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 Project purpose and management implications 

 
The Mountain Caribou has been identified federally and provincially as a Species at Risk. A 
scientific panel (Messier et al. 2004), in reviewing the reasons for the declining population of the 
Lake Revelstoke herd, has recommended that the local landscape be managed to decrease early-
seral conditions as a way of rebuilding populations of endangered mountain caribou. The panel 
argued that low elevation logging has increased the food supply for moose and deer, that the 
population of these species has increased and has led to increased populations of wolves and 
cougars, and that these predator species, in combination with black and grizzly bears as well as 
wolverines, have led to reductions in the local population of mountain caribou. This proposition is 
supported by the recent work of Wittmer (2004) in British Columbia who found that adult female 
caribou had lower survival rates in areas that contained more early-seral forests. The panel 
suggested that vegetation conditions could be modified by silvicultural activities or by reductions 
in the rate of forest cutting. 

The forest licensees in the area plan to develop a landscape level early-seral vegetation 
management plan to guide activities over the next decade using an adaptive management approach. 
Such a plan requires forecasting the cumulative effects of alternative approaches and funding levels 
over time, and across the landscape, to decide on the most appropriate set of options. Once actions 
have been taken, the plan also needs to account for the actual cumulative effects, both as a way of 
guiding future activities and as a way of communicating the results of licensee efforts to wildlife 
managers and the public. The licensees expect that the plan will facilitate communication between 
the various groups of managers and interested members of the community. 

Our research proposal was submitted at the request of the Revelstoke licensees as part of 
their plan. It has three phases. The first phase was completed by March 31st 2005 (Heineman and 
Mather 2005) through funding from the Forest Investment Account, Land-based Innovative 
Projects. At that time we reviewed and reported on quantitative and qualitative vegetation 
responses to vegetation management activities such as manual cutting, herbicide application, and 
modified timber management activities such as partial cutting and stand density management. 
Vegetation responses to ongoing operational timber management activities such as road building, 
logging, and reforestation were also reviewed. The focus was on key ungulate forage species 
(Serrouya and D’Eon 2002). The report built on the work already accomplished under the Protocol 
for Brushing Evaluations or PROBE (Simard et al. 2001) and work reported by Bartemucci (2004), 
Steen and Smith (1991) and Steen (1993).  

This report deals with the second phase of the project. We developed a sampling plan and 
sampled vegetation response to forest management activities and other key land base activites (e.g. 
transmission lines) in the Columbia valley, after stratifying for ecological conditions and focusing 
on the key browse species. We have also re-measured wildlife exclosures and adjacent control plots 
to assess the effect of ungulate browsing on vegetation development. The information from all 
samples has been combined with existing vegetation response data and used to predict vegetation 



responses using a simple landscape level model written in the SELES language. Following this 
work we will meet with local forest managers and other interested parties to develop a 1st 
approximation vegetation management plan. The plan will specify operational harvesting and 
silvicultural techniques and monitoring methods to be applied in the Columbia Valley in order to 
reduce the availability of ungulate browse. 
 
 
 Project start date/ length of project 

 
Start date: April 1st 2005; 2 years 
 

 Methodology 
 

Management of early seral vegetation has been identified as an important long term 
strategy for protecting and rebuilding endangered mountain caribou populations in the Revelstoke 
area (Messier et al. 2004). We know from previous studies that willow and cottonwood, two of the 
major browse species identified for moose and deer in the Upper Columbia valley (Serrouya and 
D’Eon 2002), 2003)) tend to be stimulated by canopy removal and disturbance of the forest floor 
during harvesting, and that site preparation and brushing activities also affect the rate of 
development (e.g., Haeussler et al. 1990; Simard et al. 2001). Douglas maple, a third browse 
species, may also increase in abundance following manual cutting and disturbance of the root 
crown (Haeussler et al. 1990). Other activities or factors that may affect ungulate browse 
availability include roads, powerlines, and the presence of pests such as the Western hemlock 
looper (Lambdina fiscellaria lugubrosa (Hulst) that can create open canopy conditions.  

