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INSERT TABLE OF CONTENTS HERE 
 
1.0 INTRODUCTION 
 
The British Columbia (B.C.) Conservation Data Centre (CDC) has placed the Mountain Caribou on 
the provincial Red List (Threatened or Endangered).  The Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC) recently designated caribou in the Southern Mountains National 
Ecological Area (including all Mountain Caribou herds) as threatened.  B.C. Mountain Caribou 
represent approximately 99% (1900 animals) of the world population of this ecotype.  The 
trans-boundary population of the South Selkirks in the United States has been officially designated 
as endangered in the United States.  Thus, B.C. has national and international responsibilities for 
maintaining Mountain Caribou. 
 
Forest practices such as clearcutting that fragments habitat are currently of great management 
concern because Mountain Caribou require old-growth forests within the Englemann Spruce-
Subalpine Fir (ESSF) and Interior Cedar-Hemlock biogeoclimatic zones.  Lichens are widely 
recognized as the major winter forage of woodland caribou (Rangifer tarandus caribou) throughout 
their range (Edwards et al. 1960).  In mountainous areas of heavy snowfall in southeastern and east 
central B.C., caribou eat arboreal (tree-dwelling) lichens almost exclusively during the winter.  
Logging can have a drastic effect on available arboreal lichen biomass (Stevenson 1979 and 1990; 
Rominger et al. 1994).  Effort has been directed at understanding the effects of silvicultural 
practices on arboreal lichen biomass in the ESSF zone (Stevenson et al. 1994).  Current knowledge 
of lichen response is based on three provincial trials one of which is the Quesnel Highland trial, 
initiated to measure lichen response to group selection silvicultural systems.  The other projects, in 
the Northern and Southern Interior Regions (The Northern Rockies Wet-belt ICH/ESSF 
Silvicultural Systems Research Project and Forest Canopy Processes and Partial-Cutting 
Silvicultural Systems in Northern Wet-belt Forests) are also testing the application of selection 
silvicultural systems to maintain caribou habitat (Stevenson et al. 1999).  Our work is fully 
coordinated with those projects and together will provide the understanding necessary to apply the 
results throughout the entire global range of Mountain Caribou.   These innovative approaches 
require long-term testing to evaluate their effectiveness.  Only long-term data will provide the 
evidence needed to determine if timber extraction can continue to occur within the habitat of this 
red-listed, internationally threatened species. 
 
The Cariboo-Chilcotin Land-Use Plan (CCLUP), a higher level plan recognizes that maintaining 
habitat values for mountain caribou as an overriding objective.  In order to balance multiple 
resource objectives within wintering habitat, land was divided between ‘conventional harvesting’, 
‘no harvesting’ and ‘modified harvesting’.  The conventional method of clearcutting on a standard 
120 year rotation does not maintain caribou habitat.  The CCLUP gives clear direction to develop 
‘modified harvesting’ options that will maintain caribou habitat in the ESSF and ICH.  This requires 
development of knowledge, techniques and practices of sustainable management for caribou, timber 
and other resources.  To date, results from this project and projects in the Prince George area have 
been used to develop the Mountain Caribou Strategy (2000), a detailed document on how to manage 
caribou habitat under the CCLUP. 
 
More recently, General Wildlife Measures (GWM) have been established under Government Action 
Regulation (GAR) Orders to designate more ‘no harvest’ area and less ‘modified harvest’ area for 
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Mountain Caribou range.  These decisions still leave thousands of hectares available for modified 
harvesting making this project directly relevant to present and future forest management. 
 
The Mountain Caribou research project in the Cariboo Region has developed in three stages: 1) a 
pilot trial (CP113); 2) the Quesnel Highland replicated trial; and 3) an adaptive management trial 
(Mount Tom).  Each phase builds on the knowledge of previous phases.  The replicated trial and 
pilot studies will continue at lower intensity than in the past.  There have been major efforts over the 
past five years to establish and maintain trials within several blocks of the Mount Tom adaptive 
management study site. 
 
The main goal of the Mount Tom research project is to continue to develop and to test sustainable 
silvicultural systems that maintain caribou habitat while allowing for timber harvesting.  
Mount Tom is a large adaptive management trial that was implemented operationally from 2001 to 
2009 over 1407 ha (8 cutblocks) of contiguous forest.  This project will be used to test treatment 
response to: caribou, lichen, windfirmness, planted stock, snow distribution and melt patterns.  The 
project will also explore operational harvesting efficiencies. 
 
The Ministry of Forests and Range (MFR) Forest Science Section is working in partnership with the 
Ministry of Environment (MOE); West Fraser Mills Ltd. (West Fraser) - Quesnel Divison; BC 
Timber Sales (BCTS); and the Quesnel Forest District to implement this project.   
 
Group selection systems, with long cutting cycles, were selected in the Cariboo Region because 
indications from the first seven years of research are that they will maintain suitable caribou habitat, 
specifically an adequate source of arboreal lichen, the caribou's primary winter food.  The residual 
stand contains suitable trees and arrangements of trees for supporting arboreal lichens and 
maintaining environmental conditions characteristic of old-growth forests. The long cutting cycles 
(80 years) between entries (30% area removal) should provide enough time to re-develop the stand 
structure and the environment to recruit and maintain lichens.  Because maintaining lichen is key to 
the success of the silvicultural systems, that will be applied regionally and provincially, it is 
important to continue monitoring on the Mount Tom trial pre-harvest and periodically post-harvest.  
The Mount Tom trial blocks each contain a mosaic of opening sizes (0.1 to 1.0 ha) which may 
affect the lichen community in the residual forest. 
 
Continued assessment of planted regeneration performance is needed to confirm that group 
selection silvicultural systems can be successfully regenerated in a reasonable time. Therefore, 
regeneration performance must be followed for at least 20 years or until the regeneration is large 
enough (80 cm in height for spruce and subalpine fir) to declare the site free-growing.  The limiting 
factors for regeneration at these high elevations include a short growing season, cold and often wet 
soils, snow press, and generally cool temperatures throughout the growing season.  Growing season 
frost may be a concern where slopes are minimal or depressions occur.  Group selection logging 
also presents further limitations for regeneration with regard to the amount of warming and snow 
distribution that openings of different sizes receive and how the amount of edge affects these 
factors. Vegetation competition can also be a concern although the growth is not as aggressive as in 
warmer subzones.  White rhododendron is a common persistent species in smaller openings.  Early 
control of this species may be required where its’ cover is high in areas where seedlings are planted.  
Opening size, edge effect and site preparation techniques will be more fully explored in the 
Mount Tom trial. 
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Four trials, including the Quesnel Highland trial, have been established in B.C. to measure seedling 
growth in group-selection silvicultural systems.  Lucille Mountain (Stevenson et al. 2000) and 
Pinkerton Mountain (Stevenson et al. 1999) are in the former Prince George Forest Region and 
were planted in 1992 and 1998, while the Sicamous trial in the former Kamloops Forest Region was 
planted in 1996 (Vyse 1997).  Both the eighth year results from Lucille Mountain and the fifth year 
results from the Quesnel Highland trial (Newsome et al. 2000) suggest that successful regeneration 
is possible, although seedlings performed better in larger openings.  In the Quesnel Highland trial, 
regeneration performance is significantly better in the 1.0 ha openings compared to either the 
0.03 or 0.1 ha treatments.  Although a number of opening sizes are being studied across the four 
trials, there is a significant knowledge gap regarding seedling response between 0.1 and 1.0 ha sized 
openings. 
 
Group selection systems must consider edge effect as the growing season and hence seedling 
performance is reduced on some edges.  This was shown on the Quesnel Highland trial 
(Stathers et al. 2001) but the relationship between seedling productivity and edge-induced 
microclimate needs to be further quantified.  In group selection partial cutting, there is a higher 
percentage of forest edge in a cut block compared to conventional clearcut harvesting.  Seedling 
performance will be affected by the forest edge due to a reduction in growing degree-days close to 
the forest edge, although this varies with distance from the edge and aspect.  In an environment 
where cool temperatures and short growing seasons already limit seedling growth, the less 
favourable growing conditions created by the edge may be an important factor with regard to 
seedling performance.  Treatments that may increase growing degree-days will be tested.  
 
Site preparation techniques are difficult to implement on some of these high elevation sites due to 
the wet shallow soils.  However, mechanical mounding does increase seedling performance on 
clearcuts (Newsome et al. 2000).  Mounding has been used at the Sicamous and Pinkerton trials but 
they lack the range of opening sizes and do not always provide a direct contrast to micro-site 
planting.  Any increase in soil warming as a result of mounding could increase seedling productivity 
especially close to the edge of the opening.  Mounding has been incorporated as a regeneration 
treatment in Mount Tom project. 
 
Peak flows produced during spring snowmelt are the dominant channel forming process in the 
B.C. Interior and are therefore important events in the quality of fish habitat.  The ESSF zone within 
watersheds has a relatively large influence on the magnitude and timing of the peak flows due to 
high snow accumulation in the winter and high snowmelt rates in the spring.  At one of the three 
replicates in the Quesnel Highland trial, the annual peak snow storage averaged 420 mm of water 
equivalent between 1994 and 1998 (Teti, 2001).  Most of this melted during the month of May.  In 
contrast, May through September rainfall averaged only 244 mm at the same site during the same 
period (Stathers et. al., 2001).  Although we know that the ESSF forest has a large effect on snow 
accumulation and the timing and rate of melt, we do not have a good understanding of this process 
or how the widespread use of a particular silvicultural system will affect accumulation and melting 
of snow.  There are no published scientific papers on the effects of group selection on snow in B.C.  
Studies have been done on hydrologic effects of group selection and strip cuts in the United States 
and Alberta (e.g. Golding and Swanson 1978, Kattleman, et al. 1983, and Gottfried 1983) but the 
main objective in those experimental manipulations was to maximize the inflow of spring runoff to 
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reservoirs.  Our conditions are different in that we have a desired silvicultural system and we want 
to know its effects on spring snowmelt (for hydrologic purposes) and timing of snow disappearance  
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(for silvicultural purposes).  Fieldwork has concluded for the Quesnel Highland trial.  This study 
has a more powerful design (pre-logging and post-logging measurements) and includes effects of 
different topographic aspects.  Both projects provide a significant advance on prior knowledge 
about the effects of group selection on snow accumulation and melt in cold, wet, temperate zones 
within and beyond B.C. 
 
2.0  OBJECTIVES 

• The overall objectives for the Mount Tom project are to:  
• Describe stand structure and woody debris, pre-harvest and monitor stand development in 

the residual forest post-harvest; 
• Measure the response of arboreal lichens to partial cutting; 
• Measure treefall rates on opening edges and within the residual forest; 
• Measure response of Engelmann spruce and subalpine fir planted stock in a range of 

opening sizes, ecotypes, site preparation and planting options; 
• Monitor vegetation development in openings; 
• Determine the effects of the group selection treatment on snow accumulation and snow melt 

rates; and 
• Identify and resolve operational issues to improve harvesting efficiency (equipment, 

techniques, etc.).(to be addressed by West Fraser) 
• Assess the response of mountain caribou to operational forest development using group 

selection at the landscape scale (    ) ha of development and 2000 ha control) (to be 
addressed by Ministry of Environment in a separate research project); 

 
 
STUDY AREA 
 
The Mount Tom study area is located north of Wells, B.C., in the Quesnel Forest District and is 
regularly used by mountain caribou.  The entire area is about 3200 ha and straddles the upper 
ESSFwk1 and ESSFwc3.  A small portion of the area is alpine.  The whole area has been designated 
for modified harvesting.  Approximately _____ ha was cut between March 2001 - March2009.  The 
size of the area required development in several phases or cutblocks (Table 1).  The Mount Tom site 
has blocks over a range of elevations and aspects.  By mutual agreement with West Fraser and the 
Ministry of Forests and Range the remainder of the area will not be harvested until at least ten years 
after the last adaptive management block is cut.  This will provide a large no-harvest area for 
comparing caribou use in partially cut and uncut habitat. 
 
