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Executive Summary 

 

The specific objectives of this study were to: (i) assess the impact of overstory conditions and 

disturbance history in uneven-aged interior Douglas-fir (Pseudotsuga menziesii var. glauca) 

stands on the quantity and quality of the regeneration present and (ii) document the impact of 

mountain pine beetle on the regeneration in these types of stands. The overall goal is to provide 

forest managers with guidance as to what residual stand structures are useful for promoting 

natural regeneration in this forest type. 

 

The study area is located in the Knife Creek Block of the University of British Columbia’s Alex 

Fraser Research Forest, near Williams Lake, BC. This study involved two measurements 

protocols.  In the first, a number of tree attributes, such as dbh (diameter at 1.3 m above ground), 

height, crown width, and crown length, were measured for all the trees in previously established 

permanent sample plots (PSPs) on two installations (30 plots in total). These measurements  

augment existing data from these plots, which have been stem-mapped, and measured several 

times over the last 19 years. In the second, permanent regeneration plots were located 

systematically (four per 0.05 ha PSP; eight per 0.10 ha PSP) and subjectively (two per 0.05 ha 

plot; four per 0.10 ha plot) in each of the existing PSPs and the quality (species, height) and 

quantity of seedlings were assessed.  

 

The large tree (PSP) and regeneration data collected were compiled and summarized by plot in 

Installation 1, and by plot, block and treatment for Installation 2. This allowed for comparisons of 

descriptive statistics. Since Installation 2 is a designed experiment, it was possible to test 

hypotheses using the regeneration data collected from the systematic regeneration plots 

established in that installation. A mixed linear models approach was used, with treatment as a 

fixed effect and blocks and plots as random effects. Response variables used were: (i) total 

number of seedlings; (2) total number of conifer seedlings; (3) total number of germinants; and 

(4) 3-year height growth of seedlings. The model was run with no covariates, and with measures 

of local competition used as covariates. Discriminant analysis and a CART (Classification and 

Regression Tree) analyses were used to identify variables that could allow regeneration plots that 

had seedlings present on them to be differentiated from those that did not. These analyses were 

repeated to differentiate regeneration plots with germinants from those without germinants. For 

these analyses, selectively located regeneration plots were combined with the systematically 

located regeneration plots on Installation 2. 

 

The PSPs located on the driest areas (Installation 1 and Block B of Installation 2) had few 

seedlings and germinants. This was not strongly influenced by the pre-commercial thinning that 

occurred in Block B. The greatest number of seedlings and germinants in these very dry areas 

were found in Plots 1 and 2 of Installation 1. These plots had the greatest structural diversity (i.e., 

more large trees) of the PSPs in Installation 1 and Block B of Installation 2, suggesting that the 

conditions in these more structurally diverse stands may be more suitable for successful natural 

regeneration in the driest areas. More seedlings and germinants were found in the moister areas 

(Blocks C and D of Installation 2). On these blocks, the thinned areas had many more conifer 

seedlings than the control areas, and more germinants than the control areas. Seedling quality, as 

determined by the average 3-year height growth of seedlings, was better in the thinned areas. 
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After accounting for local density conditions, height growth was predicted to be highest on the 5 

m clumped thinning. This thinning treatment had the least dense residual stands of the three 

treatments studied.  

 

Although mountain pine beetle killed many of the lodgepole pine (Pinus contorta var. latifolia) 

trees in the overstory of Blocks C and D in Installation 2 in the last several years, this did not 

appear to have any direct impact on regeneration quantity or quality. However, there may well be 

indirect effects manifested through the local density covariate used in the mixed model analysis 

of the impact of the thinning treatments in Installation 2 on regeneration. Direct evidence of 

positive regeneration response to the lodgepole pine mortality may be available following the 

next measurement of the overstory and the regeneration plots in several years time, once the 

regeneration has had a longer time to respond to local reductions in overstory density. 

 

The primary determinants for the presence of germinants and seedlings in uneven-aged interior 

Douglas-fir stands appear to be related to locations where there was sufficient light and moisture 

on the forest floor. Since these conditions are in limited supply in the stands included in this 

study, regeneration was both sparse and clumped. Silvicultural activities directed at enhancing 

natural regeneration in such stands, especially on very dry sites, should concentrate on enhancing 

structural diversity within the tree layer and retaining moderate densities. It may be that structural 

diversity and density interact with respect to creating good regeneration conditions, and that 

stands with higher structural diversity should have higher relative densities. 
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1.0 Introduction 

 

Uneven-aged drybelt interior Douglas-fir (Pseudotsuga menziesii var. glauca) stands have been 

harvested for over 50 years in British Columbia. Within south-central British Columbia, most 

drybelt Douglas-fir stands are located in the Interior Douglas-fir (IDF) biogeoclimatic ecosystem 

classification (BEC) zone (Marshall 1996). Stands throughout this zone have been partially cut 

historically at varying intensities. Diameter-limit harvesting (i.e., cutting all trees above a fixed 

diameter limit) was common through the 1960’s to the mid-1980. This was replaced by the single 

tree selection system to improve the quality of the residual stand, decrease logging damage, and 

improve the regeneration establishment on dry sites after harvest (Marshall and Wang 1996).  

 

The Knife Creek Block of the University of British Columbia’s Alex Fraser Research Forest, 

where this study takes place, is managed for both timber and improving winter habitat for mule 

deer (Day 1998). Consequently, maintaining cover and improving the growth of interior Douglas-

fir without damage to the local environment is an important component of managing the forest 

(Lee 2008). A key component to the long-term success of this management is obtaining adequate 

regeneration. 

 

Despite the number of years that drybelt uneven-aged Douglas-fir stands have been partially cut, 

very little information is available on post-harvest natural regeneration success and stand basal 

area growth rates (Marshall 1996). Moreover, uneven-aged Douglas-fir stands are often complex 

due to the past disturbances from partial cutting, insects, and fire (Marshall and Wang 1996). It is 

uncertain whether these disturbances introduced by partial cutting and insects will promote 

natural regeneration in sufficient quantities to maintain stand structures through time (Nigh et al. 

2004). Much of the regeneration in this type occurred historically following light surface fires; 

however, the historical fire regime has been drastically altered over the last century (Hope et al. 

1991). For these reasons it is uncertain whether the disturbance introduced by partial cutting and 

insects will promote natural regeneration in sufficient quantities to maintain stand structures 

through time. 

