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ABSTRACT 

An adaptive management project is being implemented in the Laidman Resource 
Management Zone in the southern portion of the Vanderhoof Forest District as a way to 
better understand the use of prescribed burning to rehabilitate northern caribou winter 
range. Key project activities involved: site assessment to identify potential management 
sites, identification of indicator measures, construction of an adaptive management plan, 
and measurement of pre-treatment conditions at a selected treatment site.  
Implementation was to be based on two primary steps: stem knockdown to create 
favourable fuel conditions for prescribed burning and ignition of the burn treatment.  
Ongoing monitoring of the vegetation will provide insight towards the success of the 
treatment as a rehabilitation tool for ungulate winter range management.  In the fall of 
2008, surveys were completed to evaluate stand structure, fuel loading, vegetation 
composition and abundance, and general site attributes at the proposed treatment site.  
Three strata were indentified in a 44.8 ha unit based on treatment activities and site 
factors.  Stratum one was designated the control area, and strata two and three formed 
the treatment area.  All three strata were found to be uniform with regards to current 
stand structure, vegetation characteristics and site attributes.  The exception was that 
stratum three had smaller younger layer one trees.  The variation resulted in a lower 
volume of potential large piece size fuels in a portion of the treatment area, but overall 
this was not anticipated to have significant implications on the burn treatment.  Though 
the variation was noted, the stand structure in stratum three does provide the necessary 
attributes, similar to stratum two, to create a fuel source that is different from stands 
outside the treatment area, which is a necessary requirement for implementing a mid to 
small sized prescribed burn activity in a large uniform landscape dominated by mountain 
pine beetle attacked trees.   
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PREFACE 

This report is the fourth 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 trial1; 

• TR #2 -  development of efficacy indicators and selection of methods for 
monitoring forest floor vegetation communities2; 

• TR #3 – development of an adaptive management plan3; and 

• TR #4 – documentation of site attributes at the selected burn site (this report). 

                                                      
1 Sulyma, R. and R. S. McNay.  2008.  Rehabilitation of caribou winter range following attack by mountain 
pine beetle: field reconnaissance summary UWR U-7-012.  Wildlife Infometrics Inc. Report No. 286.  Wildlife 
Infometrics Inc., Mackenzie, British Columbia, Canada. 
2 Haughian, S., R. S. McNay, and R. Sulyma.  2008.  Rehabilitation of caribou winter range following attack 
by mountain pine beetle:  Monitoring protocol and early post-fire vegetation dynamics.  Wildlife Infometrics 
Inc. Report No. 287.  Wildlife Infometrics Inc., Mackenzie, British Columbia, Canada. 
3 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. 
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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.   
 
In this report I summarize field data describing the attributes of a site that has been 
selected for a prescribed burning treatment to rehabilitate caribou UWR.  Assessments 
were made to characterise the: stand structure, vegetation community, fuel loading and 
general terrain attributes. This information provides a basis for future comparisons to be 
made as part of a monitoring phase for the associated adaptive management project.   

STUDY AREA 

The study site was a 44.8 ha area located approximately two kilometres south of 
Laidman Lake in the Vanderhoof Forest District (Figure 1).  General coordinates are 
UTM Zone 10, Northing 5887944, Easting 355462.  The site is in the Nazko Upland 
ecosection of the Central Interior ecoprovince (Demarchi 1996) and falls in the moist 
cold subzone of the Sub-Boreal Pine-Spruce zone (SBPSmc), which has a climate 
characterized by warm dry summers and cold winters (Meidinger and Pojar 1991).  The 
entire Laidman RMZ has been impacted by the mountain pine beetle epidemic, with 
severe attack happening since 1998.  Dead pine stands are now in the black stage, 
transitioning to the gray stage throughout the area (Sulyma and Ellis 2008).    
 
The study site is bounded by proposed cutblocks on the north and south boundaries and 
a small-scale salvage trail on the west boundary.  The west boundary of the treatment 
area is located 300 m east of Mathews creek, which is approximately 5 m wide and will 
provide a suitable water source for burn activities.  The elevation of the study site is 
approximately 1060 m above sea level.    No significant physical terrain features are 
present around the unit that can be used as firebreaks. 
 
