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Abstract 
In 1993 a partial cutting experiment was established in old-growth forest in the CWHvh2 

on the west coast of Queen Charlotte Islands / Haida Gwaii, British Columbia. In the fall of 2008 
an investigation was conducted at two sites in this experimental area to determine: relationships 
between overstorey abundance and understorey light conditions; relationships between measures 
of overstorey abundance, site conditions, light, and recruitment of western hemlock and Sitka 
spruce regeneration; and relationships between these same measures and regeneration growth.  

Light (proportional above-canopy light transmission, or PACL) and canopy openness were 
weakly predicted by residual basal area (r2 = 0.22 and 0.16, respectively) and more strongly 
predicted by ocularly estimated tree cover (r2 = 0.56 and 0.58, respectively). Regeneration 
numbers (density) were not significantly associated with light, overstorey, or site measure, but 
the number of poles was weakly and negatively associated with basal area (r2 = 0.22). 
Regeneration growth was weakly and positively associated with PACL (r2 = 0.12 to 0.28), 
openness (r2 = 0.16 to 0.28), and tree cover (r2 = 0.20 to 0.40), and was more distantly associated 
with basal area (r2 = 0.08 to 0.13). Hemlock alone and average hemlock–Sitka spruce growth 
were weakly and positively associated with the number of poles (r2 = 0.10 to 0.14). Sitka spruce 
was able to regenerate and grow under light conditions as low as 0.09 PACL (60% tree cover). 

The results suggest that regeneration recruitment is not closely related to overstorey stand 
conditions. Regeneration growth is moderately related to overstorey conditions but this basic 
relationship may be influenced by the very irregular spatial pattern of residual trees and the 
ongoing windthrow that the two study sites experience. 
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Introduction 
 Partial cutting is increasingly being used to support management of non-timber values in 

Coastal British Columbia. Almost exclusively, clearcutting and even-aged management have 
been the approaches used here since the 1950s and therefore very little is known about how 
coastal forests will respond to other silvicultural systems. One of the key questions associated 
with prescribing and managing partial cutting harvests is the influence of residual overstorey 
trees on the subsequent recruitment and growth of understorey regeneration.  

Partial cutting involves retaining overstorey trees from the original stand to maintain non-
timber values. These trees may be important as a source of seed for the regeneration of new trees 
(Matthews 1991). However the growth of the regeneration may be impeded because the 
regeneration must compete with the retained trees for light and, possibly, soil resources (Cannell 
and Grace 1993; Nambiar and Sands 1993). This competition leads to a reduction in the timber 
production potential of the stand compared to the potential associated with conventional even-
aged management. To be successful, it is important that partial cutting applications balance the 
number of retained overstorey with understorey growth potential. Pivotal to this is understanding 
at what point retained overstorey begins to significantly retard understorey growth. For the 
prescribing forester, overstorey is typically measured and conceived of in terms of basal area. 

In 1993 a silvicultural systems trial was established on the west coast of the Queen 
Charlotte Islands / Haida Gwaii, British Columbia to investigate and compare forest response to 
clearcutting and non-clearcutting silvicultural systems. Several silvicultural systems, employing a 
range of spatial patterns and removal intensities, were tested. This trial is located on steep Terrain 
Class IV and V areas because operational clearcutting of this type of site was not advisable due to 
concerns about potential slope failure and degradation of anadromous fish habitat (D’Anjou 
2000).  

In very wet and windy climates, steep sites such as these present many challenges to the 
successful application of non-clearcut silvicultural systems. High winds and wet, silty soils make 
these sites very prone to windthrow and landslides (Sanders and Wilford 1986; Sauder et al. 
1987). Sitka black-tailed deer (Odocoileus hemionus sitchensis Merriam), which preferentially 
browse western redcedar (Thuja plicata Donn ex D. Don; Martin and Baltzinger 2002), have the 
potential to eliminate regeneration <1.5 m in height. The deer also browse Sitka spruce (Picea 
sitchensis (Bong.) Carrière) but tend not to browse western hemlock (Tsuga heterophylla (Raf.) 
Sarg.). Both western redcedar and western hemlock are considered shade tolerant, but Sitka 
spruce is considered shade intolerant (Klinka et al. 2000). Despite this attributed shade 
intolerance, Sitka spruce has been demonstrated to regenerate successfully under thinning and 
partial cutting regimes in southeast Alaska (Deal and Farr 1994; Deal and Tappeiner 2002) and 
was observed to successfully regenerate on at least portions of our site (Negrave 2008). The 
regeneration response after 15 years for this trial was described by Negrave (2008). However, 
Negrave did not describe the residual overstorey conditions nor abundance, therefore it was not 
possible to determine quantitative relationships between regeneration performance and overstorey 
abundance levels. 
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The goal of the current study was to determine the influence of residual overstorey on 
regeneration recruitment and growth 15 years after harvest. Specific objectives were to 
determine: 