 

The specific objectives of this study are to: (i) assess the impact of overstory conditions and 

disturbance history in uneven-aged interior Douglas-fir stands on the quantity and quality of the 

regeneration present and (ii) document the impact of mountain pine beetle on the regeneration in 

these types of stands. The overall goal is to provide forest managers with guidance as to what 

residual stand structures are useful for promoting natural regeneration in this forest type. 

 

This study involves two measurement protocols. In the first, a number of tree attributes, such as 

dbh (diameter at 1.3 m above ground), height, crown width, and crown length, were measured for 

all the trees in previously established permanent sample plots (PSPs) on two installations (30 

plots in total). These measurements were used to augment existing data from these plots, which 

have been stem-mapped, and measured several times over the last 19 years. In the second, several 

permanent regeneration plots were established in each of the existing plots and the quality 

(species, height) and quantity of seedlings were assessed. These datasets were combined to 

develop models for predicting the quantity and quality of regeneration present.  
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2.0 Methods 

2.1 Study Area 

 

The study area is situated within the Knife Creek Block of the Alex Fraser Research Forest, near 

Williams Lake, British Columbia (Figure 1). Williams Lake is located in the Southern Interior 

Region of the B.C. Ministry of Forests and Range, on the Fraser plateau (Ministry of Forests 

1995). The Knife Creek Block is primarily covered by the IDF dk3 subzone BEC system 

employed in British Columbia (Hope et al. 1991). The landscape is gently rolling with an 

elevation of approximately 1000 m. Most of the plots are located on zonal (mesic) sites, with 

some plots on slightly drier sites. However, between-site variation is minimal and does not 

warrant any changes in site classification. The study area is dominated by interior Douglas-fir. 

Lodgepole pine (Pinus contorta var. latifolia), interior spruce (Picea glauca, Picea engelmanni 

and their crosses), white birch (Betula papyrifera) and trembling aspen (Populus tremuloides) are 

also present in varying amounts from site to site (Bugnot 1999). 

 

 

 

 

Figure 1. Study site location (after Lee (2008)). 

 

2.2 Experimental Layout 

 

The existing permanent sample plots are located in four blocks: the 88-03 installation 

(Installation 1) as a single block and the 88-11 installation (Installation 2) comprised of three 

blocks (B, C, and D) (Figure 2). The site conditions of the plots in Installation 1 are similar to 
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those of Block B in Installation 2. Block B has the driest site conditions and the plots are 

comprised of greater than 90% Douglas-fir by basal area. Block C is moister and the plots show 

increased components of white birch and lodgepole pine, along with the predominant Douglas-fir.  

Block D is the moistest of the blocks and contains interior spruce and lodgepole pine mixed with 

the Douglas-fir, with smaller components of white birch and aspen. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Block and plot locations at Knife Creek. 

 

 

Installation 1 contains six plots: Plots 1 and 2 have a predominance of larger trees; Plots 3 and 4 

are dominated by medium-sized trees (poles); and Plots 5 and 6 were dominated by smaller trees 

up to the time of a recent thinning in 2005. However, all three size classes of trees are present in 

all of the plots. Plots 1 through 4 are 0.1 ha in size and Plots 5 and 6 are 0.05 ha in size (Marshall 

and Wang 1996). Plots were installed and initially measured in 1988. Subsequent measurements 

took place in 1993, 1997, 2004, and 2008. Each measurement was reflective of the tree size 

conditions as of the end of the previous growing season. Plots were stem-mapped and total height 
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(m), dbh (cm), maximum crown diameter (in two directions, m), tree vigour, ingrowth and height 

to the live crown (m) were measured on each tree that was greater than 1.3 m in height. All plots 

were partially cut (thinned primarily from below) in 2005. This thinning impacted the structure of 

the plots, especially Plots 5 and 6.  

 

Installation 2 contains twenty-four 0.05 ha plots (2 plots × 4 treatments × 3 blocks). Each block 

includes three pre-commercial thinning (spacing) treatments and a control, assigned randomly to 

each quarter of the block. The blocks are few km apart, along a west to east gradient; moisture 

levels increased from west to east. Each treatment area within a block had uniform environmental 

conditions. Plots were initially established during the summers of 1989 and 1990 and all trees 

greater than 1.3 m in height were identified as to species and measured for diameter at breast 

height (dbh). Treatments were applied in the fall and winter of 1990/1991. The three thinning 

treatments consisted of a 3 m clumped spacing, a 5 m clumped spacing, and the standard spacing 

regime prevalent in the early 1990s (Table 1). Each plot was located purposely in a dense 

proportion of the area. All plots are surrounded by a 5 m buffer zone, where all the trees greater 

than 10 cm dbh are tagged, identified by species, and measured for dbh and height. Within the 

boundaries of the plots, all trees greater than 1.3 m in height are tagged, stem-mapped, and 

measured for total height (m), dbh (cm), maximum crown diameter (in two directions - m), 

vigour (four classes), and height to the live crown (m). The most recent measurements took place 

from May through July 2008. Measurements were also made in the spring/summer of 1993, 1997, 

and 2004. Each measurement was reflective of the tree size conditions as of the end of the 

previous growing season. The 1993 measurements also involved re-establishing the plots 

following the thinning.  

 

In the summer of 2008, permanent regeneration plots were established in all 30 permanent 

sample plots in Installation 1 and 2. Two sets of permanent 2.07 m radius regeneration plots
1
 

were established in each larger plot: one set located using systematic sampling and the other 

using purposive (subjective) sampling. Four regeneration subplots were systematically laid out 

along the long centre axis of the twenty-six 0.05 ha sampling plots (each 31.62 × 15.81 m 

rectangles) at approximately 6.3 meters intervals (Figure 3). On the four 0.10 ha sampling plots 

(31.62 m squares), eight regeneration subplots were systematically laid out in two lines similar to 

the line described above (Figure 4). In addition to the systematic regeneration subplots, two (in 

the 0.05 ha plots) or four (in the 0.10 ha plots) regeneration subplots were subjectively located in 

areas within each permanent sampling plot deemed to have good regeneration present, or in areas 

that were thought to have potential for future regeneration if there were not sufficient areas with 

regeneration present on the plot. The systematic and subjective designs were created to sample 

average regeneration conditions and the best regeneration conditions, respectively.  

 

The centre of each regeneration subplot was permanently recorded using a railway spike driven 

into the ground at that location, which was then painted with red for ease of identification. The 

distance and bearing to three surrounding trees was also recorded for each regeneration plot 

centre. These three trees were marked with orange paint on the side of the tree base facing the 

regeneration plot centre.  

