
 1

 
 

 TTThhheee   eeecccooolllooogggyyy   aaannnddd   mmmaaannnaaagggeeemmmeeennnttt   ooofff   dddrrryyy   DDDooouuuggglllaaasss---fffiiirrr   fffooorrreeessstttsss:::   
                  TTThhheee   OOOpppaaaxxx   MMMooouuunnntttaaaiiinnn   SSSiiilllvvviiicccuuullltttuuurrraaalll   SSSyyysssttteeemmmsss   SSStttuuudddyyy 

 
Final report for fiscal years 2004-2006  

Project Number # Y073299 
By 

André Arsenault 
Silviculture Systems Researcher 
Southern Interior Forest Region 

 
 
 
 



 2

Abstract 
 

The Opax Mountain Silvicultural Systems project was set up to assess how silvicultural systems 
affect many variables that are of concern to managers of complex dry IDF forests.  The project 
includes 2 study areas, one in the IDFxh2 variant and one in the IDFdk2, with 6 operational-
scale harvest treatments at each: uncut control, 20% removal individual tree selection (ITS), 
50% ITS, 50% ITS with uncut reserves, 20% removal with a mixture of patch cuts of 0.1, 0.4 
and 1.6 ha, and 50% removal with patch cuts.  The project includes studies of: fire history and 
other natural disturbance agents; operational regeneration in openings and under partial 
canopy; edge effects on microclimate, snow melt and soils; effects of canopy density, gap sizes, 
site preparation and edges on planted seedlings, natural regeneration and vegetation (including 
cover layers, individual species and groups such as forage plants, weeds, forest associates and 
ectomycorrhizal hosts); and, harvest treatment effects and habitat relationships of wildlife 
groups ranging from terrestrial invertebrates and arboreal beetles to small mammals and 
songbirds to woodpeckers and ungulates.  Natural disturbances at the site cover a wide 
spectrum of sizes, frequencies, severities and effects on stand structure.  Responses of the 
many study variables show that no one management treatment will maintain all valued 
components in the IDF forest.  Together, these results recommend a range of management 
practices broader than the restricted uneven-aged management widely practiced throughout the 
dry IDF.  In particular, patch cut systems with openings >0.1 ha, and management that 
responds to local stand characteristics are needed complements for individual tree selection 
systems. A summary of the key results, extension activities and deliverables is presented. 
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The Opax Mountain Team 

 
Opax Mt. was designed as an interdisciplinary project from the start. Since no single research 
agency in B.C. had people with the training, skills and talent to design and implement the project 
of this magnitude at the time (and this situation is still true today), we deliberately set out to 
create a project that was open to collaborators in both research and extension. The scientific 
partners meet once a year at a minimum to discuss progress and approve future plans. 
Operational partners are kept up to date with progress on a regular basis. They are also invited 
to participate in any extension events, whether on site or at meetings around the province. The 
site was chosen by the research team in co-operation with members of the Small Business 
Forest Enterprise Program (now BC Timber Sales) in the Kamloops Forest District, and with the 
approval of the Local Land-use Planning Team. This team has numerous public 
representatives. 
 
This project is supported by key industry and agency partners and clients involved in the 
development and implementation of forest policy and regulations, as well as in planning and 
management of dry-Douglas-fir forests in the Southern Interior Forest Region of British 
Columbia. Craig Sutherland is a regional staff manager for the Southern Interior Forest Region 
in charge of Compliance and Enforcement and Stewardship. Craig is also closely involved with 
the development Forest management policy. Steve Carr is the regional director for the Southern 
Interior Region with the Ministry of Sustainable Resource Management, Phil Belliveau is a 
senior biologist with the Ministry of Water, Land, and Air Protection involved with the 
stewardship of dry forests in the Thompson Region. Lennart Holme is a forestry supervisor for 
the Chasm Sawmills, division of West Fraser Sawmills. He is responsible for operations in many 
dry forest types. Bob Beck is manager for the Kamloops Fire Zone. Tom Lewis is Operations 
Manager with BC Timber Sales in the Kamloops Business area. Tom has been involved with the 
Opax project at many levels since its inception. Dry forest types similar to the ones studied at 
Opax are an important part of the landbase managed by BC Timber Sales. 
 
The following is the list of current project team members involved in the Opax Mountain 
silvicultural systems study.  

 
The Opax Mountain Research Team 

 
 

Project Leaders  Field of expertise Affiliation _______________________                             
André Arsenault   Ecology & silviculture      BCFS     Southern Interior Forest Region 
Catherine Bealle-Statland    Growth and Yield      BCFS     Research Branch 
Garry Bradfield                       Ecology                           UBC 
Tom Dickinson   Avian Ecology                 TRU 
Dan Durrall    Mycology      OUC 
Graeme Hope   Soil Science      BCFS      Southern Interior Forest Region 
David Huggard  Wildlife Ecology     UBC 
Walt Klenner    Wildlife Ecology     BCFS      Southern Interior Forest Region 
Dennis Lloyd    Vegetation Ecology     BCFS      Southern Interior Forest Region 
Cindy Prescott   Nutrient Cycling     UBC 
Pasi Puttonen    Silviculture      Helsinki University 
Dan Smith    Dendrochronology     UVIC 
Alan Vyse    Silviculture      TRU 
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Graduate students  Topic       Status  
Kaeli Stark    Soil vegetation seedbank dynamics         M.Sc. @ UBC 2005 
Rochelle Campbell       Historical reconstruction of defoliator outbreaks M.Sc. @ UVIC 2003 
Vanessa Craig             Small mammals and coarse woody debris.         Ph.D. @ UBC   2002 
Christine Ferguson       Ecology of long-toed salamanders         M.Sc. @ UBC   2001 
Jim Herbers               Population ecology of red squirrels                     M.Sc. @ UBC   2002 
D.M. Rowell    Soil nitrogen mineralization                        M.Sc. @ UBC  1999 
 

 
Undergraduate Students Topic       Status___________ 
Vanessa Larson Tree regeneration in the IDFxh2    B.Sc. @UCC 1999 
L. Peterson   Soil Moisture      B.Sc. @UBC 1997 
 
Collaborators   Role______________________________________________________ 
Michael Blackstock  Advisor, First Nations language and culture 
Nicole Brand   Biomass production manuscript preparation 
Ian Cameron                          Stand modelling 
Wayne Deptuck  Education package 
Christine Ferguson  Seedling measurements 
Ralph Heinrich  Fire history and wildlife studies 
Mona Jules   Secwepecm translation  
John Jules   Secwepecm translation 
Alberto Orchansky  Microclimate monitoring 
Keenan Rudichuck  Site maintenance, monitoring, publications 
Russ Walton        GIS, data management & stand modelling 
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Introduction 
 
The dry Douglas-fir forests of British Columbia’s south central Interior have been managed by 
stand-level partial cutting for almost a century. However, the management of these stands 
continues to be an issue. It is widely believed that these stands of Douglas-fir should be 
managed on an uneven aged basis with a balanced distribution of age classes represented at a 
scale of 0.1 ha. (Vyse et al. 1991, Day 1996). However the extensive application of this common 
prescription is still widely disputed and alternatives need to be tested. For example, the 
assumption that a balanced age structure will meet wildlife habitat needs does not consider that 
it is likely to eliminate large snags in the stand (Klenner and Vyse 1998) 
 
The Opax Mountain silviculture systems study is an interdisciplinary approach to collect and 
synthesize information on forest ecosystem responses to harvesting and site preparation 
disturbances.  The study addresses key management issues at the Opax Mt. site: soil nitrogen, 
responses by vascular and non-vascular plants, conifer regeneration, conifer growth and yield, 
fauna including forest floor arthropods, amphibians, shrews, small mammals, cavity nesting 
birds, passerine birds, and small carnivores and ungulates in winter, natural disturbances and 
fire history, insect defoliators, site microclimate, snow accumulation and melt and windthrow.  
Coordinated activities at one site allow for interactions between research team members, they 
facilitate the exchange of data and diminish costly measurements by multiple investigators, and 
they facilitate field extension activities by providing comparative examples in a compact area.  
The Opax Mt. silvicultural systems site is a key facility in the Southern Interior, providing an 
extensive set of treatments for long-term research and an established interpretive trail for field 
extension tours.  
 
Operational-scale comparisons of management alternatives is essential for adaptive 
management, which is much discussed but little practised.  Replication in a randomised 
experimental design gives adaptive management comparisons the ability to relate observed 
effects to the management treatment that caused them.  Opax Mountain is one of only a few 
examples of well-designed, replicated adaptive management trials addressing direct 
management issues at an operational scale.  The interdisciplinary nature of the project is rare. 
In a literature review Klenner and Vyse (1999) found that of 1303 articles published in prominent 
ecology journals between 1996 and 1998, only 165 were field studies. Of these, only two were 
interdisciplinary with 3 or more disciplines represented. And yet, the whole challenge of 
sustainable forest management is that multiple values must be accommodated.  The value of 
long-term ecological research is well-recognized in ecology (Franklin et al. 1990), and is 
especially important in applied forestry work. 
 
The work proposed for “Phase 2” of the Opax Mt. project focuses on 4 general areas:  
1. Re-measurements of variables where longer-term trends are most meaningful, where 
succession is occurring, and where annual variability is high or rare events are important 
2. Collating and synthesizing results, collaborating with researchers at other sites, and 
producing summaries for scientific, technical, management and public audiences.  
3. Filling of knowledge gaps identified during informal meetings of the project team, namely 
disturbance history from fire and insect attacks.  
4. Expanding extension efforts to include a wider range of users and products. 
 
General Approach 
 
The approach to the design of the project was based on the following propositions: 
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a) Stand level experiment: an experiment that deliberately manipulates stand structure patch 
size and soil disturbance has more chance of meeting diverse and changing management 
needs than one based on the application of some widely recognized "off the shelf" silvicultural 
system (see Bradshaw 1992, Smith 1986 p.331, and Smith 1993).  
b) Team approach: no single agency in B.C. has the resources or staff to carry out such an 
ambitious ecosystem based silvicultural systems project and the only possible route to success 
is to encourage the development of a co-operative network of researchers from various 
agencies 
c) Extension: the best way to ensure management support of a research venture is to provide 
information to the forestry community and interested public on project findings in a readily 
accessible form and on a regular basis, preferably in the field. 
d) Long term: The project cannot meet its declared goals in a short period of time. Project plans 
call for the site to be maintained for at least 30 years and all the co-operators have agreed to 
this condition. No formal agreements exist. 
 
Phase 1 project Objectives  
 
The main objective of this study is to evaluate the effects of six forest management treatments 
on a range of forest resources in Interior Douglas-fir forests.  Stand regeneration is a 
fundamental requirement of a successful silvicultural system. The treatments have been 
therefore been designed to create a range of residual stem densities (% basal area removed: 
<20%, 35% and 50+%) and spatial characteristics (uniform removal vs. patchy). Consequently 
there is a range of canopy gaps (0.01 – 0.05 ha) in the partial-cut units and 1 – 4 tree heights 
wide (0.09, 0.36, and 1.6 ha) in the patch-cut units. These treatments, plus a control area of 
similar size, were applied in two different areas in a randomized complete-block design. One 
area has an elevation range of 950 – 1100 m in the IDFxh subzone, and the other, in the IDFdk 
subzone, has a range of 1200 – 1370 m. A range of site preparation methods were also applied 
at a small scale (in limited areas of each unit). The treatments and research focus on evaluating 
the costs and benefits of each treatment within an integrated resource management context. 
 
