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ABSTRACT

The effects of thinning 53-year-old, fire-origin lodgepole pine (Pinus contorta Dougl.
var. latifolia Engelm.) are reported 46 years after treatment. Five thinning treatments
plus unthinned controls were established in plots in the Montane Spruce biogeo-
climatic zone in southeastern British Columbia. Although tree-size responses were
substantial in relative terms, the absolute responses to thinning were small. On an
area basis, the response to thinning can be substantial, particularly when the net
periodic annual increment of the thinned plots is compared to that of the un-
thinned controls. During the 46-year observation period, the plots were attacked by
mountain pine beetle (Dendroctonus ponderosae Hopkins), and the results of the
study tend to support the theory that heavy thinning may help to beetle-proof
lodgepole pine stands.
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2.1 Site and Stand
Description

1 INTRODUCTION

Lodgepole pine (Pinus contorta Dougl. var. latifolia Engelm.) characteristi-
cally regenerates in extremely dense stands following fire, and this excessive
stand density subsequently retards or prevents the production of large indi-
vidual trees. The obvious solution is to thin these overly dense stands to a
level of growing stock that will maximize the overall productivity of the
stand for a particular site. Although thinning research in lodgepole pine has
a long and varied history, most of the research has focused on young stands,
where the largest responses are anticipated. The results of much of this ear-
lier research have previously been reviewed and summarized by Cole (1975),
Johnstone (1985), Johnstone and Cole (1988), and Stone (1996). However,
there is an interest in thinning older, intermediate-aged stands in order to
ensure the attainment of merchantable-tree sizes, to enhance the value of the
final crop (through increased log sizes), to improve stand vigour (thereby
reducing the risk of pest losses), or to enhance non-timber resource values
such as wildlife habitat. This report discusses the effects, 46 years after treat-
ment in 1952/53, of the thinning of a 53-year-old lodgepole pine stand grow-
ing in southeastern British Columbia.

2 METHODS

This study is located at an elevation of 1050 m, on a gently sloping bench
adjacent to the Kootenay River, approximately 30 km north-northeast of
Canal Flats in the Invermere Forest District (Figure 1). This site (50° 24' N,
115° 39' W) is ecologically classified as being in the Dry Cool Montane Spruce
(MSdk) biogeoclimatic subzone (Braumandl and Curran 1992). Some of the
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FIGURE 1 Location and plot layout maps for Experimental Projects 384 and 385.




2.2 Study Design and
Establishment

plots are in the Interior spruce — Soopolallie — Grouseberry (01) site series,
and the remaining plots are in the moister Interior spruce — Soopolallie —
Snowberry (05) site series. The soil is a moderately well-drained, silty to silty-
clay loam, and is classified as a Gleyed Brunisolic Gray Luvisol, with a rooting
depth of 8 cm. The moisture regime is classified as mesic to subhygric, and
the nutrient regime is classed as rich. Based on the 1953 data, the average
lodgepole pine site index of the study area is 16.7 m (top height at 50 years
breast high), but varied from 13.7 to 19.1 m among plots.' It is a predomi-
nantly even-aged lodgepole pine stand, which regenerated naturally after a
fire in 1895. The stand also contains variable components of western larch
(Larix occidentalis Nutt.) veterans in the overstory, and Engelmann spruce
(Picea engelmannii Parry), subalpine fir (Abies lasiocarpa (Hook.) Nutt.), and
Douglas-fir (Pseudotsuga menziesii var. glauca (Bessin) Franco) in the under-
story. At the time of study establishment in 1952, the average total age of the
lodgepole pine was 53 years. Stand conditions at study establishment are
presented in Appendices 1 and 4. From 1980 to 1983, the stand came under
severe attack by mountain pine beetle (Dendroctonus ponderosae Hopkins),
and high mortality of pine was observed in some of the plots.

