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ABSTRACT 
 
The work described in this report involves PROBE (PRotocol for Operational Brushing Evaluations) and 
the ‘Expert System for Site Preparation and Vegetation Management in Southern Interior BC’, both of 
which are ongoing projects. PROBE has been collecting information about the effects of operational 
brushing treatments on conifers and vegetation in southern interior BC since 1991. Ten-year results are 
now becoming available for several of the 13 vegetation complexes studied by PROBE. This information 
has extremely high value to the southern interior forestry community, particularly for vegetation complexes 
such as the Ericaceous Shrub complex, that affect conifer performance for many years.  
 
The large scope of PROBE, and the fact that its measurements have taken place over more than a decade, 
make it an ideal candidate for collaboration with other projects. In particular, PROBE is a main building 
block of the ‘Expert System for Site Preparation and Vegetation Management in Southern Interior BC’, 
which is currently under development. The Expert System is an interactive, web-based tool designed to 
extend site preparation and vegetation management research results to the forestry community and provide 
‘expert’ assistance in the synthesis of information at a site series-specific level. The ongoing inclusion of 
PROBE results is an important component of the Expert System project. There is also potential for PROBE 
to provide valuable long-term information about the effects of brushing treatments on conifer growth and 
yield. 
 
As a result of funding provided by FII, 10-year re-measurements have been conducted for the Ericaceous 
Shrub complex, which has allowed full 10-year analysis to be conducted for the related treatment cell. 
Standard PROBE analysis was completed for all fully replicated PROBE treatment cells, and meta-analysis 
was conducted for groupings of vegetation complexes. Bayesian and actuarial analysis were investigated in 
relation to PROBE data, but were found to be unsuitable for PROBE data at the present time. A 
methodology for adapting PROBE sites for collection of long-term growth and yield and stand 
development data was developed, and has been incorporated into a new proposal to FII. A wealth of 
PROBE results were incorporated into the Expert System. Finally, an extension note and a journal article 
reporting PROBE results were prepared. 
 
 
 
KEYWORDS: 
 
Vegetation management, brushing treatments, vegetation complex, Expert system, site preparation, 
prediction, silviculture prescriptions, management decisions  
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 LOGGING ON TO THE ‘DEMO’ VERSION OF THE EXPERT SYSTEM  
We have placed a demonstration version of the Expert System on the Acquired Intelligence website to 
accompany this final report. The Expert System can be viewed by following these steps: 

1. Go to the following website:  http://www.myacquire.com/public/ 
2. In the list of ‘Member Sites’ (right hand side of screen), click on ‘Expert System for Site 

Preparation and Vegetation Management’  
3. Log in using “spveg” for both username and password.  
4. The system will present you with the startup screen.  Simply click on the start button to begin 

entering data. We have provided two sets of realistic sample input data in Appendix 1. 
5. When the bar graph appears in the site preparation module, text discussing each limiting factor can 

be viewed by moving the cursor over one of the bars in the graph and clicking the left mouse 
button.   

 
NOTE – Using the ‘sample input data’ (Appendix 1) will allow you to view the quality of reporting that 
will be characteristic of the final version of the Expert System. Reports will also be generated from other 
input data, but text is likely to be unedited and figures or photos may not yet be available to the Expert 
System.  
 
IMPORTANT - Please use ‘single clicks’ only. Each time you click “Continue” please wait for the system 
to finish what it is doing before clicking again. Acquired Intelligence is in the process of updating their 
server hardware to resolve these obstacles. 
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INTRODUCTION 
 
Rationale for the project 
The work outlined in this proposal is part of the larger PROBE (PRotocol for Operational Brushing 
Evaluations) project that has been collecting information about the effects of operational brushing 
treatments on conifers and vegetation in southern interior BC since 1991. Ten-year results are now 
becoming available for several of the 13 vegetation complexes studied by PROBE. This information has 
extremely high value to the southern interior forestry community, particularly for vegetation complexes 
that affect conifer performance for many years. This is true of broadleaf and tall shrub communities, and 
also the Ericaceous Shrub complex because of the slow growth of conifers in the ESSF zone. 
 
The large scope of PROBE, and the fact that its measurements have taken place over more than a decade, 
make it an ideal candidate for collaboration with other projects. In particular, PROBE is a main building 
block of the ‘Expert System for Site Preparation and Vegetation Management in Southern Interior BC’, 
which is currently under development. The Expert System is an interactive, web-based tool designed to 
extend site preparation and vegetation management research results to the forestry community and provide 
‘expert’ assistance in the synthesis of information at a site series-specific level. The ongoing inclusion of 
PROBE results is an important component of the Expert System project. There is also potential for PROBE 
to (a) provide valuable long-term information about the effects of brushing treatments on conifer growth 
and yield, and (b) to provide a basis for comparison with long-term vegetation management studies in other 
parts of B.C. (i.e., NIVMA). These possibilities require further investigation to determine whether they are 
worth pursuing. 
 
Description of prior knowledge and project history 
PROBE is unique and innovative in its approach. It provides realistic quantification of the effects of 
operational brushing treatments, and takes into account the high degree of variability encountered by 
practitioners. We know of no other study in the world that does this. PROBE is also unique because of its 
extremely large scope, and because it has been in place for 12 years. The project consists of 97 individual 
experiments across the southern interior of B.C. (in the former Kamloops and Nelson Forest Regions), each 
of which measures conifer and vegetation responses for a unique combination of BEC zone, vegetation 
complex, conifer species, and brushing treatment (treatment cell). Specifically, PROBE quantifies the 
effects of operational brushing on 1) conifer stocking, growth, yield, health, and free-growing status; 2) on 
stand structure and the abundance, structure, diversity and condition of the understory plant communities.  
PROBE also identifies, 3) competition thresholds; 4) effects on ecosystem attributes; and 5) whether 
brushing treatments are meeting biological and administrative management objectives. One to 5 year 
results for eight vegetation complexes have been published (Simard et al. 2001), and 10 year data is now 
becoming available. In 2002, 10-year analysis was completed for one Mixed Broadleaf-Shrub complex 
treatment cell. 
 
The ‘Expert System for Site Preparation and Vegetation Management in Southern Interior BC’ has 
been under development since 2001. Assuming the project continues to receive funding, this decision-
making tool will be available on the internet by March 2004. PROBE is one of the main building blocks 
of the Expert System. The other main building block is the previously developed SYTEPREP 
(Computer-Based System SYstem To Evaluate PRescription Effects on Potential Productivity) 
program. The original SYTEPREP model used the concept of growth-limiting factors to help predict the 
success of forest plantations during the critical stage of seedling establishment (Johnston et al. 1993). 
SYTEPREP predicted the ecological effects of fire, mechanical, and chemical site preparation on 
factors that limit seedling establishment and growth, and ranked potential treatment options. After two 
years of development, the new Expert System does the following: 
 
• Allows the user to enter site-specific information (based on the Silviculture Prescription Form 

FS39A)  
• Asks the user questions to predict which vegetation complex is likely to develop on their site. 
• Uses the user-entered site information to compare the severity of 7 growth-limiting factors with and 

without site preparation. It considers 36 site preparation options. 
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• Considers vegetation complex development between site prep disturbance (or harvesting if no site 
prep) and the application of a brushing treatment. 

• Alerts the user where the complex has a LOW brush hazard rating and brushing is unlikely to be 
required. 

• Considers constraints to brushing (public opposition to brushing, terrain constraints, etc.) 
• Compares the severity of 4 growth-limiting factors with and without brushing. It considers up to 10 

brushing options, depending on the vegetation complex.  
• Compiles a report that (a) summarizes information the user has input, (b) describes the vegetation 

complex that has been selected, (c) describes the severity of limiting factors before and after site 
prep, (d) considers the amount of time that has passed between site prep and brushing and the effect 
on limiting factors, (e) describes the severity of limiting factors before and after brushing, (f) 
describes potential conifer and vegetation responses, based on known research. 

 
 
A demonstration version of the Expert System can be viewed online at the following Website  
http://www.myacquire.com/public/, using “spveg” as both username and password.  Full instructions on 
how to run the demo version are provided at the end of the Abstract in this document.  
 
In addition to providing information about the responses of conifers and vegetation to brushing treatments, 
PROBE has the potential to provide valuable, ongoing information about the effects of these treatments on 
growth and yield and stand development. The need for long-term assessment of silviculture treatment 
effects was previously recognized by Biring et al. (1998), who developed the EXPLORE methodology. 
That project was never realized, but PROBE researcher Dr. Suzanne Simard was one of the authors of the 
methodology, and the possibility of including long-term measurement plots on PROBE sites has been 
previously discussed.  
 
 
OBJECTIVES 
 
The overall objectives of the PROBE project, as stated by Simard et al. (2001) are:  
 
1. To quantify the effects of operational brushing treatments on conifer seedling survival, growth, health, 

and free-growing status. 
2. To quantify the effects of operational brushing treatments on plant species abundance, and on the 

structure, diversity, and condition of plant communities. 
3. To identify, wherever possible, competition thresholds for conifer growth. 
4. To discuss possible effects of brushing treatments on various ecosystem attributes. 
5. To determine whether or not brushing treatments are meeting biological and economic management 

objectives. 
 
These objectives are currently being addressed through the collection of data on 97 established sites in the 
Southern Interior Forest Region (the previous Kamloops and Nelson Forest Regions).  
 
The specific objectives that were set out in the 2002/2003 proposal for which we received FII funding are 
as follows:  
 
1. Measure five Ericaceous Shrub sites. 
2. Conduct analysis according to the established PROBE protocol (Simard et al. 2001) for data collected 

in 2002. 
3. Investigate the use of Bayesian analysis for existing PROBE data. 
4. Transfer results to the ‘Expert System for Vegetation Management in Southern Interior B.C.’ that is 

currently being developed.  
5. Write an Extension Note to be published within the new extension service.  
6. Write a journal article for submission to Forest Ecology and Management.   
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7. Develop a methodology for adapting existing  PROBE sites for collectionof long-term growth and 
yield and stand development data. 

8. Maintain and manage the database of PROBE site information, plan and budget for measurement of 
sites in field season 2003, distribute extension information 

 
 
The milestones for completing the objectives are shown in Table 1. 
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TABLE 1.  Benchmarks, milestones, and deliverables 
 

 8

Task   Achieved Comments
Work outlined in the original proposal   
Complete measurements for 5 PROBE sites  Revised 

objective 
due to 

late 
funding 

Because this funding was awarded so late in 2003, we were able to remeasure 
only four of the five Ericaceous Shrub sites.  On one of the sites, extra work at 
extra cost was required because road access had changed and we had to rent an 
ATV for one week.  Un-used funds originally slated for field measurements 
were redirected to ongoing work on the Expert System databases.  
 