The study site has all season two-wheel-drive access to within 400 m of the southwest 
corner.  Small-scale salvage trails provide quad access throughout the burn area.  An 
un-maintained airstrip is located 550 m west of the study site and a small camp, on 
Laidman Lake, is situated 1.8 km north of the site.  

METHODS 

The original reconnaissance work in the Laidman RMZ identified two treatment units in 
the vicinity of Mathews creek (Figure 2) (Sulyma and McNay 2008).  Field sampling 
activities were based on these two treatment units (reference below as sampling units).  
A systematic grid for establishing plot centres was developed and surveys were 
undertaken.  Data summaries however, were based on the final treatment areas 
identified through a project workshop (Sulyma and Ellis 2008) and development of an 
adaptive management plan (Sulyma and McNay 2009) (Figure 3).  In the final  
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Figure 1 Location of terrestrial lichen habitat (TLH) areas (red polygons) within designated 
ungulate winter range U-7-012 (grey shaded area) for woodland caribou in the Vanderhoof 
Forest District in north-central British Columbia.  The green shaded area is Entiako Park 
and the purple areas represent the polygons assessed by the reconnaissance work (Phase 1 – 
Sulyma and McNay 2008). 
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Figure 2.  Initial treatment unit boundaries for an area selected for the use of prescribed 
burning to rejuvenate terrestrial forage lichens within an ungulate winter range used by 
woodland caribou in the Vanderhoof Forest District, north-central British Columbia. 
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Figure 3.  Final treatment unit boundaries for an area selected for the use of prescribed 
burning to rejuvenate terrestrial forage lichens within an ungulate winter range used by 
woodland caribou in the Vanderhoof Forest District, north-central British Columbia.  
Stratum 1 is the study control areas and Strata 2 and 3 are the proposed treatment area. 



SULYMA  WILDLIFE INFOMETRICS INC. 

 Rehabil itat ion of caribou winter range:  Pre-treatment site descript ion 11 

delineation of site boundaries three strata were identified.  Stratum one, which is now the 
control area was the smaller/western treatment unit relative to the original intent and 
strata two and three were the larger/eastern treatment unit. 

PRE-TREATMENT SAMPLING 

A systematic grid was established in each sampling unit to provide plot centres to anchor 
the surveys.  In the smaller, western sampling unit a 75 m grid spacing was used 
providing five plot centres (Figure 3).  In the other sampling unit the grid spacing was 
125 m which provided nine plot centres. 
 
Surveys completed at each plot centre incorporated measures to characterize4:  

• the vegetation; 
• the down woody debris/fuel loading; and, 
• biophysical site characteristics. 

Vegetation Assessments 

Vegetation Layer A - Tree Layer5 

At each plot centre a 5.64 m radius plot was established to tally all trees larger than 12.5 
cm diameter at breast height (dbh).  Tree dbh, height, index of beetle attack and wildlife 
tree class were recorded.  An estimate of the crown closure was made using a concave 
densiometer following procedures outlined by Trelenberg and Hodder (2006).  Nested in 
the plot was a 3.99 m radius regeneration plot.  A layered survey was undertaken to 
record the number of stems by species and health (ie. live or dead) by the following 
classes: <1.3 m tall, >1.3 m tall to 7.4 cm dbh, and 7.5 to 12.4 cm dbh.   

Vegetation Layer B - Shrubs 

Ocular estimates of the percent cover of shrubs within the 5.64 m radius tree plot were 
recorded.  The shrub layer included all woody plants less than 10 m tall, except dwarf or 
creeping shrubs that were generally less than 15 cm tall and counted in the herb layer. 

