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Executive Summary 
 

 
Pine stem rusts cause significant mortality, lost productivity and degradation to wood quality in pine 
plantations in the Prince George TSA and elsewhere throughout North Central B.C. The three most 
common pine stem rusts in the Northern Interior are: Western Gall Rust (Endocronartium harknessii, (J.P 
Moore), Y. Hiratswka), Stalactiform Blister Rust, (Cronartium coleosporiodes, Arthur) and Comandra 
Blister Rust, (Cronartium comandrae, Peck). The alternate host of Comandra Blister Rust is Bastard 
toadflax (Geocaulon lividum Richardson), while Stalactiform blister rust has three. These include Cow 
wheat (Melampyrum lineare), Indian paintbrush (Castilleja miniata) and Yellow rattle (Rhinanthus 
crista-galli). Western Gall Rust does not require an alternate host.  
 
In the year 2006 Richard Reich, Northern Interior Region, Pathologist with Ministry of Forests and Range 
and Ken Simonar, Consulting Ecologist with Bio-Geo Dynamics Ltd., together initiated proposals for the 
development of a stem rust hazard rating system including rust hazard mapping and management 
prescription tool.  This evolved into a FIA funded project administered first through Canadian Products 
limited and now through Pope and Talbot Ltd. – Fort St James Division.  This report provides a summary 
of work that Bio-Geo Dynamics Ltd has completed on this project to date. The report concentrates 
primarily on results and recommendations generated from the analysis of the 2007 field sampling.  
 
In the spring of 2007 Bio-Geo Dynamics Ltd. developed a three year sampling plan designed to gather the 
information required to develop a rust hazard mapping and management system.  Subsequent funding 
enabled the first field season to proceed. Bio-Geo Dynamics Ltd. undertook the field work and 
successfully completed 130 sample plots in the SBSdk, SBSdw2 and SBSdw3 biogeoclimatic variants in 
the Vanderhoof Forest District. Early in 2008, we were awarded a contract to complete preliminary 
analysis and recommendations based on the first field season results.  
 
Candidate pine plantations were chosen for sampling using a stratified random sampling design.  
Vegetation inventory base maps were overlaid with the most current predictive ecosystem (PEM) map. 
The sample population included all pine leading plantations 7-18 years of age. Sample plantations were 
then chosen in equal proportions from each subhygric to xeric forested ecosystem site series within each 
climatic subzone variant. Within each plantation, 2 sample plots were randomly located. Detailed rust and 
ecosystem site data was collected, according to research standards, from within 20X20 metres square 
plots.  
 
Field data was entered into EXCEL and data analyzed using scatter plots, stepwise linear regression, 
correlation and T tests. Because of sample size constraints, equivalent site series between climatic units 
were pooled into six ecosystem plant association groups for the purposes of analysis.  Numerous site 
factor were tested for possible relationships with rust infection; these included, ecosystem plant 
association, biogeoclimatic subzone variant, elevation, soil moisture regime, soil nutrient  regime, 
insolation, slope position, surface shape disturbance, plantation density, shrub/tree cover and herbaceous 
cover.  
 
A close relationship was anticipated between ecosystems Stalactiform and Comandra blister rusts, 
alternate host dependant rusts. Promising trends were observed but because of small ecosystem unit 
sample sizes and data variability the initial results were not statistically strong. Regression analysis 
indicated the following. Statistically significant site factors predicting Western Gall Rust include: 
subzone, slope, stand density, tree-shrub cover and herbaceous cover. Statistically significant site factors 
for Stalactiform rust were: subzone, elevation, insolation, tree-shrub cover and herbaceous cover. For 
Comandra blister rust the only statistically significant factor identified was herbaceous cover. Employing 
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T-tests and correlation analysis confirmed that subzone, elevation stand density, tree cover and 
herbaceous cover were important indicators of rust infestation potential.  
 
The results of this preliminary work show promising trends between site factors and rust infection levels. 
Results however indicate that more sampling has to be carried out to in order to acquire more reliable data 
for a number of key factors related to rust hazard mapping. Understanding the effects of those same 
factors will also provide guidance on the formulation of site specific management prescriptions for rust 
control. 
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1.0  INTRODUCTION 
 

1.1 The Problem 
 
Pine stem rusts cause significant mortality, lost productivity and degradation to wood quality in 
pine plantations. Three pine stem rusts are significant threats to pine plantations in the B.C. 
Interior. The three most common pine stem rusts are: Western Gall Rust (Endocronartium 
harknessii, (J.P Moore), Y. Hiratswka), Stalactiform Blister Rust, (Cronartium coleosporiodes, 
Arthur) and Comandra Blister Rust, (Cronartium comandrae, Peck).  
 
Stalactiform Blister Rust and Comandra Blister Rust are widespread across the Sub-boreal 
Spruce Climatic Zone (SBS) of British Columbia.  Both rust species are restricted to two and 
three needle pine host species. In sub-boreal forests these rusts are major pathogens of lodgepole 
pine. The range of these rusts correlates with the range of lodgepole pine (its aecial host) but is 
restricted to areas where its host and alternate hosts overlap. The alternate host of Comandra 
Blister Rust is Bastard toadflax (Geocaulon lividum Richardson); while Stalactiform blister rust 
has more than one alternate host. These hosts include; Cow wheat (Melampyrum lineare), Indian 
paintbrush (Castilleja miniata) and Yellow rattle (Rhinanthus crista-galli), listed in terms of 
commonness across the landscape. 
 
Western Gall Rust is also widespread throughout the range of lodgepole pine in B.C. Since it 
does not require an alternate host, it is more widespread than the other two major pine rust 
species.  
 
These rust species are a significant threat to pine plantations, causing significant mortality, as 
well as degradation of wood quality and growth potential. There is a need to develop a rust 
hazard rating and management system which will help guide effective sustainable resource 
management of the pine resource, by ensuring full stocking on rust risk sites. This issue has 
become more critical in light of the ongoing devastation of merchantable pine stands by 
mountain pine beetle and concerns over the midterm timber supply. 
 

1.2 Project Background 
 

1.2.1 Project Initiation 
 
In 2006, Richard Reich, Regional Pathologist for Northern Interior Ministry of forests and Lands 
and Ken Simonar, Consulting Ecologist, Bio-Geo Dynamics Ltd., collaborated on a proposal to 
develop management tools to effectively combat the pine stem rust hazard in northern interior 
pine plantations. Two complementary strategies were recognized: acceleration of ongoing 
scientific research of pine stem rust ecology and development of site specific and landscape level 
management tools and strategies. 
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One effective management tool identified is the creation of pine stem rust infection hazard maps. 
This will aid in identification of high rust hazard areas where rust abatement management 
prescriptions could be applied. As well, mapping will greatly assist landscape level management 
and planning, dealing with the stem rust hazard.  Three factors render this feasible.  We 
recognized a potentially strong site specific effect for at least the two rust species with alternate 
hosts; comandra and stalactiform blister rusts. For example, their alternate hosts tend to be 
concentrated on nutrient poor sites where there is a lack of other plant competition.  In addition 
to this, there has been strong evidence, from ongoing research trials, (personal communication 
Richard Reich), that dispersion of spores and rust infection of pine is mostly within the first few 
metres from alternate plant species. Therefore, when ecosystem site series and other site factors 
can be spatially identified, reliable patterns of risk might also be identified across the landscape. 
The third factor, allowing for hazard mapping, has been the recent development of Terrestrial 
(TEM) ecosystem and Predictive (PEM) ecosystem maps for the Prince George Timber Supply 
Area (TSA) and elsewhere. This, along with available spatial attribute databases including 
TRIM, and more refined GIS modeling programs, makes accurate mapping of pine stem rust 
hazard possible. 
 
Once high hazard sites have been prioritized, with the aid of a rust hazard map and ground 
checks, there is the requirement for site specific, scientifically grounded, practical management 
prescriptions to mitigate the effect of stem rusts. In our proposal we expected that the 
background knowledge gathered to enable hazard mapping would also illuminate ways to 
combat rust infection. This, in combination with existing information, and ongoing research, will 
enable us to formulate and implement effective rust hazard abatement practices and techniques.  
   

1.2.2 Administrative History 
 
Pine stem rust impacts have been widely observed by several forest mangers in the Prince 
George Region. In 2006 the proposal by Ken Simonar to complete pine stem rust hazard 
mapping and preliminary management recommendations was accepted to be funded as a Forest  
Investment Account (FIA) project. It was initially administered on behalf of local forest 
Licensees by Kerry Deschamps, FIA administrator for Canadian Forest Products (Canfor) in 
Prince George.  This duty was subsequently passed on to Prince George Canfor FIA 
administrator Shannon Burbee who oversaw the completion of the preliminary phase of the 
project, development of a sampling plan. Ultimately, project administration was taken up by 
Annette Constabel, Planning Supervisor for Pope and Talbot, Fort St James Division who has 
administered the first season of sampling as well as preliminary analysis and results project 
phases.  
 

2.0 Project Results to March 31 2008 

2.1 Overview 
 
The primary objective of this report is to report on the results of the analyses following the first 
field sampling season, as well as to make recommendations for completion of the project. For the 
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benefit of the current project administrator and for clarity and continuity for the project, we have 
appended to this report the sampling original sampling design (Appendix 1) as well as 
preliminary pine stem rust hazard mapping. As well, a brief summary of the 2007 field sampling 
is attached. These have a bearing on the preliminary result analyses and recommendations for 
completion of the project. 

2.2 Original Sample plan 
 

2.2.1 Stratification of the Original Sample Population 
 
The project sampling plan was a stratified random sampling design. The objective was to 
assemble a valid statistical data sample from within the Prince George TSA, within the 
constraints of the accepted field budget. The original concept entailed equal sampling effort in 
the three Forest Districts (Prince George, Vanderhoof and Fort St James), making up the Prince 
George TSA. Preliminary analyses indicated there were too many climatic zones, and 
ecosystems within them, to sample all climatic zones and ecosystems within them equally within 
the existing budget. In response, we eliminated climatic units which had a comparatively low and 
more dispersed pine component, as well as a lower historical stem rust hazard. This step 
eliminated all the ESSF and ICH climatic zones as well as the SBSvk. Other climatic units 
including the SBSmw and the SBSdw1, BWBSdk1 had a relatively small representation in the 
Prince George TSA. Moreover we recognized that these climatic units shared very similar plant 
communities. We would likely be able to extrapolate results to them from the remaining sample 
population. Please refer to the original sample plan in Appendix one for more detail.  
 
We determined to sample as equally as possible between the remaining climatic units and to 
sample, as equally as possible, between the Forest Districts. This would create a wide dispersion 
of sample sites across the whole landscape in order to better display differences related to 
specific geographic areas.  For statistical reliability, we determined to sample as close to 30 sites 
as possible within each site series or very closely allied site series  
(plant association) within each climatic subzone. For example we wanted 30 or more samples 
from the zonal “01-Sxw -Pinegrass” plant association in the SBSdw (Sub-Boreal Spruce, Dry 
Warm Subzone) lumping together the zonal site series from the SBSdw3 and SBSdw2 subzone 
variants. We further narrowed our sample set to forested site series which would normally 
support pine or be planted to pine. This eliminated numerous subhygric and wetter site series, 
especially in wetter climatic units like the SBSwk. 
 
Within this reduced sample population, we then sampled only pine plantations between ages 7-
18 years old. It is between these ages when the outward effects of stems rusts manifest 
themselves. After 18 years of age infections drop significantly. 
 

2.2.2 Sample Design 
 
From within the layered stratification described above, we randomly chose 219 pairs of plots 
(438 total) plots across the Prince George TSA. The plots were chosen in randomly oriented 
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pairs in each young pine plantation because it would allow us to compare intra- plantation 
variation and second, for statistical reliability, to achieve a sample pine population of 150 to 200 
trees per plantation. Plots were each 20x20 m to conform to the standard research ecosystem 
classification plot layout. We overlaid vegetation resource inventory (VRI) and PEM maps in 
order to select plantations according to 7-18 years old age limit and according to the ecosystem 
site series slots to be filled. The distribution of subzones and subzone variants varies between 
Forest Districts. As a consequence there was an uneven distribution of the 219 pairs between 
Districts.  Vanderhoof Forest District ended up with a larger sample population (105 pairs), 
followed by Prince George Forest District (95 pairs) and finally by Fort St James Forest District 
(39 pairs). Please refer to the original sample plan attached to this report for specific details.  
 

2.3 2007 Sample Plan 
 
Funding for field work predicated that we could only complete approximately on third of the 
required field work the first (2007) field season. It was decided to sample the Vanderhoof 
District, which represented well over a third of the sample plots and has been particularly 
devastated by the mountain pine bark beetle epidemic. It was impossible to completely sample 
all the selected plots the first year. We decided to sample complete climatic units since this 
would give us the largest number of replications and the best preliminary trends. We chose to 
sample the SBSdk since it is found almost entirely within the Vanderhoof Forest District. We 
also chose to sample the entire SBSdw2 and SBSdw3 sample population since these climatic 
subzone variants are climatically the most closely allied climatic units, in the study area, to the 
SBSdk (all SBSd climate units). Among climatic units in the Prince George TSA, these three 
climate units have been the most impacted by the mountain pine beetle. Because of the relatively 
small sample being acquired the first year, lumping of fairly similar site series between the three 
would be reasonable and would produce fairly reliable preliminary statistic trends.  
 
Between the SBSdk, SBSdw3 and SBSdw2 climatic units we were able to select and complete 
65 pairs of plots, for a total of 130 plots. There were 28 pairs of plots in the SBSdk, 18 pairs in 
the SBSdw2 and 19 pairs from SBSdw3.  The overall distribution of ecosystems to be sampled in 
the whole project is shown in detail in the 2007 Vanderhoof District Sampling plan, attached in 
Appendix 2 of this report. 
 