The study area was divided into two blocks (Experimental Projects 384 and
385). Each block was divided into six treatment plots, which varied in size
depending on the treatment, but were large enough to accommodate a mea-
surement sub-plot with a 15.24-m (50-foot) surrounding buffer (Table 1). The
B.C. Forest Service’s 1947 yield tables® were used to determine the normal
stocking of a stand of this age (53 years) and site quality (site index 70 @ 8o
years total age). The thinning treatments, defined by the number of main
crop stems expressed as a percentage of normal stocking, were carried out by
experienced axmen during the winter of 1952/53. Healthy larch trees were
favoured over healthy pine in the thinning operation. Existing records do not
explain how the treatments were assigned to the plots, but it does not appear
to have been a random assignment.

TABLE 1 Plot and treatment specifications

Treatment prescription

Treatment Treatment  Measurement 9% normal Actual
no. plot size plot size yield Appr. spacing  trees/ha
0 0.36 ha 0.04 ha No thinning 4868
(0.900 ac.) (0.1 ac.)

1 0.50 ha 0.08 ha 100 2.13 m 2898
(1.225 ac.) (0.2 ac.) (7 feet)

2 0.50 ha 0.08 ha 80 244 m 2218
(1.225 ac.) (0.2 ac.) (8 feet)

3 0.50 ha 0.08 ha 60 2.90 m 1884
(1.225 ac.) (0.2 ac.) (9.5 feet)

4 0.82 ha 0.20 ha 40 3.66 m 1325
(2.025 ac.) (0.5ac.) (12 feet)
(2.025 ac.) (1.0 ac.) (16 feet)

1 J.W. Goudie, Biometrician, Growth and Yield, B.C. Min. For., Res. Br., Victoria, B.C., pers.
comm., Oct. 2000.

2 These tables were originally distributed in mimeographed form, and were published by

Smithers (1961).




2.3 Measurement and
Compilation

2.4 Analyses

All living trees taller than 1.37 m (4.5 feet) were tagged and measured prior
to the 1953 growing season. At that time, the diameter at breast height outside
bark (dbhob) and condition of all tagged trees were recorded, and a
sub-sample of approximately 10% of the tagged trees was measured for
height. In addition, a survey was conducted to determine the amount of fir,
spruce, and balsam regeneration, less than 1.37 m tall, present in each plot.
The plots were remeasured in the springs of 1958 and 1984, and the falls of
1963, 1968, 1973, 1978, 1988, 1993, and 1998. Height measurements were not
taken in 1984. Additional, non-measurement surveys were carried out during
the falls of 1980, 1981, and 1982 to determine to extent to which the tagged
trees were being attacked by the mountain pine beetle.

Height-diameter equations were derived to estimate the heights of those
trees for which only diameter was measured. Because the number of meas-
ured heights was insufficient to produce reliable height equations for some
species, some grouping of data was necessary. For each assessment period,
separate height-diameter equations were derived as follows:

e pine—data combined from both replications of each treatment;
e larch—data combined from all treatments; and
o other—fir, spruce, and balsam data combined from all treatments.

In the absence of height data for 1984, individual tree heights for that
assessment were determined by interpolating between the heights of 1978
and 1988.

Mean-tree and per-hectare stand values of each plot were calculated for each
measurement period based on the values® of living trees that were tagged at
study establishment. Because the species composition was highly variable
among plots within blocks, and between plots within treatments (Appendix
3), the data were analyzed in two species groups: (1) all species combined, and
(2) pine only. Furthermore, data from acceptable sample trees were sorted
and analyzed according to two stand components: (1) whole stand, and (2)
“crop trees” (the equivalent of the 200 largest [dbhob] trees per hectare after
46 years). Unless otherwise noted, per-hectare values are net values (i.e., ex-
clude mortality and ingrowth), and were determined for each plot by multi-
plying the mean value of the tagged trees by the appropriate stand density of
the plot. Mean-tree and per-hectare stand values from both blocks were aver-
aged to provide the treatment values shown in this report.

Statistical analyses of the results observed in this study were not under-
taken for a variety of reasons. There is uncertainty about how the treatments
were assigned, and concerns about the uniformity of their application
(Appendix 1). Furthermore, there was substantial heterogeneity, both be-
tween blocks and among plots within blocks, with respect to stand structure
(Appendix 2), site productivity (Appendix 3), and species composition
(Appendix 4). Of particular concern is the degree to which the results may
have been affected by the presence of large larch trees that varied consider-
ably throughout the study area (Appendices 2 and 4). Finally, the results of
this study were greatly affected by the beetle attack, which varied in intensity
throughout the study area.