                                                 
1
  A 2.07 m radius regeneration plot was chosen since this was the size used in much of the regeneration sampling that took place to develop a 

regeneration component for PrognosisBC. In addition to the use of the collected regeneration data in this study, these data will be used to 
enhance the regeneration database for the IDF version of PrognosisBC. 
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Table 1. Description of the pre-commercial thinning treatments (after Marshall 1996). 

 
Standard Spacing (S): This spacing followed the standards of the British Columbia Ministry of 

Forests in the early 1990s. At least 0.75 m was required between Douglas-fir and spruce 

trees less than 12.5 cm dbh, while 2.5 or 2.8 m was required for smaller trees of other 

species. In addition: 

a. Any healthy Douglas-fir and spruce greater than 25 cm dbh was left 

standing in the treatment area. 

b. Any Douglas-fir and spruce was left standing if it was between 12 and 25 

cm dbh with at least 0.75 m spacing. 

c. Trees less than 12 cm dbh were left standing if they had at least 0.75 m 

spacing and no crown competition. 

d. Spacing for trees less than 12 cm dbh depended on species. For example, 

lodgepole pine was spaced to an optimum distance of 2.8 m with an 

allowed distance of 1.5 m to 4.0 m. Other species were spaced to an 

optimum distance of 2.5 m with a variation of 1.5 m to 3.5 m. 

e. Spacing around the edges of openings with a diameter of 5 m or greater 

was reduced to the minimum spacing detailed in Rule d. 

f. Douglas-fir and spruce less than 1.0 m in height and lodgepole pine less 

than 0.5 m in height were not cut. 

 
3m and 5m Clumped Spacings (C1 & C2): Each clump was intended to include three to nine 

trees of the same height class within a 3 m radius circle. The distance between each 

clump was either 3 m or 5 m. There were four categories of height considered: Class 1 – 

1-3 m; Class 2 – 3-7 m; Class 3 – 7-15 m; and Class 4 – greater than 15 m. A total of 

1113 trees per ha was estimated to be left in the 5 m clumped spacing and about 668 

trees per ha were left in the 3 m clumped spacing. However, there were several 

exceptions such as: 

a. The height class of the clump was chosen according to the height class of 

the healthiest trees present before spacing; 

b. Douglas-fir, spruce and lodgepole pine that were shorter than 1.0 m within 

a clump were left standing, as were those trees larger than 25 cm dbh in any 

location; 

c. In a clump, the optimum distance between trees was 2.1 m but a distance of 

0.5 m to 2.5 m was allowed in order to include 7 trees on average in each 

clump; 

d. As long as there was no crown competition, trees of a greater height class 

than the surrounding clump were left standing; 

e. Any deciduous tree in crown completion with coniferous trees was cut or 

girdled; 

f. Clumps with a height difference of at least 3 m could be left immediately 

adjacent to each other; and 

g. Coniferous trees with a dbh over 25 cm and any deciduous trees outside of 

clumps did not affect the inter-clump distance. 

 

 
Control (U): No thinning was undertaken in these areas. 
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Figure 3. Regeneration plot layout for the 0.05 ha plots. 
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Figure 4. Regeneration plot layout for the 0.1 ha plots. 
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In each regeneration plot, the living seedlings less than 2 cm dbh and greater than 15 cm in height 

were recorded by species into four height classes: 1) > 0.15 to ≤ 0.50 m; 2) > 0.50 m to ≤ 1.00 m; 

3) > 1.00 m to ≤ 1.50 m; and 4) > 1.50 m and < 2.0 cm dbh. In addition, the germinants less than 

15 cm in height, and in at least their second growing season, were counted by species. Total 

height and height growth over the last three years were recorded for the “best”
2
 two seedlings of 

each species on each plot. Finally, the percentage of each regeneration plot (estimated to the 

nearest 10%) that fell into each of the following cover classes was recorded: (1) bare mineral soil; 

(2) grass/herbs; (3) moss; (4) rotten wood; (5) woody debris; (6) live wood; and (7) rock. 

2.3 Field Work 

 

Field work took place from June to August, 2008. During the first few weeks of this period, the 

permanent sample plots in both installations were visited and all trees were measured for dbh 

before the onset of substantial 2008 growth. Following this, the plots were re-visited in sequence 

and the remaining tree measurements completed, discounting any current year growth in tree 

height or crown radius. Any trees that had reached 1.3 m in height since the last measurement 

(ingrowth) were tagged and measured. As well, all trees that had died since the last measurement 

(mortality) were noted. All data were entered into Excel
(c)

 spreadsheets in a format identical to 

that used for previous measurements, and checked for anomalies. Trees containing anomalous 

data were re-visited and anomalies reconciled. 

 

Once the re-measurements of the trees on the permanent sample plots were completed, permanent 

regeneration plots were established according to the protocol described in the previous subsection. 

Each regeneration plot was assessed for cover classes, seedlings were tallied by species and 

height class, germinants were counted, and height measurements made on selected seedlings. All 

height measurements were made as of the end of the 2007 growing season. Data were recorded in 

a series of Excel
(c)

 spreadsheets. 

 

2.4 Analyses 

 

The large tree (permanent sample plot) and regeneration data collected were compiled and 

summarized by plot in Installation 1, and by plot, block and treatment for Installation 2. This 

allowed for comparisons of descriptive statistics. 

 

Since Installation 2 is a designed experiment, it was possible to conduct a hypothesis tests of an 

treatment effects using the regeneration data collected from the systematic regeneration plots 

established in that installation. A mixed linear model approach was used, with treatment as a 

fixed effect and blocks and plots as random effects. Response variables used were: (i) total 

number of seedlings; (2) total number of conifer seedlings; (3) total number of germinants; and 

(4) 3-year height growth of seedlings. The model was run with no covariates, and with measures 

of local competition used as covariates. The measures of local competition used were: (1) the 

sum of the basal area of the three trees used to mark the location of each regeneration plot; (2) the 

                                                 
2
 “Best” is a subjective classification based on the height of the seedling and the condition of its crown. The intent is to select seedlings for height 

measurement that have the best chance of survival. A similar system has been used in regeneration sampling for PrognosisBC. 
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sum of the basal areas of all trees within a 3 m radius of the regeneration plot centre; (3) the sum 

of the basal areas of all trees, 10 cm dbh or larger, within a 3 m radius of the regeneration plot 

centre; (4) the sum of the basal areas of all trees within a 5 m radius of the regeneration plot 

centre; (5) the sum of the basal areas of all trees, 10 cm dbh or larger, within a 5 m radius of the 

regeneration plot centre; (6) the sum of the basal areas of all trees within a 3 m radius of the 

regeneration plot centre, divided by their distance from the regeneration plot centre; (7) the sum 

of the basal areas of all trees, 10 cm dbh or larger, within a 3 m radius of the regeneration plot 

centre, divided by their distance from the regeneration plot centre; (8) the sum of the basal areas 

of all trees within a 5 m radius of the regeneration plot centre, divided by their distance from the 

regeneration plot centre; and (9) the sum of the basal areas of all trees, 10 cm dbh or larger, 

within a 5 m radius of the regeneration plot centre, divided by their distance from the 

regeneration plot centre. 

