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Project Area An earlier monitoring study comparing 
regeneration growth in clearcuts, with 
regen associated with variable 
retention silviculture systems and 
regen found old-growth gaps in the 
CWH Vh1, Vm1 and Vm2 BEC 
variants (in the Arrowsmith TSA) was 
conducted in 2002 (FII project number 
R02-144). While a preliminary analysis 
of the field data produced some 
interesting results, a full analysis and 
final report was never completed.  We 
propose to utilize the existing data 
from this report to assess the effects of 
VR silviculture treatments on regen 
growth that we believe would be of 
value to share with those interested in 
the effects of VR on regen growth 
pertaining to TSR’s.  This project will 
contribute to sustainable forest 
management by providing a detailed 
statistical analysis of the existing data 
on regeneration growth under different 
harvesting treatments in comparison 
with old-growth forests (currently there 
is very little data on regeneration 
growth under variable retention 
treatments in comparison with 
traditional clear-cuts and old-growth 
forest gaps).  This is an essential 
question to answer in order to ensure 
we are successfully regenerating the 
next stand, as well as providing for 
wildlife habitat and other values 
associated with variable retention 
systems.   
 
 



 
Project Fit with Criteria for Conducting Innovative Projects under the Forest Investment 
Account 
 
Criterion #1  The purpose of this project must be defined in relation to its intended 
outcome. 
The purpose of this monitoring project is to produce a final report from the results of a detailed 
statistical analysis of previously collected data.  The information form this report will contribute to 
sustainable forest management by providing reliable information on regeneration success in 
different environments.   
 
Criterion #2  A rationale must be provided to show that the purpose is achievable 
The supervisor for this monitoring project, and lead author of the report, is Dr. Audrey Pearson of 
UBC, who has 20 years of experience in writing scientific reports and publications.  The co-
authors of the report are Dr. Lori Daniels (who has considerable experience in writing reports and 
publications) and Warren Warttig RPBio (who also has considerable experience in writing 
scientific reports). 
 
Criterion #3  Evidence must be shown that the project addresses a significant issue in 
sustainable resource management 
The rationale for variable retentions systems is to provide structural diversity and retains 
structures of value to wildlife species, such as large live trees, snags and large coarse woody 
debris. However, we have very little information on how variable retention influences regeneration 
success, and particularly, even less information on how VR effects G&Y (which is an issue of 
great concern to foresters).  This monitoring project is somewhat unique for coastal BC in 
addressing these issues and quantifying regeneration success under different environments. The 
original project entailed the establishment of permanent sample plots that are intended to be 
utilized for re-measurement at some point in the future 
 
Criterion #4  The project must have a project management plan 
 
Rationale and expected outcomes: The rationale for this monitoring project is to provide 
scientifically credible information to the broader resource management community on 
regeneration success in clear-cuts, in comparison to variable retention and old-growth forest 
gaps. The expected outcome is manuscripts submitted to scientific journals. 
 
Budget: (the project will be completed this fiscal year) 

Item Unit cost Units Total cost 
A. Pearson salary $4,995/month 2 months $9,990.00
Statistician  $4,500/month 0.5 month $2,250.00
Material and supplies (office supplies, etc.)  $760.00
W. Warttig report writing and analysis review $43.10/hour 51 hours $2,198.10
TOTAL COSTS  $15,198.10
 
Project design and work plan 

Time frame Task Deliverable 
July – November review of literature, consultation 

with statistician as to best analytical 
methods 

Background for introduction and 
methods section, completion of 
additional analyses 

December 30th first draft of final report sent to co-
authors to review 

First draft final report 

January - March review and revision of first draft of 
final report;  

Revised report 

March 30th submission of final report to PWC Final report submitted 



Note:  The two months salary budgeted for A. Pearson and the statistician is of total time spent on the project.  That time 
will not be continuous as there will be lags between receiving information and co-authors reviewing time of drafts of 
individual sections and the entire report. 
 
