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ABSTRACT 

We undertook a project to develop methods for using fire in the management (i.e., 
rejuvenation) of caribou (Rangifer tarandus) range previously impacted by mountain pine 
beetle (Dendroctonus ponderosae).  In this report we summarize the assessment phase 
of the work within which we identified suitable sites to conduct prescribed-burn 
treatments.  We used a geographic information system to delineate areas within 
ungulate winter range U-7-012 where we could conduct an efficient reconnaissance level 
survey.  Field investigations were done to collect information on various biophysical site 
factors, stand conditions, and plant community structure.  Seven sites were identified as 
having suitable ecological conditions for the rejuvenation of terrestrial forage lichens, 
however, one was judged to be too small for treatment and also had poor access.  A 
second site was marginal in size for fitting multiple treatment regimes and five other sites 
were localized in a single unit of terrestrial lichen habitat south of Laidman Lake.  One of 
the latter five sites was recommended as being suitable for proceeding with project 
activities and an alternate site in the same vicinity was identified as having potential for 
expanding project activities in subsequent years; pending degree of success and 
availability of funds. 
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PREFACE 

This report is the first in a series of technical reports (TR) concerning the use of 
prescribed burning for management of ungulate winter range (UWR).  The broad goal 
was to develop rehabilitation methods applicable to low-elevation winter range used by 
woodland caribou (Rangifer tarandus) wherever their range had been previously 
impacted by mountain pine beetle (Dendroctonus ponderosae).  The series of reports 
and their general objectives consist of: 
 
 

• TR #1 - evaluation of UWR within the Laidman Resource Management Zone to 
identify sites that could potentially form the basis of a replicated adaptive 
management trial (this report); 

• TR #2 - development of efficacy indicators and selection of methods for 
monitoring forest floor vegetation communities1; 

• TR #3 – development of an adaptive management plan2; and 

• TR #4 – documentation of site attributes at the selected burn site3. 

 

                                                      
1 Haughian, S., R. S. McNay, and R. Sulyma.  2009.  Rehabilitation of caribou winter range following attack 
by mountain pine beetle:  Monitoring methods and early post-fire vegetation dynamics.  Wildlife Infometrics 
Inc. Report No. 287.  Wildlife Infometrics Inc., Mackenzie, British Columbia, Canada. 
2 Sulyma, R and R. S. McNay.  2009.  Rehabilitation of caribou winter range following attack by mountain 
pine beetle: Prescribed burn plan UWR U-7-012.  Wildlife Infometrics Inc. Report No. 307.  Wildlife 
Infometrics Inc., Mackenzie, British Columbia, Canada. 
3 Sulyma, R.. 2009.  Rehabilitation of caribou winter range following attack by mountain pine beetle: Pre-
treatment site monitoring UWR  U-7-012.  Wildlife Infometrics Inc. Report No. 312. Wildlife Infometrics Inc., 
Mackenzie, British Columbia, Canada. 
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INTRODUCTION 

The mountain pine beetle (Dendroctonus ponderosae, MPB) epidemic has resulted in 
millions of hectares of forests with dead pine trees (Pinus contorta var. latifolia) 
throughout the interior of British Columbia.  The provincial government targeted these 
forests for accelerated timber harvest rates to capture the greatest benefit from a 
declining fibre quality (Province of BC 2007b).  However, the volume of timber being 
processed has not matched the volume of mortality, resulting in large areas of dead pine 
trees that may have a much slower recovery to pre-MPB conditions (Province of BC 
2007b, but see Burton 2006).  This unprecedented mortality and incomplete salvage and 
reforestation of pine forests has negative consequences for the forest industry and can 
also be detrimental to the supply of some ungulate winter ranges (UWR) used by 
woodland caribou (Rangifer tarandus caribou).    
 
