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Project Purpose and Management Implications 
Beginning in 1982, a series of long-term thinning experiments (EP 922) were established 
by the B.C. Ministry of Forests, Forest Science Program to document the growth and 
yield impacts of a wide range of post-thinning stand densities in early- and mid-rotation, 
fire- and harvest-origin lodgepole pine (Pinus contorta Dougl. var. latifolia Engelm.) 
stands in the interior of British Columbia.  A total of 11 lodgepole pine installations are 
distributed among four biogeoclimatic (BEC) zones (IDF, MS, SBPS, SBS).  Stand ages 
ranged from 7 to 60 years old at the time of trial establishment.  The field installations 
test 4 or 5 post-thinning densities (500 to 3000 stems per hectare) plus an unthinned 
control.  Each of the treatments is replicated two or three times at each of the study sites.  
A full description of the EP 922 study, including preliminary growth results from the 11 
lodgepole pine installations, is provided in Johnstone and van Thienen (2004). 
 
In the early fall of 2005, several of the lodgepole pine EP 922 field installations were 
visited to determine whether they had been attacked by the mountain pine beetle 
(Dendroctonus ponderosae Hopkins) (MPB).  During these visits, it was confirmed that a 
large percentage of the trees within treatment plots at several of the study sites had been 
attacked by the MPB in the summer of 2005 (“green attack”).  The current ages of 
attacked stands ranged from 28 to 79 years.  These damaged EP 922 field installations 
provide an excellent opportunity to document post-attack stand dynamics in unsalvaged, 
thinned, pine-dominant lodgepole pine stands in the B.C. interior.   
 
The purpose of this project is to document the pattern and progression of attack, 
mortality, and fall down rate of overstory trees, and the growth and development of 
surviving residual trees, in all of the thinned and control plots at two EP 922 study sites – 
a young harvest-origin stand and an older fire-origin stand. We will also quantify, 
characterize, and measure the advance regeneration that exists at the time of beetle attack 
and the subsequent ingress and development of natural regeneration following attack.  
Large areas of thinned immature lodgepole pine are under MPB attack in the BC interior 
and are unlikely to be salvaged.  This project will help managers evaluate the likely 
strength of advance regeneration and ingress as a component of future stand structure and 
productivity at similar sites. 
 
This report summarizes the results from the project activities that were completed or 
reported in 2006/07.   
 
 
Project Start Date 
This two-year research project was initiated in April 2006 with funding provided by the 
Forest Investment Account – Forest Science Program.   
 
 
Methodology Overview 
Location, Site and Stand Description 
The first study site is located southwest of Burns Lake, B.C. (53o 54’N 125o 53’W) near 
Takysie Lake (E.P. 922-6) within the Sub-Boreal Spruce Dry Cool biogeoclimatic 



subzone (SBSdk) (Banner et al. 1993).  The fire-origin stand was 60 years old at the time 
of installation establishment in 1986.  Average pre-thinning stand height and diameter at 
breast height (dbh) were 11.1 m and of 7.9 cm, respectively.  Pre-thinning stand density 
averaged 7,100 trees per hectare (tph).   
 
The second study site is located approximately 54 km northwest of Quesnel, B.C. (53o 
16’N 123o 07’W) within the Blackwater variant of the Dry Warm Sub-Boreal Spruce 
(SBSdw2) biogeoclimatic subzone (Steen and Coupé 1998).  The stand was naturally 
regenerated following clearcut harvesting in 1976, and was approximately 15 years old at 
the time of installation establishment in 1992.  Average pre-thinning stand height and dbh 
at establishment were 3.6 and 2.5 cm, respectively.  Pre-thinning stand density averaged 
18,100 tph. 
 
Treatments and Experimental Design 
The Takysie Lake field experiment tests four post-thinning densities (500, 1000, 1500, 
2000 tph) plus an unthinned control.  There are three replications of each treatment.  
Treatment plots were grouped into three blocks (e.g., 5 plots per block), and each of the 
five treatments was randomly assigned to one plot within each block. The sizes of the 
square treatment plots range from 0.072 ha (500 tph) to 0.288 ha (2000 tph).  All thinned 
plots contain 144 trees (12 rows of 12 trees).  Control plots range in size from 0.020 ha to 
0.021 ha and are surrounded by an unthinned buffer with a minimum width of 10m. 
 
