
Running Head: TRAIL EROSION, TRAIL USE, AND VEGETATION CHANGE 

 

 

 

An Investigation Into The Influence Of Slope On Trail Erosion And The Effects Of 

Trails On Plant Communities Within Garry Oak And Associated Ecosystems In 

Mount Douglas Park, Vancouver Island 

by 

 

HAILEY OôNEILL 

B.Sc. Biology, University of Victoria, 2012 

 

 

A thesis submitted to the School of Environment and Sustainability 

 in partial fulfillment of the requirements for the degree of  

 

MASTER OF SCIENCE IN  

ENVIRONMENT AND MANAGEMENT 

 

Royal Roads University 

Victoria, British Columbia, Canada 

 

Thesis Supervisor: JONATHAN MORAN, PH.D. 

 

MARCH 2018 

 

 HAILEY OôNEILL, 2018 

  



TRAIL EROSION, TRAIL USE, AND VEGETATION CHANGE  2 

 

COMMITTEE APPROVAL 

 

The members of Hailey OôNeillôs Thesis Committee certify that they have read the thesis titled 

An Investigation into the Influence of Slope on Trail Erosion and the Effects of Trails on Plant 

Communities within Garry Oak and Associated Ecosystems in Mount Douglas Park, Vancouver 

Island and recommend that it be accepted as fulfilling the thesis requirements for the Degree of 

Master of Science in Environment and Management. 

 

   CHRIS LING, PH.D [signature on file] 

   AUDREY DALLIMORE, PH.D [signature on file] 

 

Final approval and acceptance of this thesis is contingent upon submission of the final copy of 

the thesis to Royal Roads University. The thesis supervisor confirms to have read this thesis and 

recommends that it be accepted as fulfilling the thesis requirements: 

   JONATHAN MORAN, PH.D. [signature on file] 

  



TRAIL EROSION, TRAIL USE, AND VEGETATION CHANGE  3 

Creative Commons Statement 

 

This work is licensed under the Creative Commons Attribution-NonCommercial-

ShareAlike 2.5 Canada License. To view a copy of this license, visit 

http://creativecommons.org/licenses/by-nc-sa/2.5/ca/.  

Some material in this work is not being made available under the terms of this licence: 

¶ Third-Party material that is being used under fair dealing or with permission. 

¶ Any photographs where individuals are easily identifiable.  

 

  

http://creativecommons.org/licenses/by-nc-sa/2.5/ca/


TRAIL EROSION, TRAIL USE, AND VEGETATION CHANGE  4 

Abstract 

Urban parks provide refuge for species at risk, and maintain and preserve biodiversity in 

densely populated settings. Soil erosion on trails, which can have negative impacts on the 

surrounding plant communities, is a growing concern for park managers.  To characterize the 

effects of slope on trail erosion, and trail presence on plant communities within Garry oak 

ecosystems, a study was conducted within Mount Douglas Park, Saanich, British Columbia. Four 

trails were assessed for trail erosion, followed by vegetation community assessment. The degree 

of erosion was significantly different between all trails observed in the current study, but was not 

determined to be a function of trail slope. The presence of trails was found to affect plant 

community composition, where species richness and species diversity were higher adjacent to 

trails than at a distance from the trail. This study can provide park managers with insight into the 

ecological impacts of urban recreation. 

 

Keywords: Trail slope, trail erosion, Garry oak ecosystem, vegetation community, species 

richness, species diversity, urban park. 
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Introduction  

Urban parks allow visitors to access natural areas, and provide ecosystem services to the 

people that use them.  They also provide an important refuge for native plants and wildlife and 

play a key role in the conservation of biodiversity that would otherwise be at risk in densely 

populated settings.  One such example of plants and wildlife at risk occur within Garry oak and 

associated ecosystems, found within the moist maritime subzone of the coastal Douglas-fir 

biogeoclimatic zone (CDFmm). In Canada, these ecosystems are found almost exclusively 

within a narrow strip along southeast Vancouver Island and the Gulf Islands.  Because of their 

limited geographic distribution, they are at risk from habitat loss, fragmentation, fire suppression 

and the invasion of exotic and invasive species (Fuchs, 2001). Many of the plant species found 

within Garry oak and associated ecosystems are sensitive to trampling and soil loss (Fuchs, 

2001).  The loss of vegetation cover and root anchoring for soils further exacerbates erosion 

(Garry Oak Ecosystems Recovery Team (GOERT), 2013). Additionally, deciduous forests with 

forb-dominated, sensitive understory vegetation are among the most susceptible habitats to 

damage by trampling (Thurston & Reader, 2001).  