Volumes are inside-bark volumes calculated from Kozak’s taper functions. Merchantable
volume is the bole volume between a 30-cm stump and a 10-cm dib (diameter inside bark)
top for all trees 12.5 cm dbhob and larger.




3 RESULTS

3.1 Individual-tree 3.1.1 Tree diameter Figure 2 shows the effect of the thinning treatments on

Values mean dbh over the 46-year response period. As expected, mean dbh of all spe-
cies generally increased with thinning intensity and, after 46 years, the diameter
of the trees in the heaviest thinning (Treatment 5) are approximately 47%
larger than those in the unthinned controls (Treatment o). Similar results were
observed if only pine is considered; however, the intermediate level of thinning
(Treatment 3) grew more slowly than the unthinned stand, and the mean dbh
of the heaviest thinning was only 37% higher than that of the control.

3.1.2 Tree height The effect of thinning on mean height (Figure 3) was
far less dramatic than its effect on mean dbh. It appears that the heaviest
thinnings (Treatments 4 and 5) resulted in very modest height gains. The
reason for the slight decline in the mean height of the unthinned controls
during the last measurement period is unclear, but may be due either to
mortality in some of the taller trees in these plots, or to the small number of
height-diameter trees available for measurement at the last assessment.
Although inconclusive, the results in Appendix 3 suggest that, during the
last 46 years, the trees in the more heavily thinned plots were able to main-
tain a higher rate of top height growth (the height growth of the 100 largest
dbhob trees/hectare) than the trees in the control and in the most lightly

thinned plots.
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FIGURE 2 Diameter development following thinning for all species combined and for pine only.
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3.1.3 Tree volume The combined effects of thinning on diameter and height
are best expressed in terms of individual-tree volume (Figures 4 and 5). For
all species, thinning resulted in larger and, presumably, more valuable trees.
The trees in the widest spacing (Treatment 5) were 123% larger, in terms of
total volume, than those in the controls (Treatment o). For pine only, the
trees in Treatment 5 contained 96% more total volume, on average, than the
trees in the unthinned plots. These differences are even larger if individual-
tree, merchantable volumes (bole volume of trees 12.5 cm dbhob and larger,
between a 30-cm stump and a 10-cm dib top) are compared. In that compari-
son, the mean trees in Treatment 5 were 146% and 115% larger than in the un-
thinned plots for the all-species and pine-only components, respectively.

3.2 Stand Values 3.2.1 Survival The results in Figure 6 show the change in the levels of
growing stock of the plots over the last 46 years. The distribution of the
1998 growing stock, by diameter class, is shown in Appendix 5. High and
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FIGURE 4 Individual-tree total and merchantable volume development following thinning for all species combined.
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FIGURE 5 Individual-tree total and merchantable volume development following thinning for pine only.

All species Pine only
—-—TR1----TR2-- --TR 3= TR4——TR5——TRO —-—TRT1----TR2-- --TR 3 - TR4——TR5——TRO
5000 5000
4000 4000
£ 30001 £ 30001
= 5
8 20001 g
= 20001.. (= 20001
1000 1 1000 1
0 0
0 10 20 30 40 0 10 20 30 40
Years after thinning Years after thinning

FIGURE 6 Stand density following thinning for all species combined and for pine only.




% survival
w
o

25

consistent mortality of the pine component in the unthinned plots (Figures 7
and 8), which varied from a low of 9.3% between 1973 and 1978 to a high of
26.5% between 1978 and 1984, has reduced the stand density of the controls to
below that of the most lightly thinned plots (Figure 6). The high mortality
immediately following treatment, observed in the most heavily thinned plots
(Treatments 4 and 5), was due to snow press. Mortality in Treatments 4 and 5
stabilized at low levels thereafter. High (greater than 100) height-diameter
ratios (slenderness coefficients), particularly at wide spacings, indicate a high
susceptibility to wind and snow damage (Wilson and Oliver 2000). The re-
sults (Figure 9) show that, at the time of thinning, these ratios were very high
and, except for the heaviest thinnings, have remained high since treatment.
The decline in the ratios of the unthinned plots is a result of the trees” adjust-
ments following high mortality.

