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Abstract.  There were six key objectives for the Isobel project in 2004-05. (1) assess and 
complete a report on the short-term effects of harvesting on understory vegetation composition 
and biomass, (2) assess factors that contribute to the post-harvest vigor of pinegrass, (3) 
upgrade a selection of vegetation permanent sample plots to provincial growth and yield 
standards, and provide regeneration data for the provincial PrognosisBC calibration process, (4) 
complete stand structure modelling of the Isobel treatments using TASS and prepare a 
manuscript on the modelling work, (5)  collect pre-treatment data on understory vegetation, 
conifer regeneration and fuel loads on the 72 site preparation-livestock exclosure plots, and (6) 
begin the process of building a project metadata archive including field truthing of plots where 
data conflicts are identified, a project mapbase consisting of project GPS information and 
spatially accurate (GIS) maps, and a long-term, secure data archive.  Objectives 2 (pinegrass), 
3 (growth and yield), 5 (site-preparation pre-treatment data) and 6 (project metadata) were 
completed successfully and are on or ahead of schedule.  Project 1 was restricted to the 
collection of data and a preliminary analysis of the data following an assessment of variability of 
the data collected in 2004, and the decision to collect data in 2005 because of the of highly 
variable annual weather and the relationship between vegetation cover/biomass and 
precipitation.  A complete analysis of the data will be conducted following sampling in 2005.  
Project 4 was delayed to correct a TASS calibration issue relating to the use of narrow 
(standard IDF version of TASS) vs. wide crowns (reflected in data from Isobel-Opax area).  
Model recalibration was completed and the role of regeneration density substituted for insect 
mortality as a stand structure factor as preliminary runs indicated regeneration density is a key 
factor driving the log-term maintenance of open canopy conditions.  
 
Introduction. The main objective of the Isobel project is to develop and apply prescriptions to 
maintain prolonged open canopy conditions in dry Douglas-fir (e.g. IDFxh) forests in a cost-
effective manner, while maintaining timber, forage and ecological values. Historic conditions in 
the dry-belt 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 
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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. 
 
In the Kamloops Forest Region, historic conditions in the dry-belt 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-belt forest 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-belt 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-belt 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 
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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-belt 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 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-belt 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, 1,5; TU’s 1-6) and a 
more mesic east side (site series 1,5, 6, 7; TU’s 7-12).  The 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).   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  



 

#
###

# #
#

##
####

#

#
# #

# #

#

#
#

#

###

#

#

#

#

# #

#

#

#

#

#

#

# # # # # #

###

#

#

# # # #

#

#####

# #
#

# #

#

#

#

#

#
#

##
##

#
## #

#
# # #

# #

##
####

#

#

#
#

#

#

#

#

# #
#

# # #

##

#

#

#

#

#

#

#
#

#

#

#
#

#

#
#

#

#

#

#

#

#

#
# # #

#

##
#

#

#

#

##

#

##
#

#
#

# #

#

##
#

#
# #

#

#

# #
# # # # # #

#######
#####

# # # # #

#
###

#
#

# #
#

#

##

###

#
# # # # #

#

#
#

##
#

##

## #
#

#

#

#

#

#

#

#

##

#

#

##
###

#
# #

#

##

TU 2
(NTU)

TU 3
(R50)

TU 4
(R25)

TU 5
(NTU)

TU 6
(R25)

TU 12
(R40)

TU 11
(NTU)

TU 9
(R20)

TU 10
(NTU)

TU 8
(R20)

TU 7
(R40)

TU 1
(R50)

2B

129
126127128

125 124
123

121120
119118117115

114

113
112 111

109 108

093

185
194

179

210209208

133

143

099

080

234 011

023

047

049

240

060

130

140 139 138 137 136 135

134132131

211

207

216 215 214 213

212

200199198197196

206 205 204 203 202

189

187

191

186
192193

184183195182

177
178180 176

175
173 172 171

169 168

082083084087088090

094

096

105
104 102

100

096B

226

061 062 063
064 254 065

066067

259
068

255

258

069
256

079
257

070

237

238
239

243

244 245

246

253

247

248

242

249

044
250 45 46

048
050051

252

052

043

251
042041

241

5455
262

057
261

058 059

072
073074

260

75 076 077 078

071

151 150 149 148 147 146 145 144

166164163162161160159
158157156155154

004 005 006 007 008

009010012013

015
016

017 018
019 020

021022

024025026

027
028 029 030 031 032

033

034
035036037038

039040

23235 236
228

232

230

231

229

266

264

265

263233

227

081
085086

089091092

103
101 217

098

0201

 

1  K m  
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. 
 
 
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. 
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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 
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 seeding and/or planting and no treatment) activities (split-split plot design) 
will be determined by random selection.  The diagram is conceptual, and application of the 
treatments will be modified in the field to address site heterogeneity and logistic issues. 
 
 
 
A split-plot design will be used to impose a smaller scale set of ground disturbance treatments 
(approximately 2.25 ha, Figure 3) to examine the response of conifer regeneration, understory 
grass, forb and shrubs, fuel loading and soil and vegetation nutrients to overstory removal and 
site disturbance.   The split-plot treatments will be applied to each of the 12 overstory 
treatments, and be used to used to examine vegetation response in relation to soil disturbance, 
grazing and regeneration management .  Site preparation (prescribed fire, mechanical 
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screefing, control – no treatment), livestock grazing (exclosure and open to surrounding 
livestock grazing), and the role of conifer planting, bunchgrass planting, and no planting will be 
examined in relation to understory community development and conifer regeneration. 
 
 
 
Results. 
 
Project 1.  Short-term understory vegetation response to harvesting and pre-treatment 
understory vegetation on the site-preparation treatment units.  A. Arsenault and W. Klenner. 
 
Pre-treatment vegetation characteristics on the 72 site preparation – livestock exclosure units 
was assessed in 2004 with 30 systematically placed 1m2 vegetation quadrats in each block for a 
total of 2160 plots.  These data have recently been entered into an EXCEL database and will be 
analysed for trends in 2005.  
 
A second vegetation sampling project assessed the short-term (2 years post-harvest) 
understory vegetation response to tree removal during harvest.  The increased stand openness 
was quantified by the use of hemispherical photography to quantify ground-level light conditions.  
At each of the 170 long-term permanent sample plots, five 1m2 vegetation quadrats were 
assessed for detailed vegetation characteristics, and two 1m2 vegetation quadrats had all 
vascular plants harvested to estimate annual productivity.  Our initial intent was to sample these 
sites only once, but early indications suggested the very wet August experienced at the site 
made the 2004 season somewhat unique.  This factor, along with higher than expected 
variability in the data, coupled with high levels of biomass removal from the PSP’s by livestock  
(Figure 1) indicated a second sampling season is necessary.   We sampled 100 1m2 vegetation 
quadrats for biomass in the exclosures to quantify the overall effect of livestock grazing on 
standing crop autumn biomass at the site.  High variability in the data suggest an additional 100 
plots will need to be sampled in 2005. 
 
The data has been entered into an EXCEL database, preliminary error checking undertaken 
filed in the Isobel metadata archive.  Outliers have been identified and will be checked against 
field plots in May 2005.  
 