There are many challenges faced by park managers, including balancing the issues of 

maintenance of environmental quality, preserving natural systems and managing visitors who 

paradoxically degrade ecological processes (Eagles & McCool, 2002). As populations increase, 

so do the pressures placed on urban parks.  A common issue faced by park managers is managing 

the stress of visitor and recreational activities on the surrounding environment they are mandated 

to protect (Leung et al., 2011). While tourism and recreation are important functions of parks and 

provide a plethora of benefits to park users, extensive trail use by visitors creates environmental 

impacts such as soil loss and vegetation degradation (Leung et al., 2011). 
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Studies show that there are two basic elements to soil erosion on trails:  environmental 

and human use-related (Leung & Marion, 1996). Environmental processes leading to soil erosion 

are often induced by weather events, particularly heavy precipitation that channelizes water 

along trails (Olive & Marion, 2009).  While these environmental processes can severely degrade 

a trail within a short timeframe, the reduction of erosion on trails can be controlled through 

proper design and route selection (DiSanto, 2015). Examples of human use-related elements 

include horseback riding, mountain biking, backpacking, and hiking. Of these, hiking is 

considered to contribute the least to trail degradation (Olive & Marion, 2009), yet is likely the 

greatest source of impact in an urban environment where trail use is often restricted primarily to 

hiking activities, as is the case with Mount Douglas Park, the urban park where the current study 

occurred (Friends of Mount Douglas Park Society, 2017). 

Trail erosion is costly to restore and can often be irreversible, primarily due to limited 

budgets faced by park departments (Olive & Marion, 2009). Trail erosion caused by park visitors 

is regularly compounded by environmental factors such as wind and precipitation events and can 

be further exacerbated when trail alignment follows natural hydrological flow regimes (Coleman, 

1981; DiSanto, 2015). Precipitation levels are expected to increase in intensity and severity due 

to climate change. This will further damage trails and disturb soils occurring on steep slopes 

(Warren & Lemmen, 2014).  Because of these trends, park managers need to be able to predict 

when trail realignment or closures are needed and to prioritize, or preclude the need for, trail 

restoration activities.  

Trail erosion measurements are simple to implement and can be a cost-effective way of 

determining which variables contribute the most to erosion (Jewell & Hammitt, 2000). While 

some variables are difficult to measure in the field, environmental factors such as slope can be 
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controlled through selective trail routing and design. Trail alignment and topography have been 

identified as important factors in determining the extent of soil loss and erosion on recreational 

trails.  Regression modeling undertaken by Olive and Marion (2009) revealed that trail slope 

alignment angle, trail position, grade and water drainage were significant determinants of soil 

erosion that could be minimized through the use of carefully planned routes. Studies have shown 

that the extent of soil erosion is often related to trail slope in backcountry and alpine ecosystems 

(Bratton et al., 1979; Quinn et al., 1980; Weaver & Dale, 1978).   Understanding the influence of 

slope on trail erosion can guide park managers in decisions on how to prioritize trail restoration 

activities.   

Immediate environmental impacts related to trail erosion and trail effects include those on 

local flora and fauna, yet they can also affect more distant systems such as downslope aquatic 

ecosystems (Olive & Marion, 2009). Common impacts adjacent to trails include vegetation 

compositional change, vegetation loss, trail tread widening, transportation of surface soils, 

creation of further informal trails, and soil erosion (DiSanto, 2015; Hill & Pickering, 2006). 

Studies focusing on the impacts on vegetation from trail use are mixed in their findings, 

suggesting that plant diversity adjacent to the trail either decreases (Potito & Beatty, 2005) or 

increases (Hall & Kruss, 1989).  Other studies found that there is a significant loss of vegetation 

and species richness attributed to trampling by hiking and mountain biking (Thurston & Reader, 

2001). 