We collected vegetation data from areas affected by various management activities and 
sampled using site series and time since disturbance. Retrospective sampling has successfully been 
used to describe the effects of stand development over time in British Columbia forestry research 
(e.g., Simard and Sachs 2004; Newsome et al. 2003). We also collected additional information 
about the extent to which moose and deer use specific browse species. To this end, we remeasured 
ungulate exclosures and accompanying unfenced controls that were established in 2001 in clearcut 
blocks (D’Eon et al. 2003). 

Sampling was conducted according to a systematic-random approach, whereby transect 
locations and bearings are chosen in areas that appear to be typical of the sampling area, and plots 
are located at specific intervals along the transects (20 or 30 m intervals, depending on conditions). 
The following information was collected at each plot: 

 Percent cover and modal height of: total vegetation, total shrubs, tall shrubs, herbs, 
willow, black cottonwood, Douglas-maple, western redcedar.  

 Percent canopy closure 
 Percent slash cover. 
 Percent mineral soil exposure. 
 Ungulate browse  

 
We also re-measured 5 exclosures and accompanying controls in older clearcuts. The sites 

are within moose winter range areas.  The exclosures are 25 m square and constructed of 2-m high 
galvanized wire fencing supported by 10-cm diameter treated poles at 5-m spacing. Within each 
exclosure and control plot we measured the following attributes of each tree: species, height of live 
foliage, total height including dead foliage, evidence of past ungulate browsing (yes/no), and total 
length and width of basal scars. We distinguished between browsing, which we define as clipping 
of terminal shoots and buds, and basal scarring, which we define as bark stripping from the tree 
stem.  Only basal scars were considered damage (i.e., we did not consider browsing as damage). To 



investigate abundance and growth of broadleaved shrubs in exclosures and control plots, we 
visually estimated total percent cover of broadleaved shrubs in a 5.65-m radius plot in the center of 
exclosures and control plots.  We will record shrub species in order of abundance.  For each species 
we measured average height and recorded browsing intensity by browse class. Summary statistics 
were produced for each variable in each disturbance type/age category. We used simple descriptive 
statistics in our presentations to licensees and other interested parties.  

 
In our modeling work we used a meta-modeling approach in which the output from a 

detailed stand-level model was encapsulated in a simpler landscape level model, written in the 
SELES (Spatial Explicit Landscape Event Simulator) language  (Fall and Fall 2001).  We modified 
spatially explicit logging and succession models that were developed in SELES for an earlier 
caribou habitat modeling project for the general area (Fall et al. 2001).     
 
 Project scope and regional applicability 

 
The project results are limited to forests surrounding Lake Revelstoke and adjacent portions of the 
Columbia River Valley. 
 
 Interim conclusions 

 
1) Exclosure re-measurement 
 
In 2005 we measured 1341 trees across the replicate exclosures and unfenced controls.  

After the 2005 re-measurements, there were 2 notable differences between exclosures and controls.  
First, scarring rates declined substantially among cedar trees between the time when the exclosures 
were erected in the fall of 2001, and the second re-measurements in the spring of 2005.  Mean scar 
lengths decreased by 62.5% between 2002 and 2005, compared to a 52.1% increase over that same 
time period in the controls (Table 1).  In the controls, the mean scar length was 8.5 cm in 2001 yet 
increased to 25.7 cm in 2005, compared to 11.7 and 7.7 cm, respectively, for the controls.  Scars 
were virtually non-existent among spruce trees and were minimal among hemlocks (Table 1).  The 
second main difference was that cedars grew more rapidly in the exclosures relative to the controls.  
Cedars grew 24.6 % between 2002 and 2005 in the exclosures, compared to 15.1 % in the controls 
(Table 2).  No other pronounced tree-growth differences occurred among the treatments.   

 
However, none of the differences observed for scarring or tree growth translated into 

differences in survival rates (Table 3).  Survival rates were high and did not differ among 
treatments for the mature trees in the 4 exclosures, the newly planted seedlings in the 4 exclosures, 
and the younger plantation where the 5th exclosure was located.  Interestingly, during the 2005 re-
measurements we noticed a number of larger spruce trees dead or dying in exclosures 1-4, and this 
was reflected in lower survival rates relative to cedar.  The cause of death appeared to be drought 
stress and is probably associated with the dry summer of 2003.   