The Pantage Creek trial tests five post-thinning densities (500, 1000, 1500, 2000, 2500 
tph) plus an unthinned control.  There are two replications of each treatment.  Treatment 
plots were grouped into two blocks (e.g., 6 plots per block), and each of the six 
treatments was randomly assigned to one plot within each block. The sizes of the square 
treatment plots range from 0.040 ha (2500 tph) to 0.200 ha (500 tph).  Plot sizes vary 
with treatment because, except for the controls, a constant number of 100 sample trees 
(10 rows of 10 trees) were retained within each plot.  Control plots are large enough to 
contain 200 trees (0.01-0.02 ha), and are surrounded by an unthinned buffer with a 
minimum width of 5m. 
 
All trees within thinned and control plots are systematically tagged with serially-
numbered tags at both study sites.  At each site, growth assessments have been 
undertaken every 5 years since trial establishment.  Diameter at breast height (dbh) is 
recorded for all tagged trees within each thinned plot.  Height, crown length, crown 
width, and dbh measurements are taken from the inner 64 trees (8 rows of 8 trees) within 
each thinned plot and from all trees within control plots. 
 
Overstory Growth Assessment 
The dbh, total height, height to live crown, and crown width of each tagged tree at 
Takysie Lake was measured in early June 2006.  Measurements were obtained from all 
trees, regardless of whether or not they had been attacked by the MPB in 2005.  Growth 
measurements were used to examine relationships between tree size and beetle attack 
characteristics, and will also serve as baseline measurements for future growth 
assessments of the surviving residual trees.   



 
At Pantage Creek, most trees that had been attacked by the MPB in 2005 had experienced 
severe bark sloughing by June 2006.  The absence of bark prevented accurate 
determination of dbh on these damaged trees.  Therefore, only undamaged trees and trees 
that had been lightly attacked with no bark sloughing were assessed for growth at Pantage 
Creek in June 2006.  These measurements will serve as baseline measurements for future 
growth assessments of the surviving residual trees.  Data from the last scheduled re-
measurement at Pantage Creek (Fall 2002) were used to examine relationships between 
tree size and beetle attack characteristics.   
 
Diameter measurements were taken with a steel diameter tape at a permanently marked 
point approximately 1.30 m above ground level.  Heights were measured with an 
electronic measuring device (Forestor Vertex® hypsometer).  Height to live crown was 
measured with a telescoping height pole, and crown width was measured in two 
directions (at right angles) with a steel measuring tape. 
 
Mountain Pine Beetle Assessment 
At the time of growth assessment in June 2006, all tagged trees were assessed for MPB 
damage sustained during the 2005 growing season.  Each tree was assessed for attack 
type (strip or full), attack severity (light or heavy) and crown colour (green, yellow, red).  
Attack sites were identified by the presence of pitch-tubes, sawdust or oleoresin 
exudation, and/or bark sloughing.  Attack type was assessed for the entire bole and rated 
as strip (< 50% of bole circumference affected) or full (> 50% circumference affected).  
Attack severity was assessed within a 30-cm wide band at the most heavily attacked 
portion of the bole, and rated as light (< 15 attack sites) or heavy (≥ 15 attacks).  We 
assumed that trees coded 0 for attack and Y or R for crown status have health issues not 
related to the MPB, and these trees were excluded from further data analysis.  Bark 
sloughing (Y=yes, N=no) and fall down status (Y=yes, N=no) were also assessed on 
attacked trees.   
 
All tagged trees at both sites were re-assessed for MPB damage in October of 2006 using 
the same coding and methodology that was used in the earlier assessment. 
 
