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Abstract 
C<»iim^ial thinning at a relatively young age will result in changes not only to log size but to 
wood quality as well. One important change in the thinnings will be the increased proportion 
of juvenile wood relative to mature wood. In westem hemlock (Tsuga heterophylla (Raf) 
Sarg.), where the difference in wood density between juvenile wood and mature wood is 
relatively large, a hî ier proportion of juvenile wood can result in reduced lumber strength and 
lower pulp yields. Anodier change will be seen after thiiming in the remaining standing trees; 
late-release growth pattem changes in terms of grain. 

The present report summarizes the results of X-ray densitometric analysis of 50-year-old 
western hemlock trees thinned from 1656 and 956 stems/ha plots, and amabilis fir (Abies 
amabilis (Dougl.) Forbes) from the 956 stems/ha plot. Results were compared to old-growth 
refCTOice data, and to a recently completed basic wood properties study of 90-year-old westem 
hemlock (Jozsa et al., 1997). 

Increasing stand densities in westem hemlock do not automatically result in lower juvenile wood 
contait at stump height This study found that early growth to age 15 produced identical stump 
diameters (13.2 cm in both Plots), but growtii slowed from age 16-50 to such an extent that less 
mature wood was laid down in die 1656 stems/ha plot than in the 956 stems/ha plot (78.9 and 
82.3%, respectively). Since both westem hemlock plots produced nearly identical wood density 
(0.46 and 0.47) at stump height, the more open 956 stems/ha plot wood is preferred from the 
harvesting and manufacturing perspectives because of greater efficiencies of larger stem sizes, 
and lower juvenile wood content. 

The data base generated in tiiis study on 50-year-old westem hemlock and amabiUs fir fills one 
knowledge gap about the second-growth resource. The fact that both species produced high 
relative density wood at age 50, equalling old-growth standards, is very important from the 
wood utilization perspective, particularly as we move from harvesting old-growth to increasing 
harvests of second-growth stands. 

Further work should be undertaken on similar aged westem hemlock and amabilis fir stands, 
utilizing more intaisive sampling along the bole, to confmn yields, differences in stem size, and 
differences in stem-wood relative density. 
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Objective 

The primary objective of this project is to evaluate the harvesting productivities and costs of 
applying cable yarding systems to commercially thin 50-year-old second-growth western 
hemlock/amabihs fir stands on north Vancouver Island. 

Seamdaiy objectives include wood quality assessment of the harvested 50-year-old stems, and 
conqjaring results with 90-year-old second-growth data and old-growth reference data in terms 
of wood relative density. 

Introduction 

The history of forest management in B.C. involves many decades of constmctive evolution of 
forest practices and accumulation of knowledge. Past practices were appropriate to the economic 
and social conditions and biological knowledge that existed when they were first adopted. For 
example, in the 1950's many foresters saw commercial thiiming as the wave of the fiiture. 
Unfortunately, markets for small material were poor, and thirming was far less profitable than 
harvesting the remaining old-growth. In subsequent decades there was also a shift to shorter 
rotations; 40-50 years on good coastal sites. This was just another reason why foresters lost 
intraest in commCTcial tiiinning. They found earlier harvest profitable. But the most recent phase 
of large clearcuts and short rotations are seen by some as a political and social disaster Recent 
years also saw die rising influence of public input about forest management. This new influence 
ofioi m ĥasizes environmental, recreational, and aesthetic values over utiUtarian timber values. 
A variety of management changes can assist in addressing these problems. They include a shift 
to extended rotations on some portion of the landbase, combined with increased use of 
commercial thinnings, and a shift to regeneration systems other than clearcuts. 

Ccanmercial thinning at a relatively young age will result in changes not only to log size but to 
wood quality as well. One important change in the thinnings will be the increased proportion 
of juvenile wood relative to mature wood. In westem hemlock (Tsuga heterophylla (Raf) 
Sarg.), where the difference in wood density between juvenile wood and mature wood is 
relatively large, a hî er proportion of juvenile wood can result in reduced lumber sti-ength and 
lower pulp yields. Anodier change will be seen after thinning in the remaining standing trees; 
late-release growth pattem changes in terms of grain. 