  

The intents of these analyses were: (1) to assess whether there was a statistically significant 

treatment effect (α=0.10) for the response variables; and (2) to identify if there was a measure of 

local competition that helped explain some of the variability in the response to the treatments.  

 

Discriminant analyses (Lachenbruch 1975, Klecka 1980) and CART (Classification and 

Regression Tree) analyses (Breiman et al. 1984) were used to identify measured variables that 

would differentiate regeneration plots with from those without conifer seedlings. Variables 

considered included the total tree basal area (m
2
 ha

-1
) of trees 10 cm dbh and larger, within a 3 m 

and a 5 m radius of the regeneration plot centre
3
, and percentage cover of the regeneration plot by 

each of the seven ground cover classes employed in this study. This process was repeated for the 

presence/absence of germinants. Selectively-located regeneration plots (two per 0.05 ha plot) 

were combined with the systematically located regeneration plots (four per 0.05 ha plot) in 

Installation 2 for these analyses. 

 

 

 

                                                 
3
 In order to simplify interpretation of the analyses, the distance weighted versions of tree basal area within 3 m and 

5 m radius of the regeneration plots centre, which were among the covariates considered in the mixed effects 

models, were not used in these analyses. 
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3.0 Results 

3.1 Installation 1 Summary 

3.1.1 Overstory Conditions 

The plot conditions in Installation 1 changed considerably between 2004 and 2008, primarily as a 

result of a pre-commercial thinning that occurred in 2005 (Table 2). This thinning had the most 

impact on Plots 5 and 6, which had the greatest predominance of smaller trees before the thinning. 

Plot 5 in particular was thinned heavily with about 78% of the stems removed. Since there had 

only been two years post-thinning when the 2008 measurements were made, any regeneration 

present on these plots had originated under pre-thinning density conditions. The density was quite 

high (Curtis’ (1982) relative density above 10) on three of these plots pre-thinning; the thinning 

treatment reduced the density considerably. 

 

 

Table 2. Overstory conditions in Installation 1 following the 2003 and 2007 growing seasons. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        
a  

Composition includes species (Ministry of Forests and Range codes), followed by the percent as a subscript to the 

species code.  For example, Fd97Pl3  is 97% Douglas-fir and 3% lodgepole pine, by basal area. 

Measurement 

Year 
Plot 

Density 

(tree/ha) 

Basal 

Area 

(m
2
/ha) 

QMD 

(cm) 

Curtis’ 

(1982) 

Relative 

Density 

Species 

Composition
a
 

(% Basal Area) 

2004 

 

1 1,480 31.90 16.57 7.84 Fd100 

2 1,150 52.96 24.22 10.76 Fd100 

3 2,260 30.59 13.13 8.44 Fd100 

4 1,410 43.08 19.73 9.70 Fd100 

5 4,420 46.58 11.59 13.68 Fd100 

6 3,560 39.95 11.96 11.55 Fd100 

2008 1 1,010 30.52 19.62 6.90 Fd100 

 

 

 

 

 

2008- 2004 

2 760 40.22 25.96 7.89 Fd100 

3 1,260 26.08 16.23 6.47 Fd100 

4 710 30.53 23.40 6.31 Fd100 

5 960 11.40 12.29 3.25 Fd100 

6 1040 28.00 17.68 6.66 Fd100 

1 -470 -1.38 3.05 -0.94  

 2 -390 -12.74 1.74 -2.87  

 3 -1,000 -4.51 3.10 -1.97  

 4 -700 -12.55 3.67 -3.39  

 5 -3,460 -35.18 0.70 -10.43  

 6 -2,520 -11.95 5.72 -4.89  
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3.1.2 Regeneration Plot Data    

The ground cover on the systematic regeneration plots was relatively consistent for Plots 1 

through 2, with grass/herb cover dominating (Figure 5). Plots 3 and 4 were again similar to one 

another, and ground cover was dominated by moss. Plots 5 and 6, which were much more heavily 

pre-commercially thinned in 2005 than the other plots, had different ground conditions. Plot 5, 

which had a large number of small trees removed, was dominated by grass/herbs (~ 50%) 

followed by crown litter (~ 30%). Ground cover on Plot 6, which was thinned moderately heavily 

but not as much as Plot 5, was dominated by crown litter (~50).   

 

 
 

Figure 5. Percentage ground cover on the systematic regeneration plots in Installation 1. 

 

 

Seedlings were only found on the systematic regeneration plots located in Plots 1, 2, and 3; all 

seedlings were Douglas-fir (Figure 6). Plots 1 and 3 were the least dense of the six plots in this 

installation before the 2005 thinning (Table 2) and Plots 1 and 2 had high levels of grass/herb 

ground cover. Germinants were found on plots except Plot 6 (Figure 7). However, the numbers of 

germinants were small, ranging from 186 to 464 per ha. All germinants were Douglas-fir. 

Insufficient time has elapsed since the 2005 thinning (only two growing seasons) to see much if 

any impact of this treatment on seedling or germinant numbers.  

 

The plots in Installation 1 are all quite dry, which together with relatively dense conditions prior 

to the 2005 pre-commercial thinning, has probably limited the number of germinants and 

seedlings present. Installation 1 is located in close proximity to Block B of Installation 2. As will 

be seen in the next subsection, the amount of regeneration and number of germinants are quite 

low on the plots in that block as well.  
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Figure 6. Seedlings found on the systematic regeneration plots in Installation 1. 
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Figure 7. Germinants found on the systematic regeneration plots in Installation 1. 