INSERT OVERVIEW MAP HERE? Should we show the old and new maps (for name 
changes/amalgamations?) 
 
Table 1.    Map reference numbers and airphoto numbers for blocks in Mount Tom 
 
Original 
licence 
holder  

2009 licence 
holder 

Original 
cutting 
permit 

2009 
Cutting 
permit  

Year 
harvested 

Mapsheet 
1:20 000 

 
Airphoto Numbers 

Weldwood West Fraser CP550-1 CP550-1 2000/01 93H011 
93H012 

96098 5-6 
96098 4    

Weldwood West Fraser CP551-1 CP551-1 2001/02 93H012 96098 2-4 

Comment [HA1]: Insert 
correct total area harvested. 

Comment [MW2]: What is the 
area of the control – if not on file 
– have Darren calculate it 

Comment [HA3]: Insert actual 
number. 
 
May not be able to get this 
number until it’s all complete - 
SD 
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Weldwood West Fraser CP552-1 *CP552-1 2007/08 93H011 96098 5-6 
Weldwood West Fraser CP553-1 *CP552-1 2008/09 93H012 91048 5-6 
Weldwood West Fraser CP554-1 CP554-1 **deferred 93H011 96098 5-6 
Weldwood West Fraser CP554-2 CP554-2 **deferred 93H011 96098 5-6 
West Fraser BCTS CP572-2 CP572-2 **deferred 93H012 96098 1-3 
West Fraser West Fraser CP572-3 CP239-3 2006/07 93H012 91095 23-25 
West Fraser West Fraser CP572-4 CP242-4 2005/06 93H022 

93H012 
93H012 

91047 15-17 (top) 
91095 15-17 (bottom) 
91047 238-239 (whole) 

*The original block CP552-1 was amalgamated with CP553-1 in 2003 
**CP554-1 and CP554-2 were deferred as the trees were too small 
 
CP550-1  
CP550-1 is located on the south side of the upper reaches of the Yuzkli Creek drainage (headwaters 
of South Yuzkli Creek).  Field sampling took place in the fall of 1999 and the summers of 2000 and 
2001.  The study block is located on moderate, north facing slopes at elevations between 1400 m 
and 1500 m and has been classified as transitional between the ESSFwk1 and ESSFwc3 
biogeoclimatic variants. The block was stratified according to eco-classes, which are based on 
ecological associations in the ESSFwk1 and ESSFwc3 biogeoclimatic subzones as per Land 
Management Handbook Number 391.  The predominant tree species in the study area were 
Engelmann spruce (Picea engelmannii) and subalpine fir (Abies lasiocarpa).  The occurrence of 
subalpine fir increased at higher elevations within the block. Soils were predominantly moderately 
drained, fine to medium textured silty loams, formed on morainal parent materials. 
 
CP550-1 (No-harvest control) 
The designated unlogged control site for lichen abundance surveys in CP550-1 is a 21.44 ha area 
located immediately northeast of CP550-1 straddling a substantial tributary of South Yuzkli Creek 
which runs east to west through the central portion of this area. 
 
The control area ranges in elevation from 1438 m in the center of the west boundary where 
Yuzkli Creek exits, to 1485 m in the upper southeast corner.  This site has been classified as 
transitional between the ESSFwk1 and ESSFwc3 variants, however, stand structure and vegetation 
composition indicate that overall it tends towards classification as ESSFwk1.  The northern two 
thirds of the control area is characterized by gentle slopes with predominantly west aspects and 
contains abundant seepage zones and small streams.  The topography of the southwest third of the 
control area is characterized by a broad, dry, east-west ridge bordered to the south by a steep gully 
containing upper South Yuzkli Creek.  The predominant tree species in the control area are 
Engelmann spruce (Picea engelmannii) and subalpine fir (Abies lasiocarpa).  Based on informal 
observations, soils were judged to be predominantly moderately drained, fine to medium textured 
silty loams, formed on morainal parent materials.  Overall this area was very similar to the lower 
two thirds of CP550-1 with respect to soil and vegetation characteristics. 
 
CP551-1  
CP551-1 is situated on the north and west facing slopes of a height of land at the headwaters of 
Yuzkli and Norwood Creeks.  This area is directly east of CP550-1.  Field sampling was completed 
                                                 
1 Steen, O.A. and R.A. Coupé.  1997.  A field guide to forest site identification and interpretation for the Cariboo Forest 
Region. BC Min. For., Victoria, BC. Land Manage. Handb. No. 39. 
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in the summer of 2001.  This site ranges in elevation from 1490 m at the northwest corner to 1650 
m at the height of land along the southeast boundary.  The broad west slope comprises about two 
thirds of the total area and is characterized by gentle grades, draining away to west into Norwood 
Creek.  The steeper north-facing slope drains into Yuzkli Creek to the north from a number of 
smaller tributaries, which originate from and flow through this slope.  CP551-1 was entirely 
classified in the ESSFwc3 biogeoclimatic variant.  The predominant tree species in the study area 
were Engelmann spruce (Picea engelmannii) and subalpine fir (Abies lasiocarpa).  The occurrence 
of subalpine fir increased at higher elevations within the block and stand structure became 
increasingly clumpy.  Soils were predominantly moderately drained, fine to medium textured silty 
loams, formed on morainal parent materials. 
 
CP239-3 and no-harvest control  
This phase was established on West Fraser's CP239-3, located on the height of land between the 
Stewart and Cornish Creek drainages.  Field sampling took place in the summer of 2000.  CP239-3 
encompassed an area characterized by a prominent east–west ridge and a broad east facing slope 
between 1500 m and 1650 m elevation. The pronounced and relatively uniform topography of this 
area allowed stratification into three areas of consistent north, south and east aspects. This site was 
primarily classified as ESSFwc3.  The predominant tree species in the study area were Engelmann 
spruce (Picea engelmannii) and subalpine fir (Abies lasiocarpa).  Subalpine fir became more 
dominant in the forest canopy with increasing elevation into a semi-open parkland type along the 
crest of the east–west ridge.  Soils were predominantly moderately drained; fine to medium textured 
silty loams, and formed on morainal parent materials. 
 
CP242-4  
This phase was established on West Fraser's CP242-4, located on a pair of hills straddling the 
headwaters of Two Bit and Wiley Creeks.  Field sampling took place in the summer of 2000.  
CP242-4 encompassed an area characterized by a prominent east–west saddle between a south and 
east facing slope and a pronounced north–south ridge.  The block ranges in elevation, from 
approximately 1450 to 1675 m.  The north half of the block was classified as ESSFwk1, and has 
moderate slopes on predominantly warm aspects up to approximately 1550 m.  The south portion of 
the block was classified as ESSFwc3, and is distinguished by relatively steep slopes, cool aspects 
and elevations between approximately 1475 and 1675 m.  The predominant tree species this block 
were Engelmann spruce (Picea engelmannii) and subalpine fir (Abies lasiocarpa).  Higher 
elevations in this block were increasingly dominated by subalpine fir.  The broad crest of the north–
south ridge was characterized by a patchy subalpine fir–rhododendron parkland.  There is no 
harvesting proposed for this area of the block.  In general, soils were predominantly moderately 
drained, fine to medium textured silty loams, and formed on morainal parent materials. 
 
CP552-1  
This site requires a field description.  

 
3.2 Detailed site description  

Ecological classification on selected openings was completed on five blocks. The descriptions were 
to be used to stratified samples specifically for regeneration and vegetation studies to ensure the full 
range of ecological conditions were considered.  This sampling was completed on  CP550-1, 
CP551-1, CP552-1 (only for the smaller CP previously named 553-1 on the south facing aspect) , 
CP239-2, and CP242-4. About thirty openings in each block covering a range of opening sizes were 

Comment [TN5]: This could 
be obtained from the ecological 
classification doc.  
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where this should fit in…? 



  

  9 

selected for ecological classification.  The publication “A Field Guide to Forest Site Identification 
and Interpretation for the Cariboo Forest Region”, Land Management Handbook 39, was used to 
classify the site series.  Within the thirty selected openings a full vegetation list for each opening 
was completed.  The vegetation information includes percent cover and modal height by layer and 
by species (visual estimates will be used for tree height).  Percent cover was recorded down to 1% 
and for species with cover less than 0.5 % cover was recorded as ‘0.1’ to indicate presence.  At least 
one soil pit (50 cm deep) was completed for each site series and a minimum of four were completed 
on each CP.  More soil pits may be described if differences in soil are suspected.  Sketch drawings 
of ecologically described openings were produced showing the sites series and the soil pit locations. 
As of 2008 regeneration and vegetation studies were only established on CP550-1 and CP551-1.   
 
 
Layout of installation 
A range of projects were installed over several years in four harvested blocks and two adjacent 
controls (Table 3). 
 
Table 2.    Project installations by block 
Project CP550-

1 
CP550-
1 
control 

CP239-3 CP239-
3 
control 

CP242-
4 

CP551-
1 

CP552-1 
(previously 
named CP553-1) 

Eco-classification X X X X X X X 
Lichen X X X X X   
Treefall X X X X X   
Planted stock X     X  
Vegetation X     X  
Stand structure X  X  X   
Snow studies     X   
 
 
 
HARVESTING 
 
Harvesting Treatments 
Originally, all nine blocks were scheduled to be cut between 2001 and 2004, however due to 
various circumstances, only six of the blocks were harvested between 2000 and 2009 (Table 2).  
The prescription is based on 33 % area removal excluding main roads.  Nested in each cutblock are 
openings that range in size from 0.1 to 1.0 ha.  Each cutblock is between 100 – 200 ha in size.  The 
cutblocks which contain research installations, CP550-1, CP551-1, CP239-3 and CP242-4, were 
winter logged in different years (Table 2).  Ground-based systems were used on all cutblocks. 
 
Table 3.  Description of blocks on the Mount Tom site based on pre-harvest cruise data.  CP554 was 
not cruised. 
Block Gross 

area 
(ha) 

Area 
cut 
(ha) 

Gross 
merchantable 
volume 
(m³/ha) 

Subalpine-
fir 
(m³/ha) 

Spruce 
(m³/ha) 

Pine 
(m³/ha) 
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CP550-1 122.4 32.4 311 178 133 0 
CP551-1 160.0 50.7 388 288 100 0 
CP552-1* 
openings 

490.7 86.9 245 128 114 2 

CP552-1* 
Single tree 

490.7 10.7 245 128 114 2 

CP572-2 132.1 46.3 352 240 111 1 
CP239-3  128.2 42.1 337 237 100 0 
CP242-4 127.5 40.8 337 226 110 1 
*The northern section of CP552-1 was logged in 2007/08 and the southern section in 2008/09 
**No cruise data were collected at CP554-1 or CP554-2 
 
 
CP550-1 
CP550-1 was winter logged in 2000/2001 using feller-bunchers and grapple skidders, with roadside 
processing (CITE FERIC).   
 
The logging contractor supplied this information. After harvesting CP550. 
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CP551-1  
CP551-1 was winter logged in 2001/2002 and was entirely stumpside processed.  Due to deep snow 
pack and steep slopes, 70% of the volume was moved using forwarders and the remaining 30% was 
moved using high-drive crawler tractors (CITE WF EMAIL). 
 
CP552-1  
The northern section of CP552-1 (62%) was winter logged in 2007/2008.  This section was long 
logged (conventional harvest) with a conventional skidder and hoe chucking.  A Morgan 7065B 
swing grapple was also used; however it was not operational for the majority of the time (CITE WF 
EMAIL).   
 
The south section of CP552-1 (formerly named CP553-1) will be winter logged in 2008/2009.  28% 
of the block was conventionally logged using rubber tire skidder and hoe chucking, with roadside 
processing.  The remaining 11% of the block was marked-to-cut, using a combination of feller 
buncher and hand falling with rubber tire skidder and roadside processing.  A portion of the 
southern section of CP552-1 was single-tree harvested by feller buncher, hand falling and grapple 
skidding. (CITE WF EMAIL). 
 
