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Abstract.  The main objectives for the Isobel project from 2004-2007 were to: (1)  
implement an extensive and intensive system of permanent sample plots at the Isobel site 
that will facilitate monitoring vegetation change in relation to harvest treatment, (2) to 
implement site preparation and tree planting sub-plot treatments within each of the 12 
tree harvest treatment areas, and (3) to initiate the monitoring of vegetation, conifer 
seedlings, forest fuels, bunchgrass transplants, windthrow and mature tree mortality in 
relation to the harvest and site preparation treatments.  Specific projects that have been 
initiated include: (1) the response of pinegrass in relation to mechanical scarification, (2) 
grass and forb species composition and biomass in relation to overstory removal and 
livestock exclosures, (3) quantifying forest fuels in relation to site preparation treatments, 
(4) quantifying radial tree growth and survival in relation to prescribed fire, (5) 
quantifying tree growth and yield in relation to basal area harvested, (6) quantifying the 
survival and growth of bunchgrass plugs in relation to the planting environment and 
ground-level light conditions,  (7) quantifying windthrow in relation to harvest intensity 
and (8) quantifying mature tree survival in relation to post-harvest site preparation 
treatment. 
 
Harvesting treatment increased ground-level light conditions from an average of 31 % 
total transmitted light in the pre-harvest stand to 51 % total transmitted light in the 40-
50% basal area retention blocks and 59% total transmitted light in the 20-25% basal area 
retention blocks indicating the harvest treatments achieved the objective of creating open 
canopy conditions at the site.  The results for most of the projects will not be available 
until 2008-2014 when the post-treatment measurements are complete.  The results from 
three projects that have provided short-term results are provided below. Pinegrass and 
mechanical screefing. Forest floor plots containing pinegrass (Calamagrostis rubescens) 
were treated by hand to achieve: 1) control (no treatment);  2) partial removal of forest 
floor organic material (LFH) (leaving one-half of the average LFH depth of the site); 3) 
complete removal of forest floor organic material to mineral soil; 4) complete removal of 
forest floor organic material and removal of the top 5 cm of mineral soil.  Live plant 
material was removed if it occurred within the forest floor layer removed.  The treatments 
resulted in initial decreases of both tiller density and leaf height.  After 3 months, 
pinegrass had recovered completely on all treatments except for one. Complete removal 



of forest floor organic material and removal of the top 5 cm of mineral soil reduced 
pinegrass tiller density to 61% of control at 3 months following treatment.  This study 
provides evidence that pinegrass is a robust, persistent plant following overstory thinning 
in the IDFxh2, especially under the growing conditions experienced in 2004.  It is not 
likely that a one-time forest floor treatment that removes surface layers down to 5-cm of 
mineral soil or a moderate severity prescribed fire will be successful in reducing the 
abundance of pinegrass at the Isobel Lake site.  Understory vegetation response to 
overstory removal.  A total of 169 permament sample plots containing 845 1 square 
metre subplots were sampled before harvesting in late summer of 2001 and post-harvest 
in the late summers of 2004 and 2005. We tested how species responded to different 
changes in canopy structure and understory light conditions assessed by hemispherical 
photographs taken at each sub-plot. Species generally fell into three main groups 
following harvest treatments: increasers such as Calamagrostis rubecens, decreasers such 
as Goodyera oblongifolia, and species that appear to be more associated with other site 
factors (i.e. soil moisture) Symphoricarpos albus. Tree regeneration is generally low in 
the permanent sample plots, probably as a result of little exposed mineral soil. Early 
results suggests that it is possible to maintain these dry forests in open conditions and to 
increase grass abundance using forest harvesting. However this treatment alone does not 
appear enough to cause a shift in dominance from pine grass to bunch grass species.  
Forest fuels in relation to site preparation. During prescribed fire, surface fuel 
consumption was mainly due to forest floor and CWD consumption, due to the relatively 
small amount of fine fuels and the even smaller amount of shrubs present. Total surface 
fuel consumption in the experimental plots ranged from 0.1 to 6.7 kg/m2 or from 4% 
(TU2G) to 68% (TU12G) of the preburn surface fuel load. The percent consumption 
increased with the preburn fuel load, which explained 33% of the percent consumption 
(%consumption = 2.98 + 4.97[preburn load],  SEE = 13.7, P < 0.01). Total surface fuel 
consumption was not significantly affected by grazing or by site preparation treatment, 
although it was higher in the partially cut than in the uncut plots. Coarse woody debris 
consumption  in the burned areas in the experimental plots varied from 0.2 kg/m2 (TU2G, 
TU5G) to 4.1 kg/m2 (TU12) and was unaffected by grazing, but was greater in the partial 
cutting than in the uncut controls, but significantly so (P < 0.05) only in the 40-50% 
retention cuts. CWD consumption within the burned areas depended quite closely on the 
preburn CWD load with CWD consumption =  -0.24 + 0.61[preburn CWD load], SEE = 
0.68, R2 = 0.77, P < 0.001). The percentage of fine fuel consumed in the burned areas 
was variable (20 – 96%) although actual consumption was uniformly low, compared to 
CWD consumption, for all plots, although it was slightly greater for plots in TU12. Forest 
floor depths of burn of 0.3 to 3.2 cm suggest fires of low to moderate severity. Relatively 
little forest floor remained after burning in the grazed TU 1, 3, 4, 7, and 12 plots. Overall, 
the 4 plots in the 40-50% retention treatment had relatively little forest floor remaining 
after burning. Forest floor depth of burn (DB) depended to some extent on CWD 
consumption with DB = 1.06 + 0.43[CWD consumption], SEE = 0.62, R2 = 0.28, P < 
0.01) 
 
 
Introduction. The Isobel project was implemented to develop and apply prescriptions to 
maintain prolonged open canopy conditions in dry Douglas-fir (e.g. IDFxh) forests in a 
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cost-effective manner, while maintaining timber, forage and ecological values. Historic 
conditions in the dry forests of the Southern Interior, and the present condition of NDT4 
forests have been the focus of a review by the Kamloops Region NDT4 Committee 
(2001). The results of this work indicate much stronger support for an historic mixed-
severity fire regime, hence the frequent low severity fire disturbance hypothesis should 
be carefully examined prior to initiating costly programs to “restore” ecosystems. In 
addition to economic concerns, social and ecological values may be compromised by the 
extensive use of prescribed fire.  Smoke affects public health, and invasive weeds are 
likely to increase on sites with open canopies and greater or more frequent site 
disturbance.  Unlike fire which is at best difficult to manage, harvesting and related 
silvicultural activities have a long tradition of being used to guide stand development 
toward desired conditions.  
 
In western North America, forests of Ponderosa pine or Douglas-fir as pure stands or 
mixtures with other species such as larch, grand fir or lodgepole pine are widespread 
from Mexico to southern British Columbia (Wright and Bailey 1982, p. 212, 239).  Over 
the past 50 years, numerous reports have examined and debated the role of fire and fire 
suppression in these ecosystems (Leopold 1924, Weaver 1951, Cooper 1960, 1961, 
Covington and Moore 1994).  In the last decade, there has been an increasing concern 
regarding the shortcomings associated with current fire suppression activities (BC Forests 
and BC Environment 1995, Daigle 1996, Gayton 1996), and this is being reflected in 
local Land and Resource Management Planning documents (e.g. see drafts of the 
Okanagan-Shuswap and Lillooet LRMP).  These documents accept the hypothesis that 
frequent, low severity fires were in recent history the main disturbance agent in dry 
forests and grasslands, and that fire suppression has led to unnatural and “unhealthy” 
forest conditions. 
 
There is little doubt that low severity fires were common in many areas dominated by 
coniferous forests in western North America (Agee 1993), with some of the strongest 
evidence for frequent low severity fires from the southwestern United States (e.g. 
Covington and Sackett 1989).  However, there is mounting evidence from the northern 
United States of a mixed severity fire regime (Shinneman and Baker 1997) with fire 
effects ranging from low to high severity in a complex mosaic within a single fire and 
across the landscape.  For example, Wong (1999) found evidence to support the mixed-
severity model in her study in the Stein Valley in southern British Columbia.  Her work 
on the age structure of stands suggests only about 25% of the fires in her study area were 
low severity underburns.  Shinneman and Baker (1997) also reported a mosaic of forest 
types in the Ponderosa pine forests in the Black Hills of South Dakota.  Xeric sites had 
more open stands that would reflect periodic low severity fires, while mesic sites in 
valleys and northerly aspects often supported old forests in dense stands that likely arose 
from stand replacing fires.  Similarly, studies by Arno et al. (1995) in western Montana 
and Taylor and Skinner (1998) in northern California report similar evidence for a mixed 
severity fire regime in dry conifer forests.  These results, coupled with the diverse 
habitats encompassed by the NDT4 designation and the complex topography in BC 
suggests that the frequent low severity fire disturbance hypothesis should be carefully 
examined prior to initiating costly programs to “restore” ecosystems. 
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In the Kamloops Forest Region, historic conditions in the dry forests of the Southern 
Interior, evidence supporting the frequent “stand maintaining” fire regime, and the 
present condition of NDT4 forests have been the focus of a review by the NDT4 
Committee (see Klenner et al. 2001, draft report).   From the technical review of historic 
conditions and past management practices, and the overall objective of managing for 
several specific resource management objectives (e.g. fuel accumulations, habitat for 
native ungulates, spring forage for livestock, etc.), it is clear that some portion of the dry 
forests in the Kamloops Region should be managed for relatively open overstory 
conditions.  There is little doubt that fire and insects played key roles in influencing 
historic dry forest dynamics, but over the last century forest harvesting and related 
activities such as livestock grazing have played a driving role in shaping the current 
forest condition.  As with wildfire or insect attack, the consequence of these activities has 
resulted in changes to stand structure within stands, and seral condition and forest 
patterns at the landscape scale.   Unlike fire or insect attack which are at best difficult to 
manage, harvesting and related silvicultural activities can be used to guide stand 
development toward desired conditions.  
 
Many of the low-elevation, accessible dry forests have experienced repeated and often 
shifting harvesting approaches over the last century (Vyse et al. 1991, Klenner and Vyse 
1998, Klenner et al. 2001).  A variety of harvesting practices have been applied, ranging 
from the unregulated selection of desired stems for specific needs, to diameter limit 
partial cutting or patch cutting.  The primary objective of most prescriptions has been to 
remove timber or fuelwood, and/or to ensure regeneration and a long-term yield of 
merchantable timber from the site.  A range of prescriptions to maintain or improve 
timber yields have been developed and are being applied or tested, but practices that 
favor other resource objectives have not been either widely documented or applied.  
Furthermore, the efficacy of such treatments, and the likely effect of such prescriptions 
on timber yield and stand structure has largely been untested in an applied environment.  
 
Much of the current emphasis in ecosystem “restoration” in NDT4 forests has focused on 
the use of prescribed fire to achieve desired conditions. Few prescriptions have been 
developed in the Southern Interior Forest Region using a combination of harvesting and 
silviculture to achieve prolonged open canopy conditions, while maintaining long-term 
opportunities for timber extraction.  The Isobel project applies experimental 
manipulations and a rigorous sampling design to the monitoring of diverse indicators of 
timber, forage and ecological condition. This approach will simultaneously evaluate 
several management options for their efficacy in achieving desired conditions.  Managers 
can use the information generated by this study to make informed decisions about the 
costs and benefits (both ecological and economic) of treatment options. 
 
