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Project purpose and management implications 
The Opax Mountain silvicultural systems study is a long-term, multi-disciplinary, multi-
agency research study of the ecological impact of alternative harvesting practices on a 
dry Douglas-fir forest in the Interior. The project was initiated in 1992 to provide 
information on the sustainability of different silvicultural systems. High priority information 
needs included: harvesting cost and operations logistics, forest regeneration; nutrient 
cycling and soil productivity; pest management; floral and faunal diversity, and historical 
patterns of natural disturbances. Considerable progress has been made in fulfilling these 
needs. Support for the Opax Mountain project is strong because it has already provided 
useful information to forest managers and planners particularly in the area of tree 
regeneration in patch cuts, soil productivity, natural disturbance regime and biodiversity. 
This study is well linked to several key projects in the IDF and constitutes a superb 
demonstration site, which has already been visited by over 1000 people including 
scientists from Canada and eight other countries. The location of Opax Mountain within 
the traditional territory of the Shuswap First Nation, and its close proximity to TRU, the 
Isobel demonstration forest and the McQueen Lake environmental centre and the city of 
Kamloops, make it an ideal demonstration area. Our extension activities are geared at 
not only current forest managers but also at forest managers of times to come whether 
they are enrolled at BCIT, NVIT, TRU, UBC, UVIC, SFU or whether they are in grade 1 
of the elementary school program. This will not only assist us in promoting sustainable 
forest management but also at helping in the sustainable training of natural resource 
professionals. Our extension strategy includes a mixture of the World wide web, actual 
field tours, direct contact, and scientific publications to reach a diverse audience. So far 
the project has generated over fifty public presentations, over twenty-five peer-reviewed 
scientific publications and eight university theses from TRU, UBC, and UVIC. 
 
Our design incorporates the combination of a well replicated experiment, detailed 
monitoring, retrospective studies, and modelling which makes this project very strong. 
 
“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.  In all cases, the re-measurements will greatly add to the value of the 
information collected in the initial 5 years, with relatively little additional cost.   
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.  
4. Expanding extension efforts to include a wider range of users and products. 
 
Opax project team 
 
The following is the list of current project team members involved in the Opax Mountain 
silvicultural systems study.  

 
 
Project Leaders  Field of expertise  Affiliation    
André Arsenault   Ecology & silv. Systems BCFS, Southern Interior Forest 
Region 
Catherine Bealle-Statland    Growth and Yield     BCFS, Research Branch 
Garry Bradfield                       Ecology                          UBC 
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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 
Lorraine Maclauchlan  Forest Entomology     BCFS, Southern Interior Forest 
Region 
Cindy Prescott   Nutrient Cycling     UBC 
Pasi Puttonen    Silviculture      Helsinki University 
Dan Smith    Dendrochronology     Uvic 
Alan Vyse    Silviculture      TRU 
 
Students  Topic        
 Status          
Kalei Stark The role of seedbanks in IDF vegetation 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 
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 on web site 
Christine Ferguson  Seedling measurements 
Ralph Heinrich  Wildlife and fire history field studies 
Mona Jules   Secwepecm translation  
Alberto Orchansky  Microclimate monitoring 
Russ Walton        GIS, data management, stand modelling & wildlife field 
studies 
 
Project start date: 1992 
 
Length of project: 100 years  
 
Methods Overview  
 
Experimental design 
 
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 
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densities (% basal area removed: <20%, 35% and 50+%) and spatial characteristics 
(uniform removal vs. patchy) (Figure 1). 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 (Figure 2), 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. 
 

 
Figure 1. Harvesting treatments at the Opax Mountain research site: 20% removal using 
individual tree selection (units F & L); 35% volume removal consisting of 75% of the 
treatment unit area harvested as 50% volume removal using individual-tree selection, and 
25% of the treatment unit area retained as uncut reserves (Units A & H); 50% volume 
removal using individual-tree selection (units B & G); patch cuts of 0.1, 0.4, and 1.6 ha 
on 20% of the treatment area (units C & K); patch cuts of 0.1, 0.4, and 1.6 ha on 50% of 
treatment unit area (Units E & J); uncut controls (units D & I) From Klenner and Vyse 
(1998). 
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Figure 2. Aerial view of the Opax Mountain study site highlighting Mud Lake and 
adjacent treatment units. 