 

 

3.2 Installation 2 Summary 

3.2.1 Overstory Conditions 

When the plots on Installation 2 were being re-measured following the 2003 growing season, 

many of the lodgepole pine trees present were experiencing green or red mountain pine beetle 

attack phases. To capture the density conditions that were present at that time, all lodgepole pine 

(living and recently killed) were included in the plot summaries in Table 3. The amount of 

lodgepole pine present was low for all plots in Block B. In the other blocks, the quantity varied 

from plot to plot; however, it was a relatively minor component (< 15%) in most plots. Not 

surprisingly, the density was highest in the control. This was followed by the density in the 3 m 
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clumped spacing, the standard spacing, and the 5 m clumped spacing in that order. The density of 

the 5 m clumped spacing averaged a little more than half of that of the control. 

 

Table 3. Overstory conditions in Installation 2 following the 2003 growing season, including 

lodgepole pine that were recently killed. 

 

Treatment Block Plot 
Density 

(tree/ha) 

Basal 

Area 

(m
2
/ha) 

QMD 

(cm) 

Curtis’ 

(1982) 

Relative 

Density 

Species Composition
a
 

(% Basal Area) 

Control 

(U) 

B 3 8,380 49.4 8.7 16.8 Fd100 

4 7,120 47.1 9.2 15.5 Fd97Pl3 

D 15 4,960 41.3 10.3 12.9 Fd71Ep11Pl11Sx4At3 

16 3,220 36.3 12.0 10.5 Sx58Fd34Ep6At3 

C 19 4,960 41.3 10.3 12.9 Fd97Sx3Ep1 

20 4,600 40.1 10.5 12.3 Fd82Pl9Ep6At3 

   Mean 5,540 42.6 10.2 13.5  

3m 

Clumped 

spacing 

(C1) 

B 1 2,260 28.7 12.7 8.0 Fd100 

2 1,920 34.1 15.0 8.8 Fd100 

D 11 2,940 44.5 13.9 11.9 Fd45Sx43At9Pl4 

12 2,240 36.3 14.4 9.6 Fd63Sx37 

C 21 2,160 31.5 13.6 8.5 Fd63Ep16Pl15Sx5 

22 2,660 31.3 12.2 8.9 Fd68Pl15Ep13Sx4 

   Mean 2,363 34.4 13.6 9.3  

5m 

Clumped 

spacing 

(C2) 

B 5 1,960 25.2 12.8 7.0 Fd78Pl22 

6 1,400 29.3 16.3 7.3 Fd100 

D 13 1,400 27.6 15.8 6.9 Fd82Pl18 

14 1,240 26.4 16.5 6.5 Pl62Fd28Sx10 

C 17 1,280 23.7 15.3 6.0 Fd73Pl14Sx7Ep7 

18 1,520 24.0 14.2 6.4 Fd75Pl10Ep8Sx7 

   Mean 1,467 27.2 15.4 6.9  

Standard 

spacing 

(S) 

B 7 1,880 34.4 15.3 8.8 Fd100 

8 1,620 30.3 15.4 7.7 Fd86Pl14 

D 9 2,060 32.2 14.1 8.6 Fd78Pl22 

10 1,860 32.2 14.8 8.4 Fd88Pl12 

C 23 1,840 34.7 15.5 8.8 Fd80Pl20 

24 1,400 30.5 16.6 7.5 Fd80Pl20 

   Mean 1,777 32.4 15.3 8.3  

a  
Composition includes species (Ministry of Forests and Range codes), followed by the percent as a subscript to the 

species code.  For example, Fd97Pl3  is 97% Douglas-fir and 3% lodgepole pine, by basal area. 
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The overstory summary following the 2007 growing season (Table 4) does not include the 

lodgepole pine trees that were killed. The change in conditions between the end of the 2003 

growing season and the end of the 2007 growing season are given in Table 5.     

 

Table 4. Overstory conditions in Installation 2 following the 2007 growing season. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
a  

Composition includes species (Ministry of Forests and Range codes), followed by the percent as a subscript to the 

species code.  For example, Fd97Pl3  is 97% Douglas-fir and 3% lodgepole pine, by basal area. 

Treatment Block Plot 
Density 

(tree/ha) 

Basal 

Area 

(m
2
/ha) 

QMD 

(cm) 

Curtis’ 

(1982) 

Relative 

Density 

Species Composition
a
 

(% Basal Area) 

Control 

(U) 

B 3 7,380 49.8 9.3 16.4 Fd100 

4 6,460 47.8 9.7 15.3 Fd100 

D 15 4,320 38.3 10.6 11.8 Fd81Ep11Sx5Pl2At1 

16 2,720 35.4 12.9 9.9 Sx57Fd35Ep5At3 

C 19 4,740 43.0 10.8 13.1 Fd96Sx3Ep1 

20 4,340 40.2 10.9 12.2 Fd89Ep6At3Pl2 

  Mean 4,993 42.4 10.7 13.1  

3m Clumped 

spacing 

(C1) 

B 1 2,260 32.2 13.5 8.8 Fd100 

2 1,860 36.0 15.7 9.1 Fd100 

D 11 2,660 44.4 14.6 11.6 Fd49Sx42At8 

12 2,160 38.5 15.1 9.9 Fd66Sx34 

C 21 1,820 30.6 14.6 8.0 Fd71Ep18Pl6Sx5 

22 1,860 28.1 13.8 7.6 Fd78Ep15Sx5Pl2 

  Mean 2,107 35.0 14.5 9.2  

5m Clumped 

spacing 

(C2) 

B 5 1,640 27.0 14.5 7.1 Fd100 

6 1,400 31.5 16.9 7.7 Fd100 

D 13 1,180 26.6 16.9 6.5 Fd97Pl3 

14 680 13.0 15.6 3.3 Fd72Sx21Pl7 

C 17 980 22.7 17.2 5.5 Fd84Sx9Ep7 

18 1,100 25.1 17.0 6.1 Fd83Ep9Sx7Pl1 

  Mean 1,163 24.3 16.4 6.0  

Standard 

spacing 

(S) 

B 7 1,880 37.2 15.9 9.3 Fd100 

8 1,520 28.3 15.4 7.2 Fd100 

D 9 1,740 27.5 14.2 7.3 Fd97Pl3 

10 1,740 32.1 15.3 8.2 Fd98Pl2 

C 23 1,360 30.6 16.9 7.5 Fd98Sx1Pl1 

24 1,220 26.6 16.7 6.5 Fd100 

  Mean 1,577 30.4 15.7 7.7  
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Table 5. Change in overstory conditions in Installation 2 between the end of the 2003 

growing season and the end of the 2007 growing season. 