The main objective of the Isobel dry fir management project is to develop and apply 
prescriptions to maintain prolonged open canopy conditions in dry Douglas-fir (IDFxh2) 
forests.  Much of the current emphasis in ecosystem restoration in these forest types has 
focused on the use of prescribed fire to achieve desired conditions, with few prescriptions 
being developed in the Kamloops Forest Region using a combination of harvesting and 
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silviculture to achieve prolonged open conditions while maintaining long-term 
opportunities for timber extraction. 
 
Overall Project Methods. The Isobel project was designed to examine four key dry fir 
management issues in relation to several overstory and understory treatments.  The scale 
of the treatments, and nature of the split-plot design address: 1. Conifer regeneration and 
survival,  2. Understory species composition and abundance changes in the dominant 
species of grass, forbs and shrubs, 3. Understory productivity as indicated by biomass and 
a qualitative assessment of seed or fruit production, and 4. Fuel loading.  The design is 
being implemented with three overstory harvesting treatments distributed across 12 
available treatment units (see Figure 1) that are divided into a more xeric west half 
(mainly site series 4, 5; TU’s 1-6) and a more mesic east side (site series 1, 6, 7; TU’s 7-
12).  The more mesic treatment units range between 17.9 and 23.3 ha (total = 123.2 ha).  
The xeric treatment units are somewhat smaller due to operability constraints imposed by 
steep terrain or shallow soils, and range from 12.8 to 17.1 ha (total = 91.3; overall total 
for the site is 215 ha plus a 100m buffer around the site to protect treatments from future 
non-research harvest for an overall total of approximately 250 ha ).   In the winter of 
2002-03, the site was harvested using a combination of a single tree and group selection 
harvesting approach with relatively low basal area retention.  Retention levels varied 
from 50% to 20% (Figure 1) of the initial stand merchantable volume, and were 
correspondingly lower on the mesic half to achieve approximately similar post-harvest 
light conditions in the understory  (pre-harvest light conditions were lower due to higher 
stem densities).  Each overstory management treatment is replicated four times across the 
site, with two replicates in each half of the study area (mesic and xeric).  
 
In 2001-02, 204 permanent sample plots (PSP’s) were established across the study area.  
A 120m systematic sampling grid was applied on the east (mesic) half of the area to 
establish 71 plots (see Fig. 1).  A more intense sampling effort (80m sampling grid, 133 
plots) was applied to the xeric treatment units (west side) to address the more patchy 
nature of the forest and consequent higher stand heterogeneity.  Road construction and 
landings destroyed some of the initial 204 plots, but 170 of the original 204 will continue 
to be used to monitor vegetation development.  At each PSP location, a metal pin and 
flagging tape was used to record the location of the point, and the UTM location recorded 
with a +/- 2m accuracy GPS unit.  At each station, a 9.77m fixed area plot (0.03 ha) was 
established (Fig. 2) and all trees greater than 7.5 cm d.b.h. were tagged, the species, 
height and d.b.h. recorded, and two co-dominant trees cored to establish the approximate 
age for the plot.  A 3.99m radius central subplot (0.005 ha) was used to tally the number 
of stems in the following classes: 31 – 50 cm (height), 51 – 150, 151 – 3m and 3m height 
to 7.5 cm d.b.h.  These plots provide an extensive and intensive pre-treatment dataset on 
the conifer and broadleaf trees on the site and have been used by the Kamloops District 
SBFEP to compile volume estimates.   Within each treatment block, there are between 12 
and 18 permanent sample plots (see Fig. 1) where vegetation response is being 
documented, for a total of 170 PSP’s across the site. 
 
A split-plot design was used to impose a smaller scale set of ground disturbance 
treatments (approximately 2.25 ha, Figure 3) to examine the response of conifer 
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regeneration, understory grass, forb and shrubs, fuel loading and soil and vegetation 
nutrients to overstory removal and site disturbance.   The split-plot treatments were 
applied to each of the 12 overstory treatments, and used to examine vegetation response 
in relation to soil disturbance, grazing and regeneration management.  Site preparation 
(prescribed fire, mechanical screefing, control – no treatment), livestock grazing 
(exclosure and open to surrounding livestock grazing), and the role of conifer planting, 
bunchgrass planting, and no planting (Figure 4) are being examined in relation to 
understory community development and conifer regeneration. 
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Figure 1.  Detailed view of the Isobel study area.  Treatment unit boundaries are outlined 
in yellow, dashed red lines indicate existing roads or roads under construction.  
Treatment units 7-12 are located in the more mesic eastern half of the site, treatment units 
1-6 are on the drier west half.  Red dots indicate the location of long-term permanent 
sample plots, blue dots indicate the location of permanent sample plots that were 
measured but then deleted from the list of plots to re-measure because of road building or 
other related disturbances that destroyed the plots.  Basal area retention levels (e.g. R50 
in TU1) indicate the prescribed retention level following harvest. 
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Figure 2.  Permanent sampling plot configuration for monitoring changes in overstory 
and understory vegetation in relation to harvesting treatments.  Understory vegetation on 
the site preparation treatments will be monitored with the species composition and 
biomass plots that will each have hemispheric photo light condition assessments. 
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Figure 3.  Schematic diagram of the within treatment unit grazing, site preparation and 
planting (bunchgrass and conifer seedling) treatments.  The location of the grazing (open 
to livestock and exclosure), site preparation (prescribed burn, control – no site 
preparation and mechanical screef) and planting (Fd/Fy planting, bunchgrass  planting 
and no treatment) activities (split-split plot design) were determined by random selection.  
The diagram is conceptual, and application of the treatments was modified in the field to 
address site heterogeneity (e.g. avoid wetlands, rock outcrops, etc.). 
 
 

 9



 
 
 
 
 
 
 

 
 
 
Figure 4.  Map of the Isobel site indicating the location of site preparation treatments 
(green = control, no treatment, yellow = mechanical screefing, orange = prescribed burn) 
inside (within white border) and outside (blue border) the livestock exclosures.  
Treatment units 7-12 are located in the more mesic eastern half of the site, treatment units 
1-6 are on the drier west half.  .  Basal area retention levels (e.g. R50 in TU1= 50% basal 
area retention) indicate the prescribed retention level following harvest of mature 
overstory trees. 
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Results for 2004-07. 
 
Site preparation treatments and planting.  This work was completed in 2006 following 
efforts in 2005 that were frustrated by unsuitable weather.  In 2006, the remaining 18 
prescribed burns were completed and these sites were also planted with Fd, Pl and Py 
seedlings.  High levels of deer and small mammal feeding damage to the seedlings 
planted in June 2005, and the availability of suitable planting stock prompted a decision 
to do an additional planting of Fd, Pl and Py seedlings in each of the conifer regeneration 
plots (see Figure 3).  Each of the 100 planting spots in the conifer regeneration plots now 
consists of seedlings of each species (Fd, Pl and Py) planted in 2005, plus similar 
seedlings planted in 2006, for a total of 600 seedlings planted in each of the 72 conifer 
regeneration plots. A total of 43,200 seedlings have been planted at the site.  All seedling 
locations have been tagged with colored wire pins with orange used to identify seedlings 
planted in 2005, and blue pins used to identify seedlings planted in 2006.  Initial height 
measurements have been recorded for all seedlings. 
 
 
 Mechanical Screefing Treatment  Prescribed Burn Treatment 

 
 
 
 
 
Bunchgrass planting.  In May to early June 2005, 1476 rough fescue (Festuca 
campestris) plugs were planted under a range of understory light conditions in treatment 
units 1-6 at the Isobel site.  The objective of the study was to assess the ability of rough 
fescue to colonize a range of understory shade conditions with different levels of 
competition from existing vegetation, and with and without livestock present.  The study 
is being implemented to assess the conditions (level of tree removal, site preparation-
ground disturbance) that will be necessary to facilitate establishment by bunchgrasses, an 
objective of most dry forest ecosystem restoration projects.  An alternative approach 
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would have been to simply assess the site at five year intervals to determine on which 
treatments rough fescue is able to establish.  The current design will generate short term 
data on the survival and growth of rough fescue plants that were deliberately planted onto 
the site, and help identify the conditions that are necessary if natural propagules are to 
colonize the area.  At the same time, it does not constrain opportunities for monitoring 
the long-term recolonization of fescue should that occur.   
 
Plugs (approximately 7 x 7 cm, 50 cm2) were harvested from a donor site about 3 km to 
the southeast, and planted within 2 hours of being excavated.  All plugs were watered 
with about 1 litre of water at the time of transplanting except if it was raining.  A 15+ cm 
deep hole was dug with a tree planting shovel and plugs were placed firmly in the hole.  
Loose soil was compacted around edges to avoid dessication. Nine plugs were planted in 
a 1m2 area (in 3 rows with 3 plants per row) with approximately 50cm between plugs. 
This spacing was chosen as it was approximately that of large, well developed bunch 
grass plants at the donor site.  The plugs were planted into the following site conditions to 
assess the competitive environment that fescue plants are able to establish in.    

1. Control - no treatment.  Plugs were planted into fully vegetated areas without any 
treatment of the surrounding vegetation. 

2. Screefing.  A 2 X 2 m area was hand screefed with a mattock to remove all 
vegetation and the upper root layer and soil to a depth of 5cm.  Fescue plugs were 
planted in a 1m square in the center of this area such that there was a minimum 
50cm buffer of treated area between the bunchgrass plugs and the periphery of the 
screefed plot. 

3. Herbicide.  A 2 X 2 m area was sprayed with Roundup (glyphosate) a minimum 
of 2 days before plug transplants beginning in mid-May 2005.  A solution 
containing 5g glyphosate/litre (concentrated 360g/litre diluted to 1.4% of 
concentrate) was applied to the area with a hand sprayer until all vegetation was 
wet.  Fescue plugs were planted in a 1m square in the center of this area between 
2-5 days after herbicide treatment such that there was a minimum 50cm buffer of 
treated area between the bunchgrass plugs and the periphery of the screefed plot.  
Pinegrass and other native vegetation required about 8-10 days to die, and there 
was no sign of plant mortality beyond the direct area of herbicide treatment.  

4. Burn.  An approximately 2 X 2 m area was burned by igniting an approximately 
50 cm deep pile of loose slash (branches from standing, windfall or harvested 
trees) to achieve a moderate severity burn.  After one or more days, fescue plugs 
were planted in a 1m square in the center of this area such that there was a 
minimum 50cm buffer of treated area between the bunchgrass plugs and the 
periphery of the burned plot. 