CP239-3  
CP239-3 was winter logged in 2006/2007.  The block was skidded using a Morgan 7065B swing 
grapple (50%) and hoe chucking (50%), with roadside processing. (CITE WF EMAIL). 
 
CP242-4  
CP242-4 was winter logged in 2005/2006.  It was skidded with a clambunk forwarder, requiring 
slightly wider skid trails.  Some timber was skidded down the roads to more central patches and all 
logs were roadside processed. (CITE WF EMAIL). 
 
 
STAND STRUCTURE AND DEVELOPMENT 

 
Detailed objectives for stand structure and woody debris  

 
• Describe stand age, species composition (diameter classes, stems per ha, dead tree 

density) and coarse woody debris. 
 
Methods 
The stand structure information was recorded at every second plot established for purposes of lichen 
assessments (5.64 m radius) in the forested portions of the blocks.  All trees ≥1.3 m tall were tallied 
and assessed for species, canopy class, wildlife tree class, and dbh or dbh class.  For trees ≥7.5 cm 
dbh, dbh was recorded in centimeters as required for the lichen assessments.  For trees <7.5 cm dbh 
and ≥1.3 m height, trees were tallied by two dbh classes, 0 to 2.4 cm dbh (recorded as 2.4 cm) and 
2.5 to 7.4 cm dbh (recorded as 7.4 cm).  Since the required data for trees <7.5 cm dbh was numbers 
of stems within classes (species, dbh class, wildlife tree class), it was not necessary to record the 
attributes of individual stems.  Trees with dbh larger than 50 cm were cored and aged, up to a 
maximum of two trees per plot and ten trees on the treatment unit.  (Note:  50 cm was a guideline -- 
the goal was to age the oldest trees to establish the time of stand initiation; also, the trees could be 
selected from outside the plot) 
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Four subplots were nested within each stand structure assessment plot for purposes of sampling 
stems <1.3 m tall.  These subplots were 1.26 m radius plots with centres located 3 m from the centre 
of the main plot in each of the four cardinal directions.  Within each of these subplots, the number 
of trees <1.3 m tall were tallied by species, height class (<15 cm or ≥15 cm), vigour (live or dead), 
and surface substrate class.  Since the required data was number of trees within classes, the 
attributes of individual trees were not recorded.  Substrate classes were mineral soil, soil organic 
layers (LFH), hard woody debris (decay classes 1 and 2), medium woody debris (decay class 3), 
soft woody debris (decay classes 4 and 5), and rock (covered by less than 2 cm of mineral soil or 
organic material).  The percent of the plot surface occupied by each substrate class (available 
substrate) was visually estimated and recorded in each plot. 
 
In addition, at each stand structure assessment plot, two 25 m long coarse woody debris assessment 
transects were established at right angles starting from plot centre.  Transects were established along 
two cardinal directions.  All coarse woody debris pieces that were equal to or larger than 7.5 cm in 
diameter and intercepted by the transect (i.e. central axis of piece crossed by transect) were assessed 
and recorded by species (record as ‘Unk’ if unknown), diameter (cm), and wood texture class (as 
per standard decay classes 1-5). 
 
Species Composition 
Subalpine fir was the dominant species in all three stands, accounting for 89% of all stems 
surveyed, with Engelmann spruce accounting for the remaining 11%.  In the three stands the 
proportion of fir ranged from 78% at CP550-1 to 88% at CP239-3 and 90% at CP242-4.   
 
The three stands varied considerably in proportion of spruce ≥12.5cm dbh, with CP242-4 having the 
highest average number of stems, more than 3 times that of CP239-3 (Table 6).  CP239-3 had the 
lowest average number of large spruce and a considerably high number of large fir, resulting in very 
different stand basal areas for the two species (Table 6).  CP239-3 has the largest overall basal area 
of stems ≥12.5cm dbh, interestingly though CP242-4 has a higher number of average stems/ha.   
 
 
Table 6. Tree species composition of stems ≥12.5cm dbh of CP550-1, CP239-3 and CP242-4 (n-
number of assessment plots) 
  Average number of stems/ha  
  ≥12.5cm dbh Upper 1/3 of diam. range 

Basal Area (m2/ha) 
 

Site n Subalpine 
fir 

Spruce Subalpine 
fir 

Spruce Subalpine 
fir 

Spruce Total 

CP550-1 70 503 140 17 24 25.8 11.1 36.9 
CP239-3 94 635 71 34 10 41.8 6.7 48.5 
CP242-4 51 590 259 10 27 23.7 18.9 42.6 
Mean 215 576 157 20 20 30.4 12.2 42.7 
 
 
For trees <12.5cm dbh CP239-3 has a low number of spruce, especially stems <1.3m tall, compared 
to the other two stands (Table 7).  For stand CP242-4 the proportion for all fir trees <12.5cm dbh is 
prominently large compared to the other stands, whereas the proportion of spruce trees is similar to 
CP550-1 (Table 7). 
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Table 7. Average number of stems/ha of stems <12.5cm dbh for CP550-1, CP239-3 and CP242-4 
(n-number of assessment plots) 
  ≥1.3m tall  <1.3m tall 
 ≥7.5 - <12.5cm dbh Stems <7.5cm dbh   
Site n Subalpine 

fir 
Spruce n Subalpine 

fir 
Spruce n Subalpine 

fir 
Spruce 

CP550-1 70 361 34 15 1560 167 15 3600 1367 
CP239-3 94 260 18 94 765 66 14 3966 633 
CP242-4 51 649 24 51 2488 44 15 10000 1200 
Mean 215 423 25 160 1604 92 44 5855 1067 
 
 
Size Structure 
In the three stands both species are represented in almost all stem diameter (dbh) classes, with 
exception to some of the larger classes (Figures 1, 2, 3).  Subalpine fir has a reverse-J shaped 
distribution in all blocks, whereas the distribution of spruce varies slightly between stands.  In 
CP550-1, the number of spruce stems declines slightly with increase in dbh class (Figure 1).  
CP239-3 seems to have a fairly linear spruce distribution (Figure 2), whereas CP242-4 has a modal 
distribution with more stems in the intermediate dbh classes (Figure 3).  CP239-3 has the highest 
number of subalpine fir in the upper range of dbh classes. 
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Figure 1. Distribution of Bl and Se trees (dbh ≥ 7.5cm) across dbh class midpoints in CP550-1 
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Figure 2. Distribution of Bl and Se trees (dbh ≥ 7.5cm) across dbh class midpoints in CP239-3 
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Figure 3. Distribution of Bl and Se trees (dbh ≥ 7.5cm) across dbh class midpoints in CP242-4 
 
  
Canopy Structure 
All three stands have a dynamic, varied canopy and understory, showing a decreasing number of 
stems in the upper most canopy (Figure 4). In CP242-4 there are a greater number of suppressed fir 
stems in comparison with the other two stands.   
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Figure 4. Canopy classes of CP550-1, CP239-3 and CP242-4 for trees ≥7.5cm dbh, where class 4 is 
suppressed, class 3 is intermediate, class 2 is co-dominant and class 1 is dominant. 
  
 
Stand Age 
Stand age for CP550-1 ranges from 164 – 383 years old (n=  ), with an average stand age of 285 
years old (Table 8).  Similarly, CP239-3 has an average stand age of 230 years, although a 458 
years old tree was recorded.  CP572-4 is the youngest stand with an average stand age of 194 years 
old.  In all stands, most of the oldest trees are Engelmann spruce. 
 
Table 8. Tree age summary for CP550-1, CP239-3 and CP242-4  
CP550-1 CP239-3 CP242-4 
Spp. DBH 

(cm) 
Corrected 
age2 

Spp. DBH 
(cm) 

Corrected 
age2 

Spp. DBH 
(cm) 

Corrected  
Age2 

Bl 53.4 170 Bl 43 183 Bl 48.4 176 
Bl 50.2 249 Bl 53.5 207 Bl 55.7 203 
Bl 46.0 383 Bl 48.1 220 Se 52.2 177 
Se 50.0 164 Bl 54.3 234 Se 58.1 184 
Se 67.8 176 Bl 59 263 Se 59 186 
Se 64.5 234 Bl 59.3 264 Se 60.5 188 
Se 55.3 257 Bl 68.9 277 Se 60.6 190 
Se 62.3 294 Se 43.3 144 Se 43.5 193 

                                                 
2 Corrected age was determined by adjusting counted age for DBH and accuracy.  DBH adjustment was based on site 
index estimates for the wc3 taken from the Site Index Estimates by Site Series for Coniferous Tree Species in BC for 
the Cariboo Forest Region.  Site index for Bl and Se in the wc3 was 15 m, reliability of these estimates is considered 
medium.  DBH adjustment of an additional 4 years was calculated simply as an annual height increment (15m at 50 
years).  Sampling was primarily conducted in mesic and subhygric sites. 
Ages for increment cores that did not hit the pith were adjusted using concentric circle template to estimate the # of 
years to pith based on growth patterns (average annual increment of the innermost rings visible on the core sample.) 

Comment [SD15]: Maybe 
take this table out and just explain 
it in words (and also explain how 
age was corrected using DBH).   
MJW – what are your comments 
on this? 
 
I agree.  Briefly describe the 
method currently in the footnote 
and delete the rawdata table. Add 
sample size to text 
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Se 58.3 363 Se 61.1 172 Se 55 196 
Se 59.7 375 Se 63.3 257 Se 54.1 197 
Se 47.5 379 Se 68 269 Se 73.4 199 
Unk 52.8 325 Se 74.6 269 Se 51.9 199 
Unk 72.3 342 Se 67.9 458 Se 43.5 272 
- - - - - - Pl 41.5 176 
- - - - - - Pl 30 177 
 
Decay Structure 
Standing stems in the study area represent wildlife tree categories one to five, where category 1 is a 
live tree and category 5 is a dead tree with less than 25% bark remaining.   CP239-3 and CP242-4 
have a considerably higher number of stems in decline than CP550-1, although CP550-1 has a 
greater number of live trees (Figure 5).  In CP242-4 there is a higher number of declining versus 
live trees, as well as the highest overall number of dead trees, for both species (Figure 5,6). 
In CP242-4 the majority of standing dead trees fall within 10 – 30cm dbh size classes, followed by a 
drastic decrease in standing dead trees between 35 and 60cm dbh (Figure 6).  On the other hand, 
CP239-3 shows a more gradual decrease in dead standing trees with increasing dbh class.  Stand 
CP550-1 has the least number of standing dead tree across the dbh classes, with stems lacking in the 
55 – 65cm dbh classes (Figure 6).  
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Figure 5. Wildlife tree categories for CP550-1, CP239-3 and CP242-4 of trees with ≥7.5cm dbh, 
where 1 is alive, 2 is declining, 3 is dead with >75% bark, 4 is dead with 25-75% bark, 5 dead with 
<25% bark. 
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Figure 6. Distribution of size structure (stem ≥7.5cm dbh) of standing dead trees in CP550-1, 
CP239-3 and CP242-4. 
 
Coarse Woody Debris (CWD) 
Stands CP550-1 and CP239-3 had very similar total CWD volumes, but differed in the distribution 
between decay classes (Table 9).  Stand CP242-4 had almost half as much CWD as the other two 
stands, but had the highest volume of class 5 decay.  For CP550-1 the concentration of CWD 
volume was in decay classes 3 and 4, whereas in CP239-3 the majority of the volume occurred in 
decay classes 4 and 5. 
 
Table 9. Volume (m3/ha) of course woody debris (≥7.5cm diameter) by decay class for CP550-1, 
CP239-3 and CP242-4 
 Decay  Class 
Site 1 2 3 4 5 Total 
CP550-1 7 66 112 177 68 430 
CP239-3 8 89 57 154 125 432 
CP242-4 3 17 59 50 151 280 
 
 
LICHEN  

 
Detailed objectives for lichen abundance 

 
• Compare abundance of arboreal lichens pre-harvest between blocks, within blocks 

among eco-classes and harvesting treatments (forest / opening); 
• Compare abundance of arboreal lichen pre-harvest between forested portions of 

harvest blocks and paired controls; and 
• Compare the abundance of arboreal lichen at two to three year intervals post-harvest 

(up to 12 years post-harvest then at a reduced interval) to pre-harvest levels in the 
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forested portions of the blocks and the controls, and between the forested portions and 
the control within each year. 

