
 

PRINCIPAL INVESTIGATOR    CO-INVESTIGATORS 

Dr. Victor Lieffers      Dr. Soung-Ryoul Ryu & M. Derek Mackenzie 

University of Alberta     University of Alberta 

Dept of Renewable Resources    Dept of Renewable Resources 

Edmonton, Alberta T6G 2HI                               Edmonton, Alberta T6G 2HI 

Phone: 780-492-2852     Phone: 780-492-2356 

Fax 780-492-1767     Fax: 780-492-4323 

Email: Victor Lieffers@ualberta.ca    Email: Soung.ryu@ualberta.ca 

Email: M.derek.makenzie@ualbert.ca 

 

INTRODUCTION 

Lodgepole pine is found over much of western of Alberta and is included in harvest plans on most forest industry 

tenures.  The mountain pine beetle is a native to the temperate pine forest with a range extending from Mexico to 

central British Columbia. Pine beetles began appearing in northern Alberta in 2001, in pockets along the border 

with British Columbia. The beetles then arrived in west-central Alberta for the first time ever in June 2006, when 

strong winds carried insects to the region from central B.C., a distance of 400 kilometers. The winds occurred at 

the same time the beetles emerged and flew from their pine hosts in British Columbia. Forests killed by beetles can 

result in detrimental changes to watershed hydrology and loss of fish and wildlife habitat, recreational 

opportunities and forest industry employment. 

In Alberta most populations of lodgepole pine are serotinous (Critchfield 1985) and store a large bank of cones in 

the canopy. The serotinous cones are known to open by the fire; the heat breaks the resin bonds of the cones and 

cone scales spring open (Lotan and Critchfield 1990). Alternatively, forest managers have successfully opened 

serotinous cones with drag scarification (ship anchor chains and shark-finned barrels) (Vyse and Navratil 1985; 

Lotan and Critchfield 1990; Landhäusser 2009). The drags disturb the forest floor and reposition the cones close to 

the ground where the temperature is high enough to open the cones (Crossley 1956) and seeds fall onto prepared 

soil that is suitable for successful rooting. Drag scarification techniques are therefore, widely used for lodgepole 

and jack pine regeneration across Canada.  

Lodgepole pine stands are being killed by mountain pine beetle (MPB) across a wide area of Alberta and there is 

concern about regeneration of these forests, particularly in areas where there is no salvage logging and 
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scarification. For example, in a recent survey of northern British Columbia stands, there was little pine 

regeneration in the first 10 years after MPB (Astrup et al. 2008). There are two main questions relating to seedling 

establishment after MPB attack. There has been concern that the serotinous cones on the dead pine will remain on 

the crown and not open for years following MPB attack. However, recent work indicates that there are two 

significant sources of lodgepole seed after MPB kill (Teste et al. 2010). First, there is an increase in the rate of 

opening of the cones that are still on the trees – even in populations that are considered serotinous (Teste et al. 

2010). After MPB attack, there is a slow but steady rain of seed to the ground for at least 6 years after attack 

(Teste et al. 2010). The second source of seed is the falling of cones to the ground after the beetle attack.  The 

falling of cones happens most often in the red attack phase when the stems of the trees are still flexible but the 

twigs holding the cones become brittle. Sway of the trees and collisions with neighbouring crowns during wind 

causes breakage of the twigs, dropping the cones to the ground. These cones will partially open on the ground 

surface or they might be buried by growth of the feathermoss and rain of litter (Teste et al. 2010).  Surprisingly, the 

seed in buried cones that were still fully closed still had germination rates > 80% (Teste et al. 2011) and even 

partially-opened buried cones still had germination rates ~40%. A second major concern related to pine 

regeneration relates to the feathermoss of the forest floor of these sites.  Feathermoss layers are considered to be 

unsuitable as seedbeds for pine (Astrup et al. 2008). Without removing this layer, the roots of lodgepole pine 

seedlings will not establish in soils with a stable moisture supply. Prescriptions to remove the appropriate amount 

of forest floor will be derived from earlier fire behavior studies in pine forests in British Columbia and  