 
 
Figure 1.  Biomass relationships in relation to light conditions at 170 permanent sample plots at 
the Isobel site.  Total annual biomass, and especially the annual biomass of pinegrass and 
native grasses in general are 3 three to four fold higher in the exclosures than on areas open to 
livestock grazing.
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Project 2. Pinegrass response to understory disturbance in a recently-harvested dry-belt 
Douglas-fir forest.  Reg Newman and Sheryl Wurtz 
 
Abstract.  Forest floor plots containing pinegrass (Calamagrostis rubescens) at an 
IDFxh2 site were disturbed to different levels to determine pinegrass response.  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 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.  Pinegrass 
tiller density and leaf height were monitored over the subsequent 3 growing season 
months.  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.  
 
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  

5) height of pinegrass. 
 
 
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  
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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. 
 
 
4 Treatments.  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 

 11 



 12 

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).



 
 
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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Figure 5.   Pinegrass tiller density before treatment (June 4)  and on 3 dates following treatment.   
 
 
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 
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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).  
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 (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 

 

Comment [Sw1]:   
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Tiller Height. Comment [Sw2]:  

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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Project  3. Growth and Yield Data Collection.  Catherine Bealle-Statland. 
 
Objective 1:  to provide data to assist with the calibration of the PrognosisBC growth and yield model 
for the IDFxh2 biogeoclimatic subzone variant. 
 The pre-thinning permanent sample plot data, the plot level site series estimates and 
information on time since disturbance were gathered and combined into a suitable format acceptable to 
the Prognosis development team. The size classes in the pre-thinning regeneration tallies on the 0.005 
hectare plots (nested within the original permanent sample plots) were adjusted to meet the size class 
requirements of the Prognosis database. Plot stocking compilations were not provided since the model 
developers prefer to use their own methods of calculating volume and basal area. The data will be 
added to the imputation database used to initialize model runs and predict ingress at specific times 
after disturbance. 
 
Objective 2: to remeasure and upgrade a subset of the previously established permanent sample plots 
in order to study the growth and yield implications of the range of canopy conditions at the site. 
 A total of 53 PSP locations, averaging 4 to 5 per treatment unit, were upgraded to growth and 
yield plot standards (see “Minimum Standards for the Establishment and Remeasurement of 
Permanent Sample Plots in British Columbia” 
http://www.for.gov.bc.ca/hre/fpc/standards/psp_minimum_standards.pdf). The setback standards are 
such that the data can be used to test for growth differences among the treatment units using ANOVA. 
An additional outer boundary was added to each plot, within which all Douglas-fir over 20 cm diameter 
and a sample of large trees of other species were tagged and measured, thereby increasing the 
number of larger test trees. This boundary was 11.28 m radius (0.04 ha) for plots in the untreated 
control units, and 12.62 m radius (0.05 ha) in the treated units. Furthermore, the tag limit within the 
original 9.77 m radius (0.03 ha) was lowered to 4.0 cm. These changes added 457 trees to the test tree 
database, for a total of 1830. 

The data consists of two text files: one containing individual tree records for each of the 
plots, and a second with plot level information only, one record for each plot. These have been 
archived with the Project Leader, along with a short metadata document that describes the 
data fields and measurement standards. The original plot numbers have been retained. The 
residual trees are numbered in the range of 3701-8900, although not continuously (many 
number sequences are missing). All of the trees added to the plots in 2004 are numbered 
continuously in declining sequence from 3700 to 3242.  
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Project 4.  Stand modelling using TASS.  
  
Modelling stand management options and consequences in dry IDF forest.  Walt Klenner and 
I. Cameron.  
 
Introduction.  TASS is a spatially explicit, individual-tree model that simulates the growth and 
interaction of trees in three dimensions.  The operational version, TASS II, simulates a wide 
variety of silvicultural treatments, including espacement, juvenile spacing, thinning and 
fertilization.  Yield predictions from TASS II are summarized in the Table Interpolation Program 
for Stand Yield (TIPSY) (Mitchell et al., 2000).  Currently, TIPSY yield tables are available for 
even-aged, single-species stands of coastal Douglas-fir, coastal western hemlock, sitka 
spruce, western redcedar, interior western hemlock, interior Douglas-fir and lodgepole pine.  
 
A new version, TASS III, incorporates tRAYci, a spatially explicit light model (Brunner, 1998).  
tRAYci uses solar geometry and estimates of canopy transmittance to produce an index of 
photosynthetically active radiation integrated over an entire growing season for any point in the 
stand.  The index is the proportion of above canopy light (PACL), which ranges from 0.0 in 
total darkness to 1.0 in the centre of a large clearcut.   
 
While the light model in TASS-III is a useful feature that is essential for the analyses in this 
project, the basic growth functions of TASS-III are not fully calibrated.  Our approach to this 
limitation was to perform all growth simulations in TASS-II and then transfer the detailed tree 
descriptions to TASS-III for modelling. TASS reports on a wide range of individual stem and 
stand level indicators including volume/ha, status of the live crown and crown closure.  We 
used the PACvalues to estimate ground-level light conditions in relation to various 
management options.  For these model runs, a 125 x 125m array of sensors in a square 
pattern (15,625 sensors) was established at 0.5m above ground to estimate the light regime 
experienced by understory grass, forbs and shrubs. 
 
TASS Recalibration 
Rationale 
The standard calibration of TASS-II for Fdi uses several coefficients derived from Fdc (coastal 
Douglas-fir) because there are so few data available for Fdi (interior Douglas-fir). The Fdc 
coefficients used include the coefficients for branch growth that ultimately determine crown 
profiles.  Other coefficients in the standard calibration—particularly those governing volume 
production—were derived from Fdi data from remeasured plots.   
 
In any simulation study it is important that the model provide a reasonable depiction of local 
conditions.  We knew that predictions of understory light would be a key element of our 
analysis of silvicultural treatments designed to create and maintain of open-forest conditions.  
Furthermore, the key determinants of stand light conditions in TASS are the branch growth 
functions.  While we had neither the time nor resources to collect the detailed crown data to 
derive a local function for Isobel, we were able to compare some alternative sets of TASS 
coefficients with some local estimates of crown profiles.  The TASS branch coefficients (see 
Figure 1) were for the IDFdk (Pothole Ck.), Douglas-fir in the CWH and the ICH zones. The 
local information consisted of estimates of crown radius from the Isobel site acquired from 
measurements taken on windthrown trees (Isobel WT, Figure 2) and from 70mm aerial 
photography (Isobel Photo, Figure 3).   
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Figure 1.  Existing TASS branch coefficients. Fdc (from the CWH zone), Fdi (from the IDFdk1 
at Pothole Creek), and Fdi (from the ICHmw2 and ICHmw3). 
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Figure 2. .  Comparison of available crown functions with data on crown shape collected from 
Isobel windthrown trees.  
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Figure 3. Comparison of available crown functions and data on crown shape collected from 
Isobel – Opax 70 mm photography.  
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The need for revisiting the initial TASS calibration became apparent when identical scenarios 
were run with either the narrow (Pothole Ck.) or wider (ICH) crowns that were similar to the 
Isobel – Opax crown dimensions (Figure 2,3).  Figure 4 illustrates how assumptions about 
crown characteristics affect ground-level light conditions and hence, the need for calibrating 
the TASS model to the crown architecture observed in the Isobel – Opax area. 
 
 

 
 
Figure 4.  A comparison of the Percent Above Canopy Light (PACL) conditions for narrow and 
wide crowns (e.g. 2.5 vs. 4.0m radius) for stands at 150, 250 and 400 stem per ha., as 
indicated by an array of “sensors” spaced at 1m intervals at 0.5m above ground in the 
125x125m stand (15,625 locations).  The pre-harvest condition is indicated in the lower left of 
the figure.  Red, or a mix of red with some yellow, represent the conditions that will most likely 
achieve and maintain a vigorous understory vegetation response. 
 