 
Project initiation, project team, design and operational implementation –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 (See Table1): 
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, Arsenault); natural seedling substrates and 
growth (Lloyd, Arsenault); advanced regeneration survival and growth (Puttonnen and 
Vyse, Arsenault); stand structure and growth (Bealle Statland); windthrow and snow 
breakage (Huggard, Vyse, Klenner); western spruce budworm, Douglas-fir beetle and 
other flying insects (Maclauchlan); multicentury fire and western spruce outbreak history 
(Arsenault, Smith, Campbell, Gedalof); CWD mass, volume, decay composition (Feller, 
Klenner, Huggard), snag abundance (Huggard, Klenner); herbaceous cover,  
composition and succession, lichens, terrestrial and epiphytic bryophytes, shrub cover, 
composition and growth (Lloyd, Arsenault, Bradfield, Stark); shrews, small rodents, 
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squirrels and chipmunks, woodpeckers, ground-dwelling arthropods identified to order, 
beetles to family (Klenner, Huggard); long-toed salamander (Klenner, Ferguson); song 
birds (Dickinson, Leupin). 
 
Table 1.  Study variables, approaches and methods at the Opax Mountain Silvicultural Systems 
site. 

Study variable   Approach  Method      
Stand structure Treatments Permanent sample plots, stem analysis 
Fire frequency and severity  Across site Fire scars and other evidence 
Douglas-fir defoliators  Across site  Reconstructed from tree rings 

Bark beetles Treatments Transect surveys, windthrow 
association 

Windthrow Treatments, edges Transect surveys 3 years after harvest 
Soil temperatures Edge effects Thermocouples across openings and 

forest 
Snow depth and duration Treatments, edges Mid-winter and spring depth along 

transects 
Soil chemistry, N Edge effects Forest floor, mineral soil samples on 

transects 
Decomposition Edge effects Standardized leaf-bags along transects 

Advanced regeneration Treatments Assessment plots, 7 years post-harvest 
Seedfall Treatments, edges Seedfall traps along transects 
Operational seedlings Openings, under canopy Fd, Pl and Py remeasurements through 

time 
Seedlings and planted seeds Gap size, edge, site prep Survival and growth or germination of 

planted seedlings, seeds (some 
protected with mesh) 

Natural regeneration Treatments, gap size, Ingress in vegetation and advanced  
site prep regeneration plots  

Vegetation cover, spp, groups Gap size, edge, site prep Plots on transects, gap classes, site 
prep trials 

Ectomycorrhizal fungi Host associations Root samples of tree and shrub species 
Habitat elements Treatments 5.6 m-radius plots, CWD intercept 

transects 
Woodpeckers  Treatment, edge, habitat Transect counts,nest and foraging 

observations 
Song birds Treatment Point count surveys 
Winter use by mammals Treatment, edge, habitat Snow-track surveys 
Squirrels, mice and voles Treatment, edge, habitat Live trapping, habitat plots, radio-

telemetry 
Long-toed salamanders Treatments Pitfall trapping and pond surveys 
Shrews, terrestrial invertebrates Treatment, edge, habitat Pitfall traps, habitat plots 
Arboreal beetles  Treatments   Funnel traps 
 
Phase 2  (2001-2006) Project objectives and design 
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 
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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.  
 
More specifically the project team will in 2005-2006 performed the following tasks: 
A) Re-measurements of : 1) wildlife snowtracking surveys, 2) windthrow surveys, 3) 

vegetation surveys along a light gradient, 4) net soil N mineralization assessments, 
5) growth and yield assessments, 6) forest structure and forest health surveys, 7) 
advanced regeneration surveys. 

B) Completion of studies: 1) fire history in a drybelt forest landscape, 2) Response of 
woodpeckers and mice and voles to silviculture treatments.  

C) Project Integration: 1) Continue work on stand modelling including new information 
on tree growth and natural disturbances, 2) Continue on the educational package on 
the ecology and management of dry forests for the Elementary school program, 3) 
Participate in the creation of a field tour and extension note on the ecology and 
management of dry forest ecosystems (collaboration with the Isobel project. 4) 
Continue extension initiatives for a broad audience. 

 
Synthesis and extension 
Project synthesis began with a workshop in 1997 at which researchers from around the 
province presenting findings in research in dry Douglas-fir ecosystems. The results of 
this workshop were peer-reviewed and 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 
Mountain forest conference held at SilverStar. A synthesis of the project has recently 
been published (Huggard et al. 2005). 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 and soon 
in French. Over 1000 people have visited the study site from various backgrounds.  
 