1. What are the relationships between different measures of residual overstorey abundance 
and empirically estimated light conditions? 

2. What are the relationships between measures of overstorey abundance and other site 
conditions on the recruitment (density) of understorey regeneration? 

3. What are the relationships between measures of overstorey abundance and other site 
conditions and height growth of understorey regeneration? 

Based on previous work and observations (Cannell and Grace 1993; Mitchell 2001; Jain et 
al. 2004; Negrave 2008), we hypothesized that understorey light would decrease with increasing 
overstorey abundance. We also hypothesized that density of understorey Sitka spruce would 
increase with the number of spruce present in the overstorey. Finally, we hypothesized that 
regeneration growth would increase with decreasing overstorey abundance. 

To test our hypotheses, data were collected at the Gregory Creek and Hangover Creek sites in the 
fall of 2008 after cessation growth, and analysed. The results are presented here. Sites similar to 
the ones in this trial are common on the coast, therefore the information generated by this study is 
widely applicable to the area north of Cape Caution. 

Methods 

Study Sites 

The trial was located in the Rennell Sound area, which is located on the west coast of 
Graham Island in the Queen Charlotte Islands / Haida Gwaii, in northwestern British Columbia. 
Our study included two sites within the trial area. The site at Gregory Creek is about 6 km from 
the one at Hangover Creek. Both sites are located in the Central Very Wet Hypermaritime variant 
of the Coastal Western Hemlock biogeoclimatic zone (CWHvh2, Green and Klinka 1994).  

The Gregory site is located on a southerly aspect at about 60 to 310 m above sea level. 
Slopes range from 20 to 120% and the average is 55%. Soils are podzols derived from 
shale/conglomerate parent material, with a general texture of silty loam. Most of the Gregory site 
is classified as belonging in the Western Hemlock–Sitka Spruce–Lanky Moss site series 
(CWHvh2/04). 

The Hangover site is located on an easterly aspect from 200 to 500 m above sea level. 
Slopes range from 20 to 100% and the average is 65%. Soils are folisols derived from 
shale/conglomerate/limestone parent materials, with a general texture of silty loam.  

Like the Gregory site, the Hangover site is dominantly in the Western Hemlock–Sitka Spruce–
Lanky Moss site series, but it also contains significant areas of the wetter Western Redcedar–
Sitka Spruce–Sword Fern (CWHvh2/05) site series and Western Redcedar–Sitka Spruce–
Foamflower (CWHvh2/06) site series. 
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Pre-Harvest Stands 

Stand structures at both sites were broadly uneven-aged with characteristic ‘J’-shaped 
diameter distributions (D’Anjou 2000). Volume per hectare was generally greater at Hangover 
Creek.Density, as number of stems per hectare, was greater at Gregory Creek (Table 1). Average 
height of dominant trees was generally greater at the Gregory site.  The Gregory site was 
dominated by hemlock, with an approximate species composition for western hemlock at 82%, 
western redcedar at 11%, Sitka spruce at 7%, and yellow-cedar at 0%. Composition at the 
Hangover site was more evenly distributed, with western hemlock at 46%, Sitka spruce at 47%, 
western redcedar at 5%, and yellow-cedar at 2%. Hemlock dwarf mistletoe (Arceuthobium 
tsugense) was more common at Gregory than at Hangover. The pre-harvest understorey was 
strongly dominated by western hemlock. Browsing by deer is intense in these areas. The deer 
favour western redcedar followed by Sitka spruce but they rarely browse western hemlock. This 
browsing preference was likely part of the reason for the understorey regeneration being 
dominated by western hemlock. 
 

