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Trampling Study 2004 
Canadian Mountain Holidays 

 
BACKGROUND 
 
The Trampling Study was undertaken in 2000 and 2004 in coordination with the CMH ABLE 
(Applied Backcountry Landscape Evaluations) project. The purpose of the study was to determine 
the effects of hiking on plant communities in alpine terrain like that used by Canadian Mountain 
Holidays. It is CMH’s intent to use the results of the study in its continuing goal of responsible 
stewardship and to operate in a manner which has minimal environmental impacts. For the 
purpose of this work, hiking is called “trampling” to be consistent with similar research done in 
other areas of North America.  
 
We know that vegetation types vary substantially in their vulnerability to damage by hikers. This 
suggests there is great potential to reduce the impacts of recreational trampling on vegetation 
(McKenzie and Vera, 2000) by careful guest management and route selection.  
 
Two vegetation communities were represented in three plots established in 2000. These 
communities were categorized as pearly everlasting/mountain sagewort (PEMS) 1 and white 
mountain heather/pink mountain heather (WMPM).  In 2004 two more trampling plots were 
established and one of the plots established in 2000 was revisited. The establishment of a third 
trampling plot was initiated, however due to a rescue occurring (and lack of access to helicopter), 
it was not completed. 
 
In order to evaluate the effects of specific levels of use on these alpine plant communities, 
controlled levels of trampling were applied to vegetation plots. Although there have been 
numerous studies on the effects of trampling on vegetation over the past forty years, it is difficult 
to base management practices on their results. A lack in standardization in levels of trampling, 
plot sizes, recovery periods and measurement methodology make it difficult to compare the 
responses of vegetation types from different studies (Cole and Bayfield (1993)). For this reason, 
the standard procedure as suggested by Cole and Bayfield (1993) was used.   
 
INTRODUCTION 
 
Trampling is defined as repeatedly treading across vegetation (McKenzie and Vera, 2000).  Within 
this study we’re seeking to understand the effects of hiking in alpine terrain; more specifically, 
the relationship between the amount of trampling and vegetation response, as well as the relative 
resistance of different plant communities and species. 
 
The response of vegetation to trampling is expressed in terms of three concepts: resistance, 
resilience and tolerance. Resistance is the rate at which ground coverage of a plant is reduced 
by trampling, or the ability of a site to tolerate use without being disturbed. Resilience is the 
rate at which plants recover after their ground coverage is reduced, or the ability of a site to 
return to an undisturbed state after being disturbed. Tolerance is the amount of trampling plants 
can tolerate and still cover a certain amount of the ground after a period of time. 
 

                                                 
1 The PEMS community was incorrectly named.  After reviewing study plots and photos, the evaluators in 2004 came to the conclusion 
that the species in question was Antennaria.  The genus name used in 2000 was correct, the common name was not.  For future 
clarification the vegetation communities and individual species will be referred to using scientific names and the following will be 
assigned to replace the previous categories. 
 
� PEMS = AspAn (Antennaria spp./Artemisia norvegica) 
� WMPM = CmPe (Cassiope mertensiana/Phyllodoce empetriformis) 
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Certain vegetation types have thresholds of vulnerability where they are capable of resisting 
damage as long as the trampling intensity is low. Once the trampling intensity exceeds these 
thresholds, damage occurs and increases as trampling increases (Cole, 1995). Plant stature and 
erectness contribute to resistance in woody plants, but detract from resistance in herbaceous 
plants (Cole, 1995).  Cole (1995) found that vegetation types that are predominantly erect herbs, 
such as Valeriana sitchensis and Antennaria spp., will likely be damaged readily by trampling, but 
these types should also recover quickly. Also, vegetation types that are predominantly 
chamaephytes where buds are located just above the ground, such as Phyllodoce empetriformis, 
will be somewhat more resistant but damage is likely to be more long lasting, therefore less 
resilient.  When subject to trampling, the most stable vegetation type is non-erect herbs (Cole, 
1995).   
 
The results of this trampling study can be applied to the recommendations of the ABLE report(s) 
by providing more detailed information on the effects of trampling in different vegetation 
communities. The ultimate purpose of this study is to identify thresholds and use these results in 
managing guests and in route selection. The process will also have value if/when Limits of 
Acceptable Change processes are used in backcountry planning (discussed further in ABLE 2004 
report). The LAC framework is meant to specify indicators and standards for both resource 
conditions and social conditions for each type of setting or zone. Based on an inventory of existing 
conditions and selected indicators, monitoring would allow CMH and other users to recognize 
when a condition has changed and no longer meets preset standards. Using the results from this 
study can assist in the development of LAC. By using identified indicators, an appropriate 
response for an unacceptable change can be developed and the effectiveness of the response can 
be monitored.  
 