Plot Layout 
3.5.1  Lichen Abundance 
CP550-1 
In CP550-1, “forested” lichen abundance plots were centered on cruise plots, and intermediary 
points according to the cruise grid (200 m grid).  Lichen plots were installed at cruise plot centers 
and intermediary points where possible.  In order to achieve the target of 150 trees per stratum, it 
was often necessary to place “forested” lichen abundance plots at 25 and 50 m intervals.  “Forested” 
plots were not installed within or close to designated “openings” or on roads.  Road rights-of-way 
and “opening” boundaries were given a 20 m buffer for the majority of these plots.  If “forested” 
plots were installed closer to these boundaries, they were still located at least 12 m away.  Plot 
centres were established with a labelled, 4 foot aluminum post with blue and pink “MoF Research” 
flagging tape.  Trees within the “forested” lichen assessment plots (5.64 m from center) were 
numbered with growth and yield tags. 
 
CP550-1 – Control 
In the unlogged control for CP550-1, a series of north-south striplines were installed at 50 m 
intervals from a baseline running at 270° along the southern margin of the control area.  Lichen 
abundance plots were placed at 50 m increments on these striplines and on the baseline where 
suitable survey sites existed.  In some cases it was necessary to offset lichen abundance plots from 
the 50 m increments to avoid unsuitable ecological types (e.g. transitional types, non-forested 
wetlands, hygric riparian areas).  Lichen sampling striplines are flagged in blue “MoF Research” 
tape, and plot centers were marked both with a labeled, 4 foot aluminum post with blue and pink 
“MoF Research flagging tape.  The outer perimeter of the control area is flagged in orange.  All 
points of commencement (POCs), points of termination (POTs) for striplines and tielines, as well 
as, the baseline stations (50 m intervals) are blazed, painted and tagged. 
 
CP239-3 and CP242-4 
“Forested” lichen abundance plots were centered on cruise plots, and intermediary points according 
to the cruise grid (150 m grid).  Lichen plots were installed at cruise plot centers and intermediary 
points where possible.  In order to achieve the target of 150 trees per stratum, it was often necessary 
to place “forested” lichen abundance plots at 25 and 50 m intervals.  In CP239-3 it was necessary to 
locate “forested” plots on tangents from cruise plots in order to reach the sampling target.  These 
plots were located at 25 m intervals on tangents that ran on cardinal bearings, or at one of the 45º 
intervals (i.e., 25 m south west of cruise plot 6). 
 
"Forested” plots were not installed within or close to designated “openings” or on roads.  Road 
rights-of-way and "opening" boundaries were given a 20 m buffer for the majority of these plots.  If 
"forested" plots were installed closer to these boundaries, they were still located at least 12 m away.  
 
“Opening” lichen abundance plots were located in the approximate centre of the planned openings.  
Centre points of the "openings" were estimated on a 1:10 000 field map.  Distance and azimuth 
from a mapped GPS boundary station to the plot centre were then recorded.  Plot locations were 
field located using a compass and a hip chain.  In some of the CP239-3 "openings" (mid and large 
size classes), it was necessary to establish a second lichen plot to reach the sampling target of 
150 trees for each stratum. 

Comment [MW16]: This 
could be reduced considerably as 
much of the information is 
redundant from block to block 
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Once the plot centre was located, it was marked with either blue or pink/black candy-stripe ribbon, 
and a 5.64 m radius plot was used.  Trees within the lichen assessment plots were numbered with 
blue paint ("opening" plots) or growth and yield tags ("forested" plots).  
 
CP239-3 - Control 
There were no significant differences in lichen abundance due to north or east aspect in the data 
collected across whole block so the control area, although predominantly east facing, should be 
comparable to both East and North aspect strata.  The control is located on the west side of the 
block and is about 9.5 ha in size.  Eighteen lichen plots were established using the same protocol as 
CP239-3 (12 of 18 plots were added in 2002).   
 
Lichen abundance Measurement 
Three blocks are being used to measure the abundance of arboreal lichen (CP550-1, CP239-3, 
CP242-4).  Starting in 1999 - 2001, each block was stratified by ecoclass and harvesting regime 
(forest or opening).  Table 5 summarizes the number sample plots (5.64 m radius), area (ha) and 
number of sample trees that were set up in each stratum.  Only the strata with a sufficient number of 
trees (i.e., ≥ 150 trees) were chosen for data analysis. 
 
Lichen abundance was assessed for all trees over 7.5 cm dbh (Armleder et al. 1992) with the 
following modification.  Lichen classes 2 and 3 were divided into high and low subsets (2L, 2H, 3L 
and 3H).  Measurement height (4.5 m mark) was estimated by hanging a growth and yield tag at 1.5 
m and using this as a benchmark to estimate the 4.5 m mark.  In order to maintain consistency, one 
surveyor was used for all lichen assessments.  This surveyor used weighed lichen samples to 
compare with lichen clumps on assessed trees.  This ensured consistent, accurate lichen abundance 
estimates across all plots.  For each tree, the diameter, Crown class, species and decay class were 
recorded, and in forested plots the trees were permanently marked.   
 
Lichen abundance Data Analysis 
Lichen abundance and composition data has been compiled for each block, harvesting treatment 
(forest, opening) within block, and each eco-type within block.  Additional summary tables 
detailing lichen class frequency by tree species, lichen genus composition and stem density have 
also been compiled for the combined and separate ecotypes.  File reports summarizing the data have 
been produced for each year of data collection, with the exception of 2006 (Table 6). 
 
Within each block, the frequency of lichen abundance classes between eco-types and within 
harvesting regime (opening vs. forest) have compared as per methods described in Stevenson et al. 
(1998) prior to harvesting.  Statistical tests were conducted using: 
• the Kolmogrov-Smirnov two–sample test to identify statistically significant differences in 
the relative frequencies of different scores between strata; and  
• a two–sample difference of percentages test to identify statistically significant differences 
among the percentage of high scoring trees (≥ class 2H) between strata.  
 
There was also 15 ha forested controls paired with two of the cutblocks (CP550-1 and CP239-3).  
The controls were stratified by the same ecotypes as the paired harvested blocks.  Tests for 
differences in the frequency distribution and percentage of high scores between the two eco-classes 
sampled within the control area have been completed.  Using pre-harvest data, the controls were 
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compared to the paired harvest block to test for differences in the frequency distribution and 
percentage of high scores in comparable strata (i.e. eco-types 1 and 2 in CP550-1). 
 
Using the same statistical tests for within block differences, comparisons were also made between 
the paired control and harvest block, by strata, using pre-harvest data.  Data were collected 2.5 years 
post-harvest in each harvested block and paired control.  Frequency distributions were compared 
with pre-harvest data and between the harvested blocks and paired control. 
 
In addition to the statistical tests, lichen class frequency histograms were generated to display 
percentages of observations for each lichen class.  These histograms provide a graphical 
representation of each test for differences in lichen class frequency distributions between strata.  
Percentages of scores within each lichen abundance class were used for analysis instead of the 
actual frequencies in order to remove the influence of sample size variation between the strata being 
compared.  
 
 
TREEFALL 

 
Detailed objectives for treefall 

 
• Compare rates of treefall between the forested portions of the harvest blocks (matrix), 

the 10 m forested edges around openings, and the unlogged control blocks, every year 
for 5 years post-harvest; 

• Compare rates of treefall around openings of different sizes; and 
• Describe the attributes of the treefall e.g. decay class, size class, species, crown class, 

and direction of throw 
 
Measurement 
Treefall is always a concern in partially cut forests because risks to forest health and economics.  
Three blocks are being used for the treefall monitoring study (CP550-1, CP239-3, and CP242-4) 
(Table 4).  Three months post-harvest (0.3 years), all fallen trees due to the harvesting and treefall, 
were permanently marked in a 10 m strip around the perimeter of each randomly selected opening 
in the following size classes:  four openings of 0.1 to 0.2 ha, three openings of 0.3 to 0.4 ha, two 
openings of 0.5 to 0.7 ha, and two openings of 0.8 to 1.0 ha.  The openings were randomly selected 
from the openings that were ecologically classified. Only openings fairly round in shape were 
chosen and equal numbers were selected from each of the main ecotypes.  The trees in the 
permanent sample plots for lichen in the forested parts of each block are surveyed (about 0.3 ha 
total area) (Table 5).  The plots surveyed are those falling in the dominant ecotypes.  The forested 
plots are located at least 15 m from the edges of openings. 
 
Treefall is also monitored in two permanent 15 to 20 ha control areas.  One is adjacent to CP550-1 
and the other is adjacent to CP239-3.  In subsequent years, fallen trees will be permanently marked 
and mapped and have the following characteristics described: species, dbh, decay class, crown 
closure class, type of break, direction of fall, and indicators of insect and disease.  The strips have 
been, and will continue to be re-surveyed after 1.3, 2.3 and 5.3 years post-harvest, and more 
frequently if there are major wind-storm events (Table  ).  Rates of treefall are compared between 
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the perimeter strips, forested controls and forested portions of the harvested blocks, and among the 
openings of various sizes. 
 
Table   .  Treefall summary of measurements for Mount Tom. 

Block 
Year of 
Harvest 2001 2002 2003 2004 2005 2006 2007 2008 

CP550-1 
Winter 
2000/01 

X 
(0.3 yr) 

X 
(1.3 yrs) 

X 
(2.3 yrs)  

X 
(4.3 yrs) 

X 
(5.3 yrs)    

CP239-3 
Winter 
2006/07    

X 
(matrix)   

X 
(0.3 yr) 

X 
(1.3 yrs) 

CP242-4 
Winter 
2005/06       

X 
(matrix)   

X 
(0.3 yr) 

X 
(1.3 yrs) 

X 
(2.3 yrs) 

 
 
In order to measure the effect of wind, it is necessary to discern trees which are downed by wind 
events from those that are downed as a result of harvesting activities.  In most cases, this is 
relatively straightforward as marks and scars from harvesting are evident on most of these stems.  
Also, the cause of falling can be determined by checking for sawdust, position of the tree relative to 
harvested trees, and location of cut branches. 
 
Table 4.    Treefall sampling strategy for Mount Tom.   
 CP550 CP239-3 CP242-4 
Size 
Class 

Opening  Opening 
size (ha) 

Sample 
area (ha) 

Openings Openin
g size 
(ha) 

Sam
ple 
area 
(ha) 

Opening  Opening 
size (ha) 

Sample 
area 
(ha) 

Q 0.2 .16 *   B .2 .16 
KK 0.1 .11    R .2 .16 
PP 0.2 .16    LL .3 .19 

Very 
small 

HH 0.2 .16    EE .2 .16 
T 0.4 .22 AD .26 .21 S .4 .22 
R 0.3 .19 B .35 .18 CCC .4 .22 

Small 

JJ 0.4 .22 AQ .39 .22 TT .3 .19 
P 0.6 .27 AF .61 .28 BB .7 .3 Mediu

m DD 0.6 .27 D .47 .24 RR .6 .27 
MM 0.9 .34 X .95 .36 U 1.0 .35 Large 
LL 1.0 .35 J 1.02 .36 KK .9 .34 

*No openings in this size class 
 
 
Table 5.    Sample size (plot and trees) in the controls used for treefall 
Control Type No. plots Area (ha) No.of trees  
Forest in CP550-1 (ecoclass 1 and 2) 30 (15 per ecoclass) 0.30 346 
Forest in CP239-3 (N and E aspect) 41 (25 N & 16 E) 0.41 315 
Forest in CP242-4 (wk1 and wc3) 19 (8 wk1 & 11 wc3) 0.19 314 
Uncut control for CP550-1 (ecoclass 1 and 2) 25 (13 EC1 & 12 EC2) 0.25 328 
Uncut control for CP239-3 (wc3) 18  0.18 178 
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Treefall  Analysis 
Treefall has been summarized in terms of stems per ha for each block, opening size, forested area in 
the block and in the adjacent controls.  The attributes of the treefall have also been summarized for 
direction of fall, decay class, type of fall, dbh, species and crown class.  File reports summarizing 
the data have been produced for each year of data collection, with the exception of 2006. 
 
