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NOTICE 

This report is an internal Forintek Canada Corp. ("Forintek") document, for release only to Forintek 
members and supporters. This distribution does not constitute publication. The report is not to be 
copied for, or circulated to, persons or parties other than Forintek members and supporters, except with 
the prior permission of Forintek. Also, this report is not to be cited, in whole or in part, unless prior 
permission is secured from Forintek. 

Neither Forintek, nor its members, nor any other persons acting on its behalf, make any warranty, 
express or implied, or assume any legal responsibility or liability for the completeness of any 
information, apparatus, product or process disclosed, or represent that the use of the disclosed 
information would not infringe upon privately owned rights. Any reference in this report to any 
specific commercial product, process or service by tradename, trademark, manufacturer or otherwise 
does not necessarily constitute or imply its endorsement by Forintek or any of its members. 



SUMMARY 

In a previously completed study, lumber obtained from a 95-year old lodgepole pine sample 
representing a final stand density of 700 live stems/hectare (s/ha) was found to have relatively low 
modulus-of-rupture (MOR) and modulus of elasticity (MOE). It was determined that this resulted 
from lower than average basic wood density, and larger than average knot size particularly in large 
diameter trees. It was also determined that average MOR and MOE could be predicted to some 
extent (R̂  > .60) on the basis of tree diameter-at-breast height (d.b.h.) and breast-height average 
basic wood density. 

Before accepting the above results as typical of lodgepole pine of similar age and final stand density, 
it was considered important to compare the relationships between d.b.h. and breast-height wood 
density observed in this 700 s/ha sample with that of trees in open-stand-densities in other regions. 
Average branch size added only marginally to explained variation in the predictive equation, but knot 
size is known to effect limiber strength. Thus a measure of branch size was included in the current 
study plan. Biogeoclimatic zones were chosen as the basis for regional comparisons. 

A minimtmi of 30 trees were selected from open-stand sites in each of die following five 
biogeoclunatic zones: Montane Spruce (MS), Engelmaim Spruce-Subalpine Fir (ESSE), Interior 
Douglas-Fir (IDF), Interior Cedar-Hemlock (ICH) and Sub-Boreal Spruce (SBS). Sampling was 
systematic by d.b.h. to ensure representation of small, medium and large diameter trees. Stem counts 
were made in 1/2(X) ha plots around each sample tree to ensure that samples were indicative of a 
relatively open stand density. Average basic wood density at breast height was determined from two 
pith-to-bark increment cores obtained from each sample tree. The size and height of the largest 
branch in the first 5 m of tree height was measured and recorded. 

Average basic wood density values and estimates of branch size obtained for the five samples in this 
study were compared to the values and estimates obtained from the original 700 s/ha sample site. 
Basic wood density obtained from three of the sites was not significantly different from that of the 
700 s/ha sample. It was significantly higher in one site (ICH) and significantly lower in another 
(ESSF). The higher wood density was possibly the result of a slower growth rate to 30 years 
combined with older average tree age. The significantly lower wood density was attributed to a 
younger average stand age (80 years). Basic wood density showed a consistent relationship with 
d.b.h. in all of the tree samples, tending down as d.b.h. increased. 

There was a less consistent relationship between knot size and d.b.h. but what relationship there was 
would serve to reinforce the effect of differences in wood density on lumber strength and stiffness. 
Average size of the largest knots was smallest in the tree sample where wood density was highest, 
and largest in the sample where wood density was lowest. 

Important lumber strength determining tree characteristics (wood density and knot size) that resulted 
in the low MOE and MOR at the original 700 s/ha sample site were found to be unexceptional when 
compared to trees of similar age and final stand densities in other biogeoclimatic zones. 

Although a slower than average growth rate to 30 years offers a plausible explanation for the higher 
than expected wood density in the ICH sample, further investigation is reconomended. 
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Connrmation of Stand Density Effects On Lodgepole Pine Wood Characteristics 

1.0 INTRODUCTION 

In December 1994 Forintek reported the results of a study which quantified for forest managers the 
effect of differences in final stand density on the tree and wood characteristics of 95 year-old 
lodgepole pine (Pinus contorta Dougl. var. latifolia Engehn.) in the Montane Spruce (MS) 
Biogeoclimatic Zone (BCMOF, 1991) of southeastern British Columbia (Middleton, et al 1994). In 
a two-phase study tree characteristics resulting from three different average stand densities were 
related to lumber yield and grade. 