This report focuses on the effects of different trampling intensities on plant cover and on 
individual species, plant height, and bare ground for a single plot established in the Adamants 
(north of Revelstoke, BC) in the summer of 2000. It is the only plot that was re-evaluated in 
2004. 
 
METHODS 
 
Each trampling plot consisted of 5 lanes designated for 25, 75, 200 and 500 passes and 0 passes 
(no trampling; control lane). A pass was considered a one-way walk along the lane by a person of 
approximately 82kg wearing lug-soled boots. A control lane aids in determining whether factors 
other than the experimental trampling have had any effect on the conditions being measured. 
Percent cover and height of the vegetation in the plots within each lane were measured before, 
immediately after and one week after trampling occurred. The plot focused on in this report was 
again measured 4 years after the trampling treatment. Photo documentation was also part of the 
data collection before trampling occurred as well as each subsequent visit to re-measure the 
plots.    
 
These methods, developed in 2000, follow the same principles as Cole and Bayfield (1993).  
Details can be found in the CMH ABLE Project Report 2000, Volume I.  All methods remained the 
same in 2004; however a 10-pass lane was added to more accurately identify thresholds. 
 
 
Study Areas 
 
Study plots are located in three vegetation communities (Table 1). These communities were 
chosen to include the vegetation that best represented the surrounding area and were named 
based on the predominant plant species. In addition, these communities have been observed to 
be some of the most common alpine communities in the region.   
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Table 1 - List of the trampling plots and the vegetation communities they represent. 
 

Plot 
Number 

Vegetation 
Community 

Short-form 
Name 

Year 
Established 

Revisited 
in 2004 

AD-GO-04 Cassiope 
mertensiana / 
Pyllodoce 
empetriformis 

CmPe 2000 Yes 

AD-GO-10 Graminoids Gram 2004 Yes  

BU-PO-26 Graminoids Gram 2004 No 

CA-LO-24 Antennaria spp. / 
Artemisia norvegica 

AspAn 2000 No 

CA-LO-36 Cassiope 
mertensiana / 
Pyllodoce 
empetriformis 

CmPe 2004 Yes 

 
The community focused on in this report is Cassiope mertensiana/Phyllodoce empetriformis 
(CmPe) in plot AD-GO-04. Cassiope mertensiana and Phyllodoce empetriformis are also 
respectively known as white and pink mountain-heather. It is believed that Phyllodoce 
glanduliflora, or yellow mountain heather was more common in this plot than Phyllodoce 
empetriformis. These dwarf evergreen shrubs are commonly found widespread in sub-alpine and 
alpine communities, and are common in late snowmelt areas. The species is frequently abundant 
and co-dominant with one another (Parish et al., 1996). As chamaephytes, Cole (1995) would 
propose these species to be more resistant than resilient. From this it could be expected that the 
species will tolerate trampling up to a certain point or threshold before considerable damage 
occurs. Damage refers to the amount of vegetation change that occurs as a result of trampling 
disturbance Cole and Bayfield (1993). Once this damage occurs however, it is unlikely that these 
species will recover completely, recovery referring to the rate at which the vegetation reverts to 
pre-disturbance conditions once trampling ceases (Cole and Bayfield, 1993). 
 
The subject plot is located in the Goldstream hiking zone (CMH Adamants/Gothics tenure) in an 
area known as the “Rolly Polly” ski run. It is southeast of the French Creek drainage and 
northwest of the Little Creek hiking area. “Rolly Polly” consists of rolling terrain with many small 
streams and lakes. The study plot can be found at UTM E407588 N5722332 on a small bench 
above an unnamed lake. The site is at an elevation of 2050 meters, with a 13% slope and a NW 
aspect (McKenzie and Vera, 2000).   

 
 
RESULTS 
 
This plot was established in 2000 and re-evaluated in 2004. In 2004 (four years after original 
trampling treatment), the plot was still visible from a position upslope as the effects of trampling 
in lanes 1, 2 and 3 were quite evident with scarce vegetation along the length of these lanes. 
These lanes received 500, 200 and 75 passes respectively. Heather kill was rather complete in 
lanes 1 (500 passes) and 2 (200 passes) and still obvious in lane 3 (75 passes) (see Figure 1). 
Heather, devoid of green leaves or with bare branches and stems was considered to be heather 
“kill.”  Some Antennaria, graminoids and Luetkea pectinata were re-established where trampling 
had previously been apparent. Trampling damage was not evident in lanes 4 (25 passes) and 5 
(control).  Throughout the surrounding area, some heather kill was observed, suggesting that 
other factors may also account for some reduction in cover. However, this heather kill was 
different from the heather kill within the trampling lanes; in the surrounding area the heather kill 
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was scattered or random whereas in the trampling lanes it was more uniform and created a 
straight line. For all measures of Relative Cover and Relative Height, conditions were expressed 
as a proportion of the initial conditions, and a correction factor was applied to account for such 
changes in the control plots (Cole and Bayfield, 1993).   
 

