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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 Park’s 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 – trail slope has no effect on soil erosion within trails. 

HA – 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 – distance from the trail has no effect on plant species composition. 

HA1 – 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 State’s 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 



TRAIL EROSION, TRAIL USE, AND VEGETATION CHANGE  26 

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 – 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 (miner’s lettuce) and Stellaria media (common 

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

nudicaulis (shepherd’s 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 

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

of the second-order disturbance community of Oak – Broom – 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 (miner’s lettuce), Cytisus 

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

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

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

outcrops, Oak – Broom – 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 – Holodiscus 

discolor – Symphoricarpos albus – 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).  

Quantifying 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).   

 

𝐴 =
(𝑉1 + 2𝑉2 + ⋯ + 2𝑉𝑛 + 𝑉𝑛 + 1)

(2 𝑥 𝐿)
 

Where:  

A =  Cross sectional area. 

V1– 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. 



TRAIL EROSION, TRAIL USE, AND VEGETATION CHANGE  32 

 

Vegetation Assessment 

        Following CSA measurements at each erosion transect location, vegetation transects were 

run into the surrounding vegetation at 90 degrees from the trail orientation.  Transects were 

placed randomly on either the left or the right side of the trail, determined by flipping a coin.  In 

some cases, informal trails, trail maintenance activities, or evidence of trampling to either side of 

the trail dictated which side of the trail the vegetation transects would be placed.  Vegetation 

transects were 10 m in length and a 1 x 1 m quadrat was placed at 0, 1, 2, and 10 m to determine 

if proximity to trail has an effect on vegetation composition (Figure 6) (Hall & Kruss, 1989; Van 

Winkle, 2014).  The quadrat at 10 m acted as the control, being far enough away from the trail 

that it was deemed to be unimpacted by the effects of trail use (Potito & Beatty, 2005).   

Percent cover of understory plants was estimated visually. Vegetation data were collected 

from the shrub layer and lower and excluded grasses and lichens. Since many plant species can 

grow at different heights simultaneously, the total species cover exceeded 100% in some 

quadrats. Plants were identified to species level in the field using Plants of Coastal British 

Columbia (Pojar & Mackinnon, 2004) with additional plant identification using E-Flora BC, an 

online electronic atlas of the flora of BC (Klinkenberg, 2017). 
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Figure 6. Quadrat (1m
2
) used to estimate percent cover of herbaceous plants and shrubs at 0, 1, 

2, and 10 m from the trail edge. 

 

Statistical Analyses 

Soil Erosion 

CSA was calculated using the equation in Figure 3.  Vertical measurements were 

corrected to the upslope edge of the trail by subtracting the shortest vertical trail edge 

measurement from each vertical measurement (V1, V2…Vn, Vn + 1, as shown in Figure 3).  This 

ensured that each CSA calculation was not exaggerated if field conditions did not allow for 

vertical measurements starting at ground surface.  

To analyze the effect of slope on trail erosion, simple linear regression was performed to 

determine if trail slope is a good predictor of soil erosion on trails.  Simple linear regression is 
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used to predict the value of a numerical dependent variable (trail erosion) from the value of a 

numerical independent variable (trail slope) (Whitlock & Schluter, 2009). 

Linear regression was completed for each trail using SPSS software (IBM® SPSS 

Statistics®, Chicago IL.). In order to meet the assumptions of a simple linear regression, outliers 

were identified using SPSS descriptive statistics outputs and Grubb’s test.  This calculates the 

ratio (Z) as the difference between the outlier and the mean divided by the standard deviation. If 

Z is large, the value is far from the others and if Z has a p-value of <0.05, the outlier is greater 

than the critical value of Z and is considered significant.  Significant outliers were removed to 

achieve normality and meet assumptions of the simple linear regression. Normality was 

calculated from the Shapiro-Wilks output in SPSS.  Data were transformed if assumptions of 

normality were not met.  

A one-way analyses of variance (ANOVA) was completed to test if slope was 

significantly different between the four trails in the research study. Data were analyzed using 

SigmaPlot software (Systat Software Inc.®, San Jose CA.).  Data were analyzed using one-way 

ANOVA followed by a Holm-Sidak post-hoc test to test for pairwise multiple comparisons of the 

data (Whitlock & Schluter, 2009). 

One-way ANOVA was then completed to test if erosion was significantly different 

between the four trails. Because assumptions of normality were not met, the nonparametric 

Kruskal-Wallis one-way ANOVA on ranks test was completed followed by a multiple pairwise 

comparison of trails using the Dunn’s Method.  

Vegetative Community 

Data were analyzed in the field for each quadrat by taxa and measured as percent cover. 

For each quadrat, diversity and species richness were calculated using the Shannon-Weaver 
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diversity index and Menhinick’s species richness index (Figures 7 & 8). Species richness 

accounts for the number of species found within each quadrat, while the Shannon-Weaver 

diversity index accounts for abundance and evenness of species. Species were grouped by 

proportion of native status (natives, exotics and invasives) for both richness and diversity within 

each trail. .  There are some plants that are exotic species in BC (BC Conservation Data Centre, 

2017) yet are considered invasive specifically to Garry oak ecosystems (GOERT, 2003a).  

Additionally, plants were grouped by habitat subcommunity type, specifically the proportion of 

invasive species that are specific to Garry oak ecosystems and proportion of native plants 

common to different Garry oak ecosystem communities (meadow/woodland and rocky outcrop). 

Plants were grouped by habitat subcommunity using GOERT’s Invasive Species in Garry Oak 

and Associated Ecosystems publication (GOERT, 2003a) and GOERT’s Garry oak Gardener’s 

Handbook (GOERT, 2011).  A complete list of all species identified in the current study can be 

found in Appendix A. 

H = − ∑ 𝑝𝑖  ln𝑝𝑖

𝑅

𝑖=1

 

Figure 7. Shannon-Weaver diversity index (H): R= total number of species (richness), pi is the 

proportional abundance of species, made up of the ith species. 