 
Each of the 41 “groups” of plugs established at the site consisted of 9 plugs planted in 
each of the above 4 treatments for a total of 36 plugs per group.  Forty one such sites, 
with treatments in each group under similar understory light conditions as determined 
from nearby PSP locations with hemispheric photography data, were distributed across 
the 05 and 01 site series areas at the Isobel site.  Of the 41 groups, 20 were inside the 
livestock exclosures and 21 were outside and open to livestock grazing.  Groups of plugs 
were planted in conditions that ranged from 80-90 percent above canopy light (large 

 12



openings with few scattered trees) to <20% above canopy light conditions in the 
unharvested controls both inside and outside the exclosures.  This design will allow us to 
examine the role of light conditions, the existing vegetation community, and livestock 
grazing on the survival and height growth of fescue plants.  
 
We followed procedures outlined in Page and Bork (2005) who conducted a similar 
study, and  measured light conditions, rough fescue survival and tiller growth at the end 
of two growing seasons (2006) and will assess 3 year survival in September 2007.  The 
September 2006 assessment has not been analyzed, but it appears that native vegetation is 
returning to the treatment sites (herbicide, screef and burn), that about 80% of the plugs 
have survived two growing seasons, and that survival and tiller growth is greatest on the 
sites that were treated with prescribed fire and which are in open canopy conditions (> 
60% total transmitted light). 
 
 
Growth and yield in relation to harvest intensity.  Seventy-five of the 170 PSP plots have 
been upgraded to provincial standard growth and yield plots.  In addition, all trees in 
these 75 plots have been re-tagged with sequential numbered tags to complement the 
initial tags that were assigned when the plots were first established.  This work was 
completed in 2005 and all data have been archived.  Growth and yield data are 
traditionally collected after an 8 - 10 year growth period to ensure reliable results.  A re-
measurement is planned for 2011 – 2013. 
 
 
Windthrow in relation to harvest intensity.  Post-harvest windthrow (harvest in the winter 
of  2002-03) in relation to basal area removal and light conditions (a measure of canopy 
openness) was measured in 2005 and 2006 at each of the 170 Permanent Sample Plots 
(PSP’s) at the Isobel site using 25.23m radius plots (0.2 ha) for a total of approximately 
34 ha surveyed across the site and a sampling intensity of about 17%.  Preliminary 
analysis of the 2005 and 2006 data indicated that < 1% of the PSP trees have been 
affected by windthrow in the 3 years following harvest.  All windthrown trees have been 
tagged and data archived for analysis following data collection in spring 2008 which will 
represent 5 years post harvest.   
 
 
Hemispheric photographs to quantify understory light conditions.  The collection and 
analysis of  pre-harvest, pre-site preparation and post-harvest,  and post-site preparation 
hemispheric photographs is complete.  Hemispheric photographs have been collected and 
processed to quantify understory light conditions at: 1.  the long-term permanent sample 
plot locations (5 locations within each plot), 2. at the 2160 1m2 site preparation 
monitoring plots, 3. at nine locations within the conifer regeneration plots, and 4. at each 
of the bunchgrass planting sites.   Examples of  hemispheric photos from closed and open 
canopy sites are illustrated below to demonstrate the change in canopy openness 
associated with 40% basal area retention harvesting . 
 
 

 13



 
 
 
 
 
 

 
Pinegrass response to understory disturbance in a recently-harvested dry-belt Douglas-
fir forest,  Reg Newman and Sheryl Wurtz, BC Ministry of Forests and Range. 
 
Introduction 
Restoration of ingrown dry-forest stands usually involves partial cutting and prescribed 
fire.  Specific goals of dry-forest restoration can include: 

1. promotion of a higher proportion of open forest, and open range area; 
2. provision of additional forage production, emphasizing native bunchgrass 

recovery; 
3. provision of additional habitat for grassland and open forest dependent wildlife 

species; 

Plant community targets of a restoration plan often emphasize increasing the abundance 
of bunchgrasses such as bluebunch wheatgrass (Pseudoroegneria spicata) and fescue 
species (Festuca sp.) and reducing the abundance of pinegrass (Calamagrostis 
rubescens).  However, when pinegrass is present in the pre-treatment plant community, it 
has proven to be very persistent, often increasing in response to overstory removal (e.g., 
Page 2002, Newman et al. 2004).  It is possible that pinegrass increases more rapidly than 
other grasses after overstory thinning, due to its ability to spread by rhizomes (McConnell 
and Smith, 1965; Stout and Quinton, 1986). 

Pinegrass is the dominant understory species in the IDF zone (Comeau et al., 1989; 
McLean, 1967; Stout and Quinton, 1986).  It is a valuable source of forage on forested 
summer ranges (McLean, 1979) representing about 50% of forage (Freyman, 1970; Stout 
and Quinton, 1986).  Pinegrass is moderately shade-tolerant (Crane et al., 1983; McLean 
1983; Comeau et al., 1989) to very shade-intolerant (Comeau et al., 1989). 

Pinegrass regenerates mainly by lateral extension of rhizomes (McLean 1979; Comeau et 
al., 1989; Crane et al., 1983).  The roots and rhizomes of pinegrass grow both in the top 5 
cm of the mineral soil layer (Comeau et al., 1989) and in the accumulation of plant 
material (organic material) (Stout and Quinton, 1986).  The base of the tiller and the 
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apical meristem are situated in the organic material (Stout and Quinton, 1986).  
According to Stout and Quinton (1986), food reserves stored in rhizomes, roots and 
crowns are needed to produce new tillers in the spring and for tiller recovery after an 
herbage removal event. 
 
The objective of this study was to examine the response of pinegrass to different levels of 
forest floor disturbance in recently thinned forest stands.  Understanding how pinegrass 
responds to disturbance may provide insight on how to reduce pinegrass colonization 
following restoration treatments. 
 
 
Null Hypotheses tested 
Specific null hypotheses to be tested are: 

1) Partial removal (50%) of the forest floor organic layer (LFH), including pinegrass 
tillers, rhizomes and roots, does not alter subsequent tiller density or leaf height of 
pinegrass. 

2) Total removal of forest floor organic layer (LFH), including pinegrass tillers, 
rhizomes and roots, does not alter subsequent tiller density or leaf height of pinegrass. 

3) Total removal of forest floor organic layer (LFH), and the top 5 cm of mineral soil, 
including pinegrass tillers, rhizomes and roots, does not alter subsequent tiller density 
or leaf height of pinegrass. 

4) Cattle grazing does not change the affect of the removal treatments on tiller density or 
leaf height of pinegrass. 

3 Site Description 
This study was conducted at a site 15 km Northeast of Kamloops near McQueen Lake 
(50° 50'  18"N, 120° 26'  29" W).  The site occurs in the Thompson Very Dry Hot Interior 
Douglas Fir (IDFxh2) biogeoclimatic subzone (Lloyd et al., 1990).   Elevation and slope 
of the site average 1050 m and 0 - 15 % respectively.  Soils are predominantly dystric 
brunisols.  The understory plant community is characterised by pinegrass and heart-
leaved arnica (Arnica cordifolia) with bluebunch wheatgrass found occasionally on steep 
south facing slopes.  Rough fescue (Festuca campestris) is uncommon on the site. 
 
Climate 
A daily record of maximum and minimum air temperature (1.5 m) and growing season 
precipitation in 2004 were obtained from Agriculture Canada's weather station at Pass 
Lake, 2.6 km northeast of the site and at the same elevation.  Normal values for 
precipitation at Kamloops Airport (345-m elevation) are also provided for comparison 
(Fig. 1). 
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Figure 1.  Mean monthly precipitation values for Pass Lake (2004) and Kamloops Airport 
(normals).  Also included are the mean monthly temperatures, averaged over daily highs 
and lows at Pass Lake. 
 

As expected precipitation values were generally proportionally higher at Pass Lake 
compared to Kamloops Airport normals due to the higher elevation at Pass Lake.  The 
month of July was the exception; when Pass Lake precipitation was only 70% of 
Kamloops Airport normal.  Therefore, it is assumed that July was abnormally dry at Pass 
Lake.   In contrast, Pass Lake received unusually more precipitation compared to 
Kamloops Airport normal din August, indicating a wetter than normal month. 
 
This study was established as a component of a larger project that had an objective to 
develop and apply prescriptions to maintain prolonged open canopy conditions in dry 
Douglas-fir (IDFxh2) forests (Klenner 2002).  The entire area was treated by removing 
lower diameter stems in the stand down to two levels of basal area remaining [moderate 
(50%) and heavy (20%)]. Within the moderate and heavy thin treatment units of the 
larger project, small plot treatments aimed at examining the response of pinegrass to 
disturbance were established.  Control treatment units of the main project were not used. 
 
Plots were located near or within exclosures (Fig 2).  Plots were treated by hand to 
achieve: 1) control (no treatment);  2) partial removal of forest floor organic material 
(LFH) (leaving one-half of the average LFH depth of the site); 3) complete removal of 
forest floor organic material to mineral soil; 4) complete removal of forest floor organic 
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material and removal of the top 5 cm of mineral soil.  Any living plant material that 
occurred within the forest floor layer removed was also removed.  For example, pinegrass 
roots or rhizomes that became exposed during forest floor removal were clipped and 
discarded.  The treatments were randomly assigned to one of plot 4 locations within each 
exclosure and adjacent outside area.  Treatments occurred when pinegrass had reached 
the 3-leaf stage (May  - early June).   
 
Treatments and measurements occurred within 70 x 70 cm plots, each split into 4 35 x 35 
cm subplots for recording purposes.  All living tillers within each plot were counted 
before treatment and at monthly intervals thereafter until September.   The average height 
of tillers (with leaves extended) was recorded before treatment and at monthly intervals 
thereafter until September. Twelve tillers were randomly selected for height measurement 
in each plot.  
 
Experimental design. 
The experiment has a completely randomized block design with 16 replicates and a single 
factor (Disturbance Treatment with 4 levels).  Grazed plots were pooled with ungrazed 
plots because grazing was infrequent.  ANOVA was used to test the main effect of 
Disturbance Treatment.  Orthogonal contrasts were used to separate the means.   
Repeated measures ANOVA was used to test for effects over time (different sampling 
periods).
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Figure. 2.  Location of pinegrass disturbance plots at Isobel Lake site.
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Results 
 
Cover.  Pinegrass was present in all treatment units before the disturbance treatments were 
applied and makes up the largest percentage of the cover (60.4%) averaged over all plots (Fig. 
3).  The second most abundant species was heart-leaved arnica, also occurring in all treatment 
units and with a cover of 8.1%.  The remaining species occurred sporadically within treatment 
units, each averaging less than 5% cover. 
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Figure 3.  Cover of plant species averaged over plots in all treatment units.  Species with less 
than 0.5% average cover are not shown. 
 
The cover of pinegrass varied from 39.0% to 83.5% across individual small plot treatment 
units (Fig. 4). 
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Figure 4.  Cover averages for pinegrass on individual treatment units. 
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Tiller Density.  Figure 5 provides the tiller densities from pre-treatment (June 4) through 3 
monitoring dates for each disturbance treatment.  Tiller density was initially (26 days after 
treatment) affected by all treatments except control.  The most severe disturbance treatment 
(removal of all forest floor LFH and the top 5-cm of mineral soil) had the most severe affect on 
initial tiller density (Fig. 5).  
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Figure 5.   Pinegrass tiller density before treatment (June 4)  and on 3 dates following 
treatment.   
 