In addition to contributing to erosion, urban recreators and dogs can serve as vectors for 

invasive species, which tend to outcompete native species (GOERT, 2013). Further damage to 

plants can occur through soil loss and compaction caused by people and dogs that may stray off 
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trail (Leung et al., 2011).  Additional sources of trail erosion, particularly on rock outcrops, can 

come from inappropriately placed trails.  

Natural systems are ever changing and results may vary between studies, sites and 

climates; however, further research into plant species diversity and composition adjacent to trails 

is warranted, particularly within Garry oak and associated ecosystems. Numerous studies have 

explored how vegetation cover can reduce trail erosion (Braud, et al., 2001; Butt, et al., 2010; 

Mingguo et al., 2007), although few studies have looked at the effects of trails on the 

surrounding vegetation. Thus, there is a need for additional research in this area. 
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Research Question and Objectives 

The research was conducted in the upper slopes of Mount Douglas Park, located in 

Saanich, British Columbia (BC) on the southern tip of Vancouver Island (Figure 1).  Due to 

Mount Douglas Parkôs popularity and urban setting, soil erosion and trail degradation are issues 

faced by park managers.  Trail erosion in Mount Douglas Park is some of the most severe 

encountered by Saanich Parks and it is representative of numerous other parks that also have 

steep, uneven terrain, multiple substrates and have avid use by park goers (Andrew Burger, 

Saanich Parks, personal communication, November 21, 2017).  Additionally, the upper slopes of 

Mount Douglas Park consist of Garry oak and associated ecosystems, of which less than 5% of 

the original habitat remains (GOERT, 2003a).  Keeping these ecosystems intact and reducing 

fragmentation is one of the many recovery strategies identified for this at-risk ecosystem 

(GOERT, 2003a).  To help preserve the remaining Garry oak and associated ecosystem in the 

park, there is a need to determine the effects of trail presence on the adjacent vegetation in this 

area and if trail use contributes to alterations within Garry oak ecosystem plant species 

communities. 
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Figure 1. Mount Douglas Park, location of current research study (created using Google Earth 

Pro, (2009)). 

 

 

Aims of the Study 

The first objective of this research was to examine the influence of degree of trail slope 

on the erosion of trails in an urban park setting.  The second objective was to test for a causal 

relationship between proximity to trail and plant species composition.  To accomplish this, field 

measurements were performed to quantify the magnitude of erosion based on slope, which was 

the variable that was hypothesized to influence erosion on trails.  In addition, plant species 

composition was measured both adjacent to, and at distance from, trails to quantify the effects of 

trail presence on plant communities in Garry oak and associated ecosystems. Erosion and 

vegetation data were collected between April 24 and May 12, 2017. 
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Hypotheses 

Soil Erosion. The first part of the study tested whether slope (the independent variable) 

affects the amount of erosion on subject trails (dependent variable). 

HO ï trail slope has no effect on soil erosion within trails. 

HA ï trail slope has an effect on soil erosion within trails. 

Plant Species Composition. The second part of the study tested whether plant species 

composition (dependent variable) changes as a result of distance from the trail (independent 

variable).  

HO1 ï distance from the trail has no effect on plant species composition. 

HA1 ï distance from the trail has an effect on plant species composition. 
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Methodology 

Research Site Description 

Mount Douglas Park is an urban park that is 188 hectares in size with over 21 km of trails 

(Saanich Parks, n.d.).  The park is located in the CDFmm zone of BC, which is characterized by 

warm, sunny summers and mild, wet winters (Meidinger & Pojar, 1999). The park is bordered on 

all sides by residential land, farmland and the Salish Sea. The park contains features of a typical 

CDFmm zone, including oceanic boundaries, Douglas-fir -dominant lower forests, mixed 

Douglas-fir and arbutus mid forests, and Garry oak outcrops on the upper slopes (Saanich Parks, 

n.d.). Mount Douglas Park is heavily used by members of the public, and trail erosion is evident 

on nearly all trails within the park. Table 1 outlines the average climate data typical of Mount 

Douglas Park. 

Table 1.  

Location, vegetation zone and meteorological data for research sites, Mount Douglas Park. 