Summary of Phase 1 
 
The Opax Mountain Project was initiated in 1992. The site was chosen by the research team in 
co-operation with members of the Small Business Forest Enterprise Program in the Kamloops 
Forest District, and with the approval of the Local Land-use Planning Team. This team has 
numerous public representatives. The nucleus of the project team was established in 1992, and 
consisted of government and university researchers with a range of expertise covering the 
resource values and ecosystem components that are now of concern in forest management.  
Some studies began pre-treatment measurements in 1992 and 1993.  The treatments were 
designed to focus on creating or removing specific stand structures, and creating a range of 
canopy gaps.  The harvest treatments were implemented under the Small Business Program in 
the winter of 1993-94.  The larger openings were site prepared and planted with a mix of four 
species in the following year. 
 
Effects of silvicultural systems treatments 
 
The following variables have been measured at the Opax Mountain site: microclimate 
(Orchansky); snow depth and duration (Klenner, Huggard); nitrogen mineralization, organic 
decomposition, soil chemistry, (Hope, Prescott); shrubs as refuge plants for ectomycorhizal 
fungi (Durall); seedfall (Vyse); seed fall, natural seedling ingress, planted seedling growth 
(Vyse); natural seedling substrates and growth (Lloyd); advanced regeneration survival and 
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growth (Puttonnen and Vyse); stand structure and growth (Bealle Statland); windthrow and 
snow breakage (Arsenault and Klenner); western spruce budworm, Douglas-fir beetle and other 
flying insects (Maclauchlan); fire history (Arsenault); CWD mass, volume, decay composition 
(Feller, Klenner, Huggard); snag abundance (Huggard, Klenner); herbaceous cover, 
composition and succession, terricolous lichens and bryophytes, shrub cover, composition and 
growth (Lloyd, Arsenault); composition and abundance of epiphytic lichens (Arsenault, Goward 
and Bjork) shrews, small rodents, squirrels and chipmunks, woodpeckers, ground-dwelling 
arthropods identified to order, beetles to family (Klenner and Huggard); long-toed salamander 
(Klenner and Ferguson); song birds (Dickinson and Leupin). 
 
Synthesis and extension 
 
Project synthesis began with a workshop in 1997 at which researchers from around the province 
presented findings of research in dry Douglas-fir ecosystems. The results of this workshop were 
published in 1998.  Further synthesis of the effects of the silvicultural systems, edge effects and 
site preparation effects and natural disturbance history at Opax Mountain were presented at 
Sisco and at the IUFRO conference at SilverStar. The Opax Mountain site is used regularly as 
an operational scale demonstration of alternative silvicultural systems for IDF forests. With the 
co-operation of the Kamloops Forest District Recreation section, we built a trail through the 
lower part of the project area. The trail is designed to demonstrate the natural features of the 
site and the effects of stand management alternatives. A booklet describing various points along 
the trail is available in English and Secwepemc. The study site has been visited by over 1000 
people from various backgrounds.  
 
Phase 2  (2001-2006) Project objectives 
 
Our strategy for the second phase of this project builds on the strengths of the first phase: a 
long time horizon, a common site and an interdisciplinary focus. It is essentially the same 
approach that was already approved by Science Council, FRBC and the Ministry of Forests in 
2001. The overall objective is to monitor the response of a number of ecological variables over a 
long time period, after the application of a range of canopy disturbances within several 
silviculture systems in a dry Douglas-fir forest, and to quantify historical pattern of natural 
disturbances. These results will enable us to reduce uncertainty and build predictive 
relationships between response variables that can be used in strategic stand and landscape 
modelling to improve stewardship decision making. The combination of a well replicated 
experiment, detailed monitoring, retrospective studies, and modelling makes this project very 
strong.  
 

Methods 
 
Project co-ordination 
 
The co-ordination of the Opax Mt. Silviculture systems study was carried out by the project 
leader. The team was able to complete all re-measurements for the second phase of the project 
except for wildlife which will begin in 2008. 
 
I. Natural Disturbances 
 
Our investigation of natural disturbances in the Interior Douglas Fir Zone include: 1) the 
historical reconstruction of multi-century spruce budworm outbreaks (Campbell 2003, Campbell, 
Smith and Arsenault 2005, 2006) and forest fires (Arsenault 2003, Arsenault and Klenner 2005) 
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using tree rings at the Opax Mt. study area and surrounding landscapes (Figure 1). 2) An 
overview of historical forest structure conditions, fire weather, forest fires, insect outbreaks, and 
logging at the scale of the former Kamloops Forest Region using British Columbia Forest 
Service reports and records (Klenner et al. 2001, Arsenault and Klenner 2005). 3) Monitoring of 
windthrow in each experimental treatment unit using permanent transects. 4) An assessment of 
canopy gaps and their etiology in each experimental treatment unit using permanent transects.  
 
 
 

 
Figure 1. Examples of tree core showing radial growth suppression-release from spruce 
budworm defoliation and partial tree cross-section (Douglas-fir) showing fire scars. 
 
II. Ecosystem response to experimental treatments 
 
Soils 
Some soil properties were assessed during the first phase of the project including soil 
temperature (Bissonette and Lloyd 1999, Orchansky 2005) and soil moisture (Patterson 1997) 
across forest edges, soil chemistry (Hope and Prescott 2001),  and ectomycorrhizae in relation 
to refuge plants (Hagerman, Sakakibara, and Durall 2001, Haggermann and Durall. 2004 ).  
 
However, the emphasis of soil related studies at Opax Mt. has been focused on recovery of 
nitrogen cycling processes after harvesting dry forests. Sampling in 1996, 1997, 1998, and 2001 
is summarized in Hope et al. (2003). More recently, ammonium (NH4-N) and nitrate (NO3-N) 
production was re-assessed in 2005 (Jerabkova et al. in prep) during field incubations of forest 
floor and mineral soil.  The incubation period in 2005, twelve growing seasons or 138 months 
after harvest, was from May 26 to July 11, 2005. Sampling occurred in three different opening: 
control (uncut) forest; single tree selection, or “partial cut” (50% canopy removal in a 20-ha 
block; and 1.7 ha (120 m square) “large” openings within a 20-ha patch cut block.   
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The relationship between soil nutrient availability and vegetation response was also assessed 
across forest edges in 2006 in plots also used for vegetation measurements. Assessments were 
made in each replicate block (Mud Lake and Opax) in two replicate openings of two sizes (0.4 
and 1.7 ha), on two aspects (N and S) per opening, at three edge locations (12 m into forest, 
forest/opening edge, and 12 m into opening) per aspect, and in three soil disturbance types 
(undisturbed, screefed in 1995, and cleared of vegetation prior to soil nutrient assessment) per 
edge location. Soil inorganic nutrient availability was estimated using ion-exchange resin 
membranes encased in a plastic holding device (PRS ProbesTM ,Western Ag Innovations Inc., 
Saskatoon, SK).  At 4 random locations within each plot, a pair (consisting of separate anion 
and cation exchange resins) of resin probes were installed for a period of approximately 6 
weeks between May 29 and July 14 2006. The four anion and cation probes were then 
combined for a single analysis.  
 
Tree regeneration 
The regeneration of Interior Douglas-fir stands is complex and somewhat paradoxical. In some 
cases the lack of tree regeneration in partial-cuts is an operational concern. Conversely, in other 
cases, partial cutting in combination with natural disturbances has led to very dense, poor-
growing stands which are also of concern not only from a silviculture perspective but also for 
fuel management and forage production. In order to gain a better understanding of tree 
regeneration we have investigated spatio-temporal pattern of seedfall using permanent seed-
traps for the last 10 years. We have also investigated survival and performance of planted 
seedlings and advanced regeneration in patch-cuts as well across a range of light and soil 
moisture conditions (Heineiman et al. 2003 Arsenault et al. in prep.). The success of under-
planting Lodgepole pine, Ponderosa pine and Douglas-fir was also evaluated (Vyse et al. 2006). 
The age structure and dynamics of the Douglas-fir seedling bank was also assessed using 
destructive sampling on belt transects. Finally germination and seed predation rates of Douglas-
fir were also assessed in a range of forest conditions (Huggard et al. 2005). In order to refine 
what was the cause of seed predation we improved our experimental design (Figure 2) 
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Figure 2 a) Layout of plots and subplots at each site.  The ¼” mesh cages were only used in 
patch cuts and burned sites in the second sampling period. b) Layout of seeds in each subplot. 
 
Growth and Yield 
The ultimate goals of continuing work on this project are: 1) to report on the stand development 
and growth of select treatment areas within the Trial for the information of other scientists and 
forest practitioners, and 2) to obtain data sets suitable for testing a variety of growth and yield 
models designed to simulate the results of partial cutting.  
 
Growth and yield data from partially cut, uneven-aged stands is scarce and difficult to obtain 
because of the problems associated with applying established methods to more complex 
stands. Innovative approaches are required to accommodate the multiple canopy layers and 
spatial heterogeneity. Different systems of permanent sample plots were established in 1994-
95. Activities in 2004-05 included the maintenance and remeasurement of the large, square 
stand development plots established to follow stand dynamics in several of the uniformly 
harvested treatment units.  
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There are four stand development plots in total—one in each of the heavy and light single-tree 
selection treatments and the control treatment units of the Opax Mountain block, and one in the 
heavy single tree selection unit in the Mud Lake block. Each plot is one hectare (100 m x 100 
m), with the exception of the control plot which is 0.59 ha (77 m x 77 m). Data collection has 
consisted of 100% measurement of tree height, diameter, crown length, condition and map 
location for all trees larger than 12.5 cm diameter, and 100% sampling of the same variables for 
trees 15 cm and taller within a smaller sub-plot. This intensity of measurement on large mapped 
plots is required to provide the spatially explicit tree growth and mortality information necessary 
for testing spatial growth and yield simulation models being developed for complex stands, such 
as TASS III. However, depending on the costs of contract labour, the height sampling intensity 
may have to be reduced in order to keep within budget. Growth and mortality was compiled and 
summarized at the individual tree and plot levels, and related to changes stocking and stand 
structure; spatial point patterns will be analyzed using near-neighbour statistical techniques. 
 
Vegetation 
Our investigation of vegetation response to disturbance in the Interior Douglas Fir Zone have 
consisted in monitoring over 1900 permanent vegetation plots established in a range of edge 
positions and site preparation treatments and across a light gradient at the Opax Mt. study a 
area (Miège et al. 1998, Arsenault and Lloyd in prep.). The presence and abundance of 
vascular and non-vascular plants been collected for this project in 1997, 1998, 2000, 2005, and 
2006.  
 
We have also examined the contribution of the soil seedbanks to plant community composition 
after forest harvesting and after wildfire at Opax Mt. and surrounding landscapes (Stark 2005, 
Stark, Bradfield and Arsenault 2006, Stark, Arsenault and Bradfield 2007).  
 
More recently we studied the distribution ecology of epiphytic lichens in each of the silviculture 
system treatment units at Opax Mountain (Arsenault, Bjork, and Goward in prep.) as well as the 
pattern of colonization of epiphytic lichens of ca. 12 year old planted seedlings in a patch-cut in 
the Opax Mt. project (Goward and Arsenault in prep.).  
 