The very high rates of mortality observed in all treatments between 1978
and 1984 (26—31 years after thinning) were due to the mountain pine beetle
outbreak. Figure 7 provides a comparison of pine survival in Block 384,
which, in general, had a much lower pine component than Block 385 (Appen-
dix 3). These results show a much lower rate of pine mortality in Block 385
compared to Block 384 over all treatments, suggesting that a certain level of
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—-—TR1----TR2 -- --TR3-+-TR4 ——TR5 —TR O —-—TR1----TR2 -- --TR3-+~-TR4 ——TR5 —TR 0
100
751 ST
= : .
2 BRI N
z e
501 AT
“v T ~~
X
25 1
0
0 10 20 30 40 0 10 20 30 40
Years after thinning Years after thinning

FIGURE 7 Survival (% of number of trees at establishment) of lodgepole pine following thinning, by block and
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pine growing stock is required to maintain the beetle population during

the outbreak. These results also show that, in both blocks, the most heavily
thinned plots had substantially higher rates of pine survival. A comparison
of the diameter and diameter growth of the trees that were killed during the
outbreak with those that survived failed to show any conclusive relationship
between tree size and mortality, or between tree vigour and mortality. It
should be noted that, as with all of the results shown in this report, the pres-
entation of treatment means masks much of the variation observed in the
mean-tree and per-hectare response variables. For example, during the 1978—
1984 period, mortality in Treatment 5 of Block 384 was 38.0% compared to
0.0% for the same treatment in Block 385, resulting in the a 19.0% periodic
mortality rate for Treatment 5. The results (Figure 8) suggest that the beetle
outbreak began prior to 1978 in Treatment 2 of Block 384, which accounts for
the high mortality shown for Treatment 2 during the period 1973-1978. The
higher rate of mortality in all treatments after 1983 compared to before the
outbreak suggests that many of the trees that survived the initial beetle attack
may have eventually died because of their weakened condition. Despite this
high mortality, pine still remains a major component of the species composi-
tion of most of the plots (Appendix 3).

3.2.2 Stand basal area As can be seen in Figure 10, the thinned plots were
accumulating basal area at a faster rate than the unthinned plots prior to the
mountain pine beetle attack. However, because of the attack, it is not possible
to predict when, if ever, the more heavily thinned plots would attain levels of
basal area similar to those of the unthinned plots. Currently, only the two
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FIGURE 10 Stand basal area following thinning for all species combined and for pine only.




heaviest thinnings (Treatments 4 and 5) support basal areas higher than their
pre-outbreak basal areas. The important contribution of species other than
pine can be seen by comparing graphs for all species with those for pine only.

3.2.3 Stand volume As expected, the total volume response to treatment
(Figures 11 and 12) was similar to that observed for basal area. With the ex-
ception of Treatment 3, all of the thinnings have a stand total volume equal to
or higher than the unthinned controls, if all species are considered. If only
the pine component is considered, the two lightest thinnings (Treatments 1
and 2) have equal or higher standing total volumes after 46 years. Tables 2
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FIGURE 11 Stand total and merchantable volume following thinning for all species combined.
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FIGURE 12 Stand total and merchantable volume following thinning for pine only.

TABLE 2 Net and gross increments in stand total volume (m?/ha) for all species
combined

Treatments

Measurements 0 1 2 3 4 5

1952 total volume after thinning  235.29 185.33 13497 92.68 71.39  56.59

1997 total volume* 277.44 396.63 343.57 260.76 338.45 282.41
Net increment 1952-1997* 42.15 211.30 208.60 168.08 267.06 225.82
Net periodic annual increment 0.92 4.59 4.53 3.65 5.81 491
Mortality 1952-1997 275.84 147.45 184.52 151.39  65.12 55.33
Gross increment 1952-1997° 317.99 358.75 393.12 319.47 332.18 281.15