Protocol for cataloguing and managing data: (not applicable) 
 
Reports and Communication of results: The results (final report) will be submitted to the FIA 
repository web-site for dissemination to a wider audience (e.g. the international scientific 
community, foresters, timber supply analysts, etc.).   
 
Criterion #5  Where a standard exists, an innovative project must include a comparison to 
the results that would have been obtained using the standard procedure 
Not applicable 
 
Criterion #6  The methods used to analyze results must provide sufficient confidence in 
outcomes to enable desired inferences to be drawn and incorporated into management 
practices.  
 
Original Plot Selection: For variable retention and clearcuts, sites were chosen based on the age 
of block, 5 – 7 years since harvesting, site series and treatment type.  Age of blocks was 
restricted because there are no older VR blocks in Clayoquot Sound and clearcut sites were 
chosen that were of equivalent age to minimize any variations from differences in time since 
disturbance events.  Older VR sites were chosen as to allow time for differences in treatments to 
potentially influence the understory.  Site series were restricted to sub-hygric and mesic units to 
reduce variability in regeneration patterns from variations with site conditions.  Variable retention 
sites were stratified by two types, dispersed retention and openings with reserves.  Both the 
openings and reserves were sampled for a total of three variable retention treatments.  Openings 
were considered as VR openings if locations within the opening were within two tree heights in 
distance from canopy trees.  If the distance between canopy trees exceeded two tree heights, the 
site was classified as a clearcut.  The point of start of each site was determined by going 10 m 
into the block in question, taking a random bearing, and placing plots 20 m apart along the 
bearing.  If the bearing went out of the block, then the bearing was be reflected back by 90o.  For 
variable retention sites, each plot had to have canopy trees within a distance equivalent of two 
tree heights.  Otherwise, the plot location was rejected and another plot was established 20m 
from that location.  
 
For natural disturbance sites, areas of old-growth forest were chosen that were accessible from 
the road, were large enough to be free of any edge effects from adjacent cutblocks and were of 
suitable site series.  Sites were broadly stratified in HwBa and CH types, which are recognized to 
vary with respect to patterns of wind disturbance and subsequent structural attributes.  (Keenan 
1993; Pearson 2000).  The point of start was a minimum of 50m into the forest in question or until 
there was no obvious edge effect.  A random bearing was chosen and the first five gaps that were 
encountered along the bearing were sampled.  The plot within the gap was located by taking a 
random distance between 1 and 20 m along the transect, starting where gap was first 
encountered along the transect.  If the random distance exceeded the distance of the gap, the 
distance was reflected back along the transect to re-enter to gap.  
 
A total of 45 sites were sampled (Table 1, Fig. 2).  There were 15 sites of each treatment, CC, ND 
and VR.  Of the 15 VR sites, 7 were in dispersed retention (D), 5 in openings (O) and 3 in 
reserves (R).  There were 10 sites in the CWHvh1, 29 in the CWHvm1 and 6 sites in the CWH 
vm2.   
 



Table 1.  Study sites, treatment type and variant. 
Site Name Treatment Variant 
UC5A-CC1 CC vh1 
UC4-CC2 CC vh1 
M3B-CC3 CC vh1 
M3A-CC4 CC vh1 
R10-CC5 CC vm1 
R40-CC6 CC vm1 
V200-CC7 CC vm1 
V20-CC8 CC vm1 
V9-CC9 CC vm1 

R60-CC10 CC vm2 
R40-CC11 CC vm1 
V30-CC12 CC vm1 
V100-CC13 CC vm1 
V003-CC14 CC vm2 
V10-CC15 CC vm1 
UC4-ND1 ND vh1 

UC5C-ND2 ND vh1 
UC5C-ND3 ND vh1 
M3A-ND4 ND vh1 
V14-ND5 ND vm1 
V14-ND6 ND vm1 

DOCK-ND7 ND vm1 
R60-ND8 ND vm2 
R60-ND9 ND vm1 
R40-ND10 ND vm1 
R20-ND11 ND vm1 
R20-ND12 ND vm1 
V30-ND13 ND vm1 
V100-ND14 ND vm2 

