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ABSTRACT 
Mountain pine beetle (MPB) and fire are the two major natural disturbance agents for 

lodgepole pine in the IDF, SBS, SBPS, ESSF, and MS zones of BC, and in lodgepole pine 
forests on the Alberta side of the Rocky Mountains. MPB-induced tree mortality strongly 
influences forest dynamics, both as a natural thinning agent, and by changing the fuel loading in 
stands, thus affecting fire behaviour. To accurately project impacts of MPB on lodgepole pine 
ecosystems, models of forest stand dynamics, MPB hazard, fuels succession, and fire behavior 
potential need to be linked together. Empirical data are needed on levels of mortality, growth of 
residual stands, fuel loading and regeneration to effectively calibrate and test the models in a 
variety of stands affected by MPB.  

This report the first year of this study  which appends to FII 2003-026, which continued 
the work of Dr. Terry Shore (CFS-PFC) who investigated the effects of the 1980ís MPB 
epidemic on lodgepole pine forests in the Cariboo, Kamloops, and Nelson Forest Regions. 
Project 2003-026 established new study stands in the current MPB outbreak in Tweedsmuir and 
Manning Provincial Parks in BC. This study adds more study stands that can be analyzed for 
long term changes in forest structure and MPB and fire disturbance dynamics by relocating study 
stands in Kootenay National Park that were established in 1935 and 1942 by the the Canadian 
government Vernon Forest Insect Laboratory, and in 1993 by Terry Shore, and relocating and 
remeasuring 5 study stands in Waterton National Park in southwestern Alberta that were 
installed by Rob Watt and Parks Canada in 1980 during the same MPB epidemic that T. Shore 
studied in Cariboo, Kamloops and Nelson Forest Regions.   

Data analysis of the Waterton plots will be undertaken in the coming fiscal year, and 
results can be used to increase our knowledge base of the long term effects of uncontrolled MPB 
epidemics on stand structure, stand dynamics and fuel loading and to assist in understanding the 
role of fire and MPB disturbances and their interaction, particulary how past disturbances have 
created current stand structures.  Forthcoming results can also assisted determining appropriate 
forest harvest and silvicultural systems outside of protected areas that will approximate natural 
stand level processes and structure, while minimizing mountain pine beetle and fire losses. 
Data will be analyzed in conjunction with data collected in FII R2003-026 to expand the scope of 
applicability of our findings.  

Keywords: 
mountain pine beetle, fire regime, stand dynamics, dendrochronology, succession, fuel 

loading, fire behavior, coarse woody debris, regeneration, fire scars, beetle scars, disturbance 
ecology, growth release 
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INTRODUCTION 
Mountain pine beetle (Dendroctonus ponderosae Hopk.) is the largest natural disturbance 

agent affecting lodgepole pine (Pinus contorta var latifolia Dougl.) forests in BC and to a lesser 
extent in the Rocky Mountains of Alberta. Lodgepole dominated stands comprise some 14 
million hectares of forest land in British Columbia. Analysis of the cumulative outbreak area 
from Canadian Forest Service Forest Insect and Disease Survey annual aerial overview survey 
records show that approximately 4.7 million hectares of pine-leading stands have been affected 
by mountain pine beetle since 1959 (Canadian Forest Service, unpublished data). Although a 
variety of silvicultural tools and management strategies can be used to minimize timber losses to 
MPB (Safranyik et al, 1974; Maclauchlan and Brooks, 1994; McMullen et al., 1986; Whitehead 
et al., 2001), effective control programs require early detection, rapid implementation, and 
continuous commitment. The long-term effects of these control strategies on the ecosystem are 
unknown (Hughes and Drever, 2001), and little is known about the long term post-epidemic 
development and growth of stands that have had no control measures used on them. A sound 
understanding of the impact of MPB outbreaks on the growth and yield of surviving trees in 
residual stands, regeneration, woody debris dynamics and fire potential is needed for managers 
to make better decisions regarding stand management in the face of MPB attacks.  

Multiple-use, sustainable management of forest resources requires a sound understanding 
of stand dynamics resulting from MPB outbreaks. This knowledge is crucial to managing first 
and second-growth forests in a manner that approximates natural disturbance functions and 
patterns, while reducing future risks from MPB attacks. The literature cited in the introduction is 
a sample of research on issues regarding the interactions of fire and lodgepole pine stands and 
landscapes, and MPB effects on lodgepole pine stands. More complete literature reviews of the 
effects of MPB on ecosystems are given in Peterman (1978), Cole and Amman (1980), 
Mclauchlan and Brooks (1994), Hughes and Drever (2001), and in Appendix 4 of our year 1, 
2001-2002 FRBC 02003-06 Annual Report. Given the depth of our knowledge of the ecology of 
both MPB and lodgepole pine, very little is known about how MPB and fire interact, and how 
MPB, lodgepole pine stand dynamics, and fire interact on the landscape to regulate the 
ecosystem as a whole.  

 

 

Figure 1: Conceptual model of feedbacks between MPB, fire and stand structure within the ecosystem 
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Lodgepole pine is an important timber resource in British Columbia, accounting for 
roughly 25% of the provincial timber supply (Canadian Forest Service, 2001). Research on this 
tree species has been extensive, and the importance of fire in maintaining lodgepole pine on the 
landscape is well documented (Agee, 1993). Due to the importance of lodgepole pine, both to the 
economy, and ecology of BC, substantial research efforts have focused on MPB.  

Lodgepole pine is a seral species in many ecosystems, but can be a self-perpetuating 
climax species where climate, disturbance, and edaphic factors limit the regeneration of other 
species (Agee, 1993). Although lodgepole pine produces both serotinous and non-serotinous 
cones, permitting successful regeneration in either the presence or absence of fire, it is 
considered to be a fire dependent species (Lotan et al., 1985). The landscape level age-class 
structure of lodgepole pine can be described as a mosaic of even-aged and uneven-aged patches 
intermingling in space and time (Agee, 1993). Whether a given patch or stand is even-aged or 
uneven-aged depends upon the disturbance history of the site: in the absence of fire, consecutive 
MPB attacks in the stand contribute to the conversion of an even-aged stand to an uneven-aged 
stand (Roe and Amman, 1970). Non-stand-replacement fires also lead to the creation of uneven-
aged stands (Agee, 1993). The type of fire-regime that operates within a given stand or landscape 
has significant effects on stand structure. High-intensity fires stand-replacement fires create 
even-aged stands, whereas low-intensity surface-regime fires contribute to the development of 
uneven-aged stands. 

It is evident that the mortality imposed on lodgepole pine forest stands by MPB attacks 
should influence fire behaviour: MPB kills trees, changing both the quantity and spatial 
distribution of fuels in the forest. What is lacking is a link between the mortality rate of trees in 
lodgepole pine forests under attack by MPB and the subsequent fuel loading of the stand. 
Mitchell and Preisler (1998) found that in unthinned lodgepole pine stands in southern Oregon, 
MPB-killed trees began to fall to the forest floor after 5 years, with 50% of trees falling within 9 
years, and 90% fallen by 14 years post-attack. Johnson and Greene (1991) found that it is 
possible to make reasonable post-fire disturbance estimates of tree-fall rates by examining trees 
already on the ground using equations of decomposition rates. Given the mass density of downed 
trees, rough estimates of the actual time of fall could be determined. They did not examine 
mortality due to MPB attack.  

Turner et al. (1999) found that high severity MPB attacks (>50% of trees killed) 
increased crown fire probability, but intermediate or light levels of MPB severity reduced crown 
fire probability during the wildfires of 1988 in Yellowstone National Park. Lodgepole pine 
regeneration was more successful in severe-surface burned stands compared to stands 
experiencing crown fires. Stuart et al. (1989) noted that the structure of an Oregon lodgepole 
pine forest was uneven-aged, with distinct episodic pulses of regeneration strongly correlated to 
MPB outbreaks and fire. The magnitude of the regeneration pulse was a function of disturbance 
intensity. Delong and Kessler (2000) investigated the ecological characteristics of mature forest 
remnants left by wildfire in sub-boreal landscapes near Prince George, BC, and found some 
remnants had an uneven-aged, episodic pattern of lodgepole pine regeneration.  

Stuart et al. (1989) also found that MPB outbreaks were preceded by a decrease in the 
mean annual increment of the stand. Heath and Alfaro (1990) examined a mixed Douglas-
fir/lodgepole pine stand near Williamís lake, BC, where 76% of the pine was killed by MPB in 
the early 1970ís. In response to this natural thinning treatment (Peterman, 1978), the radial 
growth rate of residual fir was enhanced for 14 years after MPB attack, suggesting the possibility 
that stand volume lost by pine might be compensated for by increased fir growth by the time 
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harvest rotation was reached. Release of remnant Douglas-fir and spruce post-epidemic was also 
observed in Wyoming and Idaho by Cole and Amman (1980). It is unknown whether there is 
release of surviving lodgepole pine in stands attacked by MPB.  

Lundquist and Negron (2000) developed a conceptual model of stand development in 
ponderosa pine that linked stand structure with underlying tree-killing disturbances. Disturbance 
agents could be classified into two basic ecological functions. Firstly, new stands developed as a 
result of fire, wind, and epidemic populations of MPB killing trees over large areas. Secondly 
small-scale canopy gaps influenced stand development and structure due to a wide variety of 
factors killing small numbers of trees. Due to the complexity of interactions in both space and 
time between various disturbances, the authors indicated that direct effects of specific agents 
may be difficult to estimate.  

Early growth and yield (GY) models used in forestry were based upon volume-over-age 
curves and knowledge of speciesí growth rates on different site types. These models lacked an 
assessment of the risk of losses due to disturbance. Recent models incorporate a broader array of 
disturbance agents and thinning regimes. Although a hazard rating model for MPB in lodgepole 
pine forests exists (Shore and Safranyik, 1992), an understanding of how fuels are altered by 
MPB is necessary to use fire behaviour prediction models in conjunction with GY models. We 
need to know how residual tree growth rates are affected by MPB attack, as the beetle effectively 
ì high-gradesî  stands it infests. These linkages are critical to understand landscape level MPB 
impacts. This project is intended to extend the geographic and ecological range of BC adapted 
GY models like the Forest Vegetation Simulator (FVS) (Teck et al. 1996).  The project will add 
a new evaluation of regeneration, coarse woody debris and fire potential in these forests 
impacted by MPB using a metric version (Taylor et al., 1998) of the Fuel Dynamics and Fire 
Effects Model extension of FVS (Beukema et al. 1998). Improving stand level GY models like 
FVS will allow managers to link stand-level silvicultural decisions to the whole forest in timber 
supply modeling in addition to issues regarding coarse woody debris retention and management. 
Knowledge of post-MPB attack stand dynamics will help forest managers make decisions to 
meet their long-term strategic plans. This knowledge will help them determine if release of other 
tree species maintains stand productivity through to the scheduled harvest, whether salvage of 
the pine component is necessary, and to forecast the structure and volume of the final harvest 
stand. In addition to forest management benefits, this will also improve our understanding of the 
natural progression of stand development in uncontrolled MPB epidemics. 

This project was established to assess the impact of MPB across a range of 
biogeoclimatic zones (see Figure 1 for map showing locations of study stands established 
between this study and FII R2003-026), varying stand conditions, and to investigate modeling 
techniques for projecting post-epidemic stand and ecosystem development, and in particular: 
 

1. Assess the impacts of MPB on stand and woody debris dynamics.  Assess the growth of the 
residual stand, regeneration/recruitment, and fall down rates of standing dead trees.  