Within the Ministry of Environment’s Omineca Region, more than 300,000 hectares of 
low-elevation pine forests have been designated as Caribou UWR under the 
Government Actions Regulation (Province of BC 2005a, 2005b, 2007a).  Management of 
these UWRs is guided by General Wildlife Measures (GWMs) that focus on maintaining 
the quality of the range; particularly a sustainable supply of the terrestrial forage lichens 
(primarily Cladina spp.).  Forage lichens tend to dominate the understory of these pine 
forests (Province of BC 2005a, 2005b, 2007a) during distinct (but not all) stages of 
natural vegetation succession (Coxson and Marsh 2001).  Winter ranges therefore 
require regular disturbance to perpetuate the overall supply of lichens.  To facilitate this 
regular disturbance, a two-pass timber harvest system implemented on a 140-year 
rotation has been recommended (Province of BC 2005a, 2005b, 2007a).  However, in 
light of the MPB epidemic, its rate of spread, and changing management priorities for 
forest licensees; there is a high likelihood much of the pine-lichen UWR will not be 
scheduled for harvest (McNay et al. 2009).   
 
Wildfire is considered to be the natural disturbance mechanism that allows terrestrial 
forage lichens to develop (Kershaw 1977, Sulyma and Coxson 2001).  However, 
disturbances from wildfires are rare since the 1970’s, perhaps because of the combined 
effects of aggressive fire suppression and unfavourable weather (Burton 2006).  
Disturbance resulting from the MPB alone differs from wildfire potentially affecting the 
development of terrestrial lichen vegetation communities.  The different outcomes in 
MPB-killed stands compared to wildfire are: 1) the organic layer of the forest floor is not 
returned to basic nutrients, 2) coarse debris from dead wood reaches much higher 
quantities and spatial coverage, and 3) the forest understory vegetation remains intact 
continuing as an advanced seral stage relative to the forest overstory.  The ultimate 
effects of these differences is currently unknown and bound by uncertainty as significant 
variation in lichen community development exists at a variety of scales ranging from 
regional level (pers. comm., Harold Armleder, BC Ministry of Forests, 09.11.13) to the 
site level (Haeussler et al. 2008).  In the Tweedsmuir-Entiako area, west of the Omineca, 
creeping shrubs capitalize on a brief increase in availability of soil nutrients and moisture 
in the early years following beetle-caused pine mortality (Williston et al. 2006).  
Forecasting subsequent community development is speculative, but a risk is evident that 
lichen presence could be reduced throughout a stand rotation in the absence of a more 
severe (relative to MPB) stand level disturbance. 
 
Prescribed burning is a management tool that has potential for restoration of caribou 
UWRs; especially where changing site conditions promote atypical plant communities 
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relative to those generally observed after stand level disturbances (Williston et al. 2006) 
and where debris accumulations can potentially restrict caribou access to habitat 
(Cichowski 2007).  Past use of prescribed fire in the north-central interior of BC has, 
however, generally been associated with silviculture activities and applied in timber 
harvested areas, rather than in mature forests or in forests with mostly standing dead 
trees.  As a consequence, there is little information available for establishing monitoring 
procedures and criteria upon which to assess effectiveness of prescribed burning as a 
management tool to rejuvenate terrestrial forage lichens.   
 
The specific objectives of this project phase were to: 

1. conduct reconnaissance surveys to: 
a. determine whether caribou UWR in the Vanderhoof Forest District had 

been detrimentally impacted by MPB – therefore requiring rehabilitation;  
b. isolate specific rehabilitation sites to be used as replicates in an adaptive 

management trial; 
2. summarize the basic information collected from the reconnaissance; and 
3. draw conclusions about suitability of the selected sites for habitat restoration 

based on prescribed burning. 
This phase was part of a larger adaptive management project on understanding factors 
affecting vegetation community development in dry pine-lichen forests (McNay and 
Sulyma 2007). 

STUDY AREA 

The study area was located approximately 150 km southwest of the town of Vanderhoof, 
BC in the Vanderhoof Forest District(Figure 1). The geographic extent of this project was 
focused on the terrestrial lichen habitat (TLH) areas identified in UWR U-7-012.  The 
study area is in the Nazko Upland ecosection of the Central Interior ecoprovince where 
the terrain is gently rolling to flat.  Four biogeoclimatic sub-zones are encountered 
throughout the extent of the area, though the TLH of U-7-012 generally falls in the moist 
cold subzone of the Sub-Boreal Pine-Spruce zone (SBPSmc) and the Kluskus moist 
cold subzones of the Sub-Boreal Spruce zone (SBSmc3) (Meidinger and Pojar, 1991).  
The SBPSmc and SBSmc3 have similar seasonal characteristics with the climate being 
characterized as continental having warm dry summers and cold winters (Meidinger and 
Pojar, 1991).   The entire area has been impacted by the MPB epidemic, with severe 
attack happening since 1998.  Dead pine stands are now in the grey stage throughout 
the area. 