2.4 2006-2007 Preliminary Mapping 
 
During the development of original the sampling plan, for both stalactiform and comandra blister 
rust, we identified classes of ecosystems which we surmised to have similar rust hazard ratings. 
This was based entirely on the incidence of alternate host plant species within them. The ecology 
of western gall rust is much less well known and therefore was excluded from this exercise.  In 
addition, we were required to hypothesize all the various factors that may influence rust hazard 
rating so that we would incorporate them in our field sampling. Particular attention was paid to 
GIS based spatial data described in detail in Appendices I and II. 
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We used some of these assumptions to complete a preliminary pine stem rust hazard rating map. 
The three basic factors we used included: sites series classes based on prevalence of alternate 
host species (since the alternate host species must be present to infect pine); stand density, based 
on anecdotal evidence that denser stands have less stem rust, (either because of shedding of 
lower infected limbs and/ or suppression of alternate hosts) and the amount of pine component in 
the stand available to infect and be infected by the alternate host. This preliminary mapping is 
described in more detail in Appendix I.  We will compare this map with the much more rigorous 
hazard map to be developed after the final year with our full sample completed.      
 

2.5 Field Sampling 2007 Outcome  
 
We successfully completed 65 pairs of plots for a total of 130 plots. Often the ecosystem, 
predicted by the PEM base map used to stratify and pick the sites, was different from the one we 
identified on the ground.  The pairs within plantations themselves were often located on different 
ecosystems. This is not totally unexpected since TEM and PEM map accuracy in predicting 
ecosystems usually varies from 65-85%. If the ecosystem we encountered was different from the 
one expected, we completed the plot anyways rather than dropping the plot or searching for the 
desired site series. In this way, our sampling was as random as possible and reflected infection 
throughout the landscape. The chosen original site series is compared with the actual results in 
Table 1. Ecologically equivalent ecosystems for each Climatic unit are shown opposite one 
another. It is obvious that the extremes, the wet (SBSdk-06, SBSdw2-08 and SBSdw3-07) and 
the very dry (all 02 site series) are rare in the landscape and are difficult to predict accurately.  
 
 Table 1. Predicted Ecosystems vs. Actual Ecosystems  
 

SBSdk 
 

SBSdw2 SBSdw3 

Site 
Series 

# Predicted      #  Actual Site 
Series 

# Predicted       # Actual Site 
Series 

# 
Predicted    

#Actual 

01 12 8 01 8 9 01 8 9 
02 6 1 02 0 0 02 6 3 
03 8 11 03 8 2 03 8 4 
05 8 13 06 8 6 04 8 10 
BF 8 20 07 8 18 05 8 6 
06 8 3 08 4 1 07 0 6 
04 6 0       
Total 56 56  36 36  38 38 
 
Data was summarized in an excel spreadsheet prior to data analysis. This data has been 
submitted to the contract administrator.  

2.6 Statistical Analyses Overview 
 
Employing SAS statistical software, we completed a number of statistical techniques on the data 
including multiple linear regressions, correlation, and paired T tests (in place of ANOVA). The 



 11

sequence of analysis was as follows. We first completed a large number of scatter plots in order 
to test for possible relationships between rust infection and a number of physical and biological 
site factors. We then completed stepwise linear regression to determine which independent 
variables were important and their level of importance. We then used correlation analysis and 
paired T tests, to further quantify the significance of various site factors.  Because of the small 
sample size and the number of interrelated independent variables, we soon discovered that 
numerous statistical results were not statistically significant. This was not totally unexpected 
since we have completed only a third of the project sampling to date.  Going into the project, 
there were several factors which we expected to have a good relationship with rust infection. 
Based on the their dependence on the proximity of alternate hosts we expected,  in  particular, a 
close relationship between site series and Comandra and Stalactiform rust infection. 
 
Originally we had considered merging the data from the paired plots within each polygon, but 
soon realized that this was impractical. With natural ingress, the average tree count averaged 157 
trees per plot with a range of 30-698 trees. This figure represented a statistically reasonable 
sample set.  There was often more variability, in site factors between plots in plantations, than 
with plots in other areas. Most site statistics were difficult to combine or would have ended up 
being meaningless or confounding for factor analyses. Additionally we would have lost half our 
degrees of statistical freedom, with a smaller data set. Therefore there was little reason to 
combine plots. 
 
We employed several tactics to better analyze the data. Stepwise linear regression and correlation 
were run on the whole 130 plot dataset in order to tease out rank and test significance of various 
factors. The larger sample size was useful for this purpose.  
 
We suspected that several significant site factors, chief among them the original stratification 
factors of site series and subzone, might be confounding our analyses of other factors. We 
therefore stratified the data sets by climatic unit and by different ecosystem groupings and 
analyzed these groups separately with regression and T tests. To overcome statistical reliability 
problems comparing small ecosystem sample groupings, we combined all similar ecosystems as 
shown in Table 2. All zonal (01) ecosystems were combined; all lichen type (02) ecosystems; all 
bearberry (03); all submesic grass units; all PlSb-Poor units and all subhygric units (which we 
lumped together as coltsfoot was combined). The results of these groupings are shown in Table 
2. Throughout the report these numbers and titles will replace the original designations. 
 
Table 2. Combined Ecosystem Groupings 
 

Plant Associations 
Number of 
Plots 

26 4 17 29 44 10 130 
Association 
Name 

Zonal Lichen Bearberry Pinegrass/ 
Ricegrass 

Black 
Spruce 

Coltsfoot  

Assigned 
Number 

1 2 3 4 5 6  

Component 
Site Series 

SBSdk-01 
SBSdw2-01 

SBSdw3-01 

SBSdk-02 
SBSdw2-02 
SBSdw3-02 

Sbsdk-03 
SBSdw2-03 
SBSdw3-03 

SBSdk-05 
SBSdw2-06 
SBSdw3-04 

SBSdk-BF 
SBSdw2-07 
SBSdw3-05 

 

SBSdk-06 
SBSdw2-08 
SBSdk-07 
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Rather than document each statistical result separately, we will review our preliminary findings 
one factor at a time based on the composite effect of all the statistical procedures employed.   

2.7 Scatter Plot and Regression Analyses Initial Results 
 
Scatter plot analysis was the first step in our factor analyses. Both normal and logistical scales 
were used to display the data. Variability was quite high in some data sets with numerous low 
scores balanced by significantly higher score. Exponential scales were sometimes useful to 
separate and display the data better. Stepwise linear Regression was then carried out separately 
on separate ecosystem plant associations. We left out the lichen, bearberry and coltsfoot plant 
associations from this analysis since they had too few replicates to produce a meaningful 
statistical score. The preliminary regression equations listed below predicted infection rate of 
various site factors in decreasing order of importance. Please note that the equations predict for 
each plant association and for each pine stem rust: Western Gall Rust (DSG), Stalactiform 
Blister Rust (DSS) and Comandra Blister Rust (DSC).  
 
The following site factors collected in the field and analyzed are listed in Table 3. 
 
Table 3: Site Factor Table  
 
 
SITE FACTOR        CODING          COMMMENT                             
Subzone (Variant) 
Ecosystem 
Soil moisture  
Soil Nutrient 
Elevation 
Percent slope 
Insolation 
Slope position 
Site Disturbance 
Percent Humus 
Surface shape 
Total stems 
Tree/shrub cover 
Herbaceous cover 
Bastard toadflax 
Cow wheat 
 

Sub 
ss 
smr 
snr 
altitude 
pcslope 
insolation 
slopeposition 
fracus 
pchumus 
surfaceshape 
total stems 
treeshrub 
herbaceous 
geoc 
mela 

SBSdk SBSdw2, SBSdw3 
Soil associations (1-6) 
Sampled (1-5) 
Sampled (B-D) 
In metres 
 
(C=cool (>19% slope 90-314 Deg.); (N=neutral 0-19% slopes & between 
271-315 Deg. and 90-134 Deg.) (W=warm >19% between 135 & 270 Deg.)  
crest, upper, lower toe depression and level 
mechanical, fire, slash and cattle 
duff cover - reflecting site disturbance 
Concave, convex, straight 
Total pine stems in 20X20 plot 
% cover 
% cover 
% cover 
% cover, includes Indian paintbrush and Yellow rattle 

 
Regression results are listed in Table 4 and Figure 1 below. The results indicted a strong 
influence of subzone, elevation and plantation density for some or all pine stem rust infections. 
Several factors such as percent slope and the influence of vegetation cover were also significant 
factors. 
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  Figure 1. Regression Equations (Linear Combination) 
 
 
NOTE * = bias 
 
Series  Dependent Var 

ZONAL   DSG :  y1 =  332.54963* + 20.84502 sub + 26.96721 smr 
+ -88.29704 snr + -0.15523 altitude + 1.84085 

pcslope  
 + -2.54303 insolation  + -2.60647 slopeposition  
 + -4.38849 fracas + -1.22329 pchumus 
 + -0.10348 totalstems + 0.94680 treeshrub 
 + 0.23376 herbaceous  

---------------------------------------------------------------------------------------------------------------------  
 
Series  Dependent Var 

ZONAL   DSS :  y2 =  -211.84973* + 9.04150 sub + 16.57286 smr 
+ -23.38156 snr + 0.11255 altitude + -1.04753 

pcslope 
 + 12.01849 insolation + 6.49839 slopeposition  
 + -3.69814 fracas + 0.53667 pchumus  
 + -0.02527 totalstems + -0.08675 treeshrub 
 + 0.81453 herbaceous   

 
 
 
Series  Dependent Var 

ZONAL   DSC :  y3 =  6.31495* + 3.87454 sub + -1.51132 smr + -0.77030 
snr  

+ 0.02837 altitude + 0.19385 pcslope + -7.16053 
insolation 
+ -3.04865 slopeposition + -0.72645 fracas 
+ -0.03584 pchumus + -0.00437 totalstems  
+ -0.02732 treeshrub + 0.07005 herbaceous  

 
 
 
Series  Dependent Var 

RICE-PINE GRASS             DSG :  y1 =  -53.78966* + 16.41211sub + 33.79421smr 
+ -10.42881 snr + 0.00203 altitude + -1.82379 

pcslope 
 + 32.71848 insolation + 10.05081 slopeposition 
 + 3.06086 surfaceshape + 3.06826fracas 
 + -1.43735 pchumus + -0.02505 totalstems 
 + 0.13136 treeshrub + -0.10765 herbaceous 
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Series  Dependent Var 

RICE-PINE GRASS             DSS :  y2 =  -653.95441* + -21.44314 sub  + 85.62833 smr  
+ -29.09128 snr + -0.03366 altitude  + -2.19592 

pcslope 
  + 16.49567 insolation  + 4.18420 slopeposition 
  + 7.53904 surfaceshape + 10.61810 fracas 
  + 4.38065 pchumus + -0.05057  totalstems 
  + 1.03670 treeshrub + 0.78145 herbaceous 

 
 
 
Series  Dependent Var 

RICE-PINE GRASS             DSC :  y3 =  -2986.10072* + -57.43265 sub + 339.07518 smr 
                + -93.36865 snr + 0.12259 altitude + -11.21953 
pcslope 

         + 82.62874  insolation + 29.29772 slopeposition  
 + 23.92848 surfaceshape + 38.18879 fracas 
  + 17.68679 pchumus + -0.15817  totalstems 
  + 3.43344 treeshrub + 3.51935 herbaceous 

 
 
 
 
Series  Dependent Var 

PLSB - Poor    DSG :  y1 = -24.49683* + 0.25737 sub  + 4.77947 smr  
               + -0.03761 altitude  + 0.61571 pcslope 

             + 0.24265 slopeposition  + 1.34413 surfaceshape 
             + -1.45344 fracas  + 0.46509 pchumus 
             + -0.02920  totalstems  + 0.25984 treeshrub 
             + -0.10412 herbaceous 

 
 
Series  Dependent Var 

PLSB - Poor    DSS :  y2 =  42.53211* + -4.41401 sub + 2.44881 smr  
               + -0.07097 altitude  + 0.18147 pcslope 

             + 0.40663 slopeposition  + 1.22524 surfaceshape 
             + -1.15395 fracas  + 0.17809 pchumus 

                         + -0.01592  totalstems  + -0.00311 treeshrub 
         + 0.23343 herbaceous 

 
 
 
 
 
Series  Dependent Var 

PLSB - Poor    DSC :  y3 =  -128.75339* + 2.28086 sub + 10.80591 smr  
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               + -0.01225 altitude  + 2.40356 pcslope 
             + -0.75989 slopeposition  + 14.94228 surfaceshape 
             + 0.16564 fracas  + 0.44607 pchumus 

                         + 0.14258  totalstems  + --0.30197 treeshrub 
         + 0.28757 herbaceous 

 
 
Series  Dependent Var 

PLSB - Poor       pcgeoc :  y4 =  -7.05624* + -0.38365 sub + 0.70980 smr  
               + 0.00690 altitude  + 0.24533 pcslope 

             + -0.20075 slopeposition  + 0.94438 surfaceshape 
             + 0.13998 fracas  + -0.07763 pchumus 

                         + 0.00911  totalstems  + 0.01418 treeshrub 
         + 0.03316 herbaceous 

 
 
Series  Dependent Var 

PLSB - Poor       pcmela:  y5 =   33.41118 * + -2.07367 sub + 0.26233 smr  
               + -0.00245 altitude  + 0.28730 pcslope 

             + -0.99646 slopeposition  + -0.77106 surfaceshape 
             + -2.43890 fracas  + -0.25591 pchumus 

                         + -0.00722  totalstems  + -0.10193 treeshrub 
         + 0.29121 herbaceous 

 
 
 
All factors in the above regression analysis were investigated more closely for significance, 
employing the merged 130 plot dataset. Correlation analysis (Table 5) was completed. Only the 
significant results are shown (P<1.05). An interesting note is that there was not a good 
correlation between actual site series and comandra (DSC) and stalactiform (DSS) rusts. This 
was likely caused by the lack of enough replicates of each ecosystem. Again elevation showed a 
strong influence on all species of pine stem rust. Subzone showed a significant relationship with 
western gall rust (DSG) infection. Biological factors including stem density, shade and 
competition factors appear to affect   both DSG and DSS rusts.  
 