 
Height Growth 
The potential height growth of trees in TASS is based on growth rates defined by site index 
curves and a randomly assigned height-vigor coefficient.  For this project we used the site 
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curves for Fdi developed by Thrower and Goudie (1992), which are the curves recommended 
by the MOF.   
 
 
Branch Growth 
Mitchell (1975) developed a function to simulate the annual growth of first-order whorl 
branches.  The integrated form (Eq. 1) predicts cumulative branch length (BL) as a function of 
the distance (DA) from the tree apex to the point of branch attachment.  This function 
effectively determines the profile of the simulated tree crowns. 
 

[1] BL = d0 * ln(1+DA/d1) 

 
The coefficients are usually estimated from detailed measurements of branch growth on 
individual trees.  Measurements of annual branch growth depict the development of the crown 
profile, not merely the current condition.   
 
 
Calibration 
Mortality coefficients were estimated by MOF Research Branch staff through iterative 
simulations achieve the same mortality rates estimated by TASS for Sw.   
 
 
Calibration of the tRAYci Light Model - Leaf area density 
Leaf Area Density (LAD) is a coefficient of the tRAYci light model (Brunner, 1998) which alters 
the light transmitted through simulated crowns.  LAD is usually estimated from analysis of 
hemispherical photographs taken in stem-mapped plots.  For this analysis, we derived LAD 
indirectly from PACL measurements made at the Isobel site.  We simulated the pre-harvest 
stand conditions at Isobel and iteratively adjusted LAD until the mean of the simulated PACLs 
approximated the mean values derived with hemispherical photography at the Isobel site.  The 
estimated value of LAD for Fdi was 5.0 and this value was used in all simulations. 
 
 
Volume Increment: 
Coefficients m1 and m2 were fitted to output from simulations based on the standard TASS 
parameters for Fdi.  We solved iteratively for the m0 coefficient to achieve similar volume 
projections as the standard TASS parameters.   
 
 

Table 1.  Bole increment parameters for Fdi. 
 
Parameter Fdi 

m0  0.000135 
m1 1.133 
m2 1.193 

 

Increment core data suggested that the distribution of breast-height ages in the main Isobel 
cohort can be approximated by a normal distribution with a mean of 105 years and a standard 
deviation of 20 years over a range from 60 to 150 years.  Approximately 5% of the trees are in 
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an older cohort (150 to 250 years), while many smaller trees are younger than 60 years.  
According to the site curves, the site trees take 10 years to reach breast height.  We 
approximated the structure of the current stands by initiating a main cohort of 600 trees/ha in 
1845 with a normally distributed regeneration lag over the following 90 years.  We simulated a 
partial cutting in 1965 and the subsequent initiation of another cohort of 800 trees/ha.  The 
alternative cutting treatments of the simulated experiments were scheduled for 2005.  Three 
alternative levels of post-harvest regeneration—200/ha, 800/ha, and 1400/ha—were 
implemented and stand growth was simulated for another 100 years.  The post-harvest 
regeneration was designed as a recurring initiation each decade to overcome some limitations 
of TASS-II to simulate advanced regeneration.  Young simulated trees will not survive long 
when initiated under the TASS canopy, whereas in reality they would grow slowly until 
released.  Recurring initiation provides the simulations with an ongoing supply of small trees 
that can respond to any subsequent openings in the canopy.   
 
Simulations with TASS require spatial coordinates for each tree in a raster grid.  The grid size 
used for this project was 15cm.  Locations for all trees were drawn from a list of grid points 
deemed eligible for regeneration, producing a pattern of regenerated trees that mimicked the 
spatial heterogeneity observed in the field.  The eligible grid cells were identified using a 
method previously implemented in simulations of ESSF stands (J.S. Thrower & Associates, 
2004.).   Stem maps (50 m X 50 m) from ESSFwc2 stands measured by Parish et al. (1999) 
and Antos and Parish (2002) were replicated and randomly positioned to create a 250 m 250 
m composite stem map.  The stem map was then trimmed to 125 m X 125 m.  Crown maps 
were then created in Arc/View GIS software, using the branch length function (Eq. 1) and the 
Fdi bole coefficients (Table 1).  A 15 cm grid was superimposed on the crown map and those 
cells that did not intersect the crowns—approximately 40%—were categorized as ineligible for 
natural regeneration (Figure 5).  The purpose of this eligible grid is restrict the establishment of 
trees, but not their subsequent growth.  All of the area in the TASS simulations is considered 
productive. 
 
 
Regeneration Assumptions 
We generated the main stand component by initiating 2000 trees/ha with locations drawn 
randomly from the eligible grid and growing them for 150 years.  The establishment period was 
10 years, with regeneration delay modelled as a discrete Poisson distribution with λ=1.5 and a 
maximum delay of 8 years (Eq. 5).  The trees were randomly assigned to either Bl or Se with 
Bl:Se proportions fixed at either 80:20, 50:50, or 20:80.   
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Treatment Definitions 
Different levels and types of partial cutting were applied as simulated treatments.  The 
treatments were applied at age 150 and the stands were growth for 100 years following 
treatment.  Within each type of cutting, we specified removals of 0%, 20%, 40%, 60%, 80%, 
and 100%.  The different types of cutting were STSEL, SQ025, SQ050, and SQ100.  In the 
STSEL (Single Tree Selection) cuttings, trees were selected at random with no consideration 
of tree size or location.  The SQ025 cuts achieve the specified levels of removal by using 25 m 
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X 25 m patch cuts.  Similarly the SQ050 and SQ100 regimes employed either 50 m X 50 m 
patches or 100 m X 100 m patches. 
 
 

 
Figure 5.  Example of the eligible stem locations for the Isobel IDF stand.  
 
 
 
 
Results. 
 
The following series of figures illustrates the role of  the proportion of the stand harvested and 
the and subsequent regeneration density on the ability to create and subsequently maintain 
open canopy conditions to promote understory vegetation.   The biomass sampling at Isobel in 
relation to understory light conditions illustrates a consistent increase in understory productivity 
once ground level PACL values of more than 50, and greatest vegetation response at PACL 
values of more than 75.  We used these values as target thresholds for creating “moderate” 
and “high” forage conditions in the understory.  Figures 6,7 and 8 illustrate that with Single 
Tree Selection systems, a minimum of 60% of the stand volume will need to be harvested to 
create moderate (yellow) understory forage conditions, and that a higher proportion (e.g. 80%) 
is necessary to create high forage conditions.  These results are consistent with the range of 
volume removals applied at the Isobel site.  Regeneration plays a critical role in influencing our 
ability to maintain these conditions beyond 20 years post-harvest .  As regeneration density 
increases (Figures 6, 7 8; see Fig. 9 for a specific comparison), the ability to maintain extended 
periods of high light conditions in the understory rapidly diminishes.  Stand management 
treatments that remove less than 60% timber volume, or which encourage either rapid 
regeneration or regeneration at densities above 200 stems per ha will not be consistent with 
creating or maintaining the open canopy conditions that will facilitate promoting vigorous 
understories.   
 