D =  
𝑠

𝑁
 

Figure 8. Menhinick’s index calculation of species richness (D): The number of different species 

(s) divided by the total number of individual species in a sample (N). 

Data were analyzed using SigmaPlot statistical software packages (Systat Software 

Inc.®, San Jose CA.).  Proportion data were arcsine transformed prior to statistical analyses, 

although untransformed values are presented in the summary tables (Tables 15, 22, 34 & 42).  

Two-way ANOVA was conducted to determine if interaction effects exist between each 

trail and the distance from the trail on species richness, species diversity and proportion of 
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native, exotic and invasive species, as well as habitat type. Following two-way ANOVA, data 

were then analyzed using a Holm-Sidak two-way ANOVA on ranks post-hoc test, a pairwise 

multiple comparison procedure. Holm-Sidak was selected as a post-hoc test, as these tests are 

robust to violations of assumptions for two-way ANOVAs. Bonferroni-adjusted p-values were 

not calculated, as this would have resulted in increased risk of type II error (Moran, 2003; 

Nakagawa, 2004). 
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Results 

Soil Erosion 

Summary Data.  Mean trail slope varied from 11.0 % to 18.6%, while mean erosion was 

between 1,837.5 cm
2
 and 8,884.00 cm

2
 (Table 3).  The Informal trail was the steepest on 

average; however, it also had the least amount of erosion. The highest mean erosion was 

measured along the South Ridge trail (Table 3). 

Table 3.  

Trail slope and trail erosion measurements for the four study trails. 

Trail 
Mean Slope 

(%) 

Standard Deviation 

Slope 

Mean Erosion 

(cm
2
) 

Standard Deviation 

Erosion 

Glendenning 17.9 5.1 4,379.7 4,564.1 

South Ridge 15.7 4.9 8,884.0 6,743.3 

Informal 18.6 4.1 1,837.5 1,392.3 

Irvine 11.0 5.7 2,629.9 2,680.6 

 

Hypothesis Testing. Summaries of the results from the simple linear regression can be 

found in Table 4 and Figure 9.  All data were log transformed with the exception of the Informal 

trail, which met all test assumptions.  The null hypothesis for trail erosion data stated that trail 

slope has no effect on trail erosion. Because no statistically significant results were found, the 

null hypothesis was not rejected. 

Table 4.  

Results of simple linear regression to determine if trail slope affects erosion within trails. 
Trail df

1 
F

2 
P-Value R Square Regression Equation 

Glendenning 1,11 0.270 0.614 0.024 y = 0.014x + 3.096 

South Ridge 1,10 3.027 0.112 0.232 y = 0.030x + 3.372 

Informal 1,10 0.002 0.962 0.000 y = 2.985x + 1328.493 

Irvine 1,15 0.795 0.387 0.050 y = 0.012x + 3.097 
1 df – degrees of freedom 
2 F – F-statistic 
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Figure 9. Simple Linear Regression results for trail erosion as a function of trail slope for the 

Glendenning (top left), South Ridge (top right), Informal (bottom left), and Irvine trail (bottom 

right). 

 Table 5 displays the results of the one-way ANOVA that tested the difference in slope 

between the four trails. There were significant differences between trails (F (3, 54) = 7.640, p = 

<0.001).  Holm-Sidak one-way ANOVA on ranks (Table 6) indicated that slope was 

significantly different between the Irvine trail and the Informal (p = <0.001) and Glendenning 

trails (p = 0.001). The Kruskal-Wallis nonparametric test found that there were significant 
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differences between the amount of erosion occurring on the trails in the study (Table 7). Tables 8 

displays the multiple pairwise comparison of trails using Dunn’s Method, where trail erosion on 

the South Ridge trail was significantly different to Informal and Irvine trails (p = <0.05 for both 

trail comparisons). 

Table 5.  

One-way ANOVA results for slope compared between all trails. Normality and equal variance 

assumptions passed. Significant values are shown shaded in grey (α=0.05). 
Group Name  N

1
 Missing Mean Std Dev SEM

2 

Irvine 18 0 11.000 5.719 1.348 

Glendenning 14 0 17.929 5.061 1.353 

South Ridge 12 0 15.667 4.887 1.411 

Informal 14 0 18.571 4.052 1.083 

Source of Variation DF
3 

SS
4 

MS
5 

F
6 

P
7 

Between Groups 3 579.407 193.136 7.640 <0.001 

Residual 54 1365.024 25.278   

Total 57 1944.431    
1 N – sample size 
2 SEM – standard error of the mean 
3 DF – degrees of freedom 
4 SS – sum of squares 
5 MS – mean sum of squares 
6 F – F-statistic 
7 P – p-value 

 

Table 6.  

Results for slope compared between all trails using Holm-Sidak multiple pairwise comparison.  

Significant values are shown shaded in grey (α=0.05). 
Comparison Diff of Means t P 

Informal vs. Irvine 7.571 4.226 <0.001 

Glendenning vs. Irvine 6.929 3.867 0.001 

South Ridge vs. Irvine 4.667 2.491 0.062 

Informal vs. South Ridge 2.905 1.469 0.381 

Glendenning vs. South Ridge 2.262 1.144 0.449 

Informal vs. Glendenning 0.643 0.338 0.736 
1 t – t-value 
2 P – p-value 
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Table 7.  

Kruskal-Wallis One Way ANOVA on ranks results for soil erosion compared between all trails.  

Normality assumptions failed. Significant values are shown shaded in grey (α=0.05). 
Group N

1
 Missing Median 25% 75% 

Irvine 18 0 1613.250 1043.875 3636.875 

Glendenning 14 0 2820.500 1103.375 6292.125 

South Ridge 12 0 5148.250 3823.125 14756.875 

Informal 14 0 1706.750 697.500 2458.750 

H
2
 = 17.105 with 3 degrees of freedom.   

P -value 0.001     
1 N – sample size 
2 H – H-statistic for Kruskal-Wallis test 

 

 

Table 8.  