Standard analysis completed for current data √ ANOVA was carried out for the full PROBE data set. All measurement years 
(0, 1, 3, 5, and 10) for which fully replicated data was available were included. 
Analysis results were summarized for conifer survival and growth and 
vegetation growth. Qualitative variables were summarized. 
 

Background research regarding Bayesian analysis  √ Initial conversations with Andrea Eastham revealed that NIVMA (the project 
we most wanted to compare with PROBE) used actuarial analysis rather than 
Bayesian analysis. An investigation into both Bayesian and actuarial analysis 
was done. 
 

Initial Bayesian run with PROBE data completed X We deferred this task for two reasons: (1) In January/03, we started research 
with the Bayeysian (actuarial) analysis.  As we dug deeper, we realized that, 
because of its design, PROBE had too few data points to be a really good 
candidate for this method of analysis. (2) In discussions with MOF statisticians 
and journal reviewers, we were advised to run meta-analysis using analysis of 
covariance for specific groupings of some of our vegetation complexes. We 
decided that our time would be more productively spent doing the new 
ANOVAs than pursuing the Bayesian/actuarial analysis.     
 

Review of EXPLORE methodology and a revised 
methodology for conversion of PROBE sites to long-term 
measurement complete and sent out for review  

√ The methodology was reviewed by Balvinder Biring, MOF, Squamish District 
(the principal author of the EXPLORE methodology) and Gord Nigh, MOF, 
Research Branch.  
 

Information about Expert System and its relationship to 
PROBE presented at winter SISCO 

√ We presented a poster about the Expert System at the SISCO poster session 
(March 10, 2003) and were co-presenters of a joint PROBE/NIVMA toolbox 
session (March 11, 2003). In the toolbox session, PROBE results were briefly 
summarized and the Expert System was explained. 
 

Internal summary report on implications of Bayesian 
analysis and possible collaborations with other vegetation 
management projects completed 

√ Points about Bayesian and actuarial analysis have been summarized and our 
reasons for deferring this method of analysis have been stated. 

Extension note ready for publication 90% A first draft of the Extension note has been completed, but it requires review 
before publication. 
 



Journal article submitted to Forest Ecology and 
Management 

90% A draft journal article has been completed for the Dry Alder and Wet Alder 
complexes, except for one section. We would like to revisit the species diversity 
information before submitting the paper. We have also begun drafts for two 
other articles that will report on (1) herbaceous and low shrub complexes, and  
(2) broadleaf complexes.  
 

Inclusion of current PROBE data into Expert System  √ Current PROBE results have been included in the text databases. 
 

Review and testing of the Expert System ability to 
determine the vegetation complex from user-input site 
data 

√ Rules for complex selection were reviewed by team members and were tested 
by running approximately 100 scenarios. We determined that the rules were 
properly implemented, but identified areas where they could be improved.  
 

Review comments regarding the methodology for 
adapting PROBE sites for long-term measurement sites 
are incorporated 

√ We made revisions to our long-term methodology, and have included it in a 
current proposal to FII. 

Work completed that was not part of the original proposal  
Conduct meta-analysis of ‘grouped’ PROBE vegetation 
complexes using analysis of covariance 

√ Analysis has been completed for tall shrub, broadleaf, and herbaceous/low 
shrub complexes 
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METHODS 
 
Work done in 2002/2003 with FII funding from this award involved two linked projects: PROBE and the Expert 
System. Both projects have well established methodologies that are briefly summarized below. The work is 
described in six sections.  

(1) Re-measurement of existing PROBE sites 
 
PROBE methodology has been in place since 1990, and is fully described by Simard et al. (2001). Briefly, each 
PROBE installation consists of a treatment plot (treated operationally with the rest of the opening) and a control plot 
(area left untreated in the same opening) that have similar site history and ecosystem characteristics. Each plot is 
about 0.8 ha in size. Thirty-six crop tree-centered subplots are established on a grid within each of the treatment and 
control plots.  
 
Within each of the 36 subplots, crop tree size, condition, damage, and degree of overtopping are assessed prior to the 
brushing assessment. For each dominant plant species and vegetation group (herbs, shrubs and broadleaf trees), 
modal height, percent cover and density of broadleaf trees are measured. In four of the subplots, percent cover, 
distribution and vigour of all vascular plant species are also recorded. These measurements are repeated 1, 3, 5, and 
10 years after treatment. Silviculture survey information is collected in years 0, 5, and 10. Photographs are taken at 
each assessment. 
 
Revised objectives 
Our original fieldwork objective was to conduct 10-year re-measurements on three Ericaceous Shrub sites and 5-
year re-measurements on two Ericaceous Shrub sites. This objective was revised for the following reasons:  

• 

• 

• 
• 

• 

• 
• 

• 

Delays in FII funding being awarded meant we could conduct less field work than we had hoped. We re-
measured four of the five planned sites.  (This involved some shifting of funds so that we were able to 
conduct the measurements in October, prior to snowfall, before we actually received FII payment for the 
work). 
As work on the Expert System progressed, it was apparent that funding not spent on field work could 
usefully be directed to incorporating PROBE results into the Expert System text databases.    

 
Work completed  

Four 10-year re-measurements were completed. 
Data was entered by PROBE contractors. 

 
 

(2) Data analysis 
 
Standard PROBE analysis 
Statistical analysis for PROBE is carried out when each combination of vegetation complex/conifer 
species/ecosystem/brushing treatment (hereafter called ‘treatment cell’) has been replicated at least three times. 
Analysis of variance (ANOVA) is conducted separately for each measurement year for quantitative crop tree and 
vegetation variables, and summary statistics are produced for qualitative variables. Regression analysis is used to 
examine individual tree responses to neighbourhood vegetation abundance, and scattergrams are used to identify 
competition thresholds for conifer stem diameter.  
 
Work completed  

As per our standard annual procedure, analysis of variance was conducted for all fully replicated treatment 
cells. Output included summary statistics and p-values for all conifer and vegetation variables, including 
diversity, for all measurement years.  
Summary statistics were produced for vigour and overtopping 
New treatment cells analysed as a result of 2002/2003 field measurements (from all funding sources) were:  

10-year analysis for the ESSF/Ericaceous Shrub/hybrid spruce/manual cutting treatment cell  
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• 

• 

• 
• 

• 

• 
• 
• 

• 

• 

• 

• 
• 

• 
• 
• 
• 

• 
• 
• 

New 5-year analysis for the ICH/Mixed Broadleaf-Shrub/Douglas-fir/girdling treatment cell with a 
fourth replicate site included 
New 5-year analysis for the ICH/Mixed Broadleaf-Shrub/Douglas-fir/manual cutting treatment cell 
with a fourth replicate site included 
5-year analysis for the ICH-ESSF/Mixed Shrub/hybrid spruce/grazing treatment cell 
1-year analysis for the ICH/Mixed Broadleaf-Shrub/Douglas-fir/variable density manual cutting 
treatment cell 

Habitat monitoring data that had previously been collected but had not been incorporated into the PROBE 
database due to problems with the data entry format was re-entered and the entire dataset was re-analysed. 

 
Bayesian/actuarial analysis 
In suggesting alternate methods of analysing PROBE data, we hoped to provide a platform for comparison of 
PROBE results with those of other long-term vegetation management studies. In particular we hoped to be able to 
compare PROBE results with those of NIVMA in northern BC. We understood that NIVMA used a method of 
probability analysis for predicting tree performance, but since their work is privately funded by northern interior 
forest companies, it is not publicly available. In our proposal, we suggested Bayesian analysis as a potential 
approach. We conducted an initial investigation into these procedures, but discovered that our efforts would be 
better spent conducting a meta-analysis, as described in the following section. The steps we took regarding 
Bayesian/actuarial analysis are described below. 
  
Work completed  

We reviewed information about Bayesian analysis (Anderson 1998) 
We consulted with Andrea Eastham regarding the analytical approach used by NIVMA. 
Based on discussion with A. Eastham we reviewed information about NIVMA use of actuarial analysis 
(Scientificals Consulting 1997) 
We reviewed the PROBE database and concluded it was not particularly well suited to a ‘probability’ 
approach. The main obstacle was that actuarial analysis requires large datasets to produce smooth 
probability curves. Due to the design of the PROBE experiment, the datasets for individual conifer species 
are relatively small. For example, PROBE spruce measurements (all brushing treatments and brushing 
treatments combined) number only about 1400 for year 5 and 400 for year 10. Douglas-fir and lodgepole 
pine datasets are considerably smaller. 
We concluded that, while actuarial analysis may prove useful in the future, we do not have a large enough 
dataset at the present time. 
Based on the above, we re-directed our analysis work to a meta-analysis approach, as described below. 

 
Meta-analysis of ‘grouped’ PROBE complexes 
Based on discussions with Ministry of Forests statisticians prior to journal article preparation (see ‘Written 
presentation of results’ section below), we decided to carry out meta-analysis on ‘groups’ of vegetation complexes.  
This essentially involves grouping similar complexes into split plot or mult-factor treatment structures and analysing 
them using ANCOVA.  One of the benefits is increased power to detect treatment effects among complexes that 
have similar traits.  It was acknowledged that standard PROBE analysis is still essential to provide complex-specific 
results for operational information needs and for incorporation into the Expert System. 
 
Work completed  

A new analysis approach for PROBE was discussed with Wendy Bergurud, MOF, Research Branch 
Complexes for which we have full replication were grouped as follows: 

Tall shrub complexes: Dry Alder and Wet Alder complexes 
Broadleaf complexes: Mixed Broadleaf-Shrub and Aspen complex 
Herbaceous and low-shrub complexes: Fireweed, Fern, Mixed Shrub complexes 
High-elevation shrub complexes: Ericaceous Shrub complex 

 
The new analysis design was completed by Suzanne Simard and Don Sachs 
Tall shrub and broadleaf complexes were analysed using a split-plot treatment structure. 
Herbaceous and low shrub complexes were analysed using a multi-factor treatment structure in an 
incomplete randomized block design. 
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The above meta-analysis was conducted for all variables (conifer, vegetation, and diversity). • 
 
 

(3) Include PROBE results in the Expert System 
 
PROBE results are a major building block for the ‘Expert System for Vegetation Management in Southern Interior 
B.C.’ that is currently being developed. These two projects are intimately linked. Work on the Expert System began 
in 2001 under the FRBC program, and has continued in 2002/2003 under FII. If we are awarded funding for 
2003/2004, the Expert System will be available on a public website by March 2004. A demonstration version of the 
Expert System can be viewed online at http://www.myacquire.com/public/, using “spveg” for both the user name 
and password. Full instructions are given at the end of the Abstract in this report. Example site input data, which will 
best demonstrate the potential of the Expert System, is provided in Appendix 1, along with examples of Expert 
System interactive ‘screens’. A description of the sequence of operations carried out by the Expert System is 
presented in Appendix 2. A full list of database tables is provided in Appendix 3. An example of the skeleton output 
report is provided in Appendix 4. 
 