2. To remeasure study stands in Waterton National Park. 

3. To relocate plots established in Kootenay National Park and to assess the feasibility of 
remeasuring these plots in the near future. 

 
Some of the hypotheses that will be examined include: 
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1. MPB induced tree mortality results in an increase in the growth rate of the residual stand. 

2. MPB induced tree mortality increases the proportion of late successional tree species in 
mixed stands.  

3. Fire behavior potential and fire hazard are greater following MPB attack. 

 
Table 1.  Timeline of  Project Research and Development Activities 2002-2003. 

    Year / 
Quarter 

Activity 2 0 0 2 

   3 4 

1.1 Plot remeasurement    

1.2  Lab analysis & data entry    

 

METHODS 
In 1935, 1942 the Canadian governmentís Vernon Forest Insect Lab established semi-

permanent plots to assess the impact of MPB attack on stand conditions in Kootenay National 
Park using 10 plots. Four (4) additional plots were established in the same area as the original 
plots in 1993 by M Shrimpton of the CFS. In 1980, B Moody of the CFS (Northern Forest 
Centre, Edmonton) established 5 study stands in Waterton National Park in conjunction with 
Parks Canada. Due to no control measures being used on the epidemic in either location,a nd that 
no further management on these sites has occurred, these sites represent the best opportunity to 
assess the long term effect of MPB attack in southeastern B.C and in the Rocky Mountains of 
Albereta. Initial methods of the plots established in Kootenay National Park are contained in 
Appendix II, which is the establishment report for the Kootenay stands. 
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Figure 1: MPB Stand Dynamics study stand locations 
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Waterton National Park 
A full description of the initial study at Waterton National Park are contained in 

Appendix V and VI, which contains both 1981 and 1982 reports by RA Watt of Parks Canada. In 
October 2002, the original plots were relocated: five plots had been established at each stand on 
a linear transect with plots spaced by 1 chain (66 feet). The original plot centre was marked and 
prism cruise carried out using a metric BAF factor of 2. Figure 2 (below) shows the location of 
study stands and the scale of the epidemic in Waterton National Park. 

 

 
Figure 2: Waterton National Park MPB study stand locations and scale of MPB epidemic. 

2002 Field methods 
Stands for resampling were revisited in October 2002. Within each stand, the center of 

each plot was relocated and an orange-painted aluminum stake was hammered into the ground as 
a permanent marker to replace the original wooden stakes. The location of each stand was 
recorded using GPS. Stand locations are in Appendix I. 

Overstory Trees 
All trees from the initial study were relocated and identified in each plot and stand. Trees 

that had fallen since the previous assessment were noted. The dbh was measured, and metal tags 
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were hammered into all standing trees, dead or alive, and any new trees that had grown ì inî  to 
the prism plot. All living trees were assessed for any pathological conditions and the presence of 
mistletoe. 

Dead trees were examined to determine the cause of death. If beetle galleries were 
present, they were examined to determine whether it was MPB or Ips species that had killed the 
tree. The height of all snags was estimated and each snag was assigned to a decay class using 
criteria contained in Wildlife Tree Committee of BC (2001). 

For increment coring and height measurements, two P. contorta trees per plot were 
randomly chosen and measured for total height and height to the bottom of the live crown. These 
same trees were increment cored. Other tree species present in the plots were also increment 
cored and measured for total height and height to live crown (up to 2 per species). Increment 
cores were stored in plastic straws to be examined at a later date to determine age and annual 
growth increment measurements.  

Understory Trees/Regeneration 
Within a 3.1m radius plot at plot center, seedlings were tallied by species and height class 

(0-0.10m, 0.10-0.50m, 0.50-1.0m, 1.0-1.5m). Saplings greater than 1.5m in height and less than 
7.0cm diameter were counted in a 5.64 m or 7.98m radius circle. The radius of the plot was 
chosen to capture a minimum of 6 saplings in the plot. Saplings were tallied by species in two 
DBH classes: 0-3.9cm or 3.9-7.5 cm. In the event that a sapling was measured as an ì inî  tree in 
the overstory count, it was excluded from the regeneration/understory count. 

Downed woody debris. 
In each plot, coarse woody debris (>7cm diameter) and fine fuels (<7cm diameter) were 

tallied on a 30 m transect along a random compass bearing from plot center. A 30m tape was laid 
out on the ground, and for coarse woody debris, the diameter and species of each piece 
intersected by the transect tape was recorded. Each piece was assigned to one of five classes of 
decomposition. See Table 3, Appendix 1 in our FRBC 02003-06 Annual Report for a description 
of the classification system. 

Fine fuels were tallied along the first 25m of the transect line using the method by 
Trowbridge et al. (1986). The end of the transect line was marked with an aluminum stake. 

Lab analysis.   
Sample core ring widths will be measured using a tree ring analyser (PFC 

Denchronology Lab) to establish a standard chronology using cross correlation, and determine 
growth rates of residual trees since MPB attack. 

Data Analysis 

Data Storage 
Data collected in the 2002 field season has been entered into a database at CFS-PFC. 

Data Summaries 
Data of fuel loading has been summarized into table form showing the fuel loading per 

stand in Waterton National Park. Further data analysis showing current stand structure, initial 
stand structure, mortality rates and regeneration levels will be undertaken in the coming fiscal 
year (2003-2004). 
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ACCOMPLISHMENTS 2002-2003 
 

2002-2003 APPROVED QUARTERLY WORKPLAN  
 

Milestones and Deliverables Projected completion date 

1. Plot remeasurement  Nov 30 2002   

2. Lab analysis & data entry January 31 2003   

3.  Data analysis and model calibration                                          March 31, 2003 

4.  Contract with BA Blackwell and Associates March 31, 2003 

2002-2003 Project Accomplishment Details 
Plot remeasurement- All plots were remeasured in October of 2002. One of the five study stands 

did not have fine fuels measured due to excessive snow coverage on the ground at the 
time of sampling. We anticipate having this done in the coming fiscal year. 

Lab analysis and data entry ñ Data was entered by January of 2003. Tree ring analysis has not 
yet been completed, but samples have been prepared, and will be measured by the Tree 
ring analyzer in the PFC Dendrochronology lab in the coming fiscal year. 

Data analysis and model calibration -  Regeneration data has been summarized, and other data 
will be analyzed and summarized early in the first quarter of the 2003-2004 fiscal year. 

Contract with BA Blackwell- funds were obtained in the original proposal for this study to 
complete analysis of beetle and fire scars and increment cores relating to FII R2003-026. 
This work was completed, and the associated report is included as Appendix IV. The 
contract itself is included as Appendix III. 

Poster prepared for CFS/NoFC MPB tour in February, 2003- a poster was prepared by Chris 
Stockdale outlining this project and showing the study stand locations and was presented 
by Leo Unger at the Kootenay National Park stop of the tour. 

 

APPLICABILITY OF RESULTS / END USERS 
Extension activities for the project are the same as those for FII R2003-026, as the Waterton 
study stands are an extension of that project, albeit funded under a separate proposal. To reiterate 
the objectives for our extension activities (excerpted from Final Report, 2002-2003 FII R2003-
026): 

1. Transfer knowledge of the impacts of uncontrolled MPB attack on stand and ecosystem 
dynamics and the fire management implications of these impacts to forest science 
researchers, MOF forest health and ecology specialists, industrial and ministry forest, park, 
and fire managers, 1st Nations people, and the general public. 

2. Incorporate the project results into forest and fire management plans, landscape disturbance 
modeling, timber supply modeling, carbon budget modeling, and revisions/additions to the 
results-based code. 

3. Translate stand and ecosystem dynamics information into possible alternative silvicultural 
systems for managing lodgepole pine by approximating MPB and fire natural disturbance in 
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these ecosystems. 

The project results will be communicated through various media to ensure forest 
manager and public education on the effects of MPB epidemics on stand dynamics and impacts 
on forest resource values. These results will aid in the creation of local MPB management 
solutions, larger scale policy decisions, and practices such as prioritizing salvage logging 
activities and future MPB-epidemic damage reduction strategies for lodgepole pine forests. 
Results from this study will also improve capabilities and methods for monitoring the success of 
alternative MPB management strategies and practices to direct future research and extension 
activities.  Working directly with Lignum and Riverside forest companies on this project will 
ensure that effective transfer of project results takes place with field and planning foresters. 

CFS-PFC is currently in discussion with FORREX (FII extension provider) to coordinate 
extension and is committed to the community extension concept. The PFC marketing/extension 
group will work with the Project proponents and members of the natural resource community to 
develop the most appropriate extension vehicles. 
 

 2003-2004 Milestones and Deliverables                       
1. PFC Info Report:. Bull Mtn. Douglas-fir release                                             Jan. , 2004 

2. Journal article: Frequency and severity of past MPB outbreaks                      March, 2004 

3. Journal article: Interaction of fire and MPB in the SBPSxc/IDFdk3                 March, 2004 

4. Journal article: MPB outbreak effects on stand dynamics                                March, 2004 

5. MPB risk rating of MPB impact project plots in BC interior                          Dec, 2003 

6. PrognosisBC IDF, SBS and SBPS testing and validation                             March, 2004 

7. Prediction of changes in fuel characteristics and potential fire behavior       Dec, 2003 

8. Data analysis of the current MPB outbreak plot data                                       Jan., 2004 

9. Data analysis of stand dynamics 22 yr old plots in Waterton National Park     Feb., 2004 

10.  Project post-outbreak stand dynamics through modeling.  October 2003* 

11. Fire behaviour potential analysis.   October 2003** 
* PROGNOSIS-BC and the Forest Vegetation Simulator model and Fuel Dynamics and Fire Effects Model 
extension  (Teck et al. 1996; Beukema et al. 1998; Taylor et al 1998) will be used as the framework to project the 
development of the residual stand density, species composition, canopy closure and woody debris dynamics. 
Projections will be carried out for the sample plots beginning with the residual stand conditions in order to explore 
longer term (30-100 year) impacts and to demonstrate the use of the model to project MPB impacts. The model will 
be calibrated using the periodic increment data. Snag fall down rates and regeneration rates will be adjusted if 
necessary. Other models such as TASS (Mitchell and Grout 1995) may be evaluated when stand species and 
conditions are suitable.  
** Changes in fuel characteristics and potential fire intensity will be forecast using a metric version of the Fuel 
Dynamics and Fire Effects Model extension of FVS (Beukema et al. 1998) and data on fuels and stand structure.  
Changes in fire behavior over time will be projected from changes in vegetation (fuel type), and from topographic 
and climatic data using the climatological approach of Taylor et al. (1998). 

Participation of Team Members and Identified Partners in the Project 
Most partners in the project will not be making their contributions until fiscal year 2003-

2004 of the project plan. Abdel-azim Zumrawi, BC MoF, will test the recently developed version 
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of BC Prognosis (FVS) for the IDF biogeoclimatic zone to predict stand structure and volume 
changes in year 3. Steve Taylor will test the USFS fire and MPB module of FVS to predict stand 
dynamics, fuel succession and fire behavior in year 3 as well. Dr. Terry Shore will be running his 
MPB stand and pine hazard rating models on 1987 and 2001 stand data to determine changes in 
stand susceptibility due to MPB mortality. Dr. Allan Carroll will determine the proportion and 
timing of MPB versus Ips spp. beetle tree induced mortality using galleries identified on dead 
sampled lodgepole pine trees.  