 
 

Figure 1 - Plot AD-GO-04 from above, four years post-trampling. 
 
Relative Cover 
 
Relative cover can be used to characterize vulnerability of different vegetation types (Cole and 
Bayfield, 1993). Vulnerability is the ability of a vegetation type to resist being altered by 
trampling, also referred to as resistance. Relative cover is based on the sum of the coverage of all 
species, rather than a single estimate of total vegetation cover (Cole and Bayfield, 1993). Relative 
cover would be 100% in the absence of any change in cover caused by trampling. Therefore, the 
extent to which relative cover after trampling deviates from 100% provides a measure of the 
damage response to trampling. Comparing the relative cover between one and four years after 
trampling, and that shortly after trampling, provides a measure of the recovery response (Cole 
and Bayfield, 1993). Following Cole and Bayfield (1993) relative cover was calculated as follows: 
 
1.  Sum the percent coverage of all vascular species, mosses and lichens for each subplot 
*Rock, litter, soil and dead vegetation were not counted in the RC calculations 
*unidentified species were included in these calculations 
 
2.  Derive the mean sum cover of the subplots on each lane 
 
3.  Calculate relative cover 
 
 RC  =  Surviving cover on trampled subplots    x (cf) x 100% 
  Initial cover on trampled subplots 
 
Where   cf  = initial cover in control lane 
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  Surviving cover in control lane 
 
Example:  Lane 1, 4 years post-trampling, plot AD-GO-04 
 
Sum of cover for all vascular species in lane 1 = 145 
Divide this value by the number of subplots in the lane 145/8 = 18.1 
  
         RC    =   18.1  x (1.2) x 100% 
  80.9 
                  =  26.8% 
Where cf    =  80.6 =  1.2 
  66.9 
 
Recovery responses were varied between the trampling lanes (See Figure 2).  Calculations in 
Table 2 show increases in relative cover in lanes 1 (500 passes) and 4 (25 passes).  The relative 
cover in lane 1 (500 passes) shows an increase of 5.5% four years after trampling. Lane 4 (25 
passes) has an increase in relative cover of 19.4%. Lanes 2 (200 passes) and 3 (75 passes) 
decreased in relative cover by 8.6 and 7.9% respectively.  Above 25 passes the recovery 
response can be considered slow. Although Lane 1 (500 passes) shows a slight increase of 5.5% 
relative cover, the value is small and may be a result of estimation errors. 
 

Table 2 - Comparison of relative cover percentages between  
the year AD-GO-04 was established and 4 years later.   
 

LANE Relative 
Cover (%) 

in 2000 

Relative 
Cover (%) in 

2004 
1 (500 passes) 21.3 26.8 

2 (200 passes) 52.6 44.0 

3 (75 passes) 67.5 59.6 

4 (25 passes) 63.4 82.8 

5 (control) 100 99.6 
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Figure 2 - Trampling Lane 2, four years post trampling with lane 1 to the right. 
 
Relative Cover for Individual Species 
 
Only those species that are present on all or most plots and have coverage on controls that are 
similar to those on treatment lanes prior to trampling can be used for assessing the response of 
individual species. In a manner similar to that for total vegetation cover, it is possible to calculate 
relative cover for a few individual species (Cole and Bayfield, 1993).  First mean pre- and post-
treatment cover measures for all lanes where calculated and then relative cover was calculated 
from these estimates: 
 
*dead vegetation was included with litter 
*unidentified species were not included for individual species calculations 
 
 RC  =  average surviving cover on trampled subplots     x 100% 
  average initial cover on trampled subplots - cf 
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Where cf    =  initial species cover on control subplots - surviving species cover on   
 control subplots 
 
Example.  Lane 1.  Phyllodoce glanduliflora, one week after trampling, plot AD-GO-04 
 
 RC  = ___6.3__   x 100% 
  30.0 - 0.6 
 
       = 21.4% 
 
Where cf   = 20.0 - 19.4  =  0.6 
 
Phyllodoce glanduliflora 
 
Figure 3 shows the relative cover of Pyllodoce glanduliflora decreased in lanes 1, 2 and 3 (500, 
200 and 75 passes respectively) after four years.  In the 25 pass lane (lane 4) however, relative 
cover remained the same both one week and four years post-trampling.  This indicates that 
Phyllodoce glanduliflora does not recover after four years when trampling occurs above 25 
passes. As the number of trampling passes increases, the recovery response of Phyllodoce 
glandiflora decreases.   
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Figure 3 - Comparison of relative cover of Phyllodoce glanduliflora  
one week and four years post-trampling. 