A full report on development of the Expert System is included in the Final Report for project TOR02001-18. In that 
report, Activities have been described under the following headings:  

Conceptual development  • 
• 
• 
• 
• 
• 

• 
• 

• 

• 

• 

Building the Expert System using Acquire® software 
Building the databases  
Testing the Expert System  
Screen, text, and output report design  
Extension  

 
Work completed  
Work on the Expert System that was completed as a result of the funding from this award included the following 
activities: 
 
Building the Expert System using Acquire® software 

Rules were written to incorporate text strings from the Text tables (described below) into a final report.  
Most of the work on this aspect of the Expert System was completed with alternate funding 

 
Building the databases 

Master Table – The Master Table includes information about the possible vegetation complexes that can 
occur on specific subzone/variant/site series units. It also includes information about the likely species 
composition for individual complexes on specific site units and the competitive rating ‘brush hazard’ for 
specific complexes on those units. The Expert System uses this table to select questions to ask the user so 
that it can predict complex development. PROBE results are a major source of information for this table. 
This table was reviewed and revised by team members, and was expanded to include possible (but less 
likely) complexes. Previously it had included only the most likely complexes, and this was found to be 
limit the ability of the Expert System to function in the full range of user-input possibilities. 
Text tables - One of the largest tasks involved in developing the Expert System has been the creation of the 
Text tables from which the Expert System builds the final report. PROBE results have contributed large 
amounts of information regarding expected conifer seedling and vegetation community responses following 
brushing. At present, we have completed 31 tables (some with up to 600 cells) of text from which the 
Expert System draws information for its final report. 
Photo/figure tables – We have created 5 tables of filenames and captions from which the Expert System 
can select appropriate photos and figures. A preliminary set of figures, based on PROBE results has been 
created, but requires further work. Photos taken during PROBE field assessments have been scanned (using 
another source of funding), and a subset of these have been incorporated into the database. This will be 
completed next year. 

 
Testing the Expert System 
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Team members have conducted ongoing testing of the Expert System as development has progressed. Specifically, 
we carried out the following tests: 

Vegetation complex selection rules were tested to make sure they had been correctly implemented in the 
Expert System. 

• 

• 

• 

• 
• 
• 

Approximately 100 test runs were conducted to locate programming bugs. 
 
Screen, text, and output report design 

The Expert System inserts text strings from the Text tables (described above) into a skeleton report. As Text 
tables were developed, wording was checked for compatibility with the skeleton report wording. 

 
Extension 
Extension work was conducted as opportunities presented themselves. We were invited to do a presentation at 
winter SISCO, and also to present summary results for PROBE at the Kamloops TSA committee meeting. The 
following specific activities were carried out: 

March 6, 2003 – PROBE results presented at the Kamloops TSA meeting in Kamloops 
March 10, 2003 – Expert System presented at the SISCO poster session in Penticton 
March 11, 2003 – PROBE and Expert System presented at a SISCO ‘toolbox’ session in Penticton 

 
 

(4) Written presentation of results: extension note and journal article 
 
Written extension of PROBE results has always been an important part of the PROBE program. Our objectives for 
this section of the proposal were to produce an extension note and a journal article. We completed these tasks as 
described below, and have also begun preparation of two additional journal articles. 
 
Work completed 
Extension note  
The extension note presents a brief summary of PROBE results that are new since publication of Land Management 
Handbook 48 (Simard et al. 2001), which summarized 1-5 year results for eight vegetation complexes. Conifer and 
vegetation results are presented for the following treatment cells: 
 

Fifth year results for the ICH-ESSF/Fireweed complex/hybrid spruce/manual cutting treatment cell • 
• 
• 
• 
• 
• 
• 

• 

• 

Third year results for the ESSF/Fireweed complex/hybrid spruce/grazing treatment cell 
Fifth year results for the ICH-ESSF/Mixed Shrub complex/hybrid spruce/grazing treatment cell 
Tenth year results for the ESSF/Ericaceous Shrub complex/hybrid spruce/manual cutting treatment cell 
Fifth year results for the ESSF/Wet Alder complex/hybrid spruce/manual cutting treatment cell 
Fifth year results for the IDF-MS/Aspen complex/lodgepole pine/manual cutting treatment cell 
Tenth year results for the ICH/Mixed Broadleaf-Shrub complex/Douglas-fir/cut stump-glyphosate 
treatment cell 
Fifth year results for the ICH/Mixed Broadleaf-Shrub complex/Douglas-fir/girdling treatment cell (updated 
results with a fourth replicate site) 
Fifth year results for the ICH/Mixed Broadleaf-Shrub complex/Douglas-fir/manual cutting treatment cell 
(updated results with a fourth replicate site) 

 
A first draft of the Extension note has been completed but we decided to delay sending it to reviewers until after 
proposal and final report deadlines have passed. Potential reviewers include Phil LePage, George Harper, Lana 
Kurz, and Leith MacKenzie.  
 
Journal articles 
A journal article describing responses of conifers and vegetation in the Dry Alder and Wet Alder complexes to 
manual cutting treatments has been prepared for submission to Forest Ecology and Management. The paper is 
completd except that we would like to review the results we have reported in the ‘Plant community structure’ 
section following the recent inclusion of additional habitat monitoring data (as described above under the ‘Analysis’ 
heading). The paper is entitled: “Manual cutting of Sitka alder-dominated plant communities in interior British 
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Columbia: effects on conifer growth and plant community structure”. Summary information for the paper, including 
Abstact and keywords is provided in Appendix 5. The article is written in standard journal format. Information 
presented in the ‘Results’ and ‘Discussion’ sections is organized under the following headings: 
Results 

Response of conifer seedlings • 

• 

• 
• 

Vigour, survival, and growth 
Competitive status of conifers 

Response of understory vegetation 
Sitka alder 
Herbaceous vegetation 

Plant community structure 
Competition thresholds 

Discussion 
Growth and health of lodgepole pine and hybrid spruce seedlings • 

• 
• 
• 

• 
• 

• 

• 

• 

• 
• 

Efficacy of manual cutting of target vegetation and recovery rates 
Plant community structure 
Management implications 

 
 
Preliminary work has also been carried out for two additional journal articles. These papers will describe conifer and 
vegetation responses in (a) Broadleaf complexes, and (b) Herbaceous and low shrub complexes, based on the new 
meta-analysis approach described above under the ‘Analysis’ heading. 
 

(5) Develop a methodology for converting existing PROBE sites to long-term Growth and Yield measurement 
plots  
 
Existing PROBE sites have the potential to provide valuable information about the long-term effects of brushing 
treatments on growth and yield and stand development. In this part of the project, we proposed to  review and 
modify existing methodology (Biring et al. 1998) so that PROBE sites could be adapted for long-term measurement.  
 
Work completed 

Methods described by Biring et al. (1998) were reviewed. 
Methods pertaining to the installation of ‘permanent measurement plots’ (PMPs) were adapted to suit 
installation on existing PROBE sites. 
Methods pertaining to the collection of stocking and non-crop species data were adapted to allow continuity 
of data collection from PROBE ‘Habitat monitoring plots’ 
The proposed new methodology was sent to Balvinder Biring , MOF, Squamish District (Balvinder Biring 
was the principal author of the EXPLORE methodology, upon which our proposed methodology is based) 
and Gord Nigh, MOF, Research Branch. 
In response to comments from B. Biring, we revised the methodology to include measurement of a subset 
of stems less than 2 m tall. 
In response to comments from G. Nigh, we revised the methodology to include Site Index measurements. 
The revised methodology has been included in a proposal for 2003/2004 FII funding entitled “Long-term 
effects of vegetation management treatments on growth and yield and stand development”. 

 

(6) Maintain and manage the PROBE project 
 
PROBE is a massive project consisting of 97 separate research sites. Each year, considerable work is involved in 
managing the database of information, housing and organizing raw data, planning data collection for the coming 
field season, and distributing extension information. Efficient management of the project and prompt distribution of 
information for this project have ensured the continued support of research, management, and operational staff from 
a variety of organizations. 
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Work completed 

PROBE binders were distributed to contractors prior to field measurements and collected at the end of the 
field season. 

• 

• 
• 
• 
• 

• 
• 

The PROBE site database was updated to include measurements carried out in 2002. 
Data was received from PROBE contractors and forwarded for analysis. 
A list of sites due for re-measurement in 2003 was compiled and organized by TSA.  
Slides were selected for scanning. This involved the selection and documentation of approximately 800 
slides to show various aspects of treatment effects in the 13 vegetation complexes studied by PROBE. 
Materials were copied for distribution at winter SISCO. 
Location co-ordinates were determined for PROBE sites 

 
DISCUSSION 
 
Forest managers and practitioners must have access to up-to-date, reliable research information to practice 
sustainable forest management, and also to demonstrate to the community at large that they are doing so. The 
PROBE (PRotocol for Operational Brushing Evaluations) project has been gathering information about the effects 
of operational brushing treatments on conifer seedlings and vegetation in the southern interior of British Columbia 
since 1991. Ten year results are now available for some vegetation complexes, and are providing extremely valuable 
information to forest practitioners as they make vegetation management treatment decisions. In addition, PROBE 
results are currently being incorporated into the ‘Expert System for Site Preparation and Vegetation Management in 
southern interior B.C.’, which is in mid-development. This decision-making tool will enhance the ability of BC 
foresters to synthesize information from a variety of sources and select appropriate treatments in their silviculture 
prescriptions.  
 
The Expert System provides decision support information for sustainable forest management practices in all 
biogeoclimatic zones of the southern interior, and will be extremely valuable in the era of ‘Results-Based’ forestry. 
Now that practitioners are required to justify their decisions with sound and appropriate research, the Expert System 
will help them integrate leading edge information regarding the impacts of the full range of site preparation and 
brushing practises from a wide variety of sources. The databases include information from a wide array of research 
studies in the southern interior, which individually and collectively address many of the current concerns about the 
ecological sustainability of forest management. Through interaction with the user, the Expert System will provide 
rationale for ecologically based management strategies and planning. Because the tool is web-based, it will be 
available to anyone, anywhere. This universal availability will encourage innovative practises and raise standards for 
sustainable management.  This tool will provide easy access to new information and expertise on site preparation 
and vegetation management to all users with web access.  
 