Gross periodic annual increment 6.91 7.80 8.55 6.95 7.22 6.11

a Excludes mortality and ingrowth.
b Includes mortality, but excludes ingrowth.




and 3 show the net and gross periodic increments for stand total volume of
the thinned and unthinned plots for all species and for pine only, respec-
tively. These results indicate the degree to which thinning increased the net
periodic annual increment of the plots, and the degree to which most of the
gross increment in the unthinned plots was lost to mortality. A comparison
of the net and gross periodic increments in merchantable volume (Tables 4
and 5) indicates that only roughly half of the gross growth of the unthinned

TABLE 3 Net and gross increments in stand total volume (m3/ha) for pine only

Treatments

Measurements 0 1 2 3 4 5

1952 total volume after thinning 229.86 152.35 124.55 68.89 5573  36.84
1997 total volume® 256.19 309.50 260.00 152.86 220.78 172.56
Net increment 1952-1997° 26.33  157.15 135.45 83.97 165.05 135.72
Net periodic annual increment 0.57 3.42 2.94 1.83 3.59 2.95
Mortality 1952-1997 274.04 133.14 179.39 146.95 56.46  41.46
Gross increment 1952-1997° 300.37 290.29 314.84 230.92 211.51 177.18
Gross periodic annual increment  6.53 6.31 6.84 5.02 4.82 3.85

a Excludes mortality and ingrowth.
b Includes mortality, but excludes ingrowth.

TABLE 4 Net and gross increments in stand merchantable volume (m?/ha) for all

species combined

Treatments
Measurements 0 1 2 3 4 5
1952 merchantable volume after ~ 75.68 81.71 52.14 2546 2225 25.52
thinning
1997 merchantable volume® 232.82 347.61 306.62 227.82 304.94 262.39
Net increment 1952—-1997° 157.14 265.90 254.48 202.36 282.69 236.87
Net periodic annual increment 3.42 5.78 5.53 4.40 6.15 5.15
Mortality 1952-1997 144.16 81.94 13453 111.14 49.05 44.45
Gross increment 1952-1997° 301.30 347.84 389.01 313.50 331.74 281.32
Gross periodic annual increment 6.55 7.56 8.46 6.82 7.21 6.12
a Excludes mortality and ingrowth.
b Includes mortality, but excludes ingrowth.
TABLE 5 Net and gross increments in stand merchantable volume (m?/ha)
for pine only
Treatments
Measurements 0 1 2 3 4 5
1952 merchantable volume after
thinning 75.43 53.23 4741 9.40 14.34 11.63
1997 merchantable volume® 216.50 273.81 232.37 132.06 201.63 160.62
Net increment 1952-1997° 141.07 220.58 184.96 122.66 187.29 148.99
Net periodic annual increment 3.07 4.80 4.02 2.67 4.07 3.24
Mortality 1952-1997 144.16  69.20 132.49 107.79 42.14 3291
Gross increment 1952—-1997° 285.23 289.78 317.45 230.45 229.43 181.90
Gross periodic annual increment 6.20 6.30 6.90 5.01 4.99 3.95

a Excludes mortality and ingrowth.
b Includes mortality, but excludes ingrowth.




3.3 Crop-tree Values

stand is available for harvest compared to more than 80% in the most heavily
thinned plots. A more comprehensive comparison of net and gross total and
merchantable volume increments over the 46-year period is presented in
Appendices 6—9. The devastating effects of the beetle outbreak on these vari-
ables are clearly shown.

Direct comparisons of individual-tree size between thinned and unthinned
plots can be misleading because the thinning, particularly when done from
below, removes the smaller trees and thereby directly increases the mean tree
sizes of the thinned plots. The results presented in Table 6 provide a direct
comparison among treatments that is limited to the 200 largest (dbh) trees/
ha in each plot. When all species are considered, all of the thinning treat-
ments produced larger trees than the unthinned plots, and the increase in
size was usually directly related to thinning intensity. With the exception of
Treatment 3, this pattern generally holds true if only lodgepole pine is com-
pared, but the between-treatment differences are marginal.