The influence of different climate units had been indicated as important, in prior scatter plots and 
the above analyses so we undertook to investigate this influence more closely. We did a series of 
3 paired T tests comparing the three climatic units in the study area.  We confirmed that climatic 
unit again appeared to have a significant influence on pine stem rust infection. There were 
significant differences in infection between the SBSdk and SBSdw2 for DSS and for DSC. There 
were significant differences in DSS and DSC infection between the SBSdk and SBSdw3 as well 
as the between SBSdw2 and SBSdw3. The significant P-values from the analyses are shown in 
Table 6.  
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Table 4. Compilation of Significant  P - values (P≤ 0.05) for Linear Regression 
              
 variable dsg   Variable dss   variable dsc   variable pcgeoc   variable pcmela 

  P-value   P-value    P-value   P-value    P-value 

sub 0.0076  Sub 0.0125  herbaceous 0.0529  sub 0.0328  polygon 0.0164 

pcslope 0.0132  Altitude 0.0006     actualss 0.0541  surfaceshape 0.0672 

totalstems 0.0061  insolation 0.041     surfaceshape 0.0601  herbaceous 0.0557 

treeshrub  0.0019  totalstems 0.0011     totalstems 0.0013    
herbaceous 0.0001   herbaceous 0.015                   
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Table 5. Correlation of Variables (P ≤ 0.05) 

Variable 
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dsg   0.02       0.02 

 
0.01        4E-04           0.035 0.003 

dss 0.017       0.017           <.0001             2E-04 

dsc        <.0001             0.025               
pcgeoc     <.0001     0.02                         
pcmela   0.02           0.0047               0.016     
sub 0.021     0.02       0.0029   0.003 <.0001             0.002 

polygon 0.009             0.0469                     
actualss         0.005 0 0.05   <.0001 0.015   0.004     0.017       
smr               <.0001   0.013   <.0001 1E-04           
snr            0   0.0147 0.013                 0.039 

altitude 4E-04 <.0001 0.025     <.0001                       0.006 

pcslope               0.0041 <.0001       <.0001   0.004     0.013 

insolation                 1E-04     <.0001   0.02         
slopeposition                         0.024   0.003       
surfaceshape               0.0165       0.004   0         
fracas         0.016                       0.006   
pchumus 0.035                             0.006     
totalstems 0.003 0       0       0.039 0.006 0.013             
treeshrub 3E-04         0.01   0.0163   0.005                 
herbaceous   0     0.004         <.0001 0.022             0.016 
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Table 6. Mean, T-value, P-value of Sub Zones and Sub Series   
    Mean     Mean     Mean       
Series variable Dk dw2 t-value P-value dk dw3 t-value P-value dw2 dw3 t-value P-value   
PLSB - Poor smr         3.8889 4.8333 -2.65 0.0148   
                
ZONAL snr 2.25 2.8889 -3.29 0.0049 2.25 2.8889 -3.29 0.0049       
RICE-PINE GRASS 2.3077 3 -3.48 0.0029     3 2.5 2.29 0.038   
                
ZONAL altitude 961.13 881.56 2.73 0.0155 961.13 858.11 5.48 <.0001       
RICE-PINE GRASS 943.77 838.17 3 0.0081           
COLTSFOOT  990 847  <.0001 990 845.5 4.3 0.0036       
                
BEARBERRY pchumus 92.636 85 2.7 0.0205            
                
ZONAL totalstems      364 99.333 2.99 0.0092       
PLSB - Poor  209.5 115.17 2.44 0.0196           
                
ZONAL dsg      5.5985 27.573 -2.57 0.0212 4.641 27.573 -2.89 0.0107   
                
ZONAL dss 0.3652 14.302 -3.04 0.0083 0.3652 7.9375 -2.11 0.0522       
RICE-PINE GRASS 6.2215 15.729 -2.24 0.0386     15.729 4.0794 3.21 0.0063   
COLTSFOOT  2.4082 48.101 -14.22 0.0049     48.101 11.189 2.71 0.0424   
                
ZONAL dsc           1.6205 5.5361 -2.26 0.0384   
PLSB - Poor  4.8027 14.436 -3 0.0049 4.8027 25.972 -2.32 0.0291       
                
BEARBERRY pcgeoc      0.43 2.5003 -2.49 0.0321       
PLSB - Poor      0.2754 1.5 -2.24 0.0419 0.3264 1.5 -2.31 0.0342   
                
COLTSFOOT pcmela 0.025 0.5 -10.97 0.0579           
                
ZONAL treeshrub           38.333 57.333 -2.49 0.0239   
RICE-PINE GRASS     44 59.9 0.84 0.0461 40.5 59.9 -2.15 0.0494   
COLTSFOOT  50 12 6.58 0.0223           
                
ZONAL herbaceous 24.625 49.556 -3.41 0.0039      49.556 35.111 2.33 0.0329   
RICE-PINE GRASS         46.167 23.1 3.48 0.0037   
PLSB - Poor  30.05 41.722 -2.66 0.0115           
COLTSFOOT      77.667 49 2.55 0.0381       
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2.8 Factor Analyses 

2.8.1 Comandra Blister Rust Results and Discussion 

2.8.1.1 Site Series and Plant Associations  
 
Before stratification into discrete ecosystem entities, the Comandra infection rate across the all 
sample plots in the landscape was 9.7%. Because of the pervasive influence of site series related 
alternate host distribution, for DSS and DSC rusts, we clearly expected a strong relationship, for 
those two species. Consistently high to very high comandra infection rates occurred on sites 
when alternate host Bastard toad flax approached 1% or greater cover values. Bastard toad flax 
averaged 0.24% across all ecosystems. Low levels of infection were also observed to occur on 
sites with trace or no bastard toad flax. Offsite spore drift would have to account for the 
infection. The low amounts of infection indicate that hazard of infection drops markedly beyond 
25 m or even less from alternate host. This indicates that comandra blister rust hazard modeling 
can be effective on local site and cover potential for Bastard toadflax.  Correlation analysis 
(Table 5) shows a close correlation between the alternate host cover levels and rates of infection.   
 
Ecosystems did not appear to be strongly represented in these original statistics results.  Part of 
the reason is due to the small sample size and part is due to the wide natural variability of 
infection within ecosystems. Even ecosystems with relatively high levels of infection, like the 
Black spruce- poor ecosystems, range from no infection to almost 100% infection.  Completion 
of the field sampling design should rectify the statistical problems related to high variability. 
Closer ecosystem by ecosystem analyses of the data reveal fairly dramatic differences between 
ecosystems. These are summarized in the tables and graphs below.  
 
Comandra blister rust infection within different plant association ecosystem grouping is listed 
below in Table 7. It is immediately apparent that there are some quite significant differences in 
average infection rates between ecosystems. 
 
Table 7. Comandra Blister Rust Infection vs. Plant Associations 
 

  Comandra Blister Rust   
Site Series 

STATISTICS Zonal Lichen Bearberry Grass Black Spruce Coltsfoot 
N 26 4 17 29 44 10
Mean 3.08 10.5 16.4 10.42 11.63 1.95
SE 0.77 6.1 7.2 4.17 2.75 0.66
SD 3.91 12.16 29.7 22.47 18.21 2.09
Confidence 
Interval 1.5-4.67 .56-2.3 1.13-31.69 1.87-18.9 6.09-17.17 .45-3.45

 
 
There is an over six fold difference in average comandra infection rate between ecosystem 
groups. The coltsfoot subhygric plant association has less than a 2% average infection rate and 
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the very dry bearberry plant association has an average infection rate of 16.4%.  These results are 
displayed graphically in Figure 2 below. There are three major ecosystem groupings of infection. 
The lowest rates of infection occur in the zonal and coltsfoot plant associations. Infection rate 
jumps dramatically within drier and sometimes more nutrient poor ecosystems. The very dry 
lichen and pinegrass plant association have almost identical comandra infection rates of 10.5% 
and 10.42% percent respectively. The lichen ecosystem result is less reliable because of the small 
sample size encountered. The black spruce, nutrient poor, plant association, has a somewhat 
higher infection average rate of 11.63%.  
 

Figure 2. Percent Infection of Comandra Blister Rust
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The remaining plant association, the bearberry ecosystem, at 16.4%, has a substantially higher 
comandra infection rate at half again higher infection than the group of three ecosystems 
immediately below it. Note that standard error, standard deviation and confidence limits are very 
high. The bearberry ecosystem, with a range of very high and very low infection scores, had the 
highest variation. We noticed an interesting aspect/insolation effect in the bearberry unit. Level 
and cool aspect slopes had significantly more Bastard toadflax and also more infection than 
warm aspect sites. The alternate host was not appearing or was low cover on steep southerly 
slopes. We did not produce a regression equation for this ecosystem because of the fairly small 
sample size.    
 
The lichen plant association occurs primarily on very dry rocky outcrops.  Bastard toad flax 
occurs sporadically on these sites because it favours subxeric to wetter sites as opposed to xeric 
and very xeric sites. The sample size for these sites, (only 4 plots) is small and we may never get 
a statistically reliable sample. In addition, the small size of these sites increases the chance of 
them being influenced by spore drift from adjacent pinegrass or bearberry ecosystems.  
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The pine grass/ricegrass submesic site series grouping is also quite variable. In general the 
alternate host occurs often enough and in high enough cover levels to produce high infection 
rates on some sites. Fourteen of the 29 sample sites had no infection at all. Yet other sites had 
infection rates of 40% to 50% and over.  
 
The Black spruce poor ecosystem was also quite variable, but more consistent than either of the 
other two drier ecosystem groups. A higher proportion of stands saw some comandra infection. 
There were 12 sites out of 44 that did not have some comandra infection. One site with a huge 
cover of bastard toad flax had an impressive 95% infection rate. Being partly parasitic, Bastard 
toadflax  may be able to thrive in the generally nutrient poor black spruce ecosystems, where 
there is most often less mature forest understory vegetation and less post harvest lush vegetation 
competition.  
 
The zonal ecosystem and subhygric (coltsfoot) ecosystems were less variable and had 
significantly less infection than the drier ecosystems. The highest levels of infection on zonal 
sites reached just over 10%. Eight out of 26 zonal sites had no infection and three out of 10 sites 
had no infection in the coltsfoot unit. The small size of some of the coltsfoot ecosystems may 
induce infections from neighbouring ecosystems which have higher populations of bastard 
toadflax. Bastard toadflax is not a strong competitor and generally prefers fairly open moderately 
dry to mesic sites. More plant competition and more shading probably impact it more on zonal 
and wetter sites. Lush vegetation, both post harvest and in mature stands, may impede spore 
dispersal and infection rates as well.  
 

2.8.1.2 Climatic Units 
 
Correlation Table 5 indicates a strong climatic unit effect on DSC infection hazard. This was 
further tested, employing regression to compare DSC infection rates between the three subzones 
(Table 6). This resulted in statistically significant values between all climatic zones. To avoid 
ecosystem association bias, we sampled from within the three largest ecosystem datasets: the 
zonal, pinegrass and black spruce – poor plant association groups.  
 
Bar graphs (Figures 4 through 6) display the overall DSC rust incidence across the landscape. 
The results show significant infection differences on zonal sites between the SBSdw3 and the 
SBSdw2. The SBSdw3 had much higher infection rates, at 5.5%, than either the SBSdw2 or the 
SBSdk at 1.62% and 1.99% respectively. Because of small intra-ecosystem sample sizes and 
high variability the P values comparing subzones within the pinegrass association were not 
significant, however the same trend of the SBSdw3 having higher infection on equivalent sites 
continued. The average DSC infection rate on pinegrass sites was 13.76% compared to 8.66% 
for the SBSdk and a very low .79% for the SBSdw2. On Black spruce – poor sites, differences 
between the two SBSdw units and the SBSdk proved to be statistically significant.  
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Figure 3. Comparison of Zonal Comandra Blister Rust Infection Vs Subzone
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Figure 4. Comparison of Pingrass Comandra Blister Rust Sites in Different Subzones
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Figure 5. Comparison of Black spruce Site Comandra Blister Rust 
infection in Different Subzones
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On these sites, the mean infection rates were very high for the SBSdw3 and SBSdw2 at 25.95% 
and 23.6% respectively. The SBSdk pine grass equivalent sites had a much lower DSC infection 
rate of 4.8%. Coincidentally, the percent covers of Bastard toad flax were significantly higher in 
the SBSdw3 than either of other two climatic units, as illustrated in the significant P values in 
Table 6. The SBSdw3 is the wettest of the three climatic units. This may have some impact on 
Bastard toad flax preferring sites in the SBSdw3. It is also possible that SBSdw3 features a larger 
share of compacted till and glacio-lacustrine soils where bastard toadflax is often found, or 
perhaps some other unknown factor.  
 

2.8.1.3 Elevation  
 
Elevation was identified as a significant site factor for the incidence of DSC, not in the 
regression equations in Figure 1, but in subsequent correlation results outlined in Table 6.  There 
is a strong inverse trend according to elevation. We examined individual plant association 
groupings in order to negate the effect of site series confounding the results. Nine hundred and 
fifty metres elevation seems to be an important break point for reduced DSC infection rates. DSC 
infection appears to increase steadily below 850m. Figure 6 is a scatter plot showing the 
distribution of infection along an elevation gradient on pinegrass sites.   Figure 7 displays the 
same data in bar graph form.  Zonal sites also seem to follow the same trend except that the rust 
infection curve appeared to flatten out lower than 850 m.  Richard Reich (personal 
communication) corroborates that the trend towards increasing DSC continues with elevations 
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lower than 850m. DSC infection mirrors the trend of increasing abundance of the alternate host, 
with decreasing elevation. 
 
 

Figure 6. Scatter Plot showing Relationships  between Infection Rate and 
Elevation in Rice-Pine Grass Sites

0

20

40

60

80

100

120

600 700 800 900 1000 1100

Elevation

%
 D

S
C

 
 

Figure 7. Bar Graph show ing relationship betw een DSC infection and elevation
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TRIM elevation modeling for PEM has been used to screen out low elevation cold air ponding 
areas and also to map limits of glacial lakes. Both of these conditions are conductive to bastard 
toad flax colonization and therefore a greater chance of   DSC infection. 