The PROBE and the Expert System projects are intimately linked. Funding provided in this FII award has allowed 
us to make a great deal of progress towards the overall objective of gathering information about the effects of 
brushing treatments on conifers and vegetation in southern interior B.C., and extending it in an effective way to the 
forestry community. We have been extremely successful at accomplishing our objectives, and in fact have 
completed work beyond what we proposed for some of the objectives. Our original objectives were: 
 
1. Measure five Ericaceous Shrub sites. 
2. Conduct analysis according to the established PROBE protocol (Simard et al. 2001) for data collected in 2002. 
3. Conduct Bayesian analysis of existing PROBE data. 
4. Transfer results to the ‘Expert System for Vegetation Management in Southern Interior B.C.’ that is currently 

being developed.  
5. Write an Extension Note to be published within the new extension service.  
6. Write a journal article for submission to Forest Ecology and Management.   
7. Develop a methodology for converting existing  PROBE sites to long-term Growth and Yield measurement 

plots. 
8. Maintain and manage the database of PROBE site information, plan and budget for measurement of sites in 

field season 2003, distribute extension information. 
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We achieved most of Objective 1 but were able to measure only four of the five sites planned for the following 
reasons: 

Funding was received later than expected and there wasn’t time before the snow fell to carry out all 
site assessments before winter. 

• 

• 

• 

One of the sites we measured had extremely difficult access due to changes in the road system and 
required additional measurement time. 
As work progressed on the Expert System, it was apparent that an enormous amount of work lay ahead 
of us. Given that we were able to measure four of the Ericaceous Shrub sites, it seemed appropriate to 
re-direct field work dollars from the fifth site to the Expert System. 

 
We completed work for Objective 2, and in addition carried out meta-analysis for ‘grouped’ vegetation complexes, 
using analysis of covariance. We decided to conduct meta-analysis following discussion with an MOF statistician 
prior to beginning work on the journal article. It was felt that, for purposes of journal publication, the ‘grouped’ 
approach would have greater relevance for the scientific community.  At the same time, it was recognized as 
essential that standard PROBE analysis for individual treatment cells (BEC zone/vegetation complex/conifer 
species/brushing treatment) continue to provide complex-specific information to operational foresters and to the 
Expert System.  
 
Following the initial assessment of Bayesian and actuarial analysis that was part of Objective 3, it was apparent that 
these methods of analysis were inappropriate for PROBE at the present time. Instead, we made the decision to 
devote analysis efforts to the meta-analysis described above.   
 
Objective 4 involved an extremely large body of work (described in detail in the Methods section). As an end result, 
we have created 31 tables from which the Expert System draws information for the final report produced at the end 
of each run. A description of all database tables involved in the Expert System is included in Appendix ??. Rules 
have been created and programming has been completed using Acquired Intelligence software. In addition, PROBE 
information has contributed to the Master Table from which the Expert System selects potential vegetation 
complexes on an ecosystem-specific basis. Rules have been implemented that allows the Expert System to ask 
specific questions of the user, depending on their input data, that leads to a prediction of vegetation complex 
development following harvest. As stated above, PROBE and the Expert System are intimately linked. PROBE 
results have been used at every stage of development of the Vegetation Module in the Expert System. 
 
Producing written reports to describe results has always been an extremely important objective of the PROBE 
project. Consequently, Objectives 5 and 6 of this proposal included both an extension note and a journal article. We 
have completed the extension note to the point where it is ready for review, and a journal article describing results 
for the Dry Alder and Wet Alder complexes requires only a minor amount of additional work prior to submission to 
Forest Ecology and Management (see Appendix 2 for the Abstract). In addition, the groundwork has been laid for 
two additional journal articles that will describe results for (a) broadleaf complexes, and (b) herbaceous and low 
shrub complexes. 
 
In addition to having provided 5-10 years of information about the early responses of conifers and vegetation 
communities to operational brushing treatments, existing PROBE sites also have the potential to provide valuable 
long-term information about the effects of brushing treatments on growth and yield and stand development. A 
methodology for installing long-term measurement plots was previously developed by Biring et al. (1998). 
Objective 7 of this proposal was devoted to reviewing and revising that methodology for purposes of installing 
‘permanent measurement plots’ (PMPs) on existing PROBE sites. Work pertaining to this objective was completed; 
the new methodology has been reviewed and has been included in a current proposal submitted to FII for 2003/2004 
(‘Long-term effects of vegetation management treatments on growth and yield and stand development’). 
 
Objective 8 involved the ongoing management of the PROBE database. This is extremely important to our ability to 
maintain this extremely large project. Work completed this year involved managing materials, data, and extension 
materials. 
 
What are the next steps in this project? 
PROBE is now at a stage where incremental dollars spent on re-measurements yield increasingly valuable results. 
No other vegetation management project has collected such extensive information for southern interior B.C. We 
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have submitted a proposal to FII (‘Long-term effects of vegetation management treatments on growth and yield and 
stand development’) to gather critical PROBE 10-year data for the Mixed Broadleaf-Shrub complex and to begin 
installing long-term PMPs on existing PROBE sites.  

For the Expert System, work in 2003/2004 will focus on refining and testing the Expert System. Alpha-testing will 
continue, and review and beta-testing of the databases and overall system will be arranged on a section by section 
basis, as appropriate. The Expert System will be made available on the internet in March 2004. As explained in our 
current proposal to FII for 2003/2004 funding, Acquired Intelligence Inc. will host the Expert System on their 
server. There are several reasons why this approach is practical, but the most important is that the Expert System 
will be easy to maintain and update. By using the Acquired Intelligence server, our programmer will be able to make 
changes to the system application from any web-browser. It will not be necessary to go through a ‘Systems 
Administrator’ to remove and reload files. We plan to arrange for a 5 year contract with Acquired Intelligence, 
which will ensure continuity in availability of the Expert System through periods of fluctuating funding.  Links to 
MOF and FORREX websites will be maintained. 

 
SUMMARY AND CONCLUSIONS 
We have been extremely successful at meeting our objectives with the funding provided by FII. We have: 

Collected data and conducted analysis for 10-year results in the Ericaceous Shrub complex • 
• 
• 

• 

• 
• 

Conducted extensive analysis of PROBE data by standard and new methods 
Incorporated a wealth of PROBE results into the ‘Expert System for Site Preparation and Vegetation 
Management in Southern Interior B.C.’, which is currently being developed. 
Developed a methodology for collecting long-term growth and yield and stand development information 
from existing PROBE sites 
Produced an extension note and a journal article describing PROBE results 
Continued to efficiently manage the extremely large PROBE database. 
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APPENDIX 1 – Using the Expert System 
Input data is provided for two example sites. Although the Expert System will run with other input data, we suggest 
using the examples provided, including screen responses as the ES considers different complexes, and the suggested 
site preparation and brushing treatments. This will allow us to demonstrate the full reporting potential of the system. 
We have fully edited the text that is incorporated into these examples, whereas other text requires further editing. 
 
Input data and treatment selection for Example sites 
Input category Example site 1 Example site 2 
Input screen 1   
Site series ICHmw3/01 ESSFdc2/01 
Soil moisture regime Mesic Submesic 
Elevation 920  1650  
Soil nutrient regime medium medium 
Forest floor depth 3  6  
Thickness of Ah 7  1  
Soil texture sandy loam loam 
Hummocky terrain No No 
Humus form Mor Mor 
Slope 30 30 
Aspect NW NW 
Coarse frag 60 40 
Depth to unfavorable substrate 65  100  
Is unfavorable substrate seepage or a 
water table? 

No No 

Input screen 2   
Restocking species Fd Se 
Restocking species height 15  25  
Fungus type Armillaria Armillaria 
Percent visibly infected  3  0  
Incidence of Rhizina Neighbouring cutblock more than 3 

watersheds away 
Age class of stand Class 6 or lower Class 8 
Cold air ponding No No 
Natural mound spacing >7 m 3-7 m 
Natural micro-mounding height <0.3 m <0.3 m 
Considering Fireweed screen   
Summer logging using ground-based 
skidding 

No Yes 

Fireweed within 500 m No Yes 
Considering Mixed Shrub screen Leave as is  
Considering Mixed Broadleaf-
shrub screen 

5-10 birch/ha  

Site preparation treatment Scalping – Full FF- 0.5-1.0 
m 

None 

Time since site prep 3 years 3 years 
Brushing constraints Opposition to herbicides 

Terrain constraints for 
sheep 
Broadleaf diameter 
constraints 

None 

Brushing treatment Manual brushing Broadcast glyphosate 
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Figure 1. First input screen 

 
Expert System for Site Preparation and Vegetation Management in 

Southern Interior B.C. 
 

Site Data  

Please enter site, vegetation, and soils information  

Region Kamloops  Humus form Mor  
Site Series ICHmw 1/01  Slope (%) 3  

Soil moisture 
regime 

Mesic  Aspect Northw est

Elevation (m) 920  Coarse Frag. content (%) 60  
Soil nutrient 

regime 
Medium  Depth to unfav. substrate 

(cm) (100 = unlimited) 
65  

Forest floor 
depth (cm) 

3  Is the unfavourable substrate 
seepage or a water table? 

No  

Thickness of 
Ah (cm) 

7    

Soil texture Sandy Loam   
Hummocky 

terrain? 
No    

 

Restart Continue
 

Copyright © 2000-2003 Acquired Intelligence Inc.  
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Figure 2. Second input screen 

Acquire

 
Expert System for Site Preparation and Vegetation Management in 

Southern Interior B.C. 
 

Site Data  

Please enter site, vegetation, and soils information  

Restocking 
Species 

Fd Douglas f ir  Percent of stand 
visibly infected with 

fungus

3  

Restocking 
Species Ht. (cm) 

15  Natural Micro-
mounding ht.

Fungus Type Armillaria ostoyae  Depth of burn (cm) 0  
Incidence of 

Rhizina 
Neighbouring cutblock   

Age Class of 
Stand 

Class 6 or low er    

Cold Air 
Ponding 

No    

Natural Mound 
Spacing 

>7m    

 

Restart Continue
 

Copyright © 2000-2003 Acquired Intelligence Inc.  
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Figure 3. The Expert System asks the user whether they want the vegetation complex predicted 
 

Acquire

 
Expert System for Site Preparation and Vegetation Management in 

Southern Interior B.C. 
 

Complex Selection  Options  

Do you want the expert system to predict the vegetation complex or 
do you already have a developed complex? 
Note: you will have the option to confirm the selection.  

Expert 
System 

Enter 
complex 
 

Restart Continue
 

Copyright © 2000-2003 Acquired Intelligence Inc.  
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Figure 4. The Expert System considers the Fireweed complex (for Example site 1) 
 

Complex Selection Criteria  

The expert system has produced a short-list of vegetation complexes that are most likely 
to occur on you site.  
Click on any of the potential complexes listed above for more information.  

Please answer the following questions so the expert system can confirm the complex 
under consideration.  

Will the stand be summer logged using ground-based random skidding? No

Is fireweed the dominant species on any cutblocks within 500 m of the 
stand to be harvested? 

No

 

Restart Continue
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Figure 5. The Expert System considers the Mixed Shrub complex (for Example site 1) 

Acquire

 
Expert System for Site Preparation and Vegetation Management in 

Southern Interior B.C. 