 

Treatment  Block Plot  
Density 

(tree/ha) 

Basal Area 

(m
2
/ha) 

QMD 

(cm) 

Curtis’ 

(1982) 

Relative 

Density 

Control 

(U) 

B 3 -1,000 0.4 0.6 -0.4 

4 -660 0.6 0.5 -0.2 

D 15 -640 -3.0 0.3 -1.2 

16 -500 -0.9 0.9 -0.6 

C 19 -220 1.7 0.4 0.2 

20 -260 0.1 0.4 -0.1 

  Mean -547 -0.2 0.5 -0.4 

3m Clumped 

spacing 

(C1) 

B 1 0 3.5 0.8 0.8 

2 -60 1.9 0.7 0.3 

D 11 -280 -0.1 0.7 -0.3 

12 -80 2.2 0.7 0.3 

C 21 -340 -0.9 1.0 -0.5 

22 -800 -3.2 1.6 -1.3 

  Mean -256 0.6 0.9 -0.1 

5m Clumped 

spacing 

(C2) 

B 5 -320 1.8 1.7 0.1 

6 0 2.2 0.6 0.4 

D 13 -220 -1.0 1.1 -0.4 

14 -560 -13.4 -0.9 -3.2 

C 17 -300 -1.0 1.9 -0.5 

18 -420 1.1 2.8 -0.3 

  Mean -304 -2.9 1.0 -0.9 

Standard 

spacing 

(S) 

B 7 0 2.8 0.6 0.5 

8 -100 -2.0 0.0 -0.5 

D 9 -320 -4.7 0.1 -1.3 

10 -120 -0.1 0.5 -0.2 

C 23 -480 -4.1 1.4 -1.4 

24 -180 -3.9 0.0 -1.0 

  Mean -200 -2.0 0.4 -0.6 

 

 

 

The changes given in Table 5 reflect both the continuing response to the original thinning 

treatment and the lodgepole pine mortality. Plots that had a higher proportion of lodgepole pine 
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showed less or even negative growth in basal area per ha, irrespective of treatment. For example, 

Plot 14 that was spaced using the  5 m clumped spacing treatment had the highest proportion of 

lodgepole pine originally and was reduced in basal area by more than 13 m
2
/ha. Plot 6 which 

received the same treatment had no lodgepole pine originally and grew 2.2 m
2
/ha in basal area 

over the same period. Since the proportion of lodgepole pine originally present varied among 

plots and, more importantly varied among treatments, its mortality greatly confounds 

interpretation of the treatment effect on various measures of plot-level growth of the overstory.  

 

3.2.2 Regeneration Plot Data 

The ground cover on the systematic regeneration plots consisting of moss/lichens and grass/herbs 

varied markedly among the blocks (Figure 8). Block B, the driest of the three blocks, was 

dominated by moss/lichen with only a little grass/herb cover; Block C, intermediate in moisture 

among the blocks, was dominated by grass/herb cover with relatively little moss/lichen cover; 

Block D, the moistest of the blocks, was intermediate with respect to both grass/herb and 

moss/lichen cover. The amount of the other ground cover classes was relatively constant across 

the blocks. 
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Figure 8. Percentage ground cover of the systematic regeneration plots in Installation 2. 

 

 

Relatively few seedlings were found in the systematically located regeneration plots, especially in 

Block B where only two Douglas-fir seedlings were found (Table 6). The best block for Douglas-

fir regeneration and total conifer regeneration was Block C. Regeneration of aspen and birch as 

well as overall regeneration was highest in Block D. Spruce regeneration was only found in 

Block D. It is likely that these results are related to the moisture conditions on each of the blocks. 

In Block C, all thinning treatments had seedlings present, but the control area did not (Figure 9). 

In Block D, there was no regeneration in the 3 m spacing (C1) and a relatively large amount of 

regeneration in the control (U); however, much of that regeneration was aspen and birch. 
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Table 6. Seedlings per block by species based on the systematic regeneration plots. 

 

Block At
a
 Ep

a
 Fd

a
 Pl

a
 Sx

a
 Total % Per ha

b
 

         

B 0 0 2 0 0 2 2.3 46.4 

C 2 5 23 4 0 34 39.1 788.8 

D 24 12 5 1 9 51 58.6 1183.2 

Total 26 17 30 5 9 87 100  

% 29.9 19.5 34.5 5.7 10.3    

 
a
 BC Ministry of Forests and Range species codes. 

b
 Each seedling on a block represents 23.2 seedlings per ha. 
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Figure 9. Distribution of seedlings by treatment and species on the systematic regeneration plots 

in Block C (a) and Block D (b). Treatment labels are described in the text. 
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The most seedlings were found in the 5 m clumped thinning (C2), which had the least density of 

overstory trees (Table 7). The next highest number of seedlings was found in Treatment U, the 

control plots, which had the highest overstory density. However, the apparent relationship with 

density is confounded by the presence of aspen and birch, which are prevalent on the control 

areas, most likely due to suckering. If only the conifer species are considered, then the thinned 

areas had considerably more seedlings per ha than the control areas, as would be expected.  

 

 

Table 7. Seedlings by species and treatment on the systematic regeneration plots. 

 

 Species     

Treatment At
a
 Ep

a
 Fd

a
 Pl

a
 Sx

a
 Total % 

Total 

Per Ha
b
 

Conifers 

Per Ha 

C1 0 2 10 0 0 12 13.8 372 310 

C2 6 6 11 1 9 33 37.9 1023 620 

S 1 3 8 4 0 16 18.4 496 372 

U 19 6 1 0 0 26 29.9 806 31 

Total 26 17 30 5 9 87 100   

% 29.9 19.5 34.5 5.7 10.3     

 
a
 BC Ministry of Forests and Range species codes. 

b
 Each seedling in a treatment represents 31.0 seedlings per ha. 

 

 

Most of the seedlings present were found in height class 1, followed by height classes 2, 4, and 3 

(Figure 10). However, this trend was not consistent among the various thinning treatments and 

the control, and overall it is difficult to identify any pattern. 
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Figure 10. Number of seedlings in each height class by treatment on the systematic regeneration 

plots. Treatment and height classes are described in the text. 
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The number of germinants present on the systematic regeneration plots increased considerably 

with increasing moisture (i.e., from Block B through Block D) (Figure 11). Almost all of the 

germinants were Douglas-fir (> 95%). Generally, more germinants were found in the thinned 

areas than in the controls (Figure 12). 
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Figure 11. Number of germinants by species and block on the systematic regeneration plots. 