Treatments 

The four treatments implemented in 1993 were designed to reflect a range of silvicultural 
options. These treatments included:  

o conventional clearcutting to remove all of the standing volume,  

o group selection to remove 50% of stand basal area,  

o group selection to remove 25% of stand basal area, and  

o single-tree selection to remove 25% of basal area.  

An uncut control was also included in the original trial but was not considered in this 
current study.  

The portions of the stands removed were intended to be proportional to species composition 
in the stands, e.g., where Sitka spruce comprised 30% of the stand volume and the treatment 
called for 50% removal, then approximately half of the spruce volume was cut. Removal was 
very close to target for the 50% group selection; however, removal ranged from 31% to as high 
as 50% (Gregory) in the 25% removal treatments. One replicate of each of the five treatments, 
including control, was located at each of the two sites. Treatment replicates ranged from 8 to 11 
ha. 

Post-treatment windthrow and slope failure extended the size of the original harvest 
openings, which had been designed not to exceed 70 m across the opening in the partial cutting 
treatments. Slope failure also made some areas—notably the 50% group-selection treatments—
unsafe to work in. However, it was judged that the complete range of opening sizes present in the 
partial cutting treatments could be found in the single-tree selection and 25% group-selection 
treatments. This, coupled with safety concerns, restricted our sampling to the single-tree selection 
and 25% group-selection treatments. 
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Based on previous inspections of opening sizes, we aimed to locate sample plots in small 
openings (<0.25 ha), medium-sized openings (0.25 to 0.75 ha), and large openings (>0.75 ha) in 
an effort to quantify some of the variation present. However, due to the variable availability and 
to safety concerns regarding access, we could not locate an equal number of samples in each 
opening size. Consequently, we can describe some opening characteristics (Table 1) but we did 
not base our analysis on opening size. 

Sampling and Data Collection 

Data were collected from a total of 93 plots at the Gregory Creek and Hangover Creek 
sites. Ten of these plots were located in small openings, 65 were in medium-sized openings, and 
18 were in large openings. Plots were located on mid-slope positions that did not include swales 
or rock outcrops, and where regeneration was present. Data were collected in late September and 
early October of 2008, after cessation of growth. 

Each plot consisted of a 5.64-m radius plot (0.01 ha) nested within a larger 12.5-m radius 
plot (0.05 ha). Each plot had a common center point. Up to three stems each of western hemlock 
and Sitka spruce were selected for measurement within the 5.64-m plot. These stems were 
undamaged and were the tallest stems per species between 0.5 and 3.0 m tall that occurred within 
the plot. The total height, 2008 height increment (one-year height growth), and 2006–2008 height 
increment (three-year height growth) were recorded for each stem. For analysis, these data were 
averaged to produce plot averages for each of the two species.  

Heights at the beginning of the three-year and one-year growth periods were calculated by 
subtracting three-year growth and one-year growth, respectively, from total tree height. 
Regeneration present within the 5.64-m plot was tallied by species into the following height 
classes: small (0.3 to 1.3 m in height), medium (1.31 to 2.0 m), and large (2.01 to 3.0 m). For 
regression analysis, height classes were summed to produce one value for each species. The 
number of poles (stems >3.0 m in height but <12.5 cm dbh) were tallied within the 12.5-m plot. 
The cover of woody material on the forest floor surface (i.e., material at least 5 cm in diameter) 
was estimated visually to the nearest 10%. Percent slope was measured to the nearest 5% with a 
clinometer. Overhead tree cover was visually estimated to the nearest 10%. Basal area of Class 1 
trees (>12.5 cm dbh) was determined using a BAF 8 prism.  