TR100-ND15 ND vm2 
LS10-VR1 VR-D vh1 
UC5C-VR2 VR-D vh1 
Site Name Treatment Variant 
R20-VR3 VR-O vm1 
R20-VR4 VR-O vm1 
R40-VR5 VR-O vm1 
V9-VR7 VR-D vm1 

R60-VR8 VR-O vm1 
TRA100-VR9 VR-D vm1 
TR100-VR10 VR-D vm2 

R50-VR11 VR-R vm1 
R20-VR12 VR-R vm1 
R40-VR13 VR-R vm1 

TR100-VR14 VR-D vm1 
TR100-VR15 VR-D vm1 

 



Field methods: followed standard regeneration surveys with some modifications, and were 
conducted by certified silvicultural surveyors.  In each 3.99m2 plot, all trees were surveyed and 
placed into six height classes: < .10m, 0.10 – 0.50 m, .50 –1.3 m, 1.3 – 3 m, 3 –10 m and > 10 m, 
by species and substrate.  Classification of regeneration type (residual versus regen) was 
determined by visual assessment.  Incidence of mistletoe and other factors influencing 
regeneration, such as animal browse were recorded.  Basic ecological data was also collected, 
following standard Ministry of Forests methods.  Percent cover of each substrate (mineral, wood, 
organic, rock, water) was estimated.  Slope, aspect, elevation and site series was recorded.  
Basic soil descriptions were recorded, including depth of LFH, soil great group and texture of the 
mineral soil.  Percent cover of all understory species was visually estimated.  For natural 
disturbance sites, decay class, species and mortality type of all gap-makers were recorded 
following (Lertzman et al. 1996).   
 
Sample Trees: For one randomly chosen plot at each site, up to five trees between 0.10 – 3m in 
height of each species, by substrate (wood, organic, or mineral), regeneration class (residual or 
regeneration – “regen”), were chosen for more detailed analysis.  Sample trees were chosen by 
taking a random bearing, and moving in a clockwise direction around the plot, sampling the first 
five trees in each category as they were encountered.  Their exact height was measured, the 
seedling cut and a section of the stem closest to the root collar was collected.  Seedlings with 
diameter >1.0 cm were sanded with successively fine grits of sand paper to 400 grit to increase 
visibility of the annual rings.  Seedlings with diameter < 1.0 cm were saturated with warm water 
and cut with a razor blade.  The prepared surfaces were viewed with a 40x binocular microscope.  
Tree-rings were counted from the outer-most ring, formed in 2002, toward the pith or centre of the 
sample. Two radii were counted per sample; if the counts differed then the cross-sections were 
examined to locate partially missing rings and recounted to verify age. The year of establishment 
was calculated as follows: Year of establishment = 2002 - age in years + 1.  
 
Measurement of Openness: Hemispheric digital images were acquired at plot centre or, as near 
to centre as possible within the plot if there were extreme slopes or obstacles (such as large 
downed wood) that prevented sampling at plot centre.  All images were taken at a height of 1.3 m 
above the ground.  Images were acquired either at dawn or dusk in cloudless conditions or in 
uniformly overcast conditions.  Images were 1024 x 768 pixels in size and stored as colour jpeg 
files.  Images were acquired at 31 sites (155 images total) including 11 natural disturbance, 10 
variable retention and 10 clear-cut sites.  
 
Tree abundance was calculated per hectare, with the area of the plot being corrected for area of 
non-tree substrate, such as rocks, streams or water.  To investigate the influence of substrate on 
abundance, regeneration abundance was corrected for substrate.  For example:  if the plot area 
comprised of 50% organic substrate, then 50% of the plot area (i.e. 25m2) was considered the 
area for calculating the abundance of trees on organic substrate.  Total abundance for each 
height class was summed for all five plots for a site total, which was used in subsequent 
analyses. For the sample trees and light measurements, values were calculated for the plot 
values.  Planted seedlings were included in calculations of total abundance and height class 
because they form part of the structural patterns of the understory. 
 