In Phase I of the study an intensive examination was made of 100 trees selected' to represent an 
average stocking density of 700 live stems/hectare (s/ha). Lumber dryability, stiaictural and 
appearance grades, and strength and stiffness properties were related to stand density, and tree and 
log characteristics. In Phase II, lumber dryability, grade yields and strength properties were obtained 
by d.b.h. class for 120 trees selected in equal number from two nearby stands in the same 
biogeoclimatic zone. These trees were selected to represent average stand densities of 1 lOCi and 1900 
live s/ha. In comparison to these two additional samples, the 700 s/ha sample trees produced lower 
proportions of premiiun structural and appearance grade lumber. More importanfly, with a few size 
and grade exceptions, Ivunber from the 700 s/ha trees generally failed to meet in-grade modulus-of-
rupture (MOR) and modulus-of-elasticity (MOE) standards for the spruce-pine-fu: (S-P-F) market 
group. 

Statistical analysis of lumber bending strength (MOR) and stiffness (MOE) data obtained for 
individual trees in the 700 s/ha sample revealed that mean MOR arid mean MOE of Itunber from a 
given tree could be predicted to some extent (R̂  = .64 and .63 respectively) on the basis of tree size 
(d.b.h.) and weighted average basic wood density (measured at d.b.h.). Because the estimating 
equations for MOR and MOE were based on such fundamental measures as d.b.h. and average 
breast-height wood density, it was felt that meaisuring these attributes in low-stand-density trees in 
other biogeoclimatic regions would provide a good indication of the more general validity of the 
results obtained for the 700 s/ha tree sample. When average knot size was included as an independent 
variable in these estimating equations, it added very little to explained variation (R̂ ) in mean lumber 
MOR and MOE, the effect of knot size being overshadowed by d.b.h. However, it was considered 
important to obtain additional information on the relationship between knot size and d.b.h. in low-
stand-density trees. This report examines relationships between tree d.b.h., wood density and knot 
size in low-stand-density lodgepole pine sites located in five different biogeoclimatic zones of British 
Columbia. 

Trees were selected systematically by d.b.h. class, and the desired average stand density was 
obtained by selecting sample trees on the basis of stem counts made for 1/200 ha plots around 
each sample tree. 



2.0 OBJECTIVE 

To confirm, in other biogeoclimatic zones in the B.C. interior, the results of a regional study of the 
effect of low stand density and associated growth rate on indicators of lodgepole pine wood 
properties - tree size, branch size and wood relative density. 

3.0 METHODS 

3.1 Site Selection 

With the cooperation of B.C. Ministry of Forests, Fletcher Challenge Canada, West Fraser Timber 
and Weyerhaeuser Canada, Forintek identified candidate sites with relatively open stand densities in 
5 other biogeoclimatic zones. Site indices from these stands ranged from 19-25 m at total age 50. 
The target age was 95 years. 

Figure 1 shows the location of the original sampling site in the southeastern corner of B.C. and the 
locations of the additional five sites from which tree samples were obtained. These sites are described 
below: 

Sulphur Springs The origmal 700 s/ha sample site, it was located in the dry cool 
variant of the Montane Spruce (MSdk) biogeoclimatic zone just south 
of Elkford, B.C. in Crestbrook Forest Industries Ltd. Managed Forest 
27. 

Jamieson Creek Located m the dry mild variant of the Montane Spruce (MSdm) 
biogeoclimatic zone approximately 35 km north of Kamloops in the 
Kamloops Timber Supply Area (TSA) and Weyerhaeuser Canada Ltd. 
Tree Farm Licence (TFL) 35. 

Wells Located in the Englemaim Spruce-Subalpine Fir (ESSF) 
biogeoclimatic zone adjacent to Jack of Clubs Lake approximately 2 
km west of Wells on Highway 26 in TFL 52 of the (Juesnel TSA. 

Likely Located in the Interior Douglas-fir (IDF) biogeoclimatic zone south 
west of Likely approximately 5 km norfli of the University of B.C. 
Interior Research Forest. 

Elbow Lake Located in the Interior Cedar-Hemlock (ICH) biogeoclimatic zone 
about 40 km southeast of Horsefly in the Williams Lake TSA. 

Modeste Lake Located in the Sub-Boreal Spruce (SBS) biogeoclimatic zone on the 
west side of the Parsnip Reach of Williston Lake near Mackenzie in 
the Mackenzie TSA. 