Results for soil erosion compared between all trails using Dunn’s method for multiple pairwise 

comparison.  Significant values are shown shaded in grey (α=0.05). 
Comparison Diff of Ranks Q

1
 P<0.05 

South Ridge vs Informal 25.548 3.846 Yes 

South Ridge vs Irvine 21.333 3.390 Yes 

South Ridge vs Glendenning 14.690 2.211 No 

Glendenning vs Informal 10.857 1.701 No 

Glendenning vs Irvine 6.643 1.104 Do Not Test 

Irvine vs Informal 4.214 0.700 Do Not Test 
1 Q – Q-value 

 

Vegetation Data 

Summary Data. Seventy-six species were identified from 232 quadrats at varying 

distances from trails.  Twenty-nine species occurred in three quadrats or fewer. Table 9 shows 

four species that were recurrent among most quadrats: C. perfoliata (miner’s lettuce), G. aparine 

(cleaver), S. media (common chickweed), and C. scoparius (Scotch broom). S. albus (common 

snowberry) and P. glycyrrhiza (licorice fern) were also highly variable, with some quadrats 

displaying only these species (100% cover).  

Table 9.  

Summary of frequency of the four most common species found in quadrats. 
Species Frequency of Occurrence

1
 Mean Standard Deviation 

Claytonia perfoliata 137 34.25 16.88 

Galium aparine 128 32.0 9.83 

Stellaria media 125 31.25 15.63 

Cytisus scoparius 122 30.5 14.24 
1 Frequency of occurrence refers to the number of quadrats in the current study that contained the species in question. 
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Seven species observed were considered invasive specifically to Garry oak ecosystems 

(GOERT, 2003a).  Seventeen recorded species are commonly found in Garry oak 

meadow/woodland ecosystems and five are commonly found in Garry oak rock outcrops.  Table 

10 depicts plant species commonly found in Garry oak meadow, woodland, and rocky outcrops, 

as well as plants that are specifically invasive to Garry oak ecosystems. A complete list of plant 

species encountered during the current research is available in Appendix A.  
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Table 10.  

Summary of frequency of the species commonly found in Garry oak meadows/woodlands, rock 

outcrops and those species considered invasive specifically to Garry oak ecosystems. 

Species Name Common Name 
Frequency of 

Occurrence
1 

Habitat 

Subcommunity
2 

Geranium molle dovefoot geranium 39 GOE-invasive 

Cerastium glomeratum sticky chickweed 21 GOE-invasive 

Rumex acetosella sheep sorrel 61 GOE-invasive 

Daphne laureola spurge-laurel 4 GOE-invasive 

Cytisus scoparius Scotch broom 122 GOE-invasive 

Hypochaeris radicata hairy cat’s ear 5 GOE-invasive 

Rubus discolor Himalayan blackberry 4 GOE-invasive 

Claytonia perfoliata miner's lettuce 137 Rock Outcrop 

Sedum spathulifolium broad-leaved stonecrop 1 Rock Outcrop 

Cerastium arvense field chickweed 1 Rock Outcrop 

Montia linearis narrow-leaved montia 2 Rock Outcrop 

Lotus denticulatus meadow birds-foot trefoil 11 Rock Outcrop 

Sanicula crassicaulis Pacific sanicle 86 Woodland/Meadow 

Symphoricarpos albus common snowberry 73 Woodland/Meadow 

Mahonia aquifolium tall Oregon-grape 6 Woodland/Meadow 

Camassia quamash common camas 64 Woodland/Meadow 

Erythronium oregonum white fawn lily 51 Woodland/Meadow 

Holodiscus discolor oceanspray 46 Woodland/Meadow 

Dodecatheon hendersonii Henderson's shooting star 7 Woodland/Meadow 

Collinsia parviflora small-flowered blue-eyed Mary 55 Woodland/Meadow 

Achillea millefolium yarrow 2 Woodland/Meadow 

Lonicera hispidula hairy honeysuckle 18 Woodland/Meadow 

Lomatium utriculatum spring gold 28 Woodland/Meadow 

Lithophragma parviflorum small-flowered woodland star 2 Woodland/Meadow 

Lupinus polycarpus small-flowered lupin 3 Woodland/Meadow 

Delphinium menziesii Menzies’ larkspur 2 Woodland/Meadow 

Fritillaria affinis chocolate lily 3 Woodland/Meadow 

Rosa nutkana Nootka rose 1 Woodland/Meadow 

Brodiaea / Triteleia harvest brodiaea / fool’s onion 56 Woodland/Meadow 
1 Frequency of occurrence refers to the number of quadrats in the current study that contained the observed species in question. 
2 Species grouped according to GOERT (2003a) and GOERT (2011)  

 

Species Richness. In general, trends show that richness is higher near the trail edge and 

decreases with distance from the trail (Figure 10).  The exception for this is along the Informal 

trail, where richness tends to increase with distance from trail (Figures 10 & 11a – 11d).   
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Figure 10. Total mean species richness by distance from trail edge for all trails. Columns 

represent mean total species richness for quadrats moving at a distance from the trail edge.  Error 

bars represent 95% confidence intervals. 

For the Glendenning and Irvine trails, total and native species richness tends to decrease 

with distance from the trail edge (Figure 11a & 11d).  The total and native species richness is 

relatively constant with increased distance from the South Ridge trail edge (Figure 11b) and 

increases with distance from the trail edge for the Informal trail (Figure 11c). 
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Exotic species richness decreases with increased distance from trail edge for the 

Glendenning trail (Figure 11a).  For both the Informal and Irvine trails, exotic species richness 

immediately decreases after the 0-m quadrats, but then increases with greater distance from the 

trail (Figure 11c & 11d). Exotic species richness decreases slightly from the edge of the trail in 

the near-trail quadrats along the South Ridge, but then increases for control quadrats (Figure 

11b). 