Considering: Mixed Shrub 
Pending: Mixed Broadleaf-Shrub, Aspen 

Fireweed Bracken 
 

Complex Selection Criteria  

The expert system has produced a short-list of vegetation complexes that are most likely 
to occur on you site.  
Click on any of the potential complexes listed above for more information.  

Please answer the following questions so the expert system can confirm the complex 
under consideration.  

What is total shrub percent cover? 0  
What is lady fern percent cover? 0  
Is the combined cover of rhododendron and false azalea < 10%? Yes  
What is Sitka valerian percent cover? 0  
What is Trapper's tea percent cover? 0   

Restart Continue
 

  

Eliminated: , 
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Figure 6. The Expert System considers the Mixed Broadleaf-Shrub complex (for Example site 1) 
 
 

Acquire

 Expert System for Site Preparation and Vegetation Management in Southern Interior B.C. 

Considering: Mixed Broadleaf-Shrub 
Pending: Mixed Shrub, Aspen 

Fireweed Bracken 
 

Complex Selection Criteria  

The expert system has produced a short-list of vegetation complexes that are most likely to occur on you site.  
Click on any of the potential complexes listed above for more information.  

Please answer the following questions so the expert system can confirm the complex under consideration.  

Choose the broadleaf 
presence class that best 
suits your stand. 

At least 5-10 stems/ha birch in stand to be harvested or adjacent stand

 

Restart Continue
 

 

Copyright © 2000-2003 Acquired Intelligence Inc.  
 

Eliminated: , 

 
 

 24



Figure 7. The Expert System predicts the Mixed Broadleaf-Shrub complex will occur (for Example site 1) 

Acquire

 
Expert System for Site Preparation and Vegetation Management in 

Southern Interior B.C. 
 

Complex confirmation  

Based on your responses, the expert system has determined that the Mixed Broadleaf-
Shrub vegetation complex is most likely to occur on your site. 

Please accept recommended complex or select another from list of potential complexes 
for your site.  

Options  

Accept recommended complex 

Select another complex 

Restart Continue
 

Copyright © 2000-2003 Acquired Intelligence Inc.  
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Figure 8. The Expert System ranks site preparation treatments in order of their ability to reduce limitations to 
seedling establishment on the particular site, and allows the user to select a treatment. Bars in the graph will move 
up and down as different treatments are highlighted, depending on how the treatment affects individual limitations. 
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Figure 9. The Expert System enters the Vegetation Management module and asks about treatment constraints 
 

d

Acquire

 
Expert System for Site Preparation and Vegetation Management in 

Southern Interior B.C. 
 

Vegetation management module  

Please answer the following questions.  

Please enter time since last site prep treatment or harvest (years). 1  
Is there public opposition to the use of herbicides in this area? Yes  

Are there terrain constraints to sheep grazing? Yes  
Are there broadleaf diameter constraints to girdling and tree injection? Yes  

Are riparian areas a constraint to the use of herbicides? No  
 

Restart Continue
 

Copyright © 2000-2003 Acquired Intelligence Inc.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 27



Figure 10. The Expert System ranks brushing treatments in order of their ability to reduce limitations to seedling 
establishment on the particular site, and allows the user to select a treatment. Bars in the graph will move up and 
down as different treatments are highlighted, depending on how the treatment affects individual limitations. 
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APPENDIX 2 – Sequence of actions in an Expert System run 
 
We have developed an Expert System that functions as follows: 

1. Site-specific information is entered by the user into 2 input screens. The type of information 
requested is routinely entered on Silviculture Prescription Form FS39A (e.g., subzone, site series, 
elevation, aspect, slope, soil moisture regime, soil nutrient regime, coarse fragment content, 
proximity of root disease, conifer regeneration species, etc.) 

2. The ES determines potential vegetation complexes for the particular BGC unit (to site series) from 
the Master Table. 

3. The ES asks the user a series of questions to first of all determine whether the user wishes the ES 
to predict which vegetation complex will develop or whether they have a complex that has already 
developed. If the user asks the ES to predict, it asks questions about (a) the type of disturbance 
created by harvest, (b) the pre-harvest presence of particular plants. Based on this information, the 
ES uses a set of rules to determine which complex will develop. If it is unable to do this, or if 
the user already knows the complex, the ES instructs the user to select a complex. The user can 
access further information about any of the possible complexes via hyperlinks. 

4. The ES enters the ‘Site Preparation module’. It uses the initial site information to predict the 
severity of 7 limiting factors (vegetation, air temperature, soil moisture, soil temperature, soil 
nutrients, rooting substrate, root rot) without site preparation. It does this by consulting a database 
which assigns values to each of the factors, depending on how they are affected by the specific 
characteristics of the site (not seen by the user). 

5. For each of 36 possible site preparation treatments, the ES determines how the severity of each of 
the 7 limiting factors will increase or decrease. It does this by consulting a database of 
‘adjustments’ (not seen by the user). 

6. The ES sums the limiting factor values and ranks the 36 possible site prep treatments according to 
which will be most effective at reducing limitations to seedling establishment. 

7. The user is presented with the ranked treatments, allowed to view their potential effects in a series 
of active bar graphs, and is asked to select one.  

8. After a site prep treatment has been selected (no treatment is an option), the ES moves into the 
‘Vegetation Management module’. 

9. The ES determines whether the site prep treatment will have resulted in a shift in the type of 
vegetation community (not seen by user). 

10. The ES asks the user how much time has passed since the site prep disturbance (or harvesting if no 
site prep). It takes into account development of the vegetation complex during that time. 

11. The ES alerts the user where the complex has a LOW brush hazard rating and brushing is unlikely 
to be required. 

12. The ES asks the user about constraints to brushing (ie, public opposition to brushing, terrain 
constraints, etc.) 

13. The ES goes through a similar procedure as in the ‘Site Prep module, comparing pre- and post-
brushing limitations to conifer growth for four limiting factors (light, soil water, soil nutrients, root 
rot).  

14. The ES ranks up to 10 possible brushing treatments (depending on complex), and asks the user to 
choose. 

15. The user selects a brushing treatment (no treatment is an option). 
16. The ES compiles a report that (a) summarizes information the user has input, (b) describes the 

vegetation complex that has been selected, (c) describes the severity of limiting factors prior to site 
prep, (d) describes the severity of limiting factors after site prep, (e) describes the effects of the 
amount of time that has passed between site prep and brushing on limiting factors, (f) describes 
the severity of limiting factors prior to brushing, (g) describes the severity of limiting factors after 
brushing, (h) describes potential conifer and vegetation responses, based on known research 
(mainly PROBE).  
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APPENDIX 3 – A full list of Expert System database tables and their level of 
completion 
Database tables Function Level of completion 
Master Table Lists by site series, the potential vegetation 

complexes, brush hazard ratings, and the 
species lists.  Includes all Kamloops and 
Nelson units. 

Completed. Full review by outside experts 
required. 

Site preparation module tables  
VB2 ‘No treatment’ brush hazard vegetation 

complex limitation 
Revised to consider Kamloops Region 
ecosystems and to include additional vegetation 
complexes. Full review by outside experts 
required. 

VB4 Site series database Revised to consider Kamloops Region 
ecosystems. Full review by outside experts 
required. 

VA1 Vegetation response to fire Revised to consider Kamloops Region 
ecosystems and to include additional vegetation 
complexes. Full review by outside experts 
required. 

VE1 Effect of treatment Completed 
VA1-MSP   
(20 tables) 

 Vegetation responses to MSP  Individual tables for each of the 20 vegetation 
complexes completed. Revised to consider 
Kamloops Region ecosystems. Full review by 
outside experts required. 

C-VA1 
(20 tables) 

Vegetation responses to chemical, manual, 
and grazing treatments  

Individual tables for each of the 20 vegetation 
complexes completed. Revised to consider 
Kamloops Region ecosystems. Full review by 
outside experts required. 

RB1 Tree species adjustment of root rot limitation Added additional tree species. Completed for 3 
of the 5 fungus types. Input and full review by 
outside experts required. 

RB2 Percent incidence of fungus adjustment of 
root rot limitation. 

Completed. Full review by outside experts 
required. 

RA3-Fire Stand age class adjustment of root rot 
limitation 

Completed. 

RA4-Fire Subzone adjustment of Rhizina. Revised to consider Kamloops Region 
ecosystems. Completed. 

RA5-Fire Forest floor consumption adjustment of 
Rhizina root rot limitation 

Completed. Full review by outside experts 
required. 

RA6-Fire Tree species adjustment of Rhizina root rot 
limitation 

Completed. 

RA7-Fire Slope and aspect adjustment of root rot 
limitation 

Completed. Full review by outside experts 
required. 

RE1-Fire Effect of fire on root rot limititation Completed.  
RA2-MSP Mechanical site preparation adjustment of 

root rot limitation 
Completed. Full review by outside experts 
required. 

RE1-MSP Effect of mechanical site preparation Completed. 
RA3-Chemical Stand age class adjustment of root rot 

limitation 
Replaced original table with new one. 

RA4-Chemical Subzone adjustment of root rot limitation Replaced original table with new one. 
RA5-Chemical Forest floor consumption adjustment of 

Rhizina root rot limitation 
Replaced original table with new one. 

RA6-Chemical Tree species adjustment of Rhizina root rot 
limitation 

Replaced original table with new one. 
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RA7-Chemical Slope and aspect adjustment of root rot 
limitation 

Replaced original table with new one. 

RE1-Chemical Effect of treatment Completed. 
RSB1 Depth to unfavourable substrate adjustment 

of rooting substrate limitation 
Completed. 

RSA1-Scalp Scalping adjustment of rooting substrate 
limitation 

Completed. Full review by outside experts 
required. 

RSA1-Mix Mixing adjustment of rooting substrate 
limitation 

Completed. Full review by outside experts 
required. 

RSA1-Mound Mounding adjustment of rooting substrate 
limitation 

Completed. Full review by outside experts 
required. 

RSE1-MSP Effect of treatment Completed 
SNB1 Forest floor Ah adjustment of soil nutrients 

limitation 
Replaced original table with 3 separate tables. 
Full review by outside experts required. 

SNB2 Soil matrix adjustment of soil nutrients 
limitation 

Revised format of original table. Full review by 
outside experts required. 

SNB3 Soil matrix rating Eliminated this table (incorporated into SNB2). 
SNB4 Depth to unfavourable substrates rating Completed. 
SNB5 Hummocky terrain and slope adjustment of 

soil nutrients limitation 
Completed. Full review by outside experts 
required. 

SNB6,7 Forest floor displacement hazard Completed. Full review by outside experts 
required. 

SNA2-Fire Depth of burn adjustment of soil nutrient 
limitation 

Completed. Full review by outside experts 
required. 

SNA3-Fire  Forest floor depth adjustment of soil nutrient 
limitation 

Completed new table. Full review by outside 
experts required. 