An alternative to single tree selection harvesting involves the use of patch-cut harvesting 
(Figure 10).  For a given level of removal, patch-cut harvesting is more likely to create the open 
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light conditions (see Fig. 10, red or yellow) that would favor vigorous understory development.  
However, patch cutting does not substantially prolong the period of desired high ground-level 
light, and actually may decrease ground-level light conditions in the patch cut area as 
regeneration develops from year 40-80.  
 
These results suggest relatively high volume removal systems (vs. conventional IFD 
harvesting of about 40% of the mature volume each entry) are necessary to promote vigorous 
understories, but these systems need to be coupled to activities that diminish the rate and 
density of regeneration if open conditions are to be maintained.  The site preparation and 
livestock exclosure trials at Isobel are designed to address this issue. 
 
 

 
 
Figure 6.  A comparison of the Percent Above Canopy Light (PACL) conditions created by harvesting 
an increasing proportion of the stand volume using single tree selection methods, and the likely ability 
to maintain these conditions given an assumption that only 200 stems of regeneration per ha. will 
colonize the harvested area.  Red (high forage production), or a mix of red with some yellow (moderate 
forage production), represent the understory light conditions that would maintain a vigorous understory. 
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Figure 7.  A comparison of the Percent Above Canopy Light (PACL) conditions created by harvesting 
an increasing proportion of the stand volume using single tree selection methods, and the likely ability 
to maintain these conditions given an assumption that only 800 stems of regeneration per ha. will 
colonize the harvested area.  Red (high forage production), or a mix of red with some yellow (moderate 
forage production), represent the understory light conditions that would maintain a vigorous understory. 
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Figure 8.  A comparison of the Percent Above Canopy Light (PACL) conditions created by harvesting 
an increasing proportion of the stand volume using single tree selection methods, and the likely ability 
to maintain these conditions given an assumption that only 1400 stems of regeneration per ha. will 
colonize the harvested area.  Red (high forage production), or a mix of red with some yellow (moderate 
forage production), represent the understory light conditions that would maintain a vigorous understory. 
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Figure 9.  A comparison of the Percent Above Canopy Light (PACL) conditions created by harvesting at 
two levels (40 and 80% volume removal), and with a range of regeneration (200, 800, 1400) within 
these two removal levels.  Red (high forage production), or a mix of red with some yellow (moderate 
forage production), represent the understory light conditions that would maintain a vigorous understory. 
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Figure 10.  A comparison of the Percent Above Canopy Light (PACL) conditions created by harvesting 
at two levels (40 and 80% volume removal), and with single tree selection, small (25m squares), 
medium (50m) and large (100m) patches with a constant level of regeneration (800 stems/ha) across 
all treatments.  Red (high forage production), or a mix of red with some yellow (moderate forage 
production), represent the understory light conditions that would maintain a vigorous understory. 
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Project 5. Effects on fuels, tree growth and nutrients of harvesting and site preparation 
treatments to develop and maintain open crown closure conditions in dry-belt Douglas-fir 
forests near Isobel Lake. Progress Report,  April, 2005.  Dr. M. Feller, UBC Forest Sciences 
 
Methods.  The study area is the Isobel Lake dry belt Douglas-fir management project, which consists of 4 
replicates of 3 tree cutting treatments (control, high residual basal area, low residual basal area). Within each of 
these 12 treatment units, a fenced area will be used to delineate a no-grazing treatment; outside the fenced areas, 
grazing will occur. One grazing treatment area has been delineated near each fenced area, resulting in 24 plots. 
Within each of the 24 plots, 3 site preparation treatment plots (control, prescribed burning, and mechanical site 
preparation) were delineated, yielding a total of 72 experimental plots. To date pre-treatment data have been 
collected to characterize the study area prior to harvesting and subsequent site preparation and grazing treatments. 
 
1.  Fuels 
 
1.1  Measurement layout – Within each of the 72 experimental plots, 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, mostly with a white painted top.   
 
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 
2m above the ground.  A standardized maximum height of 2m will facilitate comparison between future fuel 
measurements, and those of the present. 
 
1.3  Coarse woody debris – Diameters and species or decay class of all woody materials >1cm in diameter were 
measured, then the line intersect method (Van Wagner 1968) together with wood densities measured on materials 
collected from the Isobel Lake and Opax Mtn. research areas, were used to estimate CWD mass present in each of 
the 72 experimental plots.  CWD mass in an experimental plot was the average of the estimates from each of the 3 
triangles for that plot. 
 
1.4  Fine fuels – Fine fuel (all woody material <1 cm in diameter) was collected from 1 m2 plots.  The midpoint 
of each plot was located 2 m from the apex of a fuel measurement triangle, on the outside of the triangle on a line 
which bisected the 2 sides of a triangle having the apex.  Measurements were made for each apex of all 3 triangles 
in the prescribed burning site preparation treatment plots (n = 9 per experimental plot) and just for the 
northernmost apex of each triangle in the control and mechanical site preparation treatment plots (n = 3 per 
experimental plot).  All fine fuel samples collected in the field were oven dried at 70°C before weighing. 
 
1.5  Shrub mass – Shrub mass was estimated by clipping at ground level, all living shrub biomass located within 
each of the 1 m2 fine plots just described.  All shrub samples collected in the field were oven dried at 70°C before 
weighing. 
 
1.6  Forest floor – Forest floor mass per treatment unit was estimated in 2003.  Each experimental plot will be 
assumed to have the same forest floor mass as the treatment unit in which it occurs. 
   
1.7  Forest floor depth of burn – Depth of burn will be estimated for each of the prescribed burning treatments 
using depths of burn pins.  These pins were placed along each side of each of the 3 fuel measurement triangles in 
a prescribed burning treatment plot.  They were located at 2 m intervals beginning 1 m from each apex, 30 pins 
per triangle, 90 pins per prescribed burning treatment plot.   
 Pins were placed into 14 prescribed burning treatment plots in 2004.  They will be placed into the 
remaining 10 plots prior to burning. 
 



1.8  Fuel sampling for B.C. Ministry of Forests – In addition to the fuel sampling described above, coarse and 
fine fuels were also sampled according to B.C. Ministry of Forests protocol for 171 of the permanent sampling 
plots previously established by the B.C. Ministry of Forests.  Six fine fuel samples were collected for each of 
these PSP’s and given to the B.C. Ministry of Forests (W. Klenner) for their subsequent use.  All CWD data, for 
three 9.77 m transects per PSP were also given to the B.C. Ministry of Forests (W. Klenner) for subsequent use.  
 
2.   Nutrient Status 
 In 2003, the pre-treatment nutrient content of the mineral soils was estimated.  In addition, plant material 
samples (forest floor, shrubs, tree biomass components, CWD components, and other understory vegetation 
components (from B.C. Ministry of Forests samples)) were analysed.  In 2004, additional tree components 
(stembark and stemwood of Douglas-fir, aspen, and spruce), CWD (5 size classes of partly decayed CWD), shrub, 
and fine fuel samples were collected, dried, ground to pass a 1mm mesh sieve, then subjected to chemical analysis 
for N, S, P, K, Mg, and Ca, using the same techniques described in the previous progress report.  S analyses were 
also completed for all 2003 samples after the S-determinator instrument was repaired. 
 