Wildlife 
Following the harvesting (1994) and subsequent site preparation treatments at the Opax Mt. site 
(1996), several key taxonomic groups of invertebrates and vertebrates were monitored to 
assess their response to the harvesting, site preparation and planting treatments.  The acute, 
short-term response (abundance and habitat association) of six taxonomic groups (forest-floor 
arthropods, amphibians, shrews, small mammals, sciurids, and cavity-nesting birds) was 
documented at permanent sample plots from 1993 (one year of pre-treatment) to 1997. The 
focus over the last few years has been to re-measure winter use of the Opax Mountain 
silvicultural systems site by ungulates, squirrels, hares, and grouse. Methods and preliminary 
results were published in Huggard and Klenner (1998). Another focus has been to complete 
publications (Craig et al. 2006, Herbers and Klenner in press) 
 
Stand and landscape modelling to evaluate IDF management scenarios 
Stand level modelling 
To gain a broader appreciation for the consequences of forest harvesting and natural 
disturbances on the abundance and distribution of important stand structure features (e.g. large 
live trees, snags, tree growth, gaps and understory, etc.), we propose to model stand structure 
changes in relation to a range of managed (harvesting) and natural (windthrow, Douglas-fir 
beetle, western spruce budworm) disturbances (Figure 3).  Data on regeneration and mortality 
factors gathered at the Opax site and elsewhere in similar IDF forests will be used to calibrate 
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the Tree And Stand Structure model (TASS, K. Mitchell, MoF Research Branch, Victoria) to 
conditions in the IDFxh2.  

 
Tree regeneration and stand growth, the periodicity and consequences of insect attack, and 
interactions with other disturbance agents such as windthrow will be simulated by using local 
measurements collected at Opax Mt. and observations in the Southern Interior. This project is 
linked with many of the studies within Opax that use structure as a common denominator as 
well as with Dr. Klenner’s project entitled “Integrating timber, visual, hydrological and habitat 
management objectives through landscape planning”. 
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Figure 3.  Conceptual overview of the treatment design for TASS stand structure model runs in 
the ESSF and IDF.  Extrinsic natural mortality will include spruce beetle and subalpine fir bark 
beetle in the ESSF, Douglas-fir bark beetle and western spruce budworm in the IDF, and 
windthrow in both the ESSF and IDF.  Although drawn as a factorial design, only 18 of the 24 (4 
opening sizes and 6 levels of removal) combinations are meaningful since the 0 and 100% 
removals are represented by one treatment.  
 
 
Results and Discussion 
 

Project coordination 
 
The Opax Mountain Silviculture System project was succesful in meeting key objectives in this 
second phase of the project. We were successful in providing forest science extension in over 
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60 events to a wide audience. We have also made considerable progress in producing peer 
reviewed journal papers. Since 2003 we have published 14 technical reports and several more 
have been submitted or are close to being submitted for publication. We expect that most of the 
papers from the second phase of the project will be submitted for publication before the end of 
2008. Many of the publications are breaking new ground in Forest Science for British Columbia. 
For example we published the first multi-century reconstruction of spruce budworm outbreak 
study in IDF forests (Campbell et al. 2005, 2006) as well as the first soil seedbank study in the 
Interior Douglas Fir Zone (Stark et al. 2006, 2007). We have also completed an initial synthesis 
of project results in 2005 (Huggard et al. 2005, Klenner and Arsenault 2006) and held a 
provincial workshop on the management of dry forests for the summer meeting of the Southern 
Interior Silviculture Committee in conjunction with the Isobel project last summer.  
 
 
Natural disturbance 
 
Multicentury reconstruction of spruce budworm outbreaks 
 
Adapted from Campbell, Smith and Arsenault (2006) 
Western spruce budworm (Choristoneura occidentalis (Freeman)) is a native defoliator of the 
Interior Douglas-fir (Pseudotsuga menziesii var. glauca (Mirb.) Franco) forests of British 
Columbia, Canada. This paper used dendrochronological techniques and the software program 
OUTBREAK to reconstruct a defoliation history of Douglas-fir for nineteen forest sites near 
Kamloops in central British Columbia.  By comparing the radial growth response of ponderosa 
pine (Pinus ponderosa Dougl., ex P. & C. Laws.) trees to Douglas-fir trees growing in nearby but 
separate stands, eight western spruce budworm outbreaks were distinguished over the past 300 
years (Figure 4). Although there is considerable variation in the timing and duration of these 
western spruce budworm events at the stand level, synchronous outbreaks have occurred at 
approximately 30 to 43 year cycles.  Spectral analyses of a composite time series from all 
stands showed similar consistent intervals between outbreaks.  Climate variation appears to 
have been important to budworm outbreaks in the 20th century.  Notable outbreaks tended to 
occur during years with average spring air temperatures, following winters with lower than 
average precipitation. Based on this finding, it is proposed that with high over wintering survival, 
and a longer growing season, the extent of future outbreaks may increase in duration. 
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Figure 4. Percentage of Douglas-fir trees with reduced growth relative to ponderosa pine.  A 
minimum of 35 % of trees in a given year must demonstrate reduced growth to be classified as 
having had a western spruce budworm outbreak.  Eight outbreaks were identified in the study 
area. 
 
Historical reconstruction of fire history 
 
Adapted from Arsenault and Klenner (2005) 
We examine the hypothesis that low elevation, dry forests in southern BC evolved in the context 
of a low-severity, fire dominated disturbance regime, that fire suppression has led to ecological 
conditions which are radically different from the past, and that “restoration” initiatives are 
required to re-establish former ecological conditions. Three sources of information were used to 
infer historic disturbance regimes and the nature of disturbance since the early 1900’s: (1) 
accounts by early explorers and systematic timber surveys before extensive management, (2) 
fire scar data, and (3) records of wildfire, insect attack, timber harvesting and weather patterns. 
Our analyses consistently indicate that historic natural disturbances and management during 
the last century have been diverse, complex and episodic at multiple spatial and temporal 
scales. Several interacting factors including climate, harvesting, livestock grazing, fire 
suppression and changing geographic patterns of insect attack have been key drivers in 
creating the conditions observed today. Hence, it is not clear what state represents “natural” 
forest conditions, or what the target conditions for restoration activities should be if the objective 
is to “restore natural conditions”. We conclude that future management should avoid using 
“ecosystem restoration” as an objective when historical conditions are uncertain or there is no 
clear reference condition because of temporal variability.  Instead, managers should focus on 
clearly defining desired stand conditions, the commodity, social and ecological objectives that 
will be met or compromised with these conditions, and identifying the most effective 
(economical, social and ecological) tools for achieving these objectives. 
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In order to complement the fire history study at the Opax Mt. study site (Arsenault and Klenner 
2005, Arsenault in prep.) we have established new transects across the adjacent landscape 
(Figure 5). Some preliminary results are shown here and will be written up into a journal paper 
next year. We have also conducted fire history surveys in the Arrowstone valley one of the few 
remaining unmanaged Interior Douglas-fir watersheds. The data for that study will be analysed 
and written up in 2008. 

 
Figure 5. Distribution of 1km transects on Opax Mt. south, Mt. Wheeler, Red Plateau, and 
Dewdrop range. Over 100 plots were installed on these transects (3 additional transects are not 
shown here) to assess fire history and stand structure.  
 
Data on forest structure and fire history was collected in more than 100 plots located along ten 1 
kilometre transects (Figure 5). Plots measured 25 metre in radius. Transects were selected on 
drier slopes of the IDFxh2 variant in order to complement the existing fire history work at Opax 
Mountain and Mud Lake. Efforts were also made to locate transects where there was no 
evidence of livestock grazing or previous harvesting, again to complement the existing work. 
Transects were established on Wheeler Mountain, Opax Mountain, Red Plateau, and Dewdrop 
valley. Information collected on all trees included dbh, species, condition, presence/absence of 
fire scars. Information on all fire scars included aspect, position on the tree, minimum and 
maximum height, and number of visible scars. Approximately 400 tree cores were obtained from 
the dominant tree layers in each plot to detect post-disturbance cohorts and to build a 
masterchronology. We are currently completing the dendrochronology work. The trees 
examined were established between 1560 and 1975 and represent some of the most pristine 
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old-growth forests of the IDFxh2. Fire history and forest structure is quite variable both within 
transect and between transects (Figure 6). Interesting observations included very old rocky 
mountain juniper snags (Figure 7) and mortality of trees that had established in openings 
following droughts, a phenomenon we have called “decroachment” (Figure 8). Some areas on 
Mt. Wheeler were more open now than historically despite what appears to be a decrease in fire 
frequency over the last 120 years (Figure 9). Fire-scar samples have also been collected from 
the Arrowstone Valley in the fall of 2006. This data will complement information from previous 
transects because of the un-managed state of this watershed and its location in a different 
geographical area.  
 

 
Figure 6. Location of study plots established along 1 kilometre transects on Wheeler Mountain 
and Opax Mountain. Preliminary results showing the variation in forest structure and fire history 
at a local scale.  
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Figure 7. Cross-section of a 450 year old rocky mountain juniper snag from the Dewdrop valley. 
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Figure 8. Decroachment at on site in the Dewdrop valley showing mortality of “encroaching” 
trees following a drought.  
 

 
Figure 9. A site on Mount Wheeler which was formerly occupied by trees is now completely 
open despite a reduction in fire frequency! 
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II. Ecosystem response to experimental treatments 
 
Soils 
 
Many of the differences in soil N between treatments were not statistically significant because of 
the large variability; nevertheless, several strong trends were apparent. The most consistent 
trend during the twelfth growing season after harvest was that nitrate-N in the forest floor was 
higher in large openings compared to the uncut forest, with partial cuts intermediate in value 
(Table 1). This trend was observed for both post-incubation concentrations and net 
concentration (or nitrification). For mineral soil, post-incubation and net NO3-N were 
consistently, though not statistically, higher in the partial cuts than the other two treatments. The 
effects of any cutting on NH4-N and total N were variable, with no consistent trends.  
 
The results continue to confirm that a range of harvest options in these dry forests will not have 
a negative impact on N availability and capital. The large increase in grass biomass that occurs 
after any harvesting, and the relatively dry soil moisture conditions that occur through most of 
the growing season, will ensure that the increased available nitrate is retained on site. 
 
Table 1.  Concentrations of NH4, NO3, and total N, and proportion of NO3 at the end of the 2005 
incubations, and net changes in concentration, in openings of each size 
 

 Forest Floor Mineral Soil 
Treatment NH4-N NO3-N Total N NH4-N NO3-N N
Post- incubation concentration (mgkg-1)
Control 78.3 14.8 93.1 8.4 2.1 10.5
Large 55.7 130.0 185.6 7.6 2.4 10.0
Partial 86.0 72.5 158.6 26.1 15.9 42.0

p>F 0.26 0.23 0.31 0.42 0.98 0.26
Net change in concentration 
(mgkg-1) 
Control 52.3 11.7 292.6 4.2 -1.7 12.6
Large 31.6 121.6 381.1 4.0 2.1 14.7
Partial 54.9 70.7 272.3 19.9 15.7 68.7

p>F 0.64 0.29 0.33 0.13 0.77 0.12
 
 
Extension 
 
A draft manuscript entitled ‘Synthesis of research on the nutritional sustainability of variable 
retention harvesting as an alternative to clearcutting in northern forests’ has been prepared. 
This manuscript includes results from the Opax Mountain soil productivity studies. Long-term 
results from silvicultural systems trials were synthesized to determine, at a provincial level, the 
effect of different harvesting methods on nitrogen cycling processes. It will be submitted for 
publication in 2007. 
 
The soil probes across the forest edges were installed (Figure 10) and then removed and sent 
for analysis. The results have been summarized and will be written-up with the vegetation 
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results as a journal paper next year. 

 
Figure 10. showing installation of soil probes to measure soil chemistry along forest edges. 

 

 

12 metre inside cutblock 

Zero metre dripline 

12 metre inside forest 

Vegetation cleared around probe in 2006 

Un-screefed 
Screefed to mineral soil in 1995 
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Tree regeneration Studies 
 
We found that generally post-logging natural regeneration is relatively slow because of erratic 
seed fall (Figure 11), high level of seed predation, and hot dry summers.  
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Figure 11. The abundance of seedfall-1996-2005 at Mud Lake (filled bars) and Opax Mt. (closed 
bars). 
 