Invasive species richness fluctuates with distance from the trail edge, depending on the 

trail (Figure 11a, 11b, and 11d). Invasive species richness trends occur along the Informal trail, 

with an apparent increase in invasive species richness at greater distance from the trail edge 

(Figure 11c).  
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Figure 11 a,b,c&d. Mean species richness by distance from trail edge for Glendenning (top left), 

South Ridge (top right), Informal (bottom left) and Irvine (bottom right).  Columns represent 

mean species richness divided into total richness (blue), native richness (red), exotic richness 

(green) and invasive richness (purple). Error bars represent 95% confidence intervals. 
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Summaries of the results from the two-way ANOVA testing species richness as a 

function of distance from trails can be found in Table 11. Two-way ANOVA tested the 

difference in species richness at distances from trails and results indicate that there were 

significant differences between trails (Table 12). Holm-Sidak multiple pairwise comparison 

(Table 13) indicated that species richness was significantly different between the Irvine trail and 

the Informal trail (p = <0.001) as well as the Glendenning trail (p = <0.001). Additionally, the 

species richness was significantly different between the Glendenning and the South Ridge trail (p 

= <0.001). Species richness as a function of distance from the trail was significantly different 

between quadrats placed immediately adjacent to trails (0 m) and control quadrats (10 m) for the 

Irvine Trail (Table 14). 

Table 11.  

Summary data for species richness as a function of distance from trails compared between all 

trails at all distances.  
Least square means for trail:  

Group Mean SEM
1 

Irvine 6.069 0.340 

Glendenning 9.571 0.385 

South Ridge 7.125 0.416 

Informal 8.393 0.385 

Least square means for distance: 

Group Mean  

0-1 8.555  

1-2 7.497  

2-3 7.586  

10-11 7.521  

Standard Error of Least Square Mean = 0.383 
1 SEM – standard error of the mean 
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Table 12.  

Two-way ANOVA results for species richness as a function of distance from trails compared 

between all trails at all distances. Normality and equal variance assumptions passed. Significant 

values are shown shaded in grey (α=0.05). 
Source of Variation DF

1 
SS

2 
MS

3 
F

4 
P

5 

Trail 3 430.297 143.432 17.242 <0.001 

Distance 3 44.541 14.847 1.785 0.151 

Trail x Distance 9 86.720 9.636 1.158 0.323 

Residual 216 1796.897 8.319   

Total 231 2369.272 10.257   
1 DF – degrees of freedom 
2 SS – sum of squares 
3 MS – mean sum of squares 
4 F – F-statistic 
5 P – p-value 

 

Table 13.  

Comparison of trails for species richness using Holm-Sidak multiple pairwise comparison.  

Significant values are shown shaded in grey (α=0.05). 
Comparison Diff of Means t

1 
P

2 

Glendenning vs. Irvine 3.502 6.815 <0.001 

Informal vs. Irvine 2.323 4.521 <0.001 

Glendenning vs. South Ridge 2.446 4.312 <0.001 

Informal vs. South Ridge 1.268 2.235 0.077 

Glendenning vs. Informal 1.179 2.162 0.062 

South Ridge vs. Irvine 1.056 1.964 0.051 
1 t – t-value 
2 P – p-value 
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Table 14.  

Results for species richness as a function of distance from trails compared between all trails and 

all distances using Holm-Sidak multiple pairwise comparison.  Significant values are shown 

shaded in grey (α=0.05). 
Comparison Diff of Means t

1
 P

2
 

Comparisons for factor: Distance within Irvine 

0-1 vs. 10-11 2.778 2.889 0.025 

0-1 vs. 1-2 1.778 1.849 0.288 

0-1 vs. 2-3 1.611 1.676 0.330 

2-3 vs. 10-11 1.167 1.213 0.537 

1-2 vs. 10-11 1.000 1.040 0.509 

2-3 vs. 1-2 0.167 0.173 0.863 

Comparisons for factor: Distance within Glendenning 

0-1 vs. 10-11 2.357 2.162 0.176 

0-1 vs. 2-3 1.500 1.376 0.607 

0-1 vs. 1-2 1.286 1.179 0.666 

1-2 vs. 10-11 1.071 0.983 0.695 

2-3 vs. 10-11 0.857 0.786 0.678 

1-2 vs. 2-3 0.214 0.197 0.844 

Comparisons for factor: Distance within South Ridge 

10-11 vs. 2-3 0.333 0.283 1.000 

0-1 vs. 2-3 0.333 0.283 0.999 

10-11 vs. 1-2 0.167 0.142 1.000 

0-1 vs. 1-2 0.167 0.142 0.999 

1-2 vs. 2-3 0.167 0.142 0.987 

10-11 vs. 0-1 8.882E-016 7.543E-016 1.000 

Comparisons for factor: Distance within Informal 

10-11 vs. 1-2 2.000 1.835 0.344 

10-11 vs. 2-3 1.429 1.310 0.654 

10-11 vs. 0-1 1.000 0.917 0.832 

0-1 vs. 1-2 1.000 0.917 0.738 

2-3 vs. 1-2 0.571 0.524 0.841 

0-1 vs. 2-3 0.429 0.393 0.695 
1 t – t-value 
2 P – p-value 

 

Proportional Data. Proportional native data show that, in general, native species 

comprise approximately 44 – 52% of the population of understory vegetation found along the 

Glendenning (Figure 12a – 12d), South Ridge (Figure 13a – 13d) and Informal trails (Figure 14a 

– 14d).  The native species proportion found along the Irvine trail ranges from 79 to 88% (Figure 

15a – 15d).  

Invasive species constitute between 9 and 21% of the proportion of understory vegetation 

along the Glendenning (Figure 12a – 12d), South Ridge (Figure 13a – 13d) and Informal trails 
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(Figure 14a – 14d).  Along the Irvine trail, invasive species make up between 5 and 9% of total 

plant species (Figure 15a – 15d).  

Exotic species comprise between 34 and 43% of the proportion of understory vegetation 

population along the Glendenning (Figure 12a – 12d), South Ridge (Figure 13a – 13d) and 

Informal trails (Figure 14a – 14d). At both near-trail quadrats (0 m) and control quadrats on the 

Irvine trail, a higher proportion of exotics are found (15%) compared to 1 m (7%) and 2 m (9%) 

quadrats (Figure 15a – 15d). 

