pre-commercially thinned 
stands of Douglas-fir in the CWHxm 
on East Thurlow Island, Omule (985) 
found higher quadratic mean diam-
eter and periodic arithmetic average 
diameter for a variety of thinned 
stands ranging from 250 to 500 sph, 
on medium sites, 7 years post treat-
ment. However, the only treatment 
with marginally greater merchantable 
volume than the control at age 38 
was the 500-sph treatment. Results 
from the Canadian Forest Service’s 
Shawnigan Lake Project similarly 
showed that the highest merchantable 
volumes of Douglas-fir 32 years after 
pre-commercial thinning were from 
treatments that had 33% basal area 
removal (ranging from 284 to 469 
sph)(McWilliams and Therien 996). 
This study also showed that treatments 
(fertilized and thinned stands) had 
higher merchantable volume than the 
controls.

 Our study showed favourable 
investment returns from moderate 
juvenile spacing and fertilization on 
mesic sites on Haida Gwaii. Similar 
results were documented in a review 
of intensive silviculture treatments 
in the 990s (McWilliams and Carter 
997). Concerns that higher growth 
rates may affect wood quality were ad-
dressed in recent studies. For example, 
a study on southeast Alaska’s Prince 
of Wales Island (geographically and 
ecologically close to Haida Gwaii) 
examined wood quality and product 
recovery of Ss and Hw thinned versus 
unthinned stands (Lowell et al. 202). 
Although the thinning treatments 
were more severe (ranging from 269 
to 077 stems per hectare) than in our 
study, there was no difference between 
treatments in value of structural lum-
ber or product recovery, and strength 

(modulus of elasticity) was reduced 
for Ss but not for Hw. Additionally, 
a study of Abies balsamea in eastern 
Canada showed that thinning of 
dense young stands to 500 sph had 
no effect on structural lumber quality 
except for the highest-quality lumber 
grade (select structural), and had a 
2% reduction in modulus of elasticity 
(Zhang et al. 2009). 

If total stand volume together with 
the stand’s quadratic mean diameter 
are used as harvest entry decision 
criteria, then crop trees alone may 
not serve as a useful benchmark for 
testing the efficacy of intensive silvi-
culture. Furthermore, the use of crop 
trees in similar stands may be of little 
value until the stands are much older, 
given the significant competition and 
ensuing changes in dominant trees 
that occur in the early stand develop-
ment stage. While there may be no 
thinning/fertilization effect on crop 
tree volumes and diameters, the crop 
tree indicator may be of little opera-
tional value if it is not being used as a 
decision tool for determining harvest 
entry.

At age 40, these mixed Hw/Ss natu-
rally regenerated stands maintain stand 
volumes and increase diameters from 
moderate thinning (600 sph) and fer-
tilization without unduly jeopardizing 
the health of the stand. In our study, 
the impact of western blackheaded 
budworm outbreaks appears to have 
been localized and spatially driven, and 
mortality of affected trees 5 years later 
was less than 2%. This is comparable to 
recent estimates on Haida Gwaii of 
3.6% mortality due to budworm attack 
(Nealis and Turnquist 200). While 
87 65 ha on Haida Gwaii were affected 
by the cyclical outbreak of the western 
blackheaded budworm in 2009 
(Westfall and Ebata 200), the results 
from this study show that the implica-
tions of mortality may not be major for 
second-growth Hw-leading stands. 
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While timber production is the di-
rect goal of intensive silviculture, and 
the objective of this analysis, other 
derived ecosystem benefits should 
not be overlooked or understudied. 
Stand tending can increase vegeta-
tion response, and, in conjunction 
with rotation age, may improve the 
functionality of wildlife habitat due 
to the creation of a diversified stand 
structure (Greenough and Kurz 996). 
On Haida Gwaii, juvenile spacing 
has been linked to improved habi-
tat for songbirds and Sooty Grouse 
(Dendragapus fuliginosus), a pri-
mary food source for the Northern 
Goshawk (Accipiter gentilis laingi), an 
endemic species at risk.3 Where the 
case can be made for growth and yield 
benefits and a positive financial return 
resulting from intensive silviculture, 
other benefits such as ecological or so-
cial benefits should be included when 
weighing the opportunity costs.