Site Characteristics Description 

Location (UTM) 474382.78m E; 5371160.56m N 

Biogeoclimatic Zone CDFmm 

Annual Mean Temperature (°C) 10.3 

Minimum Temperature (°C) 6.4 

Maximum Temperature (°C) 14.1 

Annual Precipitation (mm) 908.2 
Note. Data based on Climate Normals accessed from Environment Canada 1981 - 2010, station Saanichton CDA. 

The CDFmm zone is characterized by its location in the rain shadow of Vancouver Island 

and Washington Stateôs Olympic Mountains. Low pressure systems that approach from the 

Pacific Ocean hit these mountains first and discharge much of their moisture along the Olympic 

Mountain range. The drier sites within the CDFmm zone are those of the Garry oak and 

associated ecosystems.  These typically have dry and shallow soils and can range from meadows 

and shady woodlands to rocky outcrop ecosystems (GOERT, 2003a).  Garry oak and associated 

ecosystems contain more plant species than any other terrestrial ecosystem in coastal BC and are 
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at threat from invasions of exotic species, land development, encroachment, habitat loss and 

fragmentation (GOERT, 2003a).    

The study focused on four trails of similar length that occur in the upper slopes of the 

park, within rocky outcrops, woodland, and meadow landscapes of Garry oak and associated 

ecosystems: The Glendenning trail, the South Ridge trail, the Irvine trail, and an Informal trail to 

the west of the Glendenning trail (Figure 2).  Table 2 depicts the length of each trail that was 

subject to the current study as well as the number of survey locations along each. 

 
Figure 2. Four trails subject to erosion measurements and vegetation community analyses within 

Mount Douglas Park (created using Google Earth Pro, (2009)). 

 

Table 2.  

Length of trail subject to research and the number of survey locations at each trail. 
 Glendenning  South Ridge  Informal  Irvine  

Length of trail subject to research (m) 177 211 239 222 

Number of survey locations 14 12 14 18 
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The Glendenning trail is a long, linear trail on steep slopes that has been subject to 

massive erosion from heavy winter storm precipitation and human foot traffic. The trail faces 

south and is consists of extensive braiding. Side channels exist due to erosion of the upper slopes 

and deposition along the lower slopes.  A large gulley has emerged at the toe of the slope, which 

was excluded from the current research. In February 2017, Saanich Parks Department installed a 

number of drainage controls along the Glendenning trail, which were also excluded from the 

current research study (Figure 5). Symphoricarpos albus (snowberry) and Sanicula crassicaulis 

(Pacific sanicle) dominate the vegetation community, which is characterized as the early season 

native plant community, Oak ï Camassia quamash: Typic subcommunity (Erikson, 1998).  

The South Ridge trail parallels the Glendenning trail to the east and has more frequent 

switchbacks.  It occurs on the south-facing slopes of Mount Douglas and trail erosion is evident 

primarily from human-induced trampling. The upper slopes of the South Ridge trail are subject 

to expansive braiding and were excluded from the study due to numerous informal trails and 

ubiquitous exposed bedrock. Claytonia perfoliata (minerôs lettuce) and Stellaria media (common 

chickweed) were observed in high numbers along the South Ridge trail, while Teesdalia 

nudicaulis (shepherdôs cress) was observed in abundance among the exposed rocky outcrops in 

the higher elevation sections of the trail. The plant community that best describes the plants 

growing along the lower elevations of the South Ridge Trail is the native plant community, Oak 

ï Lonicera hispidula (colluvial) while the upper slopes plant community is better representative 

of the second-order disturbance community of Oak ï Broom ï Anthoxanthum odoratum 

(Erikson, 1998). 

The Informal trail, to the west of the Glendenning trail, has the highest frequency of 

switchbacks of all the trails and is generally narrower. The trail occurs on the south western-
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facing slopes of the park.  There are numerous side channels and informal trails that branch off 

along the slope and trail widening is evident, likely as a result of improper trail alignment. The 

vegetation community along the Informal trail has less shade cover from shrubs and tree species.  

The vegetation community was dominated by C. perfoliata (minerôs lettuce), Cytisus 

scoparius (Scotch broom), S. media (common chickweed), Collinsia parviflora (small-flowered 

blue-eyed Mary), Hypochaeris glabra (smooth catôs ear), and Galium aparine (cleavers). The 

plant community here conforms with the second-order disturbance community of bedrock 

outcrops, Oak ï Broom ï Rhacomitirum canescens: Typic subcommunity (Erikson, 1998). 