METHODS 

We considered that the selection of sites on which to potentially conduct habitat 
restoration depended on:  forest stand and ecological conditions that supported 
terrestrial lichen communities, indication of habitat and stand degradation due to MPB 
attack, lack of conflict between potential restoration methods and other resource and 
social values, and suitable site conditions and infrastructure to implement a prescribed 
burn as the favored restoration tool. A geographic information system (GIS) was used to 
predict areas in UWR U7-012 with the greatest likelihood of having either the Pine- 
Feathermoss-Cladina4 or the Pine-Kinnikinnick-Cladonia5 plant associations, both which  
                                                      
4 In the SBSmc3 and the SBPSmc (DeLong et al 1993)  
5 In the SBPSmc (DeLong 1993) 
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Figure 1.  Study area in the Laidman Resource Management Zone of the Vanderhoof Forest 
District.  Grey shaded area represents UWR U-7-012, and the red lines show the terrestrial 
lichen habitat (TLH) area within the UWR.  Purple polygons represent focal areas targeted 
for reconnaissance activities. 

support terrestrial lichen communities (DeLong 1993).  The GIS was also used to 
evaluate other ‘values’ within the study area, in particular the juxtaposition of fixed 
structures relative to proposed burn sites in order to determine potential risks associated 
with site selection and burn control.  Subsequent field reconnaissance was used to 
confirm model predictions and evaluate forest stand conditions, such as stand type, age 
and the impacts of MPB on stand structure.  During field reconnaissance, sites were also 
evaluated for physical features that would provide utility for fire suppression activities 
such as water sources and fire breaks.   
The GIS analysis, done with ESRI’s ArcView 9.2® (Environmental Systems Research 
Institute, Redlands, California) incorporated an overlay assessment of data layers 
including: 
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• Resultant coverages from the Caribou Habitat Assessment and Supply Estimator 
(CHASE) (Brumovsky 2003, McNay et al. 2006); 

• Vegetation Resources Inventory (VRI) (Province of BC (n.d.)); 
• Digital Elevation Model (DEM) (Province of BC 2002); 
• Predictive Ecosystem Mapping (PEM) (Anonymous 2001); 
• Terrestrial Ecosystem Mapping (TEM) (Anonymous 2004); and, 
• UWR U-7-012 spatial layers (Province of BC 2005). 

Overlay operations were conducted to orient potential reconnaissance polygons within 
terrestrial lichen plant associations identified as UWR.  CHASE model results for pine-
lichen winter range were the basis as they were also used for delineating polygons for U-
7-012.  Site index information from VRI was an input to CHASE but was used 
independently to provide a classification scheme to stratify the general output from the 
model into units of higher and lower likelihood of containing the characteristics that were 
targeted for this project.  Stand age from the VRI was also used to delineate three 
classes of sites within UWR areas.  These were: <70 year old stands, 70 to 80 year old 
stands and >80 year old stands.  Base maps delineating polygons for field inspection 
were made using GPSMapEdit version 1.0.31.0 (Konstantin Galichsky©, 2002-2009) 
and uploaded to a Garmin® Map76CSx (Garmin International, Inc., Olathe Kansas) unit 
using the software IMG2GPS v1.97 (Marco Dipol©, 2004).   
 
A field inspection of the reconnaissance polygons was undertaken in early July.  General 
transects were run and plots were established in representative areas of the polygons to 
evaluate the stand and site characteristics.  Site and vegetation information was 
recorded on Ground Inspection Forms6 (GIF), and stand information was captured on 
siliviculture survey plot cards (FS658) using a layered survey procedure (Province of BC 
1995).  A slight modification was made to the survey procedure to allow for a tally of 
dead stems that resulted from MPB attack.  In addition to the tally, the diameter at breast 
height, total height, bark condition, and an observation of ladder fuel presence were 
made for each “layer-one” tree7.  We also evaluated coarse woody debris accumulations 
and the amount of stems fallen since mortality due to MPB.  Collected data were entered 
into a Microsoft Access ® (Microsoft Corporation, Redmond, Washington) database and 
Excel workbooks (Microsoft Corporation, Redmond, Washington).  Summaries were 
produced, confirming ecological classification and for calculating mean measurements 
for stand attributes.  Summary results were used to create a list of candidate sites for 
burning.   
 