 
Cassiope mertensiana 
 
Recovery of Cassiope mertensiana is illustrated in Figure 4 in lane 4 only. In all other lanes, which 
received more trampling passes, recovery did not occur. A noticeable decrease in relative cover 
occurred in lane 1 where the highest number of passes was applied (500 passes). The 
intersection of the two lines in Figure 2 marks the point at which the tolerance of Cassiope 
mertensiana reaches its threshold to trampling damage. It indicates that between 25 and 75 
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passes, Cassiope mertensiana will not recover four years after trampling. As the number of 
trampling passes increases, the recovery response of Cassiope mertensiana decreases. 
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Figure 4 - Recovery response of Cassiope mertensiana one week and  
four years after trampling occurred.   

 
Luetkea pectinata 
 
In Figure 5 the recovery response of Leutkea pectinata appears to increase with an increase in 
trampling disturbance. The relative cover in lane 1 with 500 passes shows a significant increase 
after four years post-trampling. After four years the relative cover in lane 4 (25 passes) 
decreases from the relative cover after one week, which may be due to the possibility that given 
the low trampling passes, the species experienced a slow death, whereas with a higher number of 
passes the plant was unable to withstand the damage.  This may be explained by the 
presumption that 25 passes is not enough to promote new growth from the plant’s rhizomes, 
which can re-sprout quickly after a disturbance. The results indicate that Luetkea pectinata 
recovers well with intense trampling (See Figure 6).  It can also be added that Luetkea pectinata 
was observed to be one of the first species to re-establish itself on de-vegetated trails during data 
collection for the ABLE project in 2004. 
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Figure 5.  The recovery response of Luetkea pectinata one week and  
four years after trampling occurred.     

 

 
 

Figure 6.  Subplots in Lane 1 show recovery of Luetkea pectinata and damage  
to Cassiope mertensiana and Phyllodoce glanduliflora (heather kill) four years  
post-trampling. 
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Relative Height 
 
Height is used to assess the damage and recovery responses of vegetation to trampling 
disturbances (Cole and Bayfield, 1993).  Relative Height was calculated as follows: 
 
1.  Sum the height measures from each subplot 
 
2.  Divide this sum by the number of non-zero values to obtain the mean height of the surviving 
vegetation. 
 
3.  Do the above calculation for both initial heights and trampled heights 
 
4.  Calculate relative height: 
 
 RH  = Surviving height on trampled subplots  x (cf) x 100%  
  Initial height on trampled subplots 
    
   Where cf  = average initial height on control subplots  
  Average surviving height on control subplots 
 
Example  Lane 1, 4 years post-trampling, plot AD-GO-04 
 
 RH  =  2.2  x (1.2) x 100% 
  5.7 
 
     = 45.2% 
 
Where cf    = 6.2  =  1.2 
  5.3 
 
In three treatment lanes there is a decrease in the percent relative height. The average decrease 
in relative height is 22.3%. This suggests that damage did occur to vegetation in trampling lanes 
1 (500 passes), 2 (200 passes) and 3 (75 passes). The damaged vegetation did not recover to its 
initial height four years post-trampling, therefore the overall recovery response is quite slow. 
  

Table 3.  A comparison of relative height of vegetation in  
each lane in the year trampling occurred and four years later. 
 

LANE Relative Height 
(%) in 2000 

Relative Height 
(%) in 2004 

1 (500 passes) 68.0 45.2 

2 (200 passes) 80.6 56.6 

3 (75 passes) 94.8 74.6 

4 (25 passes) 100 100 
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Bare Ground 
 
Bare ground(*) is the proportion of the ground surface not covered with live vegetation.  Bare 
ground data provides a simple descriptive measure of the changes in ground cover that result 
from trampling disturbance. In comparison to relative cover, bare ground data are not relative 
and are not adjusted for changes on controls. Consequently, it provides straightforward 
descriptive measures of the changes in ground cover that result from trampling disturbance (Cole 
and Bayfield, 1993). Values were calculated from data collected before and after trampling, 
across the range of trampling intensities. 
 