Three digital hemispheric images were acquired within each plot at 1.5 m above the ground 
surface. Five potential positions were used to acquire the images within each plot, i.e., at plot 
enter, and at 4 m from plot center along each of the cardinal points. From these five positions, the 
best three, in terms of not being obscured by taller regeneration, were chosen. Digital images 
were analyzed using WinSCANOPY software (Régent Instruments Inc. 2006) to determine the 
amount of observed sky view (or ‘openness’) available to the sampled regeneration, and the 
average amount of light energy (as photosynthetic photon flux density) being transmitted through 
the canopy and reaching the regeneration during the growing season. This latter variable is 
termed proportional above-canopy light transmission (PACL), and was determined as the 
proportion of over-canopy incident solar radiation within the photosynthetic range reaching the 
top of a sapling. Values for each of the three images per plot were averaged to yield a plot mean 
for each of these two variables. 
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Regression analysis was used to associate overstorey, light, and site variables with three-
year and one-year growth and with regeneration numbers for western hemlock and Sitka spruce. 
The following variables were regressed against regeneration numbers to determine association: 
PACL, openness, tree cover, basal area, number of poles, wood cover, and basal area of species 
being analyzed (e.g., basal area of hemlock for number of hemlock regeneration). To determine 
associations with three-year and one-year growth, the following variables were used as 
predictors: tree height, PACL, openness, basal area, tree cover, number of poles, slope, and 
regeneration numbers. Three-year height growth was also averaged for both species to produce a 
total plot mean, which was regressed with the above predictor variables. Finally, regression was 
also used to associate estimates of overstorey abundance (i.e., basal area, tree cover, and number 
of poles) with variables estimating light climate (i.e., openness and PACL). Basal area of 
hemlock was regressed with hemlock regeneration numbers but a similar analysis was not 
possible for Sitka spruce because the amount of residual spruce in the overstorey was too small.  

Residual and normal probability plots were used to detect significant departures from 
normality or the presence of unequal variances. Variables were transformed using the logarithmic 
function to meet regression assumptions (Freund and Littell 2000) where necessary. Outliers 
were identified using Studentized residuals. If an observation had a Studentized residual >2.50, it 
was removed from the analysis.  

Analysis 

Regression analysis was used to determine relationships between:  

a) measures of residual stand abundance and the estimated understorey light conditions,  

b) site conditions and height growth of western hemlock and Sitka spruce, and  

c) site conditions and regeneration numbers.  

Analyses were conducted using SAS version 9.1. The PROC REG procedure was used to 
calculate regressions using a single predictor variable. Variables were transformed, where 
necessary, to meet assumptions of linear regression analysis (Neter et al. 1996). A significance 
level of p < 0.05 was used for all F-tests for significance of the regressions. 

Results 

Overstorey Variables and Light 

PACL and openness decreased with opening size (Table 2; Figures 1 and 2), although the 
difference between medium and small openings was less than that between medium and large 
openings. Basal area and tree cover decreased with opening size (Table 2; Figure 3). 

Openness was negatively related to both basal area and tree cover (Table 3). However, the 
regression with basal area was weak (r2 = 0.16). The relationship between openness and tree 
cover was stronger (r2 = 0.58). PACL was also negatively related to both basal area and tree 
cover (Table 3). As with openness, the regression was stronger with tree cover (r2 = 0.56) than 
with basal area (r2 = 0.22). PACL was positively associated with number of poles (Table 3) but 
the relationship was weak (r2 = 0.05).  
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Overstorey Variables and Regeneration Abundance 

Little difference existed between large and medium openings for number of poles, with 
both near 10 poles/plot or 1000 poles/ha (Table 2; Figure 4). The number of poles for small 
openings was much smaller at 3.6 stems/plot or 360 stems/ha (Table 2; Figure 4). Differences in 
hemlock regeneration numbers by opening sizes ranged from 17.2 to 29.0 stems/plot for small 
stems, 10.2 to 14.8 stems/plot for medium stems, and 1.3 to 2.8 stems/plot for large stems (Table 
2; Figure 5). For Sitka spruce, differences in regeneration numbers between opening sizes ranged 
from 5.6 to 10.5 stems/plot for small stems, 4.7 to 5.2 stems/plot for medium stems, and 1.5 to 
1.8 stems/plot for large stems (Table 2). The number of regeneration decreased with regeneration 
size for each opening size (Table 2). No clear pattern was apparent for number of regeneration 
associated with opening size (Table 2). 

The number of poles was negatively associated with basal area (Table 3) but the 
relationship was weak (r2 = 0.22). The number of hemlock regeneration was not significantly 
associated with any of the variables tested (Table 3). A similar situation existed with the number 
of Sitka spruce regeneration, with the exception that a weak positive association (r2 = 0.04) 
existed with number of poles. 

Regeneration Growth 

Incremental height growth for the three-year period as well as the one-year period 
decreased with opening size for both species (Table 2; Figure 6). Growth increments were greater 
for hemlock than for spruce in all opening sizes (Table 2; Figure 6). 