Advancement of Current Status of Research Knowledge 
Policy makers considering policies to encourage emulation of natural disturbance have 

been provided with knowledge of some of the long-term impacts of MPB, one of the most 
important agents of natural disturbance in BC.  Preliminary results from Year 1 (2001-2002) of 
FII R2003-026 have already been used by MoF research branch in a project compiling 
information about natural disturbance return intervals throughout BC. Forest management and 
health practitioners have some preliminary data to project the long-term impacts of MPB 
outbreaks in the SBPSxc biogeoclimatic subzone and limited ecological zones in southern BC. 
These data are proving useful for development of mitigation measures for disturbances that 
increase fire hazard and reduce timber yield. Preliminary results from year 1 of the FII R2003-
026 work plan have already increased our understanding of how fire and MPB interact as natural 
disturbance agent in BC. Significant growth release of associated tree species like Douglas-fir on 
Bull Mountain has already effected the options for salvage of killed lodgepole pine in mixed 
species stands. 

Other conference/journal papers that result from this project will enhance the science, 
technology and extension profile of BCís science, technology, and extension providers and 
provide possible stimuli for similar research in the USA. 

Preliminary project results of fire and MPB natural disturbances is already assisting in 
managing the lodgepole pine forests in a sustainable manner. The benefits include improving 
forest management planning and salvage operations in the past and current MPB attacked stands 
since the project has provided the stand conditions after 15-22 years of succession 

Potential end-users/resource practitioners and how they will use the project results:  
Riverside Forest Products Ltd. and Lignum Ltd. have indicated that they will use 

forthcoming results to determine the impact of MPB on their timber resources, incorporate the 
results into their natural disturbance projects commenced within their Innovative Forest Practices 
Agreement, and enable improved localized planning.  Other forest industries currently being 
affected by the MPB would also benefit in these ways. 

Ministry of Forests regional ecologists will use the project results to develop guidelines, 
under the Cariboo-Chilcotin Land Use Plan, for attribute-based seral stage classification of MPB 
attacked stands. New understanding of MPB long-term effects on structure and dynamics could 
challenge pre-conceived ideas in ecology and lead to better management strategies and 
guidelines. MoF forest health practitioners see this project assisting in evaluating the impact of 
MPB on timber supply, habitat values, and fire hazard. Cariboo fire managers see the fire 
potential information as a high priority since they need to adjust their protection pre-suppression 
and prevention plans to deal with any increased level of fire hazard on the landscape. 

BC Park managers have identified themselves as ì end usersî  of the information gathered 
from this study. The project results will be invaluable in developing MPB management strategies 
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in BC Parks. The MoF PrognosisBC development team will implement the study results in the 
PrognosisBC growth and yield model which will then be available to forest industry managers to 
use in determining timber supply impacts of MPB damage and assist in making salvage 
decisions. 

SUMMARY AND CONCLUSIONS 

Impact on the Project on BCís Forest Sector 
Eric Johansen and Gregor Lee, BC Ministry of Forests, Inventory Branch, Williams Lake 

Forest Region indicated that the stand volume loss and live versus dead tree density results were 
critical in determining the annual allowable cut currently being re-assessed for the timber supply 
area in the Williams Lake area.  These were also critical to confirm their estimates of pre-beetle 
live stand volumes using permanent plot sample results (establishment in 1996). The project 
results were also useful for prioritizing and scheduling the remaining salvage of stands affected 
by the 1980ís MPB outbreak in the Cariboo Forest Region, as well as, the current salvage of the 
new outbreak in northern BC.  In the current outbreak logging companies should target low 
productivity stands first since high productivity stands will still have economic levels of salvage 
later in the salvage operations. 

The preliminary stand dynamic and volume results were presented to the BC MoF Chief 
Forester, Larry Pederson, by Eric Johansen and Gregor Lee to illustrate that they now have the 
capability to provide a more detailed layout of stand degradation and change after MPB attack. 
Lignum Ltd. and Riverside Forest Company staff have indicated that the study results will assist 
them in understanding the natural role of fire and MPB disturbances and their interaction in 
creating the stand structures in the past and in the present landscape. The project results will also 
help determine appropriate forest harvest and silvicultural systems that will approximate natural 
stand level processes and structure, while minimizing MPB and fire losses. 

Recommendations to Policy Makers and Stakeholders 
Only preliminary results have yet been released from analysis conducted in year 1 of the 

three-year MPB stand dynamics project, FII R2003-026. Final analysis is underway and results 
will be available by the second quarter of the 2003-2004 fiscal year. It would be inappropriate to 
make final recommendations at this point, although preliminary results of stand volume and 
density impacts of MPB have already been proven useful. They have been used to guide timber 
supply analysis, estimates of pre-1980s stand conditions, salvage priorities in the 1980ís and 
current outbreaks, and understanding the natural role of fire and MPB disturbances to assist in 
guiding forest harvest and silvicultural systems. One of the limitations of using these data from 
plots sampled after the previous outbreak is that the results are mainly applicable to the SBPSxc 
and IDFdk3 biogeoclimatic subzones, in mixed surface and crown fire regimes, and in lodgepole 
stands with multi-age and size classes. The current MPB outbreak in BC is occurring in more 
northern and wetter biogeoclimatic zones that experience crown fires at long intervals and have 
more even-aged stands with trees of similar size. The plots established in Waterton National Park 
in this project will expand the range of our analysis, and add to our understanding of long-term 
changes in forest stand structure and dynamics in the wake of MPB epidemics. 
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APPENDIX I:  

STUDY STAND LOCATIONS 

Table 1: 2002 Waterton National Park MPB sample stand locations 

Location Stand Latitude Longitude (W) 

Waterton 1 49.09922 -113.966 

Waterton 2 49.06675 -113.789 

Waterton 3 49.06523 -113.79 

Waterton 4 49.12869 -114.02 

Waterton 5 49.00871 -113.669 
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APPENDIX II 
 

 

Kootenay National Park: Mountain Pine Beetle Plot re-
Location 

FII Project R2003-0111, March 31st  2003 

 

 

INTRODUCTION 
Mountain pine beetle (MPB) is one of the major natural disturbance types in British 

Columbia (B.C.), affecting pure lodgepole pine (Pinus contorta) stands and mixed stands of 
pine/Douglas - fir (Pseudotsuga menziesii) and pine/interior spruce (Picea glauca)/subalpine fir 
(Abies lasiocarpa) in a wide variety of ecosystems in the Interior Douglas - fir (IDF), Sub - 
boreal spruce (SBS), Sub - boreal pine - spruce (SBPS), Engelmann spruce - subalpine fir 
(ESSF), and  Montane spruce (MS) zones.  MPB outbreaks strongly influence forest dynamics.  
Mortality of mature lodgepole pine will result in changes in tree species composition, stand 
structure and canopy closure in the residual stands.  In mixed stands MPB attack will result in 
residual stands with a smaller pine component and a larger component of species such as fir, 
spruce or subalpine fir.  Reduction in the basal area of large diameter pine may result in an 
increase in the growth rate of residual pine and other species. Reduction in canopy closure may 
allow for regeneration of lodgepole pine and other species in some ecosystems.  Tree mortality 
due to MPB and reduction in canopy closure will result in substantial increases in standing and 
ultimately downed woody debris that will influence fire behavior potential. 

In the past century, throughout B.C. and the Alberta Rocky Mountains, forest managers 
and researchers established sample plots to study the effect of MPB on forest structure. One of 
the most effective ways to collect data to enable better predictions of the effects of MPB on 
ecosystem and stand structure is to examine the historical records and to measure current 
conditions in stands that have been previously impacted by MPB epidemics. 

Background Information: 

Under separate FII funding (R03-26), the fire research group, Canadian Forestry Service 
(CFS), Pacific Forestry Centre (PFC), Victoria, B.C. re-measured plots established in 1987 by 
Dr. Terry Shore, PFC. These plots were located in the Cariboo, Nelson and Kamloops Forest 
Regions after a large MPB epidemic that occurred from the late 1970ís to 1985. Unfortunately, 
half of the original 30 stands (10 plots in each) in the Cariboo Forest Region were destroyed by 
logging or wildfire. Similarly, only four of five stands in the Kamloops region and one of six in 
the Nelson region escaped logging. Plots were established in 2002 (Entiako Protected Area and 
Manning Provincial Park) to monitor the long-term impact of the current MPB epidemic. A total 
of 15 stands (130 plots) were sampled. 

This FII project (R2003-0111) was developed to relocate and sample additional stands 
affected by MPB in southern B.C. The project deliverables included relocating and re-measuring 
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sampled stands in Waterton Lakes National Park (WLNP) and relocating sampled stands in 
Kootenay National Park (KNP), as well as, making recommendations on whether these stands 
merit re-measurement. In 1980, Dr. Ben Moody, CFS, Northern Forestry Centre (NoFC), 
Edmonton, Alberta, established 25 plots in 5 stands in WLNP that were re-measured in October, 
2002. A separate establishment report for these plots has been written. The purpose of the KNP 
assessment was to attempt to relocate, determine availability and quality of data and develop 
recommendations for re-sampling MPB plots established in the park over three time periods. The 
oldest plots date back to 1935 and 1942. The next plots of interest were established in 1993 in 
the same general area as the oldest plots. The third group of plots were established in 1993 in an 
area of the MPB outbreak that occurred in the late 1980ís and early 1990ís. 

Dr. George Hopping, CFS, Vernon Entomology Laboratory, established ten MPB impact 
plots (seven 1 acre and three º  to 1 acre) in the area affected by the MPB occurring between 
1935 and 1942 (Appendix 1, Map 3). Plot maps, methodology and data collected are contained in 
1935 to 1946 Vernon Forest Insect Laboratory annual reports held in the PFC library. 

In 1993, Dr. Malcolm Shrimpton, retired PFC research scientist, sampled 4 plots in the 
general area of the 1935 and 1942 plots. The original plot markers and tie points could not be 
found so consequently only general area locations could be established (Appendix 1, Map 2). 
Logging of dead lodgepole pine to reduce fire hazard adjacent to the original KNP highway was 
carried out in the early 1940ís and resulted in the requirement to offset some of Dr. Shrimptonís 
plots. A file report was produced for the Forest Practices Branch, British Columbia Ministry of 
Forests (Shrimpton, 1994). 

Dr. Terry Shore, PFC research scientist, established plots in 1993 (Appendix 1, Map 4) 
after an outbreak in the late 1980ís and early 1990ís. Preliminary data analysis was completed in 
1993.  
 

Research Objectives: 

The 1935 and 1942 plots were established to monitor the progress of the MPB infestation 
in stands of varying age (60 to 130 years). The 1993 re-measurement of these plots by Dr. 
Shrimpton was initiated to provide general stand condition information 50 years after infestation. 
The 1993 current attack plots established by Dr. Terry Shore provided detailed baseline data on 
MPB impact in the KNP ecosystems and subsequent remeasurement will assist in understanding 
MPB impact on stand and vegetation dynamics after 10 years. 
 