Predation loss rates for Douglas-fir and ponderosa pine seeds were highly correlated 
across the block treatments and subplot treatments (Figure 12).  Loss rates tended to 
be slightly lower for pine, but the confidence intervals for the 2 species were highly 
overlapping in all but the unprotected subplots of the ITS treatments.  The slightly higher 
loss rates for Douglas-fir may simply reflect the smaller size of this species’ seeds: they 
would be more likely to be physically displaced or missed during recounts if they are not 
consumed.   
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Figure 12.  Weekly loss rates of Douglas-fir and ponderosa pine seeds in 3 subplot treatments 
in summer of 2006 (N = no protection, M = ½”  mesh, T = Tanglefoot) in 4 block treatments (ITS 
= individual tree selection with 50% volume removal).  Values are maximum likelihood estimates 
of weekly loss rates, and 95% confidence intervals. 
 
Age structure of Douglas fir seedling bank in the IDF near Kamloops 
Regeneration dynamics of conifers in the Interior Douglas fir Zone (IDF) is poorly understood. 
Yet the resolution of many important management issues like, tree “encroachment” in 
grasslands, high fuel loads in urban/wildland interface, and regeneration failures in harvested 
areas relate directly to our understanding of tree regeneration. We examined the age structure 
of regeneration patches in IDF near Kamloops, British Columbia. 1000 tree seedlings were 
destructively sampled in 48 belt transects (1X10 metres) (Figure 13). Transects were set up in 
grassland-forest ecotones, forests that were partially cut and forests on very dry shallow soils. 
Forested sites were examined in the IDFxh2 and IDFdk2 variant. The number of seedlings in 
the different patches was quite variable ranging from 3,000 stems per ha to 86,000 stems per 
ha (Figure 14). Dry forested sites at low elevations and recently cut forest at high elevations had 
the lowest densities while the grassland-forest ecotone had the highest densities. Seedling age 
ranged between 2 to 130 years. A few pulses of regeneration are noticeable especially in the 
late 1970’s to mid 1980’s (Figure 15). This trend is most pronounced in the grassland-forest 
ecotone and corresponds with a slight increase in annual temperature and precipitation as well 
as a change in range management practices. The latest pulse of regeneration in the 1990’s at 
the Mud Lake site corresponded with an increase in seedfall. This pulse was not observed in the 
other study sites despite even higher seedfall increases. 
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Figure 13. Alan Vyse sampling seedlings along a 1 X 10 metre belt transect in the IDFxh2. 
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Figure 14. The mean abundance of conifer seedlings per ecosystem type in the a) IDFxh2 
above and b) IDFdk2. The clear portion of the bar represents the number of dead seedlings. 
Olog refers to sites logged in the 1950’s, Rlog refers to sites that were logged in the last ten 
years, Tsoil represents edaphic gaps, and Steppe represents a forest-grassland ecotone. 
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Figure 15. Age distribution of live seedlings from the IDFxh2, IDFdk2 and grassland-forest 
ecotone. 
 
Artificial regeneration 
Adapted from Vyse et al. 2006 
The effects of partial cutting on seedling growth of three conifer species were studied at Mud 
Lake. Douglas-fir (Pseudotsuga menziesii var glauca (Beissn.) Franco), lodgepole pine (Pinus 
contorta var. latifolia Engelm. Ex S. Wats), and ponderosa pine (Pinus ponderosa Dougl. Ex. P. 
& C. Lawson) seedlings were planted in mechanically prepared 50 cm x 50 cm patches under 
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different canopy conditions created by harvesting 60% of the original stand volume. The 
prepared areas were selected to represent canopy closures from open to closed, slopes from 0 
to 60%, and all aspects. After six years, survival of Douglas-fir, lodgepole pine and  
ponderosa pine was 78%, 76% and 70%, respectively (Figure 11). Survival was not affected by 
slope or aspect and, for ponderosa pine, was reduced only in the lowest light conditions. 
However, the number of seedlings in good condition was strongly influenced by light availability. 
Growth of all species increased linearly with light, and was greatest for lodgepole pine, followed 
by ponderosa pine and Douglas-fir (Figure 12). Multiple regression analysis showed that six 
year seedling size was most significantly affected by total light, and only occasionally by aspect, 
slope, or  crown closure. The best models explained 53%, 47% and 42% of the variation in 
diameter of lodgepole pine, ponderosa pine, and Douglas-fir, respectively. Natural abundance 
13C was positively correlated with light and soil moisture availability, reflecting higher 
photosynthetic capacity of all species in the wetter, open canopy conditions. Patterns in isotopic 
discrimination also indicated greater water use efficiency of Douglas-fir and ponderosa pine 
than lodgepole pine under low light conditions.  Planting of moderately sized gaps appears to 
offer a solution to regeneration difficulties on hot, dry Interior Douglas-fir sites. 
 

 
Figure 16. Survival of Douglas-fir, Lodgepole pine and Ponderosa pine planted across a light 
gradient at Mud Lake.  
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Figure 17. Height growth of Douglas-fir, Lodgepole pine and Ponderosa pine planted in 1996.  
 
 
Growth and Yield 
 
 A histogram showing the total standing volumes by measurement and treatment unit is 
shown in Figure 18. There is a sharp contrast in volume change in the two blocks. The Mud 
Lake block (B, D, and F) grew a modest amount, but the units in the Opax block (G, I and L) lost 
volume dramatically. Net ten-year growth figures for each treatment unit are shown in Table 2. 
There was limited growth in the Mud Lake control Unit D, which can considered fully stocked, 
but the treated units B and F grew almost 2 m3ha-1yr-1. In contrast, total volumes in the Opax 
units declined by 28 to 36 m3ha-1, representing a 41%, 17% and 33% decrease in Units G, I and 
L, respectively, or a loss of about 3 m3ha-1yr-1 across the block. (Merchantable volume estimates 
are also available but the patterns are similar and are not shown here). 
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Figure 18. Total volume by treatment unit in 1995 and 2005. Treatment units G, I and L show a 
decreased volume associated with natural disturbances (mainly the recent Mountain Pine 
Beetle outbreak). 
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Table 2. Net total volume increment by treatment unit 
 

Unit 1995 Vol. (m3ha-1) 2005 Vol. (m3ha-1) 10-year Incr. 

(m3ha-1) 

PAI (m3ha-1yr-1) 

B 69.6 87.4 17.8 1.8 

D 191.1 194.0 2.9 0.3 

F 133.4 152.6 19.2 1.9 

G 68.8 40.4 -28.4 -2.8 

I 180.4 150.6 -29.8 -3.0 

L 109.0 73.2 -35.8 -3.6 

 
 

Overall, there has been greater net growth in the Mud Lake block, with periodic annual 
increment of almost 2.0 m3ha-1yr-1 in the treated units. The mountain pine beetle (affecting 
lodgepole pine), Douglas-fir beetle and storm damage have taken a heavy toll on the treatment 
units in the Opax block, decreasing standing volumes at a rate of  3 – 4 m3ha-1yr-1, and shifting 
the tree species composition to Douglas-fir. This disturbance may have stimulated a pulse of 
recruitment in the understory, but if so, these effects are not yet measureable in the sample 
plots, aside from possible contributions to growth increases in advanced regeneration and 
recruits initiating from the partial cut and underplanting treatments. In some treatment units, 
stocking expressed in terms of overall volume or basal area was found to be relatively 
insensitive to underlying differences in stand size and species structure, which have a greater 
influence on future stand development. 

There are opportunities for further analyses of this data set, including 1) statistical testing 
of the significance of differences between stem counts and stocking between treatment units 
and between measurements, 2) stratifying the plots by site series to identify possible site series 
influences on recruitment and growth, 3) quantifying the relative contribution of insects, root rot 
and storm damage to mortality among species and different size classes of trees, and 4) 
analyzing standing dead tree dynamics, by comparing the size dimensions and status of tagged 
dead trees recorded at each measurement.   
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Vegetation Response 
 
Initial results of vegetation response have been reported in Miège, Lloyd, and Arsenault (1998) 
and Huggard et al. (2005). The second phase of understory vegetation re-measurements for the 
response to canopy gaps and site-preparation treatments and to edge effects were completed in 
2005 and 2006 respectively and manuscripts are currently in preparation. A complementary 
study examining soil seedbank species composition at the Opax Mt. project and in other areas 
of the IDF has been recently published (Stark, Bradfield and Arsenault 2006).  Brief summaries 
are provided below. 
 
Initial response 
Burns and scalps reduce vegetation cover in all light regimes (figure 19), even into the third 
growing season since site preparation took place (Figure 20).  The vegetation in burns has 
recovered more quickly than in the scalps. The cover of old-growth dependent species 
decreases when the influence of the forest canopy is removed; in contrast, seral and weedy 
species increase.  Forage plants are not plentiful in the darkest light regime, but increase 
quickly even in moderately sized gaps or open forest.  Vegetation cover increases with light up 
to about 50% total seasonal light; thereafter, cover generally does not increase and in some 
cases declines. Five years after treatments vascular plants and bryophytes had different 
species indicators of the different light class/site preparation combinations (Table 3).  
 

LC 1 
 
GLI 
9.9 - 
26.1% 
 

 

Mean Stands: 
Crown = 56.9% 
Stems/ha = 
1435 
 
Median Gaps: 
Area: 77 m2 

 

LC 2  
 
GLI 
26.3 – 
35.0% 
 

 

Mean Stands: 
Crown = 51.5% 
Stems/ha = 
1322 
 
Median Gaps: 
Area: 109 m2 

LC 3 
 
GLI = 
35.5 – 
47.6% 
  

Mean Stands: 
Crown = 26.5% 
Stems/ha = 636 
 
Median Gaps: 
Area: 180 m2 

LC 4 
 
GLI = 
47.8 – 
63.1% 
 

 

 
Median Gaps: 
Area: 399 m2 

LC 5 
 
GLI = 
65.6 – 
81.6% 
 

 

 
Median Gaps: 
Area: 1000 m2 

LC 6 
 
GLI =  
82.4 – 
98.4% 
 

 

 
Median Gaps: 
Area: 4000 m2 

  
Figure 19.  Stand and gap characteristics of light classes (LC) 1 to 6 at Mud Lake and 
Opax Mountain.  Gap Light Index (GLI) expresses seasonal light availability as a 
percent of total available sunlight. 
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Figure 20. Vegetation strata response to light regime and site preparation three year following 
treatment. 
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Table 3. Indicator species using MRPP (vascular plants and terricolous bryophytes and lichens 
for treatments within light classes (p<0.1). Light classes correspond to a gradient from low light 
for K1 to high light in K6. The species codes correrspond to the first four letters of the genus and 
the first three letters of the epithet.  
 