Three-year height growth of hemlock was negatively associated with tree height, basal area, 
tree cover, and slope (Table 4). The association was moderately strong for tree height (r2 = 0.48) 
but was weak for basal area, tree cover, and slope (r2 = 0.11, 0.28, and 0.04, respectively). Three-
year height growth of hemlock was positively associated with PACL, openness, and number of 
poles (Table 4). Associations were weak with all three of these variables (r2 = 0.22, 0.23, and 
0.10, respectively). One-year height growth of hemlock was negatively associated with basal area 
and tree cover (Table 4), although these associations were weak (r2 = 0.08 and 0.25, 
respectively). One-year height growth of hemlock was positively associated with PACL, 
openness, and number of poles (Table 4). All three of these associations were weak (r2 = 0.22, 
0.16, and 0.14, respectively). 

Three-year height growth of Sitka spruce was negatively associated with tree cover (Table 
5), but the association was weak (r2 = 0.27). Three-year height growth of spruce was positively 
associated with PACL and openness (Table 5). These associations were also weak (r2 = 0.19 and 
0.28, respectively). Results were similar for one-year height growth of spruce, with a negative 
association with tree cover (r2 = 0.20) and positive associations with PACL (r2 = 0.12) and 
openness (r2 = 0.20), although relationships were weak in all three cases (Table 5). 

Mean three-year height growth of both species combined was weakly and positively 
associated with PACL (r2 = 0.22) and openness (r2 = 0.28; Table6). The regression with basal 
area was also weak (r2 = 0.13) but with a negative association (Table 6). The association between 
tree cover and height growth was also negative but was moderately strong (r2 = 0.40). 
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Association between height growth and pole numbers was positive but weak (r2 = 0.12). The best 
multivariate regression produced a moderate association (r2 = 0.40, (Table 6) between three-year 
height growth and tree height and tree cover—both of which had a negative influence, and 
between pole numbers and regeneration numbers—both of which were positively associated with 
height growth. 

Discussion 
Both openness and PACL were poorly predicted by residual stand basal area. This was 

likely due to the highly irregular nature of old-growth crowns (Frazer et al. 1997) and poor visual 
correlation between tree diameters, percentage live crown, and crown volume in these forests. 
This suggests that the use of basal area to estimate effects of residual stands on regeneration 
growth in partial cutting may not be particularly effective. Stand structural variables, such as 
basal area, have been found to be only weakly correlated with light conditions in other studies 
(e.g., Jain et al. 2004). Conversely, tree cover was comparatively more effective at estimating 
sub-canopy light levels. This was likely because visual estimates of cover were better able to 
capture the amount of canopy foliage present than were measures of basal area. However, 
although tree cover may be an effective variable for estimating current regeneration growth, its 
usefulness at the time of treatment may be limited. This is because residual tree crowns are not 
static and respond to partial cutting by increasing their size or by being lost from the canopy 
through breakage or windthrow (e.g., D’Anjou 2001; Deal and Tappeiner 2002). The number of 
poles was a poor predictor of understorey light conditions, likely due to their limited height. 

None of the variables examined was effective at predicting regeneration numbers. This is 
surprising given the results of Negrave (2008), which showed a definite treatment effect for this 
trial, and given the results of Deal and Farr (1994), which showed that regeneration numbers 
increase with proportion of the stand removed by cutting. However, measures of residual stand 
abundance, including species basal area, may be ineffective predictors of regeneration numbers 
because the residual overstorey is not stable due to annual losses to windthrow (Negrave 2008). 
Thus, the canopy and associated light conditions we measured in the fall of 2008 may be quite 
different than the canopy that was present at the time regeneration established. A further 
complicating factor may have been the pre-harvest cohort of regeneration. A pre-existing 
regeneration cohort was variably present on these sites (D’Anjou 2000) and its occurrence would 
likely not have been associated with pre-treatment stand conditions. Post-harvest forest floor 
conditions—e.g., exposed mineral soil—that allow regeneration to establish (Wright et al. 1998) 
may no longer be apparent. The negative relationship between basal area and number of poles 
suggests that competition is occurring between the overstorey and subordinate regeneration. It is 
possible that regeneration was able to achieve pole size faster when overstorey abundance was 
less. 