Priority sites for treatment were selected based on them having suitable ecological 
characteristics and significant mortality (>60%) of mature trees caused by MPB.  
Preferred sites were also evaluated for amount of, or lack of regeneration.  The list of 
potential sites was reviewed by a professional with experience in conducting prescribe 
burns, who also made a subsequent field visit to confirm the preferred sites had 
necessary attributes to permit the implementation of prescribed burning.  Guidance from 
the burn expert was incorporated into decisions used for selecting the treatment area.  

RESULTS 

There were approximately 4900 ha of terrestrial lichen habitat in U-7-012 (Figure 2).  Of 
this area, 1330 ha located southwest of Johnny Lake had poor access (i.e., requiring 
                                                      
6 http://ilmbwww.gov.bc.ca/risc/pubs/teecolo/fmdte/gif.htm (accessed July 21, 2008). 
7 A layer-one tree is one that is greater than 12.5 cm diameter at breast height. 



SULYMA AND MCNAY  WILDLIFE INFOMETRICS INC. 

Rehabil itat ion of caribou winter range: field reconnaissance  5 

helicopter in summer months) and were dropped from the current project area under the 
assumption that such logistics would negate the potential for prescribed burning.  Within 
the remaining 3570 ha, which was considered the accessible area, 161 ha were pine 
dominated8 stands <70 years old, 1404 ha were pine dominated between 70-80 years 
old, and 1390 ha were pine dominated >80 years old (Figure 2).  Only 615 ha were 
stands with <90% pine or dominated by other species. 
 
A subset of 14 polygons for field reconnaissance was identified from within the portion of 
U-7-012 considered as the accessible area (Figure 2).  Twenty plots and more than 22 
km of transect were established during reconnaissance activities.  In some instances 
multiple plots were established within single reconnaissance polygons.  Conversely, in 
three instances plots were located in new areas that were not identified as 
reconnaissance polygons, but were found to have suitable characteristics while walking 
transect lines.  
 
Based on field observation of the plant communities and soil conditions, all areas 
identified as reconnaissance polygons were in the SBPSmc biogeoclimatic subzone and 
in either the 01b or 02 site series which are the Pine-Kinnikinnick-Cladonia and Pine-
Feathermoss-Cladina plant associations (Banner et al. 1993; DeLong et al. 1993).  
Terrestrial lichen cover averaged 3.6% in stands 70-80 years old and 4.8% in stands 
older than 80 years.  The cover of kinnikinnick (Arctostaphylos uva-ursi) was 4.2% in the 
stands that were 70-80 years old and 14.1% in stands that were >80 years old9.  The 
terrain of the polygons was gently rolling to flat and soils texture was predominantly 
sandy loam, though a few sites did have loamy sand. 
 
Density summaries by tree layer and tree condition for the forest conditions sampled at 
the plots are summarized in Table 1. In the 70-80 year old stands mortality was 11% and 
was generally the result of natural stand thinning.  Within stands >80 years old, variable 
stand conditions were noted.  Mortality of the mature trees (layer 1 stems) from MPB 
ranged from 64% to 100% which produced live tree stocking ranging from 0 to 500 
stems per hectare (sph).  In the majority of these older stands, the stocking of live poles, 
saplings and regeneration (layers 2, 3, and 4) was abundant, averaging 3721 sph (Table 
1). 
 