Vegetation Layers C and D  

The percent cover of herbs, mosses, and lichens were recorded using a modified cluster 
survey design where 0.5 m2 (0.71 m X 0.71 m) quadrats were established around each 
plot centre (Figure 4).  In each treatment unit the target was to establish 30 to 40 
quadrats to provide acceptable representation of the vegetation community (McCuneand 
Lesica 1992).  The number of quadrats per plot centre was a function of the target 
divided by the number of plot centres within the treatment unit, resulting in six quadrats 
per plot centre in unit 1a and four per plot centre in unit 1b.  Quadrats were located by 
placing them at a random bearing and random distance (<20 m) relative to the plot 
centre (Appendix 1).  To ensure equal distribution around a plot centre, the azimuth was 
divided into identical sized sections equivalent to the number of quadrats that were to be  

                                                      
4 Following protocols identified in a Field Manual for Describing Terrestrial Ecosystems (Prov of BC 1998) 
5 The reference to vegetation layers is based on RIC standards described in a Field Manual for Describing 
Terrestrial Ecosystems (Prov of BC1998). 
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Figure 4. Example of the modified cluster approach for establishing quadrats at each plot 
centre.  The example is based on plot centre 1 in unit 1b. 

established at the plot and a random bearing was selected for each section.  For 
example where 4 quadrats were established the azimuth was divided into four sections 
ranging from: 1 to 90 degrees, 91 to 180 degrees, 181 to 270 degrees, and 271 to 360 
degrees and a random number was picked within the range of each section.  Random 
distances, ranging between 0 and 20 m from the plot centre were also selected.  To 
improve the distribution of the quadrats and to avoid the potential for quadrats to 
overlap, only one quadrat per plot was permitted within a ring of one metre of the plot 
centre, and only two quadrats were permitted within a ring of three metres.  

Woody Debris/Fuel Loading 

At each plot centre two 30 m transects were established to evaluate the fuel loading.  
Measurements along each transect were based on the procedures outlined by 
Trowbridge et al. (1989).  The total number of intersections of debris less than seven 
centimetres diameter were recorded in specified transect segments relative to the 
diameter class being assessed (Figure 5).  All pieces greater than seven centimetres 
diameter were individually tallied collecting species and diameter information for each 
piece.  In the field each piece of fuel greater than 7 cm diameter was marked with a nail 
at the intersection with the transect line. 
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Figure 5.  Transect layout for measuring fuel loading indicating the tally by diameter class for 
designated transect segments (from Trowbridge et al. 1989). 

Biophysical Site Data 

At each plot centre site attributes, such as terrain and soil characteristics, were recorded 
on Ground Inspection Forms6 following the procedures outlined in a Field Manual for 
Describing Terrestrial Ecosystems (Province of BC 1998). 

Data Analysis 

All field data were entered into and summarized in Excel Workbooks (Microsoft 
Corporation, Redmond, Washington) and statistical analysis were completed using SAS 
(SAS Institute Inc., Cary, North Carolina).  Statistical values presented in this document 
have either the format: mean ± 1 standard error (µ ± 1se), or they are summarized 
frequencies expressed as percentages. All tests were applied with an α = 0.05.  Tests 
for simple effects evaluating the potential influence of site attributes on strata 
designations were conducted using one-way ANOVA.  Tukey’s HSD (honestly significant 
difference) was used to express the strength of the statistical findings.  Eta (η2) was 
calculated for f-stats where η2 ≈ 0.02 is considered small, η2 ≈ 0.15 is medium, and a η2 
≈ .35 is large  (Kirk 1996).  

RESULTS 

All three strata were characterized by open lodgepole pine stands on gentle uniform 
terrain.  In general lodgepole pine composition of all the tree layers (summarized for all 
strata combined) was between 96% and 100%.  Hybrid spruce was the other tree 
species tallied except in one instance where a single black spruce was observed.  Prior 
to mountain pine beetle attack, stratum one and stratum two each had a significant 

                                                      
6 Information on Ecosystem field forms can be found at the following BC Ministry of Environment web page -  
http://www.env.gov.bc.ca/ecology/dteif/forms.html (accessed September 4, 2008). 
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mature tree (layer one) component, but since the MPB attack, a mixed age stand (of live 
trees) has developed.  In the absence of beetle attack the stand ages would be 103 ± 
4.6 years for stratum one, 97± 4.3 years for stratum two and 52 ± 1.7 years for stratum 
three.  Mean tree diameters for each stratum were 17.6 ± 0.38 cm, 17.0 ± 0.39 cm and 
14.4 ± 0.21 cm for strata one, two and three respectively. 
 