Table 1.  Comparison of mean scar lengths on bark from moose browsing between fenced exclosures 
and unfenced controls for 3 tree species.  The % change refers to successive measurements within the 
treatment.  N=4 replicates. 

Species Year Exclosure   Control 
    Length (cm) SE % change  Length (cm) SE % change
Cedar Fall 2001 11.7 6.7   8.6 4.0  
Cedar Spring 2002 12.5 7.2 6.1  12.3 4.6 30.7
Cedar Spring 2005 7.7 6.0 -62.5  25.8 1.2 52.1
Hemlock Fall 2001 0.4 0.2   2.1 2.4  
Hemlock Spring 2002 1.5 0.9 73.6  3.2 1.2 34.4
Hemlock Spring 2005 1.6 1.0 5.3  3.4 49.7 6.1
Spruce Fall 2001 0.0 0.0   0.9 0.9  
Spruce Spring 2002 0.9 0.9 na 0.1 0.1 na
Spruce Spring 2005 0.7 0.7 na  0.0 0.0 na

 
Table 2.  Comparison of height growth of 3 tree species between fenced exclosures and unfenced 
controls.  The % change refers to successive measurements within the treatment.  N=4 replicates. 

Species Year Exclosure   Control 
    Height (cm) SE % change  Height (cm) SE % change
Cedar Fall 2001 160.7 8.8   137.9 9.6  
Cedar Spring 2002 165.1 9.9 2.7  139.6 8.5 1.3
Cedar Spring 2005 218.9 15.1 24.6  164.4 9.1 15.1
Hemlock Fall 2001 196.5 14.5   186.0 50.3  
Hemlock Spring 2002 200.0 16.4 1.7  184.5 48.7 -0.9
Hemlock Spring 2005 265.8 14.0 24.8  263.4 49.7 30.0
Spruce Fall 2001 207.2 23.3   220.9 13.5  
Spruce Spring 2002 222.0 25.2 6.7  239.9 14.0 7.9
Spruce Spring 2005 307.2 48.6 27.8   323.8 27.5 25.9

 
 

Table 3.  Comparison of annual tree survival rates between fenced exclosures and unfenced controls. 

Species 
Exclosure 

no.1
Measurement 

interval Annual survival rate 
   Exclosure Control
Cedar 1-4 2001-2002 98.9 99.3
Cedar 1-4 2002-2005 99.0 99.4

Spruce 1-4 2001-2002 99.3 99.1

Spruce 1-4 2002-2005 97.3 97.2
Newly-planted 
cedar seedlings 1-4 2002-2005 88.9 91.5
Cedar 5 2002-2005 74.3 81.8
Spruce 5 2002-2005 94.3 92.8

1Exclosure no. 5 was analysed separately because it contained only seedlings (it was  clearcut in 2000). 
Exclosures 1-4 were harvested in 1990-1994. 

 



The modal heights of the dominant broadleaved shrub species in the exclosures were nearly 
twice as tall in 2005 compared to 2001 (Table 4).  In contrast, shrub heights were only 9 % taller in 
the controls over the same time period.  Shrub cover increased more in the controls than in the 
exclosure. 
 
Table 4.  Comparison of shrub cover and height between fenced exclosures and unfenced controls from 
2001 to 2005. The % change refers to successive measurements within the treatment.  N=5 replicates. 

Shrub Year Exclosure   Control 
    % or cm SE % change  % or cm SE % change
Cover (%) Fall 2001 22.5 11.1   18.8 9.7  
Cover (%) Spring 2002 20.6 10.6 na1  10.2 4.5 na1

Cover (%) Spring 2005 37.1 10.5 44.5  26.8 10.0 61.9
Height (cm) Fall 2001 112.5 39.0   105.0 35.2  
Height (cm) Spring 2002 152.6 75.8 26.3  111.0 29.5 5.4
Height (cm) Spring 2005 206.0 89.6 25.9   116.0 20.3 4.3

1Comparisons of shrub cover between fall and spring were not appropriate. 
 