Pinegrass tiller density was reduced (P<0.05) by all disturbance treatments on the first 
monitoring date (June 30) compared to control (Table 1).  Depending on the severity of  
the disturbance treatment, effects became less significant or insignificant by the second 
monitoring date (July 26).  Pinegrass tillers on the least severe disturbance treatment (50% 
forest floor LFH removal) recovered almost to pre-treatment levels by July 26 (52 days after 
treatment), while tiller density on the most severe treatment remained depressed (P=0.011) at 
that date.  Tiller density on the intermediate disturbance treatment (100% forest floor LFH 
removal) was reduced by 20% (P=0.185) on July 26, but recovered completely by August 31 
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(P=0.185).  By August 31, only the most severe treatment continued affect tiller density (61% 
of control). 
 
 
 
  
Table 1.  Orthogonal contrast tests for tiller density means by disturbance treatments.  Only 
significant tests are shown (P < 0.05). Treatment 1=control; Treatment 2=partial removal of 
forest floor organic material (LFH) (leaving one-half of the average LFH depth of the site); 
Treatment 3=complete removal of forest floor organic material to mineral soil; Treatment 
4=complete removal of forest floor organic material and removal of the top 5 cm of mineral 
soil. Others=all other treatments. 

 
Orthogonal Contrast Monitoring Date Prob. > F 
Treatment 1 vs. Others June 30 0.0015 
Treatment 1 vs. Treatment 2 June 30 0.0062 
Treatment 1 vs. Treatment 3 June 30 0.0039 
Treatment 1 vs. Treatment 4 June 30 0.0011 
Treatment 2 vs. Treatment 4 June 30 0.0109 
Treatment 3 vs. Treatment 4 June 30 0.0213 
Treatment 4 vs. Others  June 30 0.0027 
Treatment 1 vs. Others  July 26 0.0090 
Treatment 1 vs. Treatment 3 July 26 0.0185 
Treatment 1 vs. Treatment 4 July 26 0.0042 
Treatment 2 vs. Treatment 4 July 26 0.0109 
Treatment 3 vs. Treatment 4 July 26 0.0481 
Treatment 4 vs. Others  July 26 0.0063 
Treatment 1 vs. Treatment 4 Aug 31 0.0512 
Treatment 4 vs. Others Aug 31 0.0530 
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Tiller Height.  Figure 6 provides pinegrass tiller heights from pre-treatment (June 4) through 
3 monitoring dates for each disturbance treatment.  All disturbance treatments reduced the 
height of tillers (P<0.05) on June 30, however the severity of treatment did not make a 
difference (Table 2). 
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Figure 6. Pinegrass tiller height before treatment (June 4) and on 3 dates following treatment.   

 
There was some recovery by July 26 (52 days after treatment), however, tiller heights of 
pinegrass on disturbed plots were still only 42% of control values (P=0.041).  Tiller heights 
recovered to control values on all disturbance treatments by August 31 (P>0.05). 
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Table 2.  Orthogonal contrast tests for tiller heights by disturbance treatments.  Only significant 
tests are shown (P < 0.05). Treatment 1=control; Treatment 2=partial removal of forest floor 
organic material (LFH) (leaving one-half of the average LFH depth of the site); Treatment 
3=complete removal of forest floor organic material to mineral soil; Treatment 4=complete 
removal of forest floor organic material and removal of the top 5 cm of mineral soil. Others=all 
other treatments. 

 
Orthogonal Contrast Monitoring Date Prob. >F 

Treatment 1 vs. Others June 30 0.0051 
Treatment 1 vs. Treatment 2 June 30 0.0101 
Treatment 1 vs. Treatment 3 June 30 0.0086 
Treatment 1 vs. Treatment 4 June 30 0.0086 
Treatment 1 vs. Others  July 26 0.0412 

 
 
 
Trends Over Time.  Tiller density slowly declined over the growing season on control plots 
(Fig. 5).  Stout and Quinton (1986) showed that this occurs with pinegrass because the average 
number of leaves on a pinegrass tiller reaches a maximum in early June, then slowly begins to 
senesce.  During a dry year, more senescence occurs than during a wet year.  It is likely that 
tiller density would have declined more were it not for the wet August received at the site. 
 
Discussion.  The complete removal of leaves, most rhizomes and some roots decreased 
pinegrass tiller density over the subsequent growing season.  However, despite this severe 
treatment, pinegrass tiller density recovered to 61% of pre-treatment levels after only 88 days 
(August 31).  Pinegrass height was even less affected by the most severe disturbance treatment, 
showing full recovery after 88 days.  It is possible that this treatment would have been more 
damaging if clipping had occurred in July, a time when the plant growth is slowing and 
dormancy is setting in due to lack of moisture and low reserves (Stout and Quinton, 1986; 
Freyman and van Ryswyk, 1969; Comeau et al., 1989; Stout et al., 1980).   Regrowth 
following above-average August rains may also have enhanced tiller and height recovery.   
 
This study provides evidence that pinegrass is a robust, persistent plant following overstory 
thinning in the IDFxh2, especially under the growing conditions experienced in 2004.  It is not 
likely that a one-time forest floor treatment that removes surface layers down to 5-cm of 
mineral soil or a moderate severity prescribed fire will be successful in reducing the abundance 
of pinegrass at the Isobel Lake site.  
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Pre- and immediate post treatment measurements of soil nutrients, fuels and scorch height.  
Effects on fuels, tree growth and nutrients of harvesting and site preparation treatments to 
develop and maintain open crown closure conditions in dry Douglas-fir forests near Isobel 
Lake.  Dr. M. Feller, UBC Forest Sciences. 
 
SUMMARY 
During 2006 the remaining 18 of the 24 prescribed burning plots were burned. All post burn 
fuel measurements were completed in these 18 plots. In addition, fuel depth measurements 
were made in all 72 plots during August, 2006. Within the 24 burned plots 26 of the 411 
marked Douglas-fir trees had died by August, 2006. Measurements were made of fire impacts 
on 404 of these trees, as part of a study on the effects of fire on tree growth. Forest floor and 
fine fuel samples were collected after fires and soil samples from all site preparation treatment 
plots were collected in the field, then analyzed for chemical concentrations in the laboratory for 
most nutrients. In general, the presence of grazing had little effect on fire impacts on fuels. 
Forest harvesting, on the other hand, tended to significantly increase fire impacts on fuels. 
 
METHODS  
 
1.  Fuels 
 
1.1  Measurement layout – Within each of the 72 experimental plots (3 site preparation 
treatments, each with and without grazing, in each of the 12 treatment units), three equilateral 
triangles, with 20m long sides were laid out randomly except for meeting the criterion that no 
side of any triangle was to cross the side of any other triangle.  This resulted in maximum 
coverage of each experimental plot.  The apices of each triangle were marked with a metal 
rebar stake. All rebar stakes were replaced with ones with curved, white-painted tops during 
summer, 2005.   
 
1.2  Fuel depth – At each apex and at every metre along the sides of each triangle, the 
maximum height of any surface fuel piece interesting a vertical projection above the sampling 
point was measured.  Measurements were made starting at the southernmost apex of each 
triangle, then moving clockwise around the triangle.  Surface fuel was considered to consist of 
all dead woody material from the bottom of the forest floor L horizon to a height of 1.5m 
above the ground.  Initially, in 2004, a standard height of 2m was used. This was changed to 
1.5m in 2005 to be consistent with U.S. definitions of surface fuel beds. The 2004 data were 
converted to the 1.5m height based on remeasurements where necessary. Nearly all fuel depths 
> 1.5m were associated with dead branches on trees, which were unlikely to have changed 
substantially from 2004 to 2005, allowing 2005 measurements to be used to correct all 2004 
measurements between 1.5 and 2m. This was not possible in the 6 burned plots, so all 
measurements >1.5m in these plots were changed to 1.5m. This had to be done for only 20 of 
the 12960 measurements, so it is unlikely to contribute to a significant error. Fuel depth 
measurements were made on all plots in August, 2006.  
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1.3  Coarse woody debris – CWD mass was estimated using the line intersect technique as 
described in the 2004/05 progress report. Measurements were made in all 18 plots prescribed 
burned in 2006.  
 
1.4 Proportion of area burned – The proportion of the area actually burned in each plot 
prescribed burned in 2006 was estimated by recording the length that was burned of the 
transects used for CWD measurement (total length of 180m per burned plot) 
 
1.5  Fine fuels – Fine fuel (all woody material <1 cm in diameter) was collected from 9 
randomly located 1 m2 plots in the burned areas in all 18 plots prescribed burned in 2006. Fine 
fuel consumption within an entire burn plot was estimated by subtracting postburn fine fuel 
mass from preburn fine fuel mass. Postburn fine fuel mass was the sum of fine fuel mass in 
unburned areas and fine fuel mass in burned areas, each type of area being weighted according 
to the proportion of the total plot it occupied (estimated as in section 1.4 above). All fine fuel 
samples collected in the field were oven dried at 70°C before weighing. Samples were 
subsequently ground prior to chemical analysis. 
 
1.6  Shrub mass – Shrub mass consumed by the 18 prescribed burns was estimated by 
assuming complete consumption in areas burned and subtracting postburn shrub mass from 
preburn shrub mass. Postburn shrub mass was the sum of shrub mass in unburned areas and 
shrub mass in burned areas, each type of area being weighted according to the proportion of the 
total plot it occupied (estimated as in section 1.4 above). The assumption of complete 
consumption would give rise to only very small errors in fuel consumption estimates due to the 
very low mass of shrubs in each plot.  
 
1.7  Forest floor – Forest floor samples were collected for chemical analysis from 8 of the 18  
plots burned (6 randomly located samples per plot in each of the treatment units that were not 
burned in 2005, i.e. in treatment units 2, 5, 6, 7, 8, 10, 11, and 12) immediately after burning. 
Forest floor consumption in the burned plots was estimated by assuming that the proportion of 
the preburn forest floor mass burned was the same as the proportion of the total forest floor 
depth burned. 
   
1.8  Forest floor depth of burn – In each plot burned in 2006, depth of burn was estimated 
from measurements of depth of burn using the depth of burn pins placed in the plots prior to 
burning (90 pins per plot), as described in the 2004/05 progress report. 
 