 
Project Scope and Regional Applicability 
To manage forests in the interior Douglas-fir (IDF) zone, a broad range of forest 
resources need to be considered (Hope et al. 1991). Partial cut systems have been used 
in the past and are still being used to enhance forest regeneration and maintain visual 
quality objectives after harvest. However, conventional partial-cutting systems may not 
be the best prescription, either from a timber production perspective or an integrated 
management approach where such diverse values as biological diversity and short and 
long term forest health need to be considered.  
 
To satisfy a broader range of integrated resource objectives, traditional clear-cut and 
partial-cut (e.g. diameter limit) harvesting systems can be augmented by other 
harvesting systems including group selection, small patch cuts and group retention to 
maintain structural diversity in the stand.  However, the effectiveness of these 
approaches has not been tested Klenner and Vyse 1998. In co-operation with the 
Kamloops Forest District Small Business Program, we have implemented several forest 
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management options at an operational scale, and initiated monitoring of the effects of 
these practices on a broad range of potential management objectives.  
 
The approach to the design of the project was based on the following propositions: 
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. 
 
Sustainable forest management implies that management activities are economically, 
environmentally and socially sound. Criteria have been established under each of these 
three categories by national and international bodies to measure and judge whether or 
not sustainability is being achieved. Forest managers and policy makers are required to 
meet these criteria when considering the impact of common and alternative forest 
management practices, if they wish to reassure the public and potential customers for 
forest products that the practices, are sustainable over the long term. The contributions 
and potential contributions of the Opax silviculture systems study can be judged by 
comparing the list of studies described under Progress with the Canadian Council of 
Forest Minister’s (CCFM) list of sustainability criteria below: 
 
• Conservation of biological diversity 
Phase 1 (1992-2000) Opax Mountain Studies: information already collected and 

published or in the process of analysis and publication: Studies of the following 
organisms: shrews, small rodents, large mammals, ground-dwelling, arthropods, 
song birds, flowering plants, lichens, terrestrial bryophytes, forest insects, 
ectomycorrhizal fungi. 

Phase 2 (2001-2007) Opax Mountain  Studies: Publication of key findings in scientific 
journals and extension notes. Re-measurements to confirm trends of measured 
indicators over time. 

 
• Maintenance and enhancement of forest ecosystem condition and productivity 
Phase 1 (1992-2000) Opax Mountain Studies: Climate, radiation balance, snow 

accumulation and melt, nutrient cycling, forest regeneration, stand structure and 
disturbance history, measurement of windthrow, forest insect mortality. 

Phase 2 (2001-2007) Opax Mountain  Studies: Re-measurements to confirm trends of 
measured indicators over time. Completion of fire history and insect defoliator 
history. 

 
• Conservation of soil and water resources 
Phase 1 (1992-2000) Opax Mountain Studies: Snow depth and duration, soil moisture, 

chemistry. 
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Phase 2 (2001-2007) Opax Mountain Studies: Re-measurements to confirm trends of 
measured parameters. 

 
• Forest ecosystem contributions to global ecological cycles 
Phase 1 (1992-2000) Opax Mountain Studies: Measurements of biomass of trees, 
vegetation, snags,   

coarse woody debris, rates of litter decomposition, and effects of harvesting. 
Phase 2 (2001-2007) Opax Mountain  Studies: Re-measurements to confirm trends 
of measured parameters. 
 

• Multiple benefits to society 
Phase 1 (1992-2000) Opax Mountain Studies: Extension to a diverse audience 
Phase 2 (2001-2007) Opax Mountain  Studies: Continue extension in English, 
Secwepemc and 

French. 
 

• Accepting society’s responsibility for sustainable development 
Phase 1 (1992-2000) Opax Mountain Studies: Challenged pre-conceived ideas about 
tree 

regeneration and disturbance ecology 
Phase 2 (2001-2007) Opax Mountain Studies: Project synthesis of knowledge with 
respect to impact of treatments on ecosystem attributes, processes and function. 
 
Interim conclusions 
Interim conclusions for the Opax project and management applications have been 
published in 2005 (Huggard et al. 2005) and is available online at: 
<http://www.for.gov.bc.ca/hfd/pubs/Docs/En/En72.htm>>. The main points are 
summarized below. In addition a few highlights from the work done in 2005-2006 are 
discussed.  
 