3.2 Tree Selection 

Trees were selected systematically by 5 cm d.b.h. classes and by stand density. A minimimi of 30 
trees was selected to cover the range of diameter available on each site. An effort was made to obtain 
at least 10 each of small, mediimi and large trees (in, below and above the 35 cm d.b.h. class). 
Stand density was controlled by recording the number and size (d.b.h.) of live and standing dead 
trees within a 1/200 ha plot around each sample tree. Trees were selected at random with respect 
to Other charaicteristics. A quality cruise was made of each tree including the following 
measurements: d.b.h., height, height to the base of the live crown. Pathological and quality 
indicators were recorded. Trees with severe forks, crooks or sweep were excluded. Where an 
increment core exhibited decay, a substimte tree was selected. 

3.3 Branch Size 

The diameter inside bark of the largest brancĥ  in the first 5 m of tree height was measured with 
calipers, within 2 cm of the tree stem, and recorded to the nearest millimetre. 

3.4 Wood Density 

Two pith-to-bark increment cores, the second at 180° from the first, were taken at breast-height on 
each sample tree to determine age and breast-height wood relative density. Wood basic relative 
density was determined for iimer and outer halves of each increment core using the maximum-
moisture content method. Averiage wood density for each tree was Calculated by weighting the 
density of each core half by the proportion of breast-height area it represented. 

Regression analysis performed on the 700 s/ha tree data revealed that a measurement of the 
largest branch (MA3CK4) in the first 4 meters up the tree was an effective and efficient 
indicator (1) of average branch size'm the merchantable bole (AKT) which in turn has proven 
to be the best indicator of Ivmiber grade potential. An alternative measure considered was that 
of the average size of the four largest branches (MEANL4) within reach at d.b.h. but this 
proved to be a slightly worse indicator (2) of tree average branch size and represents a less 
robust measurement. (An average of the four largest branches in the first 4 meters up the tree 
provides a slight increase in R̂  to .78 but is a much less obtainable,and more costly 
measurement.) 

(1) AKT = 0.05 -I- 0.01 * MAXK4 + 0.04 * DBH = .76 

(2) AKT = 0.04 0.11 * MEANL4 + 0.05 * DBH R̂  = .74 
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4.0 RESULTS AND DISCUSSION 

4.1 Summary Comparison of Tree Samples 

Table 1 provides a summary of sample tree characteristics. The objective here, and throughout the 
report, is to compare the characteristics of 5 samples of low-stand-density, approximately 95 year-old 
trees with those of the original low-density sample (Sulphur Springs). The simmiary comparison 
provides an overview of the six samples. Site information is based on the sample trees and should 
not be construed as representative of the sites in general. Trees were systematically selected to 
provide a sampling of the range of d.b.h. available and to meet the low stand density requirement. 
Conclusions caimot not be based solely upon these summary results. Consideration must be given 
in particular to the differences in d.b.h. distributions. 

Table 1. Straraiary of Sample Site and Sample Tree Characteristics 

Site Location and Biogeoclimatic Zone 

Sulphur 
Springs 
(MS) 

Jamieson 
Creek 
(MS) 

Wells 
(ESSF) 

Likely 
(IDF) 

Elbow 
Lake 
(ICH) 

Modeste 
Lake 
(SBS) 

Site Index at 50 years 19.9 23.2 20.1 24.1 23.9 21.5 

Stand Density' (s/ha) 664 834 861 800 813 840 

Pine Component (% of stems) 91 38 60 60 74 43 

Sample Size (no. of trees) 100 47 36 32 30 30 

Mean Age (years) 95 106 78 117 111 108 

Mean D.b.h, (cm) 30 33 32 35 34 34 

Mean Height (m) 24 28 24 30 30 26 

Mean Branch Size (mm) 25 23 41 32 19 29 

Mean Breast Height Relative 
Density 

.41 .40 .38 .40 .42 .39 

Mean D.b.h. at 15 years (cm) 10 11 14 14 11 13 

Mean D.b.h. at 30 years (cm) 15 18 21 19 16 20 

' Includes live trees > 15 cm d.b.h. 



4.2 Distribution of Sample Trees by D.b.h. 

Table 2 shows distributions of sample trees by d.b.h. class. A greater representation of larger 
diameter trees (> 37.4 cm d.b.h.) was obtained from the five low-stand-density samples in this study 
than from the previous Sulphur Springs sample. Low-stand-density small diameter frees (20 cm 
d.b.h. class) were generally not available, thus the overall average diameter of these study frees was 
larger as illusfrated by the box plots' in Figure 2. 