Alberta (Lawson 1973 and Quintilio et al. 1977). In this project, we plan to examine the use of surface fire to 

stimulate regeneration after stand mortality due to MPB in north-central Alberta. The study areas are located in 

the Saddle Hills on the Weyerhauser FMA, northwest of Grande Prairie in the Alberta Newsprint FMA, northwest 

of Whitecourt.   In these studies there are several major factors that need to be assessed: 

1. Prescribed fire is required for site preparation in MPB killed stands to remove surface vegetation and duff 

that prevents the successful germination of seedlings. Surface fires will remove different amounts of 

feathermoss/duff layers, based on variation in fire residence time and amount of heat penetration into 

the substrates of these stands.   We hypothesize that the majority of the loosely-packed feather mosses 

will need to be removed leaving well-decomposed organic or mineral layers as the seedbeds for the pine 

(Kemball et al. 2006). The fire-residence time and heat penetration are likely to have an impact on the 

survival of the seed within the cones of the pine.  If fire-residence time is too long, it will consume the 

pine cones and/or decrease the viability of seeds; de Groot et al. (2004) reported that jack pine cones 

held in flame for more than 40 seconds had seed with low rates of germination.  The position of cones (on 

branches above the ground, on the surface or buried in the duff) might also have considerable influence 

on the survival of seeds during the fires.  Consequently, burning will consume some of the cones, but it 

will also re-expose some of buried cones and facilitate cone openings.  Moreover, it will also remove duff 

layers an improved seedbed. Thereby, we hypothesize that burning will provide enough lodgepole pine 

seed source with an opportunity to open on a good seedbed.    

 

2. In sites with greater nutrition, burning may stimulate an increase in growth of competitive vegetation, 

especially so in stands with aspen. Retaining live aspen on the sites will slow the rate of suckering in these 

stands, while a hot surface/ground fire will girdle the base of the aspen, killing the adult trees and 

stimulating sucker regeneration (Frey et al. 2003; Fraser et al. 2004).   Low intensity fires will either not kill 

the trees or will simply girdle them, with death occurring over several years; this would result in relatively 

little suckering (Quintilio et al. 1991). The second reason for increased competition may come from 

increased mineralization of nutrients on the burned site compared to the untreated sites or sites treated 

only with mechanical site preparation (Frey et al. 2002).    
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3. Forest fire danger is a general term used to express a variety of factors in the fire environment, such as 

ease of ignition and difficulty of control. Fire danger rating systems produce qualitative and/or numeric 

indices of fire potential, which are used as guides in a wide variety of fire management activities. The 

Canadian Forest Fire Danger Rating System (CFFDRS) has been under development since 1968. Currently, 

two subsystems–the Canadian Forest Fire Weather Index (FWI) System and the Canadian Forest Fire 

Behaviour Prediction (FBP) System–are being used extensively in Canada and foreign countries. The ‘Fire 

Weather Index (FWI)’ is used to estimate the potential for wildland fire. The index is based on ‘Initial 

Spread Index’ indicating ‘rate of spread‘, and ‘Buildup Index’ indicating ‘available fuel’. These indices are 

calculated from three moisture codes (fine fuel moisture code, duff moisture code, and drought code) 

using four weather variables (rainfall, relative humidity, wind speed, and temperature). The codes 

represent previous weather condition by adding or subtracting code value according to daily weather. The 

Canadian Forest Fire Behavior Prediction (FBP) System provides quantitative estimates of potential head 

fire spread rate, fuel consumption, and fire intensity, as well as fire descriptions. The FBP System 

introduces fuel types including mature lodgepole and jack pine forest. This system requires a calibration 

for MPB-killed stands to determine if the effect of weather variables (e.g., rainfall, wind speed, 

transpiration, and radiation) on soil organic layer, fine fuel, and woody debris under this disturbed 

condition may be different from mature and living lodgepole stand. In essence, we need to understand 

how weather variables are related to fuel moisture and fire behaviour in MPB-killed stands.      

 

PROPOSAL OVERVIEW 

In 2007 experimental plots were established north of Ft McMurray to study fire behavior in pine stands that were 

girdled to simulate mortality in MPB affected stands. Prescribed fires were conducted during 2008 and 2009; 

however, silvicultural implications were not addressed. Two studies that focus on the regeneration of pine stands 

affected by MPB are planned as follows: 

Jackfish Lake Study: 

This study is located in a lodgepole pine stand on the Grande Prairie Weyerhauser FMA that was attacked by MPB 

in 2006 and the study proposal has been submitted to FRI. Collaborators include the University of Alberta, SRD, 

Weyerhauser and FPInnovations. 