 

  

  
Figure 12 a,b,c&d. Mean species richness for Glendenning trail at 0 m (top left), 1 m (top right), 

2 m (bottom left) and 10 m (bottom right) from trail edge.   
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Figure 13 a,b,c&d. Mean species richness for South Ridge trail at 0 m (top left), 1 m (top right), 

2 m (bottom left) and 10 m (bottom right) from trail edge.   

 

  

  
Figure 14 a,b,c&d. Mean species richness for Informal trail at 0 m (top left), 1 m (top right), 2 m 

(bottom left) and 10 m (bottom right) from trail edge.   
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Figure 15 a,b,c&d. Mean species richness for Irvine trail at 0 m (top left), 1 m (top right), 2 m 

(bottom left) and 10 m (bottom right) from trail edge.   

Two-way ANOVA results indicated significant differences in native, exotic and invasive 

species richness between and within trails (Tables 15, 16, 18 & 20). Holm-Sidak multiple 

pairwise comparison (Table 17) indicated that native species richness was significantly different 

between the Irvine trail and the Informal trail (p = <0.001), the Glendenning trail (p = <0.001) 

and the South Ridge Trail (p = <0.001). Significant differences in exotic species richness exist 

between the Irvine trail and the Informal trail (p = <0.001), the Glendenning trail (p = <0.001) 

and the South Ridge Trail (p = <0.001) (Table 19). Table 21 shows that significant differences in 

invasive species richness exist between the Irvine trail and the Informal trail (p = <0.001), the 

Glendenning trail (p = 0.045) and the South Ridge Trail (p = <0.001). 
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Table 15.  

Summary data for native, exotic and invasive species richness as a function of distance from 

trails compared between all trails at all distances. 

 
Proportion Native Species 

Richness 

Proportion Exotic Species 

Richness 

Proportion Invasive Species 

Richness 

Trail Mean SEM
1 

Mean SEM
1 

Mean SEM
1 

Irvine 0.822 0.0217 0.114 0.0161 0.0646 0.0121 

Glendenning 0.478 0.0246 0.408 0.0182 0.113 0.0137 

South Ridge 0.479 0.0266 0.365 0.0197 0.156 0.0148 

Informal 0.465 0.0246 0.389 0.0182 0.146 0.0137 

Distance Proportion Native Mean Proportion Exotic Mean Proportion Invasive Mean 

0-1 0.550 0.340 0.110 

1-2 0.572 0.308 0.121 

2-3 0.551 0.306 0.143 

10-11 0.571 0.323 0.106 

Standard Error 

of Least 

Squares Mean 

Proportion Native Proportion Exotic Proportion Invasive 

0.0244 0.0181 0.0136 

1 SEM – standard error of the mean 

 

 

Table 16.  

Two-way ANOVA results for native species richness as a function of distance from trails 

compared between all trails at all distances. Normality and equal variance assumptions failed. 

Significant values are shown shaded in grey (α=0.05). 
Source of Variation DF

1 
SS

2 
MS

3 
F

4 
P

5 

Trail 3 19.261 6.420 72.760 <0.001 

Distance 3 0.156 0.0519 0.588 0.624 

Trail x Distance 9 0.477 0.0530 0.601 0.795 

Residual 216 19.060 0.0882   

Total 231 38.991 0.169   
1 DF – degrees of freedom 
2 SS – sum of squares 
3 MS – mean sum of squares 
4 F – F-statistic 
5 P – p-value 

 

 

 

 

Table 17.  

Comparison of trails for native species richness using Holm-Sidak multiple pairwise 

comparison.  Significant values are shown shaded in grey (α=0.05). 
Comparison Diff of Means t

1 
P

2 

Irvine vs. Informal 0.636 12.015 <0.001 

Irvine vs. Glendenning 0.624 11.793 <0.001 

Irvine vs. South Ridge 0.605 10.922 <0.001 

South Ridge vs. Informal 0.0313 0.537 0.932 

South Ridge vs. Glendenning 0.0196 0.336 0.931 

Glendenning vs. Informal 0.0117 0.209 0.835 
1 t – t-value 
2 P – p-value 
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Table 18.  

Two-way ANOVA results for exotic species richness as a function of distance from trails 

compared between all trails at all distances. Normality assumptions failed and equal variance 

assumptions passed. Significant values are shown shaded in grey (α=0.05). 
Source of Variation DF

1 
SS

2 
MS

3 
F

4 
P

5 

Trail 3 4.115 1.372 63.334 <0.001 

Distance 3 0.0486 0.0162 0.748 0.524 

Trail x Distance 9 0.0958 0.0106 0.491 0.880 

Residual 216 4.678 0.0217   

Total 231 8.949 0.0387   
1 DF – degrees of freedom 
2 SS – sum of squares 
3 MS – mean sum of squares 
4 F – F-statistic 
5 P – p-value 

 

Table 19.  

Comparison of trails for exotic species richness using Holm-Sidak multiple pairwise comparison.  

Significant values are shown shaded in grey (α=0.05). 
Comparison Diff of Means t

1 
P

2 

Glendenning vs. Irvine 0.307 11.699 <0.001 

Informal vs. Irvine 0.287 10.930 <0.001 

South Ridge vs. Irvine 0.261 9.517 <0.001 

Glendenning vs. South Ridge 0.0458 1.581 0.308 

Informal vs. South Ridge 0.0256 0.885 0.612 

Glendenning vs. Informal 0.0202 0.725 0.469 
1 t – t-value 
2 P – p-value 

 

Table 20.  

Two-way ANOVA results for invasive species richness as a function of distance from trails 

compared between all trails at all distances. Normality assumptions failed and equal variance 

assumptions passed. Significant values are shown shaded in grey (α=0.05). 
Source of Variation DF

1 
SS

2 
MS

3 
F

4 
P

5 

Trail 3 0.323 0.108 9.638 <0.001 

Distance 3 0.0508 0.0169 1.517 0.211 

Trail x Distance 9 0.0714 0.00793 0.711 0.699 

Residual 216 2.410 0.0112   

Total 231 2.851 0.0123   
1 DF – degrees of freedom 
2 SS – sum of squares 
3 MS – mean sum of squares 
4 F – F-statistic 
5 P – p-value 
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Table 21.  