Table 2. Tree Samples 

Site Location and Biogeoclimatic Zone 

Tree Sulphur Jamieson Wells Likely Elbow Modeste 

D.b.h. 
Class (cm) 

Springs 
(MS) 

Creek 
(MS) 

(ESSF) (IDF) Lake 
(ICH) 

Lake 
(SBS) 

17.5 - 22.4 10 1 - - - -

22.5 - 27.4 30 10 10 4 5 5 

27.5 - 32.4 30 10 11 6 5 5 

32.5 - 37.4 22 10 10 11 10 10 

37.5 - 42.4 7 10 4 7 7 7 

42.5 - 47.4 1 4 1 4 3 3 

47.5 - 52.4 - 2 - - - -

Total 100 47 36 32 30 30 

4.3 Stand Density and Species Composition 

The stand densities previously provided in Table 1 represent a common objective estunate of the 
number of live stems that effectively competed on each site. The densities were arrived by including 
only live frees 15 cm d.b.h. or larger. Stand densities for the five new tree samples are all somewhat 
higher than the stand density at Sulphur Springs. 

' Box plots provide a schematic representation of sample disfributions. The bottom and top 
edges of the boxes indicate 25* and 75* percentiles respectively. The horizontal line within 
the box represents the sample median, and the " + " sign indicates the sample mean. Vertical 
lines extending from the box represent the full range of the data to a maximum of 1.5 times 
the box height (interquartile range). Outliers are depicted as separate points. 
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Figure 3 illustrates means and distributions of live stem counts recorded in the sample plots around 
each sample tree at each location. Although in terms of live tree counts each of the five low-stand-
density tree samples in this study had sample trees that qualified as 400 s/ha, the average total live 
stem counts ranged as high as 1244 s/ha. Nonetheless, in terms of effective competition, it was 
judged that these samples had reasonably similar low-stand-densities. Statistics for stem counts that 
include dead trees, and have different minimum diameters for inclusion of live trees, are provided 
in Appendix I. 

Table 3 compares the species composition recorded for live trees on the sample plots at each 
selection site. Lodgepole pine ranged from a high of 91.0 percent of live stems in the Sulphur 
Springs sample to a low of 38.3 percent in the Jamieson Creek sample. 

Table 3. Sample Plot Species Composition 

Site Location and Biogeoclimatic Zone 

Sulphur Jamieson Wells Likely Elbow Modeste 
Springs Creek (ESSF) (IDF) Lake Lake 
(MS) (MS) (ICH) (SBS) 

N % N % N % N % N % N % 

Lodgepole pine 324 91.0 108 38.3 134 59.8 82 59.9 95 73.6 61 42.7 

Subalpine fir 3 0.8 114 40.4 26 11.6 4 2.9 6 4.7 19 13.3 

White spruce 5 1.4 51 18.1 60 26.8 14 10.2 16 12.4 48 33.6 

Trembling aspen - - 6 2.1 4 1.8 6 4.4 - - 14 9.8 

Douglas-fir 24 6.7 3 1.1 - - 31 22.6 3 2.3 - -

Western red cedar 9 7.0 - -

Paper birch 1 0.7 

Total 356 100 282 100 224 100 137 100 129 100 143 100 

4.4 Tree Ages, Tree Heights and Site Index 

Figure 4 shows the age distribution of all trees in each sample. The oldest trees were located at 
Likely followed by those at Elbow Lake. Trees at Wells were the youngest averaging under 80 years. 

Figure 5 shows tree height distributions for all trees in each tree sample. 

Based as they are on the height of codominent trees only, the site indices that were shown in Table 
1 can be expected to closely match those that would be obtained from random sampling. Site indices 
for the five new tree samples were generally somewhat higher than that of the original Sulphur 
Springs site. Thus, for an equivalent stand density, growth rates could be expected to be faster on 
the new sites. 
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4.5 Comparative Growtli Rates 

Table 4 compares current diameter-at-breast-height and breast-height diameters achieved at 15 and 
30 rings from the pith at breast height for each tree sample. These iimer diameters provide a record 
of initial growth rates for the tree samples, and can be used to infer initial stocking density and stand 
development. (Regardless of the cause of competition, stand models that "grow" trees under the 
influence of competition should be capable of inferring the initial stocking density from growth 
records.) This should reduce the uncertainty of using natural stands to draw inferences about the 
outcome of stand management decisions. 

Tree diameters at 15 and 30 years (breast-height) were generally smallest for the Elbow Lake 
sample. Growth rate for the first 30 years was most rapid for trees in the Wells sample. 