The Jackfish Lake site is in the Lower Foothills Natural Subregion. It tends to be nutrient rich and therefore has a 

component of green alder and aspen and a rich herbaceous understory. The forest floor duff is composed of 

hardwood leaf litter and in isolated locations it is developing feathermoss duff. The Jackfish site is in the transition 

between the red and gray phase of development after the beetle attack. There is considerable leaf litter and fine 

twigs on the ground; therefore, we expect aggressive fire behavior compared to the replicate plots at Horse Creek, 

which will be at red phase with much less fine fuel on the ground. After fire introduction, we expect rapid 

colonization of the site by a rich and aggressive understory layer because of the rich site conditions and the 

presence of aspen and alder. These plants will compete with the pine seedlings. However, this site will have 

relative good light transmission to the understory because of the loss of canopy-leaf area and it will help pine 

seeding establishment. The results of these two interactions are not fully understood yet.  

Horse Creek Study: 
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This study is located in a healthy lodgepole stand on the ANC FMA northwest of Whitecourt, AB. The site is 

representative of poorer nutrient sites in Alberta and the stand will be chemically killed to simulate MPB affected 

stands. Collaborators include the University of Alberta, SRD, Natural Resources Canada, ANC and FP Innovations. 

Horse Creek is in the Upper Foothills Natural Region and it is on mesic nutrient and moisture regimes. The 

overstory is lodgepole pine with some understory of black spruce. The duff layer is feathermoss with some 

ericaceous shrubs. The pine in these stands will be killed by herbicide injection and the under-burn will be 

accomplished in the first year; this would simulate burning at the start of the red phase. In addition the chemical 

treatment will be designed to produce both fifty and seventy-five percent mortality in contrast to the one hundred 

percent mortality in the Jackfish plots. Burning at this time will result in different fire behavior as the pine foliage is 

still in the canopy. The higher elevation and lower nutrient status of this site will not produce much of an 

understory competition issue. However, a high level of pine foliage is expected to remain on the trees for several 

years after death and this may result in limitation of light for pine seedling growth immediately following fire, 

thereby preventing regeneration in the first year or two after this under-burn. Given the expectation for low 

competition; however, regeneration may still occur at the time of transition to the gray phase. In contrast, at 

Jackfish Lake, if seedlings do not develop soon after treatment they likely not recruit at all. The Horse Creek burns 

will allow us to more fully develop and test models of fire behavior and fire ecology including long term post fire 

impact.    

The combined studies will provide: 

 Contrasting fire behavior related to pine foliage on the ground, and variation of duff types and ladder 

fuels. 

 Different timing of under-burning relative to the years after MPB (loss of foliage and release of seed and 

cones). 

 Different success of pine regeneration related to site types, development of herbaceous understory and 

competitive environment for pine germinates following under-burning. 

 

O�JECTIVES 

1. Determine the efficacy of burning to regenerate lodgepole pine stands killed by MPB, especially in terms 

of depth of burn and fuel loading. Fire behavior and pine regeneration will be determined for two 

ecosites, three levels of stand mortality and at two stages of mortality. 

2. Determine if burning is superior to mechanical site preparation as a tool for renewal of these stands.  

Comparison will be made in terms of cone density, pine seedling density, nutrient mineralization and 

vegetation competition. 

3. Collect fire behavior baseline data to verify or adjust the Fire Weather Index System with fuel moisture 

content in lodgepole stands killed by MPB. 
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�ET�ODS 

We propose a basic methodology that will be applied to both the Jackfish Lake and Horse Creek sites.  Sixteen, 50 X 

50 m plots will be established in lodgepole pine stands (killed by MPB). Treatments will be:  

1. moderate forest floor removal (understory burning under moderate fire weather index) 

2. deep forest floor removal (understory burning  under favourable fire weather index) 

3. blade scarification in the plot with a skid-steer loader fitted with an angled blade. The machine will disturb 

the ground between standing trees (The plot could be split with deep and shallow blade paths) 

4. control – no treatment 

The treatments will be replicated 4 times and hopefully all treatments will be done in the spring of 2011 at Jackfish 

Lake and the fall of 2011 or the spring of 2012 at Horse Creek. An opportunity to expand the blade scarification 

experiment is available in an adjacent stand at Jackfish Lake and $5,000 is budgeted to utilize the skid steer 

supplied by Weyerhauser. 

