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Request to not post results contained in this report on the internet. 
 
Although most of the information in this technical report is preliminary or in the form of a 
summary, the project design, rationale, results and other information is intended for publication 
in peer reviewed journals by individual scientists or graduate students.  Posting of the 
information in this report may be viewed by prospective journals as a prior publication and may 
interfere with the individuals ability to publish these works in a reputable journal.  Hence I 
request that these results are not posted until the necessary data for the project has been 
collected, analysed and the scientists given a reasonable opportunity to publish the results. 
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Abstract 
 

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.   
 
The main objectives for the 2003-04 year were to complete the stand management treatments, to 
document and evaluate the site preparation activities, to prepare a preliminary report on pre-
treatment conditions at the Isobel site, to re-establish the permanent sampling plots following 
harvesting, to measure post-harvest understory light conditions, to begin the extension and 
demonstration work at the area to illustrate the treatments and issues relating to the harvesting 
and site-preparation treatments, and to develop co-operative extension materials between the 
Isobel and Opax projects.  
 
The 2003-04 effort at Isobel to implement site preparation treatments was delayed by funding 
uncertainty until late summer.  The extreme drought and accompanying fire hazard across much 
of the Southern Interior forced the project team to modify objectives.  Prescribed fire treatments 
were not an option for 2003-04 in the wake of the catastrophic fires in July and August, hence 
the project focus was shifted to completing livestock exclosures.  Following discussions with 
Fire Center staff, a modified plan was developed that would see the completion of the planned 12 
livestock exclosures prior to implementing the prescribed fire treatments. 
 
Data analyses conducted in June outline the pre-treatment (i.e. prior to harvesting) condition,  
and the site fuel loading and soil nutrients were analysed and a report prepared by UBC Forest 
Sciences.  Permanent sample plot locations were re-established at the beginning of the growing 
season (May-June 2003), and logging slash removed where it compromised plot re-
measurements.  The first post-harvest light and sample plot reference photographs were 
completed, analyses indicate a 20 and 30% increase in understory light conditions on the 
moderate (50-60% BA) and high (75-80% BA) removal treatments respectively.  A report 
prepared using the TASS stand model to project the consequences of the harvesting treatments at 
Isobel on likely timber volume and understory forage production.  Work on constructing the 
livestock exclosures began in January and all 12 exclosures (6.2 km of fencing) was completed 
by March 2004.  Demonstration efforts to illustrate the application of prescribed fire will be 
delayed to 2004-05 following application of the prescribed fire treatments. 
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The Isobel Project Research Team 

 
The project team represents a small group of Ministry of Forests research staff (Klenner, 
Arsenault, Newman) and a UBC fire ecology specialist (Feller).  The group is investigating key, 
management related aspects of the tree and understory response to harvesting and site 
disturbance from prescribed fire and mechanical site preparation.  The nature of the 
investigation (to fill in key gaps in the response of conifers and understory vegetation to canopy 
removal and site disturbance) is focused, hence does not require a large research team.  The 
experimental design is a robust, experimental regression approach that facilitates investigations 
at several spatial scales from 1m2 plots to treatment units ranging from 13 to 22 ha.  This 
approach is necessary to accommodate the range of spatial scales necessary to monitor the 
response to treatments. 
 
The project team has not worked in isolation during the development of harvesting treatments 
for the site.  Staff from the Kamloops office of BCTimber Sales, Chasm Sawmills and the 
Kamloops Fire Center provided advice and assistance. This will continue during the 
development of the site preparation (prescribed fire and mechanical screefing/compaction of 
slash) and grazing management treatments.  Furthermore, the NDT4 committee will continue to 
be advised of progress.  Dr. Arsenault, a member of the project team, leads the Opax Mt. 
Silvicultural Systems project and will ensure that the work at, and extension of the results at 
Isobel Lake are related to the Opax work.  
 