Table 4. Mean Breast Height Diameter at 15 and 30 Years of Age and Outside Bark at Current Age 

Site Lx>cation and Biogeoclimatic Zone 

Sulphur Jamieson Wells Likely Elbow Modeste 
Mean Springs Creek (ESSF) (IDF) Lake Lake 

Tree D.b.h. Diameter (MS) (MS) (ICH) (SBS) 

Class (cm) (cm) Class (cm) (cm) — — ĉ̂ l; 

17.5 - 22.4 15 Years 

30 Years 

6.7 
9.8 

7.2 
9.2 

- - -

Current 19.6 18.1 - - - -
22.5 - 27.4 15 Years 8.9 8.9 11.4 11.4 9.4 9.4 

30 Years 13.2 13.2 16.7 16.2 12.9 14.4 
Current 25.6 24.4 25.6 26.2 26.2 24.6 

27.5 - 32.4 15 Years 10.4 10.2 15.2 11.5 10.3 10.6 
30 Years 15.5 15.4 21.7 16.6 14.4 16.9 
Current 30.0 29.5 30.6 29.4 31.5 29.7 

32.5 - 37.4 15 Years 12.2 11.3 15.6 13.7 10.9 13.4 
30 Years 18.6 17.6 23.5 18.9 15.4 20.7 
Current 35.1 34.7 35.1 34.9 34.0 35.2 

37.5 - 42.4 15 Years 15.3 13.0 16.1 15.1 13.0 14.9 
30 Years 22.2 20.6 24.3 21.3 19.0 22.7 
Current 39.2 39.2 38.6 39.2 39.2 39.7 

42.5 - 47.4 15 Years 14.7 14.2 15.1 16.3 11.4 16.9 
30 Years 23.9 23.9 28.8 23.9 17.4 27.1 
Current 42.7 44.4 42.9 44.1 43.4 44.1 

47.5 - 52.4 15 Years 

30 Years 

Current 
-

16.6 
27.9 
48.5 

-
- . -

-



4.6 Branch Size 

Table 5(a) compares, by tree d.b.h. class, average diameters of the largest branches measured on 
sample trees in this study with averages that were previously obtained for the Sulphur Springs 
sample. The branch diameters are best compared by reference to Figure 6 which shows the largest 
branch in the first 5 m of tree height in relation to tree d.b.h. for each of the five new samples and 
the previous Sulphur Springs sample. Given the same tree size, branches are generally largest in the 
youngest tree samples suggesting that increased growth rate is achieved at the expense of a more 
persistent, and heavier crown. 

Table 5(a). Average Size of Biggest Branch 

Site Location and Biogeoclimatic Zone 

Tree 
D.b.h. 

Class (cm) 

Sulphur 
Springs 
(MS) 

Jamieson 
Creek 
(MS) 

Wells 
(ESSF) 

Likely 
(IDF) 

Elbow 
Lake 
(ICH) 

Modeste 
Lake 
(SBS) Tree 

D.b.h. 
Class (cm) (mm) —-

17.5 - 22.4 14 15 . - - -
22.5 - 27.4 20 16 25 25 15 19 

27.5 - 32.4 25 18 40 26 16 22 

32.5 - 37.4 32 24 50 32 20 29 

37.5 - 42.4 43 26 54 39 25 34 

42.5 - 47.4 30 33 59 34 16 48 

47.5 - 52.4 - 55 - - - -
Sample Mean 25 23 41 32 19 29 



Table 5(b) shows the average heights at which the largest branches were located (for the Sulphur 
Springs sample this information was obtained by reference to diagrams made of each merchantable 
bole). 

Table 5(b). Average Height to Biggest Branch 

Site Location and Biogeoclimatic Zone 

Sulphur Jamieson Wells Likely Elbow Modeste 
Springs Creek (ESSF) (IDF) Lake Lake 
(MS) (MS) (ICH) (SBS) 

D.b.h. 
(MS) (MS) 

(m) 
Class (cm) ^m; 

17.5 - 22.4 2.6 2.4 - - - -

22.5 - 27.4 3.1 3.0 3.5 2.8 2.9 3.7 

27.5 - 32.4 3.1 2.9 2.8 2.8 3.2 3.2 

32.5 - 37.4 3.4 2.9 2.6 2.6 3.9 2.8 

37.5 - 42.4 3.4 2.8 2.6 2.7 3.5 3.1 

42.5 - 47.4 2.2 2.7 1.9 3.0 3.0 3.1 

47.5 - 52.4 - 2.9 - - - -

Sample Mean 3.1 2.9 2.9 2.7 3.4 3.1 
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4.7 Wood Relative Density 

Table 6 shows mean breast-height average basic relative density obtained for the sample trees by 
d.b.h. class and for all trees in each sample. A more revealing comparison is provided in Figure 7 
which illustrates wood density distributions as well as mean values. Wood density values for three 
of the tree samples in this study fall within a similar range as those from Sulphur Springs. Exceptions 
the Elbow Lake sample in which the values are higher (generally at or above the old-growth species 
average of .41), and the Wells sample in which the wood density values are lower. 