Light class Control (1) Burn (2) Screef (3) 

K=1 Anterac, Arctuva, Arnicor, 
Goodobl, Linnbor, Shepcan 

Epilang, Epilcil Mahoaqu 

K=2 Anterac, Arctuva, Goodobl, 
Junicom, Pseumen2, 
Shepcan 

Astecon, 
Pyrochl 

Epilcil, Pinucon1 

K=3 Anterac, Junicom, Pseumen2 Astefol, 
Castmin, 
Colllin, Epilang, 
Poapra 

Piceene1, 
Pseumen1 

K=4 Anterac, Astecon, Goodobl, 
Junicom, Pseumen2 

Tragdub Pseumen1 

K=5 Arctuva, Junicom, Pseumen2 Achimil, 
Calarub, 
Fragves, 
Fragvir 

Arabhol, Epilcil 

K=6 Amelaln, Arctuva, Carecoc, 
Hierali, Junicom, Linnbor, 
Pseumen2 

Calarub Arabhol, Collpar, 
Verbtha 

K=1 Brachyt, Dicrpol, Dicrscol, 
Pleusch, Timmaus 

Marcpol Bryucae 

K=2 Brachyt, Dicrpol, Dicrscol, 
Pleusch 

(none) Bryucae, Cerapur, 
Marcpol, Polyjun 

K=3 Brachyt, Dicrsco, Pleusch (none) Bryucae, Cerapur, 
Marcpol 

K=4 Pleusch, Polyjun (none) Bryucae 

K=5 (none) (none) Bryucae 

K=6 Brachyt, Polyjun (none) Bryucae 

K=1 Cladchl, Claddef, Cladecm, 
Peltaph, Peltcan, Peltmem 

(none) (none) 

K=2 Cladchl, Claddef, Cladecm, 
Cladgra, Cladoch, Cladpyx, 
Cladsul, Peltaph, Peltcan, 
Peltmal 

(none) (none) 

K=3 Cladchl, Claddef, Cladecm, 
Cladgra, Cladpyx, Peltaph, 
Peltcan, Peltdid, Peltruf 

(none) (none) 

K=4 Cladchl, Cladecm, Peltcan, 
Peltruf 

(none) (none) 

K=5 Cladpyx, Peltcan, Peltruf (none) (none) 

K=6 Cladoni, Peltdid (none) (none) 
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2005 re-measurements in canopy gaps 
For occurrence, 17 species showed no differences between site preparation treatments.  Many 
shrubs were in this group, probably because they would have persisted in plots although they 
were they were initially affected by sreefing.  While Pachistima, Shepherdia and Vaccinium 
membranaceum occurred more in forests, most species in this group did best in larger 
openings.  Vaccinium caespitosum and Mahonia, to a lesser extent, occurred more often in 
smaller gaps. 
 
 Only two species supported the model of occurrences in control=burn, with different 
values in screefed plots.  Peltigera rufescens preferred screefs, and any gap classes except 
closed forest, while Goodyera showed the opposite pattern of preferring controls or burns and 
forest stands or smaller openings. 
 
 Occurrences of 14 species responded equally to either site prep manipulation.  For 6 of 
these – 1 shrub, 1 low-growing perennial, 1 herb, 1 grass, 1 moss and 1 lichen – controls were 
better than site prepared treatments.  Reflecting their diversity, some of these species preferred 
gaps and others forest.  The 8 species that preferred the site prepared plots mostly also 
favoured larger gaps, including disturbance species such as Ceratodon, Epilobium and 
Taraxacum. 
 
 Five species showed differing occurrence in each site prep treatment.  Juniper 
occurrence was substantially reduced in screefs and nearly eliminated in burns. Three of the 
species in this group showed highest abundances in medium gaps, in one of the site 
preparation treatments.  The remaining species, Bryum, was ubiquitous in disturbed plots in 
clearcuts, but was also common in closed stands that had been screefed, but not closed burned 
plots. 
 
 Results for cover given presence showed a roughly similar distribution of best models, 
except that the model with control=burn and a different value in screefs was more commonly 
selected for cover.  Among the species that did not respond consistently to the site preparation, 
cover was higher for several in clearcuts or larger openings.  However, there were also 9 
species with maximum cover in the intermediate classes of small to large gaps. 
 
 Seven of the 8 species with the best model “control=burn, screef different” had higher 
cover in the control and burn treatments, possibly reflecting slow recovery from the intensive 
screefing for some of the species.  Gaps provided more cover for 5 of the 8 species in this 
group, while the other 3 had equal cover across all classes. 
 All 7 of the species in the next group, including 3 shrubs, 3 mosses and a lichen genus, 
had higher cover in the controls compared to either site preparation manipulation.  Two shrubs 
were not affected by gap size, while Shepherdia had more cover in all gaps.  The mosses and 
lichen were less abundant in larger gaps and clearcuts. 
 
 Four species showed distinct effects of each site prep treatment, with 2 disturbance 
adapted mosses most abundant in screefs, and at lowest cover in controls, independent of gap 
class.   Lathyrus had highest cover in burns in gaps of any size, while Peltigera aphthosa was 
most abundant in undisturbed forest. 
 
 The overall cover layers showed distinct cover values in each gap class, as well as 
effects of site prep.  Trees, understandably, had highest cover in closed forest, but were at a 
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similar lower level of cover in all the other gap classes.  This must reflect regeneration, including 
of planted trees.  Outside of closed forest, however, tree cover was roughly double in the control 
site prep plots than in the disturbed plots.  Shrubs were similarly at higher cover in the control 
site prep plots compared to disturbed plots, but were at greatest abundance in medium and 
large gaps.  Herb cover remained reduced by the screefing, but not by the burns, with highest 
abundance in the larger gaps.  Bryophyte cover showed two peaks, one in screefed plots in 
large gaps and clearcuts, and the other in control plots in open forest and medium gaps.  These 
two peaks must represent one group of disturbance-adapted species, and the other more forest-
dwelling species.  Lichens were scattered at low cover in most combinations of site prep and 
gap class, with a moderate peak only in screefed plots in medium gaps. 
 
Disturbance impacts on soil seed banks and regenerating vegetation  
Adapted from Stark et al. 2006  
Soil seed banks and establishing vegetation communities on sites recently disturbed by fire (low 
and high severities) and logging were examined to evaluate potential versus actual contributions 
of seed-origin plants to post-disturbance vegetation communities (Figure 21).  Plant community 
composition was assessed on recently disturbed sites (Figure 22), as well as on sites disturbed 
by fire five years prior to sampling and logging ten years prior to sampling.  While the numbers 
of seeds and the overall species compositions of seed bank communities on disturbed sites did 
not differ from each other significantly, the frequency of seed-origin plants in the establishing 
vegetation decreased in the order: lightly burned > severely burned > logged (Figure 23).  
Although seed-derived plants were dominant on lightly burned sites, the frequency of root-
derived vegetation on these sites resulted in an overall difference between seed bank and 
extant vegetation species composition.  On severely burned sites, the overall composition of the 
vegetation that established after fire did not differ from that of the seed bank.  While the 
frequency of root-derived plants in establishing vegetation communities did not differ across 
disturbance types, the lack of seed-derived plants (and in particular, the lack of conifer 
seedlings) on logged sites might be of concern to land managers.  Low frequencies of seed-
derived plants, particularly conifer seedlings, on logged sites pose concerns for the initial 
recovery of vegetation following logging; nonetheless, the lack of significant differences in 
understory species composition between 5-yr burned sites, 10-yr logged sites, and their 
corresponding undisturbed sites, suggests that vegetation recovery occurs relatively quickly.  
Similarities in rooted frequencies of plants establishing naturally in burned areas with those in 
undisturbed areas suggests that post-fire erosion control seeding using agronomic species 
might not be necessary in these forests. 
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Figure 21. Location of the study area and the extent of the IDF forest zone in British Columbia.  
Fire boundaries are indicated with solid lines, and study sites are indicated with dots.   
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Figure 22.  Spatial orientation of seed bank and vegetation plots and Kaeli Stark collecting a soil 
sample at Opax Mountain. Three soil samples were taken from each “Seed Bank” plot 
(indicated with Xs), and the vegetation was sampled in each 50 cm x 50 cm “Veg” plot.  This 
resulted in a total of 15 seed bank samples and 4 vegetation plots per grid. 
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Figure 23. Box plots showing a) the number of germinating seeds/m2 soil and b) the total 
number of species in the seed bank on sites disturbed 8-10 months prior to sampling (CC-1 = 
logged, LB-1 = lightly burned, SB-1 = severely burned) and on undisturbed sites (UN-1).  
Medians are Low frequencies of seed-derived plants, particularly conifer seedlings, on logged 
sites pose concerns for the initial recovery of vegetation following logging; nonetheless, the lack 
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of significant differences in understory species composition between 5-yr burned sites, 10-yr 
logged sites, and their corresponding undisturbed sites, suggests that vegetation recovery 
occurs relatively quickly.  Similarities in rooted frequencies of plants establishing naturally in 
burned areas with those in undisturbed areas suggests that post-fire erosion control seeding 
using agronomic species might not be necessary in these forests. 
 
Epiphytic lichens 
 
We found 308 epiphytic lichen species in the Opax study area, including: 93 macros (18 of 
these are felts and gels), and 215 micros (including 180 crusts and 35 calicioids). The crust 
lichens constitute 58% of the species, while 30% are macros, and calicioids are 11% of the 
flora. Species diversity did not seem to be closely associated with treatment type (Table 4). 
However trees in the unlogged perimeter of the patch-cuts had much greater richness, 196 
species, compared to 57 and 18 for epiphytes growing on advanced regeneration and planted 
trees inside patch-cuts. Mean species richness followed the same pattern for macrolichens and 
crusts increasing with increasing substrate age (Figure 24). However calicioid lichens were only 
found in unlogged perimeters of patch-cuts. This study reveals for the first time that Interior 
Douglas–fir forests have a highly rich and diverse epiphytic lichen flora. Current research is 
focusing on the pattern and process of epiphytic lichen colonization in pacth-cuts using a novel 
approach.  
 
Table 4. Species richness totals and total species of each life form per study unit. Numbers in 
parentheses represent the number of unique species, not found in any other unit. 
Unit Area Total spp. Macros Calicioids Crusts 
A ML 137 (11) 52 (6) 9 (0) 76 (5) 
B ML 121 (8) 50 (4) 14 (1) 57 (3) 
C ML 142 (8) 45 (0) 8 (0) 89 (8) 
D ML 145 (15) 48 (3) 15 (2) 82 (10) 
E ML 140 (9) 50 (1) 10 (0) 80 (8) 
F ML 126 (14) 41 (4) 8 (1) 77 (9) 
G OP 102 (7) 34 (3) 6 (0) 62 (4) 
H OP 120 (4) 41(2) 8 (0) 71 (2) 
I OP 117 (8) 30 (4) 13 (0) 74 (4) 
J OP 126 (4) 39 (1) 14 (1) 73 (2) 
K OP 143 (7) 50 (2) 9 (2) 84 (3) 
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Figure 24. Lichen species richness on planted trees and advanced regeneration in patchcuts 
and on older trees in the forested perimeter of the patch-cuts at the a) Mud lake and b) Opax 
Mt. replicate. We broke down species richness into three main groups, macrolichens, calicioids 
lichens, and crustose lichens. 
 
 
 
Wildlife Response to treatments 
 
Literature review of arthropods and shrews in relation to forest management and natural 
disturbances.  This project was initiated and completed to provide background information for 
the preparation of a manuscript in 2007-08.  References were searched for using for a 
preliminary search and then the Ministry of Forests and Range Library on line journals and 
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databases for a second pass.  Key references were then examined for references that may 
have been missed by briefly reviewing the article and literature cited section.  References have 
been filed in the reference database “RefWorks” and electronic (pdf) copies of the manuscript 
obtained and stored.  

 
Draft manuscript on cavity nesting birds in relation to the harvesting treatments at Opax.  A draft 
manuscript for submission to Can. J. Forest Res. has been prepared.  The manuscript is 
currently in the process of being reviewed and edited.  The abstract is attached below. 
 
Klenner, W., D.J. Huggard and R.A. Walton. In preparation.  Woodpecker nesting and foraging 
in experimentally harvested dry Douglas-fir forest in south-central British Columbia.  Manuscript 
status is at the 75% completion stage, with anticipated submission to Can. J. For. Res. or Forest 
Ecology and Management in July 2007. 