SNE1-Fire Effect of fire on soil nutrients Completed. 
SNE1-MSP Effect of mechanical site preparation on soil 

nutrients 
Completed 

SNA1-Scalp Scalping adjustment of soil nutrient 
limitation 

Completed. Full review by outside experts 
required. 
 

SNA1-Mix Mixing adjustment of soil nutrient limitation Completed 
SNA1-Mound Mounding adjustment of soil nutrient 

limitation 
Completed. Full review by outside experts 
required. 

SNE1-Chemical Effect of treatment on soil nutrient limitation Completed 
STB2 Subzone adjustment of soil temperature 

limitation 
Revised to consider Kamloops Region 
ecosystems. Full review by outside experts 
required. 

STB3 Soil moisture adjustment of soil temperature 
limitation 

Completed 

STB4 Slope and aspect adjustment of soil 
temperature limitation 

Completed. Full review by outside experts 
required. 

STA2 Depth of burn adjustment of soil temperature 
limitation 

Completed. Full review by outside experts 
required. 

STE1 Effect of treatment on soil temperature 
limitation 

Completed. 

STA1-Mound Effect of mounding on soil temperature 
limitation 

Completed. Full review by outside experts 
required. 

STA1-Scalp Effect of scalping on soil temperature 
limitation 

Completed. Full review by outside experts 
required. 

STA1-Mix Effect of mixing on soil temperature 
limitation 

Completed. Full review by outside experts 
required. 
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ATB2 Subzone adjustment of air temperature 
limitation 

Revised to consider Kamloops Region 
ecosystems. Full review by outside experts 
required. 

ATB3 Mounding height and spacing adjustment of 
air temperature limitation 

Completed. Full review by outside experts 
required. 

ATB4 Vegetation:Seedling ratio and vegetation 
cover adjustment of air temperature 
limitation 

Completed. Full review by outside experts 
required. 

ATB5 Tree species adjustment of air temperature 
limitation 

Added more species to table. Full review by 
outside experts required. 

ATA2-Fire Vegetation:Seedling ratio and vegetation 
cover adjustment of air temperature 
limitation 

Completed. Full review by outside experts 
required. 

ATE1-Fire Effect of fire Completed. 
ATA2-MSP Mechanical site preparation adjustment of air 

temperature limitation 
Completed. Full review by outside experts 
required. 

ATE1-MSP Effect of mechanical site preparation Completed. 
ATA2-Chem Vegetation:seedling height ratio adjustment 

of air temperature limitation 
Completed. Full review by outside experts 
required. 

ATE1-Chemical Effect of treatment Completed. 
HB3 Subzone and climate region adjustment of 

soil moisture limitation 
Revised to consider Kamloops Region 
ecosystems.  

HB1 Ecosystem productivity and climate region 
adjustment of soil moisture limtation 

Completed. 

HB2 Ecosystem productivity and moisture regime 
adjustment of soil moisture limitation 

Completed. 

HA2-Fire Response of ecosystem productivity to fire Completed. Full review by outside experts 
required. 

HE1-Fire Effect of fire Completed. 
SMA1-Scalp Scalping adjustment of soil moisture 

limitation 
Completed. Full review by outside experts 
required. 

SMA1-Mix Mixing adjustment of soil moisture limitation Completed. Full review by outside experts 
required. 

SMA1-Mound Mounding adjustment of soil moisture 
limitation 

Completed. Full review by outside experts 
required. 

HA2-Chemical Climate region adjustment of soil moisture 
limitation 

Completed. Full review by outside experts 
required. 

HE1-Chemical Effect of chemical treatment Completed. 
Vegetation module tables  
Complex Shifts This table identifies shifts in the type of 

vegetation complex that can occur following 
different site preparation treatments. 

Completed. Full review by outside experts 
required. 

VEG-1 This table defines, for each complex, three 
categories of time (years) since the last 
disturbance.  This information is used to 
adjust limiting factors complexes impose at 
different development stages. 

Completed. Full review by outside experts 
required. 

VEG-2 Adjustment factors for the four limiting 
factors in the Vegetation Management 
Module. Adjustments depend on time 
category. 

Completed. Full review by outside experts 
required. 

VEG-3 Adjustment factors for the four limiting 
factors following brushing treatments. 

Completed. Full review by outside experts 
required. 
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VEG-4 Weighting factors to adjust the light-limiting 
factor, based on the conifer species shade 
tolerance. 

Completed. Full review by outside experts 
required. 

VEG-5 Multiplicative weighting factor to adjust 
treatment ranking based on site and treatment 
constraints. 

Completed. Full review by outside experts 
required. 

Text tables   
SPT-1 Text to describe brush hazard ratings Completed.  
SPT-2 Text to describe site preparation treatments Completed.  
SPT-3 Text to describe whether a limiting factor 

increases or decreases 
Completed.  

SPT-4 Text to describe whether a factor is limiting Completed.  
SPT-5 Text to provide qualitative values to 

SYTEPREP limiting values 
Completed.  

SPT-6 Text to describe depth to unfavourable 
substrates 

Completed.  

SPT-7 Text to describe the effects of site prep 
treatments on soil temperature 

Completed.  

SPT-8 Text to describe the main indicator species 
for each complex 

Completed.  

SPT-9 Text to describe which factor is most limiting 
in site prep module 

Completed.  

SPT-10 Text to describe which factors are at least 
moderately limiting 

Completed.  

SPT-11 Alternate wording to say whether a factor is 
limiting 

Completed.  

SPT-12 Text to deal with plurals Completed.  
SPT-13 Text to describe whether the limiting factor 

changes after site preparation 
Completed.  

SPT-14 Text to use for changed limiting factor values Completed.  
SPT-15 Text providing reasons for increases and 

decreases in limiting factors 
Completed. Full review by outside experts 
required.  

SPT-16 Captions for ‘Figure 2’ Incomplete. Only cells relevant to the test run 
are filled.  

SPT-17 Text describing time elapsed between site 
preparation and brushing 

Completed. 

SPT-18 Text naming main indicator species or plant 
group 

Completed.  

SPT-19 Text describing changes to light limitation 
following brushing 

Completed. 

SPT-20 Text describing changes to soil moisture 
limitation following brushing 

Completed. Full review by outside experts 
required.  

SPT-21 Text describing changes to soil nutrient 
limitation following brushing 

Completed. Full review by outside experts 
required.  

SPT-22 Text describing changes to root rot limitation 
following brushing 

Completed. Full review by outside experts 
required.  

SPT-23 Text describing reasons for increases and 
decreases in limiting factors following 
brushing 

Completed. Full review by outside experts 
required.  

SPT-24 Text describing whether a factor increases or 
decreases 

Completed. 

SPT-25 Text describing treatment effects on conifer 
growth and survival. 

50% completed. Very large table (600 text 
cells). Full review required. 

SPT-26 Text describing treatment effects on free-
growing 

50% completed. Very large table (600 text 
cells). Full review required. 
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SPT-27 Text describing recovery of the vegetation 
complex. 

Completed. Very large table (>100 text cells). 
Full review required. 

SPT-28  Text describing treatment effects on diversity 
of the plant community. 

Completed. Large table. Full review required. 

SPT-29 Text describing competition thresholds. Completed. Large table. Full review required. 
SPT-30 Text describing increases and decreases in 

limiting level one year after brushing. 
Completed. 

SPT-31 Root rot susceptibility. Completed. Full review by experts required. 
Graphic-1 Photo filenames and captions Partially completed. Requires further input of 

photos that have recently been scanned. 
Graphic-2 Figure filenames and captions for pre-

brushing vegetation relationships. 
Incomplete. Requires further input of existing 
figures, and development of figures for a greater 
range of complexes. 

Graphic-3 Figure filenames and captions for post-
brushing vegetation relationships 

Incomplete. Requires further input of existing 
figures, and development of figures for a greater 
range of complexes. 

Graphic-4 Figure filenames and captions for post-
brushing conifer survival and growth 
responses. 

Incomplete. Requires further input of existing 
figures, and development of figures for a greater 
range of complexes. 

Graphic-5 Figure filenames and captions for post-
brushing vegetation responses. 

Incomplete. Requires further input of existing 
figures, and development of figures for a greater 
range of complexes. 

Hyperlink 
tables 

  

Complex_descrip
tions_tables 

Detailed descriptions of the characteristics of 
the 20 vegetation complexes. 

Completed. Review required. 

Limiting 
factors_descripti
ons 

Detailed description of the 7 limiting factors. Completed. Review required. 
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APPENDIX 4 – The skeleton report 
Selected text for Example site 1 is shaded in grey. The database table where the Expert System grabs each 
piece of text is indicated after the grey shading.  
 
Expert System for Site Preparation and Vegetation Management in Southern Interior B.C. 

 
REPORT  
(DATE: the ES should select the date of the run) 
 
The ‘Expert System for Site Preparation and Vegetation Management in Southern Interior B.C.’ is designed 
to evaluate the effectiveness of various site preparation and vegetation management treatments for reducing 
limitations to conifer seedling establishment and growth in specific BEC units in the Kamloops and Nelson 
Forest Regions. It ranks treatment options and provides expected responses to both site preparation and 
brushing treatments. In the site preparation module, the Expert System employs information provided by 
the user to assess seven growth limiting factors: vegetation, root rot, rooting substrate, soil nutrients, soil 
temperature, air temperature, and soil moisture. Limitations are compared before and after the application 
of site preparation treatments. For the vegetation management module, the Expert System assesses four 
growth limiting factors: light, soil moisture, soil nutrients, and root rot. Limitations are compared before 
and after brushing treatments. In both modules, the Expert System ranks treatments according to their 
overall effectiveness at reducing limitations to conifer performance.  
 
We see from the input data that your [Kamloops, MASTER TABLE] Forest Region site in the [ICHmw3, 
MASTER TABLE] variant has site series [01, MASTER TABLE]. Soil moisture regime is [mesic, Soil 
Moisture Regime (input)]. Elevation of the site is [920, Elevation (input)] m, aspect is [NW, Aspect 
(input)], and slope is [30, Slope (input)]%. Soil has [30-70, Coarse Frag. Content (input)]% coarse 
fragments and is [sandy loam, Soil Texture (input)] in texture.  
 
Based on ecological data and expert opinion, we believe the most likely vegetation community to develop 
on your site following harvest would be one of the following: [Fireweed complex, Mixed Broadleaf-Shrub 
complex, Mixed Shrub complex, Aspen complex, or Bracken complex, MASTER TABLE]. You were 
also given the option to select from the master list of complexes if you did not agree with any of our 
selections. You chose the [Mixed Broadleaf-Shrub, Veg Complex (user selected)] complex as being the 
most likely to develop. For your site unit, the [Mixed Broadleaf-Shrub, Veg Complex (user selected)] 
complex typically includes [paper birch, trembling aspen, black cottonwood, thimbleberry, and fireweed, 
MASTER TABLE]. [Paper birch is the main indicator species for the, Table SPT-8] [Mixed Broadleaf-
Shrub, Veg Complex (user selected)] complex. 
  