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 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.   
 The sampling layout is shown in Figure 1.  Three line transects, each 1.5 m long and oriented at 0, 120, 
and 240o from the tree were used to estimate CWD, as described above.  Centred at 1 m from the tree along each 
of these transects, fine fuels were destructively sampled using a 0.04 m2 square plot.  Forest floor depth of burn 
pins were placed 0.5 m from the tree along each of the cardinal directions of the compass.  Tree ladder fuels are 
being quantified by estimating the branch and foliage mass of all trees located within 3 m of the sampled tree.  All 
such trees had their species and dbh recorded.  Their dbh values will be put into biomass regression equations to 
estimate branch and foliage mass.  These biomass regression equations have been developed by M. Feller, using 
tree biomass data collected in B.C. 
 All trees potentially competing with a sampled tree had their species and dbh’s recorded.  Competing 
trees were defined as all those within a radius of 3 times the average crown radius of the stand in which a sampled 
tree occurred (Peterson et al. 1991).  The average crown radius of most stands was found to be approximately 3 m 
so that competing trees were considered to be all trees occurring within 9 m of a sampled tree. 
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Figure 1. Sampling layout around a tree sampled for growth response. 
 
RESULTS 
 
1.  Fuels 
 Coarse and fine woody debris loads for each harvesting, grazing, site preparation, and individual 
treatment unit are given in Table 1.  Total woody fuel loads varied from 0.7 kg/m2 in the TU5 no harvesting, no 
grazing, mechanical site preparation plot, to 7.7 kg/m2 in the TU12 40-50% BA retention, no grazing, prescribed 
burning plot.  There was a similar one order of magnitude variation in CWD (0.5-7.2 kg/m2) but a two order of 
magnitude variation in fine fuel (0.04-1.06) loads.  Fine fuel loads did not differ significantly between grazing or 
between site preparation treatments, but did between harvesting treatments where BA retention 20-25% had 
higher loads than NTU and BA retention 40-50% treatments.  Coarse woody debris loads differed between 
harvesting and site preparation treatments, but not between grazing treatments.  Coarse woody debris loads were 
significantly higher on prescribed burning than on control or mechanical site preparation treatment plots and were 
higher on BA retention 40-50% than on NTU plots, while CWD loads on BA retention 20-25% plots did not 
differ from those on the other 2 harvesting treatment plots.  Total woody fuel loads exhibited the same significant 
differences as coarse woody debris loads.  Statistical significance was determined using ANOVA with Tukeys 
tests and P<0.055.  These woody fuel loads are similar to those obtained using the B.C. Ministry of Forests data, 
as given in last years progress report, but exhibit greater variability, as expected for smaller plots.  In terms of 
estimating average fuel loads for individual treatment units, it is interesting that the two methods of estimating 
CWD give CWD quantities that are significantly correlated at P<0.10 (r = 0.54) (Table 2), despite one being for 
preharvesting, and the other for post-harvesting. This suggests that the harvesting did not greatly affect CWD 
loads. 
 Surface fuel and forest floor loads in the prescribed burning treatment plots are given in Table 3.  Total 
surface and duff fuel masses varied from 2.6 to 11.0 kg/m2 on an individual plot basis, primarily due to variation 
in CWD mass. However, ANOVA indicated that there were no significant differences between grazing and no 
grazing plots for any fuel component.  There were also no significant differences between different harvesting 
treatment plots for forest floor, fine fuel, shrub, or total fuel loads.  CWD loads were significantly greater on 
harvested (BA retention 40-50% and BA retention 20-25%) than on unharvested (NTU) plots, however. 
 Point measurement of surface fuel depths ranged from 0 to 200 cm but average fuel depths per plot were 
considerably less variable, ranging from 11 to 21 cm (Table 4).  Despite this limited range, significant differences 
between plots were detected by ANOVA, presumably assisted by the large number of measurements (180) per 
plot.  In general, fuel depths were greatest in the unharvested (NTU) plots, primarily due to the presence of more 
dead lower branches on trees which were above the sampling points.   
 Fuel depths were generally lowest on the most intensively harvested BA retention 20-25% plots although 
there was no significant difference between BA retention 20-25% and BA retention 40-50% plots (Table 4).  Fuel 
depths did not differ significantly between different site preparation treatment or different grazing treatment plots, 
however. 
 The lack of any significant differences in fuels loads or depths, between different grazing treatment plots 
should facilitate future comparisons between grazing treatments.  There was only one significant difference in fuel 
loads between different site preparation treatments – CWD was greater in prescribed burning than in other site 
preparation treatment plots.  Again, this relative lack of significant differences should facilitate future 
comparisons between site preparation treatments. 
 
2.  Nutrients 
 Mean nutrient concentrations measured in plant material samples collected from the Isobel Lake study 
area are given in Table 5.  These will be used to estimate nutrient stores in the biomass present and the influence 
of harvesting and site preparation treatments on this biomass.  Analyses described as tbm will be completed 
during the next fiscal year. 
 
3.  Tree growth 
 To date, 200 trees have been measured in the prescribed burning plots, distributed between grazing and 
forest harvesting treatment plots as shown in Table 6.  Most trees were located in zonal site series, were <50 cm in 
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diameter and were from treatment units 1, 5, 6, 8, 9, 11, and 12.  Additional trees will be sampled prior to burning 
in other treatment units. 
 
 
 
 
 
Table 1. Woody fuel loads (kg/m2) in the Isobel Lake IDF open canopy experimental study plots.  
 

Harvesting Control (C) Prescribed burning (F) 
Treatment/ No grazing Grazing No grazing Grazing No g
Treatment 
Unit 

FF CWD Total FF CWD Total FF  CWD Total FF CWD Total FF CW

No harvesting (NTU)     

TU 2  0.04 3.16  3.20 0.04 0.76 0.80 0.23 1.69 1.92 0.10 0.81 0.91 0.53 1
TU 5  0.08 1.14  1.22 0.07 1.55 1.62 0.05 1.95 2.00 0.13 0.83 0.96 0.13 0
TU 10  0.50 1.27  1.77 0.20 1.81 2.01 0.34 2.21 2.55 0.26 1.82 2.08 0.40 1
TU 11  0.31 0.54  0.85 0.13 1.46 1.59 0.18 1.41 1.59 0.14 1.32 1.46 0.23 2
Average  0.23 1.53  1.76 0.11 1.40 1.51   0.20 1.82 2.02 0.16 1.20 1.36 0.32 1
               
Basal area retention 40-50%     

TU 1  0.69 2.59 3.28 1.06 1.40 2.46 0.18 3.07 3.25 0.19 1.72 1.91 0.30 2
TU  3  0.20 3.22 3.42 0.30 1.30 1.60 0.15 2.45 2.60 0.19 3.25 3.44 0.17 1
TU 7  0.11 1.15 1.26 0.20 1.82 2.02 0.20 2.87 3.07 0.24 2.72 2.96 0.32 1
TU 12  0.16 0.87 1.03 0.33 1.24 1.57 0.46 7.19 7.65 0.87 5.53 6.40 0.17 1
Average  0.29 1.96 2.25 0.47 1.44 1.91 0.25 3.90 4.14 0.37 3.31 3.68 0.24 1
               
Basal area retention 20-25%     

TU 4  0.25 1.16 1.41 0.29 0.63 0.92 0.22 1.49 1.71 0.24 2.85 3.09 0.33 0
TU 6  0.22 1.08 1.30 0.58 1.04 1.62 0.44 4.72 5.16 0.53 3.04 3.57 0.21 1
TU 8  0.28 2.08 2.36 0.14 3.16 3.30 0.28 1.32 1.60 0.24 3.38 3.62 0.34 1
TU 9  0.25 0.94 1.19 0.34 2.45 2.79 0.33 2.36 2.69 0.28 4.59 4.87 0.15 2
Average   0.25 1.32 1.57 0.34 1.82 2.16 0.32 2.47 2.79 0.32 3.47 3.79 0.26 1



 
 
 
Table 2. Woody fuel loads in the Isobel Lake study area treatment units using two estimation methods, 
              averaging all measurements within a treatment unit. 
 