Changes in structure were evident from the pre- to post-beetle situation and can be seen 
in Table 1 where the densities of each tree layer are presented.  High levels of mortality 
of the mature stems were observed in all stratums.  Stratum one had 71% mortality, 
stratum two had 73% and stratum three had 53%.  Lower levels of mortality in stratum 
three coincide with significantly smaller diameter (F(2, 229)=11.15,P<0.0001, η2 =0.09), 
and  younger (F(2,37)=32.14, P<0.0001, η2 =0.63) trees.  Considering the current 
species composition and density of live stems, the live stand structure of all three strata 
was uniform.  Each tree layer in each stratum was well represented in the growing stock 
and no significant differences in the density of either total, live, or dead stems was noted 
between the strata (Table 1).  The volume of trees, however, in strata one and two were 
significantly greater than stratum three (F(2,11)=11.9,P=0.0018, η2 =0.68).  Based on 
layer one trees, stratum one had a volume of 188m3/ha, stratum two had 132 m3/ha and 
stratum three had 58 m3/ha. 
 
The shrub and herb layer was open throughout all strata.  Lodgepole pine and 
Shepherdia canadensis were the only species in the shrub layer that were consistently 
found across all of the plots.  The cover of lodgepole pine was 19%, 6% and 2% for 
strata one, two and three respectively.  The cover for S. canadensis was 6%, 7% and 
9% for strata one, two and three respectively.  Other species tallied in the shrub layer 
were: Juniperus communis, Ledum groenlandicum, Rosa acicularis, Salix spp., Picea 
glauca x engelmannii, and Picea mariana.  The abundance of these species was 
generally one percent or less and presence observations were most often only made at 
single plots.  A summary of the detailed observations made on the herb, moss and 
lichen layer observed at the microsite, or quadrat level, is provided in Table 2.  This table 
also provides summary values for shrubs where they overlapped with the quadrats.  
Forty-eight species were observed in the quadrats which included at least seven 
mosses, 21 lichens and 20 different herbs and shrubs.  The cover of shrub lichens, 
creeping shrubs and tall shrubs did not vary between the three strata, however, stratum 
three was noted to have a higher total cover of all lichens (as opposed to just the 
shrub/forage lichens) than stratum one (F(2, 63)= 3.15, P=0.0495, η2 =0.09) (Table 2).    
 
The fuel loading across the site ranged from 22 m3 to 64 m3, which did not result in 
significantly different variation between the strata (Table 3).  The debris consisted of a 
range of decay classes, though higher decay classes were prevalent in all strata (Table 
3).  The amount of small debris (i.e. debris <7 cm diameter) was also low across all three 
strata. Debris counts of pieces less than seven centimetres in diameter were 
summarized in Table 4.   
 
Biophysical characteristics were uniform across all three strata, such that results are 
reported for the site and not each individual stratum.   The site was in the SBPSmc1 01b 
biogeoclimatic site series.  The soils, based on a glaciofluvial parent material, were 
moderately fine textured (sandy loams and silt loams) brunisols with approximately 21% 
coarse fragments.  Soils were considered well drained and the organic mat was a two 
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Table 1.  Stand table of the number of live versus dead stems for each stratum in the study 
area 

Tree 
Layer 

Tree 
Class Straum 1 Stratum 2 Stratum 3 

1 Total 970±68.19 833±66.67 617±33.33 
 Live 270±75.17 333±123.6 283±72.65 
 Dead 700±72.46 500±82.66 333±101.38 
2 Total 2380±1823.29 1200±249 933±317.98 
 Live 300±176.07 817±188.71 767±290.59 
 Dead 2080±1882.92 383±166.17 167±166.67 
3 Total 3240±1393.05 2350±1039.47 2167±643.77 
 Live 2500±1497.66 1617±1171.73 1967±545.69 
 Dead 740±456.73 733±196.07 200±100 
4 Total 9080±3485.31 6917±2158 3167±987.14 
 Live 8760±3578.35 6900±2160.71 3167±987.14 
 Dead 320±272.76 17±16.67 0±0 

 
 

Table 2.  Mean percent cover and mean height for herbs, mosses and lichens tallied in 
vegetation quadrats.  Values are presented as the mean ± the standard error, the sample sizes 
were n = 30 for Stratum 1, n = 24 for Stratum 2 and n =12 for Stratum 3. 