 
2.   Nutrient Status 
 In 2006, forest floor and fine fuel samples were collected, dried, ground to pass a 1mm 
mesh sieve, then subjected to chemical analysis for, S, P, K, Mg, and Ca, and mineralizable N 
(forest floor only) using the same techniques described in the 2003/04 progress report.  Total N 
analyses were not completed on plant materials collected but will be in 2007. In addition, 6 
mineral soil samples bulked into 3 were collected from each of the 72 experimental plots. 
Samples were air dried in the lab, sieved to remove materials > 2mm in diameter, then 
subjected to analysis for extractable K, Mg, Ca, and P, as well as total S, mineralizable N, pH, 
and organic matter content. 
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3.  Tree Growth 
  Radial tree growth in response to treatments, particularly prescribed burning, is being 
assessed by measuring radial increment, at breast height, for several years prior to treatment, 
then again after treatment.  During 2004, a methodology for assessing prescribed burning 
impacts was developed.  This methodology involves measuring various parameters thought to 
influence the effects of prescribed burning on tree growth, then developing regression 
equations to predict these effects, based on the measured variables.  These variables include 
characteristics of the tree, its immediate environment, adjacent surface and ladder fuels, and 
characteristics of the fire.  Consequently, 200 trees were selected in 2004 within prescribed 
burning treatment plots and measurements were made of tree height, height to live crown, dbh, 
tree health, competing vegetation, as well as site series, elevation, slope, and aspect of the 
ground on which a tree grows, and surface fuel load around the base of the tree.  In addition, 
depth of burn pins were placed in the forest floor around each measured tree in order to 
estimate fire-induced depth of burn in the forest floor adjacent to the tree.  All sampled trees 
were numbered using a metal tag nailed into the tree trunk. An additional 224 trees were 
selected in 2005 and all the measurements just described were made on them during spring and 
summer, 2005. All measurements were made as described in the previous (2004/05) progress 
report. Of the 424 marked trees, 13 could not be found after prescribed burning and a number 
had lost their tops or had fallen over, leaving 404 trees on which measurements were made 
after prescribed burning.  
               For each of the 399 burned trees, depths of burn, fine fuels, CWD, height to live 
crown, scorch height, degree of canopy scorch (visual estimate), and degree of tree 
circumference scorched at the stem base and at breast height were measured after the fires, 111 
in summer, 2005, and 288 in August, 2006. 
  
RESULTS 
 
1.  Prescribed burns  
                Prescribed burns were lit on 3 separate days in May, 2005, and 4 separate days in 
May, 2006, generally under moderately dry conditions in 2005 and very dry conditions in 2006 
(Table 1). The fires burned 43 – 73% of the plots in 2005 and 14 – 89% of the plots in 2006. 
Fire fronts made little progress through the green grass present, helping to account for the 
relatively low coverage of the fires. The presence of grazing had no significant effect on fire 
coverage but the partially cut treatments had significantly greater fire coverage than the uncut 
controls (Table 2). 
 
2. Fire impacts on fuels  
                  Surface fuel consumption was mainly due to forest floor and CWD consumption, 
due to the relatively small amount of fine fuels and the even smaller amount of shrubs present 
(Tables 3-6). Dead grass was measured as a fine fuel. Total surface fuel consumption in the 
experimental plots ranged from 0.1 to 6.7 kg/m2 (Table 6) or from 4% (TU2G) to 68% 
(TU12G) of the preburn surface fuel load. The percent consumption increased with the preburn 
fuel load (Figure 1), which explained 33% of the percent consumption (%consumption = 2.98 
+ 4.97[preburn load],  SEE = 13.7, P < 0.01). Total surface fuel consumption was not 
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significantly affected by grazing or by site preparation treatment, although it was higher in the 
partially cut than in the uncut plots (Table 6). 
Coarse woody debris consumption  in the burned areas in the experimental plots varied from 
0.2 kg/m2 (TU2G, TU5G) to 4.1 kg/m2 (TU12) and was unaffected by grazing, but was greater 
in the partial cutting than in the uncut controls, but significantly so (P < 0.05) only in the 40-
50% retention cuts (Table 3). CWD consumption within the burned areas depended quite 
closely on the preburn CWD load (Figure 2) with CWD consumption =  -0.24 + 0.61[preburn 
CWD load], SEE = 0.68, R2 = 0.77, P < 0.001). 
The percentage of fine fuel consumed in the burned areas was variable (20 – 96%) although 
actual consumption was uniformly low, compared to CWD consumption, for all plots, although 
it was slightly greater for plots in TU12 (Table 4).  
Forest floor depths of burn of 0.3 to 3.2 cm (Table 5) suggest fires of low to moderate severity. 
Relatively little forest floor remained after burning the grazed TU 1, 3, 4, 7, and 12 plots, 
however. Overall, the 4 plots in the 40-50% retention treatment had relatively little forest floor 
remaining after burning (Table 5). Forest floor depth of burn (DB) depended to some extent on 
CWD consumption (Figure 3) with DB = 1.06 + 0.43[CWD consumption], SEE = 0.62, R2 = 
0.28, P < 0.01) 
 
3. Surface fuel depth changes 
            These will be reported next year. 
                           
4.  Nutrients 
 Nutrient analyses are incomplete, as they are missing total N, due to the unavailability 
of equipment. These analyses will be conducted during the next year. Complete nutrient data 
will be presented in the next progress report. 
 
5.  Fire impacts on marked Douglas-fir trees 
 Of the 411 trees in the burned plots, 26 had died by August, 2006 (Table 7). Most 
(54%) of the trees that died were in plot TU9, with an additional 19% of the dead trees in TU6. 
Measurements of fire impacts on some of these dead trees were made so that 210 trees in 
ungrazed plots and 194 trees in grazed plots had fire impacts measured (Tables 8a and 8b). 
Mean scorch height varied from 0.5m (TU2G) to 6.8m (TU12G) while mean canopy scorch 
varied from 1% (TU2G) to 57% (TU9) (Table 7). Scorch height on tree trunks varied from 0 to 
20m, with most values <5m. Forest floor depths of burn near trees tended to be greater than 
those averaged over entire plots (Table 5), primarily due to greater litterfall-induced forest 
floor depths near trees and, presumably, sheltering of this forest floor from precipitation by the 
tree overhead. These depths of burn averaged < 2cm for trees in only 2 plots (TU2G and 
TU5G) and means ranged from 1.2cm (TU2G) to 10.0cm (TU3G). This suggests generally 
moderate to high severity fire adjacent to trees, except for some of the control uncut plots 
where fire severity could be considered low. Scorching of the circumference of trees was 
relatively high at ground level (only 6 of the 24 plots had mean values < 70%), while at breast 
height, only 6 of the 24 plots had values > 70% (Tables 8a and 8b). Fine fuel consumption 
around trees generally exceeded the overall values for the plots, while CWD consumption 
around trees was often (16 of 24 plots) less than the overall average values for plots (Tables 3, 
8a, and 8b). The wide range of impacts recorded will assist the development of equations to 
predict post-fire growth of Douglas-fir trees.  
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Table 1    Characteristics of the prescribed burns conducted in the Isobel Lake study area  in 
2005 and 2006. 
 
 
  _____________FWI  System___________ ______Weather______  

Plot Date of 
burn  

FFMC DMC DC ISI BUI FWI T 
(°C) 

RH 
(%) 

Wind 
(km/hr) 

  % of 
 plot 
 
burned

   2005    
 
TU 1 13 May 89 67 307 3.5 87 14 18.7 38 0 63  
TU 3 13 May 89 67 307 3.5 87 14 18.7 38 0  46 
TU 3G 13 May 89 67 307 3.5 87 14 18.7 38 0 53 
TU 4 12 May 88 64 302 3 84 13 20.4 44 0 43 
TU 4G 12 May 88 64 302 3 84 13 20.4 44 0 73 
TU 9G 26 May 86 29 310 2.5 48   7 21.5 30 0 57 
 

   2006           
 
TU 1G 15 May 89 68 426 4    97 16 24.4 26 0           39      
TU 2 16 May 93 74 433 6.5        103 23 28.7 25 0           48 
TU 2G 16 May 93 74 433 6.5 103 23 28.7 25 0           14 
TU 5 18 May 94 85 448 7.5 115 28 27.7 21 0           37 
TU 5G 17 May 93 79 441 6.5 109 24 27.8 28 0           26 
TU 6 17 May 93 79 441 6.5 109 24 27.8 28 0           67 
TU 6G 17 May 93 79 441 6.5 109 24 27.8 28 0           79 
TU 7 17 May 93 79 441 6.5 109 24 27.8 28 0           18 
TU 7G 18 May 94 85 448 7.5 115 28 27.7 21 0           73 
TU 8 17 May 93 79 441 6.5 109 24 27.8 28 0           42 
TU 8G 16 May 93 74 433 6.5 103 23 28.7 25 0           62 
TU 9 18 May 94 85 448 7.5 115 28 27.7 21 0           67 
TU 10 18 May 94 85 448 7.5 115 28 27.7 21 0           50 
TU 10G 18 May 94 85 448 7.5 115 28 27.7 21 0           64 
TU 11 17 May 93 79 441 6.5 109 24 27.8 28 0           63  
TU 11G 18 May 94 85 448 7.5 115 28 27.7 21 0           34 
TU 12 17 May 93 79 441 6.5 109 24 27.8 28 0           84 
TU 12G 16 May 93 74 433 6.5 103 23 28.7 25 0___     89 
 
G indicates plots with cattle grazing. 
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Table 2.  Percentage of the ground surface burned by the prescribed fires in each of the 
experimental plots. 
  
 
Cutting treatment / plot No grazing       Grazing 
              
No harvesting (NTU)   
TU2 48 14 
TU5 37 26 
TU10 50 64 
TU11 63 34 
Average 50 35 
NTU average 42b  
   
40-50% retention   
TU1 63 39 
TU3 53 43 
TU7 18 73 
TU12 84 89 
Average 55 61 
40-50% retention average 58a  
   
20-25% retention   
TU4 43 73 
TU6 67 79 
TU8 42 62 
TU9 67 57 
Average 55 68 
20-25% retention average 61a  
   
All plots average 54  
 
Treatment averages with a different superscript are significantly different at P<0.05. 
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Table 3.  Coarse woody debris preburn loads and consumption within the burned areas 
during the prescribed fires. Means and standard errors (in parentheses) are given in 
kg/m2. 
 
Cutting treatment / plot No grazing                 Grazing 
    Preburn            

Consumption 
Preburn           Consumption   

No harvesting (NTU)     
TU2 1.7  (0.7) 1.5  (0.7) 0.8  (0.2) 0.2  (0.0) 
TU5 2.0  (0.4) 1.4  (0.4) 0.8  (0.4) 0.2  (0.1) 
TU10 2.2  (0.6) 1.4  (0.4) 1.8  (0.5) 1.2  (0.5) 
TU11 1.4  (0.2) 0.5  (0.2) 1.3  (0.3) 0.5  (0.3) 
Average 1.8  (0.2) 1.2  (0.2) 1.2  (0.2) 0.5  (0.1) 
NTU average 1.5  (0.2)a 0.9  (0.2)a   
     
40-50% retention     
TU1 3.1  (0.6) 1.2   (0.4) 1.7  (0.4) 0.7  (0.3) 
TU3 2.5  (0.8) 0.6  (0.2) 3.3  (0.6) 1.3  (0.3) 
TU7 2.9  (0.0) 1.7  (1.3) 2.7  (0.3) 1.9  (0.3) 
TU12 7.2  (1.4) 4.1  (2.2) 5.5  (1.7) 3.4  (1.4) 
Average 3.9  (0.6) 1.9  (0.6) 3.3  (0.5) 1.8  (0.4) 
40-50% retention average 3.6  (0.5)b 1.9  (0.4)b   
     
20-25% retention     
TU4 1.5  (0.7) 0.5  (0.3) 2.9  (0.7) 1.3  (0.5) 
TU6 4.7  (2.4) 2.0  (1.3) 3.0  (0.7) 1.7  (0.6) 
TU8 1.3  (0.2) 0.5  (0.2) 3.4  (0.7) 2.3  (0.5) 
TU9 2.4  (0.2) 1.3  (0.1) 4.6  (2.1) 2.1  (1.4) 
Average 2.5  (0.6) 1.1  (0.3) 3.5  (0.6) 1.9  (0.4) 
20-25% retention average 3.0  (0.4)b 1.5  (0.2)ab   
     
All plots average 2.7  (0.2) 1.4  (0.2)   
 
Mean preburn values or consumption for a given cutting treatment followed by a different 
letter are significantly different at P<0.05. 
 