SITE PREPARATION MODULE 
The Expert System guided you through the site preparation module, where site preparation treatments were 
ranked from high to low according to their effect on seven limiting factors to seedling establishment.  
 

Limiting Factors before Site Preparation 
 
If no site preparation is applied on your site, [vegetation, Table SPT-9] [and rooting substrate, Table SPT-
10], [, ,Table SPT-10] will [pose, Table SPT-11] the highest limitation[s, Table SPT-11] to seedling 
establishment, and will be the most important limiting factor[s]. All other factors will be no more than 
moderate limitations to seedling performance.  
 
1. Vegetation 

The [Mixed Broadleaf-Shrub, Veg Complex (user selected)] complex has a [HIGH, MASTER 
TABLE] brush hazard rating for untreated sites in the [ICHmw3, MASTER TABLE], site series [01, 
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MASTER TABLE]. This means [that conifer seedlings will not survive and grow at acceptable levels 
to meet free-growing recommendations without brushing, Table SPT-1]. One year after harvest, the 
[Mixed Broadleaf-Shrub, Veg Complex (user selected)] complex will typically have [10, Table 
VB2]% cover and be [80, Table VB-2] cm tall.  
 

2. Root rot 
[Armillaria, Fungus Type (input)] root rot, which has [2-5, Root Rot Incidence (input)]% incidence 
in the current stand on your site, will [be, Table SPT-4] a[ low-moderate, Table SPT-5] limitation to 
[Douglas-fir, Conifer Restocking Species (input)] seedlings during the establishment phase.  
 

3. Rooting substrate 
Rooting substrate will [be, Table SPT-4] [a moderate-high, Table SPT-5] limitation to seedling 
establishment on your untreated site following harvest because of the combined effects of soil that is 
[sandy loam, Soil Texture (input)] textured with [60, Coarse Frag. Content (input)]% coarse 
fragments and the fact that there [are no unfavourable substrates within a depth of 60 cm, Table SPT-
6].  
 

4. Soil nutrients 
Soil nutrients will [be, Table SPT-4] [a moderate, Table SPT-5] limitation to seedling establishment 
following harvest of your site. Our assessment takes the following site characteristics into 
consideration: forest floor depth, thickness of the Ah horizon, coarse fragment content, depth to 
unfavourable substrates, slope, and terrain.  
 

5. Soil temperature 
Soil temperature will [be, Table SPT-4] [a low-moderate, Table SPT-5] limitation to seedling 
establishment following harvest of your site. Our assessment of soil temperature as a limiting factor 
takes into account subzone, soil moisture regime, slope, and aspect for your site.  
 

6. Air temperature 
Air temperature will [be, Table SPT-4] [a moderate, Table SPT-5] limitation to seedling 
establishment following harvest on your site. Our assessment of air temperature as a limiting factor on 
your site takes into account subzone, microtopography, whether or not cold air ponding is a factor, 
predicted seedling height, height and cover of surrounding vegetation, and frost susceptibility of the 
conifer species you have chosen for regeneration.  
 

7. Soil moisture 
Soil moisture will [be, Table SPT-4] [a low, Table SPT-5] limitation to seedling establishment on 
your site because it is in a [moist, Soil Moisture Regime (input)] climatic region, and has a [high, 
Ecosystem Productivity Table] ecosystem productivity index. Ecosystem productivity index values 
have been assigned by Ministry of Forests specialists, and generally reflect the availability of 
moisture.  

 
The Effects of Your Chosen Site Preparation Treatment on Limiting Factors  
 
 
You selected ‘[full forest floor scalping (medium patch), Table SPT-2]’ ([Scalping – Full FF – 0.5-1.0 m, 
Site_Prep (user choice)]) as a site preparation treatment. The site preparation option you selected will 
have the following effects on the seven limiting factors to seedling establishment (Figure 1): 
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A comparison of the seven limiting factors to seedling establishment considered in the Site 
Preparation Module, with and without [full forest floor scalping (medium patch), Table SPT-2] site 
preparation. Shorter bars represent greater limitation to seedling performance. 
 

 
1. Vegetation 

If [full forest floor scalping (medium patch), Table SPT-2] is applied 1 year after harvest, it will 
[increase, Table SPT-3] vegetation as a limiting factor. Following site preparation, vegetation will 
[change from, Table SPT-13] being [a high, Table SPT-5][ to an extreme , Table SPT-14 ]limitation 
to seedling establishment[. This is because forest floor removal will expose mineral soil and provide 
an excellent substrate for birch seed., Table SPT-15] 
 

2. Root rot 
[Full forest floor scalping (medium patch), Table SPT-2] will [have no effect on, Table SPT-3] root 
rot as a limiting factor. Following site preparation, root rot will [not change from, Table SPT-13] 
being [a low to moderate, Table SPT-5] limitation to seedling establishment[., Table SPT-15] 
 

3. Rooting substrate 
 [Full forest floor scalping (medium patch), Table SPT-2] will [increase, Table SPT-3] the rooting 
substrate limitation to seedling establishment. Following site preparation, rooting substrate will 
[change from, Table SPT-13] being [a moderate-high, Table SPT-5] [to a high , Table SPT-
14]limitation to seedling establishment[. This is because removal of the forest floor will decrease the 
availability of good rooting substrate., Table SPT-15] 
 

4. Soil nutrients 
Your chosen site preparation treatment, [full forest floor scalping (medium patch), Table SPT-2], will 
[increase, Table SPT-3] the soil nutrient limitation to seedling establishment. Following site 
preparation, soil nutrients will [change from, SPT-13] being [a moderate, Table SPT-5] [to a 
moderate-high , Table SPT-14 ] limitation to seedling establishment[. This is because nutrient 
availability to seedlings will decrease following removal of nutrient-rich forest floor materials., Table 
SPT-15] 
 

5. Soil temperature 
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[Full forest floor scalping (medium patch), Table SPT-2] will [decrease, Table SPT-3] the soil 
temperature limitation to seedling establishment. Following site preparation, soil temperature will 
[change from, SPT-13] being [a low-moderate, Table SPT-5] [to a very low , Table SPT-14 
]limitation to seedling establishment[. This is because mineral soil will warm more readily following 
removal of the forest floor., Table SPT-15] 
 

6. Air temperature 
 [Full forest floor scalping (medium patch), Table SPT-2] will [have no effect on, Table SPT-3] air 
temperature as a limiting factor. Following site preparation, air temperature will [not change from, 
SPT-13] being [a moderate, Table SPT-5] limitation to seedling establishment[., Table SPT-15] 
 

7. Soil moisture 
 [Full forest floor scalping (medium patch), Table SPT-2] will [increase, Table SPT-3] soil moisture 
as a limitation to seedling establishment. Following site preparation, soil moisture will [change from, 
SPT-13] being [a low, Table SPT-5] [to a low-moderate , Table SPT-14]limitation to seedling 
establishment[. This is because water evaporation from the soil surface will increase following 
removal of the forest floor., Table SPT-15] 
 
 

VEGETATION MANAGEMENT MODULE 
 

Vegetation Complex 
 
The vegetation complex that will develop after the [Full forest floor scalping (medium patch), Table SPT-
2] site preparation treatment is the [Mixed Broadleaf-Shrub, Veg Complex (user selected)] (Figure 2). At 
[8-10, Table VB2] years after the disturbance, vegetation will [be, Table SPT-4] [an extreme, Table SPT -
5] limitation to conifer performance. 
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[An example of Douglas-fir growing in an 11 year-old Mixed Broadleaf-Shrub complex in the ICHmw3., 
Table GRAPHIC-1] 
 
You told the Expert System that you want to brush [7, Time Elapsed (Input)] years after the last 
disturbance.  This is [when competition in this complex will start to develop and is the best time to brush, 
Table SPT-17]. 
 
Limiting Factors before Brushing 
 
The Expert System guided you through the Vegetation Management Module, where brushing treatments 
were ranked from first to last choice. This ranking was based on how the treatments affected the four 
limitations to seedling performance, which are light, soil moisture, soil nutrients, and root rot.  
 
With no brushing treatment, the limiting factors to seedling performance in the [Mixed Broadleaf-Shrub, 
Veg Complex (user selected)] complex [7, Time Elapsed (Input)] years after the last disturbance were 
evaluated by the Expert System as follows: 
 

1.  Light  
Without brushing, light will [be, Table SPT -4] [a high, Table SPT -5] limitation to seedling 
performance on your site [7, Time Elapsed (Input)] years after site preparation or harvesting 
disturbance. The light limitation rating is derived from the [extreme, VG: Post treatment limiting 
level] vegetation limitation at the end of the Site Preparation Module, which is based on expected light 
limitations in an [8-10, Table VB2] year-old complex. The light limitation will be [lower than at full 
complex development, Table SPT-19] because you are planning to brush before the complex is [8-10, 
Table VB2] years old. Expected height development of the [Mixed Broadleaf-Shrub, Veg Complex 
(user selected)] complex, relative to [Douglas-fir, Conifer Restocking Species (input)], is shown in 
Figure 3. 
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[Expected height development of paper birch and Douglas-fir in the ICHmw3 without brushing., Table 
GRAPHIC-2] 

 
2.  Soil moisture 
Soil moisture will [be, Table SPT -4] [a moderate, Table SPT -5] limitation to seedling performance 
on your site [7, Time Elapsed (Input)] years after the site preparation or harvesting disturbance. The 
soil moisture limitation is predicted to [increase, Table SPT-24] within the [7, Time Elapsed 
(Input)] years following disturbance [. This is because the developing complex will increasingly 
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utilize soil water. Paper birch has high soil water demands and high transpiration rates., Table SPT-
20] 
 
3.  Soil nutrients 
Soil nutrients will [be, Table SPT -4] [a moderate, Table SPT -5] limitation to seedling performance 
on your site [7, Time Elapsed (input)] years after the last disturbance. The soil nutrient limitation 
will [decrease, Table SPT-24] within the [7, Time Elapsed (Input)] years following disturbance [. 
This is because paper birch is rich in nutrients and cycles them annually to the forest floor., Table 
SPT-21] 
 
4.  Root rot 
[Armillaria, Fungus Type (input)] root rot will [be, Table SPT -4] [a low, Table SPT -5] limitation 
on your site [7, Time Elapsed (input)] years after the last disturbance. [Douglas-fir, Conifer 
Restocking Species (input)] has [high, Table SPT-31] susceptibility to [Armillaria, Fungus Type 
(input)] root rot. The root rot limitation to [Douglas-fir, Conifer Restocking Species (input)] is 
predicted to [decrease, Table SPT-3] since the last disturbance[. This is because of the development 
of paper birch on the site. Paper birch has very low susceptibility to Armillaria root rot. The presence 
of paper birch helps reduce the spread of root rot among neighbouring susceptible conifers because of 
physical interference and possible biological interactions., Table SPT-22] 
 

 

Brushing Treatment Constraints 
 
The Expert System considered [3, Brushing Constraints (input)] treatment constraints that you identified.  
The constraints you identified were: [1 - public opposition to herbicide, 2 - terrain constraints to sheep, 3 – 
broadleaf diameter constraints for girdling or tree injection treatments, Brushing Constraints (input)]. 
 