 Stratum 1  Stratum 2  Stratum 3  

Species % Cover 
Height 
(cm) % Cover 

Height 
(cm) % Cover 

Height 
(cm) 

Achillea millefolium 0.47±0.12 12.91±2.33 0.19±0.08 16.5±5.93 0.38±0.17 7±0.68 
Arctostaphylos uva-ursi 3.47±0.91 10.5±1.07 5.5±1.8 11.62±0.43 11.67±3.73 10.8±0.33 
Arnica Cordifolia 0.03±0.03 2 - - - - 
Aster spp. 0.03±0.02 12±2 - - - - 
Geocaulon lividum 0.2±0.17 19.5±4.5 - - - - 
Juniperus communis 0.18±0.17 18.5±4.5 - - - - 
Pyrolia secunda 0.1±0.1 9±0 - - - - 
Salix spp - - - - 0.17±0.17 28 
Cornus canadensis 5.9±0.76 12.26±0.49 2.23±0.43 11.08±0.54 0.58±0.23 9.2±0.86 
Empetrum nigrum 0.83±0.59 11±1 0.33±0.23 13.5±1.5 - - 
Epilobium angustifolium 1.15±0.37 41.87±5.76 0.38±0.22 44.67±5.36 - - 
Fragaria virginiana 0.15±0.09 11.75±1.44 0.06±0.05 10±0 0.22±0.1 9±0.63 
Linnaea borealis 6.13±1.34 8.4±0.46 4.9±1.66 7.93±0.59 2.54±0.96 6.14±0.96 
Lycopodium complanatum 0.8±0.54 17.67±1.33 0.67±0.42 14.83±2.09 - - 
Oryzopsis asperfolia 0.05±0.04 29.5±5.5 0.04±0.04 38± - - 
Oryzopsis pungens 0.27±0.07 26±2.93 0.17±0.07 27.33±3.49 0.18±0.07 15.8±0.58 
Rosa acicularis 1.02±0.27 16.31±2.98 - - 0.21±0.17 12.5±2.5 
Shepherdia canadensis 2.97±0.92 35.23±6.06 2±0.54 41.1±7.74 4.25±1.82 24.6±12.42 
Solidago spathulata 0.02±0.02 3 0.23±0.17 7.6±0.6 0.13±0.07 6±2 
Vaccinium caespitosum 6.3±1.07 10.57±0.48 4.36±1.08 9.95±0.49 1.63±0.7 7.67±0.87 
Cetraria ericetorum 0.17±0.06 5.78±0.57 0.1±0.04 6.07±0.52 0.34±0.09 5±0 
Cladonia carneola 0.01±0.01 2.25±0.25 0.05±0.03 2.25±0.25 0.08±0.04 2.6±0.4 
Cladonia cenotea - - - - 0.08±0.06 5.5±1.5 
Cladonia cervicornis-verticillata 0.1±0.04 6.4±0.4 0.06±0.05 6.5±0.5 0.08±0.04 6.7±1.04 
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 Stratum 1  Stratum 2  Stratum 3  

Species % Cover 
Height 
(cm) % Cover 

Height 
(cm) % Cover 

Height 
(cm) 