 

Draft Abstract. Maintaining woodpecker populations is a concern in dry Douglas-fir forest of 
southern Interior British Columbia, where management has historically been dominated 
by extensive light partial cutting.  We assessed responses of woodpeckers to alternative 
patch- and partial-cutting systems at the Opax Mountain Silvicultural Systems site 
through their nesting and foraging habitat, using transect surveys and observations of 
radio-tagged and unmarked birds.  Five species of cavity-nesters strongly preferred 
aspen for nesting, with 61% of nest trees ≥30cm diameter and 47% ≤25m from 
harvested edges.  Red-breasted nuthatches differed in favouring broken-top conifer 
snags.  Maintaining nesting structures should be possible with targeted retention in 
managed stands.  For foraging, hairy and pileated woodpeckers preferred aspen, but 
most foraging occurred in the more common Douglas-fir.  Three-toed woodpeckers 
selected spruce.  Recent snags were most commonly used.  Three-toed woodpeckers 
also preferred declining live trees, and pileated woodpeckers used rare well-decayed 
snags.  Selectivity increased with diameter, with most foraging trees 25-55cm diameter.  
Forest near natural openings was used disproportionately; harvested openings caused 
no apparent edge effects for foraging.  There was little avoidance or selection of harvest 
treatments with different levels and patterns of timber removal.  As harvest pressure 
increases in these dry forests, maintaining a continuous supply of larger recent snags for 
woodpecker foraging will involve more careful management planning than has previously 
been required. 

 
Further analysis of insect responses to forest harvesting.  The work by Jarrett (2003) on the 

carabid beetle community at Opax Mt. is being examined in more detail by Dr. G.G.E. 
Scudder at UBC to determine the utility of carabid beetles as indicator species.  Jarrett 
worked on a sample of almost 43,000 beetles collected at the Opax site and found few clear 
trends in species composition in relation to forest harvesting.  The data are being 
reanalysed and interpreted in the context of other datasets that have been collected (but not 
published) on insect responses to forest harvesting.  A draft manuscript is planned for 
August 2007.  
  

Jarrett, J.R. 2003. Responses of ground beetle (Coleoptera:Carabidae) species and 
assemblages to forest practices in the interior Douglas-fir forests of British Columbia. M.Sc. 
Thesis, University of British Columbia.  
 
Post treatment response of wildlife indicators to harvesting and site preparation treatments at 
the Opax Mountain Silvicultural Systems site. 
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Snow tracking efforts at the Opax site were frustrated by unseasonably mild and dry conditions 
from early-January to late-March over the last few winters.  Field crews were only able to 
complete one set of snow transect surveys in 2006-2007 (all transects surveyed once) under 
suitable conditions (continuous snow cover > 30cm deep, snow within last 72 hrs.) for a total of 
approximately 40 km of survey before tracking conditions deteriorated.  Here is a summary of 
observations from 2005-2006.  
 
Winter track surveys were conducted at the Opax Mountain and Mud Lake research trials 
between January 18, 2006 and March 12, 2006.  Three full rounds of surveys were conducted 
at Mud Lake and two full rounds were completed at Opax Mountain.  A full round of track 
surveys consisted of a complete survey of all transects on the site within 24 to 120 hours after a 
snowfall.  Weather was recorded at the start of each transect and temperatures varied from -
11°C to +2°C.  This year, the temperature did not drop below  -15°C at any time during the 
survey periods.  Individual snowfalls ranged from 2 to 18cm accumulation during a storm cycle.  
Snow depths were recorded every 100m along each transect and ranged from 0 – 99cm.  
Tracks, sign (including scat, urine, scrapes and beds) and behaviour of all species, encountered 
along each transect, were recorded relative to the distance along the transect.  Species 
encountered during the 2006 field season included Deer (Odocoileus spp.), assumed to be 
primarily Mule Deer (Odocoileus hemionus), Moose (Alces alces), Pine Marten (Martes 
Americana), Weasel (Mustela spp.), Coyote (Canis latrans), Domestic Dog (Canis familiaris), 
Wolf (Canis lupus), Lynx (Lynx Canadensis), Red Fox (Vulpes vulpes), Red Squirrel 
(Tamiasciurus hudsonicus), Snowshoe Hare (Lepus americanus), Mouse (Peromyscus spp), 
other mouse/vole/shrew, Ruffed Grouse (Bonasa umbellus) and Sharp-tailed Grouse 
(Tympanuchus phasianellus).  A total of 138km of transect were surveyed (87.3km at Mud Lake 
and 50.7km at Opax Mountain) during the 2006 survey period. 
 
Publications 
 
Herbers, J. and W. Klenner. In press.  Effects of logging pattern and intensity on squirrel 

demography.  Journal of Wildlife Management, accepted for publication March 2007. 
 
Klenner, W. and A. Arsenault. 2006. Forest management options for Interior dry forest 
ecosystems: the Opax Mt. and Isobel research trials. B.C. Min. For. Range, S. Int. For. Reg. 
Kamloops, B.C. Extension Note 05.   
http://www.for.gov.bc.ca/hfd/pubs/RSI/FSP/RSI_En.htm  
 
Vanessa J. Craig, Walt Klenner, Michael C. Feller, and Thomas P. Sullivan. 2006. Relationships 
between deer mice and downed wood in managed forests of southern British Columbia. Can. J. 
For. Res. 36: 2189–2203. 
  
Goudie, J.W., C.M. Di Lucca, W. Klenner, I.R. Cameron, R. Parish and K.R. Polsson.  2005.  
Application of simulation models to the design and analysis of silvicultural systems in British 
Columbia.  Pp. 175-186 in Peterson C.E. and D.A. Maguire (eds). Balancing ecosystem values: 
Innovative experiments for sustainable forestry, Proceedings of a Conference, Portland, 
Oregon. USDA, US Forest Service, Gen. Tech. Rep. PNW-GTR-635. 
 
Stand and landscape modelling to evaluate IDF management scenarios 
Stand level modelling 
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Stand structure modelling with TASS (Tree and Stand Simulator) 
 
We are in the draft final stages of a second project to model IDF forest structure in relation to 
managed and natural disturbances.  This project is an extension of earlier work published in 
Goudie et al. (2005) and extends the initial project by incorporating insect pests and windthrow 
related mortality.  Insect related mortality was calibrated to reflect observations of the Southern 
Interior Forest Region Entomologist (L. MacLauchlan) and published results.  TASS 
merchantable volume projections declined as insect and then windthrow effects were added as 
illustrated in Figure 25.  Much of the mortality associated with insect attack maintains an 
abundance of large declining live trees and snags in varying states of decay and ultimately as 
downed wood, thereby maintaining the habitat value of managed stands.  The work is 
summarized in the abstract below which has been submitted to and accepted for presentation at 
the Forest Estate Models conference being held in Victoria in June 2007. 
 

Managing for structural attributes critical to maintaining wildlife habitat in managed 
stands and linkages to forest estate modelling.  Walt Klenner, Ian Cameron, Dave 
Huggard and Russ Walton 

 
Abstract. Several structural attributes, including large live trees, large snags and downed 
wood, and fine-scale heterogeneity within a stand are critical for maintaining diverse 
species of wildlife and biodiversity within managed stands. We used the TASS (Tree and 
Stand Simulator) model to project the likely effects of clear cutting, partial cutting and 
variable retention options on the short- and long-term supply of structural attributes that 
are required by forest dependant vertebrates in an Interior Douglas-fir forest.  The nature 
of the harvest treatment, the frequency of stand entry, the level of retention, and the 
frequency and intensity of insect attack and windthrow all played a major role in 
determining the temporal supply of structural attributes.  Management practices, and the 
structures created by windthrow and insect attack can be used to effectively maintain 
critical habitat features, however, no one prescription will meet the diverse spatial and 
temporal habitat requirements of vertebrates, let alone the habitat requirements of the 
broader ecological community.  We demonstrate how results from this stand-level 
modelling initiative can be used to identify the likely structural attribute conditions of 
stands in a spatially explicit forest estate model (TELSA), and facilitate a more accurate 
assessment of habitat conditions for wildlife and biodiversity by integrating spatial 
pattern and structural condition.  Stand modelling tools can be used to gain preliminary 
insight into the consequences of stand management options, and the application of 
these tools to “screen” the utility of prescriptions in relation to forest management goals 
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is encouraged. 

 
Figure 25.  The effects of insect attack and windthrow on stand merchantable volume. The black 
line in each figure represents TASS projections without harvesting, insect attack or windthrow. 
Colored lines represent stand volumes following 40% volume removal and insect disturbance 
(1), no harvest but with insect attack (b), and no harvest but with insect attack and no windthrow 
(c). 
 
 
 
Modelling the consequences of dry forest management practices and options 

 
We examined options for applying a diversity of stand treatment prescriptions to a 120,000 
landscape to evaluate the effects of different management scenarios on indicators of timber, 
treatment costs, forest fuels, understory productivity and wildlife habitat.  An abstract (see 
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below) has been submitted and accepted for presentation at the 6th North American Forest 
Ecology workshop being held in Vancouver in June, 2007.  As part of the conference 
presentation, a manuscript based on the presentation is being prepared as a contribution to 
a special edition of the Journal “Forest Ecology and Management”. 
  
Maintaining diverse forest values across multiple stands – the need for landscape planning.  
Walt Klenner and Russ Walton 
 
Abstract. We used the TELSA (Tool for Exploratory Landscape Scenario Analyses) forest estate 
model to examine the long-term consequences of applying different stand density and fuel 
management regimes on indicators of timber yield, forage productivity, crown fuel hazard, understory 
fuel hazard, treatment costs and wildlife habitat. The TELSA model was calibrated with information 
from TASS (Tree and Stand Simulator) model projections, field data collected at the Isobel and Opax 
Mt. Interior Douglas-fir research sites and from published literature.  We used a case study landscape 
of approximately 100,000 ha near Kamloops, BC that was dominated by dry forest types to illustrate 
the consequences of stand density and forest fuels treatment options on achieving desired landscape 
conditions that were defined a priori.  Management scenarios were developed to illustrate the 
consequences of managing the landscape using one or more management systems that were 
interspersed or applied in designated “planning zones” where specific commodity objectives were 
emphasized.  The results illustrate three main principles: (1) one stand management treatment does 
not adequately maintain multiple values, (2) the high direct (funding) and indirect (effects on other 
forest values) costs of fuel management treatments will likely necessitate limited application of 
treatments to strategically defined zones, and (3) interspersed treatments are less effective in 
achieving desired conditions than the use of landscape planning zonation.  We conclude that forest 
estate modelling can and should be used to assess the consequences of current or new management 
initiatives prior to their application to ensure expectations are realistic. 
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Management Implications 
1) No single management option works for everything. This is especially true in the highly 
variable Interior Douglas-Fir Zone. Standard inverse-J diameter selection harvesting cannot 
meet all objectives. 
 
2) Wide range of disturbance types, frequency and intensity. Therefore attempts to “mimic” 
idealized historical conditions are dubious. 
 
3) Different responses between openings of <0.1ha and >0.1ha. Both of these size 
thresholds have positive and negative characteristics for sustainable forest management 
depending on which value is examined. Patch cuts >0.1ha are useful and under-utilized 
management tool for IDF forests. 
 
4) Need patch-cuts where partial cutting has dominated. This will provide variation for a 
variable ecosystem and an edge against uncertainty. 



 45

Selected references  
 
Arsenault, A. (2003). A note on the ecology and management of old-growth forests in  
the Montane Cordillera. Forestry Chronicle.79(3):441-454. 
 