*litter, dead vegetation, rock and soil were considered bare ground 
 
Bare ground increased in all lanes one week and four years after trampling. Because the bare 
ground in the control lane increased after four years of the initial measures, it can be presumed 
that the overall site has an increase in the percentage of bare ground for reasons relating to other 
factors as well as trampling disturbance.   
 

Table 4.  A comparison of the percentage of bare ground in each lane  
before, one week and four years after trampling occurred. 
 

LANE Bare 
Ground 
(%) in 
2000 

Bare Ground 
(%) in 2000, 
after one 
week 

Bare Ground 
(%) in 2004 

1 (500 passes) 19.1 82.8 81.9 

2 (200 passes) 18.1 56.9 70.0 

3 (75 passes) 19.4 45.6 60.0 

4 (25 passes) 21.2 50.0 45.6 

5 (control) 19.4 19.4 33.1 

 
 
DISCUSSION AND RECOMMENDATIONS 
 
Since the initial plot set-up and trampling, the changes that have occurred within the plot indicate 
that trampling can have a long-term affect on the vegetation in a community of Cassiope 
mertensiana and Phyllodoce glanduliflora. Chaemophytes Cassiope mertensiana and Phyllodoce 
glanduliflora appear to tolerate trampling up to a certain threshold before damage occurs. It was 
found that above 25 passes the recovery response of this community is slow. The data also shows 
a low resistance and resilience of this community. 
 
Because Cassiope mertensiana and Phyllodoce glanduliflora are the most common species in the 
community, their resistance and resilience are similar to the overall community, however, 
Phyllodoce glanduliflora was found to have better resistance than Cassiope mertensiana. 
Tolerance for Phyllodoce glanduliflora was found between 25 and 75 passes while Cassiope 
mertensiana was around 25. Another common species in the community, Luetkea pectinata, was 
found to have a high resilience and high resistance to trampling.   
 
Because vegetation types vary both in their ability to resist being damaged by trampling and in 
their ability to recover from trampling damage (Cole, 1995) and based on the results of this 
study, it is suggested that the amount of use in a CmPe community be limited to below the 
identified thresholds of the species with the lowest tolerance. Therefore, based on the most 
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common species in a community, it can be said that a community is only as tolerant as its least 
tolerant species. In this case, the least tolerant species was Cassiope mertensiana and sets the 
communities use levels at approximately 25 single-file hikers at one time before damage occurs. 
As suggested in the 2004 ABLE report, use levels should remain low in this type of community 
and trail formation should be avoided by dispersing use throughout the area. If damage becomes 
evident use patterns should be altered before trail formation occurs. If a trail does begin to form, 
it should then be utilized to avoid further damage to adjacent vegetation (Wasylyk and Fawcett, 
2004). 
 
The results of this study are based on the trampling effects of a community represented by one 
plot. In order to gain a better understanding of the effects trampling has on different communities 
in alpine terrain, it is recommended that the other plots established in 2000 and 2004 be re-
visited and monitored. It is also suggested that future studies focus on establishing new plots in 
the same community types that are already established. This will create a better sample size for 
each community and will provide a more legitimate base for the results. However, the results of 
this study are immediately useful for all users and land managers. 
 
It is important to note that the study may not truly reflect the nature of use of hiking terrain by 
CMH guides and their guests (or other hiking areas infrequently/intermittently visited by public 
hikers). Trampling spread over a period of 2 months may have a different affect on vegetation 
than trampling occurring over a period of a couple hours, as occurred in this study. It could be of 
use to set up a number of plots where guides lead their groups through the lanes over the course 
of a summer and keep a tally on the number of passes that occur. Although this may be a better 
reflection of the nature of heli-hiking, it would put the onus on guides to conduct part of their 
program in order to facilitate the study. The validity of the study would rely on cooperation from, 
and consistency by the guides. 
 
Another factor to consider is the addition of the Biogeoclimatic Ecosystem Classification (BEC) to 
the research. Based on climate, soil and characteristic vegetation, BEC is used to group 
ecosystems into regional, local and chronological levels. It provides a sound basis for ecosystem 
management and research through a framework for fundamental knowledge of landscape ecology 
(Ministry of Forests and Range, 2006). Using BEC to classify plots and plant communities may 
help eliminate the number of variables that can affect the outcome of a community’s response to 
trampling. If a site factor such as soil is similar in plots in a certain community type, then the 
results may be more consistent within that sample. It might also be interesting to compare the 
trampling response of one community in different soil types. The first site classification for British 
Columbia’s alpine and subalpine ecosystems is to be published in 2007-2008. 
 
 
 

________________________ 
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