Species codes are those of the Ministry of Forests and Range. 

 

 

 

0

50

100

150

200

250

300

350

400

450

B C D

Blocks

Number

 of 

germinates

C1

C2

S

U

 

 

Figure 12. Number of germinants by treatment and block on the systematic regeneration plots. 

Treatments are described in the text. 
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3.2.3 Three-Year Height Growth of Regeneration 

The average 3-year height growth of the coniferous seedlings on Blocks C and D ranged from 

approximately 10 to 25 cm.  The height growth of the deciduous seedlings, especially those 

found in Block D, was generally larger than that of the conifers (Figures 13 and 14).  
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Figure 13. Average three-year height growth of the “best” seedlings by species on Block C. 

Treatments are described in the text. Species codes are those used by the BC Ministry of Forests 

and Range. 
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Figure 14. Average three-year height growth of the “best” seedlings by species on Block D. 

Treatments are described in the text. Species codes are those used by the BC Ministry of Forests 

and Range. 
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3.3 Analysis of the Impact of Treatment on Regeneration Quantity and Quality for Installation 2 

 

Mixed effects models were fit for total number of seedlings, conifer seedlings, Douglas-fir 

seedlings, total germinants, three-year height growth of conifer seedlings, and three-year height 

growth of Douglas-fir seedlings using the systematic regeneration data from Installation 2. The 

various covariates used contributed to the model. Interactions between them and the treatments 

were significant (α = 0.05), indicating a treatment impact on the response variables, but 

complicating the interpretation. However, the trend was for higher values for the response 

variables in the thinned areas.  
 

3.4 Comparison of the Differences Between Regeneration Plots With/Without Conifer Seedlings 

and With/Without Germinants 

 

A number of different discriminant models involving different combinations of variables were 

run to distinguish between regeneration plots in Installation 2 with/without seedlings and between 

regeneration plots with/without germinants. The models that discriminated best involved 

combinations of the various local competition measures; however, the classification rates were 

not strong with respect to seedlings and no interpretation was difficult (Table 8 and 9).  

 

Table 8. Results of a discriminant analysis for conifer seedlings based on combinations of 

local competition measures (Misclassification Error Rate: 34.7%). 

 

 To 
Total  

From 

No 

Seedlings Seedlings 

No Seedlings 58 44 102 

 56.86% 43.14% 100% 

Seedlings 6 36 42 

 14.29% 85.71% 100% 

Total 64 80 144 

  44.44% 55.56% 100% 

 

 

Table 9. Results of a discriminant analysis for germinants based on combinations of local 

competition measures (Misclassification Error Rate: 18.1%). 

 
From To Total 

 No Germinants Germinants  

No Germinants 15 14 29 

 51.72% 48.28% 100% 

Germinants 12 103 115 

 10.43% 89.57% 100% 

Total 27 117 144 

 18.75% 81.25% 100% 
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The CART analyses were easier to interpret than the discriminant analyses and classified 

regeneration plots considerably better in the case of seedlings (Figure 15 and Table 11). The 

initial variable used for classification was the grass/herb coverage (G_H) and values less than 

15% in the regeneration plot led to prediction of no seedlings. The next variable used was crown 

litter (CL) coverage and values greater than or equal to 25% led to predictions of no seedlings.  

The third variable used was basal area within 3 m of the regeneration plot centre (BA3A_10), 

where values less than 0.1022 m
2
 and greater than or equal to 0.08081 m

2
 led to no seedlings 

being predicted. The final split was also on basal area within 3 m of the regeneration plot centre, 

where values less than 0.06666 m
2
 and greater than or equal to 0.04027 m

2
 led to no seedlings 

being predicted. The basal area variable with the several splits is impossible to interpret exactly. 

However, the one clear pathway to seedlings being predicted to be present was grass/herb 

coverage greater than 15%, crown litter coverage being less than or equal to 25% and basal area 

within a 3 m radius being greater than 0.1022 m
2
.  The misclassification error rate was lower than 

for discriminant analysis (Tables 9 vs 11). 
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Figure 15. Dichotomous tree resulting from CART analysis for conifer seedlings using local 

competition (BA3A_10), crown litter (CL) and grass/herb cover (G_H). 
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Table 10. Results of a CART analysis for conifer seedlings based on combinations of local 

competition measures and ground cover (Misclassification Error Rate: 15.3%). 

 

 

 

 

 

 

 

 

 

 

 

 

Similarly, using CART analysis gave better results for predicting the presence of germination 

than discriminate analysis (Figure 16 and Table 11). The CART analysis for the presence of 

germinants was easier to interpret than that for the presence of seedlings. If crown litter coverage 

on the regeneration plot was less than 35%, then germinants were predicted to be present. If 

crown litter was greater than or equal to 35% and basal area within a 3 m radius of the 

regeneration plot centre was greater than 0.1275 m
2
 then germinants were predicted to be present. 

Finally, if basal area within a 3 m radius of the regeneration plot centre was less than 0.1275 m
2
 

and basal area within a 5 m radius of the regeneration plot centre was less than 0.2168 m
2
, then 

germinants were predicted to be present. The conditions under which no germinants were be 

predicted were crown litter greater than or equal to 35%, basal area within a 3 m radius of the 

regeneration plot centre being less than 0.1275 m
2
 and basal area within a 5 m radius of the 

regeneration plot centre being greater than or equal to 0.2188 m
2
. 
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Figure 16. Dichotomous tree resulting from CART analysis for germinants using local 

competition (BA5A_10 and BA3A_10) and crown litter (CL). 

From To Total 

 

No Seedlings Seedlings    

No Seedlings 95 7 102 

 

93.14% 6.86% 100% 

Seedlings 15 27 42 

 

35.71% 64.29% 100% 

Total 110 34 144 

 

76.39% 23.61% 100% 
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Table 11. Results of a CART analysis for germinants based on combinations of local 

competition measures and ground cover (Misclassification Error Rate: 18.1%). 