Plot – TU     Fine fuel  Coarse woody debris               Total fuel___ 
 2003* 2004 2003 2004 2003 2004 
 
   1 0.14 0.44 2.51 2.04 2.65 2.48  

   2 0.20 0.17 2.11 1.51 2.31 1.68 

  3             0.15 0.20 2.84 2.10 2.99 2.30 

  4             0.17 0.28 2.12 1.29 2.29 1.57 

        5 0.17 0.10 1.74 1.10 1.91 1.20 

   6 0.19 0.35 3.08 2.09 3.27 2.44 

   7 0.21 0.20 2.78 1.79 2.99 1.99 

   8 0.21 0.29 1.78 2.51 1.99 2.80 

   9 0.21 0.42 2.64 2.41 2.85 2.83 

 10 0.23 0.33 1.76 1.62 1.99 1.95 

 11 0.23 0.18 3.09 1.31 3.32 1.49 

 12 0.23 0.44 3.81 3.14 4.04 3.58 

          

 

* Estimation methods are - 
2003 – using the B.C. Ministry of Forests (BCMoF) permanent sampling plots and BCMoF sampling protocol. 
2004 – using the delineated grazing/no grazing and site preparation treatments and sampling protocol described in 
the present report. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Harvesting No grazing  Grazing 
Treatment/ Fine     Forest Fine    
Treatment Unit 

Table 3.  Average surface and duff fuel mass (kg/m2) in the Isobel Lake IDF open canopy experimental study prescribed burning plots. Standard 
               errors are in parentheses. 

Forest 

 

floor fuel CWD Shrubs Total  floor fuel CWD Shrubs Total 
             
No harvesting (NTU) 
             
 TU2 1.70(0.27) 0.23(0.06) 1.69(0.65) 0.01(0.00) 3.63(0.71)  1.70(0.27) 0.10(0.03) 0.81(0.16) 0.02(0.01) 2.63(0.32) 
 TU5 3.48(0.70) 0.05(0.02) 1.95(0.40) 0.01(0.00) 5.49(0.81)  3.48(0.70) 0.13(0.04) 0.83(0.36) 0.02(0.01) 4.46(0.79) 
 TU10 3.46(0.58) 0.34(0.11) 2.21(0.56) 0.12(0.05) 6.13(0.82)  3.46(0.58) 0.26(0.06) 1.82(0.51) 0.04(0.02) 5.58(0.77) 
 TU11 3.29(0.54) 0.18(0.02) 1.41(0.20) 0.09(0.04) 4.97(0.58)  3.29(0.54) 0.14(0.03) 1.32(0.32) 0.03(0.01) 4.78(0.63) 
 Average 2.98(0.27) 0.20(0.03) 1.82(0.24) 0.06(0.27) 5.06(0.37)  2.98(0.27) 0.16(0.02) 1.20(0.18) 0.03(0.01) 4.36(0.33) 
             
Basal area retention 40-50% 
             
 TU1 1.69(0.22) 0.18(0.03) 3.07(0.62) 0.00(0.00) 4.94(0.66)      1.69(0.22) 0.19(0.05) 1.72(0.39) 0.01(0.00) 3.61(0.45) 
 TU3 2.29(0.39) 0.15(0.06) 2.45(0.75) 0.00(0.00) 4.89(0.84)  2.29(0.39) 0.19(0.04) 3.25(0.64) 0.00(0.00) 5.73(0.75) 
 TU7 2.42(0.51) 0.20(0.06) 2.87(1.84) 0.02(0.01) 5.51(1.91)  2.42(0.51) 0.24(0.08) 2.72(0.27) 0.01(0.01) 5.39(0.58) 
 TU12 3.29(0.59) 0.46(0.07) 7.19(1.37) 0.05(0.02)  10.99(1.50)  3.29(0.59) 0.87(0.34) 5.53(1.67) 0.18(0.08) 9.87(1.81) 
 

Average 2.42(0.22) 0.25(0.03) 3.90(0.62) 0.02(0.01) 6.58(0.66)  2.42(0.22) 0.37(0.09) 3.31(0.46) 0.05(0.02) 6.15(0.52) 
             
Basal area retention 20-25% 
             
 TU4 1.99(0.25) 0.22(0.07) 1.49(0.69) 0.01(0.00) 3.71(0.74)  1.99(0.25) 0.24(0.08) 2.85(0.74) 0.00(0.00) 5.08(0.79) 
 TU6 3.87(0.78) 0.44(0.13) 4.72(2.39) 0.02(0.01) 9.05(2.51)  3.87(0.78) 0.53(0.14) 3.04(0.71) 0.03(0.01) 7.47(1.06) 
 TU8 2.33(0.32) 0.28(0.10) 1.32(0.19) 0.02(0.01) 3.95(0.39)  2.33(0.32) 0.24(0.10) 3.38(0.67) 0.03(0.02) 5.98(0.75) 
 TU9 3.18(0.95) 0.33(0.06) 2.36(0.21) 0.06(0.02) 5.93(0.97)  3.18(0.95) 0.28(0.11) 4.59(2.09) 0.01(0.01) 8.06(2.30) 
 

Average 2.84(0.32) 0.32(0.05) 2.47(0.63) 0.03(0.01) 5.66(0.70)  2.84(0.32) 0.32(0.05) 3.47(0.61) 0.02(0.01) 6.65(0.69) 
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Table 4. Surface fuel depths (cm) in the Isobel Lake IDF open crown closure experimental plots. 
 
Harvesting   
treatment/  ______Control (C)___     _Prescribed burning (F)_ __Mechanical treatment 
(M)___
Treatment Unit        No grazing    Grazing    No grazing      Grazing No grazing      
Grazing 
 
No treatment (NTU) 
 
 TU 2               16.9 (3.5)         11.0 (2.7)     24.5 (4.1)     16.7 (3.4)     17.6 (3.1)        29.2 
(4.3) 
 TU 5               23.6 (4.0)         14.8 (3.0)     13.6 (2.7)     13.0 (3.1)       7.0 (1.8)        13.8 
(2.8) 
 TU 10                    21.2 (3.0)           27.0 (3.7)     26.5 (3.6)     21.5 (3.5)     18.7 (3.1)        19.3 
(3.1)  
 TU 11               11.2 (2.2)           11.1 (2.5)     18.4 (3.2)     14.4 (2.3)     21.0 (2.7)                    19.9 
(2.9) 

        Average                         18.2 (1.6)ac         16.0 (1.5)adfg        21.0 (1.7)ab              16.4 (1.6)adfg     16.1 (1.4)adfg               21.0 
(1.7)a

 
Basal area retention 40 – 50% 
 

TU 1               15.4 (2.0)          18.3 (2.9)       9.9 (1.1)                  24.7 (3.8)      13.0 (2.0)        14.1 
(2.4) 
 TU 3               13.6 (2.2)          14.9 (1.7)     12.2 (2.2)      13.1 (1.8)      14.3 (2.8)        22.1 
(3.4) 
 TU 7                 8.5 (1.5)            7.6 (0.8)     11.5 (2.1)        8.4 (1.3)      13.0 (2.1)        15.4 
(2.5) 
 TU 12                 7.2 (1.0)          10.0 (2.0)     10.0 (1.5)      14.3 (1.5)      11.9 (2.0)          9.0 
(0.9) 