Increasingly, in the era of eco-
system-based management, there is 
pressure to include ecological and 
social well-being as evaluative criteria 
when weighing opportunity costs. 
Therefore, forest managers on the 
coast will benefit from considering 
the effects of juvenile spacing and 
fertilization at a local scale, based 
on empirical stand-level evidence, 
ecological consequences, and social 
objectives. Moderate thinning and 
fertilization is projected to provide 
a positive return on investment and 
earlier harvest entry for mixed stands, 
which may have landscape-level sig-
nificance in an age of mid-term timber 
supply constraints. 

Research and Management 
Implications

The following are current manage-
ment implications and suggested 
further research for mixed, naturally 
regenerated Hw/Ss stands in the CWH 
based on the results of this study:
• Consider implementing moderate 

thinning from below (to 600 sph) 
and fertilization in mesic Hw/Ss 
stands that have less than 70−80% 
Hw composition. This applies to 
stands whose target product objec-
tive is structural grade lumber (not 
highest select grade) and whose 
harvest age criterion is based on 
either a minimum average diam-
eter of ~40 cm, maximum NPV, 
or CMAI. This prescription leads 
to earlier harvest entry and higher 
NPV, even when considering treat-
ment costs.

• Discontinue the use of crop trees as 
a comparative indicator for stand 
characteristics in young stands, 
because dominant crop trees are 
highly variable at early stand devel-
opment stages. Crop trees become 
more reliable indicators by age 
35−40 years for these mixed Hw/Ss 
stands on mesic sites.

• Examine actual scale data in re-
lation to spacing density from 
recently harvested second-growth 
stands in order to determine the 
reliability of using local empirical 
data for volume/value analyses. 

• Continue to consider the effects 
of covariates in future statistical 
analyses of intensive silviculture. In 
this study, pre-treatment volume 
was an important covariate for crop 
tree and quadratic mean diameter 

analysis, whereby means needed to 
be adjusted to account for the ef-
fects of the covariate. 

Literature Cited

British Columbia Ministry of Forests, 
Lands and Natural Resource 
Operations (FLNRO). 2005. 
Provincial logging residue and 
waste measurement procedures 
manual: amendment No.9, 20. 
Revenue Br., Victoria, B.C.

__________. 2008. TIPSY version 4.3. 
For. Anal. Inventory Br., Victoria, 
B.C.

__________. 203a. FANIER. For. 
Anal. Inventory Br., Victoria, B.C.

__________. 203b. Site index 
estimates by site series: 203 ap-
proximation. Res. Br., Victoria, B.C.

Curtis, R., D. DeBell, R. Miller, M. 
Newton, J. St. Clair, and W. Stein. 
2007. Silvicultural research and 
the evolution of forest practices in 
the Douglas-Fir region. U.S. Dep. 
Agric. For. Serv., Portland, Oreg. 
Gen. Tech. Rep. PNW-696.

Darling, L. and S. Omule. 989. 
Extensive studies of fertilizing and 
thinning coastal Douglas-fir and 
western hemlock: an establishment 
report. B.C. Min. For., Res. Br., 
Victoria, B.C.

de Montigny, L. and R. de Jong. 998. 
Effects of thinning and fertilizing 
mixed western hemlock−Sitka 
spruce stands. B.C. Min. For., Res. 
Br., Victoria, B.C.

3  F. Doyle. 2006. Blue grouse breeding habitat on Haida Gwaii. Wildlife Dynamics Consulting. Report for Cascadia Forest Products Ltd., Telkwa, B.C.



9

Graham, J., J. Bell, and F. Herman. 
985. Response of Sitka spruce and 
western hemlock to commercial 
thinning. U.S. Dep. Agric. For. 
Serv., Portland, Oreg. Gen. Tech. 
Rep. PNW-334.