Regeneration Assessment 
The EP922 installations did not originally include recruitment monitoring, so a network 
of nested sample subplots was established within each treatment and control plot at the 
two sites in the spring and summer of 2006. The subplot centres were located in a 
systematic grid pattern designed to optimize sample point distribution over the different 
treatment plots while avoiding plot edge influences. Each subplot centre was permanently 
marked with a solid aluminum staked pounded well into the ground and labelled with a 
numbered aluminum tag. Subplot positions and numbers were recorded on a detailed 
sketch of each treatment plot.  

 
At each plot centre, three nested circular plot areas (4 m2, 10 m2 and 50 m2) were 
assessed for number, species and quality (good, medium and poor) of regeneration in 
different size classes (see Table). 



 
Subplot size (m2) Tree Size Class Size of trees tallied and assessed 
4 (1.13 m radius) 1 1- and 2-year-old seedlings  
10 (1.78 m radius) 2 3-years to 9.9 cm height  
10 3 10.0 to 49.9 cm height 
50 (3.99 m radius) 4 50.0 to 130.0 cm  height  
50 5 > 130.0 cm height (tagged and measured as 

well as counted) 
 
The number of sample subplot centres in each treatment plot was based on a target 
sampling fraction of about 5% by area in the smallest plot size (4 m2). A total of 295 
centres were established over the two sites. 
  
Ocular estimates of the percent cover of seedbed substrate types (LFH, woody debris, 
roots, mineral soil, rock etc.) were recorded at each subplot location on the 10 m2 plot 
area.  
  
The data was directly entered using an electronic field data recorder and archived in the 
Kalamalka Research Centre growth and yield database. The mean advanced regeneration 
counts have been summarized by site, treatment, species, size and quality classes but 
formal statistical comparisons have not yet been carried out. 
 
 
Project Scope and Regional Applicability 
Research activities are being undertaken at two area-based stand management field 
installations in the central interior of British Columbia within two Sub-Boreal Spruce 
(SBS) biogeoclimatic subzones (SBSdk and SBSdw2).  Results are applicable to 
naturally regenerated, managed lodgepole pine forests in the SBS.   
 
 
Summarized Results 
Mountain Pine Beetle Assessment 
The effects of post-thinning density on tree dbh were strongly linear at both sites, with 
the largest trees being measured at the lowest stand density.  These results are consistent 
with the results reported from other Pinus thinning studies (Johnstone and Cole 1988; 
Makinen and Isomaki 2004). 
 
The amount of MPB attack and subsequent mortality varied with stand density at both 
Takysie Lake and Pantage Creek.  At both sites, attack frequency and mortality in the 
different thinning treatments (excluding control) were determined to be non-random 
(Chi-square, p<0.0001).   However, the pattern of attack across density regimes varied 
between the two sites.  At Takysie Lake, the relationship between post-thinning density 
and MPB attack was noticeably quadratic, with lower attack frequency and tree mortality 
at low and high stand densities than at intermediate densities.  Conversely, the amount of 
MPB damage and mortality was inversely related to post-thinning density at Pantage 
Creek, with the 500-tph treatment sustaining the largest amount of damage. The different 



pattern of MPB attack across density regimes at the two sites can probably be largely 
explained by differences in MPB pressure at Takysie Lake (moderate) and Pantage Creek 
(high).   
 
The amount of MPB attack, attack severity, and subsequent tree mortality, was positively 
related to tree dbh at both Takysie Lake and Pantage Creek.  The proportion of attacked 
trees killed at both sites was higher in large trees than in small trees, probably due to the 
higher proportion of light attack in smaller dbh classes.  Heavy attack resulted in 97% 
mortality after 2 years at both sites.  Mortality following light attack was only 9% in the 
older stand (Takysie Lake) and 24% in the younger stand (Pantage Creek) after 2 years.  
Attack frequency, severity, and mortality distributions among dbh classes were 
determined to be non-random (Chi-square, p<0.0001).  
 
For all dbh classes, a smaller percentage of trees growing at the lowest stand density (500 
tph) at Takysie Lake were attacked by the MPB than in the other density regimes.  At 
Pantage Creek, virtually all trees > 12 cm dbh (2002 growth assessment) in all thinning 
regimes were attacked by the MPB. 
 