Solar regime was modeled assuming diffuse radiation was equal to 15% of direct radiation.  
Atmospheric transmissivity was assumed to be 0.6.  These values are congruent by those used 
by other researchers and light modeling programs and are assumed to be broadly applicable 
(Regent Instruments, Inc. 2003).  Altitude was also included in the model.  The altitude, longitude 
and latitude of each photo location were obtained in the field using GPS units.  Where altitude, 
longitude and latitude could not be recorded, due to lack of satellite contact, they were estimated 
from the nearest known location.  The Standard Open Sky radiation model was employed.  
Growing season length was estimated based on local knowledge of the commencement of plant 
growth and the occurrence of growing degree days under 00 Celsius.  It was estimated that the 
growing season extended from April 10 until October 15.  Variables used for analysis were 
percent open sky (openness) and Total PPFD (photosynthetically active photon flux density) 



under the canopy per day (mol/m2/day).  Both these variables have been found to be good 
predictors of plant growth. 
 
Summary: Abundance of trees did vary significantly between height classes for all treatments, 
although that contrast was less strong between natural disturbance gaps and variable retention.  
There were no strong age-height relationships for any species in clearcuts and variable retention.  
However, there were good relationships (R2 0.56 – 0.70) for all tree species in natural disturbance 
gaps.  
 
 
Analysis Methodology: With the assistance of the statistician, we will be following standard 
analytical procedures based in statistical theory and in the scientific literature (see below); the 
standard for acceptability in science is publication in a peer-reviewed journal.  Managers can be 
confident that in using information from this study that they are using the best available science. 
 
A dataset containing 155 plots collected from 19 different sites was imported into SAS V9.1 and 
assessed for its contents. The dataset contained three broad-scale experimental treatment 
categories defined as ‘Clearcut’ (n=55 plots), ‘Variable Retention’ (n=50 plots) and ‘Natural 
Disturbance’ (n=55). The treatment categories associated with each plot are based on the 
primary biological or silvicultural process that created the stand conditions that were measured. 
For the analyses, the ‘Variable Retention’ category was subdivided into three different types of 
variable retention, namely ‘Dispersed’ (n=15), ‘Open’ (n=25), and ‘Reserve’ (n=10). Thus, a total 
of 5 experimental categories were assessed in the analyses. From the dataset, the three plot 
level variables selected for use in the multivariate analyses were ‘Canoyp_Openness’, 
‘Photon_flux’ and ‘Total_Basasl_Area’. Tests for univariate normality were performed at two 
levels. First, normality was tested for the entire dataset, irrespective of treatment class. Next, 
variables were tested for normality after the dataset was stratified by broad treatment class.  
 
Multivariate analyses of the original data set were performed using two different methods. The 
first method used the FASTCLUS clustering procedure in SAS (2003). The FASTCLUS 
procedure operates by finding initial clusters and minimizes the sum of square distances from the 
cluster means (SAS 2003). More specifically, the procedure creates cluster seeds from an initial 
estimate of the means of clusters. Similar observations are then placed into appropriate seeds to 
form temporary clusters, where the means are recalculated using a complete set observations. 
As with other common clustering procedures, the Euclidean distance is used to assign each 
observation to the nearest seed. The FASTCLUS procedure can be very sensitive to outliers, 
thus clustering was tested on the original measurements and on a standardized dataset 
(mean=0, std=1).   
 
The goal of the clustering analysis was to define group membership by clustering together plots 
with similar measurements across the three variables. In doing so, we wished to test the 
differences and similarities within and among the plots and attempt to define groups based on 
empirical data rather than through the use of the categorical labels (i.e., treatment groups). For 
the purposes of defining the empirically based groups, it was hoped that five clusters would 
provide interpretable results. Furthermore, with five clusters it would be possible to make direct 
comparisons between the empirically based groups and those defined by the treatment category 
label. Analyses of the cluster seeds and comparisons with the treatment categories were 
completed using frequency tabulation, where the clusters were cross-tabulated with the treatment 
category labels.  
 