 
 



 32

Table 4.  Fine fuel preburn loads and consumption within the burned areas during the 
prescribed fires. Means and standard errors (in parentheses) are given in kg/m2. 
  
 
Cutting treatment / plot No grazing                 Grazing 
    Preburn        Consumption Preburn         Consumption     
No harvesting (NTU)     
TU2 0.2  (0.1) 0.2  (0.1) 0.1  (0.0) 0.1  (0.0) 
TU5 0.1  (0.0) 0.0  (0.0) 0.1  (0.0) 0.1  (0.1) 
TU10 0.3  (0.1) 0.3  (0.1) 0.3  (0.1) 0.2  (0.1) 
TU11 0.2  (0.0) 0.1  (0.0) 0.1  (0.0) 0.1  (0.0) 
Average 0.2  (0.0) 0.2  (0.0) 0.2  (0.0) 0.1  (0.0) 
NTU average 0.2  (0.0) 0.2  (0.0)   
     
40-50% retention     
TU1 0.2  (0.0) 0.2   (0.0) 0.2  (0.1) 0.2  (0.1) 
TU3 0.2  (0.1) 0.1  (0.1) 0.2  (0.0) 0.2  (0.0) 
TU7 0.2  (0.1) 0.2  (0.1) 0.2  (0.1) 0.2  (0.1) 
TU12 0.5  (0.1) 0.5  (0.1) 0.9  (0.3) 0.9  (0.3) 
Average 0.3  (0.0) 0.2  (0.0) 0.4  (0.1) 0.4  (0.1) 
40-50% retention average 0.3  (0.0) 0.3  (0.0)   
     
20-25% retention     
TU4 0.2  (0.1) 0.2  (0.1) 0.2  (0.1) 0.2  (0.1) 
TU6 0.4  (0.1) 0.4  (0.1) 0.5  (0.1) 0.5  (0.1) 
TU8 0.3  (0.1) 0.3  (0.1) 0.2  (0.1) 0.2  (0.1) 
TU9 0.3  (0.1) 0.3  (0.1) 0.3  (0.1) 0.3  (0.1) 
Average 0.3  (0.1) 0.3  (0.1) 0.3  (0.1) 0.3  (0.1) 
20-25% retention average 0.3  (0.0) 0.3  (0.1)   
     
All plots average 0.3  (0.0) 0.3  (0.0)   
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Table 5.  Forest floor preburn mass and depth, and depth of burn within the burned areas.  
Means and standard errors (in parentheses) are given. 
 Cutting 
treatment / plot 

                           No grazing Grazing 

 Preburn mass    
Preburn depth 

 Depth 
of burn 

 Preburn mass     Preburn depth    
Depth of burn 

 (kg/m2) (cm) (cm) (kg/m2) (cm) (cm) 
No harvesting 
(NTU) 

      

TU2 1.70  
(0.27) 

2.1  (0.1) 1.3  
(0.2) 

1.70  
(0.27) 

2.1  
(0.1) 

0.3  (0.1) 

TU5 3.48  
(0.70) 

3.6  (0.4) 1.8  
(0.3) 

3.48  
(0.70) 

3.6  
(0.4) 

1.1  (0.4) 

TU10 3.46  
(0.58) 

3.8  (0.3) 1.9  
(0.3) 

3.46  
(0.58) 

3.8  
(0.3) 

2.7  (0.4) 

TU11 3.29  
(0.54) 

3.1  (0.3) 2.0  
(0.3) 

3.29  
(0.54) 

3.1  
(0.3) 

1.0  (0.3) 

Average 2.98  
(0.27) 

3.2  (0.1) 1.8  
(0.1) 

2.98  
(0.27) 

3.2  
(0.1) 

1.3  (0.2) 

NTU average 2.98  
(0.27) 

3.2  (0.1) 1.6  
(0.1) 

   

40-50% retention       
TU1 1.69  

(0.22) 
2.3  (0.1) 1.7  

(0.2) 
1.69  

(0.22) 
2.3  

(0.1) 
1.2  (0.2) 

TU3 2.29  
(0.39) 

2.0  (0.1) 1.2  
(0.2) 

2.29  
(0.39) 

2.0  
(0.1) 

1.7  (0.2) 

TU7 2.42  
(0.51) 

2.6  (0.2) 0.4  
(0.1) 

2.42  
(0.51) 

2.6  
(0.2) 

2.4  (0.3) 

TU12 3.29  
(0.59) 

3.4  (0.3) 2.2  
(0.3) 

3.29  
(0.59) 

3.4  
(0.3) 

3.2  (0.4) 

Average 2.42  
(0.23) 

2.6  (0.1) 1.4  
(0.1) 

2.42  
(0.23) 

2.6  
(0.1) 

2.1  (0.1) 

40-50% retention 
average 

2.42  
(0.23) 

2.6  (0.1) 2.2  
(0.1) 

   

20-25% retention       
TU4 1.99  

(0.25) 
2.5  (0.2) 0.8  

(0.2) 
1.99  

(0.25) 
2.5  

(0.2) 
2.3  (0.3) 

TU6 3.87  
(0.78) 

4.2  (0.3) 1.8  
(0.3) 

3.87  
(0.78) 

4.2  
(0.3) 

2.6  (0.3) 

TU8 2.33  
(0.32) 

2.5  (0.2) 0.9  
(0.2) 

2.33  
(0.32) 

2.5  
(0.2) 

1.4  (0.3) 

TU9 3.18  
(0.95) 

3.2  (0.3) 2.3  
(0.4) 

3.18  
(0.95) 

3.2  
(0.3) 

1.6  (0.2) 

Average 2.84  
(0.32) 

3.1  (0.1) 1.5  
(0.1) 

2.84  
(0.32) 

3.1  
(0.1) 

2.0  (0.1) 

20-25% retention 
average 

2.84  
(0.32) 

3.1  (0.1) 1.7  
(0.1) 

   

       
All plots average 2.75  

(0.16) 
3.0  (0.1) 1.8  

(0.1) 
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Table 6.  Total fuel consumption during each of the prescribed burns according to level of 
grazing and cutting treatment. 
 
 No Grazing  Grazing 

  LFH FF CWD   Shrubs 
    
Total  

  
LFH      FF              CWD Shrubs T     Total 

 
No Harvesting 
(NTU)  

TU2 0.5 (0.2) 0.1 (0.0) 
0.7 

(0.3) 0.0 (0.0) 1.3 (0.4)  0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.1 (0.0) 

TU5 0.6 (0.3) 0.0 (0.0) 
0.5 

(0.2) 0.0 (0.0) 1.2 (0.4)  0.3 (0.2) 0.0 (0.0) 0.1 (0.0) 0.0 (0.0) 0.4 (0.2) 

TU10 0.9 (0.4) 0.2 (0.1) 
0.7 

(0.2) 0.0 (0.0) 1.8 (0.4)  1.6 (0.5) 0.1 (0.0) 0.8 (0.3) 0.0 (0.0) 2.5 (0.6) 

TU11 1.3 (0.4) 0.1 (0.0) 
0.3 

(0.1) 0.0 (0.0) 1.8 (0.5)  0.4 (0.2) 0.0 (0.0) 0.2 (0.1) 0.0 (0.0) 0.6 (0.3) 

Average 0.8 (0.2) 0.1 (0.0) 
0.6 

(0.1) 0.0 (0.0) 1.5 (0.2)  0.6 (0.2) 0.1 (0.0) 0.3 (0.1) 0.0 (0.0) 0.9 (0.2) 
  

Basal area retention 40-50%    

TU1 0.8 (0.2) 0.1 (0.0) 
0.8 

(0.3) 0.0 (0.0) 1.7 (0.3)  0.1 (0.0) 0.2 (0.1) 0.3 (0.1) 0.0 (0.0)    0.7 (0.2) 

TU3 0.7 (0.2) 0.1 (0.0) 
0.3 

(0.1) 0.0 (0.0) 1.1 (0.3)  0.1 (0.0) 0.2 (0.0) 0.6 (0.1) 0.0 (0.0) 1.5 (0.2) 

TU7 0.1 (0.1) 0.0 (0.0) 
0.3 

(0.2) 0.0 (0.0) 0.4 (0.3)  0.2 (0.1) 0.2 (0.1) 1.4 (0.2) 0.0 (0.0) 3.2 (0.5) 

TU12 1.8 (0.6) 0.4 (0.1) 
3.4 

(1.9) 0.0 (0.0) 5.6 (2.0)  0.8 (0.3) 0.9 (0.3) 3.0 (1.3) 0.1 (0.1) 6.7 (1.5) 

Average 0.9 (0.2) 0.2 (0.0) 
1.2 

(0.5) 0.0 (0.0) 2.2 (0.5)  0.3 (0.1) 0.4 (0.1) 1.3 (0.3) 0.0 (0.0) 3.0 (0.4) 
  

Basal area retention 20-25%    

TU4 0.3 (0.2) 0.1 (0.0) 
0.2 

(0.1) 0.0 (0.0) 0.6 (0.2)  0.2 (0.1) 0.2 (0.1) 1.0 (0.4) 0.0 (0.0) 2.4 (0.5) 

TU6 1.1 (0.6) 0.3 (0.1) 
1.3 

(0.9) 0.0 (0.0) 2.8 (1.1)  0.4 (0.1) 0.5 (0.1) 1.3 (0.5) 0.0 (0.0) 3.7 (0.9) 

TU8 0.4 (0.2) 0.1 (0.0) 
0.2 

(0.1) 0.0 (0.0) 0.7 (0.2)  0.1 (0.1) 0.2 (0.1) 1.4 (0.3) 0.0 (0.0) 2.4 (0.4) 

TU9 1.5 (0.7) 0.2 (0.0) 
0.9 

(0.1) 0.0 (0.0) 2.6 (0.7)  0.2 (0.1) 0.3 (0.1) 1.2 (0.8) 0.0 (0.0) 2.3 (1.0) 

Average 0.9 (0.2) 0.2 (0.0) 
0.7 

(0.2) 0.0 (0.0) 1.7 (0.3)  0.2 (0.0) 0.3 (0.1) 1.2 (0.3) 0.0 (0.0) 2.7 (0.4) 
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Table 7.  Number of tagged trees for tree growth analysis within the prescribed burning 
areas, and the number of these trees that were dead in August, 2006. 
 

Treatment Unit 
Number 

Ungrazed 
No. dead                 Total no. 

Grazed 
No. dead                 Total no. 