Methods: 

The earliest established plots were done in two phases. The first seven plots were 
established in 1935, in stands with varying degrees of MPB mortality. One acre fixed area plots 
were used. Data collected included tree species, diameter at breast height (DBH), condition of 
foliage, primary insect that caused tree mortality, number of trees attacked, prevalence of 
woodpecker activity, presence of MPB eggs, larvae, pupae and young adults, and parasites. The 
MPB outbreak areas were mapped and photographed (Appendix 2, Plate 1) using specific photo 
points. Current MPB attacked trees were tagged and previously killed trees were blazed and 
numbered for future identification. The original seven plots were sampled annually until 1945. 
Three additional plots were established in 1942, further to the north of the original seven plots, 
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including one plot in the Vermilion River drainage. These plots were located in immature 
lodgepole pine stands (60years old). Plots sizes were 0.5, 0.25 and 0.0625 acres. The individual 
tree data is no longer available, but summaries are presented in the annual reports. 

The 1993 re-measurement by Dr. Shrimpton of the 1935 and 1942 plots was limited 
those located between Nixon and Dolly Varden creeks and having the highest tree mortality. The 
initial bearing for plot transects, elevation, slope and aspect were recorded for each of the prism 
plots. Notes were recorded on the appearance of the stand, extent of dead fall and insect galleries 
on the fallen trees. On each of the 10 prism plots, tree species, DBH and tree condition were 
recorded for all tallied trees. For plots two, five and eight an increment core was taken from each 
tree on the prism plot. Height was recorded to a maximum of five trees per prism plot. For plots 
three, six, and nine, a 3.1 meter fixed radius plot was established and tree regeneration by species 
and height class (0.1, 0.5, 1.0, 1.5, and 2.0 metres) were counted. Vegetative cover by species 
and approximate percent of ground cover for each species are recorded. 

The methodology used by Dr. Terry Shore in the establishment of the 1993 plots was 
identical to that used in the remeasurement of the 1935 plots. Plots were located in areas with 
moderate to high levels of MPB attack.  
 

Plot Re-Location 2002: 

Crew: George Dalrymple and Leo Unger; with a half day of field assistance from Emile Begin, Forest 

Health, British Columbia Ministry of Forests, Invermere Forest District. 

Date: November 25 ñ 29, 2002 

Results: 

The original plots established in 1935 and 1942 were not found. The Vernon Lab reports 
indicated that most of the MPB killed trees had been logged near the original highway. In the 
general areas of the 1935 plots, cut stumps and blazed trees were found. The condition of the 
blazed trees would indicate they are probably related to more recent road surveys. MPB scarred 
trees that survived the 1935 and 1942 outbreak were found in several stands.  Numerous downed 
trees, which had identifiable MPB galleries, were predominately moss covered. Plots 1 to 7 and 
the surrounding stands consist of either almost pure white spruce or multi-aged lodgepole pine 
and white spruce depending on site characteristics, age of stand when attacked, and level of tree 
mortality. In the general areas of plots 8, 9 and 10 some of the original lodgepole pine trees were 
still present. The trees killed by the MPB had either naturally fallen down or been cut. The 
original plot locations, as indicated in the Vernon Lab reports, were based on road mileages on 
the old highway.  Highway upgrades have resulted in changes that preclude accurate relocation. 
The latitude and longitude were determined (Appendix 3, Table 1) for estimated plot locations 
(Appendix 1, Map 1) using a hand held Global Positioning System (GPS).  

The 1993 general area prism plots had no permanent markers and could not be located. 
Even the general areas are illusive due to missing field notes and data. 

Plots established by Dr. Terry Shore in 1993 in areas of mountain beetle infestations 
were found. One of the ten prism plots was relocated for each of the five plots that were 
established. These plots were located along Settlerís Road, on a ridge west of Dog Lake, and 
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three parallel transects to the east of Dog Lake. Trees were originally marked and numbered with 
blue painted numbers near the base of the trees. In stands where most of the trees were still 
standing, tree numbers were still legible, however, in some of the plots relocated on the east side 
of Dog Lake, there was considerable blowdown. In the blowdown areas, the bark on beetle-killed 
trees had often fallen off making it difficult to find the tree numbers. Prism plot centers were not 
found in the plots with a lot of blowdown. The plot centre markers were small branches and had 
long since been covered over by grass. In the more closed stands, plot markers were still present. 
Settler Road plot 1 and 2 were relocated and a flagging tape line was established to plot 1. The 
blue paint used to number the sample trees was still visible. 

RECOMMENDATIONS FOR REMEASUREMENT 

The historical plots located in KNP provide a unique opportunity to document some of 
the stand and ecosystem dynamics in the ESSF biogeoclimatic zone following two MPB 
outbreaks over the past 65 years. Data collected from these plots will provide information on the 
long-term impact of MPB epidemics in stands of various ages, species composition and intensity 
of attack. Stand structure and fuel load changes after MPB outbreaks will provide data to 
determine potential fire behavior. 

Based on these initial observations from the field recce trip in November, 2002, new 
plots could be established in the general areas of the original 1935 and 1942 plots, based on road 
mileage and creek locations. The potential exists to place plots in both the partially logged 
portions and natural (not logged) portions of the infestation. These strata could be differentiated 
by the presence of cut stumps in the logged areas, and downed lodgepole pine trees in the natural 
stands. Both downed logs and stumps are often covered by moss and partially decomposed, and 
would require some effort to determine the extent of dead lodgepole pine removal and the cause 
of tree mortality (ie MPB, Ips, natural). Although re-measurement of individual trees over time 
would not be possible because sampled trees and plot centers were not marked, sample plots in 
the original area could provide some stand dynamics information. Because the original plots 
were fixed area plots covering a relatively small area, the re-measurement layout should be 
designed to make it comparable to the original methodology. Incorporating the data from the 
1993 re-survey by Dr. Shrimpton of the 1935 plots is dependent upon the availability of the 
original field notes giving the general location and specific sample line bearings of the plots. The 
plots established by Dr. Terry Shore, should be relatively easy to re-locate and re-measure. A 
few plots will be challenging to re-measure the prism plots due to the missing plot centers. Re-
establishment of these plots can provide a valuable permanent plot system for periodic 
monitoring of stand dynamics and decomposition of course woody debris. Some photo 
documentation may be possible if the historic photo point locations can be relocated. 
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APPENDIX 1 
 

Maps illustrating plot location and Mountain Pine Beetle survey information of breaks boundaries (includes all 
severity levels together) for Kootenay National Park. 

 

        Map 1 ñ 2002 reconnaissance survey locations 
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        Map 2 ñ Possible locations of Dr. Malcom Shrimptonís survey plots 
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        Map 3 ñ Original survey plot locations (1935/1942) 
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       Map 4 ñ Location of Dr. Terry Shoreís stands. 
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         Map 5 ñ 1930-1939 Mountain Pine Beetle infestation, original plot locations (1935/1942), and Dr Terry 
Shoreís stand locations. 
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         Map 6 ñ Emphasis on central Kootenay National Park. Locations of Mountain Pine Beetle infestations 
for the following years: 1930-1946, 1947-1993, and 1994-2002.  Map also indicates location of original plot 
locations (1935/1942), and Dr. Terry Shoreís stands. 
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         Map 7 - Emphasis on central/northern region of Kootenay National Park. Locations of: 1930-1946, 
1947-1993, and 1994-2002 Mountain Pine Beetle infestations.  Also indicated are the whereabouts of original 
plot locations (1935/1942), and Dr. Terry Shoreís stands. 
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          Map 8 ñ 1941-1948 Mountain Pine Beetle infestation, original plots (1935/1942), and Dr. Terry Shoreís 
stand locations. 
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Map 9 ñ 1951-1959 Mountain Pine Beetle infestations and original plots (1935/1942). Also indicated are Dr. 
Terry Shoreís stands. 
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          Map 10 ñ 1962-1969 Mountain Pine Beetle infestations and original plots (1935/1942), and Dr. Terry 
Shoreís stands. 
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         Map 11 ñ 1970-1979 Mountain Pine Beetle infestations.  Dr. Terry Shoreís stands and the original plots 
(1935/1942) are also indicated. 
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          Map 12 ñ 1980-1989 Mountain Pine Beetle infestations; along with original plots (1935/1942), and Dr. 
Terry Shoreís stands. 
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         Map 13 ñ 1990-1999 Mountain Pine Beetle infestations.  Also indicated are Dr. Terry Shoreís stands and 
the original plot locations (1935/1942). 
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          Map 14 ñ 2000-2002 Mountain Pine Beetle infestation.  Dr. Terry Shoreís stands and the original plot 
locations (1935/1942) are also indicated. 
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APPENDIX 2 
 

Maps and historic photographs of Kootenay National Park 

 

 
 

Plate 1 ñ 3.7 miles north of Meadow Creek Bridge 
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APPENDIX 3 
 

Table 1 ñ GPS coordinates for reconnaissance plots, November 2002. 

 

Kootenay National Park Plot Locations - 2002 

       

  1930's plots - Remeasurement   

       

  Stand Lat Long   

  1 50.76432 -115.94865   

  2 50.77117 -115.96664   

  3 50.77701 -115.96175   

  4 50.80994 -116.00413   

  5 50.82248 -116.01183   

  6 50.80000 -116.00000   

  7 50.73000 -115.93000   

  8 51.03128 -115.99421   

  9 50.84335 -116.01647   

  10 50.83477 -116.01596   

       

  Terry Shore's plots  - Dog Lake   

       

  Location Lat Long   

  TP on trail 50.78408 -115.92953   

  plot1 line4 50.78424 -115.92904   

  plot5 line5 50.78470 -115.92744   

  plot6 line6 50.78495 -115.92636   

  tp on hill 50.77727 -115.93176   

  plot1 line3 50.77751 -115.93202   
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APPENDIX 4 
 

Bibliography of papers, reports and documents. 

 

Hopping, R., 1935, Annual report of the Vernon Forest Insect Laboratory.  File report. 

 

Hopping, R., 1936, Annual report of the Vernon Forest Insect Laboratory for the fiscal year ending March 31 ñ 1937 

 

Shrimpton, D.M., 1994, Forest success following the Mountain Pine Beetle outbreak in Kootenay Park which 
occurred during the 1930ís. A report for Forest Health, B.C. Ministry of Forests. File report 

 

Vernon Forest Insect Laboratory, 1937, Annual report.  File report 

 

Vernon Forest Insect Laboratory, 1938, Annual report.  File report 

 

Vernon Forest Insect Laboratory, 1939, Annual report.  File report 

 

Vernon Forest Insect Laboratory, 1940, Annual report.  File report 

 

Vernon Forest Insect Laboratory, 1941, Annual report.  File report 

 

Vernon Forest Insect Laboratory, 1942, Annual report.  File report 

 

Vernon Forest Insect Laboratory, 1943, Annual report.  File report 

 

Vernon Forest Insect Laboratory, 1944, Annual report.  File report 

 

Vernon Forest Insect Laboratory, 1945, Annual report.  File report 

 

Vernon Forest Insect Laboratory, 1946, Annual report.  File report 
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APPENDIX 5 
 

Data sources 

 

Mountain Pine Beetle coverages ñ 1959-1996 - Forest Insect and Disease Survey, Canadian Forest Service, Contact: 
Steve Taylor 

 

Mountain Pine Beetle coverages ñ 1997-2002 ñ B.C. Ministry of Forests ñ Forest Practices Branch, Contact: Tim 
Ebata 

 

Topographic coverages ñ Canadian Forest Service NTDB topographic, Contact: Jane Foster 

 

1930 stand locations ñ Vernon Forest Insect Laboratory , 1937 Report ñ Canadian Forest Service, Contact: Barbara 
Hendel 

 

2002 reconnaissance survey locations ñ Canadian Forest Service, Contact: Brad Hawkes 
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APPENDIX III 
Sole Source Contract ì Mountain Pine Beetle and Fire Scar Dating and Tree Core Release 

Analysis of Samples from the Chilcotinî  

 

Contractor: 

 

BA Blackwell and Associates  

(Employee completing the contract work: Paula Vera) 

#270 ñ 18 Gostick Street 

North Vancouver, B.C.  V7M 3G3 

Phone: (604) 985-8769  

Fax: (604) 985-8781 

Email: bablackwell@bablackwell.com, p_vera@bablackwell.com 

 

Background 
 

Additional (to those collected as part of Canadian Forest Service, Pacific Forestry Centre, Fire 
Group, for the FII funded R02-26 and R2003-0111 MPB stand dynamics projects) lodgepole 
pine tree cores and Mountain Pine Beetle scarred tree discs are available for the SBPSxc and 
IDFdk biogeoclimatic subzones.  These are 1) BA Blackwell and Associates, Kristi Iverson 
LIGNUM FRBC funded IDF fire history project (samples taken in eastern part of the IDFdk next 
to the  SBPSxc); 2) Shawn Francis LIGNUM FRBC funded SBPS/SBS fire history project 
(samples taken across middle and northern portion of the SBPSxc) and 3) Paula Veraís masters 
thesis samples for SBPSxc in the western part of the SBPSxc. 