 
The general hypothesis that moose browse on cedar trees during winter when alternate 

preferred forage is scarce was supported by the large difference in scarring pattern observed 
between the treatments.  It is possible that these larger scars translated into slower growth rates 
observed for cedar trees in the controls. The magnitude of the difference in growth rates was 
substantial but not significant between treatments. However, the difference in cedar growth rates 
may be partly attributable to trees being larger in the exclosures at the onset of the experiment. 
Spruce seedlings were slightly larger in the controls at the onset but growth rates were similar 
among treatments for this species, which was not subject to moose browsing. 

Despite large differences in scarring rates, it appears that moose browsing/damage had no 
effect on the survival of cedar seedlings or larger trees.  Other tree species also showed no 
differences between treatments.  

One potential confounding factor in this experiment is the interaction between shrub 
abundance and conifer growth.  It is possible that the larger shrub biomass in the exclosures 
actually impeded conifer growth.  In other words, areas with very little herbivory could have 
reduced conifer growth because of higher competition between shrubs and conifers.  At the other 
extreme, heavy herbivory could not only regulate shrub growth but also impede coniferous growth 
through bark stripping and breaking main stems.  Intermediate levels of herbivory may actually be 
beneficial to coniferous growth because moose would feed on shrubs, their preferred forage, 
without having to switch to cedar because of depleted shrub biomass due to high moose numbers.  
Addressing this speculation is beyond the scope of this study, but they are hypotheses to consider 
for the future. 

Since the inception of this study, moose densities have dropped by 20-30% from their 2003 
peak of 1.58/km2 (Serrouya and Poole in prep).  Increased limited entry hunting tags have resulted 
in 2-4 times as many moose being harvested annually compared to pre-2003 levels.  The reduction 
in moose density would serve to lessen the contrast between the 2 treatments in this study, and will 
have to be considered in future analyses when additional re-measurements are conducted. 
 

2) Vegetation model 
 
A landscape-level model, written in the SELES (Spatial Explicit Landscape Event 

Simulator) language (Fall and Fall 2001) was developed using local height and cover data for the 



nine key forage species in combination with information from the literature regarding their 
expected responses to forest management activities.  The model tracks the cover and height of the 
key browse species on a study area that is approximately defined by the boundaries of the 
Revelstoke TSA.  The landscape is divided into 0.25 ha cells (50 m x 50 m) for the simulations.  
Forest management practices simulated include harvesting in the timber harvesting land base 
(THLB), site preparation, different planting methods, brushing, pruning, and brushing of the BCTC  
transmission lines.  Harvesting is driven by a modified version of an existing SELES spatially 
explicit logging model developed for an earlier caribou habitat modeling project in the area (Fall et 
al. 2001).  The harvesting model approximates the AAC from the most recent timber supply 
review.  It generates an annual distribution of cut blocks that approximate the size of those 
currently being harvested, based on information from the licensees.  Roads are not explicitly 
modeled at this time.  Rather, the harvesting model starts with the original road network and 
calculates a distance to roads surface.  New cut blocks are laid down within 1 km of an existing 
road if possible and the distance to road surface is updated, but the actual roads are not simulated.  
If a cut block cannot be placed within 1 km of a road, then blocks are started at further distances 
with decreasing probability. 