 

 
 

Introduction 
 
Several concerns have been raised about current management practices in the forest and open 
range habitats grouped as Natural Disturbance Type 4 (NDT4) in BC (see Biodiversity 
Guidebook, p. 39).  Subzones and variants of the bunchgrass (BG), Ponderosa pine (PP) and 
interior Douglas-fir (IDF) biogeoclimatic zones (Pojar and Meidinger 1991), along with one 
subzone of the interior cedar-hemlock (ICHxw) have been classified as NDT4 (BC Ministry of 
Forests and BC Ministry of Environment 1995). These dry grasslands and forests generally 
occur at low elevations (under 1200m), usually have a lower canopy closure than forests on 
more mesic sites, and have been characterized by the historic role of frequent low intensity, 
stand maintaining fires.  
 
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 (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. 
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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 
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.  
 
 
The main goal of the project is to develop, implement and demonstrate management systems in 
interior dry-belt forests that will create and maintain open crown closure conditions in a cost-
effective manner.  The Isobel project has 4 components: (1) developing an experimental design 
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for the Isobel site, (2) developing a pre- and post-treatment monitoring program, (3) designing 
suitable treatments to achieve the desired open canopy conditions using a combination of stand 
structure modelling and expert opinion, and (4) implementing treatments. 
 
Experimental Design 
 
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 1,2) 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 2) 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. 2).  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 
PSP’s, and 177 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. 3) 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. 2) where vegetation response is being documented, for a total 
of 177 PSP’s across the site. 
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Figure 1.  Location of the Isobel study area (yellow outline) in relation to the Kamloops Forest District 
Demonstration Forest and the Opax Mtn. Silvicultural Systems trials.  The Isobel area is approx. 17 km 
NW of Kamloops along the Lac du Bois road and covers approximately 250 ha. 
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1  K m  
Figure 2.  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. 
 
 
A split-plot design will be used to impose a smaller scale set of ground disturbance treatments 
(approximately 2.25 ha, Figure 4) 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 were to 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 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.  Areas have been 
selected for these treatments in 2004-05. 
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Figure 3.  Permanent sampling plot configuration for monitoring changes in overstory and understory 
vegetation in relation to harvesting treatments.  Understory vegetation on the site preparation treatments 
(see Fig. 4) will be monitored with the species composition and biomass plots that will each have 
hemispheric photo light condition assessments. 
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Figure 4.  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. 
 
 
 
 
 
Project Objectives: 2003-04 
 
The main objectives for the 2003-04 year were to: (1) complete the stand management 
treatments,  (2) to document and evaluate the site preparation activities, (3) to prepare a report on 
pre-treatment conditions at the Isobel site, (4) to re-establish the permanent sampling plots 
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following harvesting and to measure post-harvest understory light conditions, (5) to begin the 
extension and demonstration work at the area to illustrate the treatments and issues relating to the 
harvesting and site-preparation treatments, and (6) to develop co-operative extension materials 
between the Isobel and Opax projects.   
 
 
Results for Projects 1, 2, 5,6. 
 
The 2003-04 effort at Isobel to implement site preparation treatments was delayed by funding 
uncertainty until late summer.  Due to the extreme drought and accompanying fire hazard across 
much of the Southern Interior in July to late October, the project team was forced to modify 
objectives.  Prescribed fire treatments were not an option for 2003-04 in the wake of the 
catastrophic fires in July and August, hence the project focus was shifted to completing livestock 
exclosures.  Following discussions with Fire Center staff, a modified plan was developed that 
would see the completion of the planned 12 livestock exclosures prior to implementing the 
prescribed fire treatments.  Construction of the livestock exclosures (each was 75-100m by 
150m) began in early January following a competitive bidding process and was completed in 
March 2004 (6.2 km. of fence). 
 
Projects 2 (document mechanical and prescribed fire), 5 and 6 (the  development of extension 
materials to demonstration the application of these site preparation tools) are delayed to 2004-05. 
 
 
Results for Project 3, a report on pre-treatment conditions at the Isobel site. 
 
The following is a summary of the report on pre-treatment conditions prepared by Dr. M. Feller, 
UBC Forest Sciences. 
 