 

FII has approved this additional research and deliverable under a revision to the research 
agreement R2003-0111. 

 

The additional cores and discs, using dendro-chronological analysis techniques, will allow a 
more complete understanding of the role of MPB in the SBPSxc subzone.  Many of the 
lodgepole pine trees sampled in these other FRBC funded projects are older than those found in 
our R02-26 stand dynamics project.  These samples will allow an estimation of MPB outbreak 
frequency and intensity further back in time including the 1800ís and the last half of the 1700ís, 
when a predominately surface fire regime existed, prior to fire suppression. With fire scar dates 
already available from the FIA funded projects, the role of both fire and MPB on stand dynamics 
can be better determined when both were operating in a more natural landscape.  Tree core 
samples that can be used for tree release documentation exist for BA Blackwell et. al and will be 
measured and analyzed.  Suitable cores have already been analyzed for Paula Vera masters 
thesis and for the CFS sampling in the Chilcotin. Suitable cores for release were not available 
for the Shawn Francis project.  

 

The discs from the CFS sampling in the Chilcotin sampling in 2001 required both re-dating of 5 
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stands that had only preliminary dating and first time dating of all other samples collected as 
part of R02-26.  Also the discs collected in 1987 require beetle scar dating and crossdating to 
determine year of death from MPB (only dead trees were sampled). 

  

STATEMENT OF WORK 

 

The contractor shall provide dendrochronology services to process and analyze the  following 
number of samples. Tasks include (see table 1 ñ column 3): 

 

Table 1 

PROJECT TYPE OF 
SAMPLES 

TASKS NUMBER 
OF 
SAMPLES 

TIME/COST 
ESTIMATE 

Paulaís 
thesis 

Previously 
crossdated discs 
to be examined 
for MPB scars  

Re-examine each disc 
to determine the type 
of scar. Re check any 
dates that are 
discrepant 

135 
~20 min/sample 

5.5days x 
300/day = 

$1650 

 

CFS MPB 
impact 
project 

Discs to be 
crossdated for fire 
and MPB scars  

Crossdate and 
determine scar types.  
Requires measuring 
each sample. 

109 
~40min/sample 

9 days x 300/day 
= 

$2725 

CFS MPB 
project from 
1987 

Crossdate beetle 
scars on discs 
collected in 1987 

Crossdate samples 
for beetle scars. 
Requires measuring 
each samples 

30 
~40min/sample 

2.5 days x 
300/day = 

$750 

Iverson et 
al. Project 

Previously 
crossdated discs 
to be examined 
for MPB scars 

Examine scars to 
determine origin. 

In 5 plots where 
multiple non-fire scars 
were found, examine 
cores for evidence of 
release  

Requires building 
stand chronologies 
and analysis for 
release in stand 

26 DISCS 

50 CORES 
5 
chronologies 

~15min/sample 

1 day x 300/day 

= $300 

2.5 
day/chronology 

x 5 x 300/day = 

$3750 

2 days/stand for 
release analysis 

10 x 300/day 

$3000 

Shawn 
Francis Fire 
Hi t

Previously dated 
discs  

need to be examined 
and dated for beetle 45 DISCS 

~30min/sample 

3 days x 300/day 
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History 
Study 

scars.   = $900 

 

 
 

 

 

DELIVERABLES 

 

1. Electronic files with MPB and fire (CFS samples only) scar dates organized by project with 
all location information (GPS, subzone) 

2. Graphs and diagrams of tree ring analysis for release periods for BA Blackwell et al tree core 
samples and electronic files with data. 

3. Final report including analysis results and discussion of all MPB and fire dates and release 
information. Should include recommendations for any further research or analysis that would 
enhance the project results. 

4. Power point presentation of results. 

 

COMPLETION DATE 

 

All work shall be completed no later than Mar. 31, 2003. 

 

CONTRACT RATES AND TOTAL VALUE 

 

Crossdating and scar examination costs (described in table 1)  $13,075 
Sample collection and organization:  $2000 
Supplies:   $300 
Entering data, analysis of dates: 5 days x 300/day $1500 
Time allocated for report writing: 5 days x 300/day $1500 
Power point presentation of results: 1 day $300 
Total:   $18,675 

 

Total number of days ($300 per day) required to date and analyze of all discs and cores shall 
not exceed $18,675.  If the number of samples to be dated is less than the number outlined in 
table 1, column 5, then the final invoice will be based on the total number of days required to 
complete the work, including report writing and powerpoint presentation production. 

 

Tree discs and cores shall be returned to their original researchers, unless agreed upon by the 
researchers to be stored at Pacific Forestry Centre. 



Mountain�Pine�Beetle�and�Fire�Scar�Dating�of�Samples�From�the�Chilcotin�

B.A. Blackwell and Associates Ltd.  March 2003 
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APPENDIX IV 
MOUNTAIN PINE BEETLE AND 

FIRE SCAR DATING OF SAMPLES 
FRO M TH E CHILCOTIN
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INTRODUCTION 
The mountain pine beetle, Dendroctonus ponderosae Hopk., is generally considered the most destructive of 
all western North American forest insects (Raffa  1988).  Historically, the mountain pine beetle (MPB) has 
infested extensive areas of lodgepole pine (Pinus contorta var. latifolia Engelm.) (Roe and Amman 1970).  
Currently, in British Columbia, there are 1.46 million ha of MPB infested trees in the west-central interior 
of the province (Can. For. Serv. Website 2003).  MPB generally attacks stands that are more than 80 years 
old with trees over 25 cm in diameter (Safranyik et al.  1974).  The MPB selectively attacks larger trees and 
feeds on the phloem (Romme et al. 1986).  The beetles are capable of reducing the canopy density and 
basal area of a stand by 50% or more over a period of several years (Romme et al. 1986). 

 

The normal life cycle of the MPB takes one year to complete.  However, during warmer than average 
summers, reproductive adults may re-emerge and establish a second brood in the same year (Unger 1993).  
Beetle flights normally occur throughout July and into August (Unger 1993).  The female beetles bore 
through the bark of a suitable host and into the phloem and cambium where the egg gallery is constructed.  
As the female bores into the host she releases pheromones that attract both mates and additional female 
colonizers (Raffa 1988).  After mating, females begin boring vertical galleries where the eggs are laid.  
Mountain pine beetle galleries are generally about 30 cm in length (Les Safranyik and Doug Linton, Can. 
For. Serv., Personal Comm. 2003).  After seven to 10 successive days of favorable conditions the eggs will 
hatch.  The larvae continue to feed and, under normal conditions, will over-winter in the same tree, 
emerging the following year (Raffa 1988).   

 

Trees resist MPB attack by exuding resin through pitch tubes.  When defense is successful, the female is 
forced out of the tree or becomes trapped in the resin and suffocates.  In addition to girdling the tree, the 
mountain pine beetles introduce fungi which produce a blue stain in the sapwood.  The blue stain comes 
from two fungi, Ceratocystis montia and Europhium clavigerum (Mitchell et al. 1983).  As the fungi 
become established in the phloem and xylem they interrupt the flow of water to the tree crown and reduce 
the treeís resin flow (Unger 1993).     

 

Not all beetle attacked trees are killed; however those that survive may incur visible permanent damage to 
their boles (Stuart et al. 1983).  Mountain pine beetle strip-attacks commonly kill only one side of the stem, 
usually in a pattern that leaves a catface-like scar on the lower bole (Mitchell et al. 1983).  Some strip-
killed trees are re-attacked and killed in the same outbreak episode, but stem analyses show that many 
infested trees survive and live for 60 or more years after being attacked (Mitchell et al. 1983). 

 

In 2001/02 the Canadian Forest Service, Pacific Forestry Centre, Fire Group started a project to look at the 
impacts of MPB attack on stand and ecosystem dynamics.  The project involved re-measuring a number of 
semi-permanent plots established in 1987/88 by Terry Shore and Les Safranyik of the CFS.  Fifteen 
research plots in the Cariboo Forest Region, four plots in the Kamloops Forest Region, and one plot in the 
Nelson Forest Region that were established in 1987/88 were revisited in 2001.  At each plot overstory trees, 
understory trees/regeneration, and downed woody debris were measured. Tree cross-sections were 
collected from each of the plots.  Additional information on the project can be found in the FRBC project 
report #PAR 02003-06. 

 

The objective of this project is to examine lodgepole pine cross-sections, collected as part of the CFS MPB 
stand dynamics project, to reconstruct fire and beetle disturbance dates in the Cariboo Forest Region of 
British Columbia. 

 

In addition to the CFS samples, we examine previously collected mountain pine beetle scarred lodgepole 
pine tree discs available for the SBPS and IDF biogeoclimatic zones.  This includes discs from:  

(1) Applied Ecosystem Management Ltd.(AEM) (FRBC project) 
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(2) K.E. Iverson et al. (FRBC project) 

(3) University of British Columbia Masterís Thesis (Canadian Interagency Forest Centre ñ Fire 
Science and Technology Fund, UBC, NSERC) 

 

BACKGROUND 
Part of the 2001/02 CFS MPB impact project was to determine the recurrence of mountain pine beetle 
infestations in the study area.  Tree ring chronologies were constructed for each plot and visually inspected 
for abrupt and sustained increases in growth rate that might indicate a MPB outbreak (Alfaro et al. (in 
progress)).  Dates of potential MPB outbreaks were identified.  The cross sections examined in this study 
will verify the release periods determined by Alfaro et al. (in progress). 

  

In 2001/02, Applied Ecosystem Management Ltd. conducted a project entitled ì Characterizing Fire 
Regimes in Sub-Boreal Landscapes: Fire History Research in SBPS and SBS Biogeoclimatic Zones of 
Cariboo Forest Region.î   The objective of the project was to characterize fire regimes in major sub-boreal 
pine-spruce and sub-boreal spruce Biogeoclimatic subzones of the Lignum Ltd. Innovative Forest Practices 
Agreement (occurs within the Cariboo Forest District)(AEM  2002).  The AEM project collected 320 fire 
scarred samples in their study.  Of those samples, 84 were noted to have mountain pine beetle scars, or 
possible mountain pine beetle scars in addition to fire scars.   