The present report summarizes the results of X-ray densitometric analysis of 50-year-old 
westem hemlock trees thinned from 1656 and 956 stems/ha plots, and amabilis fir (Abies 
amabilis (Dougl.) Forbes) from the 956 stems/ha plot. Results were compared to old-growth 
reference data, and to a recently completed basic wood properties study of 90-year-old westem 
hemlock (Jozsa er. al., 1997). 
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Methods 

With the cooperation of Feric and MacMillan Bloedel Limited, thirty 50-year-old westem 
hemlock tree stimips were sampled at each of two plots (Plots 2 and 5) at Port McNeill. In 
addition, 30 amabilis fir tree stumps were sampled at Plot 5. This sampling scheme was used 
for two reasons; first, not to interfere with Feric's study, and second,' in order not to damage the 
high-value butt logs. 

Sampling plots were selected to represent 956 (Plot 5) and 1656 (Plot 2) stems/ha stand 
densities. Samples were obtained after commercial thinning, but before yarding. Three to five 
centimetre-thick disks were cut with a chainsaw at or just below stump height (20-30 cm above 
groimd). Permanent Sample Plot (PSP) cruise information data were used to select 
representative tree samples in terms of diameter distribution. Table 1 lists the summary of PSP 
characteristics. Figure 1 shows the diameter at breast height (DBH, 1.3 m above ground) 
distribution and species composition for the two plots. Because of the high number of amabihs 
fu- trees (39.4%) in Plot 5, sample material was also obtained for this species. 

Table 1 Port McNeil Permanent Sample Plot Data Compilation Summary 

Plot 
No. 

Trees/ha 
No. 

BA/ha Vol/ha 
Aver 
LC.R. 

% 
Aver 

Ht/Dia/R. 
Site Ind 

HW 

Site 
Productivity 

m'/ha/yr 
DBH 
cm 

Plot 2 1656 69.3 871.5 21.1 124.2 31 17.4 25.0 
Plots 956 84.1 1150.4 30.2 101.8 33 23.0 32.4 

Excessive lobing and root-flare was noted, particularly in the larger westem hemlock trees. 
Amabilis fir trees showed litde root flare. Figure 2 presents a photographic record of the stump 
samples. This figure also shows the sampling radii, where two sub-samples were cut fi-om pith-
to-bark fi-om each disk, measuring about 5x5 mm. An effort was made to avoid compression 
wood and lobe-associated distorted grain, whenever possible. 

the air-dried 5-mm-thick subsamples were cut to a uniform thickness of 1.57 mm on a twin-
blade saw. The surfaced samples were extracted in a Soxhlet apparatus in alcohol-cyclohexene 
(1:2 by volume) for 24 hours and in hot water for another 24 hours. The extractive-firee radial 
strips were marked with calendar-year dates and the starting position for pith-to-bark x-ray 
scanning. The usual starting position was at die end of the first or second ring fi-om the pith. 190 
radial subsamples were scanned on Forintek's computerized Direct Reading X-Ray 
Densitometer to obtain ring width and ring density data. Ring width components were measured 
with a resolution of 0.0254 mm (0.001 in.). Wood density values were expressed on a green 
volume and oven-dry weight basis (basic relative density). Disk densities were calculated 
by the weighted basal area of each ring. Yearly average ring densities and intra-ring density 
profiles were examined fi-om pith-to-bark. More detailed descriptions of x-ray densitometry 
techniques have been published by Parker et.al. (1980), Jozsa and Myronuk (1986), and Jozsa 
et. al (1987). 
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Figure 1 Species composition and DBH distribution in Plots 2 and 5. 









In this study the first 15 years of growth was classified as juvenile wood on account of fibril 
angle, fibre lengdi and chemical composition (Jozsa and Middleton, 1994). Mature wood was 
that portion of the stump-height disk after age 15 where high-density wood (0.43 for westem 
hemlock, and 0.39 for amabihs fir) was laid down by the tree. These arbitrary demarkation 
points are 0.01 density imit greater than the old-growth reference values for these two species. 
Growth rates were related to wood relative density by comparing stump disk densities with 
stump diameters. 