       Average               11.2 (0.9)defg       12.7 (1.0)cdefg      10.9 (0.9)defg             15.1 (1.2)bcdf      13.1 (1.1)cdefg             15.2 
(1.2)bcdfg

  
Basal area retention 20 – 25% 
 

TU 4               13.5 (2.0)         10.9 (2.3)     17.3 (3.1)        14.4 (2.5)      16.3 (2.8)        17.7 
(2.6) 
 TU 6               14.7 (2.2)           9.3 (1.2)     16.8 (2.3)        15.1 (2.0)        8.4 (1.4)          9.3 
(1.9) 
 TU 8                 8.8 (1.1)           13.7 (2.4)     10.5 (1.7)          7.5 (1.1)        7.9 (1.0)        15.1 
(2.0) 
 TU 9               10.5 (1.6)         12.0 (1.5)       9.1 (2.0)        12.5 (2.1)        9.7 (1.1)          8.8 
(1.1) 

       Average               11.9 (0.9)defg      11.5 (1.0)g     13.4 (1.2)cdefg             12.4 (1.0)d      10.6 (0.9)e        12.7 
(1.0)de

 
Standard errors are in parentheses. 
Average values followed by different letter superscripts are significantly different at P < 0.05. 
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Table 5. Average chemical concentrations measured in plant material samples collected  
       from the Isobel Lake study area in 2003 and 2004. Standard errors are in parentheses. 
         

Sample type N   P S K Mg Ca n 
  Total (%) Min. (ppm)  (%)  (%)  (%)  (%)  (%)   

Forest floor                   
                      TU1  1.014 (0.092) 104.1 (18.5) 0.082 (0.003) 0.099 (0.007) 0.160 (0.014) 0.257 (0.020) 0.768 (0.088) 8 

                      TU2 1.285 (0.099) 108.3    (8.1) 0.079 (0.005) 0.117 (0.006) 0.156 (0.011) 0.362 (0.019) 0.977 (0.154) 8 

                      TU3 1.169 (0.159) 119.6 (45.2) 0.078 (0.006) 0.101 (0.009) 0.191 (0.020) 0.404 (0.041) 0.729 (0.227) 8 

                      TU4 1.179 (0.140) 104.9 (36.6) 0.073 (0.005) 0.097 (0.005) 0.152 (0.011) 0.355 (0.042) 0.822 (0.135) 8 

                      TU5 1.295 (0.212)  92.2 (16.8) 0.088 (0.014) 0.125 (0.022) 0.163 (0.027) 0.644 (0.070) 1.059 (0.240) 8 

                      TU6 1.169 (0.129) 206.3 (73.7) 0.079 (0.001) 0.103 (0.009) 0.167 (0.048) 0.283 (0.042) 0.911 (0.203) 8 

                      TU7 1.434 (0.171)  88.2   (8.1) 0.087 (0.004) 0.118 (0.008) 0.169 (0.011) 0.209 (0.023) 0.707 (0.082) 8 

                      TU8 1.499 (0.074) 116.3 (22.3) 0.090 (0.004) 0.131 (0.006) 0.223 (0.023) 0.184 (0.014) 0.790 (0.046) 8 

                      TU9 1.147 (0.158) 156.9 (42.5) 0.073 (0.005) 0.121 (0.007) 0.183 (0.012) 0.260 (0.023) 0.648 (0.083) 8 

                      TU10 1.657 (0.170) 111.5   (7.8) 0.088 (0.005) 0.141 (0.006) 0.192 (0.008) 0.206 (0.010) 0.607 (0.035) 8 

                      TU11 2.057 (0.508) 173.6 (37.8) 0.089 (0.010) 0.126 (0.015) 0.180 (0.028) 0.245 (0.020) 0.635 (0.052) 7 

                      TU12 1.630 (0.333) 124.4 (23.9) 0.078 (0.007) 0.100 (0.007) 0.379 (0.074) 0.366 (0.083) 0.622 (0.096) 8 

Coarse woody debris                 

Fresh                   

 Douglas-fir >12cm   0.087 (0.003) - 0.007 (0.001) 0.063 (0.008) 0.032 (0.002) 0.006 (0.001) 0.097 (0.014) 6 

 Douglas-fir <12cm   tbm - 0.009 (0.001) 0.033 (0.002) 0.034 (0.002) 0.009 (0.001) 0.172 (0.029) 6 

 Aspen >12cm   tbm - 0.014 (0.004) 0.028 (0.004) 0.057 (0.006) 0.022 (0.001) 0.198 (0.040) 6 

 Aspen <12cm   tbm - 0.021 (0.004) 0.041 (0.003) 0.059 (0.006) 0.036 (0.007) 0.279 (0.044) 6 

Partly decayed                 

 1-3cm diam.  0.278 (0.023) - 0.011 (0.002) 0.041 (0.010) 0.117 (0.011) 0.025 (0.002) 0.131 (0.015) 6 

 3-5cm diam.   0.235 (0.018) - 0.021 (0.009) 0.024 (0.003) 0.193 (0.042) 0.042 (0.006) 0.158 (0.015) 6 

 5-7cm diam.   0.255 (0.031) - 0.011 (0.002) 0.018 (0.006) 0.200 (0.043) 0.026 (0.004) 0.128 (0.015) 6 

 7-12cm diam.  0.198 (0.031) - 0.010 (0.003) 0.009 (0.004) 0.164 (0.027) 0.037 (0.010) 0.137 (0.024) 6 

 >12cm diam.  0.189 (0.039) - 0.007 (0.001) 0.016 (0.005) 0.147 (0.002) 0.032 (0.003) 0.145 (0.011) 6 

 Aspen >12cm   tbm - 0.006 (0.004) 0.045 (0.004) 0.061 (0.006) 0.029 (0.003) 0.281 (0.035) 4 

 Aspen <12cm   tbm - 0.008 (0.002) 0.041 (0.000) 0.045 (0.005) 0.028 (0.003) 0.281 (0.059) 6 

Well decayed                 

 >12cm diam.   0.192 (0.052) - 0.010 (0.002) 0.044 (0.003) 0.031 (0.004) 0.016 (0.004) 0.142 (0.016) 5 

Fine fuels                 
  0.728 (0.033) - 0.051 (0.003) 0.058 (0.003) 0.124 (0.017) 0.132 (0.008) 0.375 (0.042) 30 

Tree components                 

Douglas-fir - wood 0.138 (0.017) - 0.004 (0.001) 0.015 (0.001) 0.073 (0.003) 0.018 (0.004) 0.067 (0.008) 6 

        - stembark   0.364 (0.025) - 0.027 (0.003) 0.021 (0.005) 0.115 (0.013) 0.044 (0.008) 0.309 (0.041) 6 

        - live branches 0.310 (0.039) - 0.046 (0.003) 0.050 (0.002) 0.034 (0.008) 0.017 (0.007) 0.319 (0.068) 8 

        - dead branches 0.265 (0.032) - 0.023 (0.002) 0.051 (0.002) 0.030 (0.002) 0.029 (0.003) 0.450 (0.040) 8 

        - foliage 1.063 (0.026) - 0.157 (0.004) 0.095 (0.004) 0.507 (0.019) 0.209 (0.008) 0.292 (0.029) 8 