 

In 2001/02, K.E. Iverson et al.completed a project to characterize the range of natural variability in fire 
regimes and stand structure in the IDFdk3.  This project was conducted with Lignum Ltd. and occurred in 
the area designated in the Lignum Ltd. IFPA.  As part of the project, 265 cross-sections were examined for 
fire scars.  Twenty-five samples were noted to have scars that may have been caused by MPB. 

 

In 2001, P.Vera completed a masterís thesis ì Fire History and Ecology of Remnant Forest Patches in the 
Sub-Boreal Pine-Spruce Zone of Central British Columbia.î   As part of the study 96 samples were 
determined to have fire scars.  All of the samples collected for the thesis project were re-examined for 
beetle scars as part of this project. 

STUDY AREA 
Fire and beetle scarred discs examined were sourced from three biogeoclimatic zones;  the Sub-boreal Pine 
Spruce (SBPS), the Interior Douglas-fir (IDF), and the Montane Spruce (MS). The SBPS zone is the most 
extensive zone on the level to gently rolling landscapes of the Fraser Plateau west of the Fraser River 
(Steen and Coupe 1997).  The SBPS is characterized by cold, dry winters and cool, dry summers.  Mean 
annual precipitation ranges from 335 to 580 mm (Steen and Coupe 1997).  The SBPS occurs above the IDF 
Zone and below the MS Zone. Lodgepole pine is the climax tree species and is the most common 
regeneration species in the SBPS (Steen and Coupe 1997).  Cross-sections were collected in the SBPSxc 
(very dry cold), SBPSdc (dry cold) and SBPSmk (moist cool) subzones.   

 

The IDF zone is characterized by warm, dry summers and cool, dry winters (Meidinger and Pojar 1991).  
Climax vegetation in the IDF is Douglas-fir forest, often with a few lodgepole pine in the forest canopy 
(Steen and Coupe 1997).  Cross-sections examined were from the IDFdk2 (dry cool Cascade variant), 
IDFdk3 (dry cool Fraser variant), and the IDFdk4 (dry cool Chilcotin variant) subzones.   

 

The MS zone has a cool, continental climate characterized by cold winters and moderately short, warm 
summers (Meidinger and Pojar 1991).  Lodgepole pine forests with interior spruce (Picea spp.) understory 
dominate the MS (Steen and Coupe 1997).  Cross-sections were located in the MSdm1 (dry mild) subzone. 
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Location and biogeoclimatic classification for each sample examined in this project can be found in 
Appendix 3.  An enlarged plot location map can be found in Appendix 4. 

 

 
 

Figure 1.  Study area and plot location map. 

METHODS 
Cross sections from the CFS were sanded with progressively finer paper until scar boundaries and annual 
ring boundaries were clearly visible.  All other samples used in this project had been prepared in a similar 
manner.  

 

CFS cross-sections were cross-dated using the plot (or plot closest to) master chronologies completed in 
2001/02 for the CFS MPB impact project and Alfaro et al. (in progress).  The ring-width measurement was 
conducted using a Velmex tree-ring measuring system (Velmex Inc.)  The precision of the instrument is 
0.001 mm.  The samples were statistically cross-dated using COFECHA (Holmes 1983) and visually 
inspected for the presence of distinctive narrow rings.  The number of samples examined in each plot 
varied from one to seven. 

 

Cross sections from the AEM project and the UBC thesis were statistically cross-dated using a revised 
master chronology developed from the thesis.  Marker years from these two projects were consistent with 
each other.  Visibly narrow rings almost always present on each sample were dated at 1869, 1922, 1931 and 
1951. 

Cross sections from the K.E. Iverson. et al. project were cross-dated using a master chronology already 
developed for that project.  In addition to examining cross sections in this project, two plots (LGM1-163 
and PSP 359) with multiple beetle scarred cross sections were selected to examine release in the stand and 
contribute to Alfaro et al. (in progress).  At these plots stand chronologies were constructed.  Increment 
cores from each plot were measured using the Velmex tree-ring measuring system (Velmex Inc.).  The 
measured ring-width sequences were plotted and patterns of wide and narrow rings were cross-dated 
among trees.  COFECHA (Holmes 1983) was used to detect measurement and cross-dating errors by 
computing correlation coefficients between overlapping 50-year segments from individual series (Eisenhart 
and Veblen 2000).  The cross-dated series were standardized by dividing each ring width by the mean 
series ring width (Eisenhart and Veblen  2000) and sent to Rene Alfaro at the Pacific Forestry Centre in 
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Victoria, BC for interpretation. 

  

Each cross-dated sample was examined for beetle scars.  Differences between fire scars and beetle scars are 
reported by Mitchell et al. (1983) and Stuart et al. (1983).  In addition to what is printed in the literature, 
discussions with Les Safranyik, Doug Linton and Brad Hawkes of the Canadian Forest Service provided 
characteristics to distinguish beetle scars from fire scars.  The following table was compiled to use as a 
reference while examining scars (Table 1). 
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Table 1. Characteristics used to distinguish MPB scars from fire scars. 
 

Fire Scar Mountain Pine Beetle Scar 

Catface on bottom of tree without bark Strip kill often has bark remaining on face 

No blue stain fungus Boring dust and vertical resin on scar face 

Subsequent fires after the first one tend to be on the 
same side of the tree, even with different spread 
directions on flat ground 

MPB galleries visible on dead section of tree 

Usually no bark present on older scars, if present, 
lacking exit holes (Mitchell et al. 1983) 

Can be several scars around tree perimeter in same 
annual ring 

Usually only one scar in the same annual ring Visible entry points (if bark still on) and blue stain 
fungus in dead cambium area 

Generally scars do not occur in consecutive years No charcoal on tree 

 Can have scars in consecutive years 

 

In total, 272 samples were examined and cross-dated for beetle scars (Table 2).  Figure 2 and Figure 3 give 
examples of MPB scar characteristics. 

�
Table 2. Breakdown of cross-sections examined by project. 
 

Project Number of cross-
section examined 

CFS MPB Impact Project 67 

AEM Fire History Project 83 

K.E. Iverson et al. Project 26 

P. Vera Thesis 96 

TOTAL 272 

 

 

 

�
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Figure 2.  Highlighted arrows indicate MPB galleries with boring dust still present. 
�
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Mountain�Pine�Beetle�and�Fire�Scar�Dating�of�Samples�From�the�Chilcotin�

B.A. Blackwell and Associates Ltd.  March 2003 

7

�

�
 

 

 

 

 

 

Figure 3.  Highlighted arrows indicate failed MPB attacks. 

 

RESULTS 
One hundred and twenty-seven samples were determined to have one or more mountain pine beetle scars.  
The number of MPB scars in any year ranged from one to 22 (1984).  Pre-1905 only single scars were 
detected.  The number of scars observed by year is displayed in Table 3.  
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Table 3. Tally of mountain pine beetle scars in each year. 
�

Year # of Scars Year # of Scars Year # of Scars Year # of Scars 

1770 1 1917 2 1949 1 1974 1 

1776 1 1922 4 1950 1 1975 1 

1810 1 1923 1 1951 2 1976 1 

1823 1 1925 1 1952 3 1977 2 

1836 1 1926 2 1953 1 1979 1 

1844 1 1928 1 1954 3 1980 7 

1867 1 1929 1 1956 1 1981 12 

1881 1 1930 3 1957 1 1982 3 

1883 1 1932 5 1958 1 1983 7 

1890 1 1933 4 1959 4 1984 22 

1892 1 1934 1 1960 1 1985 7 

1895 1 1936 1 1961 3 1986 3 

1905 3 1937 1 1964 1 1987 1 

1906 6 1938 2 1966 2 1988 2 

1908 1 1939 3 1967 2 1989 1 

1911 4 1940 2 1968 1 1990 1 

1912 6 1941 1 1969 2 1991 2 

1914 1 1942 1 1970 1 1992 3 

1915 1 1944 1 1971 2   

1916 1 1947 4 1972 2   

1920 1 1948 1 1973 2   

 

 

The number of fires observed on the same samples in each year is displayed in Figure 4.    More in depth 
historical fire data can be found in specific project reports and the thesis that these samples have been 
contributed from. 

 

Appendix 1 contains composite graphs (Grissino-Mayer 2002) for each project.  Appendix 2 contains 
composite graphs (Grissino-Mayer 2002) for each of the southern interior CFS plots.  
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Figure 4.  Number of beetle scars by year. 
 

 
Figure 5.  Number of fire scars by year on samples examined for MPB scars. 
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DISCUSSION 
We identified years of beetle attack by cross-dating beetle scars on tree cross-sections.  Beetle scars can be 
used in the same manner as fire scars for determining the history of a stand.  Historical outbreaks of MPB 
in BC were based on ground observations by the Forest Insect and Disease Survey (FIDS) of the Canadian 
Forest Service.  Wood and Unger (1996) summarized FIDS surveys and reported the following historical 
outbreaks in the Cariboo Region.  In the Takla Lake area over 650 000 ha of infested lodgepole pine were 
killed from 1930 to 1936.  In the 1940s, beetle-killed trees were reported in the Alexis Creek area (Les 
Safranyik, Can. For. Serv. Pers. Comm. 2003).  Between 1970 and 1975 infestations were reported to have 
spread over most of the West Chilcotin.  In 1981 over nine million trees were killed by MPB on the 
Chilcotin Plateau.   

 

CFS MPB IMPACT PLOTS 
 

Alfaro et al. (in progress) used releases identified from tree-ring chronologies to infer historical periods of 
mountain pine beetle attack.  The CFS cross-sections examined can be used to verify the releases inferred 
by Alfaro et al. (in progress).  Release analysis determined stand disturbances occurred in the late 1800s, 
late 1930s and the 1970s in these plots.  Scar analysis dated 20 beetle scars between 1980 and 1985, the 
peak period of the previous MPB outbreak.  Many of the samples collected in 1987/88 were killed as a 
result of this outbreak.  Other periods of concentrated beetle scars in these plots occurred between 1932 and 
1934.   

 

Fire and beetle scar dates superimposed on a diagram from Alfaro et al. (in progress) (Figure 6) show that 
release periods identified in each stand are generally consistent with scar dates.  The tree-ring inferred, late 
1930s attack is verified in many stands with beetle scar dates as well as the historical records.  The well 
known 1980s attack was also identified by beetle scars and release information.  

 

Alfaro et al. (in progress) note that the late 1800s disturbance was unlikely due to MPB attack.  The trees in 
the stands at the time were generally too young/small to be attacked by MPB.  Scar dates and types show 
that fire was probably the cause of release detected in that period.  Many of the stands with fire scars from 
the late 1800s and early 1900s did not show a release due to fire.  This is because the trees used in the 
release analysis were not old enough to have a non-age related release detected. 

 

In some plots there are beetle scars that do not coincide with a release period from the tree-ring 
chronologies.  These could be cases where beetle scars were caused by the endemic beetle population; the 
population level that exists in the usual or normal state (a non-outbreak period).   

 

Several of the plots show a release that was not confirmed by beetle or fire scars.  This could be attributed 
to the fact that generally only two to three cross-section samples were collected from each plot.  It is 
unlikely that every tree or sample collected would be scarred by each disturbance event.  The chronologies 
ranged from six to 21 cores per plot, a much better representation of the stand. 