Comparison of trails for invasive species richness using Holm-Sidak multiple pairwise 

comparison.  Significant values are shown shaded in grey (α=0.05). 
Comparison Diff of Means t

1 
P

2 

South Ridge vs. Irvine 0.0922 4.685 <0.001 

Informal vs. Irvine 0.0819 4.350 <0.001 

Glendenning vs. Irvine 0.0480 2.549 0.045 

South Ridge vs. Glendenning 0.0443 2.130 0.099 

Informal vs. Glendenning 0.0339 1.698 0.174 

South Ridge vs. Informal 0.0104 0.499 0.619 
1 t – t-value 
2 P – p-value 

   

Summaries of the results from the two-way ANOVA testing species richness as a 

function of distance from the trail for plants native to Garry oak woodland/meadow landscapes, 

plants native to Garry oak rocky outcrop landscapes, and plants invasive specifically to Garry 

oak ecosystems, can be found in Table 22. Two-way ANOVA tested the difference in proportion 

native to Garry oak woodland/meadow landscapes, rocky outcrop landscapes, and plants 

invasive specifically to Garry oak ecosystems at distances from trails and results indicate that 

there were significant differences between trails (Tables 23, 26 & 28).  

Holm-Sidak multiple pairwise comparison (Table 24) indicated that native species 

richness unique to Garry oak woodland/meadow ecosystems was significantly different between 

the Irvine trail and the Informal trail (p = 0.002), the Glendenning trail (p = 0.005) and the South 

Ridge Trail (p = 0.009). Table 27 shows that significant differences in native species richness 

unique to Garry oak rocky outcrop exist between the Irvine trail and the Informal trail (p = 

<0.001), the Glendenning trail (p = <0.001) and the South Ridge Trail (p = <0.001). Significant 

differences in invasive species richness specific to Garry oak ecosystems exist between the 

Irvine trail and the Informal trail (p = <0.001) and the South Ridge Trail (p = <0.001) (Table 29).  

Additionally, invasive species richness specific to Garry oak ecosystems was significantly 

different between the Glendenning trail and both the South Ridge trail (p = <0.001) and the 

Informal Trail (p = 0.005). 



TRAIL EROSION, TRAIL USE, AND VEGETATION CHANGE  55 

Native species richness unique to Garry oak woodland/meadow ecosystems as a function 

of distance the trail was significantly different between quadrats placed immediately adjacent to 

trails (0 m) and control quadrats (10 m) for the Irvine Trail (Table 25). 

Table 22.  

Summary data for species richness unique to Garry oak woodland/meadow and rocky outcrop 

ecosystems and invasive species specific to Garry oak ecosystems as a function of distance from 

trails compared between all trails at all distances. 

 

Proportion Native Species 

Richness Woodland/ 

Meadow 

Proportion Native Species 

Richness Rocky Outcrop 

Proportion Garry oak-

specific Invasive Species 

Richness 

Trail Mean SEM
1 

Mean SEM
1 

Mean SEM
1 

Irvine 0.339 0.0189 0.0461 0.00824 0.0964 0.0182 

Glendenning 0.241 0.0215 0.105 0.00935 0.115 0.0207 

South Ridge 0.232 0.0232 0.114 0.0101 0.238 0.0223 

Informal 0.228 0.0215 0.107 0.00935 0.208 0.0207 

Distance 
Woodland/ Meadow 

Mean 
Rocky Outcrop Mean 

Garry oak Invasive 

Mean 

0-1 0.276 0.0844 0.169 

1-2 0.278 0.0935 0.163 

2-3 0.250 0.0969 0.185 

10-11 0.235 0.0969 0.141 

Standard Error of Least 

Squares Mean 

Woodland/ Meadow 

Mean 
Rocky Outcrop Mean 

Garry oak Invasive 

Mean 

0.0213 0.00928 0.0205 
1 SEM – standard error of the mean 

 

Table 23.  

Two-way ANOVA results for native species richness unique to Garry oak woodland/meadow 

ecosystems as a function of distance from trails compared between all trails at all distances. 

Normality assumptions failed and equal variance assumptions passed. Significant values are 

shown shaded in grey (α=0.05). 
Source of Variation DF

1 
SS

2 
MS

3 
F

4 
P

5 

Trail 3 0.641 0.214 6.305 <0.001 

Distance 3 0.0552 0.0184 0.543 0.653 

Trail x Distance 9 0.451 0.0501 1.477 0.158 

Residual 216 7.321 0.0339   

Total 231 8.502 0.0368   
1 DF – degrees of freedom 
2 SS – sum of squares 
3 MS – mean sum of squares 
4 F – F-statistic 
5 P – p-value 
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Table 24.  

Comparison of trails for native species richness unique to Garry oak woodland/meadow 

ecosystems using Holm-Sidak multiple pairwise comparison.  Significant values are shown 

shaded in grey (α=0.05). 
Comparison Diff of Means t

1 
P

2 

Irvine vs. Informal 0.122 3.716 0.002 

Irvine vs. Glendenning 0.110 3.343 0.005 

Irvine vs. South Ridge 0.106 3.104 0.009 

South Ridge vs. Informal 0.0154 0.426 0.964 

Glendenning vs. Informal 0.0122 0.352 0.925 

South Ridge vs. Glendenning 0.00319 0.0881 0.930 
1 t – t-value 
2 P – p-value 

 
 

Table 25.  