Spruce  - wood 0.199 (0.009) - 0.007 (0.002) 0.019 (0.005) 0.070 (0.004) 0.022 (0.003) 0.113 (0.009) 6 

        - stembark 0.401 (0.026) - 0.05 (0.004) 0.026 (0.004) 0.212 (0.015) 0.077 (0.005) 0.599 (0.039) 6 

        - live branches 0.254 (0.011) - 0.052 (0.003) 0.049 (0.005) 0.038 (0.001) 0.008 (0.001) 0.347 (0.022) 6 

        - dead branches 0.307 (0.099) - 0.031 (0.005) 0.045 (0.003) 0.020 (0.001) 0.007 (0.001) 0.376 (0.056) 8 

        - foliage 0.860 (0.049) - 0.113 (0.005) 0.077 (0.004) 0.454 (0.020) 0.109 (0.013) 0.535 (0.065) 6 

Aspen  - wood 0.164 (0.018) - 0.007 (0.001) 0.005 (0.003) 0.108 (0.020) 0.043 (0.004) 0.075 (0.007) 6 

         - stembark 0.528 (0.085) - 0.046 (0.007) 0.029 (0.010) 0.234 (0.012) 0.238 (0.025) 0.601 (0.015) 6 
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         - live branches 0.488 (0.036) - 0.070 (0.004) 0.060 (0.001) 0.049 (0.003) 0.018 (0.002) 0.474 (0.083) 3 

         - foliage 1.744 (0.023) - 0.142 (0.003) 0.058 (0.005) 1.408 (0.347) 0.547 (0.117) 0.781 (0.144) 3 

                  

                  

         

         
Table 4. Continued.        

                  

Sample type N   P S K Mg Ca n 

  Total (%) 
Min. 

(ppm)  (%)  (%)  (%)  (%)  (%)   
                  

Shrubs                 

Shrubs (TU1-4) 1.531 (0.087) - 0.150 (0.012) 0.099 (0.009) 0.619 (0.066) 0.335 (0.031) 0.273 (0.034) 20 

Shrubs (TU5-7) 1.830 (0.133) - 0.342 (0.030) 0.151 (0.009) 1.158 (0.131) 0.383 (0.033) 0.428 (0.037) 15 

Shrubs (TU8-12) 1.216 (0.084) - 0.261 (0.034) 0.127 (0.014) 1.275 (0.178) 0.223 (0.017) 0.550 (0.076) 15 

Species - Acer 0.892 (0.505) - 0.086 (0.013) 0.043 (0.002) 0.462 (0.047) 0.157 (0.026) 0.723 (0.067) 3 

      - Amelanchier 0.598 (0.105) - 0.110 (0.007) 0.049 (0.002) 0.456 (0.051) 0.183 (0.013) 0.675 (0.080) 6 

      - Arctostaphylos 0.732 (0.026) - 0.108 (0.002) 0.046 (0.003) 0.610 (0.034) 0.308 (0.020) 0.798 (0.131) 4 

      - Juniperus 0.671 (0.085) - 0.106 (0.009) 0.052 (0.004) 0.531 (0.092) 0.258 (0.012) 0.751 (0.139) 4 

      - Mahonia 1.068 (0.087) - 0.142 (0.009) 0.063 (0.009) 1.090 (0.145) 0.233 (0.040) 0.753 (0.083) 6 

      - Rosa 0.731 (0.063) - 0.141 (0.026) 0.051 (0.005) 0.545 (0.054) 0.257 (0.021) 0.938 (0.091) 6 

      - Shepherdia 1.104 (0.337) - 0.058 (0.006) 0.043 (0.005) 0.462 (0.060) 0.164 (0.022) 0.369 (0.046) 6 

      - Symphoricarpos 0.507 (0.040) - 0.143 (0.025) 0.062 (0.006) 1.777 (0.111) 0.307 (0.015) 1.467 (0.175) 6 

Herbs and grasses                 

  Lupinus 1.614 (0.123) - 0.094 (0.005) 0.093 (0.006) 2.614 (0.517) 1.105 (0.347) 5.733 (0.909) 4 

 Calamagrostis 0.660 (0.074) - 0.116 (0.008) 0.099 (0.006) 1.686 (0.205) 0.286 (0.027) 0.785 (0.071) 8 

  Pref. native grasses 1.235 (0.047) - 0.245 (0.037) 0.104 (0.008) 3.217 (0.358) 0.689 (0.085) 2.302 (0.216) 8 

  Non-pref. native grasses 1.487 (0.036) - 0.246 (0.011) 0.098 (0.008) 2.231 (0.250) 0.541 (0.030) 0.982 (0.067) 6 

  Non-native pref. grasses 1.736 (0.177) - 0.240 (0.003) 0.129 (0.005) 2.978 (0.141) 0.834 (0.163) 2.279 (0.261) 4 

  Other native grasses 1.123 (0.104) - 0.167 (0.007) 0.112 (0.010) 2.198 (0.162) 0.249 (0.020) 0.522 (0.050) 4 

  Other non-native grasses 1.086 (0.021) - 0.174 (0.010) 0.137 (0.007) 2.536 (0.200) 0.360 (0.040) 0.648 (0.039) 6 

                  
tbm = to be measured.        

n = number of samples analysed. 
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Table 6.  Location and size of trees sampled for tree growth assessment in the Isobel  
 Lake study area during 2004. 
 
 
Harvesting Treatment/ Number of trees with dbh - 
Treatment Unit >10cm 10-30cm 30-50cm >50cm 

Site 
Series 

      
NTU      

TU5 - grazing 13 6 6 1 05 
 - no grazing 12 8 3 1 05 
TU11 - grazing 22 2 14 6 07? 

 - no grazing 16 0 7 9 01 
       
BA 40-50% retention      

TU1 - grazing 15 9 2 4 01 
 - no grazing 15 12 2 1 01 
TU12 - grazing 14 8 6 0 01 

 - no grazing 12 3 6 3 01 
       
BA 20-25% retention      

TU6 - grazing 15 9 6 0 05/01 
 - no grazing 18 11 6 1 01 

TU8 - no grazing 13 11 1 1 01 
TU9 - grazing 17 9 3 5 01 

 - no grazing 18 12 4 2 01 
     
Total no. of trees 200 100 66 34 
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Project 6.  Metadata. The process of building a project metadata archive including field 
checking of plots where data conflicts are identified, a project mapbase consisting of project 
GPS information and spatially accurate (GIS) maps, and a long-term, secure data archive was 
initiated in 2004.  Treatment boundaries, permanent sample plot locations, site preparation 
treatments and the internal plots associated with the measurement of site preparation plot 
indicators were marked in the field with permanent pins, locations established with GPS and 
used to create spatially referenced maps.  Data from individual projects are held by the 
individual researchers.  In addition, all project data is archived on a secure site (SIFR MoF LAN) 
where periodic backups are made to ensure against accidental loss. 
 
 
 
Project infrastructure.   A critical component of the Isobel project  is infrastructure development 
and maintenance.  Included in this general category are activities such as livestock fence 
exclosure maintenance, marking plot locations with long-term pins, preparation of plot location 
maps, surveying, establishing and developing the site preparation treatments, co-ordinating the 
activities of research co-operators, etc.  Considerable effort was required in 2004 for each of 
these efforts to enable contract workers to locate vegetation plots efficiently with prior 
knowledge of site layout, to establish plot locations using permanent pins that withstand 
livestock activity, and to complete the survey and establishment of site preparation treatments. 
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