The harvesting model is decoupled, or separate, from the vegetation model.   The 
harvesting model is run to simulate several decades of harvesting, following which, logging 
locations and their year of occurrence are stored and used as input by the vegetation model.  This 
serves two main purposes.  First, computer processing time is reduced because the harvest model 
needs to be run only once.  More importantly, it removes a source of variation from the vegetation 
model runs.  Since the logging model is stochastic (i.e., it uses probability), no two simulations 
would put blocks in identical locations throughout time.  By decoupling it from the vegetation 
model and only running it one time, every subsequent run of the vegetation model uses the same 
series of cut blocks as input.  The only variation in the output of the vegetation model is due to 
different silvicultural practices simulated in different scenarios, not due to variation in the input 
logging maps. 
 The vegetation model is driven by a series of tables that specify the cover and height of the 
nine browse species through time on different BEC variants. Currently we model vegetation in the 
ICHmw3, ICHvk1, and ICHwk1 variants. There are also a series of adjustment tables that specify 
variations in vegetation cover and height of each species with site series, and various silvicultural 
treatments.  These include harvest type (summer or winter, ground based or cable), site preparation 
(burning, chemical, and mechanical treatments), planting (normal or dense spacing, with and 
without fertilization), brushing (manual and various chemical treatments) and pruning at age 25.  
Brushing treatments can also be applied to the BCTC transmission lines.  The user specifies the 
percentage of the cut blocks each year that receive each of these possible treatments.  For example, 
if the user specifies that 50% of the cut blocks will be ground-based winter logged, 25% will be 
winter cable logged, and 25% will be ground-based summer logged, then these proportions are 
applied randomly to the new cut blocks each year.  Each individual cut block receives only one 
type of logging treatment, but the approximate proportion of the area of that year’s cut blocks in 
each logging type will match the input data.  The same is true for all other site preparation, 
planting, brushing and pruning treatments.  At present, the probabilities are separate for each type 
of treatment.  Therefore, a sequence of treatments cannot be specified such that a block will always 
receive a certain type of harvest, followed by an exact sequence of treatments.  This may be 
possible in a future version of the model, but would be far more difficult to implement.  There is no 
adjustment for vegetation cover on  roads because they are not explicitly simulated.  The current 
cell size in the model is 50 x 50 m.  Therefore a road would only be a small proportion of a cell.  A 
more explicit simulation of roads may be added if it is considered appropriate.  However, 
vegetation changes due to skid trails and landings are simulated by assuming these areas occupy a 
small percentage of each cut block (8% in the current simulations).  Separate vegetation tables for 



skid trails and landings are used and the total amount of vegetation in the cut block is changed to 
accommodate the percentage of skid trails and landings.  
 Power lines are assumed to be 20 year-old cut blocks at the start of the simulation.  Manual 
brushing is applied on a rotation of 20 years to all power lines for the duration of the simulations.  
A more sophisticated power line model is under development in conjunction with experts at B.C. 
Transmission Corporation.  However, the simple model used here allows a first general estimate of 
the contribution of the existing power lines to the vegetation cover of the area. 

The model summarizes the heights and covers of all species for the whole map, for only 
areas that have been logged, and for only areas in power lines.  It also reports browse species cover 
and height by subzone for the ICHmw3, ICHvk1, and ICHwk1.  Reporting for individual site series 
is planned, but not yet implemented.  The model also gives the overall mean of the sum of percent 
covers of all species in each cell, and the overall mean of the height of the species in each cell.  It 
gives summaries of these two overall means for the map, the logged areas, power lines and by 
subzones as above.  In addition, the model outputs maps of the cover and heights of each species 
every five years.   Other types of output could be added after review of the current model.  
Possibilities include a summary for the area in the THLB, and height summaries for all cells where 
height is above some critical threshold, such as 1.8 m. 

A simple experiment was run to test the prototype model.  Readers should note that the 
model is in the early stages of development and values produced are preliminary. Seven scenarios 
were simulated (Table 1).  Each had only one type of harvesting, site preparation, planting regime, 
and brushing treatment applied to all cut blocks.  No pruning was done.  All scenarios were run for 
a 20-year period. 