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 
 
Fuels Methods 
1. Fine fuel - Along each of the three downed wood transects, two 50 x 50cm plots were systematically 

located at the midpoint (5m) and end (9.77m) of the transect.  Within the plot, all fine fuels less than 
1.0 cm diameter were collected and the two plots from each transect placed in the same sample bag 
for measurement.  In the lab, fine fuels (branches) were separated from grass, leaves, needles and 
other debris before oven drying at 70 degrees C for 24 hr. prior to weighing.  

2. Coarse woody debris - Three 9.77m fuel transects were established in each PSP to estimate downed 
wood. These transects were sampled for intersection with all woody debris greater than 1.0 cm 
diameter.  There were four categories of downed wood, 1-3 cm (at the point of line intercept), 3-5, 5-
7 and > 7cm.  The material greater than 7.0 cm diameter was further identified to species and decay 
class. 
The line intersect method (Van Wagner 1968) was used to calculate the quantities of CWD present at 
each sampled PSP. This requires the use of wood densities for the materials present. These wood 
densities were calculated by cutting sections from different CWD materials in the field, then 
measuring volumes, using a water displacement method, and masses after oven drying at 70 oC. A 
total of 70 sections were collected in June, 2003 (Table 1). 
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3.   Forest floor – Ten forest floor samples were systematically collected in June, 2003, from each 
treatment unit from sites located at 50m intervals along randomly oriented transects (2 per treatment 
unit). Each forest floor sample was collected from a 20 x 20 cm square surface area. Forest floor 
depth was measured at the midpoint of each of the 4 sides of the square (Table 2). Samples were not 
collected from any location showing signs of disturbance from harvesting operations. Samples were 
oven-dried (70 oC) in the laboratory then weighed, and results expressed on a 1 m2 basis. 

 
Tree growth  
 A graduate student, Jessica Meyer-Rachner, has been recruited to study tree growth in the study area. 
She will commence field work in 2004. 
 
Nutrients  

  
Short-term treatment effects 
Within each treatment unit, forest floor mass was estimated as described above. After drying, forest floor 
samples were ground to pass a 1 mm mesh sieve prior to chemical analysis. Forest floor nutrient content 
will be estimated as the product of forest floor mass and its nutrient concentrations. 
 
Mineral soil samples, to a depth of 20 cm, were collected from the same 10 locations per treatment unit 
that were used to collect forest floor samples. Mineral soil (< 2 mm) mass was estimated by using the 
water displacement method to measure the volume of mineral soil removed from 10 small (approx. 500 
cm3) randomly located 15 cm deep soil pits per treatment unit. Soil samples were sieved then the < 2 mm 
fractions were oven-dried (110 °C) and weighed. The < 2 mm mass was corrected for the presence of 
large rocks, whose percent by volume was visually estimated in the field, from a minimum of 25 
observations per treatment unit. 
 
One additional mineral soil sample was collected at each soil sampling location, then sieved to obtain the 
< 2 mm fraction which was then left to air dry prior to chemical analysis. Mineral soil nutrient content 
was estimated as the product of mineral soil mass and its nutrient concentrations. 
 
Long-term effects 
The masses of nutrients present in each component of the ecosystems will be estimated as follows:  
 
Soil – sampled as described above. Forest floor mass and < 2 mm mineral soil mass were multiplied by 
their respective nutrient concentrations to estimate nutrient quantities present. 
 
Coarse woody debris – Masses will be estimated using the line intersect method as described above. 
Samples used to estimate wood densities were also ground to pass a 1 mm mesh sieve after drying, then 
subjected to chemical analysis. Chemical concentrations will be multiplied by masses to estimate nutrient 
quantities.  
 