The second multivariate analysis used discriminant analyses as a means of testing the 
differences between clusters, and was invoked through the PROC DISRIM and PROC CANDISC 
procedures in SAS (2003). The discriminant analysis used combinations of the plot level 
measurements to classify each plot into the clusters defined in the FASTCLUS procedure. The 
success rate in predicting group membership using quadratic discriminant functions was 
evaluated through the error rate which provided an optimistic interpretation of the results (SAS 



2003). The success rate provided insight into the three variables we tested in relation their ability 
to accurately and consistently define group membership. The success rate of the model was 
assessed against the success rate that could have been achieved had the plots been assigned to 
clusters at random.  
 
The amount of variance between clusters explained by quadratic discriminant functions was 
evaluated through the PROC CANDISC procedure. It was hoped that this dimension reducing 
technique would identify those variables that explained the most amount of variance between 
clusters. The same procedure provided correlations between discriminant scores and the original 
plot level variables, giving an indication of which variables were important in distinguishing 
between clusters. The use of quadratic discriminant functions was deemed necessary as the 
within-class covariance matrices were assumed to be unequal.  
 
Before we proceed with the results, a note of caution here concerning normality; the multivariate 
clustering and discriminant analyses performed on the dataset require approximately multivariate 
normal within-class distributions. Based on the uni-variate tests of normality, it appears likely that 
our data does not satisfy this requirement. In the absence of approximately multivariate normal 
data, the discriminant analyses that were initially performed may not be robust and should be only 
used descriptively. (Tests of hypothesis statements are likely to be biased by non-multivariate 
normal data, and therefore, should not be used. However, I used hypothesis statements here as I 
am hoping to have the non-normality issue solved by some sort of transformation – working on 
this).     
Subsequent to these analyses, I suggest that non-parametric methods be used to obtain 
classification criteria.   
 
Tests for the normal distribution of the variables were rejected for the un-stratified dataset. When 
the dataset was stratified into the three broad treatment groups, normality was rejected for 
‘Photon_flux’ and ‘Total_Basal_Area’ in the ‘Clearcut’ group. In the ‘Natural Disturbance’ group, 
normality was rejected for ‘Photon_flux’, while in the ‘Variable Retention’ group, a distribution 
other than normal was observed for ‘Total_Basal_Area’. All tests for normality were performed 
using a Shapiro-Wilk test and a p-value of 0.05. From these results, we can assume that our data 
have a distribution other than multivariate normal distribution. Thus, our decision to employ non-
parametric methods (in addition to the parametric methods) in our discriminant analysis proved to 
be wise.   
 
Non-hierarchical clustering methods using a maximum of five clusters and untransformed data 
produced groups that showed both similarities and differences to the groups defined through the 
categorical treatment type labels  (Figure 1). For example, group membership in ‘cluster 1’ 
included a total of 28 plots from three different treatment groups. Sixteen plots were from the 
‘Open’ category, while ten plots were from the ‘Dispersed’ category, perhaps indicating some 
similarities between these two forms of variable retention. Two additional plots labeled as 
‘Clearcut’ were included in this cluster. ‘Cluster 2’ was composed of 16 plots and was primarily 
defined by variable measurements collected in areas labeled as ‘Natural Disturbance’. The 
largest cluster established (‘Cluster 3’) contained a total of 58 plots; forty-eight of those plots were 
labels as ‘Clearcut’. The ten additional plots added to this cluster were from the ‘Open’ (n=6) and 
‘Dispersed’ (n=4) categories. Here again, we see a possible indication of similarities between the 
‘Clearcut’ group and the ‘Open’ and ‘Dispersed’ group, all of which tend to have low canopy 
cover. ‘Cluster 4’ was dominated by plots originating from the ‘Natural Disturbance’ treatment 
group (n=18), with two additional plots each coming from the ‘Open’ and ‘Reserve’ treatment 
groups. Finally, ‘Cluster 5’ (n=31) is populated by plots coming from four different treatment 
groups, although 23 of these plots were classed as ‘Natural Disturbance’. Six additional plots 
were added that were labeled as ‘Reserve’, with one plot each coming from the ‘Open’ and 
‘Dispersed’ treatment categories.  
 