Results and Discussion 

Table 2 and Figures 3 and 4 summarize the results of x-ray densitometric measurements 
conducted on stump disks of 50-year-old westem hemlock and amabilis fir. Table 2 shows pith 
years, and the volume-weighted average stump disk densities for individual trees. Plot averages, 
standard deviations, and coefficient of variations. Average stump disk densities of 0.47 and 
0.46, for Plots 2 and 5 respectively, compare equitably to the average stump disk density of 0.46 
in 90-year-old westem hemlock (Jozsa et.al., 1997). The variabiUty of 7-8% in this sample of 
50-year-old second-growth westem hemlock stumps is similar to the norm reported for old-
growth westem hemlock timber; 10% coefficient of variation (Haygreen and Bowyer, 1989). 

Table 2a also shows that there were some "infill" westem hemlock trees. Eight in Plot 2 and 4 
in Plot 5. These infill trees regenCTated about 10 years after general stand establishment in 1946. 
Among the 30 amabiUs fu- tree samples only one infill tree occiured, however, there were 13 
"residuals". In other words, the residual trees were aheady well estabUshed at the time of 
logging in the mid 1940's. Analyzing the data by excluding the infill and the residual trees did 
not diange die avwage disk density, standard deviation, and coefficient of variation (Table 2b). 

Figure 3 shows average ring density trends from pith-to-bark for both species. For westem 
hemlock the general trend is a declining one from the pith (about 1945) to about age 15-20 
(dating to 1960-1965). The minimum average ring density trend is 0.45 for Plot 2, and 0.44 for 
Plot 5. A gradual increase in ring density is evident from age 20 to 50 for trees in both plots. 
Figure 3 also presents yearly average ring density trends for amabiUs fir. Pith-associated core-
wood (dating to 1945) has about the same high-density wood as westem hemlock, 0.50. The 
declining trend from the pith is steeper than in westem hemlock, reaching a minimum ring 
density of 0.39 between age 15-20 (1960-1965). From this low point average ring density 
increases to 0.48 by age 50 (1996). 

In both westem hemlock and amabilis fir stump samples, average yearly ring density values 
surpass old-growtii avoage values of 0.42 and 0.38, respectively. Therefore, these two species 
produced mature wood at sbaap height in terms of wood relative density from age 16 to 50. For 
westem hemlock stump samples the juvenile wood content (the fu-st 15 years of growtii) by 
basal area was 21.1% and 17.7% for Plots 2 and 5, respectively. It is noteworthy diat Plot 2 
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with 1656 stems/ha had more juvenile wood than the more open Plot 5 with 956 stems/ha. This 
is a most interesting "anomaly" from a silviculturaUst's perspective because the more open 
environments are supposed to produce more juvenile wood On the average, yes, they do. In this 
stu<fy, however. Plot 2 tree growth slowed down more from age 16 to 50, than did the Plot 5 
trees. For the amabiUs fir, stump samples contained 22.4% juvenile wood by basal area. This 
includes the 13 advanced regeneration trees' innermost suppressed growth (about 3.85 cm 
diameter, with 9 to 47 years of growth). 

Figure 4 shows pith-to-bark average ring width trends. For the first 20 years of growth (1946-
1965) there is very litde change in ring width in aU three samples. Westem hemlock from Plot 
2 and 5 produced on the average about 4.2 and 4.5 mm wide rings, respectively. For the same 
time interval amabilis fir shows a sU^dy increasing ring-width trend, averaging about 3.3 mm. 
From age 20 (1965) to age 50 (1996) a rapidly declining exponential growth trend is evident 
in all three samples. Furthermore, in the last five years of growth the samples produced about 
1.3 mm wide rings. Growth rates do have an impact on potential lumber grades. According to 
current NLGA (National Lumber Grading Authority) grading rules, "close grain" has 6 or more 
rings per inch, which translates to 4.23 mm or narrower rings. The top grade in vertical grain 
(VG) Door Stock requires at least 8 rings per inch, or 3.18 mm maximum ring width. 