 

 

 

 

 

 

 

 

 
 

From To Total 

 No Germinants Germinants  

No Germinants 6 23 29 

 20.69% 79.31% 100% 

Germinants 3 112 115 

 2.61% 97.39% 100% 

Total 9 135 144 

 6.25% 93.75% 100% 
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4.0 Discussion 

 

Installation 1 is located in a quite dry area and the number of seedlings and germinants present 

overall were low. However, the largest number of both were found in Plots 1 and 2, which had 

greater structural diversity (more of the basal area comprised of larger trees) than the other plots 

in this installation. Perhaps as a consequence of this structure allowing sufficient light into the 

understory while retaining some shade, grass and herbs dominated. 

 

The pre-commercial thinning that took place in 2005 in Installation 1 changed the overstory 

conditions considerably, removing a good proportion of the small (< 10 cm dbh) trees present. 

This was particularly evident in Plots 5 and 6 that were initially dominated by many small trees. 

Any impact of this treatment on the number of seedlings and germinants present on the 

systematic regeneration plots is not yet evident. It will be informative to follow the response 

through the next several years. It may be that the thinning was too heavy in places to promote 

good regeneration on this dry site. For example, Plot 5 had its overstory density reduced by 

approximately 75%. However, the other plots in Installation 1 had lower levels of oversoty 

removal and could provide useful comparisons. 

 

Regeneration was sparse overall in Installation 2 as well, especially on Block B, the driest of the 

blocks, where only two seedlings were found on the 32 systematic regeneration plots. Blocks C 

and D, increasingly moist, had more seedlings present; Block C had the most conifer seedlings 

and Block D had the most overall seedlings. Thinning certainly had an impact on conifer seedling 

abundance. All but one conifer seedling found on the systematic regeneration plots were located 

in thinned areas. Prior to mountain pine beetle-induced mortality of much of the lodgepole pine 

on the plots in Blocks C and D
4
, all plots in the control areas had relatively dense overstories 

(Curtis’ (1982) relative density indices greater than 10.5) compared to the thinned areas. The 

seedlings that were present in the regeneration plots tended to be clumped (i.e., regeneration plots 

that had seedlings present were likely to have more than one). Overall, only 16 of the 96 

systematic regeneration plots in Installation 2 had conifer seedlings present. Germinants were 

much more prevalent than seedlings, and increased with an increase in moisture (i.e., least 

germinants in Block B and the most germinants in Block D). As was the case for seedlings, more 

germinants were found in the thinned areas than in the control areas. 

 

The CART analysis suggested that having more than 15% ground coverage of grass/herbs present 

in a regeneration plot and less than 25% crown litter were the best predictors of having a conifer 

seedling present. Greater amounts of grass/herb coverage were found in areas with moderate 

overstory density and some moisture. On areas with more inherent soil moisture, like Blocks C 

and D, it is likely that open overstory conditions can still remain moist enough for seedling 

survival throughout the growing season. In the driest areas, like Installation 1 and Block B, while 

dense overstories do not allow sufficient light for survival, too low of overstory density probably 

creates too little shade for moisture retention and heat mitigation during the summer months and 

makes seedling establishment and survival difficult.  

 

                                                 
4
 The plots on Block B had only a few lodgepole pine trees present since conditions were too dry to support good 

growth of the pine. 
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The CART analysis for the present/absence of germinants suggested that having less than 35% 

crown litter present on a regeneration plot was the best predictor of having a germinant present. 

The conditions that create this situation are similar to those that are good for seedlings – some 

moisture and light present. Crown litter coverage was usually only high on a regeneration plot if 

grass/herb or moss coverage was low, which was directly related to locations with too little 

moisture or too little light reaching the forest floor. 

 

The quality of the seedlings present, as reflected by 3-year height growth, appeared to be better 

on the less dense plots. In the mixed effects models employed on Installation 2, seedlings located 

in the thinned areas had higher predicted height growth than those in the control areas, even after 

variation due to local density was accounted for in the model. The highest height growth was 

predicted for the 5 m clumped spacing, which created the least dense conditions of the three 

thinning treatments. 

 

Although mountain pine beetle killed many of the lodgepole pine trees in the overstory of Blocks 

C and D in Installation 2, there did not appear to be any direct impact on regeneration quantity or 

quality. However, there may be indirect effects manifested through the local density covariate 

used in the mixed model analysis of the impact of the thinning treatments in Installation 2 on 

regeneration. Direct evidence of positive regeneration response to the lodgepole pine mortality 

may be available following the next measurement of the overstory and the regeneration plots in 

several years time, once the regeneration has had a longer time to respond to local reductions in 

overstory density. 
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5.0 Conclusions and Management Implications 

 

The PSPs located on the driest areas (Installation 1 and Block B of Installation 2) had few 

seedlings and germinants. This was not strongly influenced by the pre-commercial thinning that 

occurred in Block B. The greatest number of seedlings and germinants in these very dry areas 

were found in Plots 1 and 2 of Installation 1. These plots had the greatest structural diversity (i.e., 

more large trees) of the PSPs in Installation 1 and Block B of Installation 2, suggesting that the 

conditions in these more structurally diverse stands may be more suitable for successful natural 

regeneration in the driest areas.  

 

Regeneration plots with higher amounts of grass/herbs present in Installation 2 had greater 

likelihood of having seedlings present; this relates well to a sufficient moisture/light conjecture 

for the presence of regeneration. More seedlings and germinants were found in the moister areas 

(Blocks C and D of Installation 2). On these blocks, the thinned areas had many more conifer 

seedlings than the control areas, and more germinants than the control areas. Seedling quality, as 

determined by the average 3-year height growth of seedlings, was better in the thinned areas. 

After accounting for local density conditions, height growth was predicted to be highest on the 5 

m clumped thinning. This thinning treatment had the least dense residual stands of the three 

treatments studied.  

 

There was no direct evidence of the mortality of lodgepole pine in the more mixed stands present 

in Blocks C and D of Installation 2 creating more favorable regeneration conditions. However, 

there may be indirect effects manifested through the local density covariate used in the mixed 

model analysis of the impact of the thinning treatments on regeneration. 

 

The primary determinants for the presence of germinants and seedlings in uneven-aged interior 

Douglas-fir stands appear to be related to locations where there was sufficient light and moisture 

on the forest floor. Since these conditions are in limited supply in the stands included in this 

study, regeneration was both sparse and clumped. Silvicultural activities directed at enhancing 

natural regeneration in such stands, especially on very dry sites, should concentrate on enhancing 

structural diversity within the tree layer and retaining moderate densities. It may be that structural 

diversity and density interact with respect to creating good regeneration conditions, and that 

stands with higher structural diversity should have higher relative densities. 
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