2.8.1.4 Plantation Density  
 
Plantation density displayed a strong inverse relationship with other rust species, apparent from 
scatter graphs as well as significant regression (Table 3) and correlation statistics (Table 5). The 
same relationship was not found for DSC. Plantation density is a somewhat ambiguous factor for 
DSC in that DSC usually attacks and kills within a few short years of plantation establishment. 
Normal or even dense plantation stocking and filling in may not be effective short term 
deterrents, if bastard toad flax is already present in the stand. There appears to be a trend of 
lower infections in stands with higher stand densities (not significant) as shown below in Figure 
8. This pattern may however be an anomaly. It is true that tightly spaced plantations over 15 
years of age do not display as much bastard toadflax as more open stands on the same materials 
This trend is apparent at the Dog Creek research trial  near Fraser Lake. It is quite possible that 
high stand density in older plantation may choke out original bastard toadflax populations. High 
stand density in youth could therefore be a deterrent to infections in the next tree rotation, 
depending on the ability of the toad flax to re-colonize the site, when the stand opens up with 
age.  
 
 

Figure 8. Scatter Plot showing Relationships  between Infection Rate and 
Total Stems in Rice-Pine Grass Series
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One of the most densely stocked plots we visited last year, had been devastated by DSC. Several 
hundred stems had been killed by DSC, with no evident effect on the cover level of the alternate 
host. However the stand was probably infected very young and died before significant shading 
occurred.   
 

2.8.1.5 Percent Slope and Slope position  
 
Percent slope came up as a possible DSC infestation factor in the DSC regression equation for 
zonal ecosystems.  Subsequent correlation analysis indicated it was not statistically important. 
Slope can be a factor in several ways. It is reasonable to expect that slope may affect distribution 
of bastard toad flax. On coarse fluvial materials warm slopes are not preferred by bastard 
toadflax. Toadflax tends to grow on gentle slopes with cold air ponding.  Using TRIM, it may be 
possible to map out these areas. Similarly, stepwise multiple regression pointed to slope position 
as a possible site factor in predicting DSC in the ricegrass and black spruce poor ecosystems. 
Further correlation testing determined that this was not significant with our present sample size. 
Bastard toadflax is more likely to be present on level areas or in depressions. The same terrain 
modeling tools used for PEM mapping could be employed to identify these areas. It is possible 
that spores may drift down slope and accumulate in lower slope, toe and into depressions. 
 

2.8.1.6 Soil Moisture Regime 
 
Soil moisture regime was identified as a predictor of DSC rust hazard in all regression equations. 
It is highly correlated with site series (Table 6) and therefore could possibly be as a proxy for site 
series itself except for the confounding effect of ecosystems which have overlapping site series.  
Ecosystems can encompass two or three soil moisture regime (SMR) classes. The black spruce 
(PlSb) ecosystem, in particular, is a good example of this in the study area. We have not 
completed enough sampling to determine, with statistical certainty, that different moisture 
classes within this ecosystem have different potentials for supporting number of bastard toad flax 
and consequently different DSC rust hazard. If intra-ecosystem SMR variation, impacting 
variation in infestation, was found to be an important factor, then landscape moisture modeling 
could potentially be applied to the PEM database. We suspect that the mesic to subhygric site 
types of the black spruce ecosystem may potentially support more of the alternate host than the 
submesic phase. Our most heavily impacted PlSb plot with 95% DSC infection, occurred on a 
subhygric site, with over 10 times the average number of alternate host species present for that 
ecosystem.      

2.8.1.7 Insolation  
 
Stepwise regression identified insolation as a possible site factor for predicting DSC infection. 
Subsequent correlation analysis did not show a significant result. Insolation combines slope and 
aspect and can be modeled with GIS software. Further sampling may confirm an insolation 
effect. Toadflax has shown a preference for cool aspects in drier areas and in drier climatic areas 
like the SBSdw2.   
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2.8.1.8 Disturbance and Percent Humus 
 
Disturbance was highlighted as a possible predictor by the regression equation for the zonal, 
pinegrass and black spruce ecosystem groups. Correlation determined it to be not significant with 
our current number of samples. It was surmised that disturbance, primarily during harvest or post 
harvest site treatment, could negatively affect alternate host survival and reduce DSC hazard. It 
was surprising to find that some of the disturbed sites, mostly disc trenched, had as high or 
higher rates of infection than untreated sites. More sampling may uncover a trend.  
 
Percent humus measurement is another measure of the level of disturbance. It was highlighted in 
stepwise regression equations for DSC infection on zonal, black spruce and rice-pine grass sites. 
Correlation values were not significant. Disturbance can be extracted from spatial databases and 
GIS mapped using stand history information.  

2.8.1.9 Vegetation Competition and Shading 
 
Tree, shrub and herbaceous cover were tested by regression analysis; results indicated a 
significant relationship with herbaceous vegetation. Correlation analysis indicated that they were 
not significant.  Bastard toad flax is seldom found in situations with strongly competing 
vegetation and/or in dense shade. These factors may yet prove to be significant. Dense vegetation 
could have implications on establishment and survival of bastard toadflax and on the 
effectiveness of spore dispersal. It is not something that can be easily modeled in a GIS 
environment except by ecosystem mapping itself.  
  

2.8.2 Stalactiform Blister Rust Results and Discussion 

2.8.2.1 Site Series and Plant Associations  
 
Almost all the site factors discussed in the analysis of Comandra blister rust are relevant to 
Stalactiform blister rust, with specific exceptions related to the virulence and autecology of the 
alternate host species. Unlike DSC, DSS has three alternate host species. Within the three study 
area climatic units, the most widespread and abundant alternate host is Cow wheat. Next in 
importance is Indian paint brush and in last place is the relatively uncommon Yellow rattle.   
 
Yellow rattle is most common on moist to almost wet very open areas logged and roadside areas. 
It is pioneer (weedy) plant species and generally the poorest plant competitor among all the 
alternate hosts we discuss.  It was encountered on only two sites and although it can be locally 
abundant we do not consider it an important vector for DSS infection. 
 
Indian paint brush occurs in low abundance scattered throughout open pine forests and open 
disturbed areas. It is a partial parasite, more colonial than the other DSS alternate hosts and much 
like Bastard toad flax. We found that that it can be locally abundant and is probably an important 
vector for the disease in areas where Cow wheat is rarer. Cow wheat is the most widespread and 
abundant alternate host of all. Similar to Bastard toad flax it is a relatively poor competitor, most 
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common on nutrient poor sites where there is ample light. Cow wheat is much more abundant in 
the landscape than Bastard toad flax. 
 
DSS is a much less virulent disease than DSC. In stands with many times more alternate host 
species for DSS than DSC, infection of DSC will be equal or exceed that of DSS. Average DSS 
alternate host cover over the 130 plots totaled 0.96%. This was comprised of cow wheat (0.5%) 
and Indian paintbrush (.46%). Yellow rattle had negligible cover. By comparison bastard 
toadflax was only 0.24% average cover in the landscape. Average DSS infection was 7.4% 
compared with 9.5% for DSC. Average distribution of DSS throughout all the ecosystem plant 
associations is shown in Table 8 below, followed by Figure 9, a bar graph showing the 
distribution as well. 
 
Table 8. Stalactiform Blister Rust Infection vs. Plant Associations 
 

Stalactiform Blister Rust 
Site Series 

Statistics Zonal Lichen Bearberry Grass Black Spruce Coltsfoot
N 26 4 17 29 44 10
Mean 7.8 0.9 7.58 7.52 6.53 12.25
SE 2.14 0.46 1.95 1.57 1.11 5.16
SD 10.91 0.92 8.05 8.46 7.42 16.31
Confidence 
Interval 3.4-12.2 -25.83 3.44-11.72 4.3-10.73 4.27-8.79 .58-23.91

 
 

Figure 9: Percent Infection of Stalactiform Blister Rust
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DSS infection is much more consistent in its distribution throughout the landscape than DSC. 
There is very little difference in average infection rate between the zonal (7.85%), Bearberry 
(9%) Pinegrass-Ricegrass (7.52%) and Black spruce (6.53%) ecosystems. The remaining 
ecosystems are substantially lower or higher in incidence. The lichen unit has 0.9% while the 
coltsfoot has 12.25%. Because of the small sample size, both the lichen and coltsfoot scores are 
not as reliable.  DSS is much more uniform across the landscape than DSC, which also reflects 
the ubiquitous nature of cow wheat throughout these relatively dry climatic units. 
 

2.8.2.2 Climatic Units 
 
Climatic zones were found to be significant indicators of infection rates during stepwise linear 
regression. Subsequent paired T tests between climatic units yielded significant results for zonal 
and pinegrass ecosystems and marginal results for the coltsfoot ecosystem. Table 6 displays the 
key climatic unit significant difference scores.  Zonal and pinegrass ecosystems are graphed in 
figures 10 and 11 respectively. On zonal sites there are large differences in infection rates 
between subzones. The drier, warmer, SBSdw2 has more average infection at close to 14% while 
the SBSdw3 has an infection percentage of close to 8%, with the SBSdk  a distant third at less 
than 2%. Cow wheat definitely is more abundant in the drier climates than Bastard toad flax.   
 
 

Figure 10. Zonal Stalactiform Blister Rust Infection Vs Subzone
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On the drier pinegrass ecosystems, shown in Figure 11, rust infection displays somewhat similar 
trends to those on zonal sites. The drier pinegrass ecosystem again supports larger populations of 
alternate hosts and this is reflected in higher infection rates. Average DSS infection rate for this 
ecosystem rises to 15.7 % in the SBSdw2, while the SBSdk is now second in infection rate with 
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6.22%. The SBSdw3 exhibits only a 4% level of infection by comparison, which is interesting 
since zonal sites normally do not support as high alternate host populations as drier ecosystems.   
 

Figure 11. Pinegrass  Stalactiform Blister Rust Infection Vs Subzone 
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2.8.2.3 Elevation 
 
Regression equation analysis (Table 3) and Correlation tables (Table 5) indicate a significant 
relationship between DSS infection and elevation. DSS infection rates follow a similar trend to 
DSC in regards to elevation. At close to 950m infection rates decrease quite dramatically. This is 
in response to reductions in abundance of the alternate host with increasing elevation.  Refer to 
Figures 12 and 13 which graphically illustrate these observations on Black spruce poor sites.    
 

2.8.2.4 Plantation Density  
 
Pine plantation stem density was identified as a predictor of DSS rust infection during 
construction of regression equations for the zonal, pinegrass and Black spruce ecosystems. 
Correlation analysis confirmed this was significant as well. Stand density has the potential for 
have a having a strong impact on DSS infection. First of all, the three alternate hosts do not 
survive well in low light conditions. Second, DSS is a much slower growing fungus than DSC 
and grows mostly vertically on the stem rather than girdling it quickly like DSC does. As a 
consequence, the stand has the opportunity to close in and shed infected lower branches and non-
infected branches before the disease spreads to the stem.  
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Figure 12. Scatter Plot showing Relationships  between Infection Rate 
and Elevation in Sb Poor ecosystems
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Figure 13. Stalctiform Blister Rust Infection Vs. Elevation on Sb Poor 
Ecosystems
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This affords the opportunity of planting seedlings at close spacing to reduce the risk of DSS 
infection. A scatter plot comparing stem density vs. infection rate of DSS is shown in Figure 14 
below. 
 

Figure 14. Scatter Plot showing Relationships  between Infection Rate and 
Total Stems in PLSB Poor Series
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2.8.2.5 Percent Slope and Slope position  
 
Percent slope and slope position were both implicated as possible DSS predictors during 
stepwise regression analysis. Correlation analysis did not find a strong connection between DSS 
infection and these factors. Similar to DSC, it is possible that spore drift from the alternate host 
might be affected by down-slope dispersion. The alternate hosts for DSS tend to favor drier 
situations where there is less plant competition. On medium textured parent material these 
situations are best supplied by the presence of upper slopes and crest slope positions and warm 
aspects. These factors are interrelated with   site series as well. Larger sampler sets will allow us 
to better statistically determine whether infection rates are impacted significantly by these 
factors. 
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2.2.2.6 Soil Moisture Regime   
 
As with regression equations for DSC, regression analysis did not point to a possible relationship 
between infection and moisture regime. Correlation did not confirm a close relationship. 
Similarly there is a close relationship with site series designations and SMR. Except for Yellow 
rattle, the other alternate host species, Cow wheat and Indian paint brush prefer mesic and drier 
site conditions. There is potential to distinguish between different moisture classes employing 
GIS based moisture modeling software. This could be especially important if after more 
sampling, black spruce types prove to have different SMR types with significantly different 
infection potential. 
 

2.8.2.7 Insolation  
 
Regression equation production marked insolation as a potential site factor affecting DSS 
infection. Correlation analysis did not confirm insolation as being a significant factor. Insolation 
is interrelated with other site factors, including slope aspect and soil moisture regime and may be 
hard to separate out as factor itself. Cool or neutral aspects may play a role in survival of 
relatively fragile alternate DSS host spores, therefore affecting the chance of infection in pine. 
Further sampling might clarify this.  
 

2.8.2.8 Disturbance and Percent Humus 
 
As with DSC, disturbance was not highlighted as a possible infection predictor by the regression 
equation for the zonal, pinegrass and black spruce ecosystem groups. Correlation determined it 
to be not significant with our current number of samples. Disturbance, primarily during harvest 
or post harvest site treatment, could negatively affect alternate host survival and reduce DSS 
hazard.   
 
Percent humus was evaluated in stepwise regression equations for DSC infection on zonal, black 
spruce and rice-pine grass sites.  Subsequent correlation analysis values were not significant.  
 