Intra-ring density profile sximmaries are presented in Figure 5. Each profile represents 30 stump 
cross sections, 2 radii, and 50 years of growth; 3,000 annual rings. Figure 5 a shows intra-ring 
density data and average ring widtii. Plot 5 westem hemlock trees have wider rings than the Plot 
2 trees, 3.22 mm compared with 2.88 mm, respectively. Figure 5b shows the same data with 
standardized ring width, facilitating equatable comparison in terms of density range and 
earlywood-latewood distribution. Plot 2 westem hemlock stump samples had 0.39 minimum 
ring density, while Plot 5 stump samples had a very similar 0.375 minimum ring density. In both 
samples maximum ring density was 0.59. Plot 5 trees had 29.9% latewood (that portion of the 
ring where relative density was >0.54), and Plot 2 trees had 33.8% latewood by width. 

Amabilis fir tree stump samples from Plot 5 had 2.45 mm wide rings (Figure 5a). This is 24% 
narrowCT than the accompanying westem hemlock trees from Plot 5, partially because amabiUs 
fir trees have more cyUndrical stems and less root flare. Figure 5b shows that the average intra-
ring density profile of amabilis fir ranges between a minimum of 0.32 and the maximum of 0.58 
relative density, and the ring contains 22.0% latewood by width. 

Figure 6 shows western hemlock stump disk density comparison to five different stands of 90-
year-old trees, whose average stamp disk density was 0.46 (Jozsa et.al.,\991). Therefore, these 
50-year-old trees with 0.46 and 0.47 relative density at stump height already match the 90-year-
old trees. 

Figure 7 conq)ares average ring density trends from pith-to-bark widi the above mentioned 90-
year-old ti-ees. Aldiough this present work analyzed only stump samples, we can conclude that 
high stand-density westem hemlock forests produce high relative density wood. Furthermore, 
because of early crown recession (die-back of the lowest branches at the base of live crown) the 
pCTiod of low density wood production (usually between age 10-30, near the pith) is shortened. 
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Growth rate and relative density relationships were investigated by comparing stmnp disk 
diameters with stump sample densities, and the results are shown in Figure 8. From the 
statistical point of view, a weak relationship was found. For the Plot 2 trees the coefficient of 
determination (r̂  was 0.21, however, viben the 8 infill trees were removed fi-om the comparison 

increased to 0.25. For the Plot 5 westem hemlock 30 samples r̂  was 0.17; by removing only 
five infill trees v̂ iiich were less than 41 years of age, the coefficient of determination increased 
to 0.39 (Figure 8). For amabilis fir, with 13 advance regeneration trees removed fi-om the 
sample, r̂  was 0.30; with all 30 trees r̂ O.44. Of course, regression analysis of this sort are 
valid only with a homogeneous data set, that is, even aged trees. For example, with westem 
hemlock the younger infill trees had lower density because of greater proportions of juvenile 
wood On the oth^ hand, amabilis fir residual older trees tended to have more mature wood and 
higher density. 

From the biological perspective, the small-diameter slow-growing trees were more dense than 
the fast-growing large ones. To get a better appreciation of this fact, the pith-to-bark average 
ring density trends were examined for 10 small-, 10 medium-, and 10 large-diameter stump 
disks. For Plot 2 westem hemlock the small, medium, and large diameters were 9.1-20.6 cm, 
22.0-33.5 cm, and 35.4-52.8 cm, respectively. For Plot 5 westem hemlock the three diameter 
classes were 18.1-27.0 cm, 27.3-41.8 cm, and 42.2-51.3 cm, respectively. Figure 9 shows that 
the small diameter stump samples have higher yearly average ring density than the large 
diameter ones in both Plots 2 and 5. It is interesting to note that the Plot 2 large diameter stump 
disks (35.4-52.8 cm) have much higher yearly ring density than the similarly large-size (42.2-
51.3 cm) Plot 5 stump samples. The large diameter Plot 5 stump samples produced juvenile 
wood up to age 38 (1983), with ring density less than 0.42; at age 15-22 average ring density 
was about 0.37. In the same time interval the large trees fi-om Plot 2 produced 0.43-0.44 
average ring density. Old-growth average reference density level is indicated by the arrows in 
Figure 9. Equally interesting is the similarity in yearly ring density between the small and 
medium diameter stiunp disks in both Plots. 