1 0 15 0 15 
2 1 23 0 19 
3 0 19 1 21 
4 0 19 0 20 
5 0 15 1 13 
6 2 24 3 15 
7 0 15 0 13 
8 0 13 0 15 
9 4 18 10 18 
10 0 21 1 16 
11 1 19 0 19 
12 1 12 1 14 

Total 9 213 17 198 
 



Table 8a. Fire impacts on marked Douglas-fir trees in the Isobel Lake study area ungrazed plots in prescribed burned in 2005 and 2006. 
 

 
 
Plot no. 

 
No. of 
trees 

sampled 

Mean 
scorch 

height (m) 

Mean basal 
circumferen
ce scorched 
(%) 

Mean 
breast 
height 

circumfere
nce 

scorched 
(%) 

Mean 
canopy 
scorch 

(%) 

Mean 
forest floor 

depth of 
burn 
(cm) 

Mean fine 
fuel 

consumptio
n 

(kg/m2) 

Mean 
CWD 

consumptio
n 

(kg/m2) 

No Harvesting (NTU)
TU2 22 1.7  (0.3) 59  (7) 35  (8) 16  (6) 3.0  (0.6) 0.3  (0.1) 1.6  (0.6)
TU5 15 2.6  (0.5) 77  (7)  41  (10)  0  (0) 2.0  (0.5) 0.3  (0.1) 0.8  (0.6)
TU10 21 2.8  (0.4) 72  (8) 66  (9) 13  (6) 5.8  (0.6)   0.7  (0.6) 0.7  (1.0)
TU11 18 5.4  (0.9)   75  (10)  65  (11) 24  (8) 3.1  (0.7) 0.1  (0.1) 0.3  (0.4)
Average (Total) 3.1  (0.3) 71  (4) 52  (5) 13 (3) 3.5  (0.3) 0.4  (0.2) 0.9  (0.3)
    
Basal area retention 40-50%  
TU1 15 2.1  (0.3) 85  (6) 53  (9) 24  (9) 3.4  (0.7) 0.8  (0.2) 3.6  (1.6)
TU3 19 2.9  (0.5) 77  (7) 53  (9)  7  (4) 6.6  (0.9) 0.4  (0.1) 0.9  (0.9)
TU7 15 2.0  (0.5)   54  (12)  37  (10)  3  (1) 3.0  (0.8) 0.2  (0.1) 0.9  (0.5)
TU12 11 6.2  (0.7)   93  (5) 77  (9) 15  (9) 5.8  (1.1) 1.0  (0.2) 1.6  (0.9)
Average (Total) 3.3  (0.3) 77  (4) 55  (5) 12  (3) 4.7  (0.4) 0.6  (0.1) 1.8  (0.5)
    
Basal area retention 20-25%  
TU4 19 2.5  (0.3) 84  (6) 56  (8) 16  (7) 3.4  (0.5) 0.5  (0.1) 2.3  (0.7)
TU6 24 2.8  (0.6)   70  (10)  52  (10) 35  (6) 4.2  (0.6) 0.5  (0.1) 0.2  (0.2)
TU8 13 1.8  (0.4) 82  (9)  33  (12) 21  (7) 4.4  (1.0) 0.7  (0.2) 0.4  (0.2)
TU9 18 3.1  (0.5) 87  (6)  56  (11)  57  (10) 5.3  (0.7) 0.7  (0.1) 0.4  (0.6)
Average (Total) 2.6  (0.2) 81  (4) 49  (5) 32  (4) 4.3  (0.4) 0.6  (0.1) 0.8  (0.2)
 
            Standard errors are in parentheses. 
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Table 8b. Fire impacts on marked Douglas-fir trees in the Isobel Lake study area grazed plots prescribed burned in 2005 and 2006. 
 

 
 
Plot no. 

 
No. of 
trees 

sampled 

Mean 
scorch 

height (m) 

Mean basal 
circumferen
ce scorched 
(%) 

Mean 
breast 
height 

circumfere
nce 

scorched 
(%) 

Mean 
canopy 
scorch 

(%) 

Mean 
forest floor 

depth of 
burn 
(cm) 

Mean fine 
fuel 

consumptio
n 

(kg/m2) 

Mean 
CWD 

consumptio
n 

(kg/m2) 

No Harvesting (NTU)
TU2 19 0.5  (0.2) 28  (9) 3  (2) 1  (1) 1.2  (0.4) 0.1  (0.1) 0.2  (0.2)
TU5 12 1.8  (0.5)   60  (12)  31  (11) 7  (9) 1.6  (0.4) 0.1  (0.1) 0.4  (0.9)
TU10 15 4.3  (0.6) 86  (8) 74  (7)  36  (10) 6.6  (0.9) 0.3  (0.1) 1.6  (0.5)
TU11 19 1.4  (0.4) 58  (9) 26  (8) 8  (5) 3.1  (0.7) 0.2  (0.1) 0.6  (0.3)
Average (Total) 2.0  (0.2) 58  (5) 34  (4) 13  (4) 3.1  (0.3) 0.2  (0.1) 0.7  (0.3)
    
Basal area retention 40-50%  
TU1 15 1.8  (0.6)   41  (11) 28  (9) 3  (2) 2.2  (0.7) 0.3  (0.1) 0.8  (0.4)
TU3 21 3.4  (0.3) 99  (1) 57  (7) 7  (5)     10.0  0.5  (0.0) 3.5  (1.0)
TU7 13 4.6  (0.4) 89  (5) 78  (7) 49  (9) 6.1  (0.6) 0.6  (0.1) 0.9  (1.0)
TU12 13 6.8  (0.4) 98  (2) 98  (2)  48  (13) 4.8  (0.6) 1.3  (0.1) 0.4  (0.2)
Average (Total) 4.2  (0.2) 82  (3) 65  (3) 27  (4) 5.8  (0.4) 0.7  (0.0) 1.4  (0.4)
    
Basal area retention 20-25%  
TU4 20 2.8  (0.4) 91  (5) 47  (6) 31  (8) 5.3  (0.8) 0.6  (0.1) 3.5  (1.6)
TU6 14 4.3  (0.9) 91  (6) 71  (8)  52  (11) 3.9  (0.7) 0.6  (0.1) 0.3  (0.2)
TU8 15 3.6  (0.6)   74  (10)  63  (11) 42  (9) 7.3  (1.0) 0.9  (0.3) 0.7  (0.6)
TU9 18 6.0  (1.0) 94  (4) 87  (6)  50  (10) 7.0  (0.9) 0.8  (0.2) 4.7  (2.0)
Average (Total) 4.2  (0.4) 88  (3) 67  (4) 44  (5) 5.9  (0.4) 0.7  (0.1) 2.3  (0.7)
 
            Standard errors are in parentheses. 

 



 
 
Figure 1. Percentage of total fuel consumption 
plotted against total preburn fuel load in the 24 
experimental prescribed burn plots. The 
significant linear regression relationship between 
total fuel consumption and total preburn fuel 
load is shown. 
 
 
 
 
 
 
 
 
 

 
Figure 2. Coarse woody debris (CWD) 
consumption within the burned areas in the 24 
experimental prescribed burn plots, plotted against 
the preburn CWD load. The significant linear 
regression relationship between CWD 
consumption and total preburn CWD load is 
shown. 
 
 
 
 
 
 
 
 

 
 
  
Figure 3. Forest floor depth of burn plotted 
against CWD consumption within the burned 
areas in the 24 experimental prescribed burn 
plots. The significant linear regression 
relationship between forest floor depth of burn 
and CWD consumption in the burned areas is 
shown. 
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Stand structure modeling.  A major calibration revision was undertaken to reconcile light values 
gathered at the Isobel site from hemispheric photographs with TASS model predictions.  In 
addition, small, medium and large patch (25m, 50m and 100m openings) were added to the 
harvesting removals at each of the 0, 20, 40, 60, 80 and 100% removals for a 4 X 6 factorial 
design of harvesting treatments.  Regeneration effects on ground-level light conditions were 
addressed using 0, 200, 400, 800,1600 and 3200 stems per ha regeneration, and natural 
disturbances were assessed by using density-specific insect mortality data from the Southern 
interior (western spruce budworm and Douglas-fir bark beetle).  This work was presented at the 
Forest Estate Modelling Conference in Victoria, June 2007.  The presentation is summarized in 
the abstract below. 
 
Managing for structural attributes critical to maintaining wildlife habitat in managed stands and 
linkages to forest estate modeling - Walt Klenner, Ian Cameron, Dave Huggard and Russ Walton 
 
Several structural attributes, including large live trees, large snags and downed wood, and fine-
scale heterogeneity within a stand are critical for maintaining diverse species of wildlife and 
biodiversity within managed stands. We used the TASS (Tree and Stand Simulator) model to 
project the likely effects of clear cutting, partial cutting and variable retention options on the 
short- and long-term supply of structural attributes that are required by forest dependant 
vertebrates in an Interior Douglas-fir forest.  The nature of the harvest treatment, the frequency of 
stand entry, the level of retention, and the frequency and intensity of insect attack and windthrow 
all played a major role in determining the temporal supply of structural attributes.  Management 
practices, and the structures created by windthrow and insect attack can be used to effectively 
maintain critical habitat features, however, no one prescription will meet the diverse spatial and 
temporal habitat requirements of vertebrates, let alone the habitat requirements of the broader 
ecological community.  We demonstrate how results from this stand-level modelling initiative 
can be used to identify the likely structural attribute conditions of stands in a spatially explicit 
forest estate model (TELSA), and facilitate a more accurate assessment of habitat conditions for 
wildlife and biodiversity by integrating spatial pattern and structural condition.  Stand modelling 
tools can be used to gain preliminary insight into the consequences of stand management options, 
and the application of these tools to “screen” the utility of prescriptions in relation to forest 
management goals is encouraged. 
 
 
 
Landscape planning and dry forest management.  For the 2006 summer SISCO workshop, we 
developed a case study landscape planning exercise that illustrates the application of stand-level 
management practices.  Further work on this project with the spatially explicit TELSA model 
was used to prepare a presentation for the Forest Estate Modelling Conference in June 2007 and 
for the North American Forest Ecology Workshop to be held at UBC in June 2007.  A 
manuscript for submission to Forest Ecology and Management has been prepared and is in the 
internal review process.  A presentation on this work was prepared for the North American 
Forest Ecology Workshop held in Vancouver in June 2007.  Presentation results are summarized 
in the following abstract.  
 

 39



Maintaining diverse forest values across multiple stands – the need for landscape planning - Walt 
Klenner and Russ Walton 
 
We used the TELSA (Tool for Exploratory Landscape Scenario Analyses) forest estate model to 
examine the long-term consequences of applying different stand density and fuel management 
regimes on indicators of timber yield, forage productivity, crown fuel hazard, understory fuel 
hazard, treatment costs and wildlife habitat. The TELSA model was calibrated with information 
from TASS (Tree and Stand Simulator) model projections, field data collected at the Isobel and 
Opax Mt. Interior Douglas-fir research sites and from published literature.  We used a case study 
landscape of approximately 100,000 ha near Kamloops, BC that was dominated by dry forest 
types to illustrate the consequences of stand density and forest fuels treatment options on 
achieving desired landscape conditions that were defined a priori.  Management scenarios were 
developed to illustrate the consequences of managing the landscape using one or more 
management systems that were interspersed or applied in designated “planning zones” where 
specific commodity objectives were emphasized.  The results illustrate three main principles: (1) 
one stand management treatment does not adequately maintain multiple values, (2) the high 
direct (funding) and indirect (effects on other forest values) costs of fuel management treatments 
will likely necessitate the limited application of treatments to strategically defined zones, and (3) 
interspersed treatments are less effective in achieving desired conditions than the use of 
landscape planning zonation.  We conclude that forest estate modelling can and should be used to 
assess the consequences of current or new management initiatives prior to their application to 
ensure expectations are realistic. 
 