 



Mountain�Pine�Beetle�and�Fire�Scar�Dating�of�Samples�From�the�Chilcotin�

B.A. Blackwell and Associates Ltd.  March 2003 

11

�

�
 

 

�
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.  Diagram from Alfaro et al. (in progress) with fire scar (red star) and beetle 
scar (yellow star) dates (for the same outbreak period) overlayed for each plot.  Black 
bars are periods of MPB outbreaks inferred from the tree-ring chronologies in Alfaro et 
al. (in progress).  A circle denotes the end of chronology. 
 

OTHER DISCS CONTRIBUTED TO THE STUDY 

 

The discs contributed from other projects expanded the area of the project to include scarred discs from 
other stands in the Cariboo Region.  They were added to investigate whether, outside the CFS study area, a 
pattern of MPB scar dates could be determined, and, if possible, to find older MPB scars on older trees than 
were present in the CFS plots. 

 

Appendix 1 displays the composite graphs of beetle scars in each project.  Fire scars found on the same 
discs are also recorded.  Periods of scarring common across all study areas were the 1970s-mid 1980s 
outbreak and the 1930s-1940 outbreak.  Twenty MPB scars were found between 1905 and 1912.  These 
dates were not predicted in the tree-ring release study by Alfaro et al. (in progress), although a few scars in 
the CFS plots did occur in this period.     

 

With the exception of individual scars, the majority of beetle scars dated in all projects occurred after 1900.  
This can be attributed to the life span of lodgepole pine; it is rare to find a tree > 250 years old that is not 
rotten. 
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FIRE AND THE MOUNTAIN PINE BEETLE  

 

Stand reconstruction in the dry forests of the SPBS has proved to be increasingly challenging as we learn 
more about the agents of disturbance in this type of environment.  AEM (2002) noted challenges when 
mapping historic fires where no fire margin is observed but fire-scarred veteran trees are present.  Multiple-
scarred trees can be scarred by both fire and beetles, as was the case for most cross-sections with multiple 
scars examined in this study.  Likewise, episodes of regeneration can be caused by both fire and beetle 
disturbance.  The Cariboo Region is unique in that it has a mixed fire and beetle regime.  The pattern of 
disturbance inferred from tree-ring analysis and scar dating appears to be occurring every 40 years in the 
sampled stands.     

 

All of the fires dated in the CFS plots occurred pre-1930, after which date it appears the MPB took over as 
the primary disturbance agent.  This may be attributed to increased fire suppression.  However, it is more 
likely that fire and beetles have always contributed to the forest stand structure.  Identifying periods of 
historical beetle outbreak is an additional tool for reconstructing historic stand disturbance regimes.   

 

RECOMMENDATIONS FOR FUTURE RESEARCH 
If available, it would be useful to sample dead trees in the CFS study stands.  These samples could be used 
to lengthen the stand chronologies and also be dated for fire and beetle scars.  It would be most beneficial 
for the release data because, depending on the age of the sample, determining the type of scar becomes too 
difficult as a result of weathering.  Beetle galleries are no longer visible on very old scars and blue stain is 
hard to detect after it has been in the wood longer than 60 years (Mitchell et al. 1983). 

 

Collecting additional samples in each plot would increase the ability to determine whether some of the 
release periods inferred from the chronologies were actually associated with an event that was not evident 
on the two to three samples collected. 

 

If additional plots were to be established, examining the oldest available stands in the study area may allow 
us to detect pre-1900 beetle attacks.  Given the number of samples examined in this project, it is difficult to 
determine with confidence whether any beetle evidence would be present in the oldest stands.  Beetle scars 
were found on the cross-sections examined from other projects; however the samples were not collected 
with the purpose of dating historical beetle outbreaks.  Further examination of the stands with single older 
beetle scar dates may find more scars or trees killed in the same time period. 
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APPENDIX 1: COMPOSITE GRAPHS (GRISSINO-MAYER  2002) 
OF FIRE AND BEELTE SCARS BY PROJECT IN THE CARIBOU 
FOREST REGION  
 

 

 

 

 

 

 

Figure 7.  Canadian Forest Service Beetle and Fire Scarred Cross-sections. 
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Figure 8.  AEM Beetle Scarred Samples. 
 

 

 
 

Figure 9.  K.E. Iverson et al. Beetle Scarred Samples 
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Figure 10.  P. Vera Thesis Beetle Scarred Samples.
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APPENDIX2: FIRE AND BEELTE SCARS AT CFS SOUTHERN INTERIOR PLOTS 

 

 

 

 

 

 

 

 

 

 
 

Figure 11.  CFS Plot 205 Beetle Scars. 
 

 
 

Figure 12.  CFS Plot 302 Fire Scars. 
 

 
 

Figure 13.  CFS Plot 305 Fire Scars. 
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APPENDIX3: SITE CHARACTERISTICS   

PLOT 
NUM 

TREE 
NUM LAT LONG BEC  

PLOT 
NUM 

TREE 
NUM LAT LONG BEC 

102 4 51.36.900 122.36.050 IDFdk4  124 1 52.06.200 125.04.100 
SBPSx
c 

102 6 51.36.900 122.36.050 IDFdk4  124 2 52.06.200 125.04.100 
SBPSx
c 

103 1 51.32.565 122.38.560 IDFdk4  124 3 52.06.200 125.04.100 
SBPSx
c 

103 2 51.32.565 122.38.560 IDFdk4  125 1 51.54.942 124.36.265 
SBPSx
c 

103 3 51.32.565 122.38.560 IDFdk4  125 2 51.54.942 124.36.265 
SBPSx
c 

104 1 51.43.710 123.02.377 IDFdk4  125 3 51.54.942 124.36.265 
SBPSx
c 

104 2 51.43.710 123.02.377 IDFdk4  125 4 51.54.942 124.36.265 
SBPSx
c 

104 3 51.43.710 123.02.377 IDFdk4  126 1 52.07.830 124.03.192 IDFdk4 

104 5 51.43.710 123.02.377 IDFdk4  126 2 52.07.830 124.03.192 IDFdk4 

104 6 51.43.710 123.02.377 IDFdk4  126 3 52.07.830 124.03.192 IDFdk4 

104 7 51.43.710 123.02.377 IDFdk4  128 1 51.52.667 124.35.231 
SBPSx
c 

104 9 51.43.710 123.02.377 IDFdk4  128 2 51.52.667 124.35.231 
SBPSx
c 

105 1 51.42.256 122.52.622 IDFdk4  128 3 51.52.667 124.35.231 
SBPSx
c 

105 2 51.42.256 122.52.622 IDFdk4  128 5 51.52.667 124.35.231 
SBPSx
c 

105 3 51.42.256 122.52.622 IDFdk4  130 1 51.56.510 124.27.674 
SBPSx
c 

105 4 51.42.256 122.52.622 IDFdk4  130 2 51.56.510 124.27.674 
SBPSx
c 

105 5 51.42.256 122.52.622 IDFdk4  130 11 51.56.510 124.27.674 
SBPSx
c 

105 6 51.42.256 122.52.622 IDFdk4  205 1 50.07.530 115.37.107 MSdk 

106 3 51.41.850 123.01.650 IDFdk4  205 3 50.07.530 115.37.107 MSdk 

106 7 51.41.850 123.01.650 IDFdk4  302 1 49.40.197 120.13.923 IDFdk2 

107 2 52.09.881 120.09.391
SBPSx
c  302 2 49.40.197 120.13.923 IDFdk2 

107 3 52.09.881 120.09.391
SBPSx
c  305 1 49.40.631 119.13.860 MSdm1 

107 4 52.09.881 120.09.391
SBPSx
c  305 2 49.40.631 119.13.860 MSdm1 

107 5 52.09.881 120.09.391
SBPSx
c       

107 6 52.09.881 120.09.391
SBPSx
c       

109 1 52.17.300 123.28.500
SBPSx
c       

109 6 52.17.300 123.28.500
SBPSx
c       

112 4 52.20.850 123.56.400
SBPSx
c       

113 1 52.16.995 123.10.760
SBPSx
c       

113 2 52.16.995 123.10.760
SBPSx
c       

113 3 52.16.995 123.10.760
SBPSx
c       

114 2 52.15.900 123.21.600
SBPSx
c       

114 5 52.15.900 123.21.600
SBPSx
c       
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116 1 51.59.884 123.45.363 IDFdk4       
116 2 51.59.884 123.45.363 IDFdk4       
116 3 51.59.884 123.45.363 IDFdk4       

118 1 52.00.354 124.19.788
SBPSx
c       

118 2 52.00.354 124.19.788
SBPSx
c       

118 3 52.00.354 124.19.788
SBPSx
c       

118 4 52.00.354 124.19.788
SBPSx
c       

119 1 51.57.798 124.55.392
SBPSx
c       

121 1 51.50.380 124.31.947 IDFdk4       
121 2 51.50.380 124.31.947 IDFdk4       
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Appendix3: Thesis site characteristics 