In terms of wood density, the large diameter amabihs fu- trees (39.2-36.0 cm) produced 100% 
juvenile wood, because average ring density was less than the old-growth average of 0.38. 
Although the medium diameter trees (29.3-32.0 cm) were producing lower density wood than 
the small ones (19,7-24.2 cm), all the wood was mature wood fi-om age 15. 

Figure 10 shows the contribution of small (•<22.4 cm DBH) and large diameter (>37.5 cm DBH) 
westem hemlock ti-ees to the total volume ofwood per hectare. With 1656 stems/ha in Plot 2, 
more than one quarter (26.4%) of the westem hemlock wood volume is made up of small trees, 
while the large trees constitute only 17.3% of the volume. In Plot 5 (956 stems/ha) only 5.2% 
of the total westem hemlock wood volume comes fi-om the small trees, and more than half 
(50.7%) of the volume is fi-om the large trees. 

One of the most common questions asked about second-growth timber resource is, how does 
it compare with the old-growth timber that was harvested exclusively a few decades ago? This 
is a difficult question to answer because no statistically sound data bases for westem hemlock 
(or other major tree species) have been published. Average densities have been generated and 
published for tens of thousands of pieces of dimensional lumber to provide "snapshots" of the 
old-growth resource. Using this method, it was established that the average relative density of 
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old-growth westem hemlock lumber is 0.42. Some argue that this value is analogous to old-
growth stem-wood density (Haygreen and Bowyer, 1989). Figure 11 shows total stemwood 
relative density development as a fimction of age. It can be seen that fi-om the pith (age 1) to 
about age 20 there is a declining trend, and fi-om age 25 there is a steady increase (fi-om about 
0.37) in stem-wood relative density to 0.42. Clearly, as the tree produces more dense mature 
wood, stem density increases proportionally. Therefore, the major difference between old-
growth and second-growth westem hemlock is the proportion of juvenile-/mature-wood. The 
younger the harvest age, the greater the proportion of juvenile wood; this is a biological reaUty. 
Figure 11 also shows the volume-weighted average stem-wood relative density of 0.43 for five 
stands of 90-year-old westem hemlock trees (Jozsa et.al., 1997). This value of 0.43 supports 
the ccaiclusion of this study that high niunbers of stems per hectare (that is, high stand density) 
environments for westem hemlock produce high relative density wood in comparison with 
"regular old-growth". 

Conclusions and Recommendations 

Increasing stand densities in westem hemlock do not automatically result in lower juvenile wood 
content at stump height This study found that early growth to age 15 produced identical stump 
diameters (13.2 cm in botii Plots), but growdi slowed fi-om age 16-50 to such an extent that less 
mature wood was laid down in the 1656 stems/ha plot than in the 956 stems/ha plot (78.9 and 
82.3%, respectively). Since botii westem hemlock plots produced nearly identical wood density 
(0.46 and 0.47) at stump height, the more open 956 stems/ha plot wood is preferred firom the 
harvesting and manufacturing perspectives because of greater efiGciencies of larger stem sizes, 
and lower juvenile wood content. 

The data base generated in this study on 50-year-old westem hemlock and amabiUs fu- fiUs one 
knowledge gap about the second-growth resource. The fact that both species produced high 
relative density wood at age 50, equalling old-growth standards, is vety important fi-om the 
wood utiUdzation perspective, particularly as we move firom harvesting old-growth to increasing 
harvests of second-growth stands. 

Further work should be undertaken on similar aged westem hemlock and amabilis fu- stands, 
utilizing more intensive sampUng along the bole, to confmn yields, differences in stem size, and 
differences in stem-wood relative density. 
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Figure 11 Sc/tematic of second-growth, /old-growth stem-wood density 

development for western hemlock. 
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