Figure 1. Frequency chart of plot treatment types and clusters (using untransformed data). 
Cluster       Sitetype  

                 Frequency‚ 
                 Percent  ‚ 
                 Row Pct  ‚ 
                 Col Pct  ‚CC      ‚D       ‚ND      ‚O       ‚R       ‚  Total 
                 ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                        1 ‚      2 ‚     10 ‚      0 ‚     16 ‚      0 ‚     28 
                          ‚   1.29 ‚   6.45 ‚   0.00 ‚  10.32 ‚   0.00 ‚  18.06 
                          ‚   7.14 ‚  35.71 ‚   0.00 ‚  57.14 ‚   0.00 ‚ 
                          ‚   4.00 ‚  66.67 ‚   0.00 ‚  64.00 ‚   0.00 ‚ 
                 ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                        2 ‚      0 ‚      0 ‚     14 ‚      0 ‚      2 ‚     16 
                          ‚   0.00 ‚   0.00 ‚   9.03 ‚   0.00 ‚   1.29 ‚  10.32 
                          ‚   0.00 ‚   0.00 ‚  87.50 ‚   0.00 ‚  12.50 ‚ 
                          ‚   0.00 ‚   0.00 ‚  25.45 ‚   0.00 ‚  20.00 ‚ 
                 ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                        3 ‚     48 ‚      4 ‚      0 ‚      6 ‚      0 ‚     58 
                          ‚  30.97 ‚   2.58 ‚   0.00 ‚   3.87 ‚   0.00 ‚  37.42 
                          ‚  82.76 ‚   6.90 ‚   0.00 ‚  10.34 ‚   0.00 ‚ 
                          ‚  96.00 ‚  26.67 ‚   0.00 ‚  24.00 ‚   0.00 ‚ 
                 ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                        4 ‚      0 ‚      0 ‚     18 ‚      2 ‚      2 ‚     22 
                          ‚   0.00 ‚   0.00 ‚  11.61 ‚   1.29 ‚   1.29 ‚  14.19 
                          ‚   0.00 ‚   0.00 ‚  81.82 ‚   9.09 ‚   9.09 ‚ 
                          ‚   0.00 ‚   0.00 ‚  32.73 ‚   8.00 ‚  20.00 ‚ 
                 ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                        5 ‚      0 ‚      1 ‚     23 ‚      1 ‚      6 ‚     31 
                          ‚   0.00 ‚   0.65 ‚  14.84 ‚   0.65 ‚   3.87 ‚  20.00 
                          ‚   0.00 ‚   3.23 ‚  74.19 ‚   3.23 ‚  19.35 ‚ 
                          ‚   0.00 ‚   6.67 ‚  41.82 ‚   4.00 ‚  60.00 ‚ 
                 ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                 Total          50       15       55       25       10      155 
                             32.26     9.68    35.48    16.13     6.45   100.00 
 
 
Looking more closely at the distribution of plots in each cluster relative to the treatment category, 
we see that the ‘Natural Disturbance’ group had a nearly equal number of plots distributed among 
three different clusters. The three types of ‘Variable Retention’ plots did not show characteristics 
that placed them clearly in one cluster. For example,  plots labeled as ‘Open’ were allocated to 
four different clusters, with only 64% falling into ‘Cluster 1’. Similar levels of plot distribution are 
seen in for the ‘Dispersed’ and ‘Reserve’ plots. Plots labeled as ‘Clearcut’ seemed to have the 
greatest amount of within-category similarity, as indicated by the fact that 96% of the plots were 
grouped into ‘Cluster 3’. Results obtained from performing the cluster analyses on the 
standardized dataset were very similar to those describe above, indicating that the variability of 
measurements across treatment groups were not large enough to have a notable effect on cluster 
group membership (Figure 2). Any further analyses deal specifically with results obtained using 
the untransformed.   
 