2.8.2.9 Vegetation Competition and Shading 
 
 Tree shrub and herbaceous cover were identified as significant in regression equations for black 
spruce poor, zonal and pinegrass-ricegrass ecosystems. Correlation analysis indicated that they 
were not significant.  DSS alternate hosts are seldom found in situations with strongly competing 
vegetation and/or in dense shade. These factors may yet prove to be significant. They have 
implications on establishment and survival of the alternate host and on the effectiveness of spore 
dispersal from the alternate host. It is not something that can be easily GIS mapped and is more 
of an onsite management consideration.  
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2.8.3 Western Gall Rust Results and Discussion 

2.8.3.1 Site Series and Plant Associations  
  
The key difference in the autecology of Western Gall Rust is that it does not require an alternate 
host. Pines infect pines. Because of this, it was not expected that there would be a strong 
ecosystem sites series related relationship with infection.  It is more similar in pathology to DSS 
than DSC.  Infection may take place over a longer period of time and mortality is not as 
immediate. This allows for crown closure to play a part in managing the disease. The ecosystem 
classification related results of our first field sampling are presented in Table 9 and graphically 
illustrated in Figure 14 
 
Table 9 . Western Gall Rust Infection Vs. plant Association 
 

 
 

Figure 15. Mean Percent Infection of Western Gall Rust 
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Western Gall Rust 
Site series 

Statistics Zonal Lichen Bearberry Grass Black Spruce  Coltsfoot
N 26 4 17 29 44 10
mean 12.87 7.57 4.27 17 11.03 10.76
SE 3.45 4.06 12.68 3.17 2.17 4.32
SD 17.6 8.12 17.6 17.07 14.4 13.66
Confidence 
Interval  5.76-20.00 5.34-20.49 3.63-31.7 10.51-23.5 6.66-15.5 .98-20.53
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Average infection rate for Western Gall Rust, among all samples is 12.8%, the largest average 
infection rate of any of the rust species being studied. It is expected that stand composition and 
stand dynamics factor play a bigger role in Western Gall Rust ecology and infection. Although 
the statistical results for ecosystems were not significant, there seem to be some interesting 
trends.  Infection appeared to be least in the two driest ecosystems. One common stand factor 
that these ecosystems share is more open stocking. The zonal, black spruce and coltsfoot 
ecosystems have similar average infection rates of 12.8%, 11.01% and 10.76% respectively, 
while the pinegrass ecosystem has the highest average infection rate at 17%. There does not 
seem to any apparent biological reason why the submesic pinegrass ecosystem is the highest. 
 

2.8.3.2 Climatic Units 
 
Significant regression, correlation scores and paired T tests occurred for climatic units and 
infection. There was a significant P value for zonal sites between the SBSdk and SBSdw3 and 
between the SBSdw2 and SBSdw3. Table 5 displays the key climatic unit significant difference 
scores.  Zonal ecosystems are graphed in Figure 16.  
 
 

Figure 16: Zonal Western Gall Rust Infection Vs. Subzone 
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The SBSdw3 has a much larger infection rate averaging 27.6% while the infection rates in the 
SBSdk and SBSdw2 are almost identical at 5.6% and 4.5% respectively. The SBSdw3 is a 
moister climate. Greater virulence in the SBSdw3 could be related to higher general humidity. 
when spores are flying.  Aridity leading to lower spore survival, may at least partially explain 



 36

why the driest ecosystems, the lichen and bearberry units, have lower infection rates.  It is well 
known that DSG infection is very sporadic over time and is likely partially dependant on ideal 
weather conditions for optimum dispersal and spore survival. From our modeling viewpoint we 
must ask how site, landscape and environmental factors affect both local and widespread spore 
dispersal and spore success or failure, to arrive at the pattern of infection that we see.  As we 
increase our dataset we may yet find out. Our focus must be on what is going on in the air as 
opposed to what is going on the ground as it tends to be with the two alternate host dependant 
rust species.      
 

2.8.3.3 Elevation 
 
Elevation has been found to be significantly related to infestation success in the other two rusts. 
It is significant for DSG as well.  A correlation P value of .0004 (Table 5.) confirms that there is 
a significant relationship. The pattern is almost identical to that of stalactiform rust.  DSG 
infection rates peak at 27.8% at elevation between 850 and 950m. Infection drops off drastically 
to 7.8% above 950m and tapers off below 850m to 15.6%.  Figures 17 and 18 display the results 
graphically. Figures 19 and 20 depict a similar situation in the black spruce – poor ecosystem 
except that instead percent infection continues to increase, with  drops in elevation at elevations 
under 850 m.  
 
 

 Figure 17. Western Gall Rust infection Vs Elevation on Pinegrass sites
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Figure 18. Scatter Plot showing Relationships  between Infection Rate 
and Elavation in Rice-Pine Grass Series
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Figure 19. Scatter Plot showing Relationships  between Infection Rate 
and Elevation in Black Spruce Poor Series
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Figure 20. Western Gall Rust Infection Vs. Elevation on Black Spruce 
Sites
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2.8.2.4 Plantation Density  
 
Plantation density was found to be well correlated with DSG infection; see Figure 21 below. A 
significant P value of .003 was achieved (Table 5). Stand density had also been found to be 
significant for DSS.  
 

Figure 21. Scatter Plot showing Relationship  between Infection Rate and 
Total Stems in Zonal Sites
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The same pattern is repeated for other ecosystems. DSG does not usually kill within the first few 
years like DSC. This enables the denser stands to close in and self prune more rapidly, thus 
reducing the risk of repeat infections as they get older.  
 

2.8.2.5 Percent Slope and Slope position  
 
Percent slope but not slope position is implicated as possible DSG predictors during stepwise 
regression analysis. More open canopied steep slopes and exposed crests may cause desiccation 
of spores and impair their survival. Down slope drift may also aid in infection. Correlation 
analysis did not find a strong connection between DSG infection and these factors. Larger 
sampler sets will allow us to better statistically determine whether infection rates are impacted 
significantly by these factors. 
 

2.2.2.6 Soil Moisture Regime   
 
Soil moisture regime was another factor plugged into our regression equations without a 
significant result.  Correlation did not confirm a close relationship. Soil moisture is interrelated 
with parent material and topographic location. It can be used as a proxy for ecosystem sites 
series.  
 

  2.8.2.7 Insolation  
 
Insolation was another factor that we regressed without effect. Correlation analysis did not 
confirm insolation as being a significant factor. Insolation is interrelated with other site factors 
including slope aspect and soil moisture regime as well as ecosystem site series. Cool or neutral 
aspects may play a role in survival of DSG spores therefore affecting the chance of infection in 
pine.   
 

2.8.2.8 Disturbance and Percent Humus 
 
Disturbance was not expected to have an effect unless it stressed the plantation and predisposed 
trees to be susceptible to infection. No correlation was found. Similarly humus disturbance was 
not found to be significant.  
 

2.8.2.9 Vegetation Competition and Shading 
 
 Tree shrub and herbaceous cover were identified in regression equations for black spruce poor, 
zonal and pinegrass-ricegrass ecosystems. Correlation analysis indicated that shrub and tree 
cover were significant infection factors. Taller shrubs could possibly be an impediment to spore 
dispersal. Perhaps shrub cover is related to some other site factor which is a determiner of 
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infection. This could have vegetation management implications. Lower herbaceous vegetation 
did not have a significant impact on infection suggesting the possibility of some sort of physical 
interaction. Please see Appendix 3 for additional scatter plots highlighting the relationship 
between important site factors and rust infection, with plant association plots colored coded to 
demonstrate association differences. 
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2.9 Summary of Results  
 
Table 10.  Insights Gained from 2007 Rust Hazard Factor Results 
 
 
 INSIGHTS GAINED FROM 2007 RUST HAZARD FACTOR RESULTS 
  GIS FRIENDLY 

 
SITE SPECIFIC ONLY 

RUST 
SPECIES 

Elevation Climate 
Unit 

Ecosystem 
Site Series/ 
Association 

 
 

Terrain
/Topog 

Slope 
Aspect,  

Insolation 

SMR Local  
Resistance 
virulence 

Mature 
Stand 
Data 

Disturbance 
 

Stand 
Density

Shrub
Tree 

Layer 

Herb 
layer 

Comandra 
Blister  
Rust 
 
 
 
 

GOOD GOOD FAIR/POOR POOR POOR NIL N/A POOR POOR 
/FAIR 

FAIR FAIR 

Stalactiform 
Blister  
Rust 
 
 
 
 

GOOD GOOD FAIR/POOR POOR POOR NIL N/A POOR FAIR FAIR 
POOR

FAIR 

Western 
Gall 
Rust 
 
 
 

GOOD GOOD POOR POOR POOR NIL N/A POOR FAIR FAIR 
POOR

FAIR 
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3.0 Recommendations for Year 2008  
 
Based on the statistical significance of our preliminary results, summarized above and on general   
field observations, we make the following recommendations for further work to be done 

3.1 Field Work 
 

1) Continue with field work next summer to improve all statistics. For both Comandra and 
Stalactiform rusts good ecosystem trends are emerging. However considering sample 
variability, size and apparent site factor interrelationships confound present 
interpretations we will need an effort, equivalent to last year, to get large enough, 
statistically reliable data sets, for the analyzing ecosystems to level of plant association, 
for the SBSd units. 

2) Based on the variability we have seen, we recommend that the basic sampling ecosystem 
unit be the plant association. This will also end up being more cost effect and should 
provide reliable enough results. 

3) Pending possible funding shortfalls it would be prudent to complete the sample set for the 
SBSd climatic unit next summer, and funding permitting, complete as much sampling as 
possible in the SBSm (SBSmk1, SBSmc2 and SBSmc3). These units represent a huge 
landbase in which a large portion of pine dominated stands exist.  

4) The random “paired” plot sample design of two stand-alone plots proved to be a 
practical, effective way, to acquire an adequate cost effective dataset - although its 
original intent of blending plots is unworkable. 

5) The upper age limit for sample stands was set at eighteen years old. We recommend 
limiting sample selection to stands less than 15 year of age, unless it is impossible to 
replace those stands.  We encountered difficulties in some of the older stands in 
confirming source of mortality for some stems.  

6) If we want reliable statistics to complete the SBSm and at least some sampling in the 
SBSw climatic units, cumulatively, it will take an additional two times the results we 
achieved last field season (close to 400 plots grand total). This is based on achieving a 
minimum of 30 replicates, or more, of each relevant forested ecosystem type (see original 
sample plan). 

 

3.2 Analysis 
 

1) We recommend completing cluster analysis, with the larger data set, next time around. 
This will help us to identify landscape/stands with unusual resistance or susceptibility 
and/or potency or lack of potency in the rust species population. This could be useful for 
screening and handling data as well as useful for mapping purposes. 

2)   We should be able to get a large enough data set the next time to produce statistically 
accurate regression equations for mapping rust hazard the SBSdw3, SBSdw2 and SBSdk. 
At this point in time ecosystem association, elevation and subzone appear to have the 
largest weightings overall and depending on the rust species other factors will come into 
play. The key is to identify all possible GIS compatible factors. 
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3) With a more complete data set, we will be able to develop more statistically grounded 
management protocols.   

4) The larger data sets will allow us to carry out more powerful analyses. The bulk of our 
results were statistically not useful, simply because our small sample size.  

5) Pending another successful field season, we should have enough data to confidently 
hazard map at least entire SBSdw3, SBSdw2 and SBSdk climatic units providing funding 
is available for that as well. If funding is available we recommend that these climatic 
units should be mapped 2008-2009 fiscal year.  

 

4.0 Preliminary Management Recommendations 
 
Our goal is to attain enough ecologically grounded knowledge to enable us to accurately predict 
and quantify pine stem rust hazard in the landscape. This same knowledge will better enable us 
to develop effective management options to combat and avoid rust infects. Our results, though 
only preliminary, help point to several management options and techniques. The possibility of 
the use of these different management tools and techniques are briefly discussed in relation to 
our preliminary results. More detailed guidelines are not given since they await more definitive 
results and analyses beyond the scope of a progress report. 
 
 

1) Stocking density 
Our data analysis suggested a strong relationship between stocking density and rust infection, 
especially   for stalactiform and western gall rusts.  Generally high stocking was found to 
reduce rust infection.  Control of stocking density is a recognized management tool. Rust 
hazard mapping may enable us to focus on particular areas where this may be most cost 
effective. 
 
2) Fill planting 
Fill planting is an important silviculture tool. Fill planting is especially relevant to some sites 
with high comandra blister rust infection. We observed several stands, particularly in black 
spruce and bearberry ecosystems where Comandra blister rust mortality had reduced stocking 
levels to well below accepted standards. Identification of blister rusts is recommended to be 
completed during traverses and point sampling associated with all silviculture surveys.   
 
3) Alternative species 
Choice of preferred and alternative tree species is ecosystem based. Knowledge of which 
ecosystems and in particular which site attributes within those ecosystems, that are confirmed 
hazard factors will enable us to set more site specific guidelines for alternate species on high 
hazard sites.     

 
4) Silviculture treatment 
There are several treatment options which have been recognized as being useful to both 
combat rust and increase stand value. Chief among them is sanitation thinning and pruning. 
Timing is an important factor in thinning operations, since excess culling may lead to under-
stocking if significant mortality continues in the stand. 
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5) Silviculture systems 
We have to rethink the impact of different silviculture systems on pine stem rust hazard.  
 
6) Timber harvesting 
Season of harvest and harvesting systems may impact both comandra and stalactiform blister 
rust. The effect would be indirect based on how alternate host species might be impacted; 
aided or harmed by harvesting activities. Soil disturbance effects are factors we have been 
focusing on in our field sampling. With a larger data set we may be able to see trends 
immerging. 
 
7) Vegetation/ weed management 
Vegetation management could have a significant indirect impact on both the success of the 
alternate host species and /or dispersion of spores. Our initial results show that there may be 
a significant relationship between rust infection and both shrub and herb cover levels. We do 
know that the alternate host species do not like shade and do not compete well with other 
vigorous vegetation species. There may be circumstances for example where brush control 
may actually increase stand mortality more than abate it.   
 
8) Site treatment/disturbance  
Site preparation for planting including mechanical treatments and fire,  or the lack thereof, 
may have an indirect influence on the fortunes of comandra and stalactiform blister rusts 
alternate host species. We have been collecting field data to determine this and hope a larger 
data set will help us resolve possible effects.     
 
9) Genetically resistant stock 
Research trials on Comandra rust resistant populations are now underway in the Lakes 
District (personal communication Richard Reich).  Planting of rust resistant pine stock 
provides another management option in high rust risk areas.  