 
SILVICULTURE 

 
Detailed objectives for planted regeneration studies 

 
• Compare seedling response between silvicultural treatments: micro-site planting – 

raised sites and around stumps, mechanical mounds, and planted around the advanced 
regeneration left in clumps; 

• Compare seedlings response to opening size; 
• Compare seedling response to distance from edge; 
• Compare seedling response across ecological classifications [by cutting permit (CP), 

will include elevation changes in classification]; and 
• Monitor advanced regeneration left in clumps  

 
Opening sizes  
Successful regeneration was found in opening sizes 0.1ha or larger on the previous trial sites for 
EP1104.02.  On the mount Tom site the smallest opening size was 0.1 ha and the largest  ~1 ha. 
Four opening size classes:   0.3 to 0.4 ha, 0.6 to 0.7 ha, and 1 ha were chosen to test seedling 
performance in both CP550-1 and CP551-1.  As well a 3.0ha opening was established to compare 
seedling response in smaller opening to a more conventional operational treatment.  
 
Planting treatments 
 
Microsite planting 
Previous results from the Quesnel Highland phase of EP1104.02 indicated that seedlings planted on 
micro-sites perform better than those planted without regard to the planting location.  In most cases 
seedlings planted on raised micro-sites had larger diameters; however seedlings planted below 
stumps, on rotten wood and on screefed areas were often not significantly taller or did not have 
significantly larger diameters than those on the raised sites.  For this treatment, micro-sites that 
enhance seedling growth and survival by warming or draining the soil, reduce vegetation cover or 
increase the length of the growing season were selected. On steeper slopes protection of the 
seedling from snow press was also considered.  Some micro-sites provide benefits for more than 
one factor.  For example raised sites will warm and drain the soil, and increase the length of the 
growing season.  Rotten wood will be an acceptable planting medium especially if it also produces a 
raised site.  Seedlings were planted around stumps, especially where the area around the stump 
provided a raised micro-site.  Areas of dense rhododendron and depressions were avoided.  Where 
possible, seedlings were planted in clumps, although the planting crews did not follow this 
procedure as rigorously as intended.  Often there is more than one acceptable planting site around a 
stump, or on a raised site.  Seedlings were planted no closer than 50 cm to ensure adequate growing 
room.  Planted seedlings were stem mapped in conjunction with measurements conducted in 2008. 
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Mechanical Mounds 
An excavator was used to mound selected openings.  The mounds were grouped into clumps with 
two to five mounds per clump and were allowed to settle for one winter prior to planting. Seedlings 
were planted mostly at the top, although some were planted down the sides of the mounds when the 
soil was too coarse near the top. The mounds incorporate the forest floor material into the middle 
but any large debris or shrubs were removed prior to making the mound. 
 
In Residuals Clumps 
Trees tend to form in clusters at these high elevations with what appears to be new regeneration 
forming around the edges.  These tree clumps usually occur on raised sites that will help to warm 
and drain the soil.  The sites will also loose moisture through evapo-transpiration from the 
remaining trees which will also help to dry and therefore warm the soil.  
 
In a few selected openings, groups of non-merchantable residuals were left.    Seedlings were 
planted around the edges of these clumps but close enough to gain any benefits from the group of 
trees.  In CP550-1 there were a variety of opening sizes where the clumps of residuals were left 
which are similar to the other planting treatments. Therefore seedling response could be assessed 
over the same range of opening sizes. However, in CP551-1 only two openings had stand structure 
that facilitated leaving clumps. Seedlings were planted around the clumps in both openings. Due to 
the limited number of opening with clumpy residuals, this treatment will only be considered a pilot 
and will not be part of the replicated seedling response.  
 
 
Residual Tree Performance 
As well as monitoring seedling performance planted around residual clumps, the residual non-
merchantable trees left after logging were assessed within selected clumps. In natural stand 
development these residuals will often fill gaps after larger older trees fall out of the stands. 
Therefore we wanted to test the potential of these trees to re-stock the site. For this treatment to be 
effective there must be enough smaller non-merchantable trees to leave on site. At CP550-1 these 
were quite frequent but on CP551-1 there were not as many. As well on CP551-1 we tried to 
preserve very small clumps (2 to 5 trees) and found tree damage was considerable.  To alleviate the 
amount of residual damage in CP551-1, larger tree clumps were left to better protect trees in the 
inner portion of the clump. This is considered a pilot treatment and not replicated across opening 
sizes on both units and further field investigation is needed to finalize the cluster size. As well 
another study looking at how these clumps form would compliment the monitoring of the tree 
clumps.  Some of the tree clumps need to be stem mapped and aged to determine if the assumption 
that the clumps form over a period of time is correct.     
 
3.5.2  Planted Stock 
3.5.2.1  Treatment Layout 
In the earlier replicated research trial, at Blackbear and Grain Creek, elevation differences between 
the three sites created some large differences in seedling response.  Therefore, within the adaptive 
trial area one sites CP551-1 was selected within the ESSFwc3 ranging in elevation from 1500 m to 
1700 m with the lower elevations being north facing.  Another site CP550-1 was located on the 
ESSFwk1 and ESSFwc3 boundary, ranging in elevation from 1400 to ~1550 m.  Each opening was 
ecologically classified with a full vegetation description and representative soil pits.  The openings 
were stratified by factors that may affect seedling performance, such as ecotype or aspect.  The 
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treatments were evenly distributed over each strata. The mound and micro-site planting treatments 
were replicated on and by site.   
 
There are five opening size classes on both blocks:  0.3 to 0.4 ha, 0.6 to 0.7 ha, ≥8.5 ha and 3 ha. 
Where possible 6 opening were chosen in each size class: 3 had seedlings planted on mounds and 3 
had seedlings planted into appropriate microsites. In the size class ≥8.5 ha the openings were not as 
frequent and there was only one mounded on CP550-1 and CP551-1. The ecological classification 
was used to ensure openings with different sites series were distributed evenly between opening 
sizes and planting treatments. The actual distribution of treatments over size classes are shown in 
Tables ?  
 
Table  ? Opening number, associated treatments and number of seedlings planted on CP550-1. 
Seedlings were planted into the microsites in 2001 and into the mounds in 2002. 
 

Opening Size Ecotype 
Planting 
treatment 

Number of 
Seedlings 

Number 
of 
Residuals 

PP 0.2 ? microsite 108   
B 0.3 1-1   131   
RR 0.3 1-3 residual 21 26 
O 0.3 1-3 residual 26 67 
AN 0.4 1-1 microsite 147   
NN 0.4 ? microsite 146   
HH 0.2 2-2 mound 71   
R 0.3 1-2 mound 130   
JJ 0.4 1-2 mound 121   
T 0.4 2-2 mound 146   
GG 0.6 1-1 microsite 154   
I 0.6 2-1 microsite 139   
EE 0.6 2-1 microsite 150   
S 0.7 1-1 microsite 103   
AM 0.7 2-3 residual 45 40 
DD 0.6 2-2 mound 141   
I 0.7 ? mound 124   
E 0.7 1-2 mound 116   
BA 0.7 2-2 mound 161   
N 0.9 1-2 mound 154   
AF 1 1-3 residual 84 105 
LL 1 1-2 microsite 149.0   
L 1.2 2-1 microsite 157   
Clearcut 3 ? microsite 296   
Clearcut 3 ? mound 132   

 
 
Table  ? Opening number, associated treatments and number of seedlings planted on CP551-1. All 
treatments were applied in 2003 
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Opening Size Description Treat 
Number of 
seedlings 

Number 
of 
Residuals 

BB 0.29 wet micro 122   
CQ 0.31 mesic micro 140   

D 0.37 
mesic, w and 
h  mound 137   

AK 0.42 wet mound 152   

CK 0.44 
mesic, w and 
h  micro 147   

W 0.56 variable micro 164   
AO 0.57 mesic mound 148   
CB 0.69 variable mound 164   
CC 0.69 variable micro 158   
BF 0.6 wet mound 164   
AN 0.64 mesic micro 146   
AI 0.64   residual 25 23 

BH 0.85 
mesic with 
some wet micro 164   

BC 0.85 
mesic to 
wetter micro 152   

BI 0.87 variable mound 136   
CE 0.98 mesic micro 164   
BZ 1  ? residual 62 63 

X 3.35  ? 
micro & 
mound 398   

 
 
The 3 ha clearcuts were divided into four treatment units: northeast, northwest, southeast, and 
southwest quadrants.  The microsite planting and mounding treatments were assigned to one each of 
the northern sections and one of the southern sections, with the exception of the northeast section in 
CP550-1 which was not mounded due to steep terrain.  If the mounding was established in the 
northwest quadrant then it would also be placed in the southeast quadrant to achieve the highest 
range of aspects.  The middle of the clearcut, up to a 25 m radius from centre is treated as if the 
edge has no effect and comparisons can be made to the seedling performance in the smaller 
openings.  This design also allows some edge studies to be possible.   
 
3.5.2.3  Seedling Layout 
Each opening has a bearing and direction derived from the maps originating from a GPS point.  
This will take you to the centre of the opening, from which lines were established radiating north - 
south, east - west, southwest - northeast, and northwest - southeast.  Measuring from the edge, 
seedlings were selected for assessment. The locations of the seedlings are at given distances from 
the edge:  ≤ 8.5 m, 8.6 - 17.5 m, and >17.5 m.  The first seedling closet to the lower number (i.e. 10 
m for the 10 to 15 m distance) was selected.  Seedlings were selected within each distance category 
and could vary within 10 m of either side of the directional ray, although this was extended in come 
cases to account for mounding position. Twenty seedlings, two per species, will also be monitored 
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within 10 m of the centre of each opening.  Seedling maps were developed in 2008 to facilitate 
finding the trees for the 10th year assessment. Only live seedlings were mapped. 
 
For the clearcut the same methodology was used, but instead of eight directional rays, there will be 
twelve, three in each of the four treatment units with eight seedlings, four per species, assessed at 
each interval.  At the centre, sixty seedlings with 25 m of the centre will be assessed. In some cases 
seedlings may not be present within the given parameters and, therefore, fewer seedlings will be 
assessed. In the 0.2 ha openings the 20 to 25 m assessment will be at the centre.  Therefore there 
will be 8 radii x 6 seedlings = 48 fewer seedlings measured in this opening size. The total number of 
seedlings assessed are given in the above table and locations are shown on the seedling maps. 
 
 
(Note: Could add a diagram for opening and clearcut layout) – maybe add CP550-1 JPEG from 
Darren? 
 
 
Planted Stock Measurement 
Seedlings were planted on the micro-sites the year after logging but the mounded areas were 
delayed one growing season to allow the mounds to settle.  Since the planting was staggered (both 
between block and treatments), seedlings are not measured on the same schedule. Table 10 provides 
a time line of events and assessment schedules. 
 