Fine fuels (organic material < 1 cm in diameter) and understory vegetation – Twenty randomly selected 
fine fuel samples collected by the Ministry of Forests were ground to pass a 1 mm mesh sieve prior to 
chemical analysis. Chemical concentrations will be multiplied by masses to estimate nutrient quantities. 
Understory vegetation was destructively sampled in June, 2003. Four to six entire plants (above-ground 
portion), randomly collected from the study area, of each of –  Acer, Amelanchier, Arctostaphylos, 
Juniperus, Mahonia, Populus seedlings, Rosa, Shepherdia, and Symphoricarpos – were cut, oven-dried at 
70 oC, then ground to pass a 1 mm mesh sieve, prior to chemical analysis. 
 
Trees –  Biomass of tree components (foliage, live branches, dead branches, stembark, stemwood, roots) 
will be estimated by measuring the breast height diameter of each tree of each species present in 20 x 20m 
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plots. Biomass regression equations will be developed using biomass data possessed by M. Feller for IDF 
tree species. These equations will then be used to calculate component biomass of each tree based on its 
dbh. Biomass will then be converted to a per hectare basis. At least six samples of each tree component  
for each of the 3 major tree species present (Douglas-fir, interior spruce, and aspen) were collected in 
June, 2003, from random locations in the study area for chemical analysis. Each sample was oven-dried 
(70° C), then ground to pass a 1 mm mesh sieve prior to analysis. Chemical concentrations will be 
multiplied by masses to estimate nutrient quantities.  
 
Chemical analyses  
 
Mineral soil – Samples were analyzed for organic matter (C) content using the loss on ignition method 
(Page 1982), total N using a Leco CN 2000 analyzer, mineralizable N using an anaerobic incubation 
method (Waring and Bremner 1964) and analyzing the released NH4 on a Technicon TRAACS 800 
continuous flow analysis instrument, extractable P using a Bray dilute acid-fluoride extraction (Page 
1982) and analyzing the released PO4 on a Technicon TRAACS 800 continuous flow analysis instrument, 
total S using a Leco SC-32 S determinator, extractable K, Mg, and Ca using Morgan’s solution of pH 4.8 
sodium acetate (Greweling and Peech 1960) then analyzing the extracted cations using a Varian 
SpectrAA10 atomic absorption spectrophotometer, and pH in water (Page 1982).  
 
Organic material 
All ground organic material samples were analyzed for total N using a Leco CN 2000 analyzer, total S 
using a Leco SC-32 S determinator, and total P, K, Mg, and Ca using a dry ashing procedure (Kalra and 
Maynard 1991) modified by not evaporating the acid solution to dryness, then analyzing P as PO4 using 
the Technicon TRAACS 800 continuous flow instrument, and K, Mg, and Ca using the Varian SpectrAA 
10 atomic absorption spectrophotometer. Forest floor samples were also analyzed for mineralizable N 
using an anaerobic incubation method (Waring and Bremner 1964). Due to a malfunction in the S 
determinator, S analyses were only completed on the mineral soil and forest floor samples. 
 
 
RESULTS 
Fuels 
Forest floors tended to be shallow, averaging 2 – 4 cm in depth, and of equivalently low mass, averaging 
1.7 – 3.9 kg/m2 (Table 2). Treatment units 5 and 6 tended to have deeper and heavier forest floors than the 
other treatment units, all of which had similar forest floor depths and masses. 
 
Fine fuel, coarse woody debris, and total surface fuel loads tended to be relatively low and similar among 
treatment units (Table 3). Total woody fuel loads of 2 – 4 kg/m2 are identical to those found elsewhere in 
the IDF zone (Feller 2003). There were no significant differences (at P=0.05) between treatment units in 
fine fuel or coarse woody debris loads. For total fuel loads, the only significant difference was between 
the plot with the greatest load (TU12) and the plot with the smallest load (TU5). In general, fuel loads 
were similar between treatment units prior to treatment, although individual PSP CWD loads varied 
greatly, between 0.00 (for 25 of the 176 sampled PSPs) and 11.9 and 13.7 kg/m2 for PSPs 7 and 16, 
respectively; all other PSPs had CWD loads < 10 kg/m2. There were also no significant differences in fine 
fuel, CWD, or total surface fuel loads between the 3 sets of treatment plots (Table 4). 
 