 
10) Rust surveys 
The use of rust hazard maps will help forest field managers focus rust surveys in a cost 
effective manner. Similarly general awareness of the rust hazard, by field personnel involved 
in other forest management pursuits is seen as a critical component of implementing rust 
surveys and remediation/prevention measures. Identification and characterization of rust 
hazard should be part of standard silviculture plantation stocking surveys 
 
11) Use of rust hazard mapping as a planning tool 
A rust hazard map will aid us in implementing site specific field operations tools available in 
a targeted, cost effective, manner.  At the landscape planning level, rust hazard mapping can 
be used to better quantify potential costs of rust to forest companies 
 
12) Rust workshops 
Awareness of the problem and knowledge of the stems rusts are key factors in the 
implementation of all the possible management options. Stem rust survey workshops should 
be available to forest management practitioners   
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Background 
 
Three stem rusts, Western Gall Rust, (Endocronartium harnessii (J.P Moore) Hiratsuka 
Stalactiform Blister Rust, (Cronartium coleosporiodes Arthur) and Comandra Blister Rust, 
(Cronartium comandrae Peck), are widespread across the Suboreal Spruce Climatic Zone (SBS) 
of British Columbia.  these rust species are restricted to two and three needle pine host species. 
In sub-boreal forests these rusts are a major pathogens of  lodgepole pine. Western Gall Rust 
unlike the other two species does not require an alternate host to complete its life cycle and is 
therefore more widespread than Stalactiform Blister Rust and Comandra blister rust. The range 
of these later rusts correlates with the range of lodgepole pine (its aecial host) but is restricted to 
areas where its host and alternate hosts overlap. The alternate host of Comandra Blister Rust is 
Bastard toadflax (Geocaulon lividum Richardson), while Stalactorm blister rust has more than 
one alternate host. These hosts include;  Cow wheat (Melampyrum lineare), Indian paintbrush 
(Castellejia miniata) and Yellow rattle (Rhinanthus crista galli), listed in terms of commonness 
across the landscape. 
 
These rust species are a significant threat to pine plantations causing significant mortality, as 
well as degradation of wood quality and growth potential. There is a need to develop a rust 
hazard rating system which will help guide effective sustainable resource management of the 
pine resource by ensuring full stocking in rust risk sites. Identification of high risk sites will 
enable resource managers to effectively target ecologically based silviculture regimes. In 
response to this need  Richard Reich  initiated a pine stem rust hazard rating  project in the year 
2006. This ongoing project is multifaceted and involves several concurrent projects studying 
various aspects of pine stem rust. 
 
One of the primary products of pine rust hazard rating is the creation pine stem rust hazard rating 
maps for the Prince George TSA. In coordination with other decision support tools these maps  
will be very useful for forest  planning and operational management operations. The specific 
objective of this phase of the stem rust research project is creation of a rust hazard map. To 
accomplish this we have produced a preliminary rust hazard map of the Prince George TSA, 
based on current ecological research and expert ecological knowledge. In addition we have 
completed a field sampling plan in order gather further critical site factor data during the year 
2007 field season. Data collected will serve three purposes: first it will help to calibrate and 
correct the preliminary rust hazard rating map; second, it will help advance our knowledge of site 
factors crucial to developing a decision support tool for effectively managing pine stem rust; 
third, it will provide information for helping to test the effects of current and past management 
practices as well as to point to new pine rust mitigation management procedures and techniques. 
Preliminary hazard mapping assumptions and rules and the field sampling planning are described 
below.  
 
 
Initial Observations 
 
Ongoing research by Richard Reich (personal communication) within the Mackenzie TSA and 
Vanderhoof District has indicated several site factors and ecological variables which may have 
important effects on stem rust infection.  Stalactiform and Comandra stem rust, infection of 
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lodgepole pine is dependant on the close proximity of alternate host plant species.  Factors which 
influence the presence and abundance of the alternate host are of paramount importance to pine 
infection. These factors are the primary focus of this pine stem rust hazard mapping project. 
 
 The primary site factor determining the presence of the alternate host is ecosystem site series or 
plant association. It is well known that the alternate host species for rust are more common on 
certain ecosystems and are limited to certain climatic zones. Beyond ecosystem site series and 
plant associations there are several other variables which appear to favour or might favor the 
presence of alternate host species. These factors include: light levels (forest stocking density), 
plant competition (often related to site potential), spore and seed dispersal agents and site 
disturbance. Stand stocking, plant competition and site disturbance are factors which forest 
managers have had an increasing significant impact upon. These various factors are discussed in 
more specific detail as they relate to sampling stratification and technique     
 
Other intrinsic, perhaps interrelated site factors and events related to dispersion of spores from 
the alternate host to the pine are poorly known and are currently being investigated by Richard 
Reich and Ken Simonar, author of this mapping and sampling plan. These factors include: 
virulence, calculation of threshold distances for spore dispersal and infection of pine, effect of 
slope and aspect on spore dispersal, and effect of prevailing winds.  Field  data collected  for this 
mapping project are targeted towards advancing our knowledge of these and other infection 
parameters. This will ultimately enable us to better model rust hazard.  
 
Preliminary hazard mapping will concentrate on ecosystem based factors. This is specifically 
because ecosystem site series and plant association traits are assumed to be of primary 
importance to alternate host distribution and abundance. In addition to this, completion of recent 
terrestrial ecosystem mapping (TEM) and predictive ecosystem mapping (PEM) in the Prince 
George TSA enables us to link rust ecology with spatial, GIS based, analyses and planning tools.  
  
 
Preliminary Mapping and Sampling Strategy 
 
Preliminary mapping 
 
Mapping Technique 
 
Preliminary rust hazard mapping is GIS based. We first defined three key criteria  available from 
current GIS databases. We developed 5 hazard severity classes based on for the two main criteria 
ecosystems and stand cover. These criteria and density are explained in more detail below. All 
ecosystems and stands within PEM and VRI databases were then assigned a rust hazard ranking. 
PEM and VRI databases were then merged to produce a rust hazard matrix and a final rust 
hazard ranking. A third modifying criteria, stand density - a VRI polygon attribute comprising 
three density classes - was queried as well. 
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Mapping Criteria  
 
The preliminary stem rust hazard  rating map for both Stalactiform and Comandra Blister rusts is 
based primarily on presence of alternate host plant species for rust. The presence and abundance 
and distribution of the alternate host is considered to be the dominant risk factor.   Secondary site 
characteristics may modify rust risk through their effect on either of the host species.  
 
Distribution of alternate host plant species is largely ecosystem dependant. This includes climatic 
units suitable for the existence of the alternate host and within them and the presence of specific 
ecosystem site series ecologically suited for sustaining the plant. Ecosystem distribution and 
associated probability of alternate host are available from PEM and TEM maps and from 
Ecosystem classification vegetation point sample plots. Secondary site factor are less well known 
but can be sampled for and recorded. 
 
 Secondary site factors include: 
 

a) Plantation stand composition including species mix and stand density. Lack of pine on an 
otherwise high risk ecosystem (for the alternate host) would negate the possibility of rust 
infection. These statistics are available from historical VRI, timber type and cutblock 
development records.  

 
b) Stand density could be important. Alternative hosts, encompassing several species with 

the Scrophulariaceae are generally poor plant competitors, partially saprophytic, which 
appear to thrive best in sparsely vegetated open sunlit situations. Medium to Dry nutrient 
poor ecosystems are the most common site domain providing these site factors. Stand 
density statistics are available from VRI databases. 

 
c) Site history could also be important. Disturbance regimes could affect survival rates of 

existing alternative host plants in young natural or managed pine plantations. Fire regime 
and mechanical disturbance (site prep. Season of logging, equipment used and “weed” 
control are parameters that can be extracted from logging history maps and databases. 

 
d)  Terrain parameters may also be important. They may interact with other site factors to 

impact infection risk. Warm open dry ecosystems which may favor both pine and the 
alternative host might be found on steep southerly upper slope and crest slope positions. 
In some areas steep northerly slopes have cold soils with poor nutrient cycling.  Spores 
may drift downslope to infect host species. Terrain features are available from TRIM. 

 
 
Hazard rating mapping classes   
 
We have devised 5 hazard rating classes dependant on the presence and abundance of the 
alternate host on particular sites. Discrete ecosystems have different site potentials for presence 
of the alternate host plant species. We queried existing ecosystem plot data for presence and 
levels of alternate plant hosts occurring in individual site series. Please note that the preliminary 
rust hazard map is a combined Stalactiform and Comandra hazard map. The alternate hosts for 
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both rusts occur in the same or very similar ecosystems. Western Gall rust is not represented in 
the preliminary map since it does not require an alternate host.  The field data collected for all 
three rust species will enable us to later differentiate and refine hazard rating for each species.  
Hazard rating classes for individual ecosystem site series, based on presence of alternate host 
species are found in Appendix 1.    
 
Hazard Rating Classes for ecosystem related presence and cover of alternate host  
 
Very High:  almost always present and usually high cover; 70%+    weighting = 4 
High: usually present sometimes high cover; 50-69% presence        weighting = 3 
Moderate:  sometimes present,  low cover; 20-49% presence           weighting = 2 
Low : rarely presence,  trace to low cover; 1-19% presence  weighting = 1   
No Risk: not present       weighting = 0 
 
Hazard Rating Classes for presence of pine in original stand 
 
Very High: 90-100% pine composition    weighting = 4 
High: 70-89% pine composition, unless Sb present then 50-89% weighting = 3 
Moderate: 30-69% pine composition unless Sb then 30-49% weighting = 2 
Low: 0-29% pine composition      weighting = 1 
 
Hazard Rating Classes  
 
The product of alternate host presence weighting X presence weighting of pine 
 
Very High        16+ 
High         9-15 
Moderate        4-8 
Low         1-3 
Nil         0 
 
Hazard rating effect for stand density 
 
Density class 0       +1 
Density class 1        0 
Density class 2       -1 
 
The following, management practices related, hazard rating “assumed” effects were not used in 
the preliminary mapping since they are not readily available in a GIS format. The assumptions 
listed below will be tested in the analysis and map recalibration phase, following completion the 
summer field    
 
Hazard rating effect of  mechanical site  preparation 
 
Mechanical site preparation      -3 
No Mechanical site preparation     0 
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Hazard rating effect of season of logging 
 
Summer logging       -3 
Winter logging       0 
 
 
Hazard rating effect of Broadcast burn 
        
Burned Yes         -3 
Burned No        0 
 
Hazard rating effect of herbicide treatment 
 
Treatment Yes        -1 
Treatment  No        0    
     
 
A preliminary rust hazard map for each Forest District   has been produced and has been 
supplied separately in digital form as well as one small scale paper copy of each Forest District.   
 
Sampling Plan 
 
Sample polygon distribution 
 
The proposed sampling goal was to sample a minimum of 60 to 70 polygons in each of the three 
forest districts comprising the Prince George TSA. Analysis of climatic subzone and ecosystem 
patterns across the TSA, suggested that we modify this approach to a climate unit based 
approach instead. The outcome in terms of numbers of sample plots will remain the same but 
distribution of sample polygons between forest districts ended up being unequal.  
 
Sample polygon stratification  
 
We carried out a stratified random sampling of polygons. As stated above, polygons were 
stratified by climatic unit. Climatic units without trees (AT) or without the significant presence 
alternate host species (ESSF) were excluded. We identified several climatic units which either 
had low area representation within the map area. These were excluded from our sampling as 
well, these include: BWBSdk1, SBPSmc, ICHwk3, ICHwk4, SBSmh and SBSdw1. 
 
In the interest of obtaining a large enough, statistically reliable sample set  in climatic units 
where pine is an significant component of the landscape we excluded the SBSvk and the 
ICHvk2. A small number of dry ecosystems including: the  SBSvk-02 Pl-Huckleberry – Velvet-
leaved blueberry; SBSvk-09 – Pl-Hucklberry-Cladina, SBSvk-02; SBSvk-03 SxwFd 
Thimbleberry; SBSvk-04 Sxw-Thimbleberry; ICHvk2-02 HwCw-Cladonia and the ICHvk2-03 
HwCw-Stepmoss, have potential for Comandra and Stalactiform rust infection.  These ecosystem 
site series have plant associations in common with adjoining sampled climatic units and 
therefore sample results could still be conditionally applied to these ecosystems.  
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Our sample set of polygons included all ecosystems with rust hazard ratings of 1-4 In the 
remaining climatic units: the SBSdk, SBSdw2, SBSdw3,  SBSmc2, SBSmc3, SBSmk1,   
SBSmw, SBSwk1, SBSwk3 and SBSwk3a Within each district we chose a maximum of four 
sample polygons from each sites series from each climatic unit occurring in that district.  The list 
of potential sample polygons is listed in Appendix 2. Random sample polygons within these 
ecosystems were selected from pine plantation 8-17 years old. Between these ages rust infection 
becomes clearly manifested and after that infection rates tail off. In some instances, matches 
could not be found between ecosystem and cutblocks between 8 and 17 years of age. The sample 
polygons numbers within ecosystem sites series are listed by district in Appendix 3.  Individual 
sample plot packages with ortho photos and access maps as well as sampling instruction kit are 
being provided as a separate phase of this contract. Sample plan maps for each forest district are, 
attached separately from this report. They have been provided in digital format as well as 
individual small scale paper maps of each Forest District    
 
Sample Plots 
 
Sample plot specifications 
 
Within each sample polygon a pair of randomly located sample plots will be established. Sample 
plot number and area have been modified from previous sampling. Each plot will be a 20mx20m 
square .04 ha plot.  This plot design samples half of the area of  the multiple 3.99m radius plots 
in previous studies. The paired plot design still allow for a measure of within polygon variability 
and an average sample set of about sample 100 trees. Meanwhile the sample plot maintains 
standard size that is considered appropriate  for accurate research level ecosystem identification, 
within field sampling budget constraints. 