The poor association of regeneration growth with residual basal area, or lack thereof, is 
congruent with the weak relationship between basal area and light conditions, which is described 
above. Growth of understorey regeneration has been shown to be closely, and inversely, related 
to the amount of residual overstorey (e.g., Jaeck et al. 1984; Zenner et al. 1998; Drever and 
Lertzman 2001; Deal and Tappeiner 2002; Harrington 2006). What may be unusual in our case is 

 10



that the Gregory and Hangover sites are in extremely windy locations and the stands are old-
growth in character, both of which may have contributed to a reduction in shade-producing 
canopy elements relative to observed basal area. The observed association between variables 
describing light conditions and three-year height growth (r2 ranging from 0.19 in Sitka spruce to 
0.22 in hemlock for PACL, Tables 4 and 5) is comparable to other studies (e.g., Jain et al. 2004). 
Height growth for most species, including hemlock, does not increase greatly above 40% of full 
light levels (Coates and Burton 1999; Coates 2000). The ability of the WinSCANOPY model to 
predict PACL may have been compromised by the extreme nature of the slopes on our study 
sites. PACL in this study was as high as 60% (0.6). The positive association between hemlock 
growth and number of poles may have been due to a developing competition for light that had not 
yet caused loss of height growth by the understorey regeneration, although this may be imminent. 
Associations between overstorey predictors that overtly included some assessment of canopy 
foliage (openness and tree cover) were better predictors of growth (r2 = 0.23 to 0.40, Tables 4 and 
5). This may have occurred because these variables may better capture the amount of shading 
canopy elements. Broadly speaking, we can still conclude that understorey growth is restricted by 
the overstorey, which agrees with other studies, e.g., Harrington (2006). 

The negative relationship between three-year growth and tree height for hemlock may be 
evidence of post-release suppression on the pre-harvest regeneration cohort. Suppressed growth 
from an extended period of growing in understorey conditions has been described for diameter 
growth (e.g., Wright et al. 2000), but is not well described for height. What we may be seeing 
here are that the larger pre-harvest hemlock trees are continuing to feel the effects of suppression 
and are growing at a slower rate compared to younger, smaller, post-harvest hemlock trees that 
have a faster growth rate. Typically, larger saplings are expected to have greater growth than 
smaller saplings (e.g., Drobyshev and Nihlgard 2000); however, size may not be related to 
growth during episodes of unstable growth conditions—which are often associated with release, 
i.e., from windthrow in our case—and this relationship may be less pronounced for more shade-
tolerant species (Ellis 1978; Baker et al. 2008). 

Sitka spruce has been regarded as likely having only moderate shade tolerance (Klinka et 
al. 2000), however, results from this study indicate that spruce can both regenerate and show 
satisfactory height growth (three-year growth of 88 cm and one-year growth of 27 cm, Table 2) in 
low light conditions (openness of 6%, PACL of 0.09, tree cover of 60%, Table 3). This 
demonstrated performance suggests that Sitka spruce is suitable for regeneration under partial 
canopies. 

Management Implications 
Results from this study suggest that growth of western hemlock and Sitka spruce in the 

partial cutting trial in the Rennell Sound area respond predictably to understorey light conditions 
in that growth tends to increase with light levels. Hemlock showed greater height growth than 
Sitka spruce in all gap sizes, although the difference was not large (14 to 20 cm difference over 
three years). Sitka spruce does appear to be able to regenerate and grow in the low light 
conditions created by partial cutting. However, our results show only a weak correlation between 
overstorey basal area and light levels and between overstorey basal area and regeneration growth. 
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These weak associations are likely due to the highly irregular structure of crowns of the residual 
old-growth trees on these very windy sites.  