Management implications 

1. No single management option works for everything 
 - Especially in the highly-variable IDF 
 - Standard inverse-J selection cannot meet all objectives 
 

2. Wide range of disturbance types, frequency and intensity 
- Attempts to “mimic” idealized historical conditions dubious 
-  
3. Different responses between openings of <0.1ha and >0.1ha 

 - Good and bad for each 
 - Patch cuts >0.1ha useful management tool for IDF 

4. Need patch-cuts where partial cutting has dominated 
  Variation for a variable ecosystem 
  Hedge against uncertainty 
  Operational trials as opportunity for learning 
 
Disturbance Ecology 
We are using tree-ring techniques to reconstruct multicentury history of natural 
disturbances focusing on wildfire, and western spruce budworm outbreaks. A paper was 
published on fire history in 2005 (Arsenault and Klenner 2005) and is available online. 
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Our work on western spruce budworm outbreaks has recently been published in 
Dendrochronologia and accepted for publication in the Canadian Journal of Forest 
Research. The abstracts of these two papers are provided below. 
 
Campbell, Smith, and Arsenault accepted by the Canadian Journal of Forest Research. 
Multicentury history of western spruce budworm outbreaks in Interior Douglas-fir forests 
near Kamloops, British Columbia 
Abstract 
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. 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. 
 
Campbell, Smith, and Arsenault 2005. Dendroentomological and forest management 
implications in the Interior Douglas-fir zone of British Columbia, Canada. 
Dendrochronologia Dendrochronologia 22:135-140. 
 
Abstract 
Douglas-fir (Pseudotsuga menziesii var. glauca Mirb. Franco) forests in the Interior of 
British Columbia, Canada, show periodic defoliation due to western spruce budworm 
(Choristoneura occidentalis Freeman) outbreaks.  Tree defoliation causes a reduction in 
radial growth and is therefore visible in tree rings.  In this paper we identify western 
spruce budworm defoliation history, and critically examine the potential for using 
dendrochronological analysis by comparing tree-ring estimates with insect surveys.  
Western spruce budworm defoliation history was investigated using cores from Douglas 
fir growing in the Lac du Bois region of the Kamloops forest district.  Years with an 
abrupt decrease in radial growth were considered as negative pointer years that 
potentially reflected western spruce budworm outbreaks.  The comparison with 
ponderosa pine (a non-host species) permitted differentiation between growth reductions 
in Douglas fir due to climatic effects and those due to defoliation by western spruce 
budworm. The dendrochronological data were matched with information reporting visible 
damage in FIDS and British Columbia Ministry of Forest records.  Our objective based 
method using ring-width measurements from host and non-host chronologies was 
compared with qualitative techniques based on the software program OUTBREAK. We 
were able to distinguish seven distinct outbreak events in 300 years of record. 
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Wildlife response 
A paper on deer mice response to coarse woody debris manipulation at Opax Mt. and 
Sicamous Creek has recently been accepted. The abstract is provided below. 
 
Craig, V., W. Klenner, M. Feller and T. Sullivan accepted Canadian Journal of Forest 
Research.  
 
Abstract 
We examined the relationship between deer mice (Peromyscus maniculatus Wagner) 
and downed wood in a low-elevation Douglas-fir (Pseudotsuga menziesii (Mirbel) 
Franco) forest and a high-elevation Engelmann spruce (Picea engelmannii Parry ex 
Engelm.) -Subalpine fir (Abies lasiocarpa (Hook.) Nutt.) forest in the south-central 
interior of British Columbia. We experimentally manipulated the volume of downed wood 
on clear-cut and forested sites, and monitored the response of deer mice with a mark-
recapture study to assess population density, survival, and reproductive rates. 
Populations responded positively to harvesting at the low-elevation but not the high-
elevation study area. At the low-elevation study area population dynamics of deer mice 
on clear-cut and forest treatments were not positively associated with patterns in 
vegetation cover or increasing downed wood volumes. Instead, populations on clear-
cuts appeared to increase in response to an unknown factor associated with lower 
volumes. No relationship was detected between population dynamics of deer mice and 
downed wood volumes at the high-elevation site. Population dynamics of deer mice on 
forests at the high-elevation site appeared to be more closely related to vegetation cover 
than downed wood. The results indicated that downed wood was not a critical habitat 
component for deer mice in the south-central interior of B.C. 
 
Vegetation response 
 
We have completed two manuscripts on soil seedbanks and vegetation response to 
harvesting and wildlfire. These will be submitted to the Canadian Journal of Botany and 
to another international peer reviewed journal. The abstracts are provided below. 
 