Table 10. Timeline for logging, planting and measuring seedlings in CP550-1 and CP551-1 
Season/Year CP550-1 CP551-1 
Winter 2001 Logged in March   

Planted and assessed seedlings 
on microsite and residual 
treatments 

Summer 
2001 

Mounded openings 

  

Winter 2002   Logged  

Removed damaged residual trees 
from residual treatments  

Removed damaged residual trees from 
the residual openings before planting 

Assessed first year seedling 
response on microsites and in  
residual treatments 

Assessed residual trees  

Summer 
2002 

Planted and assessed seedlings 
on mounded treatments  

  

Summer 
2003 

Assessed first year seedlings on 
mounded treatments 

Planted and assessed seedlings on 
mounded and micro site treatments 

Summer 
2004 

Assessed third year seedlings on 
microsite treatments 

Assess first year seedling response for 
all planted seedlings 

Summer 
2005 

Assessed third year seedlings on 
mounded treatments 

  

Summer 
2006 

Assessed fifth year seedlings on 
microsite treatments 

Assessed third year seedlings for all 
planting treatments 

Comment [MW17]: I think 
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Summer 
2007 

Assessed fifth year seedlings on 
mounded treatment 

  

Summer 
2008 

  Assessed fifth year seedlings for all 
planting treatments (data not yet 
analyzed)  

 
At each assessment the following variables were assessed: 

• Seedling height and leader length 
• Seedling ground level diameter 
• Seedling Condition 
• Vegetation cover (Overtopped, threatened, or Free to grow): This assessment is completed 

on every seedling and is different from the other vegetation assessments.  
• Damage to the leader stem or foliage 
• Cause of the damage to the leader stem or foliage 

 
Codes for the seedling condition, vegetation cover and seedling damage and cause in Appendix  #? 
(*NEED TO ADD) 
 
The clumpy treatment where residual trees were left was also assessed using the same sampling 
design and assessment schedule as the other treatments.  Seedlings were planted right after logging 
around the clumps.  A selection of clumps was chosen for assessment.  The location of the clumps 
was dependent on the original stand structure; therefore each opening will have different numbers 
of trees assessed.  All trees within each clump were assessed.  Although not done on CP550-1, 
future blocks will have the damaged residuals removed prior to assessment.  
 
Planted Stock Analysis 
All seedling data and vegetation data were analyzed using an ANOVA (proc mixed).  Contrast and 
appropriate means tests will be used to determine treatment difference.  Tree centred vegetation data 
will also be summarized. NEEDS MORE WORK 
 
 
VEGETATION 

 
Detailed objectives for vegetation  

 
• Monitor the response of vegetation across openings over a range of sizes (0.1 to 1.0 

ha); and 
• Monitor the response of vegetation to silviculture treatments (over different eco-types)  

 
Vegetation plot layout 
 
Initially in CP550-1 vegetation plots were established pre-treatment and plans were to re-locate the 
same plots and assess them post logging.  Five 1.78m radius plots were installed across a north – 
south transect in a group of selected openings, 2 in each of the size groupings (0.3 to 0.4 ha, 0.6 to 
0.7 ha,  ≥8.5 ha).  The plots were 5m and 10m from each of the north and south edge. After the first 
block was logged there was some difficulty in locating the plots due to excessive logging slash and 
some plots could not be re-located.   
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Therefore the protocol was changed. Pre-logging on CP551-1 one large plot (5.64 m radius) was 
sampled at the centre of the openings. We felt this did not adequately sample the edges so the 
protocol was altered one last time. Vegetation plots were only established post logging, with 4 - 
3.99 m radius plots for each opening, one at the centre of the opening and the other two 6-m from 
the timber edge at the north and south edges.  The fourth plot was located in the forest 10 m from 
the timber edge going north from the northern plot into the unlogged forest in a ecotype similar to 
the opening. Where seedling and vegetation monitoring are in the same opening, the vegetation 
plots may have been offset up to 10 m to avoid trampling of the vegetation during the seedling 
assessments. After 2002 all vegetation plots will be established and assessed according to the new 
protocol. The plots will give a general sense of vegetation development but will be only used for 
descriptive purposes. 
 
The plot centres are marked with a 4’ aluminum pole spray painted blue at the top.  The plots can be 
re-located using the GPS co-ordinates for each plot centre.  Also a stump outside of the centre plot 
has been spray painted blue and has a spike and the direction and centre of each plot can be 
measured to this point.  A metal tag has been stapled to the stump to identify it.   
 
No plots with mounding treatments were used for these plots.   
 
History Summary of Vegetation Plot Protocols: 
 
Year  Methods 
2000 CP550-1 - Pre-treatment plots were located. There were 5 plots located at the centre and 

5 and 10 meters from the north and south opening edge. 
2001 CP550-1 – pre-treatment plots could not be located due to excessive slash.  In those 

openings where the plots could not be located a 5.64 plot was established at the centre of 
the opening  
CP551-1 – The protocol was changed to one 5.64 m plot at the centre of six openings for 
pre-treatment assessment. 

2002 Protocol was revised over the winter.  The new protocol does not have any pre-treatment 
sampling.    
CP550-1 – The three openings with pre-treatment plots are assessed and will be 
continued.  Those where the pre-treatment could not be located have new plots 
established according to the new protocol. All plots will be 3.99 radius except the smaller 
1.78 plots left from the old protocol.  
CP551-1 – The openings where the pre-treatment data was collected were re-sampled but 
the new protocol was used.   

 
 
Location of Vegetation plots on CP550-1 using the new plot protocol 

Openning Size PLOT STUMP# 

DIST. 
To 
Stump 

AZ. 
To 
Stump SLOPE ASPECT NORTHING EASTING E

II 0.7 Centre 1 5.26 358° 9% 017° 5893342 580167 14
II 0.7 North 2 9.85 242° 12% 023° 5893438 580156 14
II 0.7 Forest  3 4.56 315° 6% 048° 5893348 580152 14
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II 0.7 South 2 13.05 001° 11% 027° 5893457 580169 14
                     
B 0.3 Centre 1 2.45 128° 12% 033° 5893516 580204 14
B 0.3 North 3 3.84 242° 9% 025° 5893549 580206 14
B 0.3 Forest  2 4.6 115° 8% 044° 5893508 580206 14
B 0.3 South 2 18.65 221° 7% 350° 5893481 580187 14
                     
AH 0.4 Centre 1 11.75 163° 25% 024° 5893681 579592 14
AH 0.4 North 1 5.67 336° 23% 029° 5893708 579583 14
AH 0.4 Forest  2 4.87 101° 22% 042° 5893661 579594 14
AH 0.4 South 2 15.85 164° 26% 029° 5893653 579595 14

 
Vegetation plots on CP550-1 using the old plot protocol 
Openning   PLOT Location  Size 
L 1.2 Center Center of Opening 3.99 

  1.2 N5 
5M from north 
edge 1.78 

  1.2 N10 
10M from north 
edge 1.78 

  1.2 S5 
5M from south 
edge 1.78 

  1.2 S10 
10M from south 
edge 1.78 

          
GG 0.6 Center Center of Opening 3.99 

  0.6 N5 
5M from north 
edge 1.78 

  0.6 N10 
10M from north 
edge 1.78 

  0.6 S5 
5M from south 
edge 1.78 

  0.6 S10 
10M from south 
edge 1.78 

          
MM 0.9 Center Center of Opening 3.99 

  0.9 N5 
5M from north 
edge 1.78 

  0.9 N10 
10M from north 
edge 1.78 

  0.9 S5 
5M from south 
edge 1.78 

  0.9 S10 
10M from south 
edge 1.78 

 
 
Vegetation plots in CP551-1 (each plot is 3.99 m in radius) 
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Opening Plot Stump# 
Distance 
to stump 

Direction 
to stump NORTHING EASTING

AZ. FROM 
CENTRE 

CE Centre 1 7.17 188° 5891817 581929 N/A 
CE North 2 4.1 300° 5891847 581922 353° 
CE Forest  2 18.7 006° 5891858 581928 360° 
CE South 3 3.25 275° 5891780 581921 197° 
        
CJ Centre 1 5.37 031° 3892270 582170 N/A 
CJ North 2 3.19 249° 5892296 582166 360° 
CJ Forest  4 15.65 038° 5892304 582200 45° 
CJ South 3 4.64 125° 5892239 582168 180° 
        
AT Centre 1 2.97 199° 5892471 581979 N/A 
AT North 3 4.21 246° 5892490 581968 342° 
AT Forest  2 15.7 219° 5892427 581959 212° 
AT South 2 1.97 268° 5892444 581968 212° 
        
AQ Centre 2 6.53 244° 5893554 582337 N/A 
AQ North 3 3.51 160° 5893538 582349 360° 
AQ Forest  1 14.95 32° 5893572 582359 54° 
AQ South 2 11.95 355° 5893570 582338 164° 
        
BH Centre 1 1.34 353° 5892926 582333 N/A 
BH North 2 0.55 126° 5892961 582345 20° 
BH Forest  3 19.8 164° 5892852 582355 164° 
BH South 4 4.27 309° 5892891 582333 180° 
        
U Centre 3 4.31 002° 5893051 582990 N/A 
U North 2 6.17 035° 5893102 582973 345° 
U Forest  1 29.15 171° 5892995 582991 180° 
U South 1 9.7 239° 5893015 582978 195° 

 
Vegetation  Measurement 
 
Two procedures were used to assess vegetation after logging.  One set of assessments included 
establishment of permanent vegetation plots where all vegetation species were recorded. The other 
assessment was seedling centred. Pre-harvest vegetation information was collected during the 
ecological assessments described in section (3.2). 
 
Seedling centred vegetation assessments 
The assessment was centred on one seedling from each radii, at each edge location to record 
vegetation species that were directly overtopping and assumed to be competing with the crop tree. 
The following information was collected up to and including the fifth year assessment.  
 

Total vegetation cover: Total vegetation cover including mosses in a 50 cm radius plot around 
the seedling. 
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Overtopping vegetation cover: Percent cover of vegetation taller than the seedling (i.e. it is 
overtopping  the seedling.) 
Modal overtopping vegetation height:  
Modal height of vegetation taller than the seedling 
Overtopping vegetation: species (spp), and percent cover (%) of the three most abundant species 
taller than the seedling within a 50 cm radius. Percent cover includes only the part of the 
vegetation that is taller than the seedling.  

 
Permanent Vegetation Plots 
A list of vegetation plots sampled is provided under section 3.5.2.4. In all of the vegetation plots 
regardless of location protocol the following data was collected:  
Percent cover by layer (including the D layer) 
A list of the individual species by layer with percent cover and modal height 
 
Vegetation Data Analysis 
Data will be summarized to determine changes. No further analysis is planned at this time. 
 
 
SNOW ACCUMULATION AND MELT 

 
Detailed objectives for snow accumulation and melt patterns 

 
• Take repeated measures of snow depth at permanent points during the spring in one 

plot on a north facing slope and one plot on a south facing slope for at least three years 
before logging and three years after logging; 

• Characterize snow density during each snow depth survey by gravimetric 
measurements in snow pits; 

• Characterize the forest canopy before and after logging by measuring canopy densities 
and basal areas at each snow survey point; 

• Determine the overall effects of aspect (north versus south) and logging on peak snow 
accumulation and snow melt rates; and 

• Develop models for peak snow accumulation, snowmelt rate, and date of snow 
disappearance as functions of canopy properties, topographic aspect, and the group 
selection treatment. 

 
Measurement 
Two snow survey plots were established in CP242-4, one on a north facing slope and one on a south 
facing slope.  Repeated measures of snow depth were made at each point in each plot through the 
spring for five years before logging and two years after logging (to date).  Snow density was 
measured in snow pits in each plot during each snow survey to determine snow water equivalent. 
 
Each of the two snow plots are 8 ha in area consisting of a grid of permanent reference points.  Due 
to a plot’s large size in relation to the harvesting pattern, each plot includes representative areas of 
openings and unlogged forest.  Points were established at 10 m intervals along six east-west lines.  
Each line is 400 m long and separated from adjacent lines by 40 m.  Each point is a tree that had 
been marked and GPS’d and the snow depth was measured at an offset from the tree in order to 
avoid bias.  
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Snow surveys were repeated five or six times between early April and early June of each sample 
year.  Snow surveys consisted of measuring and recording snow depth at every point in each plot, as 
well as density in several representative snow pits in each plot.  
 
 
Hemispherical photos taken before and after partial harvesting (2003 and 2006) were used as the 
basis for calculating a variety of canopy gap and radiation parameters. These included canopy gap 
within 30 degreees of the zenith, sky view factor (an index of longwave radiation exchange) and 
direct and diffuse solar radiation transmittances. These will be compared with peak snow 
accumulation and snow ablation rates. Pre-logging basal area (prism sweep) surveys were 
completed for the south plot. 
 