Figure 2. Frequency chart of plot treatment types and clusters (using standardized data). 
                                  Table of preclus by Sitetype 
                 Cluster       Sitetype 
                 Frequency‚ 
                 Percent  ‚ 
                 Row Pct  ‚ 
                 Col Pct  ‚CC      ‚D       ‚ND      ‚O       ‚R       ‚  Total 
                 ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                        1 ‚      5 ‚     10 ‚      0 ‚     16 ‚      0 ‚     31 
                          ‚   3.23 ‚   6.45 ‚   0.00 ‚  10.32 ‚   0.00 ‚  20.00 
                          ‚  16.13 ‚  32.26 ‚   0.00 ‚  51.61 ‚   0.00 ‚ 
                          ‚  10.00 ‚  66.67 ‚   0.00 ‚  64.00 ‚   0.00 ‚ 
                 ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                        2 ‚      0 ‚      0 ‚     14 ‚      0 ‚      2 ‚     16 
                          ‚   0.00 ‚   0.00 ‚   9.03 ‚   0.00 ‚   1.29 ‚  10.32 
                          ‚   0.00 ‚   0.00 ‚  87.50 ‚   0.00 ‚  12.50 ‚ 
                          ‚   0.00 ‚   0.00 ‚  25.45 ‚   0.00 ‚  20.00 ‚ 
                 ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                        3 ‚     45 ‚      4 ‚      0 ‚      6 ‚      0 ‚     55 
                          ‚  29.03 ‚   2.58 ‚   0.00 ‚   3.87 ‚   0.00 ‚  35.48 
                          ‚  81.82 ‚   7.27 ‚   0.00 ‚  10.91 ‚   0.00 ‚ 
                          ‚  90.00 ‚  26.67 ‚   0.00 ‚  24.00 ‚   0.00 ‚ 
                 ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                        4 ‚      0 ‚      1 ‚     23 ‚      1 ‚      6 ‚     31 
                          ‚   0.00 ‚   0.65 ‚  14.84 ‚   0.65 ‚   3.87 ‚  20.00 
                          ‚   0.00 ‚   3.23 ‚  74.19 ‚   3.23 ‚  19.35 ‚ 
                          ‚   0.00 ‚   6.67 ‚  41.82 ‚   4.00 ‚  60.00 ‚ 
                 ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                        5 ‚      0 ‚      0 ‚     18 ‚      2 ‚      2 ‚     22 
                          ‚   0.00 ‚   0.00 ‚  11.61 ‚   1.29 ‚   1.29 ‚  14.19 
                          ‚   0.00 ‚   0.00 ‚  81.82 ‚   9.09 ‚   9.09 ‚ 
                          ‚   0.00 ‚   0.00 ‚  32.73 ‚   8.00 ‚  20.00 ‚ 
                 ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                 Total          50       15       55       25       10      155 
                             32.26     9.68    35.48    16.13     6.45   100.00 
 
Results of the canonical discriminant analysis suggested that there were significant differences 
(p<0.05) in Mahalanobis distances between all five clusters (Table 1). The distances are 
measured between the mean of each cluster and have been weighted to be proportional to the 
number of observations in each group, as we are dealing with unequal sample sizes among the 
clusters.  Plot variables likely providing the most separation between clusters can be interpreted 
from Table 2. From this table we see that all three variables contributed equally to creating 
separation among the clusters. Looking at the raw canonical coefficients in Table 3 we see that 
‘Photon’ has a slightly higher loading (0.133753755) that the other two variables, indicating that it 
may be slightly more important in separating clusters.  
 