Stark, K., G. Bradfield, and A. Arsenault. Soil seed banks and plant community assembly 
following disturbance by fire and logging in Interior Douglas-fir forests of south-central 
British Columbia. 
 
Abstract 
Soil seed banks and adjacent vegetation communities were examined in dry Douglas-fir 
forests near Kamloops, BC, to compare the effects of different disturbance types (low 
and high severity fires and logging), and to evaluate the importance of the seed bank as 
a propagule source for establishing plant communities.  Sites were selected to represent 
disturbances at 1, 5, and 10 years prior to sampling, and data were analyzed using non-
parametric univariate and multivariate statistical techniques.  Numbers of seeds and 
overall species compositions of seed banks on one-year-old disturbed sites did not differ 
from each other significantly; however, the frequency of seed-origin plants in the 
establishing vegetation decreased in the order: lightly burned > severely burned > 
logged.  Many of the species establishing from seed on burned sites dispersed to the 
disturbed areas during the first autumn and spring following fire, and the lack of 
difference in total vegetation frequency between burned and undisturbed sites suggests 
that broadcast grass seeding might not be necessary to re-vegetate burned areas in this 
ecosystem.  D but dispersing species were less common on logged sites, and.  Tthe low 
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frequency of seed-derived plants, particularly conifer seedlings, on logged sites poses 
concerns for the initial recovery of vegetation following logging; nonetheless, the lack of 
significant differences in vegetation species composition between five-year-old burned 
sites, ten-year-old logged sites, and their corresponding undisturbed sites suggests that 
vegetation recovery occurs with time. 
 
Stark, K., A. Arsenault, and G. E. Bradfield. Heterogeneity of seed bank and vegetation 
species assemblages at two spatial scales in relation to disturbance in Interior Douglas 
fir forests, British Columbia.  
 
Abstract 
Spatial heterogeneity in seed bank and field vegetation species composition was 
quantified within the first year following disturbance by fire and logging in Interior 
Douglas-fir forests.  In general, undisturbed forests exhibited higher coarse scale 
(among-site) but lower fine scale (within-site) heterogeneity in seed bank species 
composition compared to disturbed sites.  The lower coarse scale heterogeneity in seed 
bank species composition of disturbed sites is attributed to the homogenizing effects of 
post-disturbance seed dispersal events.  Fine scale heterogeneity in seed bank species 
composition was greater on severely burned and logged sites than on lightly burned and 
undisturbed sites.  In contrast to the seed bank results, different patterns of 
heterogeneity at both coarse and fine scales were observed in the field vegetation.  
Coarse scale vegetation heterogeneity was highest among logged sites, whereas fine 
scale vegetation heterogeneity was highest within undisturbed sites.  Despite the high 
intensity of seed bank sampling used here (i.e. total of 960 25 cm2 soil samples), 
species-area curves and jackknife estimates of total species richness suggested the 
occurrence of further, unaccounted for species on all sites.  Overall, these results clearly 
show the degree to which disturbance can alter the organization of seed bank and field 
vegetation species assemblages.  Moreover, our study demonstrates the need for 
multiple samples collected over multiple scales to accurately characterize the seed bank 
species composition of this type of forest. 
 
Regeneration 
A paper on growth of underplanted seedlings has recently been submitted for 
publication. The abstract is presented below. 
 
Vyse, A., C. Ferguson, S.Simard, T. Kano, and P. Puttonen. Growth of Douglas-fir, 
lodgepole pine, and ponderosa pine seedlings underplanted in a partially-cut, dry 
Douglas-fir stand in south-central British Columbia. Submitted to Forestry Chronicle 
 
Abstract 
 
 
The effects of partial cutting on seedling growth of three conifer species were studied at 
a very dry, hot Interior Douglas-fir site near Kamloops, British Columbia. 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 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. Light level 



 13

had a strong influence on survival and condition but not slope nor aspect. Growth of all 
species increased linearly with light, and was greatest for lodgepole pine, followed by 
ponderosa pine and Douglasfir. 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. 
 
Contact information 
For additional information you can reach the project leader by phone at 250-828-4165 or 
by email at Andre.Arsenault@gov.bc.ca or by mail (see address on first page). You can 
also find information on the Opax Mt. project on the Mountain forest web page 
http://www.mountainforests.net/opax/opax.asp. A virtual tour of the Opax Mt. interpretive 
trail is available on Kamloops School District web page 
http://mcqueenlake.sd73.bc.ca/opaxmain.html. Several publications listed below are 
available online and in University libraries.  
 