 
Initial Plot center will be established at designated GPS location. Plot moved and new position 
GPS location recorded if less than 25m buffer from different VRI stratum, or if plot location is 
inappropriate; for example if an ecosystem complex occurs within the plot or if it lands on a road 
or landing. Plot center will marked with a wooden peg and plot number identified on flagging. 
Secondary plot center(s) per rust species (for Stalactiform and Commandra blister rusts), 
centered at the nearest infected plant. Pig tail with colored flagging red for Commandra blister 
rust and blue for Stalactiform blister rust inserted at secondary plot center. “Secondary” Western 
gall rust plot center will be main plot center. 
 
Sample plot data collection 
 
On a spreadsheet record number of infected stems, per rust species as well as,  total  pine stems 
per fixed plot (count dead when rust infected). Flag Comandra Rust trees with yellow flagging 
and Stalactiform Rust tree with white. From secondary centre record distance to nearest alternate 
host recorded as well as bearing. If there is more than one alternate host plant within 1dm radius 
of the closet plant, then stem count within that 1dm radius recorded. Make comments on 
distribution of additional alternate host with the sample (clumped/continuous orientation to 
affected plant  if site is sloping greater than 5% measure distance to nearest upslope alternate 
host plant as well. Unless distributed throughout the plot, spray paint location of isolated clumps 
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of  alternate host species including: Geocaulon lividum, Myalmprum lineare, Castellija minuata, 
Rhinanthus crisata-galli 
 
All other site measurements recorded on FS882 field form to ecosystem classification research 
specifications. Soil pit is to be to 60cm depth unless impervious zone encountered. Comments on 
site modification are very important including evidence of mechanical site preparation, logging 
disturbance including and scalping of surface horizons, burning, herbicide use etc. Sample data 
will later be transferred in the office to a spreadsheet for data analysis. This will also include 
opening history data including season of logging,  burning or other treatments. 
 
 
Data Entry 
 
Field data will be entered and edited in EXCEL to enable detailed statistical analyses, including 
ANOVA and Regression analyses. An example EXCEL data sheet is attached. 
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APPENDIX 1 
 
 
 
Preliminary Rust Risk Rankings Based on Ecosystem Units 

 
Comandera Bister Rust: Alternative Host Geocaulon lividum 
Stalactiform Blister Rust: Major Alternative host Melampyrum lineare 
 
Note that climatic units or ecosystems  without  the alternate host are in class 0 risk and are not 
included in this list.  
 
Very High:  almost always present (70%+) and usually high cover  weighting = 4 
 
SBSdk-03 Pl – Feathermoss - Cladina 
SBSdw2-03 Pl-Kinnikinnick-Wavy leaved moss 
SBSdw3-03 Pl-Feathermoss – Cladina 
SBSmc3-03 Pl-Feathermoss 
SBSmk1-03  Pl-Feathermoss-Cladina 
SBSmh-03 FdPl-Velvet-leaved blueberry-Cladonia 
SBSvk-02 Pl-Huckleberry-Velvet-leaved blueberry 
SBPSmc-02 Pl-Kinnikinnick-Cladonia 
SBSmw-03 Pl-Huckleberry-Velvet-leaved blueberry 
SBPSmc-03 SbPl-Feathermoss 
SBSwk1-03 Pl-Huckleberry-Velvet-leaved blueberry 
SBSwk3-02 Pl-Huckleberry-Cladina 
SBSwk3a-02 Pl-Huckleberry-Cladina 
 
High: usually present sometimes high cover; 50-69% presence        weighting = 3 
 
BWBSdk1-02 PlLigonberry-Feathermoss 
BWBSdk1-04 Sb Ligonberry-Feathermoss 
BWBSdk1-05 SwPl-Soopolalie-Twinflower 
SBSwk3-05 Sb-Labrador tea 
SBSdk-02 Pl – Juniper - Ricegrass 
SBSdk- 05 Sxw – Spirea – Feathermoss 
SBSdk-BF PlSb type (No Classified Number)  
SBSdw1-02 FdPl-Cladonia 
SBSdw1-03 Fd-Saskatoon-Pinegrass 
SBSdw1-04 Pl-Pinegrass-Feathermoss 
SBSdw1-05 SwFd-Ricegrass 
SBSdw2-02 FdPl – Cladonia 
SBSdw2-07 PlSb – Feathermoss 
SBSdw2-05 SxwFd-Cat’s tail moss 
SBSdw2-06 Pinegrass-Feathermoss 



 54

SBSdw3-2 FdPl-Cladonia 
SBSmc2-02 Pl-Huckleberry-Cladonia 
SBSmc2-03 SbPl-Feathermoss 
SBSmc3-02 Pl-Juniper-Dwarf blueberry 
SBSmc3-05 Sb-Huckleberry-Spirea 
SBSmc3-06 SbPl Feathermoss 
SBSmk1-02 Sxw-Huckleberry-Highbush cranberry 
SBSmk1-06 Sb-Huckleberry-Spirea 
SBSvk-09 Pl-Huckleberry-Cladina 
SBPSmc-04 Sxw-Scrub birch-Feathermoss 
SBSmh-02  FdPl-Cladonia 
SBSmw-02 SxwFd-Huckleberry 
SBSwk1-02 Pl-Huckleberry-cladina 
SBSwk1-12 SbPl-Feathermoss 
SBSwk3a-05 Sb-Labrador tea 
 
Moderate:  sometimes present,  low cover; 20-49% presence           weighting = 2 
 
BWBSdk1-03 Sw-wildrye 
BWBSdk1-06 Sw-Scouring rush-Stepmoss 
BWBSdk1-07 Sb-Ligonberry-Coltsfoot 
SBSdk-04 Fd - Soopolallie - Feathermoss 
SBSdk-01 Sxw - Spirea – Purple peavine 
SBSdw1-01 SxFd-Pinegrass 
SBSdw2 01 SxwFd – Pinegrass 
SBSdw3 01 SxwFd – Pinegrass 
SBSdw3 04 SxwFd-Ricegrass 
SBSdw3 06 Sxw-Pink spirea – Prickly rose 
SBSmc3-04 Sxw-Huckleberry-Soopolallie 
SBSmk1-04 SxwFd-Knight’s Plume 
SBSmk1-05 SxwFd-Toad-flax 
SBSmh-04 Fd-Douglas Maple-Stepmoss 
SBSmh-05 SxwFd-Feathermoss 
SBPSmc 03 Pl-Feathermoss-Cladina 
SBSmw-04  SxwFd-Knight’s plume 
SBSmw-05 Sxw-Pink spirea 
SBSvk-03 SxwFd-Thimbleberry 
SBSwk1-04 SxwFd-Knight’s plume 
SBSwk3-03 SxwFd-Purple peavine 
SBSwk3a-03 SxwFd-Purple peavine 
ICHvk2-02 HwCw-Cladonia 
ICHwk3-02 HwCw-Azalea-Cladonia 
 
Low : rarely presence,  trace to low cover; 1-19% presence  weighting = 1 
 
BWBSdk1-01 Sw-Knight’s plume –Step moss 
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SBSdk-06 Sxw-Twinberry – Coltsfoot 
SBSdw1-06 SxwFd-Thimbleberry 
SBSdw1-07 Sxw-Twinberry-Coltsfoot 
SBSdw2-08 Sxw-Twinberry 
SBSdw3-07 Sxw-Twinberry 
SBSmc2-01 Sxw-Huckleberry 
SBSmc2-04 Sxw-Huckleberry-Dwarf blueberry 
SBSmc2-05 Sxw-Twinberry-Coltsfoot 
SBSmc3-01 Sxw-Huckleberry 
SBSmc3-07 Sxw-Twinberry 
SBSmk1-01 Sxw-Huckleberry-Highbush cranberry 
SBSmh-01 SxwFd-Hazelnut 
SBSmw-01 SxwFd-Falsebox 
SBSvk-04 Sxw-Thimbleberry 
SBSwk1-05 Sxw-Huckleberry-Highbush cranberry 
SBSwk3-04 Sxw-Huckleberry-Highbush cranberry 
SBSwk1-06 Pink spirea-Oak fern 
SBSwk3-01 Sxw-Oakfern 
SBSwk3a-04 SxwFd-Birch-leaved spirea-Feathermoss 
SBSwk3a-01 SxFd-Dogwood-Fairybells 
ICHvk2-03 HwCw Step moss 
ICHwk3-03 CwSxw-Prince’s pine-Cat’s tail moss 
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APPENDIX 2 
 
 
 
Sample  Ecosystems  
 
 
Very High:  almost always present (70%+) and usually high cover  weighting = 4 
 
SBSdk-03 Pl – Feathermoss - Cladina 
SBSdw2-03 Pl-Kinnikinnick-Wavy leaved moss 
SBSdw3-03 Pl-Feathermoss – Cladina 
SBSmc3-03 Pl-Feathermoss 
SBSmk1-03  Pl-Feathermoss-Cladina 
SBSmh-03 FdPl-Velvet-leaved blueberry-Cladonia 
SBSmw-03 Pl-Huckleberry-Velvet-leaved blueberry 
SBSwk1-03 Pl-Huckleberry-Velvet-leaved blueberry 
SBSwk3-02 Pl-Huckleberry-Cladina 
SBSwk3a-02 Pl-Huckleberry-Cladina 
 
High: usually present sometimes high cover; 50-69% presence        weighting = 3 
 
SBSwk3-05 Sb-Labrador tea 
SBSdk-02 Pl – Juniper - Ricegrass 
SBSdk- 05 Sxw – Spirea – Feathermoss 
SBSdk-BF PlSb type (No Classified Number)  
SBSdw1-02 FdPl-Cladonia 
SBSdw1-03 Fd-Saskatoon-Pinegrass 
SBSdw1-04 Pl-Pinegrass-Feathermoss 
SBSdw1-05 SwFd-Ricegrass 
SBSdw2-02 FdPl – Cladonia 
SBSdw2-07 PlSb – Feathermoss 
SBSdw2-05 SxwFd-Cat’s tail moss 
SBSdw2-06 Pinegrass-Feathermoss 
SBSdw3-2 FdPl-Cladonia 
SBSmc2-02 Pl-Huckleberry-Cladonia 
SBSmc2-03 SbPl-Feathermoss 
SBSmc3-02 Pl-Juniper-Dwarf blueberry 
SBSmc3-05 Sb-Huckleberry-Spirea 
SBSmc3-06 SbPl Feathermoss 
SBSmk1-02 Sxw-Huckleberry-Highbush cranberry 
SBSmk1-06 Sb-Huckleberry-Spirea 
SBSmh-02  FdPl-Cladonia 
SBSmw-02 SxwFd-Huckleberry 
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SBSwk1-02 Pl-Huckleberry-cladina 
SBSwk1-12 SbPl-Feathermoss 
SBSwk3a-05 Sb-Labrador tea 
 
 
 
Moderate:  sometimes present,  low cover; 20-49% presence           weighting = 2 
 
SBSdk-04 Fd - Soopolallie - Feathermoss 
SBSdk-01 Sxw - Spirea – Purple peavine 
SBSdw1-01 SxFd-Pinegrass 
SBSdw2 01 SxwFd – Pinegrass 
SBSdw3 01 SxwFd – Pinegrass 
SBSdw3 04 SxwFd-Ricegrass 
SBSdw3 06 Sxw-Pink spirea – Prickly rose 
SBSmc3-04 Sxw-Huckleberry-Soopolallie 
SBSmk1-04 SxwFd-Knight’s Plume 
SBSmk1-05 SxwFd-Toad-flax 
SBSmh-04 Fd-Douglas Maple-Stepmoss 
SBSmh-05 SxwFd-Feathermoss 
SBSmw-04  SxwFd-Knight’s plume 
SBSmw-05 Sxw-Pink spirea 
SBSwk1-04 SxwFd-Knight’s plume 
SBSwk3-03 SxwFd-Purple peavine 
SBSwk3a-03 SxwFd-Purple peavine 
 
Low : rarely presence,  trace to low cover; 1-19% presence  weighting = 1 
 
SBSdk-06 Sxw-Twinberry – Coltsfoot 
SBSdw1-06 SxwFd-Thimbleberry 
SBSdw1-07 Sxw-Twinberry-Coltsfoot 
SBSdw2-08 Sxw-Twinberry 
SBSdw3-07 Sxw-Twinberry 
SBSmc2-01 Sxw-Huckleberry 
SBSmc2-04 Sxw-Huckleberry-Dwarf blueberry 
SBSmc2-05 Sxw-Twinberry-Coltsfoot 
SBSmc3-01 Sxw-Huckleberry 
SBSmc3-07 Sxw-Twinberry 
SBSmk1-01 Sxw-Huckleberry-Highbush cranberry 
SBSmh-01 SxwFd-Hazelnut 
SBSmw-01 SxwFd-Falsebox 
SBSwk1-05 Sxw-Huckleberry-Highbush cranberry 
SBSwk3-04 Sxw-Huckleberry-Highbush cranberry 
SBSwk1-06 Pink spirea-Oak fern 
SBSwk3a-04 SxwFd-Birch-leaved spirea-Feathermoss 
SBSwk3a-01 SxFd-Dogwood-Fairybells 
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APPENDIX 3 
 
 
List of 8-17 year old Pl sample polygons 
 

1. Prince George: 
 

FREQUENCY, BEC-SS, area (sq m.) Sample polygons (max 4 per ecosystem per district) 
  472     SBS dw 2  01       84341173   4 
   1     SBS dw 2  03          93759  1 
   5     SBS dw 2  05        1019750  4 
  93     SBS dw 2  06       21712539  4 
   2     SBS dw 2  07         439992  2 
 406     SBS dw 3  01       58353959  4 
      19 
 
   1     SBS dw 3  02         359375  1 
   7     SBS dw 3  03         693896  4 
   2     SBS dw 3  04         159805  2 
   3     SBS dw 3  06         271510  3 
  13     SBS dw 3  07        1153582  4 
      14 
 
1139     SBS mk 1  01      209264354  4 
   2     SBS mk 1  03         147623  2 
 208     SBS mk 1  05       33637664  4 
  34     SBS mk 1  06        5159258  4 
      14 
 
 149     SBS mw    01       23399577  4 
   6     SBS mw    04         464806  4 
      8 
 
   1     SBS wk 1  02         192276  1 
 109     SBS wk 1  03       24648257  4 
   6     SBS wk 1  04         705961  4 
  31     SBS wk 1  05        3854782  4 
   3     SBS wk 1  06         647124  3 
  79     SBS wk 1  12       14472578  4 
       20 
 