PLOT 
NUM 

TREE 
NUM LAT LONG BEC  

PLOT 
NUM 

TREE 
NUM LAT LONG BEC 

4-1 1 52.18.020 123.14.780 SBPSxc  13-3 1 52.27.280 125.23.780 SBPSxc 

4-1 2 52.18.020 123.14.780 SBPSxc  13-3 2 52.27.280 125.23.780 SBPSxc 

4-1 3 52.18.020 123.14.780 SBPSxc  13-3 3 52.27.280 125.23.780 SBPSxc 

4-1 4 52.18.020 123.14.780 SBPSxc  13-3 5 52.27.280 125.23.780 SBPSxc 

4-1 5 52.18.020 123.14.780 SBPSxc  20-1 1 52.21.300 125.18.050 SBPSxc 

4-2 1 52.18.020 123.14.780 SBPSxc  20-1 2 52.21.300 125.18.050 SBPSxc 

4-2 2 52.18.020 123.14.780 SBPSxc  20-1 3 52.21.300 125.18.050 SBPSxc 

4-2 4 52.18.020 123.14.780 SBPSxc  20-1 5 52.21.300 125.18.050 SBPSxc 

4-2 5 52.18.020 123.14.780 SBPSxc  20-2 1 52.21.300 125.18.050 SBPSxc 

4-3 2 52.18.020 123.14.780 SBPSxc  20-2 2 52.21.300 125.18.050 SBPSxc 

4-3 3 52.18.020 123.14.780 SBPSxc  20-2 3 52.21.300 125.18.050 SBPSxc 

4-3 5 52.18.020 123.14.780 SBPSxc  20-2 4 52.21.300 125.18.050 SBPSxc 

4-3 6 52.18.020 123.14.780 SBPSxc  20-2 6 52.21.300 125.18.050 SBPSxc 

6-1 1 52.33.400 125.21.420 SBPSxc  20-3 1 52.21.300 125.18.050 SBPSxc 

6-1 3 52.33.400 125.21.420 SBPSxc  20-3 2 52.21.300 125.18.050 SBPSxc 

6-1 4 52.33.400 125.21.420 SBPSxc  20-3 3 52.21.300 125.18.050 SBPSxc 

6-1 5 52.33.400 125.21.420 SBPSxc  20-3 4 52.21.300 125.18.050 SBPSxc 

6-1 6 52.33.400 125.21.420 SBPSxc  20-3 6 52.21.300 125.18.050 SBPSxc 

10-1 1 52.24.380 125.14.670 SBPSxc  21-1 1 52.16.900 125.18.780 SBPSxc 

10-1 2 52.24.380 125.14.670 SBPSxc  21-1 2 52.16.900 125.18.780 SBPSxc 

10-1 3 52.24.380 125.14.670 SBPSxc  21-1 6 52.16.900 125.18.780 SBPSxc 

10-1 4 52.24.380 125.14.670 SBPSxc  21-2 1 52.16.900 125.18.780 SBPSxc 

10-2 2 52.24.380 125.14.670 SBPSxc  21-2 2 52.16.900 125.18.780 SBPSxc 

10-2 3 52.24.380 125.14.670 SBPSxc  21-2 3 52.16.900 125.18.780 SBPSxc 

10-3 1 52.24.380 125.14.670 SBPSxc  21-3 1 52.16.900 125.18.780 SBPSxc 

10-3 2 52.24.380 125.14.670 SBPSxc  21-3 3 52.16.900 125.18.780 SBPSxc 

10-3 3 52.24.380 125.14.670 SBPSxc  26-1 1 52.18.050 125.12.700 SBPSxc 

10-3 4 52.24.380 125.14.670 SBPSxc  26-1 2 52.18.050 125.12.700 SBPSxc 

11-1 2 52.26.350 125.19.020 SBPSxc  26-1 3 52.18.050 125.12.700 SBPSxc 

11-1 3 52.26.350 125.19.020 SBPSxc  26-1 5 52.18.050 125.12.700 SBPSxc 

11-1 5 52.26.350 125.19.020 SBPSxc  26-1 6 52.18.050 125.12.700 SBPSxc 

11-1 7 52.26.350 125.19.020 SBPSxc  26-2 1 52.18.050 125.12.700 SBPSxc 

11-2 3 52.26.350 125.19.020 SBPSxc  26-2 2 52.18.050 125.12.700 SBPSxc 

11-2 4 52.26.350 125.19.020 SBPSxc  26-2 4 52.18.050 125.12.700 SBPSxc 

11-2 5 52.26.350 125.19.020 SBPSxc  26-2 5 52.18.050 125.12.700 SBPSxc 

11-3 1 52.26.350 125.19.020 SBPSxc  26-2 7 52.18.050 125.12.700 SBPSxc 

11-3 2 52.26.350 125.19.020 SBPSxc  27-1 1 52.14.420 125.24.550 SBPSxc 

11-3 3 52.26.350 125.19.020 SBPSxc  27-1 3 52.14.420 125.24.550 SBPSxc 

11-3 4 52.26.350 125.19.020 SBPSxc  27-1 5 52.14.420 125.24.550 SBPSxc 

11-3 5 52.26.350 125.19.020 SBPSxc  27-2 1 52.14.420 125.24.550 SBPSxc 

13-1 1 52.27.280 125.23.780 SBPSxc  27-2 2 52.14.420 125.24.550 SBPSxc 

13-1 2 52.27.280 125.23.780 SBPSxc  27-2 4 52.14.420 125.24.550 SBPSxc 
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13-1 3 52.27.280 125.23.780 SBPSxc  27-2 5 52.14.420 125.24.550 SBPSxc 

13-1 4 52.27.280 125.23.780 SBPSxc  27-3 1 52.14.420 125.24.550 SBPSxc 

13-1 5 52.27.280 125.23.780 SBPSxc  27-3 2 52.14.420 125.24.550 SBPSxc 

13-2 1 52.27.280 125.23.780 SBPSxc  27-3 3 52.14.420 125.24.550 SBPSxc 

13-2 3 52.27.280 125.23.780 SBPSxc  27-3 5 52.14.420 125.24.550 SBPSxc 

13-2 4 52.27.280 125.23.780 SBPSxc  27-3 6 52.14.420 125.24.550 SBPSxc 

 

 

Appendix3:  AEM project site characteristics 

PLOT 
NUM TREE NUM LAT LONG BEC  

PLOT 
NUM TREE NUM LAT LONG BEC 

14 1-14A-1 52.33.666 124.9.317 SBPSdc  1 2-1A-1 52.27.483 124.3.900 SBPSxc 

17 1-17A-1 52.28.133 123.59.000 SBPSxc  2 2-2A-2 52.28.033 124.11.900 SBPSxc 

17 1-17B-1 52.28.133 123.59.000 SBPSxc  4 2-4A-2 52.30.467 124.15.950 SBPSxc 

20 1-20A-1 52.24.767 123.56.767 SBPSxc  6 2-6A-1 52.28.933 124.16.900 SBPSxc 

20 1-20A-3 52.24.767 123.56.767 SBPSxc  8 2-8A-1 52.23.717 124.4.400 SBPSxc 

22 1-22A-1 52.25.480 123.50.550 SBPSxc  10 2-10A-3 52.26.000 124.6.700 SBPSxc 

23 1-23A-1 52.22.017 123.58.067 SBPSxc  10 2-10A-4 52.26.000 124.6.700 SBPSxc 

24 1-24A-1 52.18.133 123.44.383 SBPSxc  12 2-12A-2 52.22.800 124.4.033 SBPSxc 

24 1-24B-1 52.18.133 123.44.383 SBPSxc  13 2-13A-1 52.21.883 123.59.983 SBPSxc 

25 1-25A-1 52.18.850 123.44.483 SBPSxc  14 2-14A-1 52.17.833 123.52.717 SBPSxc 

27 1-27A-1 52.20.350 123.40.883 SBPSxc  15 2-15A-1 52.19.800 123.52.433 SBPSxc 

27 1-27B-1 52.20.350 123.40.883 SBPSxc  16 2-16A-1 52.21.717 123.52.067 SBPSxc 

32 1-32B-1 52.10.300 123.14.533 SBPSxc  17 2-17A-2 52.22.000 123.50.400 SBPSxc 

36 1-36A-2 52.33.950 123.42.717 SBPSdc  19 2-19A-1 52.14.317 123.50.667 SBPSxc 

37 1-37A-1 52.34.100 123.38.683 SBPSmk  20 2-20A-1 52.15.217 123.44.283 SBPSxc 

39 1-39A-1 52.28.250 123.43.183 SBPSxc  22 2-22A-1 52.16.383 123.41.783 SBPSxc 

53 1-53A-1 52.28.383 123.17.433 SBPSdc  23 2-23A-1 52.16.633 123.45.983 SBPSxc 

57 1-57A-1 52.30.817 123.16.633 SBPSdc  26 2-26A-2 52.8.867 123.12.300 SBPSxc 

64 1-64A-1 52.20.467 123.21.550 SBPSxc  30 2-30A-1 52.6.617 122.58.500 SBPSxc 

65 1-65A-1 52.26.300 123.23.533 SBPSdc  31 2-31A-1 52.5.917 122.56.650 SBPSxc 

67 1-67A-1 52.25.433 123.27.550 SBPSdc  32 2-32A-1 52.40.000 122.58.200 SBPSxc 

67 1-67A-2 52.25.433 123.27.550 SBPSdc  33 2-33A-1 52.22.267 123.32.600 SBPSxc 

74 1-74A-1 52.15.917 123.55.600 ?  34 2-34A-2 52.22.100 123.33.217 SBPSxc 

75 1-75A-1 52.19.367 123.38.067 SBPSxc  37 2-37A-1 52.19.167 123.30.683 SBPSxc 

75 1-75B-1 52.19.367 123.38.067 SBPSxc  38 2-38A-2 52.17.550 123.22.450 SBPSxc 

77 1-77A-1 52.19.600 123.32.417 SBPSxc  42 2-42A-1 52.13.050 123.14.733 SBPSxc 

79 1-79A-1a 52.15.550 123.28.667 SBPSxc  50 2-50A-1 52.17.633 122.50.833 SBPSxc 

79 1-79A-1b 52.15.550 123.28.667 SBPSxc  53 2-53A-1 52.15.833 122.53.950 SBPSxc 

80 1-80A-1 52.10.267 123.19.550 SBPSxc  58 2-58A-2 52.10.150 123.7.967 SBPSxc 

81 1-81A-1 52.10.000 123.15.383 SBPSxc  61 2-61A-1 52.8.433 122.57.833 SBPSxc 

82 1-82A-1 52.13.917 123.22.550 SBPSxc  67 2-67A-1 52.24.000 123.2.717 IDFdk4 

83 1-83A-1 52.18.883 123.20.133 SBPSxc  71 2-71A-2 52.18.300 123.12.933 SBPSxc 

88 1-88A-1 52.33.417 124.9.450 SBPSxc  72 2-72A-1 52.25.150 123.13.567 SBPSdc 
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88 1-88A-2 52.33.417 124.9.450 SBPSxc  76 2-76A-2 52.12.567 123.44.333 IDFdk4 

89 1-89A-1 52.28.800 124.5.350 SBPSxc  77 2-77A-2 52.13.583 123.49.233 SBPSxc 

89 1-89A-2 52.28.800 124.5.350 SBPSxc  78 2-78A-1 52.19.833 123.52.317 SBPSxc 

90 1-90A-2 52.29.650 124.8.967 SBPSxc  81 2-81A-1 52.20.367 123.56.117 SBPSxc 

91 1-91A-2 52.24.767 123.56.767 SBPSxc  82 2-82A-1 52.24.967 124.21.850 SBPSxc 

93 1-93A-2 52.25.483 123.50.550 SBPSxc  82 2-82A-2 52.24.967 124.21.850 SBPSxc 

94 1-94A-1 52.26.100 123.53.800 SBPSxc  83 2-83A-1 52.27.917 124.23.150 SBPSxc 

97 1-97A-1 52.25.333 123.41.583 SBPSxc  86 2-86A-1 52.26.630 124.18.933 SBPSxc 

100 1-100A-1 52.27.767 123.41.233 SBPSxc       
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Appendix3: K.E. Iverson et al. project site characteristics 

PLOT NUM 
TREE 
NUM LAT LONG BEC 

PSP359 6 51.26.400 121.46.200 IDFdk3 

PSP359 4 51.26.400 121.46.200 IDFdk3 

PSP359 3 51.26.400 121.46.200 IDFdk3 

PSP359 2 51.26.400 121.46.200 IDFdk3 

PSP357 1  51.34.135 121.51.414  IDFdk3 

PSP338 8  51.39.571  121.50.983 IDFdk3 

PSP338 7  51.39.571  121.50.983 IDFdk3 

PSP338 5  51.39.571  121.50.983 IDFdk3 

PSP336 2  51.45.573  122.5.404 IDFdk3 

PLOT361 1  51.27.753  121.45.038 IDFdk3 

PLOT296 1  51.37.431  121.36.096 IDFdk3 

MOFT7 6  51.49.641  121.56.074 IDFdk3 

MOFT3 5  51.56.791  121.52.829 IDFdk3 

MOFT3 3  51.56.791  121.52.829 IDFdk3 

MOFT30 3  51.29.415  121.36.315 IDFdk3 

LGM4-537 6  51.40.712  121.52.363 IDFdk3 

LGM4-504 1  51.20.939  121.51.379 IDFdk3 

LGM4-357 7  51.40.824  121.52.453 IDFdk3 

LGM3-367 3  51.45.600  122.5.660 IDFdk3 

LGM3-354 6   51.45.600  122.5.660 IDFdk3 

LGM3-354 4   51.45.600  122.5.660 IDFdk3 

LGM2-119 5  51.43.692  121.47.113 IDFdk3 

LGM1-242 3  51.30.867  121.51.336 IDFdk3 

LGM1-163 5 51.23.400 121.58.200 IDFdk3 

LGM1-163 11 51.23.400 121.58.200 IDFdk3 

LGM1-163 8 51.23.400 121.58.200 IDFdk3 
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APPENDIX 4: PLOT LOCATION MAP 
 

 

Figure 14.  Enlarged plot location map. 
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