The results suggest that although subsequent growth of regeneration will be related to 
residual levels of basal area left by partial cutting operations, this relationship is imprecise and 
will be difficult to model for timber supply purposes. Recruitment of understorey regeneration 
may be more closely related to post-harvest substrate conditions than to residual overstorey 
structure and composition. Prediction of natural regeneration performance would be advanced by 
the use of monitoring plots that capture both pre-harvest and immediate post-harvest stand 
conditions and which track recruitment and associated growth. 
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Tables 
 
Table 1. Pre-harvest stand conditions at the Hangover Creek and Gregory Creek study sites 
 
 Gregory Creek Hangover Creek 
   
Total stand volume (m3/ha) 764 898 
   
Volume (m3/ha)   
   Western hemlock 625 415 
   Sitka spruce 84 423 
   Western redcedar 54 47 
   Yellow–cedar <1 5.3 
   
Stand density (stems/ha) 340 309 
   
Mean dominant tree height (m)   
   Western hemlock 39.5 38.5 
   Sitka spruce 46.8 43.5 
   Western redcedar 36.3 34.0 
   Yellow–cedar 16.6 22.3 
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Table 2. Variable means by opening size: summary. a 

Variable 
 

Large 
openings 

(>0.75 ha) 

Medium 
openings 

(0.25 to 0.75 ha) 

Small 
openings 

(<0.25 ha) 
Cover (%)    
   Tree  3 (3) 32 (20) 57 (24) 
   Wood 12 (10) 12 (10) 19 (17) 
    
Basal area (m2/ha)    
    Total 3.1 (6.2) 22.6 (13.8) 40.0 (17.7) 
    Western hemlock 2.2 (3.7) 18.6 (12.0) 36.8 (16.5) 
    Sitka spruce 0.9 (3.8) 2.3 (6.4) 0.8 (2.5) 
    
Openness (%) 31 (8) 19 (8) 16 (5) 
    
Proportional above-canopy light 
transmission (PACL) 

0.60 (0.17) 0.37 (0.17) 0.26 (0.07) 

    
Regeneration (no./plot) b    
   Western hemlock    
        Small  17.2 (9.3) 29.0 (22.8) 26.1 (19.4) 
        Medium  10.2 (10.6) 11.1 (10.4) 14.8 (11.3) 
        Large  2.8 (3.8) 4.4 (5.9) 1.3 (3.5) 
     Sitka spruce    
        Small  5.6 (4.8) 7.5 (7.5) 10.5 (9.8) 
        Medium  5.2 (4.8) 4.7 (5.4) 4.8 (5.0) 
        Large  1.8 (2.9) 1.5 (2.9) 1.6 (3.4) 
    
Poles (no./plot) 10.2 (8.6) 9.5 (4.9) 3.6 (3.6) 
    
Height (cm)    
    Western hemlock    
         Height 238 (19) 238 (29) 213 (38) 
         Three-year increment 114 (36) 98 (26) 79 (22) 
         One-year increment 39 (12) 34 (9) 26 (7) 
     Sitka spruce    
         Height 219 (26) 196 (51) 173 (40) 
         Three-year increment 95 (31) 82 (23) 65 (24) 
         One-year increment 30 (11) 25 (9) 21 (9) 

    
a Standard deviations in brackets. 
b Large regeneration = 2.1 to 3.0 m. 
  Medium regeneration = 1.31 to 2.0 m.  
  Small regeneration = 0.3 to 1.3 m. 
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Table 3. Regression analysis of light, pole, and regeneration data: summary. a 

Dependent and independent variables  n 
p-Value 

(regression) Slope 
R2 

regression 
Openness      
   Basal area  92 <.0001* -0.011 0.16 
   Tree cover  86 <.0001* -0.015 0.58 
   Poles  92 0.2155 ns ns 
      
Proportional above-canopy light transmission (PACL)      
   Basal area  92 <.0001* -0.006 0.22 
   Tree cover  84 <.0001* -0.006 0.56 
   Poles  92 0.023* 0.021 0.05 
     
Poles      
   Basal area  86 <.0001* -0.018 0.22 
      
Regeneration      
   Western hemlock      
      Proportional above-canopy light transmission (PACL)  91 0.7694 ns ns 
      Openness  91 0.9960 ns ns 
      Tree cover  87 0.7105 ns ns 
       Basal area      
           Total  92 0.1356 ns ns 
           Western hemlock only  92 0.1310 ns ns 
      Poles  91 0.2729 ns ns 
      Wood cover  88 0.2944 ns ns 
      
   Sitka spruce      
      Proportional above-canopy light transmission (PACL)  90 0.2158 ns ns 
      Openness  90 0.2109 ns ns 
      Tree cover  84 0.1302 ns ns 
      Basal area  90 0.0352* 0.009 0.04 
      Poles  90 0.0936 ns ns 
      Wood cover  86 0.1060 ns ns 

      
a Significance level of p < 0.05 was used.  
  Significant regressions indicated as *.  
  ns = non-significant. 
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Table 4. Regression analysis of predictors of hemlock regeneration growth: summary. a 