In each plot, we will have a set of 16 sampling points at 10 m spacing – marked with a pigtail marker.  The fine fuel 

loadings will be estimated for each of these 16 points by measuring duff/litter layer depth and bulk density. The 

quantity of down and round woody debris (DRWD) will be estimated for each fuel size class using standard 

transect method (cite SRD protocol) and bulk density of each fuel class will be estimated using destructive 

sampling. At each of these positions, we will also establish a rate of spread monitor and measure the depth of duff 

removal by the burn using a steel pin positioned at the duff surface. During the burn, we will record fire behavior 

including flame height using fire resistant camera‘s in collaboration with FP Innovations. After burn, we will 

measure the char heights on trees near each point. We will also measure maximum energy release by duff, fine 

fuel, and DRWD (per each class) using a calorimeter. At each point a circular plot (2m
2
) will be established and the 

number of surface cones will be counted (recording if they are closed or partially opened). The cones in each of 

these sampling positions will be reclassified after the fire in terms of burn class. At each sampling points, we will 

establish nine marked cones that will be attached to fine gauge steel wire. These will be buried in the forest floor 

at 3 depths (e.g., 0, 1 and 5 cm below the surface). These cones will be collected after fire and if available, the seed 

will be extracted and tested for rate of germination.    

We will measure temperature and moisture dynamics in soil and organic layer before and after fire at 5 locations 

of each plot (fixed location). Moisture content of woody debris actual fuel moisture will be measured twice and 

these data will be used in verification of models to be built in the next project that is likely to be done on Alberta 

Newsprint lands. We will measure moisture content in soil and duff/litter layer before and after fire at 5 locations 

of each plot (fixed location). FWI indices of each sampling date will be also recorded. These efforts will provide 

background data to verify FWI models under MPB kill and burn condition.  

We will evaluate the nutrient mineralization using ion exchange resins (PRS technologies) and litter decomposition 

(using litterbag).  Basic soil chemical analysis (e.g., pH, available nitrogen and phosphorus, exchangeable Ca, Mg, 

and K) will be conducted before and after fire for each plot. At the end of the experiment the foliar nutrients of 

pine seedlings or aspen suckers will be assessed.  

The density and root collar diameter of seedlings will be assessed in 10m
2
 plots established at each of the 16 

sampling points at the end of the 1
st

 and 2
nd

 growing season. The density and stocking of seedlings will be 

determined. Seedlings height will eventually be assessed. The vegetation regrowth (including aspen suckering) will 

be assessed at the end of year two. 
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We will seed four 0.5m
2
 subplots in each of the plots. Here, 50 seeds could be added to the subplots and evaluated 

for germination and establishment to look at mineralization of nutrients. Four unseeded plots would act as the 

control. 

We will set up seed traps after burning to determine seed cast onto the plots. (As this is a canopy level process and 

should not be influenced by fire, 6 seed traps per plot is all that is needed. 

 

 

 

 

Plot size is 50m x 50m.  There is a 5m buffer between plots.  A well-defined trail runs along the 

centre of the site separating plots 10-12 from the other plots.  Control plots will be established 

around the perimeter of this cluster of plots. 

Subsamples within treatment plot 
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I�PLICATIONS 

 Controlled burns may be an inexpensive way to regenerate and decrease flammability in lodgepole pine 

stands killed by MPB.   

 In stands with aspen or high soil nutrients, it may be possible that blade scarification may be more 

effective way to renew these sites as there likely will be less aspen suckering and less vegetation re-

growth. Blading may also produce a better seedbed, if there is insufficient duff removal by the fire. 

 We will be able to assess the damage to cones on the ground at time of burning and determine if 

regeneration must depend upon seed from the canopy. This has implications for the effectiveness of 

burning the MPB stands later into the grey stage. 

 We will evaluate if the moisture content of fine fuel is significantly altered by MPB kill which may 

influence future landscape level fire behavior. 