Table 1. Matrix of measures of distances between clusters (values < 0.05 indicate 
significant differences between clusters). 
                 Prob > Mahalanobis Distance for Squared Distance to Cluster 
        Cluster             1              2                   3               4                5 
               1        1.0000        <.0001        <.0001        <.0001        <.0001 
               2        <.0001        1.0000        <.0001        <.0001        <.0001 
               3        <.0001        <.0001        1.0000        <.0001        <.0001 
               4        <.0001        <.0001        <.0001        1.0000        <.0001 
               5        <.0001        <.0001        <.0001        <.0001        1.0000 
 



Table 2. Correlations between discriminant scores and scaled variables. 
                               Total Canonical Structure 
           Variable      Label               Can1              Can2              Can3 
           Open          Open             0.936434           0.325406         -0.131157 
           Photon       Photon           0.939362          0.327634           0.101270 
           TOTBA      TOTBA          -0.934152          0.356225          0.021531 
 
Table 3. Correlations between discriminant scores and original (raw) variables.  
                                   Raw Canonical Coefficients 
           Variable      Label               Can1              Can2              Can3 
           Open          Open        0.0417192472      0.0558419450      -.1733977714 
           Photon       Photon      0.1337537557      0.0862014332      0.2988105404 
           TOTBA      TOTBA       -.0735603196      0.0714613780      -.0002069312                                    
 
An interpretation of the success rate in predicting the cluster that each of the plots belong is found 
in Table 4. To reduce the potential bias from developing and testing the predictive model from the 
same dataset, I used a cross-validation method where each plot is classified using discriminant 
functions obtained from all other plots excluded from the plot being classified. This resulted in an 
overall success rate in predicting group membership of 93% (Total = 1 – 0.0710). Among the five 
clusters the success rates were generally consistent, with the lowest success rate found in 
‘Cluster 3’, which was composed of plots from the ‘Clearcut’, ‘Dispersed’ and ‘Open’ treatment 
categories.    
Table 4. Success rate in predicting cluster membership. 

Cluster 
                             1             2                3                4             5            Total 
      Rate           0.1071      0.0625      0.0517      0.0909      0.0645      0.0710 
      Priors         0.1806      0.1032      0.3742      0.1419      0.2000 
 

A list of plots that were misclassified when performing the cross-validation analysis is provided in 
Table 5. Closer examination of the misclassified plots may provide insight into why they were 
grouped into alternate clusters. 
 
Table 5. Misclassification of plots during cross-validation analysis. 
                           Classified 
                   From          into 
         Obs    preclus       cluster        1         2         3         4         5 
 
           4          1           3 *    0.4405    0.0000    0.5595    0.0000    0.0000 
          48          3           1 *    0.9925    0.0000    0.0075    0.0000    0.0000 
          53          3           1 *    0.9958    0.0000    0.0042    0.0000    0.0000 
          54          3           1 *    0.9981    0.0000    0.0019    0.0000    0.0000 
          57          1           3 *    0.4948    0.0000    0.5052    0.0000    0.0000 
         109          5           4 *    0.0002    0.0119    0.0000    0.9532    0.0347 
         127          4           1 *    0.9951    0.0000    0.0000    0.0035    0.0015 
         129          5           1 *    0.9918    0.0000    0.0000    0.0082    0.0000 
         135          4           1 *    0.7914    0.0000    0.0000    0.1904    0.0182 
         139          1           3 *    0.1922    0.0000    0.8078    0.0000    0.0000 
         146          2           5 *    0.0000    0.0091    0.0000    0.0000    0.9909 
 

• Misclassified observation 
 

 

 



 

A plot of the untransformed canonical variables used to define the clusters is provided in Figure 3. 
Each coloured point represents the plots grouped into a single cluster.  
 

Plot of Untransformed Canonical Variables Identified by Cluster

 
 
 
Criteria #7 Operational trials 
Not applicable 
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