Grand Total Prince George sample polygons = 75 
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2. Vanderhoof 
 
  75     SBS dw 2  01        9691873  4 
  5     SBS dw 2  03         303504  4 
 25     SBS dw 2  06        1803043  4 
 96     SBS dw 2  07        9051663  4 
  7     SBS dw 2  08         510049  4 
      20 
 
734     SBS mc 2  01       83210747  4 
 29     SBS mc 2  02        2949432  4 
120     SBS mc 2  03       13138628  4 
 50     SBS mc 2  05        3974506  4 
      16 
 
389     SBS mc 3  01       58930237  4 
 15     SBS mc 3  03        1530783  4 
 79     SBS mc 3  04        8475611  4 
187     SBS mc 3  05       28249596  4 
  5     SBS mc 3  06         302567  4 
 14     SBS mc 3  07         889603  4 
       24 
  
209     SBS dk    01       24985236.356916     4 
     2     SBS dk    02          88468.797668   2 
    32     SBS dk    03        3617517.79356 4 
     3     SBS dk    04         468492.299536 3 
    57     SBS dk    05        6143634.67373 4 
    43     SBS dk    06        3622246.24754 4 
    80     SBS dk    BF       11076338.1565 4 
 
                                                                       25 
 
   5     SBS dw 3  01         645845.12931 4 
     7     SBS dw 3  02         695222.9096 4 
    36     SBS dw 3  03        4941830.438 4 
     7     SBS dw 3  04         606201.8331 4 
    46     SBS dw 3  07        2712380.436 4 
                                                                        20 
 
 
Grand total polygons = 105  
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3. Fort St James 
  
 125     SBS dw 3  01       19832935  4 
   2     SBS dw 3  04         129945  2 
   5     SBS dw 3  07         445797  4 
      10 
 
 312     SBS mk 1  01       48044618  4 
   3     SBS mk 1  02         185720  3 
   3     SBS mk 1  03         424896  3 
  98     SBS mk 1  05       20515808  4 
  17     SBS mk 1  06        1354745  4 
      18 
 
   4     SBS wk 3  02         663053  4 
   2     SBS wk 3  03         274932  2 
 149     SBS wk 3  04       24109731  4 
   1     SBS wk 3a 01          78822  1 
       11 
 
 
Grand Total sample polygons = 39 
 
 
All Districts =  219 polygons 
 
Total sample plots (a pair in each polygon) =  438 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 61

 

APPENDIX 2 
 

Schedule A 
 
 

Instruction Package For Field Sampling and Data Entry 
 

 
FIA Field Sampling Work Plan – Pine Stem Rust Hazard Rating Project 
2006/2007 Prince George TSA (Prince George District, Vanderhoof District 
and Fort St James District).  
 
Work Plan 
 
Background 
 
Field sampling is required to refine and calibrate pine stem rust hazard rating and mapping in the 
Prince TSA. The purpose of this project is to collect site data and complete data entry during the 
2007 field season. This help fill in the information gaps in our knowledge of relationship 
between pine rust hazard and ecological parameters.  
 
Sample polygon distribution 
 
Stem rust hazard sample polygons have been randomly selected from 219 7-18 year old pine 
plantations throughout the Prince George TSA. The Vanderhoof Forest District contains the 
majority of sample sites at 105, followed by the Prince George Forest District with 75 sample 
sites and the Fort St James Forest District with 39 sample sites 
 
Sample polygon stratification  
 
Within Forest Districts sample polygons are further stratified by climatic unit including: the 
SBSdk, SBSdw2, SBSdw3,  SBSmc2, SBSmc3, SBSmk1,   SBSmw, SBSwk1, SBSwk3 and 
SBSwk3a and by site series as listed below.   
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List of 8-17 year old Pl sample polygons 
 

2. Prince George: 
 

FREQUENCY, BEC-SS, area (sq m.) Sample polygons (max 4 per ecosystem per district) 
  472     SBS dw 2  01       84341173   4 
   1     SBS dw 2  03          93759  1 
   5     SBS dw 2  05        1019750  4 
  93     SBS dw 2  06       21712539  4 
   2     SBS dw 2  07         439992  2 
      15 
 
 406     SBS dw 3  01       58353959  4 
   1     SBS dw 3  02         359375  1 
   7     SBS dw 3  03         693896  4 
   2     SBS dw 3  04         159805  2 
   3     SBS dw 3  06         271510  3 
  13     SBS dw 3  07        1153582  4 
      18 
 
1139     SBS mk 1  01      209264354  4 
   2     SBS mk 1  03         147623  2 
 208     SBS mk 1  05       33637664  4 
  34     SBS mk 1  06        5159258  4 
      14 
 
 149     SBS mw    01       23399577  4 
   6     SBS mw    04         464806  4 
      8 
 
   1     SBS wk 1  02         192276  1 
 109     SBS wk 1  03       24648257  4 
   6     SBS wk 1  04         705961  4 
  31     SBS wk 1  05        3854782  4 
   3     SBS wk 1  06         647124  3 
  79     SBS wk 1  12       14472578  4 
       20 
 
Grand Total Prince George sample polygons = 75 
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2. Vanderhoof 
 
  75     SBS dw 2  01        9691873  4 
  5     SBS dw 2  03         303504  4 
 25     SBS dw 2  06        1803043  4 
 96     SBS dw 2  07        9051663  4 
  7     SBS dw 2  08         510049  4 
      20 
 
734     SBS mc 2  01       83210747  4 
 29     SBS mc 2  02        2949432  4 
120     SBS mc 2  03       13138628  4 
 50     SBS mc 2  05        3974506  4 
      16 
 
389     SBS mc 3  01       58930237  4 
 15     SBS mc 3  03        1530783  4 
 79     SBS mc 3  04        8475611  4 
187     SBS mc 3  05       28249596  4 
  5     SBS mc 3  06         302567  4 
 14     SBS mc 3  07         889603  4 
       24 
  
209     SBS dk    01       24985236.356916     4 
     2     SBS dk    02          88468.797668   2 
    32     SBS dk    03        3617517.79356 4 
     3     SBS dk    04         468492.299536 3 
    57     SBS dk    05        6143634.67373 4 
    43     SBS dk    06        3622246.24754 4 
    80     SBS dk    BF       11076338.1565 4 
 
                                                                       25 
 
   5     SBS dw 3  01         645845.12931 4 
     7     SBS dw 3  02         695222.9096 4 
    36     SBS dw 3  03        4941830.438 4 
     7     SBS dw 3  04         606201.8331 4 
    46     SBS dw 3  07        2712380.436 4 
                                                                        20 
 
Grand total polygons = 105  
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3. Fort St James 
  
 125     SBS dw 3  01       19832935  4 
   2     SBS dw 3  04         129945  2 
   5     SBS dw 3  07         445797  4 
      10 
 
 312     SBS mk 1  01       48044618  4 
   3     SBS mk 1  02         185720  3 
   3     SBS mk 1  03         424896  3 
  98     SBS mk 1  05       20515808  4 
  17     SBS mk 1  06        1354745  4 
      18 
 
   4     SBS wk 3  02         663053  4 
   2     SBS wk 3  03         274932  2 
 149     SBS wk 3  04       24109731  4 
   1     SBS wk 3a 01          78822  1 
       11 
 
 
Grand Total sample polygons = 39 
 
 
All Districts =  219 polygons 
 
Total sample plots (a pair in each polygon) =  438 
 
 
Sample Plots 
 
Sample plot specifications 
 
Within each sample polygon a pair of randomly located sample plots will be established. Sample 
plot number and area have been modified from previous sampling. Each plot will be a 20mx20m 
square .04 ha plot.  This plot design samples half of the area of the multiple 3.99m radius plots in 
previous studies. The paired plot design still allow for a measure of within polygon variability 
and an average sample set of about sample 100 trees. Meanwhile the sample plot maintains 
standard size that is considered appropriate  for accurate research level ecosystem identification, 
within field sampling budget constraints. 
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Initial Plot center will be established at designated GPS location. Plot moved and new position 
GPS location recorded if less than 25m buffer from different VRI stratum, or if plot location is 
inappropriate; for example if an ecosystem complex occurs within the plot or if it lands on a road 
or landing. Plot center will marked with a wooden peg and plot number identified on flagging. 
Secondary plot center(s) per rust species (for Stalactiform and Comandra blister rusts), centered 
at the nearest infected plant. Pig tail with colored flagging red for Commandra blister rust and 
blue for Stalactiform blister rust inserted at “secondary” plot center.  Western gall rust plot center 
will be main plot center. 
 
Sample plot data collection 
 
Administrative data as well as mensuration and alternate host data are to recorded on the 
attached field form. Record number of infected stems, per rust species as well as,  total  pine 
stems per fixed plot (count dead when rust infected). Flag Comandra Rust trees with yellow 
flagging and Stalactiform Rust tree with white. From secondary centre record  distance to nearest 
alternate host recorded as well as bearing. If there is more than one alternate host plant within 
1dm radius of the closet plant, then stem count within that 1dm radius recorded. Make comments 
on distribution of additional alternate host with the sample (clumped/continuous orientation to 
affected plant  if site is sloping greater than 5% measure distance to nearest upslope alternate 
host plant as well. Unless distributed throughout the plot, spray paint location of isolated clumps 
of  alternate host species including: Geocaulon lividum, Myalmprum lineare, Castellija minuata, 
Rhinanthus crisata-galli 
 
Notes on relevant site history, noted in the field are to be recorded on the comments section 
forms provided. This would include any site preparation activities including herbicide, fire or 
mechanical site treatment, thinning or pruning.  
 
All other site measurements are to be recorded on FS882 field form to ecosystem classification 
research specifications. All fields are to be filled for site, soil and vegetation parameters. The soil 
pit is to be to 60cm depth unless impervious zone encountered. Comments on site modification 
are very important. Of high importance is assessment of soil surface horizon disturbance 
including soil disturbance of duff, scalping and debris loading of surface horizons. Post harvest 
soil surface composition will be recorded on the substrate section of the FS882 form. Amount 
depth and distribution of modified surface logging debris on top of the soil surface horizons must 
differentiated from the pre site preparation, pre-logging and post harvest site condition. These 
additional comments can be placed in the comments section on the first page of the form. For 
example, presence depth and distribution of logging debris covering surface humus layer.  
Sample data will later be transferred in the office to a spreadsheet for data analysis. This will also 
include opening history data including season of logging, burning or other treatments. 
 
Data Entry 
 
Field data will be entered and edited in EXCEL to enable detailed statistical analyses, including 
ANOVA and Regression analyses. An example EXCEL data sheet is attached. 
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Field Survey Packages 
 
Field survey packages for individual polygons have been prepared under separate contract and 
will be supplied to supplied to field sampling crews. Each polygon survey package includes two 
maps. A 1:20,000 scale VRI access map showing the sample polygon in context of it 
surroundings. To aid in navigation to the sample site, the map displays:  vegetation type, 
cutblock boundaries, roads and water bodies. The sample polygon is outlined in detail on a 
10:000 scale orthophoto. Within the polygon, location of plot centers for the two sample plots 
are shown. To aid in navigation, a 500X500m UTM grid has been overlaid.. Basic plot polygon 
information is listed in the map legend including unique plot number, GPS coordinates and 
ecosystem information including climatic unit and site series information. The contractor will be 
provided additional small scale access maps from Canfor if required.   
 
Contractors will be responsible for supplying field data forms including FS882 field cards as 
well as photocopied versions of the attached pine stem rust field data form. Office data entry will 
be use the EXCEL  field data entry template provided to the contractor.    
 
Rust Field Data Form. 
 
 

2007 PG TSA Pine Stem Rust Field Data Form 
District: BEC Unit:  PEM Assigned Site Series: 
 Plantation #                                          Plot Rep: FS882 # 

Pine Stems Infected All Pine Stems 
Western Gall 
Rust  
(DSG) 

Stalactiform Blister Rust 
 (DSS) 

Comandra Bister Rust 
(DSC) 

Total Total Total 

 
Total 

Stems 
 

Stems 
 

Stems 
 

 

 

Distance    Distance 

Bearing Bearing 

Plant # Plant # 

DSS, DSC sample 
Pl  distance and 
bearing to nearest 
alternate host   

MELALIN      
CASTMIN 
RHINCRI 

Distr 

GEOCLIV 

Distr 

Slope + 5%, 
then    

Upslope Distance to alt Host 
=           

Upslope Distance to alt Host 
= 

Vegetation Comments 

Site history comments (silviculture treatment, season of logging etc.) if apparent. 
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Appendix 3.  Scatter plots of Elevation vs. Total Stems,  
        Tree/shrub and Herbaceous Cover vs. Ecosystems 
 
 
 
Scatter plots are three way: % Infection on Y axis; rust factor on X axis and plots color coded 
according to ecosystem plant association groupings. 
 
 
Plant association 
 
1 = Zonal 
2= Lichen 
3= Bearberry 
4=Pinegrass 
5=Black spruce-poor 
6=Coltsfoot 
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Scatter Plot showing relationships between Infection Rate, Elevation, and Site Series
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Scatter Plot showing Relationships between Infection Rate, 
Elevation and Site Series
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Scatter Plot showing Relationships between Infection Rate, 
Elevation and Site Series
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Scatter Plot showing Relationships between Infection Rate, 
Total Stems and Site Series
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Scatter Plot showing Relationships between Infection Rate, 
Total Stems and Site Series
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Scatter Plot showing Relationships between Infection Rate, 
Total Stems and Site Series
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Scatter Plot showing Relationships between Infection Rate, 
Treeshrub and Site Series
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Scatter Plot showing Relationships between Infection Rate, 
Treeshrub and Site Series
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Scatter Plot showing Relationships between Infection Rate, 
Treeshrub and Site Series
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Scatter Plot showing Infection Rate, Herbaceous
 and Site Series
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Scatter Plot showing Infection Rate, Herbaceous
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Scatterplot showing Relationships between Infection Rate, 
Herbaceous and Site Series
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