Table 6. Breast Height Density by D.b.h. Class 

Site Location and Biogeoclimatic Zone 

Tree D.b.h. 
Class (cm) 

Sulphur 
Springs 
(MS) 

Jamieson 
Creek 
(MS) 

Wells 
(ESSF) 

Likely 
(IDF) 

Elbow 
Lake 
(ICH) 

Modeste 
Lake 
(SBS) 

17.5 - 22.4 .434 .464 - - - -

22.5 - 27.4 .409 .411 .393 .407 .428 .415 

27.5 - 32.4 .414 .390 .373 .400 .421 .395 

32.5 - 37.4 .400 .404 .366 .405 .423 .394 

37.5 - 42.4 .383 .395 .384 .397 .419 .382 

42.5 - 47.4 .403 .398 .374 .390 .413 .364 

47.5 - 52.4 - .396 - - - -

Sample Mean .409 .401 .378 .401 .422 .392 

The higher wood density obtained at Elbow Lake can be attributed most likely to the slower rate-of-
growth in the first 30 years (breast-height age) noted in Table 5. For example, diameter at 30 years 
in trees > 47.4 cm was 6.0 cm smaller than that of any of the other samples. The higher density 
at Elbow Lake might have been attributed also to an older average age of the sample trees, but for 
the fact that an older average age was also recorded for the Likely tree sample (Figure 4), for which 
mean wood density values were below the old-growth species average in all of the d.b.h. classes 
represented (Figure 7). 
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Figure 8 shows that breast-height relative density values generally declined as d.b.h. increased in all 
of the tree samples. Figure 9 shows graphically how the various sample densities compared within 
d.b.h. classes. Except for the Elbow Lake tree sample, the mean basic wood density values for the 
low stand density tree samples obtained in this study fall consistenfly below the old-growth species 
average (.41) for trees 30 cm and larger. For the Wells sample, with average age of less than 80 
years, even trees in the 25 cm d.b.h. class have a mean wood density that falls below the species 
average. Thus, in spite of stand densities which are somewhat higher than that of the Sulphur Springs 
sample, average basic wood density recorded at d.b.h. in these additional low-stand-density samples 
was generally lower, (except for the Elbow Lake sample). Tree d.b.h. measurements recorded for 
30 years breast-height growth provided in Table 3 showed that the Sulphur Springs sample trees 
grew more slowly for that period than all but the Elbow Lake (slower) and the Jamieson Creek 
samples (equivalent). Faster growth rates that occurred in spite of higher stand density can be 
attributed to a higher site index. 

In all of these relatively low-stand-density tree samples there is a significant and common influence 
of tree d.b.h. on basic wood density. A test for heterogeneity of slopes determined that as tree d.b.h. 
increases the rate-of-change in wood basic relative density (the slope of the lines in Figure 8) is 
constant and is not significantly different between tree samples. In other words, the decline in wood 
basic density that occurs as d.b.h. increases is essentially equivalent, regardless of differences in the 
general levels of wood density. These common slopes are illustrated in Figure 10. 

Given the conmion slope, analysis of covariance was used to determine if there was a difference in 
basic wood density between samples that was unrelated to differences in tree size. The Elbow Lake 
tree sample proved to have the highest average basic wood density. Average wood densities for 
several of the other tree samples were significantly lower than that of Elbow Lake, but were not 
significantly different from each other. These samples, ranked in descending order of wood density, 
were as follows: Sulphur Springs, Likely, Jamieson Creek and Modeste Lake. The average wood 
density of the Wells tree sample was significantly lower than that of any other sample. 