 

Brushing Treatment Ranking 
 
The Expert System ranked brushing treatments based on an evaluation of treatment effects on limiting 
factors and treatment constraints. The treatments were ranked as follows: 
 
[Choice 1.  No treatment 
Choice 2.  Manual brushing, User selection] 
 
The Expert System recognizes that [3, Brushing Constraints (input)] treatment constraints apply to your 
site. As a result, [8] treatments would not be feasible. The constrained treatments are listed below in order 
of most to least effective at ameliorating limiting factors: 
 
[Choice 3.  Cut stump-glyphosate. 
Choice 4.  Cut-spray glyphosate. 
Choice 5.   Triclopyr basal bark. 
Choice 6.   Triclopyr individual tree injection. 
Choice 7.   Broadcast glyphosate. 
Choice 8.   Spot glyphosate. 
Choice 9.   Sheep grazing. 
Choice 10.  Girdling] 
 
 
 

The Effect of Your Chosen Brushing Treatment on Limiting Factors 
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You selected [manual brushing, Brushing Treatment (user selection)] as the brushing treatment that you 
would like to apply to your site. The Expert System ranked this treatment as choice number [2] out of [2]. 
Your chosen brushing treatment, [manual brushing, Brushing Treatment (user selection)], will affect the 
four factors that limit seedling performance in the [Mixed Broadleaf-Shrub, Veg Complex (user selected)] 
complex in the following ways (Figure 4): 
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Figure 4. A comparison of the four limiting factors to seedling performance considered in the 
vegetation management module, with and without [manual brushing, Brushing Treatment (user 
selection)]. Shorter bars represent greater limitation to seedling performance. 

 
 

1.  Light 
If [manual brushing, Brushing Treatment (user selection)] is applied [7, Time Elapsed (input)] 
years after site preparation or harvesting disturbance on your site, it will [decrease, Table SPT-3] 
light limitations to [Douglas-fir, Conifer Restocking Species (input)]. Following brushing, light will 
[change from, Table SPT-13] being [a high, Table SPT-5][ to a moderate , Table SPT-14]limitation 
to seedling performance[. This is because paper birch is expected to decrease in height and cover 
following brushing., Table SPT-23] Expected height development of the [Mixed Broadleaf-Shrub, 
Veg Complex (user selected)] complex following manual brushing, relative to [Douglas-fir, Conifer 
Restocking Species (input)], is shown in Figure 5. 
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[Expected height development of paper birch and Douglas-fir in the the ICHmw3 with manual 
brushing., Table GRAPHIC-3] 

 
2.  Soil moisture 
[Manual brushing, Brushing Treatment (user selection)] [7, Time Elapsed (input)] years after site 
preparation or harvesting disturbance will [decrease, Table SPT-3] soil moisture limitations to conifer 
performance on your site. Following brushing, soil moisture will [not change from, Table SPT-13] 
being [a moderate, Table SPT-5] limitation to seedling performance[. This is because paper birch that 
resprouts following cutting will have only slightly lower leaf area and therefore similar water 
demands as uncut paper birch, Table SPT-23]. 
 
3.  Soil nutrients 
[Manual brushing, Brushing Treatment (user selection)] [7, Time Elapsed (input)] years after site 
preparation or harvesting disturbance will [have no effect on, Table SPT-3] soil nutrient limitations 
on your site. Following brushing, soil nutrients will [not change from, Table SPT-13 ] being [a 
moderate, Table SPT-5] limitation to seedling performance[. Paper birch is expected to re-sprout 
following manual brushing and therefore will continue to cycle nutrients annually., Table SPT-23] 
  
4.  Root rot 
Manual brushing, Brushing Treatment (user selection)] [7, Time Elapsed (input)] years after site 
preparation or harvesting disturbance is expected to [increase, Table SPT-3] root rot as a limitation to 
conifer performance on your site. Following brushing, root rot will [change from, Table SPT-13] 
being [a low, Table SPT-5] [to a high ,Table SPT-14]limitation to seedling performance[. This is 
because manual brushing is expected to increase Armillaria inoculum loads., Table SPT-23] 
 

Additional information About Responses to Brushing 
 
Additional information regarding [manual brushing, Brushing Treatment (user selection)] in the [Mixed 
Broadleaf-Shrub, Veg Complex (user selected)] complex is summarized from the PROBE program and 
other research. 
 
 

1.  Expected Treatment Effects on Conifer Growth and Survival 
 
[Manual brushing of the Mixed Broadleaf-Shrub complex will result in increased diameter growth of 
juvenile (8-15 year-old) Douglas-fir, as shown in Figure X. Leader length may increase, but total 
height is unlikely to be affected for at least 5 years following brushing. Manual brushing will increase 
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light availability in young stands, and will therefore help maintain survival and vigour of Douglas-fir, 
which are shade intolerant to moderately shade tolerant. If brushing is not done, especially in areas 
with a high density of overtopping broadleaves, vigour reductions, and possibly reduced survival, are 
predicted for Douglas-fir. We suggest caution in prescribing manual brushing treatments for sites 
where Armillaria is present; preliminary evidence indicates that Douglas-fir mortality due to this root 
disease will increase following manual cutting of the Mixed Broadleaf-Shrub complex., Table SPT-
25]   
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[Comparison of mean Douglas-fir stem diameter between the manual brushing treatment and control 
before, 1, 3, and 5 years after treatment of the ICH/IDF Mixed Broadleaf-Shrub Complex. Error bars 
are one standard error. (Land Management Handbook 48)., Table GRAPHIC-4] 
 
 
2.  Expected Treatment Effects on Free-Growing 
 
[Douglas-fir stands are unlikely to meet free-growing objectives following manual brushing because 
of vigorous re-sprouting of broadleaves. More than one manual treatment will likely be required for 
the stand to meet the required conifer:brush height ratio. Manual brushing can increase mortality rates 
due to Armillaria, so if your conifer stand is marginally stocked, caution should be used in applying 
this treatment., Table SPT-26]  
 

3.  Expected Recovery of the Vegetation Complex 

 
[The cover and height of broadleaves will greatly decrease immediately following manual brushing of 
the Mixed Broadleaf-Shrub complex. Five years after brushing, broadleaves can be expected to 
recover to 60% the height and 80% the cover of untreated broadleaves. 

  
Five years after manual brushing, treated shrubs can be expected to recover to the same height and 
cover as untreated shrubs. Herb cover and height will likely be unaffected by manual cutting of the 
Mixed Broadleaf-Shrub complex., Table SPT-27]  
  
 
4.  Expected Treatment Effects on Diversity of the Plant Community 
 
[Manual brushing of the Mixed Broadleaf-Shrub complex will have no effect on species richness, 
species diversity, or structural diversity 5 years after treatment.  This was determined using the 
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Shannon-Weaver information indices and the structural index described in Land Management 
Handbook 48. 
 
The following species have been found to increase in response to manual brushing of the Mixed 
Broadleaf-Shrub complex: 
 
Herbs: fireweed, Hooker’s fairy bell, strawberry, tiger lily, dandelion, thistle 
Shrubs: willow 
Broadleaves: none 
 
The following species have been found to decrease in response to manual brushing of the Mixed 
Broadleaf-Shrub complex: 
 
Herbs: one-sided wintergreen 
Shrubs: none 
Broadleaves: paper birch, Table SPT-28] 
 
5.  Competition Thresholds 
 
[The competition threshold is the density or cover of a vegetation component at which conifer 
diameter growth dramatically declines. 
 
In 8-12 year-old stands of Douglas-fir growing among the Mixed Broadleaf-Shrub complex, a 
competition threshold has been identified as 3,664 stems per hectare of broadleaves or 28 percent 
cover of broadleaves. The indices reported here took into account all sizes of broadleaf stems. In 
another study (Simard and Sachs (in press), a threshold density of 2,575 broadleaf stems per hectare 
was found where only taller broadleaves were considered. 
 
In 3-11 year-old stands of lodgepole pine growing among the Mixed Broadleaf-Shrub complex, a 
competition threshold has been identified as 3,367 stems per hectare of broadleaves, or 18 percent 
cover of broadleaves. 
 
In 1-13 year-old stands of interior spruce, a competition threshold has been identified as 2,500 stems 
per hectare of broadleaves, or 20 percent cover of broadleaves. 
 
For all conifer species, there were no clear trends in threshold changes with plantation age. Density 
and cover thresholds for all conifer species were diffuse on most sites, and sharp on a few. However, 
conifer stem diameter consistently decreased above the threshold values andd was highly variable 
below them., Table SPT-29] 
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APPENDIX 5 – Journal article summary information 
Title: Manual cutting of Sitka alder-dominated plant communities in interior British Columbia: effects on 
conifer growth and plant community structure 
 
Authors: Suzanne W. Simard1, Jean L. Heineman, Shannon M. Hagerman, W. Jean Mather, and Donald L. 
Sachs 
 
Keywords: Vegetation management; Competition threshold; Plant community structure; Sitka alder (Alnus 
viridis); Lodegpole pine (Pinus contorta); Hybrid spruce (Picea engelmannii)    
 
Abstract:  
Five-year growth and survival responses of lodgepole pine (Pinus contorta var. latifolia Engelm. ex S. 
Wats) and hybrid spruce (Picea engelmannii Parry x glauca [Moench] Voss) to manual cutting of Sitka 
alder (Alnus viridis ssp. sinuata (Regel) A. & Löve) were studied in two montane vegetation complexes in 
the southern interior of British Columbia.  The effects of brushing on plant community structure and 
diversity were also examined. Alder cover and height were reduced throughout the 5 year post-treatment 
monitoring period, but this had no effect on growth or survival of either 5 to 7 year-old lodgepole pine 
growing in the Dry Alder complex or 4 to 7 year-old hybrid spruce in the Wet Alder complex. Moderate 
alder cover, which was characteristic at these sites, did not appear to inhibit diameter growth of lodgepole 
pine or spruce as indicated by competition thresholds of 30 and 37% in the Dry Alder and Wet Alder 
complexes, respectively. At neither complex, did manual cutting result in any changes in species or 
structural diversity of the vascular plant community.  The results of this study suggest that brushing of 
Sitka alder is unnecessary for release of healthy lodgepole pine growing on mesic sites in the Dry Alder 
complex, and is ineffective at alleviating growth limiting factors to spruce on Wet Alder sites.  
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