 
Micro-climate monitoring  
In each of CP550-1, and CP551-1 one standard weather station was set up in one - 1.0 ha opening to 
monitor soil and air temperatures (openings LL and CE, respectively).  A wind tower was also 
installed in CP550-1 to monitor wind velocity and direction.  The first installation occurred in 
CP550-1 in the 2001 field season.  The second weather station was installed in CP551-1 in 2002.  
Equipment at each station includes a CR10 datalogger, SM192 storage module, tipping bucket rain 
gauge, five air temperature thermocouples, and one air temperature thermistor.   
 
The measurements collected include standard air temperature in the Stevenson Screen, precipitation 
through the snow free season, and 15 cm soil and 15 cm air temperatures at four different locations.  
The soil and air temperature measurements reflect the environment in which the seedlings grow.  
Monitoring includes a spring start-up check (before June 30th) to ensure all equipment is working 
and to download the data, a mid-season check and download (August 1st-15th) and a fall final 
check and download before winter (no later than September 30th). 
 
University of Northern BC Research 
In 2007, Kara Przeczek, UNBC Masters Student, installed several meteorological monitoring 
installations in CP242-4.  A meteorological tower was installed in opening G (at 10U 0589270E 
5894506N) to measure snow depth, air temperature, relative humidity, soil temperature, 
precipitation in summer, shortwave radiation, wind speed and wind direction.  Lysimeters were set 
up in openings D and DDD to measure snowmelt runoff from the 2008/2009 winter season.  
Shortwave radiation was also measured in openings D and DDD between January and June 2008. 
 
Data Analysis 
 
Snow Accumulation and Melt 
Canopy gap and radiation data were calculated using hemispherical photos taken pre and post 
harvesting (2003 and 2006).   
 
Differences Between Plots 
Large differences are expected between plots in average peak SWE, average melt rate, and average 
snow free dates because of the effect of aspect. These contrasts will be made for the pre-logging and 

Comment [SD19]: Is this the 
right “topic area” for this, or 
should we make it its own 
separate topic? 

Comment [HA20]: It would 
be good to document what the 
objective is with these 
measurements. 



  

  33 

post-logging periods. The effects of logging will be separately analyzed for the north and south 
facing slopes.  

 
Differences within plots 
We wish to determine the average effects of the logging treatment on the response variables and 
also determine the degree to which changes in the dependent variables at individual points can be 
explained by changes in the independent variables at individual points.  

 
High inter-annual variability in peak snow accumulation and date of snow disappearance are 
expected. Therefore, response variables will be either be standardized within years or years of snow 
data will be analyzed separately. The major treatment effects are expected to be changes in peak 
snow depth, snow water equivalent, and time of snow disappearance at points that fall within 
openings. For each plot, response variables at each point will be: 
• standardized peak snow depths before and after logging,  
• standardized peak snow water equivalent before and after logging,  
• snow ablation rate before and after logging, and 
• average dates of snow disappearance before and after logging. 
 
The independent variables at each point will be: 
• logged (true or false),  
• overhead canopy densities before and after logging, and 
• solar radiation transmittance during the melt season before and after logging.   

 
Analyses will be by appropriate ANOVA and regression methods.  
 
Micro-climate monitoring 
Data was summarized by day, in an EXCEL spread sheet, with the following variables.  
temperature and wind:  daily maximum, minimum, and average; 
precipitation:  daily totals; and 
an annual sum of the growing degree-days (50C) for the 15 cm air and soil temperatures for each 
growing season.  
 
File reports summarizing the data have been produced annually from 2001 to present. 
 
 

3.2  Experimental design 
The basic experimental design is a randomized block.  The blocks are confined to one site but the 
study area is very large (>3200 ha) and encompasses a range of conditions found in ESSF caribou 
habitat.  Four blocks of eight available blocks have been selected for lichen and regeneration studies 
based on harvesting date, long-term access, eco-classification and terrain (CP550-1, CP551-1, 
CP239-3 and CP242-4).  CP242-4 will have in depth hydrological studies. 
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6.0  MAINTENANCE 
Table 6.    Schedule for measurements and extension products 
Measurement / product Location Logged 1999 200

0 
2001 200

2 
2003 2004 2005 2006 2007 2008 

Lichen studies – pre & post harvest CP550-1  00/01 x 
(treat) 

 x 
(contro
l) 

 x 
(2.5 
yr) 
 

  x 
(5.5 
yr) 

  

Treefall studies – post harvest CP550-1    x x x x x x  x 
Silviculture – planted stock / vegetation CP550-1    x x x x x x x  
Micro-climate monitoring – post 
harvest 

CP550-1    x x x x x x x x 

Demonstration trail – layout, clear, 
maintain 

CP550-1     x x x x x x x 

Lichen studies –pre & post CP239-3 06/07  x  x  x   x  
Treefall studies – post harvest CP239-3       x   x x 
Lichen studies –pre & post CP242-4 05/06  x    x  x  X 

(2.5) 
Treefall studies – post harvest CP242-4       x x x x x 
Micro-climate monitoring –post harvest CP242-4          x x 
Snow distribution and melt study CP242-4    x x x x x x x x 
Canopy survey for hydrology study CP242-4      x   x   
Silviculture – planted stock / vegetation CP551-1 01/02     x x  x  x 
Silviculture – planted stock / vegetation CP553-1 02/03      x x    
Extension Note – project overview     x        
Extension Note – preliminary results       x      
File Reports - annual basis      x x x x x ??? x x 
Establishment Report            x 
 

Comment [SD23]: Highlighte
d “x” marks show areas that need 
to be double checked.  These x’s 
were from the working plan, 
although I couldn’t find the 
data/reports done for these years. 

Comment [MW24]: I think 
should be an APPENDIX and 
extended into the future 2012 



  

  36 

 
10.0  REFERENCES 
 
Alexander, R.R. 1974. Silviculture of subalpine forests in the Central and Southern Rocky 
Mountains: the status of our knowledge. U.S.D.A. For. Serv. Res. Pap. RM-121. 
 
Catton, B., M. Waterhouse and H. Armleder. 2000. Small mammal response to group selection 
silvicultural systems in Engelmann Spruce – Subalpine Fir forests. Unpublished Report, Ministry of 
Forests, Cariboo Region. 
 
Coates, K.D., S. Haeussler, S. Lindeburgh, R. Pojar, and A.J. Stock. 1994. Ecology and silviculture 
of interior spruce in British Columbia. FRDA Report 220. Forestry Canada and B.C. Ministry of 
Forests. Victoria, B.C. 182 p. 
 
Davis, L., M. Waterhouse, and H. Armleder. 1999. A comparison of the breeding bird communities 
in seral stages of the Engelmann Spruce – Subalpine Fir Zone in East Central British Columbia. 
B.C. Ministry of Forests. Working Paper No. 39. 
 
Dickenson, T. and E. Leupin. 1997. The effects of alternative silvicultural practices on the songbird 
communies at Sicamous Creek and in other Engelmann Spruce – Subalpine fir forests. In: Sicamous 
Creek Silvicultural Systems Project: Workshop Proceedings. B.C. Ministry of Forests. Working 
Paper No. 24. 
 
Edwards, R.Y., J. Soos, and R.W. Ritcey. 1960. Quantitative observations on epidendric lichens 
used as food by caribou. Ecology 41:425–431. 
 
Farnden, C. 1994. Forest regeneration in the ESSF zone of north-central British Columbia. 
Canadian Forest Serv. Pacific Forestry Centre, Information Report BC-X-351. 31p. 
 
Golding, D.L. and R.H. Swanson. 1978. Snow accumulation and melt in small forest openings in 
Alberta. Can. J. For. Res. 8(4):380-388. 
 
Gottfried, G.J. 1991. Moderate timber harvesting increases water yields from an Arizona mixed 
conifer watershed. Water Res. Bull. 27(3):537-547. 
 
Jull, M. 1983. Long-term stand dynamics in high elevation Engelmann spruce – subalpine fir 
forests. MSc. thesis. Univ. of B.C., Vancouver, B.C. 
 
Kattlemann, R.C. N.H. Berg, and J. Rector. 1983. The potential for increasing streamflow from 
Sierra Nevada watersheds. Water Res. Bull. 19(3):395-401. 
 
Klenner, W. 1997. Effects of harvest treatments on the abundance of small mammals at Sicamous 
Creek. In: Sicamous Creek silvicultural systems project: workshop proceedings. B.C. Min. For.  
Working Paper No. 24. 
 
Newsome T.A., M.J. Waterhouse, H.M. Armleder, and O.A. Steen. 2000. We’re harvesting timber 
and maintaining caribou habitat: what about silviculture and other concerns?  In: Proceedings for 

Comment [SD25]: Need to be 
updated with new WF info, and 
ferric report, etc. 



  

  37 

science to management and back: a science forum for southern interior ecosystems of British 
Columbia.  C. Holstedt, K.Sutherland and T. Innes (editors).  Southern Interior Forest Extension 
and Research Partnership, Kamloops B.C.  pp49-53. 
 
Parish, R., J. Antos, and M. Fortin. 1999. Stand development in an old-growth subalpine forest in 
southern interior British Columbia. Can. J. For. Res. 29: 1347-1356. 
 
Rominger, E.M., L. Allen-Johnson, and J.L. Oldemeyer. 1994. Arboreal lichen in uncut and 
partially cut subalpine fir stands in woodland caribou habitat, northern Idaho and southeastern 
British Columbia. Forest Ecology and Management 70:195-202. 
 
Stathers, R.J, T. Newsome, M.J. Waterhouse, and C. Sutherland. 2001. Microclimate studies on a 
group selection silvicultural system in a high-elevation ESSFwc3 forest in the Cariboo Forest 
Region. For. Sci. Prog., B.C. Min. For., Victoria, B.C. Working Paper 58. 29 p.  
 
Stevenson, S.K. 1979. Effects of selective logging on arboreal lichens used by Selkirk caribou. B.C. 
Min. Environ. Fish and Wildlife Br. Victoria, B.C., Report R-2. 
 
____________. 1990. Managing second-growth forests as caribou habitat. Rangifer, Special Issue  
No. 3:139–144. 
 
Stevenson, S.K., H.M. Armleder, M.J. Jull, D.G. King, E.L. Terry, G.S. Watts, B.N. McLellan, and 
K.N. Child. 1994. Mountain caribou in managed forests: preliminary recommendations for 
managers. Research Br., B.C. Min. For., Victoria, B.C. 
 
Stevenson, S.K., M. Jull, and D.S. Coxon. 1999. Selection silvicultural systems in mountain caribou 
habitat: logging and learning at Pinkerton Mountain. BC Min. For., Prince George Forest Region, 
Forest Research Note PG-19. 
 
Stevenson, K.S., M.J. Jull, C.S. Delong, A.Eastham, C. Lajzerowicz, and R.M. Sagar.  2000.  The 
Lucille Mountain study: 8-year results of a silvicultural systems trial in the ESSF. UNBC and 
Ministry of Forests, Prince George Forest Region, B.C. Min.For. Working Paper No. 59. 
 
Veblen, T.T. 1986. Age and size structure of subalpine forests in the Colorado Front Range.  Bull. 
Torrey Bot. Club 113: 225-240. 
Vyse, A. 1997. The Sicamous Creek silvicultural systems project:  How the project came to be and 
what it aims to accomplish.  In: Sicamous Creek Silvicultural Systems Project: Workshop 
Proceedings. B.C. Min.For. Working Paper No. 24. 
 
Waterhouse, M. 2000.  Response of forest birds to group selection silvicultural systems in the 
Engelmann Spruce – Subalpine Fir zone in east central British Columbia.  B.C. Min. For., Cariboo 
Region, Unpubl. draft. 
 
Weetman, G. and A. Vyse. 1990. Natural regeneration. In Lavender, D. et al.  Regenerating British 
Columbia’s forests.  Univ. of B.C. Press, Vancouver. pp. 118-129. 
 