Five sites located south of Laidman Lake (Figure 3) provided the best conditions for 
prescribed burning.  These sites contained mature forests with noticeable (80% of trees 
>12cm dbh) MPB mortality in the mature tree layer (ie. >80 years old Table 1) and they 
had ecological conditions for supporting terrestrial lichen vegetation communities.  The 
majority of all other reconnaissance area sampled was dominated by younger forests 
that had less mortality and well developed understorys (Table 1).  Each of the five sites 
considered suitable were at least 10 ha.  Two sites with similar ecology and stand 
conditions were found at the west end of the study area near Entiako Park, but they 
were both less than five  

                                                      
8 “pine dominated” represented stands that were greater than or equal to 90% composition based on VRI 
species data. 
9 Other researchers have noted increases in Kinnikinnick following mortality of pine trees but we cannot 
draw this conclusion based on our level of reconnaissance and the lack of data for this site prior to MPB 
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Figure 2.  Summary of forest cover in the TLH (red lines) of U-7-012 and in the reconnaissance polygons (orange lines) that were 
identified through GIS activities. 
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Table 1.  A tally of tree stems per hectare summarized by four tree layers, stand age class, 
and tree condition.  Data were collected in a reconnaissance of >70 years-old, lodgepole pine 
stands within ungulate winter range (U-7-12; Vanderhoof Forest District) that were deemed 
to have suitable access for the purpose of rehabilitation treatments. 

Stems Per Hectare 
Age Class Tree 

Condition 
Trees: 

>12.5cm 
dbh 

Poles: 
7.5-12.5cm 

dbh 

Saplings: 
>1.3m  tall & 
<7.5cm dbh 

Regen: 
<1.3m tall 

live 400 1384 3600 367 70 - 80 yrs 
(n=6) dead 100 50 700 0 

live 193 621 1093 2007 > 80 yrs 
(n=14)1 dead 793 364 293 0 

live 450 850 100 800 Proposed 
Site (n=2) dead 850 600 400 0 

1These plots include the two plots collected from the “Proposed Site”. 
 
 

 
Figure 3 Location of five possible prescribed burn treatment areas (green polygons) within 
the TLH south of Laidman Lake in the designated ungulate winter range U-7-012 (grey 
shaded area).   
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hectares in size, and one had poor ground access as it was greater than two kilometres 
from existing roads.  Site 1 (1a and 1b, Figure 3)10 was judged to provide the best 
opportunity for implementing a prescribed-burn treatment.  It had 65% mortality of the 
overstory, ecological characteristics (e.g., >80% pine) of a lichen site (i.e., classed as 
SBPSmc 01b), and good ground based access (all season 2 wheel drive access to 
within 400 m of the treatment area).  The treatment site was bound by Mathews creek to 
the west, which is a five metre wide creek providing a good water supply for fire 
control/suppression activities, and logging trails on the south and east sides (Figure 4).  
The mature trees (layer 1, including dead stems) were approximately 20 m tall and 20 
cm diameter at breast height.  The site was relatively clean (estimated <30m3/ha) of 
coarse woody debris and the understory plant community was generally sparse (<25% 
cover shrubs and herbs >15cm tall).  In addition to these favourable factors, there was 
some indication that forest licensees may not have immediate plans to develop the area 
for timber harvest (pers. comm., Terry Lazaruk, Canadian Forest Products [Canfor], 
08.05.26); a more through investigation is pending.   
 
Site 2 (Figure 2) was judged to be a second best choice for the prescribed-burn 
treatments.  Stand and ecological conditions were similar to Site 1, but the area has 
been subject to greater levels of small scale salvage harvesting.   Site 2 also overlaps 
with timber-harvest plans proposed by Canfor (pers. comm., Terry Lazaruk, Canadian 
Forest Products [Canfor], 08.05.26).    

DISCUSSION 

We did not consider it possible to include the entire area of U-7-012 as candidate sites 
for prescribed burning activities.  In particular the portion of the UWR located southwest 
of Johnny Lake was dropped because use of a helicopter would be necessary to access 
the site.  Although sites in the area may be suitable for burning, the overall cost of 
implementing the treatment and subsequent monitoring was considered to be prohibitive 
(although no formal estimates were made).  In addition, if a burn escaped in this area it 
also would be prohibitively costly to manage.  Another area that we de-emphasized was 
along a finger of UWR that straddles Fawnie creek.  Based on past reconnaissance work 
for a lichen-forestry adaptive management project (Sulyma 2002a, b), the terrain in this 
area was not favourable as steep broken slopes would restrict movement of machines 
and crews.  Furthermore high water quality and fisheries values associated with Fawnie 
Creek make it impractical to straddle a burn across it.     
 