 We will be able to determine if burning is more effective immediately after kill from MPB or the burning 

should be delayed by up to 4 years. 

 We will determine if there are major differences in seedling response in lower elevation and rich sites 

compared to higher elevation and poor site conditions. 

 Fire and forest managers will gain first-hand experience by conducting the burns and observing the 

outcomes.  

 

TI�ELINES 

 

Date Details 

August 2010 

Plots will be established in the Jackfish lake site. Pre-treatment stand level 

mensuration and fuel loading will be assessed and cones on the ground will be 

counted. 

May 2011 

The Jackfish site will be instrumented with rate of spread monitors and other 

equipment for fire behaviour. The marked cones will be buried.  Fuel moisture will 

be measured. 

May 2011 

The Jackfish plots will be burned if the right FWI and prescription can be achieved.  

After burning the soil samples will be collected, the spotted cones will be collected 

and assessed. Seed traps will be established and litter bags installed.  Scarification 

will be done on designated plots. 

The Horse Creek plots will established and chemically treated to simulate 50 and 

75 percent mortality 
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Date Details 

May 2011 Nutrient availability samples will be collected at both sites. 

June 2011 Plots will be seeded and seed traps will be collected at Jackfish Lake. 

August 2011 

Surveys will be done to assess regeneration of both natural and artificially seeded 

plots at Jackfish and seed traps will be collected. 

Pre-treatment stand level mensuration and fuel loading will be assessed and cones 

on the ground will be counted at Horse Creek. 

September 2011 Plots at Horse Creek will be assessed for burning potential. 

January 2012 Preliminary findings at both sites will be reported at the FRI Annual meeting. 

May 2012 

Seed traps will be collected and survival of planted seedlings will be assessed and 

mineralization probes will be established at Jackfish Lake 

Plots will be burned at Horse Creek if fall burns were not attempted. 

June 2012 Mineralization probes will be established and collected at both sites. 

August 2012 
Seed traps will be collected.  Seedling density and stocking will be assessed at both 

sites. 

Fall 2012 
Thesis and publications will be prepared for Jackfish Lake. Research notes will be 

prepared and findings will be presented at the FRI Annual meeting. 

Summer 2013 
Data will be collected and analyzed and the thesis will be prepared for the Horse 

Creek site. 
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�UDGET 

 

JAC��IS� LA�E OPERATING �UDGET REQUESTED �RO� �RI 

�udget Items 2010 2011 2012 Total 

Graduate Student $     4,000.00 $     20,000.00 $   20,000.00 $       44,000.00 

Summer Student 
 

$        8,000.00 $      8,000.00 $       16,000.00 

Vehicle $     3,500.00 $        5,000.00 $      5,000.00 $       13,500.00 

Field 

Accommodation 
- $     12,500.00 $      7,500.00 $       20,000.00 

Conference - $        1,000.00 $      4,000.00 $         5,000.00 

Field Supplies $     3,000.00 $        3,000.00 $      3,000.00 $         9,000.00 

Field Equipment $     6,500.00 $        5,000.00 - $       11,500.00 

Chemical Analyses - $        5,000.00 - $         5,000.00 

Field Supervisor - $        5,000.00 $      5,000.00 $       10,000.00 

Incidentals $     1,000.00 $        1,000.00 $      1,000.00 $         3,000.00 

Subtotal $  18,000.00 $     65,500.00 $   53,500.00 $     137,000.00 

Overhead (15%) $     2,700.00 $        9,825.00 $      8,025.00 $       20,550.00 

MSP - $        5,000.00 - - 

Total $  20,700.00 $     80,325.00 $   61,525.00 $     157,550.00 

 

�ORSE CREE� LA�E OPERATING �UDGET REQUESTED �RO� �RI 

�udget Items 2010 2011 2012 2013 Total 

Graduate Student - - - - - 

Summer Student - $        4,000.00 $      4,000.00 $      8,000.00 $       16,000.00 

Vehicle - $        2,000.00 $      3,000.00 $      3,000.00 $         8,000.00 

Field 

Accommodation 
- $        1,500.00 $      6,000.00 $      6,000.00 $       13,500.00 

Conference - - - $      1,000.00 $         1,000.00 

Field Supplies - $        1,000.00 $      1,000.00 $      1,000.00 $         3,000.00 