TABLE 6 Mean-tree and per-hectare crop-tree (largest 200 trees/ha) characteristics,
for all species and for pine only, 46 years after study establishment

Treatment
Characteristic 0 1 2 3 4 5
All species:
dbhob (cm) 25.0 28.9 29.3 28.1 29.8 32.3
Height (m) 24.1 26.1 26.2 25.5 26.2 26.8
Total volume / tree (dm?) 0.53 0.73 0.76 0.67 0.76 0.90
Crop-tree basal area (m*/ha) 9.9 13.5 13.9 13.2 14.3 16.9

Crop-tree total volume (m’/ha) 1057 146.7 152.0 1347 151.9 180.5
Crop-tree merch. volume (m’/ha) 98.1 137.9 1429 126.1 142.8 170.5

Pine only:
dbhob (cm) 246 249 260 214 253 267
Height (m) 23.8 24.7 25.2 22.0 24.5 24.5
Total volume / tree (dm?) 0.53 0.56 0.63 0.39 0.58 0.65
Crop-tree basal area (m*/ha) 9.7 9.9 10.8 7.4 10.2 11.6

Crop-tree total volume (m’/ha) 105.7 112.4 125.8 77.1 115.4 130.5
Crop-tree merch. volume (m’/ha) 98.1 1057 117.8 70.0 107.7 122.3

4 DISCUSSION AND CONCLUSIONS

The presentation of treatment means in this report has masked much of the
variation observed in the tree and stand responses to the various thinning
treatments. Nevertheless, the results of this study demonstrate that older
lodgepole pine will respond positively to thinning. On an individual-tree
basis, if all trees are considered, the largest responses were observed in bole
diameter and volume, but thinning had little or no effect on height. Although
the tree-size responses were substantial in relative terms, the absolute re-
sponses were small because the growth capability of these older trees is lim-
ited. If limited to the 200 largest crop trees/ha, the individual-tree treatment
differences can be substantial if all species are considered, but marginal if
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only pine is compared. Furthermore, the thinning intensities tested in this
study were relatively light compared to present-day standards, and a more
dramatic response would probably have occurred had heavier intensities
been tested. The results observed in this study are similar to the responses
reported for similarly aged stands by Dahms (1971).

The results of this study also demonstrate that the response to thinning
can be substantial when considered on an area basis. The most notable result
is the degree to which thinning increased the net periodic annual increment
of the treated plots compared to the unthinned controls. In terms of total
volume, thinning increased the net increment for all species from almost 300
to more than 500%, and for the pine-only component from more than 200 to
more than 500% compared to the controls. The gains in merchantable vol-
ume were much more modest. The increment gains due to thinning were
mainly the result of lower mortality losses in the thinned plots compared to
the unthinned plots, and were greatly affected by the beetle attack. Although
the most heavily thinned plots experienced relatively higher mortality, due to
snow press immediately after treatment, they had the lowest rates of mortal-
ity thereafter compared to the lightly thinned and unthinned plots. The dem-
onstrated ability of the trees in the most heavily thinned plots to survive and
respond positively following the mountain pine beetle outbreak lends sup-
port to the theory that heavy thinning may help to beetle-proof lodgepole
pine stands (Mitchell et al. 1983). The study also demonstrates the advantages
of maintaining and encouraging species diversity, particularly in areas with a
high potential for pest outbreaks. The decision to thin older lodgepole pine
stands will depend upon the consideration of a number of factors, including
the current and anticipated timber supply and market situations, the avail-
ability of capital and labour, the threat of damaging agents, and the potential
economic and biological responses to thinning. The present study has pro-
vided some detailed information on the last factor.