The vast majority of MPB damage at both sites occurred in 2005, with very little fresh 
attack in 2006.  This suggests that brood survival was low or that emerging beetles did 
not remain in the damaged stands.   
 
Regeneration Assessment 
At Pantage Creek, there are no clear trends in overall seedling numbers related to 
overstory density. Size classes 3 and 4 are most abundant; there are few young seedlings 
and most of the older saplings were slashed out during the treatment, except in the control 
plots. Interior spruce, Douglas-fir and lodgepole pine, paper birch, aspen and black 
cottonwood are all present as advance regeneration. The proportion of spruce decreases, 
and the proportion of broadleaves increases, with decreasing stem density. The majority 
of advance regeneration was assessed as good or medium quality. 
 
At Takysie Lake, overall seedling numbers seem to decrease generally with increasing 
overstory density up to 1500 sph, although one of the blocks does not strictly follow this 
trend. More 1- and 2-year old seedlings were recorded at this site than at Pantage; most of 
these appeared in only the widest spacings, however. Spruce and pine are the dominant 
species. There is no Douglas-fir but subalpine fir is present and the only broadleaf species 
is trembling aspen which is present in low numbers in only the most widely-spaced 
treatment (500 sph). Most of the advanced regeneration was considered good or medium 
quality, except in the control plots where the majority was assessed as poor, especially in 
size class 5. 
 
Formal statistical tests, including the influences of substrate and non-tree vegetation will 
be conducted after the second season of data collection. 
 
 
 



Interim Conclusions and Management Implications 
The preference of MPB for larger trees has been well documented (Shore and Safranyik 
1992).  However, the relatively small amount of damage at low stand density (500 tph) at 
Takysie Lake is also consistent with the reported positive effects of “beetle proofing” in 
widely spaced, semi-mature lodgepole pine growing in areas of expanding resident MPB 
populations (Whitehead and Russo 2005).  Under these conditions, thinning effects on 
microclimate (e.g., temperature, light, humidity, and wind) may reduce the risk of MPB 
attack in low density stands (Amman et al. 1988).    
 
At Pantage Creek, very high numbers of beetles have entered the area over the past two 
years from the uncontrolled epidemic to the west.  Under these conditions, catastrophic 
damage occurred in all thinning regimes, with the 500-tph treatment sustaining the 
highest level of attack.  Even a large percentage of trees in unthinned controls (16,000 
tph) were attacked by MPB over the 2-year period.  Although the growth measurements 
at Pantage Creek were obtained almost three years prior to MPB attack, smaller trees 
were apparently attacked at Pantage Creek than at Takysie Lake.  While likely largely 
attributable to differences in beetle pressure between the two sites, small dbh stems in the 
28-year-old stand at Pantage Creek were likely more vigorous, and had thicker phloem, 
than similar-sized trees in the 79-year-old stand at Takysie Lake.    
 
These results indicate that the effects of post-thinning density on susceptibility of 
lodgepole pine to attack by the MPB vary with beetle population levels.  Under 
conditions of low to moderate beetle pressure, some protection may be achieved at low 
stand density (less desirable microclimate) and at high stand density (less desirable dbh).  
Conversely, increasing tree growth and vigour by thinning apparently increases the risk 
of MPB attack where MPB populations are high.  Under these conditions, the mitigating 
effects of microclimate are probably minimal, and the risk of attack may be inversely 
related to residual stand density (largely a function of dbh).    
 
Accelerating the development of excessively dense, young lodgepole pine stands by 
thinning may help to partially mitigate the negative effects of the current MPB epidemic 
on future interior timber supply.  However, our preliminary results indicate that density 
control in surviving young stands should be delayed until current MPB pressure declines.  
 
 
Contact Information 
For more information contact: 
Rob Brockley 
B.C. Ministry of Forests and Range 
Phone: (250) 260-4768 
Email: Rob.Brockley@gov.bc.ca 
 
Catherine Bealle Statland 
B.C. Ministry of Forests and Range 
Phone: (250) 387-5447 
Email: Catherine.BealleStatland@gov.bc.ca 
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