The THLB in the study area is approximately 140,000 ha.  In the three subzones modeled, 
there are approximately 95,000 ha in the whole map with at least 1% cover of any of the nine 
browse species of interest (Figure 1).   Approximately 1000 ha is harvested annually by the logging 
model.  Of this harvest area, approximately 50% (500 ha) contains at least 1% cover of browse 
species under management scenario 1.  The power lines cover about 1550 ha in the study area and 
the majority of these (> 1450 ha) always contain at least 1% of the browse species.  The influence 
of cut blocks increases throughout the simulation as new blocks are added each year and previous 
blocks age. At the end of the 20-year simulation, about 7% of the whole map is in cut blocks of 
various ages with at least 1% cover of the browse species.  The power lines remain static and are 
equivalent to  2 - 3 times the annual cut block input.  These numbers vary slightly depending on the 
management scenario, but provide an illustration of the relative importance of cut blocks and 
power lines in the area.  
 A more detailed examination of the cover of all species throughout the simulations reveals 
differences between the scenarios and subzones over the whole map (Figure 2).  First, the ICHmw3 
has slightly more cover of the browse species than the other two subzones.  However, there is a 
drop in the cover in the ICHmw3 at year 2 and again at year 12 of the simulations in all scenarios 
(Figure 2a).  This is not seen in the other two subzones.  The data tables that drive the model need 
to be examined further to try to explain this drop.  It is also possible the drop is caused by the age 
distribution in the ICHmw3.  However, despite this effect it is clear that the model predicts 
different levels of vegetation in all subzones depending on the management scenario.  Also, in all 
three subzones scenario 6 gives the highest levels of vegetation cover and scenario 7 the lowest as 
was expected when the scenarios were designed (Table 1).  This is shown clearly in Figure 2d, 
where all other scenarios are removed from the graph.  Results can also be summarized for just the 
cut block areas (Figure 3).  The pattern is similar to the whole map in that there are large 
differences in cover between scenarios,  and scenario 6 has the most browse cover, scenario 7 the 
least.  However, cover is much higher in the cut blocks than the map as a whole.  This is expected 
since the rest of the map contains a large amount of mature forest which has lower levels of the 
browse species.  The experiment shows that the model is generally behaving as expected, that cut 
blocks are a small, but increasing portion of the map and their importance for browse species is 



amplified because they have higher levels of cover than the rest of the map.  The power lines are 
equivalent to about 2 – 3 years of harvesting.  The model also generates maps of the cover and 
height of every species.  These can be used to examine spatial patterns.  An example map for 
willow cover in year 20 of the simulation for scenario 1 is show in Figure 4. 

 

Table 5.  Scenarios simulated 

 
Scenario Harvest 

method* 
Site prep Additional 

silviculture at 
establishment 

Brushing Comments/rationale 

1 GB Winter None None Manual at 
year 3 

This is probably typical of 
current practices 

2 GB Winter None Dense planting + 
fertilization 
(strong effect) 

Manual at 
year 3 

To look at the effect of 
planting density and 
fertilization.  

3 GB Winter None None Broadcast 
chemical at 
year 3 

To compare the effects of 
manual and chemical 
treatment. 

4 GB 
Summer 

None None Manual at 
year 3 

To compare the effects of 
summer and winter 
harvesting 

5 GB Winter Medium 
burn 

None Manual at 
year 3 

To look at the effects of 
burning as site prep 

6 GB 
Summer 

Scalping None Manual at 
year 7 

To look at the cumulative 
effects of treatments that 
promote most of our target 
shrubs. 

7 Winter 
cable 

Cut and 
spray 
chemical 

Dense planting + 
fertilization 
(strong effect) 

None To look at the cumulative 
effects of treatments that 
discourage most of our 
target shrubs. 

* GB = ground based logging. 
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Figure 1.  Amount of study area with greater than 1 % cover of any of the nine browse species in each of 
three land types in the simulation.  Example is from simulation of scenario 1 (see Table 1). 
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Figure 2.  Mean cover of all nine browse species in the three BEC subzones (a – c) on the whole map 
simulated  under seven management scenarios (Table 1) for a duration of 20 years.  Figure d) shows just 
scenarios 6 and 7 in the ICHmw3. 
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Figure 3.  Mean cover of all nine browse species in the three BEC subzones (a – c) on the only the cut blocks 
simulated under seven management scenarios (Table 1) for a duration of 20 years.  Figure d) shows just 
scenarios 6 and 7 in the ICHmw3. 

 



 
 

 
Figure 4.  Willow cover at 20 years in Scenario 1 on a portion of the study area.  Cover values range from 0 - 
34%, darker shaded areas have highest cover. 
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