Arsenault, A. and W. Klenner. (2005). Dry-belt forests in the Southern Interior of British 
Columbia: Perspectives on historic disturbances and implications for management. Pages 105-
121 In: L. Lagene, J. Zelnik, S. Cadwallader, and B. Hughes (eds.). Mixed Severity Fire 
Regimes: Ecology and Management, November 17-19, 2004, Spokane, Washington. 
Washington State University Coop Extension Service/ The Association for Fire Ecology, 
Pullman, Washington, Vol. AFE MISC03. 
 
Arsenault, A. (in prep.) Fire history along an elevation gradient in an interior Douglas-fir forest 
near Kamloops, British Columbia. 
 
Arsenault, A. (in prep). Fire history and forest structure at multiple scale in a dry forest 
landscape in south-central British Columbia. 
 
Bradshaw, F.J. 1992. Quantifying edge effect and patch size for multiple use silviculture - a 
discussion paper. For.Ecol. Manag.48:249-264 
 
Campbell, R. 2003. Multicentury history of western spruce budworm outbreaks in the Interior 
Douglas-fir forests near Kamloops, British Columbia. M.Sc. Thesis, Department of Geography, 
UVIC. 
 
Campbell, R., D.J. Smith, and A. Arsenault. (2006). Multicentury history of western spruce 
budworm outbreaks in Interior Douglas-fir forests near Kamloops, British Columbia. Canadian 
Journal of Forest Research 36:1758-1769 
 
Campbell, R., D.J. Smith, and A. Arsenault. (2005). Dendroentomological and forest 
management implications in the Interior Douglas Fir Zone of British Columbia, Canada. 
Dendrochronologia 22:135-140 
 
Craig, V., W. Klenner, M. C. Feller, and T. P. Sullivan. 2006. Relationships between deer mice 
and downed wood in managed forests of southern British Columbia. Can. J. For. Res. 36: 
2189–2203. 
 
Day, K. 1996. Interior Douglas-fir and selection management. Faculty of Forestry, Dept. of 
Forest Sciences, UBC. Directed Study Report. 
 
Franklin, J.R., C.S. Bledsoe and J.T. Callahan.  1990.  Contributions of the long-term ecological 
research program.  BioScience 40:509-523. 
 
Goudie, J.W., C.M. Di Lucca, W. Klenner, I.R. Cameron, R. Parish and K.R. Polsson.  2005.  
Application of simulation models to the design and analysis of silvicultural systems in British 
Columbia.  Pp. 175-186 in Peterson C.E. and D.A. Maguire (eds). Balancing ecosystem values: 
Innovative experiments for sustainable forestry, Proceedings of a Conference, Portland, 
Oregon. USDA, US Forest Service, Gen. Tech. Rep. PNW-GTR-635. 
 
Haggermann , S.M.  and D.M. Durall. 2004. Ectomycorrhizal colonization of greenhouse-grown 
Douglas-fir (Pseudotsuga menziesii_ seedlings by inoculum associated with the roots of refuge 



 46

plants from a Douglas-fir forest in the southern interior of British Columbia. Can. J. Bot. 82:742-
751. 
 
Heineman, Jean L., Graeme D. Hope, Suzanne W. Simard, Alan Vyse, Dennis L. Lloyd, and 
David J. Miège. 2003. The effects of site preparation and harvesting practices on planted 
seedling productivity and microenvironment in southern interior dry, grassy forests. British 
Columbia Ministry of Forests Research Program Technical Report 009. 
 
Hope, G.D., C. E. Prescott, and L. L. Blevins. 2003. Responses of available soil nitrogen and 
litter decomposition to openings of different sizes in dry interior Douglas-fir forests in British 
Columbia. Forest Ecology and Management. 186: 33-46 
 
Huggard, D. A. Arsenault, Alan Vyse, and W. Klenner. 2005. The Opax Mountain Silvicultural 
Systems Project: Preliminary Results for Managing Complex, Dry Interior Douglas-fir Forests. 
B.C. Min. For., Res. Br., Victoria, B.C. Exten. Note 72. 
 
Huggard, D. and W. Klenner. 1998. Winter use of the Opax Mountain silvicultural systems site 
by ungulates, squirrels, hares, and grouse. In Managing the dry Douglas-fir forests of the 
southern Interior: Workshop Proceedings. A. Vyse, C. Hollstedt, and D. Huggard (eds.). B. C. 
Min. For. Victoria, B.C. Working Paper 34/1998. 
 
Klenner, W. and A. Vyse.  1998. The Opax Mountain silvicultural systems projectevaluating 
alternative approaches to manageing dry Douglas-fir forests In Managing the dry Douglas-fir 
forests of the southern Interior: workshop proceedings. Pp 128-134. 
 
Klenner, W. and A. Vyse.  1999.  Interdisciplinary research approaches to address complex 
forest management issues.  Forestry Chronicles 75:473-476. 
 
Klenner, W. A. Arsenault, D. Lloyd, R. Tucker, B. Beck, and P. Belliveau. 2001. A  Strategy for 
Managing NDT4 Dry-Belt Ecosystems in the Kamloops Forest  Region. Draft report submitted to 
the Kamloops Forest Region Regional Management Team. 
 
Klenner, W., and A. Arsenault. (2006). Forest management options for Interior dry forest 
ecosystems: the Opax Mt. and Isobel research trials. Extension Note#5 – RSI 
 
Miège, D., D. Lloyd, and A. Arsenault, 1997. Spatial and temporal response of vegetation to  
silvicultural practices in interior Douglas-fir forests. In Managing the dry Douglas-fir forests of the 
southern Interior: Workshop Proceedings. A. Vyse, C. Hollstedt, and D. Huggard (eds.). B. C. 
Min. For. Victoria, B.C. Working Paper 34/1998. 
 
Smith, D.M. 1986. The practice of silviculture. John Wiley and Sons. New York 
 
Smith, D.M. 1993 Silvicultural Systems program: British Columbia Ministry of Forests. 
Discussion Paper prepared for Ministry of Forests Silviculture Branch. Victoria B.C. 
 
Stark, K., G.E. Bradfield, and A. Arsenault (2006). Soil seed banks and plant community 
assembly following disturbance by fire and logging in Interior Douglas-fir forests of south-central 
British Columbia. 84: 1548-1560. 
 



 47

Stark, K., A. Arsenault , and G.E. Bradfield. (Submitted). Spatial heterogeneity in soil seed bank 
and vegetation structure in Interior Douglas-fir forests disturbed by fire and logging. Plant 
Ecology. 
 
Vyse, A., R.A. Smith, and B.G. Bondar. 1991. Management of Interior Douglas-fir stands in 
British Columbia: past, present and future. in D. M. Baumgartner. ed. Interior Douglas-fir: the 
species and its management. Symposium proceedings. Pullman, Washington State University, 
Dept. of Natural Resource Sciences. 
 
Vyse, A., C. Ferguson, S. W. Simard, T. Kano and P. Puttonen. 2006. Growth of Douglas-fir, 
lodgepole pine, and ponderosa pine seedlings underplanted in a partially-cut, dry Douglas-fir 
stand in south-central British Columbia. Forestry Chronicle 82(5): 723-732. 
 

Appendix 1. Extension Activities and deliverables 2003-2007 
 
2003-2004 
Campbell, R., D. Smith, and A. Arsenault. 2004. Multicentury historical patterns of western 
spruce budworm outbreaks in Interior Douglas-fir forests near Kamloops, British Columbia. 
Presented at winter Sisco in Penticton. 
 
Huggard, D. and A. Arsenault. 2004. Opax Mountain Silvicultural Systems Project: Results for 
Managing Complex IDF Forests. Presented at winter Sisco in Penticton. 
 
Arsenault, A. 2003. Poster on the Opax Mountain Research project delivered during the “Dry 
forest ecosystems symposium” held in Kamloops in May 2003. 
 
Arsenault A. and W. Klenner. 2003. Disturbance Ecology of Dry-belt forests of the Southern 
Interior of BC: perspectives on historic disturbances and implications for management. Oral 
presentation delivered during the “Dry forest ecosystems symposium” held in Kamloops in May 
2003. 
 
Klenner, W.. and A. Arsenault. 2003. The challenge to produce landscape level patterns over 
time. Oral presentation delivered during the “Dry forest ecosystems symposium” held in 
Kamloops in May 2003. 
 
Arsenault, A. 2003. From the virtual to the operational: applying ecological information into 
forest management. Seminar given to UCC students. 
 
Arsenault, A. 2003. Silviculture Systems research program. Oral presentation to staff of the 
Okanagan-Shuswap Forest District 
 
La journée de l’arbre/Arbour day 2003. 4 Oral presentations to grade 1 students. 
 
Arsenault, A. 2003. Fire ecology and management of dry forest ecosystems if the southern 
Interior of British Columbia. Field tour organized for SFU School of Resource and Environmental 
Management. 
 
Arsenault, A. 2003. Applying dynamic ecology information into forest management in British 
Columbia. Seminar presented to the fire ecology and management class at UCC.  
 



 48

Arsenault, A. and W. Klenner. 2003. Disturbance ecology of dry-belt forests in the Southern 
Interior of British Columbia: Perspectives on historic disturbances and implications for 
management. Presented at the Wildfire and Fire Management in the Okanagan Similkameen 
workshop held in Penticton, BC and hosted by South Okanagan Similkameen Conservation 
Program. 
 
Arsenault, A. 2003. Fire ecology in British Columbia's interior watersheds. Presented at the 
BCWWA/CWRA Post-Wildfire held in Kamloops. 
 
Televised interview with French CBC on the ecological perspective of the 2003 fire season. It 
was aired on RDI. 
 
Print Media interview with UCC journalism student on fire history research at Opax. Published in 
Nature West. 
 
Site visit and training for BCIT 
 
Site visit and training for NVIT 
 
2004-2005 
 
April 
 
Poster presentation on Opax Mountain (3 oral presentations; Royal Robin style) at the Variable 
Retention Conference held in Nanaimo. 
Citation: Arsenault, A. and D. Huggard. 2004. Opax Mountain silvicultural systems project: 
Results for managing complex IDF forests. Poster presented at the Variable retention meeting 
held in Nanaimo BC. 
 
Provincial meeting of MOF Silviculture Systems Researchers held in Nanaimo. 
 
Post-fire monitoring field trip at Skull Mountain and coordination (agencies involved KFD, OUC, 
UBC, UCC, and SIR). 
 
May 
 
Seminar and field workshops on Plant community dynamics to UCC BIO409 
Citation: Arsenault, A. 2003. From the virtual to the operational: applying ecological information 
into forest management. Seminar presented to UCC BIO 409 at the Wells Gray Research 
station.  
 
Hosted a fieldtrip on interpretation at Opax Mt. for the Secwepecm Cultural and Education 
Society. 
 
Hosted a fieldtrip on the ecology of dry forests with Peter Rennie at the Isobel Lake 
Demonstration Forest for South Sahali Elementary School. 
 
Hosted a fieldtrip on the ecology and management of dry forests with Walt Klenner and Dennis 
Lloyd at Opax Mountain for the School of Resource and Environmental Management, Simon 
Fraser University.  
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Presentations on trees, ecology, and forestry to French Immersion grade 1 classes from Arthur 
Hatton, Lloyd George, and Marion Shilling Elementary 
 
Hosted a fieldtrip on fire effects with Kevin Turner at the Strawberry Hill fire for Lloyd George 
Elementary.  
 
June 
Arsenault, A. 2004. Fire Ecology in the southern Interior. Seminar presented to the Kamloops 
Natural History Club.  
 