Field Equipment - - - - - 

Chemical Analyses - - $      5,000.00 - $         5,000.00 

Field Supervisor - - - -   - 

Incidentals and 

Herbicide 

Treatment 

-            $11,500 $      1,000.00 $      1,000.00 $         13,500.00 

Subtotal - $        8,500.00 $   20,000.00 $    20,000.00 $       48,500.00 

Overhead (15%) - $        1,275.00 $      3,000.00 $      3,000.00 $         4,275.00 

MSP - - $      5,000.00 - - 
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Total - $        9,775.00 $   28,000.00 $    23,000.00 $       52,775.00 

      
Total of �oth 

Jackfish Lake and 

�orse Creek  

$  20,700.00 $     101,600.00 $   89,525.00 $   23,000.00 $    221,825.00 

  

 

 

 

In-kind Support (Alberta Sustainable Resource Development) 

�udget Items 2010 2011 2012 Total 

Inventory Crew $10,000.00 $10,000.00 $10,000.00 $30,000.00 

Inventory Equipment $5,000.00 - - $5,000.00 

Project Management $35,000.00 $20,000.00 - $55,000.00 

Prescribed Burn costs - $50,000.00 $50,000.00 $100,000.00 

FPInnovations $17,40000 - - $17,400.00 

Proposal Development $10,000.00  - $10,000.00 

Total $77,400.00 $80,000.00 $60,000.00 $217,400.00 

 

 

University of Alberta* 

Note: 

 In the Horse Creek Study we will support a graduate student as follows:  $16,000 saved 

because the graduate student from the Jackfish Lake project received alternate funding will be 

directly transferred to FP Innovation.   This funding can then be used to support an NSERC 

industry scholarship. 

The site preparation (MSP) will be paid directly from FRI. 
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�udget Items 2010 2011 2012 Total 

Principle Investigator $7,500.00 $15,000.00 $15,000.00 $37,500.00 

Co-investigators $7,500.00 $15,000.00 $15,000.00 $37,500.00 

Graduate Students $6,000.00 $6,000.00 $4,500.00 $16,500.00 

Total $21,000.00 $36,000.00 $34,500.00 $91,500.00 

*U of A will provide calorimeter, which costs about $10,000.00 

 

 

Weyerhauser and Alberta Newsprint 

�udget Items 2010 2011 2012 Total 

Skid Steer 

(Weyerhauser) 
$3,000.00  - $3,000.00 

Harvesting of 

Boundaries (ANC) 
- $10,000.00 - $10,000.00 

Total $3,000.00 10,000.00 - $13,000.00 

 

 

DELIVERA�LES 

 Develop a protocol for use of surface fire in MPB-killed stands with the goal to regenerate lodgepole pine.   

This will be done in conjunction with the fire managers from ASRD and the ecologist from the University 

of Alberta by linking FWI with intensity of fire and quantifying levels of pine regeneration.  Secondly, 

managers will be provided with the data to compare how fire regenerates these sites relative to 

mechanical treatments – there may be some landscape positions where mechanical treatments are the 

only option.   

 

 The work will be reported at the Annual Meeting of the Foothills Research Institute and it will also be 

reported at a national or international forestry/fire conference. 

 

 There should be three refereed research papers on this project: one related to cone and seed availability 

after surface fires in stands killed by MPB.   The second paper will relate to regeneration of lodgepole pine 

after surface fire and mechanical site preparation in MPB-killed stands. Thirdly, there will be an 

opportunity to produce a paper related to ignition, fire behavior and severity of burn – with a linkage to 

FWI and landscape fire management policy. 
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 Work will be summarized in several research notes posted on the Centre for Enhanced Forest 

Management and FRI web sites. 

 

 Costs of treatments will be determined and reported. 

 

 We will assess the rate of germination on different substrates (deep, shallow burn, control, mechanical 

treatments) on two different ecosites and on two different timelines since MPB attack. 

 

 We will collect data that will be used for future efforts to expand or validate FWI under disturbed 

condition.  

 

 Videos of the fire behavior will help planning and training for operational burns and will be useful tools 

for public education. Site tours in the years after the burns will also benefit government and industry 

foresters. 
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