 



  

  38 

 
APPENDIX 1.  Summary of activities by block 
 
Table 7.  CP550-1 activity summary 
Year Tasks Completed 
 
1999 

Establishment of permanent and pre-harvest lichen abundance plots 
Statistical analysis of lichen data 
Ecological and soil classification and mapping 

 
2000 

Permanent vegetation sample plot installation 
Regeneration surveys 
Coarse Woody debris surveys 
Stand structure survey 

 
2001 

Re-measured permanent vegetation sample plots  
Treefall and tree fate surveys 
Permanent (“forested”) plot replacement 
Establishment of permanent lichen abundance plots in an unlogged 
control area 
Microsite seedling treatments were planted and assessed 
Residual treatments were established and assessed 
Mounding was completed on selected plots 

 
Table 8.  CP550-1 Unlogged control activity summary 
Year Tasks Completed 
 
2001 

Establishment of permanent and pre-harvest lichen abundance plots 
Statistical analysis of lichen abundance data 
Layout of baseline and striplines (sampling grid) and control area 
boundaries 
Ecological classification and mapping 

 
Table 9.  CP551-1 activity summary 
Year Tasks Completed 
 
2001 

Opening descriptions and mapping 
Permanent vegetation sample plot installation 
Ecological and soil classification and mapping 
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Table 10.  CP 572-3 activity summary 
Year Tasks Completed 
 
2000 

Establishment of permanent and pre-harvest lichen abundance plots 
Statistical analysis of lichen data 
Ecological and soil classification and mapping 
Permanent vegetation sample plot installation 
Regeneration surveys 
Coarse Woody debris surveys 
Stand structure survey 

2001 Establishment and mapping of an unlogged control area 
 
 
Table 11.  CP 572-4 activity summary 
Year Tasks Completed 
 
2000 

Establishment of permanent and pre-harvest lichen abundance plots 
Statistical analysis of lichen data 
Ecological and soil classification and mapping 
Permanent vegetation sample plot installation 
• Regeneration surveys 

2001 Snow surveys 
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APPENDIX 2.  Lichen sample plot distribution 
 
Distribution of lichen sample plots pre-harvest for the different strata used in the sampling design. 
 
Table 12.  CP550-1 (treatment) distribution of lichen sample plots by strata 

Eco-Class Opening Plots Forested Plots Total 
1 20 14 34 
2 17 15 32 
3 0 3 3 
Total 37 32 69 

 
Table 13.  CP550-1 – (control) distribution of lichen sample plots by strata 

Eco-class Total 
1 13 
2 12 
Total 25 

 
Table 14.  CP572-3 - distribution of lichen sample plots by strata 

Aspect Opening Plots Forested Plots Total 
North 20 25 45 
East 19 20 39 
South 3 7 10 
Total 42 52 94 

 
Table 15.  CP572-4 distribution of lichen sample plots by strata 

Subzone Opening Plots Forested Plots Total 
ESSFwk1 16 8 24 
ESSFwc3 16 11 27 
Total 32 19 51 

 



  

  41 

APPENDIX 3.  Lichen abundance sampling protocol 
 
The following list details the types of data collected at each lichen abundance plot and corresponds 
to the lichen data spreadsheet3: 
 
1. Treatment (plot type) 
The plot type simply identifies the plot as being located in the control area for CP550-1. 
 
2. BGC Unit 
This category was used to record the ecological association of the lichen assessment plot. 
 
3. Eco-class 
The eco-class (as per Trusler, 1999) was recorded for each plot based on the dominant site series 
identified at each lichen abundance plot. 
 
4. Plot Number (No.) 
Lichen plots in the control were numbered concurrently for each of eight striplines and the baseline. 
For example plots 1 - 3 is the third plot installed on stripline 1 and plot BL 450 is the plot located at 
450 m on the baseline. Because additional plots were added to several striplines in a “second pass” 
plot identifiers do not necessarily indicate how far along the stripline a particular plot is located 
relative to other plots on that stripline. Detailed information on plot locations is contained in the 
“Notes” section of the lichen data spreadsheet. 
 
5. Tree Number 
The tree number is used to track individual trees and corresponds to the number on a plastic growth 
and yield tag that is attached at 1.5 m on the bole of each tree with an aluminium nail. 
 
6. Tree Species 
Tree species codes were recorded according to the standard two letter codes: “Se” for Picea 
engelmannii and “Bl” for Abies lasiocarpa.  All snags were identifiable to species. 
 
7. Crown Class 
Crown class was recorded according to the following scale: 
1 – Dominant 
2 – Co-dominant 
3 – Intermediate 
4 – Suppressed 
 
8. Wildlife Tree (Decay) Class 
Wildlife tree class was recorded according to the protocol outlined in the Snag Classification for the 
Lichen/Blowdown Survey – February 1993. These classifications are as follows: 
 
Class 1: Live 

Class 2: Declining Trees with few live branches and/or needles thinning – used for trees 
that appeared to be dying.   
Class 3: Dead Fine branches present and bark tight – no cracks in the bark. 

                                                 
3 Lichen data for the unlogged control area is located in the accompanying binder #2. 
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Class 4: Loose Bark Includes trees with cracks in the bark through ones with only 25% of 
the bark remaining – most dead trees fall into this category. 
Class 5: Clean Trees with <25% of the bark remaining – few trees are still standing at this 
stage. Also recorded in this category are the following damage codes: 

BT:  broken top 
BB:  broken base 
 
9. DBH 
The diameter of sampled trees was measured at breast height (1.3 m above ground level), using a 
diameter tape 
 
10. Lichen Class 
These classifications were based on the ocular estimation system detailed in the B.C.'s MOF 
publication, “Land Management Handbook 7:  Estimating the Abundance of Arboreal Forage 
Lichens”.  Lichen classes were modified to provide more detailed data on the variation in lichen 
abundance. The classification system used is detailed in Table 19. 
Table 16.  Lichen abundance classes modified from Armleder et al. (1992) 

Lichen Class No. of 5g clumps Weight (g) 
0 0 0 
1 >0 – 1 >0 – 5 
2L 1 – 5.9 >5.0 – 28.6 
2H 6 – 10 30 – 50 
3L 10 – 35.9 >50 – 180 
3H 36 – 50 180 – 250 
4 50.1 – 125 250 – 625 
5 >125 >625 

 
11. Class Modifier 
The high and low modifiers added to lichen class two and three (Table 7) were included in this 
column. 
 
12. % Alectoria 
This column referred to the percentage of the total beard lichen load on a tree, which was comprised 
of Alectoria spp. (the balance was Bryoria spp.). 
 
13. Notes 
This section includes information about plot location, other damage (spruce budworm defoliation 
etc.) and elevation recorded in metres above sea level. 
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APPENDIX 4.  Planted stock and vegetation sampling 
 
The number of seedlings is only an estimate for budgeting purposes. 
 
The number of seedlings in each of the openings are based on: 
(8 radii x 3 distances x 3 seedlings x 2 species) + (10 seedlings x 2 species at the center) = 
164 seedlings. 
 
This is the maximum and the number will be lower due to seedlings not found within 7 m of the 
radii and in the smaller openings the radii may not be long enough to establish a 20 to 25 m distance 
from the edge.  The numbers of seedlings in the clearcut are based on six instead of eight radii and 
four seedlings of each species at each distance.  Also at the center there are thirty seedlings of each 
species for each treatment. Note the following are the maximum seedlings that could be planted. 
 
Table 17. CP550-1 - number of seedlings and vegetation plots per treatment 
Block Size Class 

(ha) 
Treatments No. 

reps 
No. 
seedling 
per rep 

Total No. 
of 
seedlings 

No. of 
seedling 
veg. plots 

No. of 
perm. 
veg 
plots 

CP550-1 0.2 Mound 1 116 116 18 10 
(00/01)  Microsite 1 116 116 18  
 0.3 - 0.4 Mound 3 164 492 78 10 
  Microsite 4 164 656 104  
  Residual 2 1644 328 0  
        
 0.6 - 0.7 Mound 4 164 656 104 10 
  Microsite 4 164 656 104  
  Residual  1 164 164 0  
        
 0.85+ Mound 2 164 328 52 10 
  Microsite 2 164 328 52  
  Residual 1 164 164 0  
 Clearcut Mound 1 204 204 24  
 (3 ha) Microsite 1 204 204 24  
Total  All 27  3962 578 30 
 

                                                 
4 All clumpy treatments have half planted and half advanced regeneration.  
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Table 18. CP572-3 - number of seedlings and vegetation plots per treatment 
Block Size Class 

(ha) 
Treatments No. 

reps 
No. 
seedling 
per rep 

Total No. 
of 
seedlings 

No. of 
seedling 
veg. plots 

No. of 
perm. 
veg 
plots 

CP572-3 Under 0.4 Mound 3 164 492 78  
(02/03)  Microsite 3 164 492 78 25 
 0.46 - 0.61 Mound 2 164 328 52  
  Microsite 2 164 328 52 2 
  Clumpy / HS6 2 164 328 0  
 0.85+ Mound 3 164 492 78  
  Microsite 3 164 492 78 2 
  Clumpy / HS 3 164 492 0  
 Clearcut Mound 1 204 204 24  
  Microsite 1 204 204 24 2 
Total  All 23  3852 464 8 
 
Table 19.  CP572-4 - number of seedlings and vegetation plots per treatment 
Block Size Class 

(ha) 
Treatments No. 

reps 
No. 
seedling 
per rep 

Total No. 
of 
seedlings 

No. of 
seedling 
veg. plots 

No. of 
perm. 
veg 
plots 

CP572-4 
(03/04) 

0.3 – 0.4 Mound 4  
(2 wk1 
& 2 
wc3) 

164 656 104  

  Microsite 4 
(2 wk1 
& 2 
wc3) 

164 656 104 2 

 0.6 – 0.7 Mound 3 
(2 wk1 
& 1 
wc3) 

164 492 78  

  Microsite 3 
(2 wk1 
& 1 
wc3) 

164 492 78 2 

 0.85+ Mound 4 
(2 wk1 
& 2 
wc3) 

164 656 104  

                                                 
5 May increase to include mounded plots if funds are available 
6 Assume one of the two pilots is continued for replication or one could be replicated on two separate CP’s.  However, 
the number of seedlings to be assessed assumes the clumpy treatment where half are advanced and half are planted. 
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  Microsite 4 
(2 wk1 
& 2 
wc3) 

164 656 104 2 

Total   All 22  3608 572  
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Table 20.  CP551-1 - number of seedlings and vegetation plots per treatment 
Block Size Class 

(ha) 
Treatments No. 

reps 
No. 
seedling 
per rep 

Total No. 
of 
seedlings 

No. of 
seedling 
veg. plots 

No. of 
perm. 
veg 
plots 

CP551-1 0.3-0.4 Mound 3 164 492 78  
(01/02)  Microsite 3 164 492 78 2 
 0.6-0.7 Mound 3 164 492 78  
  Microsite 3 164 492 78 2 
  Clumpy / HS 3 164 492 0  
 0.85+  Mound 3 164 492 78  
  Microsite 3 164 492 78 2 
  Clumpy / HS 2 164 328 0  
 Clearcut Mound 1 204 204 24  
  Microsite 1 204 204 24  
Total  All 25  4180 516 6 
 
Table 21.  CP553-1 - number of seedlings and vegetation plots per treatment 
Block Size Class 

(ha) 
Treatments No. 

reps 
No. 
seedling 
per rep 

Total No. 
of 
seedlings 

No. of 
seedling 
veg. plots 

No. of 
perm. 
veg 
plots 

CP553-1 0.3 - 0.4 Mound 3 164 492 78  
(02/03)  Microsite 3 164 492 78  
 0.6 - 0.7 Mound 3 164 492 78  
  Microsite 3 164 492 78  
  Clumpy / HS 3 164 492 0  
 0.85+  Mound 3 164 492 78  
  Microsite 3 164 492 78  
  Clumpy / HS 2 164 328 0  
 Clearcut Mound 1 204 204 24  
  Microsite 1 204 204 24  
Total  All 25  4180 516  
 
 