Results for native species richness unique to Garry oak woodland/meadow ecosystems as a 

function of distance from trails compared between all trails and all distances using Holm-Sidak 

multiple pairwise comparison.  Significant values are shown shaded in grey (α=0.05). 
Comparison Diff of Means t

1
 P

2
 

Comparisons for factor: Distance within Irvine 

1-2 vs. 10-11 0.202 3.298 0.007 

2-3 vs. 10-11 0.136 2.219 0.130 

1-2 vs. 0-1 0.103 1.675 0.330 

0-1 vs. 10-11 0.0996 1.623 0.286 

1-2 vs. 2-3 0.0662 1.078 0.485 

2-3 vs. 0-1 0.0366 0.597 0.551 

Comparisons for factor: Distance within Glendenning 

0-1 vs. 2-3 0.0600 0.862 0.948 

0-1 vs. 1-2 0.0396 0.569 0.985 

0-1 vs. 10-11 0.0307 0.441 0.987 

10-11 vs. 2-3 0.0293 0.420 0.966 

1-2 vs. 2-3 0.0204 0.293 0.947 

10-11 vs. 1-2 0.00889 0.128 0.898 

Comparisons for factor: Distance within South Ridge 

10-11 vs. 2-3 0.0990 1.318 0.716 

10-11 vs. 0-1 0.0895 1.190 0.738 

10-11 vs. 1-2 0.0546 0.727 0.920 

1-2 vs. 2-3 0.0444 0.591 0.912 

1-2 vs. 0-1 0.0348 0.463 0.873 

0-1 vs. 2-3 0.00957 0.127 0.899 

Comparisons for factor: Distance within Informal 

0-1 vs. 10-11 0.0787 1.132 0.835 

0-1 vs. 1-2 0.0714 1.026 0.839 

0-1 vs. 2-3 0.0656 0.943 0.818 

2-3 vs. 10-11 0.0131 0.189 0.997 

1-2 vs. 10-11 0.00736 0.106 0.993 

2-3 vs. 1-2 0.00577 0.0830 0.934 
1 t – t-value 
2 P – p-value 
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Table 26.  

Two-way ANOVA results for native species richness unique to Garry oak rocky outcrop 

ecosystems as a function of distance from trails compared between all trails at all distances. 

Normality assumptions failed and equal variance assumptions passed. Significant values are 

shown shaded in grey (α=0.05). 
Source of Variation DF

1 
SS

2 
MS

3 
F

4 
P

5 

Trail 3 0.197 0.0655 13.158 <0.001 

Distance 3 0.00614 0.00205 0.411 0.745 

Trail x Distance 9 0.0541 0.00601 1.207 0.292 

Residual 216 1.076 0.00498   

Total 231 1.330 0.00576   
1 DF – degrees of freedom 
2 SS – sum of squares 
3 MS – mean sum of squares 
4 F – F-statistic 
5 P – p-value 

 

Table 27.  

Comparison of trails for native species richness unique to Garry oak rocky outcrop ecosystems 

using Holm-Sidak multiple pairwise comparison.  Significant values are shown shaded in grey 

(α=0.05). 
Comparison Diff of Means t

1 
P

2 

South Ridge vs. Irvine 0.0683 5.196 <0.001 

Informal vs. Irvine 0.0610 4.854 <0.001 

Glendenning vs. Irvine 0.0591 4.698 <0.001 

South Ridge vs. Glendenning 0.00926 0.667 0.879 

South Ridge vs. Informal 0.00729 0.525 0.840 

Informal vs. Glendenning 0.00197 0.148 0.883 
1 t – t-value 
2 P – p-value 
 
 

Table 28.  

Two-way ANOVA results for invasive species richness specific to Garry oak ecosystem as a 

function of distance from trails compared between all trails at all distances. Normality 

assumptions failed and equal variance assumptions passed. Significant values are shown shaded 

in grey (α=0.05). 
Source of Variation DF

1 
SS

2 
MS

3 
F

4 
P

5 

Trail 3 0.824 0.275 11.477 <0.001 

Distance 3 0.0551 0.0184 0.767 0.514 

Trail x Distance 9 0.108 0.0120 0.500 0.874 

Residual 216 5.168 0.0239   

Total 231 6.146 0.0266   
1 DF – degrees of freedom 
2 SS – sum of squares 
3 MS – mean sum of squares 
4 F – F-statistic 
5 P – p-value 
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Table 29.  

Comparison of trails for invasive species richness specific to Garry oak ecosystems using Holm-

Sidak multiple pairwise comparison.  Significant values are shown shaded in grey (α=0.05). 
Comparison Diff of Means t

1 
P

2 

South Ridge vs. Irvine 0.141 4.908 <0.001 

Informal vs. Irvine 0.112 4.061 <0.001 

South Ridge vs. Glendenning 0.123 4.033 <0.001 

Informal vs. Glendenning 0.0932 3.187 0.005 

South Ridge vs. Informal 0.0296 0.972 0.554 

Glendenning vs. Irvine 0.0188 0.680 0.497 
1 t – t-value 
2 P – p-value 

Shannon-Weaver Diversity. In general, total species diversity decreases with distance 

from trail (Figure 16).  The exception to this is the Informal trail, where the opposite trend occurs 

(Figures 16 & 17a – 17d).  
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Figure 16. Total mean species diversity by distance from trail edge. Columns represent mean 

total species diversity for quadrats moving at a distance from the trail edge.  Error bars represent 

95% confidence intervals. 

For the Glendenning, South Ridge, and Irvine trails, total and native species diversity 

tend to decrease with increased distance from trail edge (Figure 17a, 17b, & 17d).  The total and 

native species diversity was greater with increased distance from the trail edge for the Informal 

trail (Figure 17c). 
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Exotic species diversity decreases with distance from trail edge for the Glendenning and 

South Ridge trails (Figure 17a & 17b), but fluctuates by lessening with increasing distance from 

the trail, then increasing slightly at control quadrats for the Irvine Trail (Figure 17d).  Exotic 

species diversity tends to increase with distance from trail edge for the Informal trail (Figure 

17c). 

Invasive species diversity fluctuates with distance from the trail edge, depending on the 

trail (Figure 17a, 17b, & 17d). For invasive species, an apparent rise in diversity occurs with 

increasing distance from the trail edge along the Informal trail (Figure 17c).  
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Figure 17 a,b,c&d. Mean species diversity by distance from trail edge for Glendenning (top left), 

South Ridge (top right), Informal (bottom left) and Irvine (bottom right).  Columns represent 

mean species diversity divided into total (blue), native (red), exotic (green) and invasive (purple). 