The Irvine trail is a long trail that occurs on the northeast slope of the park.  It begins at 

the main entrance to the park and travels through Douglas-fir/arbutus/bigleaf maple ecosystems, 

before gaining elevation until it terminates within a Garry oak meadow and a rock outcrop 

landscape at the summit.  Only the upper part of the trail that occurred within the Garry oak 

ecosystem was subject to the current research and measurements terminated where extensive trail 

braiding and exposed bedrock were evident near the peak of the summit. The vegetation 

community adjacent to the Irvine trail was dominated by Holodiscus discolor (oceanspray) and 

Erythronium oregonum (white fawn lily), while far-trail vegetation largely consisted of 

Polypodium glycyrrhiza (licorice fern). The plant community that best describes the plants 

growing alongside the Glendenning trail is the native plant community, Oak ï Holodiscus 

discolor ï Symphoricarpos albus ï Rhytidiadephus triquetris (Erikson, 1998). 

Study Design and Data Collection 

This study incorporated two methodologies: 

1) Measurement of slope and erosion on trails; and 

2) Measurement of plant species composition indices in relation to distance from trails. 
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To test the hypothesis that trail slope influences trail erosion, an experiment was designed 

to quantify soil loss at locations on the four trails with varying slopes.  Once measurements of 

trail erosion were conducted at each location, a second experimental design was utilized to 

observe the effect of proximity to trail on plant species composition.  

Soil Erosion Quantification 

The amount of erosion (dependent variable) occurring on trails was measured against trail 

slope (independent variable). The four trails that were subject to survey were similar in length, 

(177 m to 239 m), which gave between 12 and 18 erosion measurements per trail (Table 2).  

Quantifyi ng Slope. Trail slope was defined as the vertical rise over a horizontal distance 

of 0.7 m, the approximate distance of travelling one step while walking (DiSanto, 2015).   The 

slope at each transect location was recorded by placing a 1-m ruler along the ground in line with 

the trail bearing and centering the ruler in the middle of the erosion transect.  A Suunto 

clinometer was placed atop the ruler stick and slope was recorded in degrees inclination. 

Quantifying Erosion. Erosion measurements were collected along trails every 10 m, as 

determined using a measuring wheel.  For the Glendenning, South Ridge and Informal trails, 

erosion measurements commenced 10 m upslope from where each trail diverged from a main 

feeder trail.  For the Irvine trail, erosion measurements commenced 10 m upslope from the 

transition zone between Douglas-fir -dominated and Garry oak meadow ecosystems.   

 Along each transect location, measurements of trail erosion were collected using the 

Cross-Sectional Area (CSA) method (Jewell & Hammitt, 2000). On either side of the trail, two 

150 cm-long rebar stakes, were driven into the ground until refusal, or until the bar was sunk 

deep enough to maintain a sturdy anchor (Figure 3).  Once the stakes were in place, a fiberglass 

tape reel was stretched taught across the trail and was made horizontal using a level (Figure 4). 
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Once the line was horizontal, vertical measurements were taken to the tread surface every 10 cm 

along the horizontal line using a weighted plumb measuring tape.  Vertical measurements were 

collected starting at the trail edge, and ended at the opposite trail edge.  The CSA (cm
2
) below 

the horizontal line was then calculated using the equation in Figure 3, providing an estimate of 

soil loss at each erosion transect location (Svajda et al., 2016).   

 

ὃ
ὠρ ςὠς Ễ ςὠὲ ὠὲ ρ

ς ὼ ὒ
 

Where:  

A =  Cross sectional area. 

V1ï Vn + 1 = Vertical distance measurements, starting at V1, the first fixed 

point, and ending at Vn + 1, the last vertical measurement taken. 

L = Interval on horizontal taut line. 

 

Figure 3. Layout of trail transects and formula for calculating Cross-Sectional Area (adapted 

with permission from Jewell & Hammitt, 2000). 
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Figure 4. Field setup for slope quantification using ruler and erosion quantification using the 

CSA methodology. 

 
Figure 5. Drainage control (bottom of photo) installed in February 2017 along the Glendenning 

trail by Saanich Parks and excluded from the current study. 


























































































