The biogeoclimatic ecosystem classification (BEC) provided by the PEM, TEM, and 
provincial BEC maps for the study area indicated large portions of the TLH areas were in 
the SBSmc3.  The predominate soil properties (coarse), moisture regimes (mesic), 
terrain (level), and the corresponding plant communities showed that localization of BEC 
lines were required.  Plant communities on these sites contained abundant terrestrial 
lichens and kinnikinnick leading us to the determination that the reconnaissance 
polygons were in the SBPSmc biogeoclimatic unit not the SBSmc3 (Banner et al. 1993).   
 
A goal of this project was to identify sites >20 ha within the UWR that would require 
management, thus permitting treatment replication.  However, an abundance of young 
pine stands that have apparently survived the MPB epidemic restricted the delineation of 
                                                      
10 Site 1 has been classed as 1a and 1b to accommodate 2 burn treatments.  Delineation of these areas will 
be presented in detail in a subsequent phase of the project. 
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suitable sites for treatment.  Although scattered mortality of pine was usually replete 
(huh????) in 

 
Figure 4. Site1 The preferred site for the prescribed burn treatment (green lines).  The red 
line indicates the TLH boundary of the UWR area and the dashed lines represent old small 
scale salvage access trails providing quad access to the burn site. 

the areas where terrestrial lichen dominated the understory, adequate areas of 
continuous mortality of mature stems were found only in the east half of the area located 
south of Laidman Lake.  Restricting the extent of potential treatment to one general area 
negated the possibility of replicating treatment activities.  As a result only a single 
treatment site (Site 1, Figure 2) was identified.  The forest and site conditions were 
typical of others surveyed throughout the UWR area yet the site provided a large enough 
contiguous area to permit the implementation of prescribed burning.  Information 
collected at the site will be directly applicable to winter ranges in both Tweedsmuir and 
Entiako Provincial Parks.  In addition, information from the site will be able to guide 
activities in other regions such as the Chilcotin and the Omineca. 
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Two treatment units were delineated at Site 1 to provide the potential for testing a light- 
and a low-severity burn.  Skid trails provide potential ground fuel breaks and Mathews 
creek could be used as a water source for setting up sprinkler systems for control, and 
for fire suppression activities.  Site 1 was considered by the burn expert to be a good 
candidate for the proposed treatments (pers. comm., Brad Armitage, Ember Research 
Service, July 20, 2008); pending assessments of: a) fire weather indices necessary for 
conducting different severity burns and b) collection of information on fire spread 
behaviour in MPB killed stands. 
 
Site 2 met many of the required characteristics but was also identified by Canfor as a 
potential harvest unit.  Though this issue may restrict options for the current project, 
further investigation and communication in subsequent years could determine options for 
a third treatment involving broadcast burning of a cutblock.  Such treatment could be 
linked to an adjacent, ongoing adaptive management project in which the impacts of 
mechanical disturbance on terrestrial lichen communities is being evaluated (Sulyma 
2002a, Sulyma & Sulyma 2006). 

RECOMMENDATIONS 

The intent of the project was do develop an adaptive management design, including 
treatment replication, to produce robust results that could be used to guide similar 
habitat restoration activities within the Entiako, and in other regions of the province.  
Though 4900 ha of UWR were available, different constraints reduced opportunities 
confining optimal sites to a single area south of Laidman Lake.  The result was that it 
would not be possible to undertake independent treatment tests without confounding 
outcomes by issues of pseudoreplication, and so only a single treatment site is 
recommended. 
 
Undertaking activities at the single site still has good utility and provides valuable 
information for managing caribou winter range.  If prescribed burning is to be used as a 
management tool on a regular basis it must be evaluated to ensure the products match 
those typically expected from wildfire (Haughain et al. 2008).  Operations at a single site 
will, at a minimum, start to fill an information gap on the topic.  In addition, activities in 
other regions, such as prescribed burning in similar types in the Omineca (McNay and 
Sulyma 2007) can be used as a replicate providing strength to findings. 
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