Cladonia chlorophaea 0.0±0.0 2 - - 0.09±0.06 4.67±2.67 
Cladonia coccifera - - 0.04±0.03 3.5±1.5 0.01±0.01 2 
Cladonia cornuta 0.12±0.04 6.61±0.72 0.17±0.06 7.14±0.4 0.36±0.11 7.22±0.46 
Cladonia crispata 0.15±0.06 6.57±0.37 0.11±0.05 6±0.55 0.55±0.25 6.29±0.52 
Cladonia deformis - - 0.01±0.01 3.5±1.5 - - 
Cladonia ecmocyna 0.87±0.31 7.73±0.42 1.01±0.43 7.53±0.43 1±0.27 7.11±0.48 
Cladonia fimbriata - - 0.01±0.01 6.33±2.33 0.04±0.04 8 
Cladonia gracilis - - 0.04±0.03 8.5±0.5 0.17±0.07 8±0.41 
Cladina mitis 1.68±0.4 8.05±0.43 2.09±0.52 8.32±0.29 3.3±1.12 7.45±0.37 
Cladonia phyllophora 0.07±0.04 4.83±1.17 0.11±0.05 6.6±0.51 0.5±0.22 7±0.32 
Cladonia pleurota - - 0.01±0.01 2±0 0.04±0.04 1.5 
Cladonia pyxidata 0.01±0 2.5±0.5 0.01±0.01 2.5±0.5 0.08±0.04 4.75±1.8 
Cladina rangiferina 1.01±0.36 7.42±0.48 1.91±0.53 8.72±0.3 2.38±0.74 8.11±0.45 
Cladonia sulphurina 0.01±0 3.5±0.5 0.01±0.01 3.5±0.5 0.38±0.33 6±1 
Peltigera apthosa 2.27±0.62 8.37±0.47 2.73±0.63 7.74±0.48 3.42±0.92 6.77±0.68 
Peltigera malacea - - 0.02±0.02 8 0.08±0.06 7±1 
Stereocaulon alpinum 0.05±0.04 6±1 0.1±0.09 8±1 0.46±0.23 7.25±0.63 
Barbilophozia spp. 0.65±0.26 2.88±0.3 0.89±0.66 4.85±1.01 - - 

Dicranum polysetum 0.73±0.19 7.92±0.49 0.48±0.15 6.73±0.49 0.04±0.04 5 
Dicranum spp. 0.22±0.1 5.13±1.06 0.25±0.07 4.85±1.08 0.05±0.04 7±3 
Hylocomium splendens - - 0 11 - - 
Pleurozium schreberi 35.3±4.18 8.75±0.44 40.65±5.81 8.31±0.44 12.68±7.86 7±1.24 
Polia spp. 0.07±0.04 8±2 0.11±0.05 6.17±1.72 0.05±0.04 6±4 
Polytrichum juniperinum 0.1±0.05 3.88±0.59 0.15±0.09 5.17±0.65 0.21±0.1 3±0.41 
Shrub Lichens1 2.74±0.74 7.6±0.38 4.1±1.04 8.39±0.25 6.13±1.72 7.56±0.37 
Total Lichens 6.52±1.4 7.87±0.37 8.59±1.61 7.63±0.31 13.42±2.65 6.67±0.39 
Creeping Shrubs2 10.43±1.81 9.36±0.49 10.74±2.31 9.6±0.49 14.21±3.74 9.23±0.48 
Tall Shrubs3 4.17±0.9 16.71±1.87 2±0.54 16.84±2.51 4.63±1.82 12.25±3.29 

1 Shrub lichens included: Cladina mitis, Cladina rangiferina, and Stereocaulon alpinum 
2 Creeping shrubs included:  Arctostaphylos uva-ursi, Empetrum nigrum, and Linnaea borealis 
3 Tall shrubs included: Juniperus communis, Rosa acicularis, Salix spp, and Shepherdia canadensis 
 
 

Table 3.  The distribution of coarse woody debris (CWD) class for the large fuels (i.e. >7 cm 
diameter) found across all three strata in the prescribed burning area.  The total volume ± 1 
S.E. is presented in the bottom row for each strata. 