 
Extension.  A major extension effort was implemented in 2005-2007 with field site visits for 
Kamloops District staff including BCTS, school groups and a visit by students from SFU.  
Presentations made at the winter SISCO session (March 2006) were used to increase awareness 
of the Isobel site and develop the theme for Summer SISCO 2006 (August 29-30) which was 
held at Isobel and the nearby Opax Mt. silvicultural systems site.  The theme for summer SISCO 
was on dry Douglas-fir management options and applications.  A poster outlining the studies and 
preliminary results was prepared for the March 2006 SISCO meeting and presented to an 
audience of 200+ viewers.  An Extension Note (SIFR EN05 - Forest Management Options for 
Interior Dry Forest Ecosystems: The Opax Mt. and Isobel Research Trials   
http://www.for.gov.bc.ca/hfd/pubs/RSI/FSP/RSI_En.htm ) was developed to complement the 
summer SISCO workshop event that was attended by over 100 forest managers and practitioners 
from across the Southern Interior. 
 
 
Discussion. 
The main objectives for the Isobel project from 2004-2007 were to implement an extensive and 
intensive system of permanent sample plots at the Isobel site that will facilitate monitoring 
vegetation change in relation to harvest treatment, to implement site preparation and tree planting 
sub-plot treatments within each of the 12 tree harvest treatment areas, and to initiate the 
monitoring of vegetation, conifer seedlings, forest fuels, bunchgrass transplants, windthrow and 
mature tree mortality in relation to the harvest and site preparation treatments.  Specific projects 
that have been initiated include: (1) the response of pinegrass in relation to mechanical 
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scarification, (2) grass and forb species composition and biomass in relation to overstory removal 
and livestock exclosures, (3) quantifying forest fuels in relation to site preparation treatments, (4) 
quantifying radial tree growth and survival in relation to prescribed fire, (5) quantifying tree 
growth and yield in relation to basal area harvested, (6) quantifying the survival and growth of 
bunchgrass plugs in relation to the planting environment and ground-level light conditions,  (7) 
quantifying windthrow in relation to harvest intensity and (8) quantifying mature tree survival in 
relation to post-harvest site preparation treatment.  All harvest and site preparation treatments at 
the site have been implemented and pretreatment results obtained for all of the key indicators that 
we anticipate will be monitored.  Ongoing changes at the site have created unanticipated 
opportunities to examine key forest management issues.  For example, following the prescribed 
fire treatments in 2005 and again in 2006, we observed substantial mortality of mature stems that 
had received only minor scorching.  Douglas-fir beetle (Dendroctonus pseudotsugae) appears to 
be the causal agent of the initial mortality, with 15–60% of the trees which were lightly–
moderately scorched (bole scorch heights of <1 to 4m) during the prescribed fire treatments 
showing signs of attack across the 24 prescribed fire areas.  The extent of the mortality, and 
mortality estimates for the control and prescribed fire treatments will be assessed in 2008. 
  
Harvesting treatment increased ground-level light conditions from an average of 31 % total 
transmitted light in the pre-harvest stand to 51 % total transmitted light in the 40-50% basal area 
retention blocks and 59% total transmitted light in the 20-25% basal area retention blocks,  
indicating the harvest treatments achieved the objective of creating open canopy conditions at the 
site.   
 
Three projects have largely been completed and have provided short-term results from the Isobel 
dry forest management trials.  
 
Forest floor plots containing pinegrass (Calamagrostis rubescens) were treated by hand to 
achieve: 1) control (no treatment);  2) partial removal of forest floor organic material (LFH) 
(leaving one-half of the average LFH depth of the site); 3) complete removal of forest floor 
organic material to mineral soil; 4) complete removal of forest floor organic material and 
removal of the top 5 cm of mineral soil.  Live plant material was removed if it occurred within 
the forest floor layer removed.  The treatments resulted in initial decreases of both tiller density 
and leaf height.  However, after 3 months, pinegrass had recovered completely on all treatments 
except for one. Complete removal of forest floor organic material and removal of the top 5 cm of 
mineral soil reduced pinegrass tiller density to 61% of control at 3 months following treatment.  
This study provides evidence that pinegrass is a robust, persistent plant following overstory 
thinning in the IDFxh2, especially under the growing conditions experienced in 2004.  It is not 
likely that a one-time forest floor treatment that removes surface layers down to 5-cm of mineral 
soil or a moderate severity prescribed fire will be successful in reducing the abundance of 
pinegrass at the Isobel Lake site.  
 
The short-term understory vegetation response to overstory removal was examined at 169 
permament sample plots containing 845 1m2 subplots.  These were sampled before harvesting in 
late summer of 2001, and post-harvest in September and October of  2004 and 2005. Species 
response to changes in canopy structure and understory light conditions were assessed by 
hemispherical photographs taken at each sub-plot. Species generally fell into three main groups 
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following harvest treatments: increasers such as Calamagrostis rubecens, decreasers such as 
Goodyera oblongifolia, and species that appear to be more associated with other site factors (i.e. 
soil moisture) Symphoricarpos albus. Tree regeneration is generally low in the permanent sample 
plots, probably as a result of little exposed mineral soil. Early results suggests that it is possible 
to maintain these dry forests in open conditions and to increase grass abundance using forest 
harvesting. However this treatment alone does not appear enough to cause a shift in dominance 
from pinegrass to bunch grass species such as rough fescue.  The duration of the change in 
species composition will be examined by examining understory species composition in 2008 and 
2009, 6 – 7 years following the overstory harvest treatment.   
 
Forest fuels in relation to site preparation were evaluated at all 24 prescribed fire plots. Surface 
fuel consumption was mainly due to forest floor and CWD consumption, due to the relatively 
small amount of fine fuels and the even smaller amount of shrubs present. Total surface fuel 
consumption in the experimental plots ranged from 0.1 to 6.7 kg/m2 or from 4% (TU2G) to 68% 
(TU12G) of the pre-burn surface fuel load. The percent consumption increased with the pre-burn 
fuel load, which explained 33% of the percent consumption (%consumption = 2.98 + 
4.97[preburn load],  SEE = 13.7, P < 0.01). Total surface fuel consumption was not significantly 
affected by grazing or by site preparation treatment, although it was higher in the partially cut 
than in the uncut plots. Coarse woody debris consumption  in the burned areas in the 
experimental plots varied from 0.2 kg/m2 (TU2G, TU5G) to 4.1 kg/m2 (TU12) and was 
unaffected by grazing, but was greater in the partial cutting than in the uncut controls, but 
significantly so (P < 0.05) only in the 40-50% retention cuts. CWD consumption within the 
burned areas depended quite closely on the preburn CWD load with CWD consumption =  -0.24 
+ 0.61 [preburn CWD load], SEE = 0.68, R2 = 0.77, P < 0.001). The percentage of fine fuel 
consumed in the burned areas was variable (20 – 96%) although actual consumption was 
uniformly low, compared to CWD consumption, for all plots, although it was slightly greater for 
plots in TU12. Forest floor depths of burn of 0.3 to 3.2 cm suggest fires of low to moderate 
severity. Relatively little forest floor remained after burning in the grazed TU 1, 3, 4, 7, and 12 
plots. Overall, the 4 plots in the 40-50% retention treatment had relatively little forest floor 
remaining after burning. Forest floor depth of burn (DB) depended to some extent on CWD 
consumption with DB = 1.06 + 0.43[CWD consumption], SEE = 0.62, R2 = 0.28, P < 0.01).  The 
greatest challenge in using prescribed fire to manage forest fuels is weather and the rapid change 
in the condition of fine fuels.  For example, in 2006, a 20% fine fuel consumption was achieved 
in TU#1, representing a very spotty removal of fuels.  However, warm, dry and slightly windy 
weather during that week led to fine fuel consumption rates of >90% three days later (May 18), 
and but May 19, the Fire Weather Index was such that ignitions were not allowed due to high 
hazard conditions.   
 
Conclusions and Management Implications. 
The Isobel project is in the early stages of development and many of the post-treatment results 
need to be collected in 2008-2010 to assess response to treatments.  Several preliminary 
conclusions, with possible management implications, are as follows: 
 

1. Harvesting treatments that remove up to 80% of the stand basal area were initially 
difficult to implement since this relatively aggressive removal (about twice as much as is 
removed in conventional partial cutting) is not familiar to many logging contractors.  
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Initial work was tentative and required a high level of supervision to implement the 
prescriptions, but both contractors rapidly gained proficiency in implementing the 
treatments.  The harvest treatments applied at the Isobel site were economically viable 
with respect to crown revenues and logging economics and should be considered a viable 
option for creating open canopy conditions in some dry forest types. 

 
2. Expectations that pinegrass will be replaced by bunchgrass when forests are managed for 

open canopy conditions may be overly optimistic as pinegrass is clearly a robust and 
persistent species.  Preliminary observations on the growth and survival of transplanted 
rough fescue plugs suggests fescue can survive at the site (IDFxh2, 04, 05, 01 site series), 
but that survival and growth is best where very open conditions exist (e.g. the 20% basal 
area retention harvesting treatments), and where the existing pinegrass on the site is 
reduced in abundance and vigor through aggressive scarification, herbicide treatment or 
prescribed fire. 

 
3. The use of prescribed fire to reduce and maintain low levels of forest fuels will likely 

require careful (and potentially costly) management to ensure the fire carries and removes 
a high proportion of the fuels, but does not  become a high severity, stand replacing fire.  
The application of prescribed fire in May and June may also lead to moderate and high 
levels of mortality in mildly scorched mature stems due to subsequent bark beetle attack 
and direct fire related mortality.  Prescribed fires may be a more effective fuel reduction 
procedure when applied in autumn, a period when mature trees appear to be more 
resistant to scorching, and when bark beetle adults are not present.  The number of  days 
(appropriate fuel moisture conditions, venting, ambient conditions, etc.) during which   
prescribed fire can be applied was limited from 2004 – 2006, with between 4-10 suitable 
days per year occurring during this 3 year period.  

 
4. Windthrow does not appear to be a major limiting factor to the application of low 

retention harvesting systems as applied at the Isobel site.  An overall level of windthrow 
representing less than 1% of the retention basal area was observed over the 4 year period 
following harvest, with the 5 year measurement scheduled for May 2008.  These short-
term results need to be interpreted with caution as they may be specific to the Isobel site 
(relatively deep rooted trees reflecting deep soils) and may change due to the episodic 
nature of windthrow. 
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