Dependent and independent variables  n 
p-Value 

(regression) Slope 
R2

regression 
      
Three-year growth      
   Tree height  89 <.0001* -0.552 0.48 
   Proportional above-canopy light transmission (PACL)  92 <.0001* 70.630 0.22 
   Openness  91 <.0001* 1.539 0.23 
   Total basal area  92 0.0009* -0.595 0.11 
   Tree cover  85 <.0001* -0.007 0.28 
   Poles  91 0.0011* 0.016 0.10 
   Slope  90 0.0292* -0.524 0.04 
   Regeneration  91 0.2259 ns ns 
      
One-year growth      
   Tree height  92 0.3847 ns ns 
   Proportional above-canopy light transmission (PACL)  92 <.0001* 24.542 0.22 
   Openness  92 <.0001* 0.446 0.16 
   Total basal area  92 0.0035* -0.185 0.08 
   Tree cover  85 <.0001* -0.007 0.25 
   Poles  91 0.0002* 0.644 0.14 
   Slope  92 0.1326 ns ns 
   Regeneration  90 0.0931 ns ns 
      
      
a Significance level of p <0.05 was used.  
  Significant regressions indicated as *.  
  ns = non-significant. 
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Table 5. Regression analysis of predictors of Sitka spruce regeneration growth: summary. a 

Dependent and independent variables  n 
p-Value 

(regression) Slope 
R2 

regression 
      
Three-year growth      
   Tree height  82 0.0657 ns ns 
   Proportional above-canopy light transmission (PACL)  80 <.0001* 54.716 0.19 
   Openness  81 <.0001* 1.407 0.28 
   Total basal area  82 0.637 ns ns 
   Tree cover  77 <0.0001* -0.007 0.27 
   Poles  82 0.3409 ns ns 
   Slope  82 0.0502 ns ns 
   Regeneration  82 0.9282 ns ns 
      
One-year growth      
   Tree height  83 0.1176 ns ns 
   Proportional above-canopy light transmission (PACL)  83 0.0006* 0.674 0.12 
   Openness  82 <.0001* 0.0164 0.20 
   Total basal area  83 0.2222 ns ns 
   Tree cover  78 <.0001* -0.007 0.20 
   Poles  83 0.5546 ns ns 
   Slope  83 0.1007 ns ns 
   Regeneration  83 0.4352   
      
      
a Significance level of p < 0.05 was used.  
  Significant regressions indicated as *.  
  ns = non-significant. 
 

 

Table 6. Regression analysis of predictors of mean three-year conifer growth (both species averaged): summary. a 

Dependent and independent variables  n 
p-Value 

(regression) Slope 
R2 

regression 
      
   Proportional above-canopy light transmission (PACL)  91 <.0001* 52.535 0.22 
   Openness  90 <.0001* 1.232 0.28 
   Basal area  91 0.0003 -0.006 0.13 
   Tree cover  86 <0.0001* -0.007 0.40 
   Poles  90 0.0004* 1.280 0.12 
   Regeneration  91 0.1878 ns ns 
      
      
a  Significance level of p < 0.05 was used.  
   Significant regressions indicated as *. 
   ns = non-significant. 
 

 

 

 

 20



Figures 
 

 
 
 

0.00 

0.10 

0.20 

0.30 

0.40 

0.50 

0.60 

0.70 

0.80 

0.90 

>0.75 0.25 to 0.75 <0.25 

Opening size (ha) 

Pr
op

or
tio

na
l a

bo
ve

 c
an

op
y 

lig
ht

 

 

Figure 1. Proportional above canopy light (PACL) transmitted to the understorey, by opening size. 

 

 

 21



 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

>0.75 0.25 to 0.75 <0.25 

Opening size (ha)

O
pe

nn
es

s 
(%

)  

 

Figure 2. Openness, by opening size. 
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Figure 3. Basal area and tree cover, by opening size. 
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Figure 4. Pole density, by opening size. 
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Figure 5. Regeneration density, by size class, species, and opening size. 
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Figure 6. Three-year height growth of western hemlock and Sitka spruce, by opening size. 
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