In summary, when the effect of tree size was removed fi-om consideration, the average wood 
densities of the following four tree samples were not significantly different: Sulphur Springs, Likely, 
Jamieson Creek and Modeste Lake. The average wood density of the Elbow Lake sample proved to 
be significantly higher than these four samples, and the average wood density of the Wells sample 
proved to be significantly lower. 
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4.8 Lumber Strength Estimates 

An equation"* previously developed from Sulphur Springs data to estimate average limiber MOE 
based on average breast-height basic wood density and tree d.b.h. was now applied to the data 
obtained for the five tree samples in this study. Figure 11 shows how estimated MOE values derived 
for the Sulphur Springs sample compared with the actual test results, and provides MOE estimates 
for each of the oflier tree samples based on the same equation. With the exception of the smallest 
d.b.h. class at Jamieson Creek, Elbow Lake and Modeste Lake, the average MOE values fall below 
the code value for Select Structural lumber (1.52 x 10* psi), and in the larger d.b.h. classes they fall 
below the code value for No. 2 & Better lumber (1.38 x 10* psi). Note that the equation developed 
from the Sulphur Springs data somewhat underestimated actual MOE values for small d.b.h. classes 
and somewhat overestimated mean MOE values in the larger d.b.h. classes. Predicted MOE values 
for sample trees not segregated by size class are shown in Figure 12. 

It was previously observed (in the Sulphur Springs sample) that because knot size and d.b.h. were 
correlated, the addition of knot size to estimating equations based on wood density and d.b.h. added 
little to explained variation in MOR, and was insignificant in estimating MOE. However, in this 
study the relationship between d.b.h. and knot size was not as consistent as the relationship between 
d.b.h. and average wood density. Compared to the Sulphur Springs tree sample, knot sizes were 
smaller in relation to tree d.b.h. in the Jamieson Creek tree sample, and considerably smaller in the 
Elbow Lake sample. In order to investigate the effect of an inconsistent relationship between knot 
size and d.b.h. on predicted MOE, an alternative estimating equation' was derived in which d.b.h. 
was replaced by knot size (as measured by the largest branch in ttie first 5 m of tree height). 

Predicted MOE values based on the alternative estimating equation are illustrated in Figure 13. The 
average MOE values for the Sulphur Springs sample did not change in terms of their relation to S-P-
F code boundaries. However, the values for the Elbow Lake sample with the smallest branch size 
to d.b.h. ratio improved, and now fall on, or for the larger diameter trees, just below the code value 
for Select Structural Ivmaber. Values for the Jamieson Creek sample meet the requirement for No. 
2 & Better lumber. Values for the larger diameter trees in the Modeste Lake and Likely samples do 
not meet that requirement. With the exception of the 25 cm d.b.h. class, values for the Wells tree 
sample remain substantially below the code requirement for No. 2 & Better. 

Measured in terms of R̂ , the original equation based on d.b.h. provided more reliable estimates of 
MOE. 

' MOÊ ean (xlO* psi) = 0.7852 + 2.549 * DENSbh - 0.01269 * DBH R̂  = .63 

5 MOE„ean(xlO* psl) = 0.5139 -f- 2.637 * DENSbh - 0.06321 * KNOT R̂  = .57 
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5.0 CONCLUSIONS 

A search for low-stand-density (600-800 s/ha), good site, 95-year-old lodgepole pine stands in other 
biogeoclimatic zones within B.C. was only partially successful. Sites that were located provided tree 
samples which proved to be of somewhat higher stand density. The samples were also somewhat 
older (average ages 105 -116 years) with the exception of the Wells tree sample which averaged just 
imder 80 years. 

Average wood density at breast height demonstrated a significant and consistent trend toward lower 
values in larger trees consistent with that of the Sulphur Springs sample. With the exception of one 
sample (Elbow Lake, 111 years average age) mean wood density values for d.b.h. classes 30 cm and 
larger fell below the old-growth species average of .41. Although the tree samples obtained in this 
study were older (except for the Wells sample) and had somewhat higher stand densities than the 
Sulphur Springs sample, breast-height wood density for a given d.b.h. was generally lower in all but 
the Elbow Lake sample. Thus, the average wood density values and trends observed for the 
lodgepole pine tree sample at Sulphur Springs are not considered exceptional. 

The branch size to d.b.h. ratios observed at Sulphur Springs fell within the range of those observed 
for the other tree samples and caimot be considered exceptional. Faster grown trees (same d.b.h. on 
younger sites) had considerably larger branches. The smallest branches for any given tree d.b.h. 
class were found in the Elbow Lake sample. The slow diameter growth of these trees in the first 30 
years, however, suggests that the small branches could be due to relatively greater early competition. 

A revised equation for estimating tree mean MOE which substituted an indicator of knot size for 
d.b.h. was a less reliable predictor of mean MOE. It produced higher MOE values, but these 
remained below important code values for trees in the larger d.b.h. classes. 