Hosted fieldtrip on the ecology and management of dry forests at Opax Mountain for the 
Kamloops Natural History Club 
 
Arsenault, A. 2004. Using plants as bio-indicators of change! Seminar presented to the UCC 
Biology Department. 
 
September 
Arsenault, A. and G. Hope. Gave 6 presentations on ecology and management of dry Douglas-
fir forests for regional office staff during field tour at Isobel Lake. 
 
November  
Arsenault, A. and W. Klenner. 2004. Fire regime in dry-belt forests of British Columbia: 
Perspectives on historic disturbances and implications for management. Guest speaker at an 
international conference on mixed severity fire regimes: ecology and management, Spokane, 
Wash., Nov. 17–19, 2004. Presentation available from: http://www.emmps.wsu.edu/fire 
 
December 
Opax Mt. research team co-ordination meeting. 
 
2005-2006 
 
May 
Ecology and management of grasslands & dry forests. Field trip for SFU, TRU students and 
faculty 
 
Arbour day presentations to Lloyd George, Marion Shilling, South Sahali, Arthur Hatton & 
L’école Francophone grade 1 classes. 
 
June 
Field trip to Opax and Isobel study areas for visiting scientist from New Zealand 
 
September 
Presentation on disturbance ecology on the Thompson Plateau for the 2005 
friends of hydrology tour 
 
October 
October Field trip to Opax and Isobel with staff from KFD and BCTS Kamloops and Cascades. 
 
February 
Ski an learn about Douglas fir forests for grade 6-7 students of Marion Shilling Elementary at 
McQueen Lake 
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March 
Sisco poster presentation “After The Mountain Pine Beetle: Management Options For Dry 
Forests 
 
Sisco poster presentation: “Soil seed banks and plant community assembly following 
disturbance by fire and logging in Interior Douglas-fir forests” 
 
Sisco poster presentation “Southern Interior Forest Sciences From Research to Management” 
 
Celebrating the success of the Forest Science Section Presented to Regional staff 
 
2006-2007 
April 
Grass-seeding considerations after wildfires presentation for Forest For tomorrow program and 
stewardship foresters 
 
May 
Arbour day presentations to Lloyd George, Marion Shilling, and Arthur Hatton 
 
June 
Ecological monitoring in dry forest ecosystems:Isobel  and Lac du Bois site visits for Ministry of 
Environment 
 
July 
Television interview for French CBC on ecosystem recovery following 2003 fires 
 
August 
Preparing and hosting Summer Sisco at the Isobel and Opax study areas. 
 
Presentation on natural disturbance regime of dry forests during Sisco with A. and F. Vyse 
 
Presentation on understory vegetation response at Opax Mt. during Sisco with D. Llloyd. 
 
Presentation on soil seedfbanks and response to disturbance during summer Sisco with K. 
Stark, and G.E. Bradfield. 
 
November 
Presentation on silviculture systems research program. 
 
Field tour on fuel management in IDF focusing on the Isobel study for Provincial fuel 
management group 
 
Field tour on the Opax Mt. project with emphasis on silviculture and pathology for TRU 
silviculture and pathology students from the NRS program. 
 
January  
Update on NDT4 research and extension for Rocky Mountain Trench ecological restoration 
steering committee  
 
Forest Science open house for regional staff 
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March 
Presentation on silviculture systems research program to Regional Management Team with M. 
Waterhouse and T. Newsome. 
 
Presentation on silviculture systems research program to Stewardship staff from region and 
districts 
 
Update on forest science section and silviculture systems research program to district and 
regional woodlot foresters. 
 
 

Technical publications 
Arsenault, A. 2003. A note on the ecology and management of old-growth forests in the 
Montane Cordillera. Forestry Chronicle 79(3): 441-454. 
 
Arsenault, A. and W. Klenner. (2005). Dry-belt forests in the Southern Interior of British 
Columbia: Perspectives on historic disturbances and implications for management. Pages 105-
121 In: L. Lagene, J. Zelnik, S. Cadwallader, and B. Hughes (eds.). Mixed Severity Fire 
Regimes: Ecology and Management, November 17-19, 2004, Spokane, Washington. 
Washington State University Coop Extension Service/ The Association for Fire Ecology, 
Pullman, Washington, Vol. AFE MISC03. 
 
Campbell, R., D.J. Smith, and A. Arsenault. (2006). Multicentury history of western spruce 
budworm outbreaks in Interior Douglas-fir forests near Kamloops, British Columbia. Canadian 
Journal of Forest Research 36:1758-1769 
 
Campbell, R., D.J. Smith, and A. Arsenault. (2005). Dendroentomological and forest 
management implications in the Interior Douglas Fir Zone of British Columbia, Canada. 
Dendrochronologia 22:135-140 
 
Vanessa J. Craig, Walt Klenner, Michael C. Feller, and Thomas P. Sullivan. 2006. Relationships 
between deer mice and downed wood in managed forests of southern British Columbia. Can. J. 
For. Res. 36: 2189–2203. 
 
Goudie, J.W., C.M. Di Lucca, W. Klenner, I.R. Cameron, R. Parish and K.R. Polsson.  2005.  
Application of simulation models to the design and analysis of silvicultural systems in British 
Columbia.  Pp. 175-186 in Peterson C.E. and D.A. Maguire (eds). Balancing ecosystem values: 
Innovative experiments for sustainable forestry, Proceedings of a Conference, Portland, 
Oregon. USDA, US Forest Service, Gen. Tech. Rep. PNW-GTR-635. 
 
Haggermann , S.M.  and D.M. Durall. 2004. Ectomycorrhizal colonization of greenhouse-grown 
Douglas-fir (Pseudotsuga menziesii_ seedlings by inoculum associated with the roots of refuge 
plants from a Douglas-fir forest in the southern interior of British Columbia. Can. J. Bot. 82:742-
751. 
 
Heineman, Jean L., Graeme D. Hope, Suzanne W. Simard, Alan Vyse, Dennis L. Lloyd, and 
David J. Miège. 2003. The effects of site preparation and harvesting practices on planted 
seedling productivity and microenvironment in southern interior dry, grassy forests. British 
Columbia Ministry of Forests Research Program Technical Report 009. 
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Hope, G.D., C. E. Prescott, and L. L. Blevins. 2003. Responses of available soil nitrogen and 
litter decomposition to openings of different sizes in dry interior Douglas-fir forests in British 
Columbia. Forest Ecology and Management. 186: 33-46 
 
D. Huggard, A. Arsenault, Alan Vyse, and W. Klenner. 2005. The Opax Mountain Silvicultural 
Systems Project: Preliminary Results for Managing Complex, Dry Interior Douglas-fir Forests. 
B.C. Min. For., Res. Br., Victoria, B.C. Exten. Note 72. 
<http://www.for.gov.bc.ca/hfd/pubs/Docs/En/En72.htm>> 
 
Huggard, D.J., and W. Klenner.  2003.  Grylloblattids in managed forests of south-central British 
Columbia.  Northwest Science 77: 12-18. 
 
Jules, Mona. 2003. Opax te Squeltus Tsctim te Tsqiqiyélqw. A Secwepemc translation of the 
Opax Mountain interpretative trail brochure. Prepared in association of Secwepemc elders and 
co-ordinated with the Secwepemc Cultural Education Society. 
 
Klenner, W., and A. Arsenault. (2006). Forest management options for Interior dry forest 
ecosystems: the Opax Mt. and Isobel research trials. 
 
Stark, K., G.E. Bradfield, and A. Arsenault (2006). Soil seed banks and plant community 
assembly following disturbance by fire and logging in Interior Douglas-fir forests of south-central 
British Columbia. 84: 1548-1560. 
 
Vyse, A., C. Ferguson, S. W. Simard, T. Kano and P. Puttonen. 2006. Growth of Douglas-fir, 
lodgepole pine, and ponderosa pine seedlings underplanted in a partially-cut, dry Douglas-fir 
stand in south-central British Columbia. Forestry Chronicle 82(5): 723-732. 
 

Technical publications submitted 
Stark, K., A. Arsenault, and G.E. Bradfield. (2007). Variation in soil seed bank species 
composition of a dry coniferous forest: spatial scale and sampling considerations. Submitted to 
Plant Ecology 
 
Herbers, J. & W. Klenner. (in press). Effects of logging pattern and intensity on squirrel 
demography. Journal of Wildlife Management. 
 

Theses 
 
Stark, Kaeli 2005. Soil seed banks, heterogeneity, and plant community assembly following 
disturbance by fire and logging in Interior Douglas fir forests. M.Sc. Thesis, Department of 
Botany, University of British Columbia. 
  
Campbell, Rochelle 2003. Dendroecological studies of tree growth, climate and defoliator 
outbreaks in the Interior Douglas-fir forests of British Columbia, Canada. M.Sc. Geography 
Department. University of Victoria. 
 
Craig, V.  2002.  Relationship between small mammals and coarse woody debris. Ph.D. Thesis. 
University of British Columbia. 
 
Ferguson, C.  2001.  Effects on long-toed salamanders of removing canopy cover in terrestrial 
habitats and adjacent to breeding sites. M.Sc. Thesis.  University of British Columbia. 
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Herbers, J.  2002. The demography and behavior of red squirrels (Tamiasciurus hudsonicus) in 
relation to stand structure and spatial pattern changes following harvesting at Opax Mt. M.Sc. 
Thesis. University of British Columbia. 
 
Larson, V.  1999.  Forest regeneration in the IDFxh2 of B.C.  B.Sc. Thesis. University College of 
the Cariboo. 
 
Peterson, L.  1997.  An evaluation of Gabel Corporation’s model MP-917 time domain 
reflectometry equipment for measuring the moisture content of a forest soil. B.Sc. Thesis. 
University of British Columbia. 
 
Rowell, D.M.  1999.   Modelling nitrogen mineralization from biosolids. M.Sc. Thesis. University 
of British Columbia. 
 

Draft manuscripts (currently under review and not available until published). 
 
Arsenault., A., A. Vyse, & R. Walton. (in prep) Age structure of Douglas-fir seedling banks in dry 
forests and grassland-forest ecotones of southern interior British Columbia. For submission to 
CJFR 
 
Arsenault, A. and D. Lloyd. In prep. The influence of canopy structure and site preparation on 
understory plants in dry Douglas-fir forests. 
 
Arsenault, A. and D. Lloyd. In prep. Forage biomass response to canopy gaps in a dry Interior 
Douglas-fir forest near Kamloops British Columbia. 
 
Arsenault, A., D. Lloyd, and M. Jones (in prep.). Performance and Survival of planted Douglas-
fir across light and soil moisture gradients.  
 
Arsenault, A. (in prep.) Fire history along an elevation gradient in an interior Douglas-fir forest 
near Kamloops, British Columbia. 
 
Arsenault, A. (in prep). Fire history and forest structure at multiple scale in a dry forest 
landscape in south-central British Columbia. 
 
Dickinson, T.E., E.E. Leupin, and D. Clark. (in preparation).   Response of songbirds to timber 
harvesting in dry Douglas fir forests: community recovery with persistent changes. 
 

Popular article 
Klenner, W., and A. Arsenault. 2004. Grasslands and Dry-Forests in BC: The role of fire in 
present and future management. Pages 10-11 in: Finding Common Ground: The Role of Fire in 
Managing Healthy Grasslands October 2004issue of the BC grasslands magazine. 
http://www.bcgrasslands.org/SiteCM/U/D/6DE14FDE88BE142A.pdf 
 
Arsenault, A. 2004. Fire ecology of dry forests in the Southern Interior Region. Streamline 
Watershed Management Bulletin 7(4):17. (Abstract) 
 