Opax mountain publications  

Arsenault, A. and W. Klenner. 2004. Fire regime in dry-belt forests of British Columbia: 

perspectives on historic disturbances and implications for management. Presented 

at an international conference on mixed severity fire regimes: ecology and 

management, Spokane, Wash., Nov. 17–19, 2004. Available from: 

http://www.emmps.wsu.edu/fire 

Bealle-Statland, C. 1998. Stand structure and growth estimates for the Opax Mountain 

Silvicultural Systems trial. In Managing the dry Douglas-fir forests of the southern 

Interior: workshop proc. A. Vyse, C. Hollstedt, and D. Huggard (editors). B.C. Min. 

For., Victoria, B.C. Work. Pap. 34/1998.* 

Craig, V. 2002. Population and habitat use characteristics of forest-dwelling small 

mammals in relation to downed wood. PhD thesis. Univ. B.C., Vancouver, B.C. 

Durrall, D.M. and M. Gillespie. 1998. The potential for woody angiosperms and 

advanced regenerated Douglas-fir to provide refuge for ectomycorrhizal inoculum 

at Opax Mountain: preliminary results. In Managing the dry Douglas-fir forests of 

the southern Interior: workshop proc. A. Vyse, C. Hollstedt, and D. Huggard 

(editors). B.C. Min. For., Victoria, B.C. Work. Pap. 34/1998.* 
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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. 

Hagerman, S.M., S. Sakakibara, and D.M. Durall. 2001. The potential for woody 

understory plants to provide refuge for ectomycorrhizal inoculum at an interior 

Douglas-fir forest after clear-cut logging. Can. J. For. Res. 3 (4):711–721. 

Heineman, J.L., G.D. Hope, S.W. Simard, A. Vyse, D.L. Lloyd, and D.J. Miège. 2003. 
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Min. For., Victoria, B.C. Tech. Rep. 009. 22 p. 

Herbers, J.R. 2001. Red squirrel demography and behaviour in a managed Interior 

Douglas-fir forest of British Columbia. MSc. thesis. Univ. B.C., Vancouver, B.C. 

Hope, G.D., C.E. Prescott, and L.L. Blevins. 2003. Responses of available soil nitrogen 
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Huggard, D., R. Walton, and W. Klenner. 1998. Depth and duration of snow at the Opax 

Mountain Silvicultural Systems Site. In Managing the dry Douglas-fir forests of the 

southern Interior: workshop proc. A. Vyse, C. Hollstedt, and D. Huggard (editors). 
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Huggard, D. and W. Klenner. 1998a. 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 proc. A. Vyse, C. Hollstedt, 

and D. Huggard (editors). B.C. Min. For., Victoria, B.C. Work. Pap. 34/1998.* 

Huggard, D. and W. Klenner. 1998b. Effects of harvest type and edges on shrews at the 

Opax Mountain Silvicultural Systems Site. In Managing the dry Douglas-fir forests 

of the southern Interior: workshop proc. A. Vyse, C. Hollstedt, and D. Huggard 

(editors). B.C. Min. For., Victoria, B.C. Work. Pap. 34/1998.* 
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Kaipainen, J., P. Puttonen, and A. Vyse. 1998. Advanced regeneration of Interior 

Douglas-fir forests following uniform partial cut and small patch-cut logging at 

Opax Mountain. In Managing the dry Douglas-fir forests of the southern Interior: 

workshop proc. A. Vyse, C. Hollstedt, and D. Huggard (editors). B.C. Min. For., 

Victoria, B.C. Work. Pap. 34/1998.* 

Klenner, W. and D. Huggard. 1998. Nesting and foraging habitat requirements of 

woodpeckers in relation to experimental harvesting treatments at Opax Mountain. 

In Managing the dry Douglas-fir forests of the southern Interior: workshop proc. A. 

Vyse, C. Hollstedt, and D. Huggard (editors). B.C. Min. For., Victoria, B.C. Work. 

Pap. 34/1998.* 

Klenner, W. and A. Vyse. 1998. The Opax Mountain Silvicultural Systems Project: 

evaluating alternative approaches to managing dry Douglas-fir forests. In 

Managing the dry Douglas-fir forests of the southern Interior: workshop proc. A. 
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