CWD Class Number of Pieces 
 Stratum 1 Stratum 2 Stratum 3 

1 4 3 - 
2 6 6 1 
3 22 8 - 
4 10 13 2 
5 2 3 8 

Total 
Volume 

(m3) 
63.8±15.02 34.1±8.92 22.4±14.5
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Table 4.  A summary tally by diameter class representing the mean count ± 1S.E. of the 
number of pieces of fine fuels for each stratum in the study area 

Fine Size Class 
(cm) Stratum 1 Stratum 2 Stratum 3 
0-0.5 20.5±2.38 19±3.21 8.8±2.18 

0.6-1.0 6.9±1.14 5.5±1.08 2.7±0.76 
1.1-3.0 6±1.48 3.5±0.71 1.7±0.61 
3.1-5.0 3.1±0.67 3.3±0.84 1.7±0.61 
5.1-7.0 3.4±0.72 4.2±1.17 2.2±0.98 

 
centimetre thick mor.  The meso-slope position was mid slope, the aspect ranged from 
west to northwest, and the slope of the site was approximately 3.5%.  The sizes of strata 
one, two, and three were 7.5 ha, 27.9 ha, and 9.5 ha respectively. 

DISCUSSION 

Fieldwork for this project was completed prior to a workshop that was held to inform the 
development of the project adaptive management plan (Sulyma 2008).  This was 
necessary due to seasonal constraints on the timing of data collection and resulted in a 
survey grid that did not align with the final treatment units.  The initial grid was based on 
the results of reconnaissance work that proposed the use of existing small scale salvage 
trails as treatment boundaries (Figure 2) (Sulyma and McNay 2008).  It was anticipated 
that these features would provide fire breaks for surface fuels and be suitable for helping 
control a prescribed burn (pers. comm., Brad Armitage, Ember Research Services, 
08.06.23).  Control of a ground fire though, is not the limiting element related to the 
overall control of a prescribed burn in mountain pine beetle impacted stands.  Spotting, 
or ignition of small spot fires resulting from loose bark being spread up to 450 m away 
poses a greater risk of fire escape (Sulyma and Ellis 2009).  To mitigate the effects of 
the spotting, domain experts that attended the workshop proposed a pre-treatment of 
knocking down all stems in the prescribed burning area to create variation in the fuels 
between the target burn area and the adjacent forest and enhance fire control 
opportunities (Sulyma and McNay 2009).  Adjustments were subsequently made to the 
boundary so that the treatment area meshed better with adjacent harvesting plans, and 
the overall shape was modified to a generally circular pattern which is a more favourable 
burn configuration.  Due to the sequence and timing of project activities it was not 
possible to return to the site to collect additional data to ensure complete systematic 
coverage across each stratum.  Fortunately, the site characteristics were uniform and 
the amount of information collected was sufficient to represent the site and can be used 
for future comparisons. 
 
Though the site characteristics and project treatments were considered to provide 
uniform conditions, the treatment area was stratified into two strata (strata 2 and 3).  This 
stratification somewhat contradicts the expression that the site was uniform but was 
undertaken to provide the greatest level of information to characterize site attributes.  In 
subsequent monitoring activities it is simple to dissolve the treatment area into a single 
stratum, and this is expected once the burn is complete because of the homogeneity of 
the physical site attributes.  But, in the event some variation in results are encountered 
through monitoring activities, and where this variation corresponds with the strata 
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boundaries, providing the highest resolution of detail on initial site characteristics may 
permit inference to be made to explain future observations. 
 
One site factor that expressed significant variation between strata one and three was 
related to the volume of standing trees.  The trees in stratum three will be knocked down 
and spread about the site during the pre-burn treatment increasing the fuel loading for 
debris greater than seven centimetres in diameter. Original volumes of debris greater 
than seven centimetres for all strata ranged between 22 - 64 m3/ha.  As a result of the 
stem knockdown treatment, debris volumes will be increased and range between 80 – 
252 m3/ha.  The treatment appears to exacerbate the observed variation of the volume 
of fuels but stratum three is relatively small and is on the edge of the treatment area.  
During the knockdown treatment downed stems will be shifted from one stratum to the 
other as a function of the cabling treatment proposed and we anticipate that the resulting 
fuel will be adequately uniform throughout the treatment area (strata two and three).  
 