Mineral soil nutrient content again tended to exhibit little variation between treatment units (Table 7). For 
the generally limiting nutrient – N, total N quantities were relatively low, and only a small proportion of 
this total N (generally 1 – 3%) was readily available to plant roots as mineralizable N. Treatment Unit 5 
generally exhibited the richest soils, although other TUs had greater quantities of N and S in their soils 
(Table 7). Relatively high standard errors result in few statistically significant differences between TUs. 
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Again, more intensive sampling will be conducted during 2004 to determine whether soils are relatively 
uniform or whether insufficient sampling to detect significant differences was conducted. 
 
Nutrient contents of other ecosystem components have not yet been determined   
 
Soils and nutrients 
Mineral soils contained 4 – 17% coarse fragments and had <2 mm particle masses of 1.1 – 1.8 x 106 kg/ha 
(Table 5). There were no statistically significant differences (at P=0.05) in this soil mass between the 
different treatment units, suggesting either physically similar and relatively homogeneous soils or an 
inadequate sampling intensity to detect differences. The latter will be tested by more intensive sampling 
during 2004. Other soil properties, such as mineral soil organic matter content, and mineral soil and forest 
floor pH, also showed relatively little variation between treatment units, also suggesting relatively 
homogeneous soils (Table 6). 
 
Feller, M.C. 2003. Coarse woody debris in the old-growth forests of British Columbia. Environ. Rev. 11 

(Suppl. 1):S135-S157. 
 
Greweling, T., and M. Peech. 1960. Chemical soil tests. Cornell Agric. Exp. Sta. Bull. 960. 
 
Kalra, Y.P., and D.G. Maynard. 1991. Methods manual for forest soil and plant analysis. For. Can. Info. 

Rep. NOR-X-319. 
 
Page, A.L. (ed.) 1982. Methods of soil analysis. Part 2. Agronomy No. 9, 2nd Edition. Amer. Soc. Agron. 

and Soil Sci. Soc. Amer. 
 
Van Wagner, C.E. 1968. The line intersect method in forest fuel sampling. Forest Sci. 14: 20-26. 
 
Waring, S.A., and J.M. Bremner. 1964. Ammonium production in soil under waterlogged conditions as 

an index of nitrogen availability. Nature 201: 951-952. 
 
 
 
 
Results for Project 4, to re-establish the permanent sampling plots following harvesting and to 
measure post-harvest understory light conditions. 
 
All long-term (177) permanent sampling plots were visited in late May and early June to re-
establish the exact locations following harvesting.  Metal color-coded pins had been used to 
mark the plots, and a metal detector was used to re-locate these.  Logging debris was removed 
from plots where accumulations would have compromised re-measurements in 2005.  Of the 
2832 plots established in 2002, only 8 plots could not be re-located and were deleted from the 
remeasurement program. 
 
 
Hemispheric photographs were used to record ground-level light conditions.  A total of 885 
photographs were taken at the 177 permanent sample plot (PSP) locations in 2002 and 2003 (5 
sub-stations per PSP).  The following table summarizes the changes in light conditions effected 
by the medium (50-60% Basal Area removal) and high (75-80% BA removal) removal 
harvesting.  Data is expressed as percent of above canopy light readings. 
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  Level of Removal 
 None Medium High 

2002 
PreCut 

30.1 (0.7) 32.1 (0.6) 31.0 (1.3) 

2003 
PostCut 

32.3 (0.8) 53.0 (1.6) 58.0 (2.1) 

Difference  +2.2 + 21 +26.9 
 
 
These average light levels represent approximately 300 measurements within each of the control, 
medium and high removal treatments.  Within each of the removal areas, there are subplots 
where light levels are as high as 80% of above canopy light conditions (i.e. in a large harvested 
gap.  These conditions will provide a suitable range of light conditions to evaluate the 
relationship between understory productivity or species composition (i.e. pine grass vs. bunch 
grass). 
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