Green, R. and K. Klinka. 994. A field 
guide to site identification and 
interpretation for the Vancouver 
Forest Region. B.C. Min For., 
Victoria, B.C. Land Manag. Handb. 
28. 

Greenough, J. and W.Kurz. 996. Stand 
tending impacts on environmental 
indicators. Can. For. Serv., B.C. 
Min. For., Victoria, B.C.

Hilt, D., F. Herman, and J. Bell. 977. A 
test of commercial thinning on the 
hemlock experimental forest. U.S. 
Dep. Agric. For. Serv., Portland, 
Oreg. Gen. Tech. Rep. PNW-225.

Hoyer, G. and J. Swanzy. 986. Growth 
and yield of western hemlock in the 
Pacific Northwest following thin-
ning near the time of initial crown 
closing. U.S. Dep. Agric. For. Serv., 
Portland, Oreg. Gen. Tech. Rep. 
PNW-365.

Kozak, A. 988. A variable-exponent 
taper equation. Can. J. For. Res., 
8:363–368.

Lowell, E., P. Dykstra, and R. 
Monserud. 202. Evaluating effects 
of thinning on wood quality in 
southeast Alaska. West. J. Appl. For. 
27(2):72−83.

McWilliams, E. and R. Carter. 997. 
Silviculture investment opportuni-
ties: a methodology for identifying 
key decision variables. For. Renewal 
BC, Victoria, B.C.

McWilliams, E. and G. Therien. 996. 
Fertilization and thinning effects 
on a Douglas-fir ecosystem at 
Shawnigan Lake: 24-year growth 
response. Can. For. Serv., B.C. Min. 
For., Victoria, B.C.

Nealis, V. and R. Turnquist. 200. 
Impact and recovery of western 
hemlock following disturbances by 
forestry and insect defoliation. For. 
Ecol. Manag. 260(5):699−706.

Omule, S. 985. Response of coastal 
Douglas-fir to pre-commercial 
thinning on a medium site in 
British Columbia. B.C. Min. For., 
Victoria, B.C. Res. Note 00.

__________. 988. Growth and yield 
32 years after commercially thin-
ning 56-year-old western hemlock. 
B.C. Min. For., Res. Br., Victoria, 
B.C.

Ratkowsky, D.A. 990. Handbook 
of nonlinear regression models. 
Marcel Dekker, New York, N.Y.

SAS Institute Inc. 203. SAS® 9.4 user’s 
guide. Cary, N.C.

Sutherland, C. 2008. Tree Farm 
Licence 25, Western Forest 
Products. Rational for allowable  
annual cut (AAC) determina-
tion. B.C. Min. For., Lands, Nat. 
Resource Ops., Victoria, B.C.

Watts, S. and L. Tolland (editors). 
2005. Forestry handbook for British 
Columbia, 5th ed. UBC Press, 
Vancouver, B.C.

Westfall, J. and T. Ebata. 200. 200 
summary of forest health condi-
tions in British Columbia. B.C. 
Min. For., Lands, Mines, For. Pract. 
Investment Br., Victoria, B.C.

Zhang, S., G. Chauret, and Q. Tong. 
2009. Impact of precommercial 
thinning on tree growth, lumber re-
covery and lumber quality in Abies 
balsamea. Scandinavian J. For. Res. 
24:425−433.

The use of trade, firm, or corporation names in this publication is for the information and
convenience of the reader. Such use does not constitute an official endorsement or approval by
the Government of British Columbia of any product or service to the exclusion of others that
may also be suitable. This Extension Note should be regarded as technical background only.
Uniform Resource Locators (URLs), addresses, and contact information contained in this
document are current at the time of printing unless otherwise noted.

Citation
Reynolds, N. and L. de Montigny. 2015. A 20-year analysis of incremental silviculture in mixed west-
ern hemlock–Sitka spruce stands in the Coastal Western Hemlock biogeoclimatic zone. Prov. B.C., 
Victoria, B.C. Exten. Note 114. www.for.gov.bc.ca/hfd/pubs/Docs/En/En114.htm