As expected with the quantity of large diameter debris, the debris smaller than seven 
centimetres will also be increased as a result of the pre-burn treatment.  Quantifying the 
increase for small debris is much harder than for larger debris. Accumulations of small 
debris will come from a variety of sources, these include: tree branches, saplings, 
regeneration, and shrubs, but the quantity of the increase cannot be specified given the 
data that was collected.  It is not out of line though to purport that the outcome of the 
pre-burn treatment will be a significant increase resulting in different fuel conditions 
between the burn area and the adjacent forests, which is the primary objective of 
conducting the pre-burn stem knockdown treatment. 
 
The ecological characteristics for the site corresponded well with descriptions for the 01b 
site series as expressed by Banner et al. (1993) for the SBPSmc subzone.  This site 
series is characterized by pine-lichen vegetation communities that provide winter 
foraging opportunities for northern caribou (Williston et al. 2006) and during habitat 
supply modeling activities was used as a key selection criteria to delineate UWR areas 
(Brumovsky 2003).  Caribou use of the Laidman RMZ is generally low, but UWR areas 
are present and are occasionally used (Cichowski 1993).  We have selected a site that 
proved to contain UWR characteristics. The value of this confirmation is that the results 
generated from this project can be extrapolated to other UWRs with confidence 
regarding the expected outcomes associated with prescribed burning applications in dry 
pine-lichen forests.     
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APPENDIX 1. RANDOM BEARINGS AND DISTANCES FOR 
QUADRAT LOCATIONS 

 
Stratum 1 
 

 
Bearing 

(deg) 
Distance 

(m) Tag 
Bearing 

(deg) 
Distance 

(m) 
Bearing 
(deg) 

Plot no. 1     2     
Centre 

Tag 147     154     
Quadrats 141 26 15.4 148 21 11.1 

 142 91 8.9 149 111 8.3 
 143 164 4 150 173 11.3 
 144 189 12.7 151 188 16.8 
 145 272 2 152 258 2.3 
 146 337 6.7 153 355 8.5 
       
       

Plot no. 3     4     
Centre 

Tag 161     168     
Quadrats 155 17 12.4 162 23 8.5 

 156 90 11.7 163 92 19.9 
 157 149 17.5 164 164 11.1 
 158 219 11.1 165 205 13 
 159 279 6.7 166 274 15.4 
 160 340 13.5 167 348 11.6 
       
       

Plot no. 5        
Centre 

Tag 175        
Quadrats 169 44 14.9    

 170 115 13    
 171 140 8.4    
 172 185 2    
 173 295 18.8    
 174 337 5.2    
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Stratum 2 
 

 Tag 
Bearing 

(deg) 
Distance 

(m) Tag 
Bearing 

(deg) 
Distance 

(m) 
Plot no. 1     2     
Centre 

Tag 130     135     
Quadrats 126 95 7 131 89 4.9 

 127 220 13.9 132 144 16.7 
 128 325 6.8 133 246 6.4 
 129 1 15.9 134 337 1.2 
       
       

Plot no. 3     4     
Centre 

Tag 125     140     
Quadrats 121 33 11.1 136 74 19.3 

 122 92 7.5 137 106 2.8 
 123 215 13.6 138 190 19.9 
 124 324 16.7 139 300 13.4 
       
       

Plot no. 6     7     
Centre 

Tag 120     115     
Quadrats 116 12 17.5 111 32 4.4 

 117 141 7.7 112 142 11.9 
 118 195 7.9 113 183 3.7 
 119 335 19.5 114 320 6.8 

 
 
Stratum 3 
 

 Tag 
Bearing 

(deg) 
Distance 

(m) Tag 
Bearing 

(deg) 
Distance 

(m) 
Plot no. 5     8     
Centre 

Tag 180     110     
Quadrats 176 33 11.1 106 37 17 

 177 92 7.5 107 156 17.2 
 178 263 3.8 108 223 4 
 179 283 9.7 109 325 7.2 
       
       

Plot no. 9        
Centre 

Tag 105        
Quadrats 101 1 15.9    

 102 91 13    
 103 246 6.4    
 104 336 12.6    

 