The results of this study do not provide ideal equivalent comparisons of stand density, tree age or 
growth rates, but they do indicate that key characteristics recorded for trees from the Sulphur Springs 
sample are approximately equivalent to those of four somewhat older tree samples in different 
biogeoclimatic zones or sub-zones. In terms of comparable relationships between d.b.h. and wood 
basic density, and between d.b.h. and knot size, the Jamieson Creek tree sample came closest to 
echoing the Sulphur Springs sample. Both samples were located in different variants of the same 
biogeoclimatic zone (MS). Trees sampled at Elbow Lake (ICH) proved to have higher wood density 
and smaller knots, those sampled at Wells (ESSF) had lower wood density and larger knots. 

The consistent relationship observed between wood basic density and tree d.b.h. provides some 
confidence in the more general application of the Sulphur Springs estimating equations for mean 
MOE and mean MOR which were based on these two variables. The significantly higher average 
wood density observed for the Elbow Lake tree sample results in higher estimates of MOR and 
MOE. The significantly lower average wood density observed for the Wells tree sample results in 
lower estimates. 

Early competition implicit in the slower 30-year initial growth rate observed for the Elbow Lake 
(ICH) tree sample, offers one plausible explanation for its higher average wood density and smaller 
knot sizes, but we caimot rule out the possibility that the higher wood density is the result of zonal 



variation or due to genetic difference. 

It is reason able to assume that the lower wood density and larger knots observed for the Wells 
(ESSF) sample can be attributed to the fact that this sample had the lowest stand density even though, 
at less than 80 years average age, it presimiably had experienced less mortality than the other 
samples. Trees in the Wells sample had the, most rapid growth rate to breast-height age 30. 

Pith-to-bark density profiles were obtained for a low-stand-density (860 total live s/ha), 44 year-old 
sample located near the Wells site. The density trends failed to rise to the species average (See 
Appendix II). This was considered further evidence that, for lodgepole pine on good sites, low stand 
density results in low wood density. 

6.0 RECOMMENDATIONS 

It is recommended that ftirther sampling be imdertaken in the Interior Cedar-Hemlock (ICH) 
biogeoclimatic zone to determine if the higher wood density and smaller branch sizes observed in 
the Elbow Lake sample resulted from the slow 30-year growth rate (a stand effect) or from specific 
zonal growing conditions. Additional samples should target trees closer to 95 years which have 30-
year growth rates which are more comparable to the other tree samples in this study. 

Additional sampling should include an assessment of the comparative influence of early-growth rate 
versus pith-to-bark early wood/latewood proportions in determining breast-height average basic wood 
density in the ICH zone. 
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Stand Density Measurement Statistics 

Tree Type and 
Stand Density (stons/ha) 

Site 
Minunum 
D.b.h.(an) 

No. of 
Trees Mean 

Standard 
Deviation Minimum Maximum 

Airtrees 356 712 243 200 1200 

AUUve 356 712 243 200 1200 

Uve ^ 7.5 356 712 243 200 1200 
Live S 10.0 349 698 228 200 1200 

Live ^ 15.0 332 664 220 200 1200 

Live S: 17.5 316 632 220 200 1200 

All trees 365 1553 701 600 3600 
All live 282 1200 470 400 2600 

Live S 7.5 280 1191 459 400 2600 
Live ^ 10.0 256 1089 402 400 . 2600 

Live S 15.0 196 834 299 400 1800 

Live S: 17.5 171 728 278 200 1600 

All trees 238 1322 469 400 2200 

All live 224 1244 456 400 2000 

Live ^ 7.5 222 1233 447 400 2000 

Live S 10.0 212 1178 411 400 2000 

Live S 15.0 155 861 331 400 1600 

Live S 17.5 130 722 307 200 1200 

All trees 142 888 321 200 1600 

All live 137 856 302 200 1600 

Live ^ 7.5 137 856 302 200 1600 

Live S: 10.0 137 856 302 200 1600 

Live S 15.0 128 800 283 200 1400 

Live S 17.5 122 763 285 200 1200 

All trees 132 880 291 400 1600 

All live 129 860 288 400 1600 

Live S 7.5 129 860 288 400 1600 

Live S 10.0 129 860 288 400 1600 

Live S 15.0 122 813 252 400 1400 

Live ^ 17.5 114 760 219 400 1200 

All trees 147 980 415 400 1800 

All live 143 953 406 400 1800 

Live S 7.5 143 953 406 400 1800 

Live S 10.0 143 953 406 400 1800 

Live S 15.0 126 840 362 400 1800 

Live S 17.5 112 747 340 200 1400 

Sulphur Springs (MS) 

Jamieson Creek (MS) 

Wells (ESSF) 

Likely (IDF) 

Elbow Lake aCH) 

Modeste Lake (SBS) 
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