This trial provides 46 years of remeasurement data, which is the oldest set
of permanent sample plot data for thinned lodgepole pine in British Colum-
bia. The trial suffers from a number of problems that make a comprehensive,
statistical analysis of the results virtually impossible. Variations, both within
and among treatments, in site and stand conditions (particularly with respect
to species composition and pre-treatment stand density), and the failure to
carry out the thinning treatments in a uniform and quantifiable manner,
have plagued this study since its establishment. Nevertheless, although the
study may have limitations from a growth and yield research point of view, it
may provide some very timely opportunities for examining the accumulation
of coarse woody debris, and for studying successional pathways in the Mon-
tane Spruce biogeoclimatic zone.
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APPENDIX 1 Stand characteristics after thinning in 1952/53

Block Treatment No. stems

Arith. avg. Mean height

Basal area Total volume

no. no. (/ha) dbh (cm) (m) (m?*/ha) (m*/ha)
384 0 5659 8.2 11.82 34.59 220.20
1 2941 9.0 11.23 25.41 166.64

2 2755 8.8 11.65 19.21 120.90

3 1816 9.1 10.63 15.14 89.43

4 1147 10.4 12.63 11.09 68.88

5 823 11.0 12.53 9.89 66.30

385 0 4077 10.3 13.29 37.20 250.39
1 2854 10.6 12.82 28.68 204.42

2 1680 11.7 14.20 20.17 149.04

3 1952 10.0 11.82 16.19 95.92

4 1502 8.7 10.46 11.39 73.89

5 684 10.9 13.04 7.05 46.88

Mean 0 4868 9.3 12.56 35.90 235.30
1 2898 9.8 12.03 27.05 185.53

2 2218 10.3 12.93 19.69 134.97

3 1884 9.6 11.23 15.67 92.68

4 1325 9.6 11.55 11.24 71.39

5 754 11.0 12.79 8.47 56.59
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APPENDIX 3 Percent pine composition and top height, by block and plot, at

study establishment (1953) and after 46 growing seasons (1998)

Block Treatment % pine of stand basal area Top height (m)

no. no. 1953 1998 change 1953 1998 change

384 0 96.1 91.6 4.5 17.8 23.7 5.9

1 64.8 51.5 13.3 15.1 22.5 7.4

2 89.2 65.5 23.7 16.3 25.4 9.1

3 53.2 25.1 28.1 12.9 21.7 8.8

4 58.1 39.4 18.7 14.7 24.4 9.7

5 51.0 36.5 14.5 15.6 23.9 8.3

Mean 68.7 51.6 17.1 15.4 23.6 8.2

385 0 97.6 90.2 7.4 16.4 24.8 8.4

1 98.3 86.6 11.7 18.5 26.8 8.3

2 92.1 75.7 16.4 17.7 27.0 9.3

3 97.8 95.3 2.5 15.7 25.8 10.1

4 93.3 77.5 15.8 15.8 25.7 9.9

5 82.7 75.1 7.6 16.4 26.9 10.5

Mean 93.6 83.4 10.2 16.8 26.2 9.4

Mean 0 96.8 90.9 5.9 17.1 24.3 7.2

1 81.5 69.1 12.5 16.8 24.7 7.9

2 90.6 70.6 20.0 17.0 26.2 9.2

3 75.5 60.2 15.3 14.3 23.8 9.5

4 75.7 58.4 17.3 15.3 25.1 9.8

5 66.8 55.8 11.0 16.0 25.4 9.4

Overall mean 81.2 67.5 13.7 16.1 249 8.8

APPENDIX 4 Number of sample trees, by species and plot, after thinning
in 1952/53

Block Treatment

no. no. Pine Larch Balsam Fir Spruce Total

384 0 211 17 0 1 0 229
1 193 18 0 24 3 238
2 185 24 0 7 7 223
3 97 32 0 9 9 147
4 154 65 0 5 8 232
5 202 79 0 8 44 333

385 0 160 5 0 0 0 165
1 198 2 0 0 31 231
2 120 6 0 0 10 136
3 155 2 0 1 0 158
4 208 5 1 0 90 304
5 219 27 1 6 24 277
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APPENDIX 6 Gross and net total volume periodic annual increment (p.a.i.)

following thinning for all species combined
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APPENDIX 7 Gross and net total volume periodic annual increment (p.a.i.)

following thinning for pine only
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APPENDIX 8 Gross and net merchantable volume periodic annual increment

(p.a.i.) following thinning for all species combined
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APPENDIX 9 Gross and net merchantable volume periodic annual increment

(p.a.i.) following thinning for pine only
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