Error bars represent 95% confidence intervals. 

Summary data for species diversity as a function of distance from trails can be found in 

Table 30. The two-way ANOVA results indicate that there were significant differences between 

trails (Table 31). Holm-Sidak multiple pairwise comparison (Table 32) indicated that species 
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diversity was significantly different between the Irvine trail and the Informal (p = <0.001), the 

Glendenning trail (p = <0.001) as well as the South Ridge Trail (p = 0.012). Species diversity as 

a function of distance from the trail was significantly different between quadrats placed 

immediately adjacent to trails (0 m) and control quadrats (10 m) for the Irvine Trail (Table 33). 

Table 30.  

Summary data for total species diversity as a function of distance from trails compared between 

all trails at all distances. 
Least square means for TRAIL:  

Group Mean SEM
1 

Irvine 1.120 0.0592 

Glendenning 1.517 0.0671 

South Ridge 1.401 0.0725 

Informal 1.513 0.0671 

Least square means for DISTANCE:  

Group Mean  

0-1 1.469  

1-2 1.399  

2-3 1.415  

10-11 1.268  

Std Err of LS Mean = 0.0666 
1 SEM – standard error of the mean 

 

 

Table 31.  

Two-way ANOVA results for total species diversity as a function of distance from trails 

compared between all trails at all distances. Normality assumptions failed and equal variance 

assumptions passed. Significant values are shown shaded in grey (α=0.05). 
Source of Variation  DF

1 
SS

2 
MS

3 
F

4 
P

5 

Trail 3 6.904 2.301 9.125 <0.001 

Distance 3 1.238 0.413 1.637 0.182 

Trail x Distance 9 2.757 0.306 1.214 0.287 

Residual 216 54.475 0.252   

Total 231 65.635 0.284   
1 DF – degrees of freedom 
2 SS – sum of squares 
3 MS – mean sum of squares 
4 F – F-statistic 
5 P – p-value 
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Table 32.  

Comparison of trails for total species diversity using Holm-Sidak multiple pairwise comparison.  

Significant values are shown shaded in grey (α=0.05). 
Comparison Diff of Means t

1 
P

2 

Glendenning vs. Irvine 0.397 4.437 <0.001 

Informal vs. Irvine 0.393 4.393 <0.001 

South Ridge vs. Irvine 0.281 3.007 0.012 

Glendenning vs. South Ridge 0.116 1.170 0.567 

Informal vs. South Ridge 0.112 1.131 0.451 

Glendenning vs. Informal 0.00386 0.0407 0.968 
1 t – t-value 
2 P – p-value 

 

 

Table 33.  

Results for total species diversity as a function of distance from trails compared between all 

trails and all distances using Holm-Sidak multiple pairwise comparison.  Significant values are 

shown shaded in grey (α=0.05). 
Comparison Diff of Means t

1 
P

2 

Comparisons for factor: Distance within Irvine    

0-1 vs. 10-11 0.456 2.724 0.041 

2-3 vs. 10-11 0.345 2.064 0.186 

1-2 vs. 10-11 0.268 1.599 0.376 

0-1 vs. 1-2 0.188 1.125 0.598 

0-1 vs. 2-3 0.111 0.660 0.760 

2-3 vs. 1-2 0.0779 0.465 0.642 

Comparisons for factor: Distance within Glendenning    

0-1 vs. 10-11 0.391 2.061 0.220 

2-3 vs. 10-11 0.341 1.798 0.318 

1-2 vs. 10-11 0.304 1.600 0.376 

0-1 vs. 1-2 0.0876 0.461 0.955 

0-1 vs. 2-3 0.0499 0.263 0.957 

2-3 vs. 1-2 0.0376 0.198 0.843 

Comparisons for factor: Distance within South Ridge    

0-1 vs. 10-11 0.224 1.093 0.855 

0-1 vs. 2-3 0.166 0.810 0.934 

1-2 vs. 10-11 0.158 0.768 0.904 

1-2 vs. 2-3 0.0996 0.486 0.948 

0-1 vs. 1-2 0.0666 0.325 0.935 

2-3 vs. 10-11 0.0579 0.283 0.778 

Comparisons for factor: Distance within Informal    

10-11 vs. 0-1 0.268 1.413 0.646 

10-11 vs. 1-2 0.205 1.080 0.808 

10-11 vs. 2-3 0.154 0.811 0.885 

2-3 vs. 0-1 0.114 0.603 0.907 

1-2 vs. 0-1 0.0633 0.334 0.932 

2-3 vs. 1-2 0.0510 0.269 0.788 
1 t – t-value 
2 P – p-value 
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Proportional Data. In general, native species make up approximately 43 – 52% of the 

understory vegetation found along the Glendenning (Figure 18a – 18d), South Ridge (Figure 19a 

– 19d) and Informal trails (Figure 20a – 20d).  The native species proportion found within the 

trail-side quadrats along the Irvine trail ranges from 85 to 89%, with a lower proportion of native 

species occurring at control quadrats (63%), 10 m from trail edge (Figure 21a – 21d).  

Invasive species make up between 10 and 23% of the proportion of understory vegetation 

along the Glendenning (Figure 18a – 18d), South Ridge (Figure 19a – 19d) and Informal trails 

(Figure 20a – 20d).  Along the Irvine trail, invasive species make up between 4 and 11% of 

vegetative species (Figure 21a – 21d), with a lower proportion of invasive species occurring 

immediately adjacent to the trail, from 0 – 1m (Figure 21a).  

Exotic species make up between 31and 41% of the proportion of understory vegetation 

along the Glendenning (Figure 18a – 18d), South Ridge (Figure 19a – 19d) and Informal trails 

(Figure 20a – 20d). At the control quadrats on the Irvine trail, a higher proportion of exotics are 

found far from the trail edge (14%) compared to 0-m (9%), 1-m (3%), and 2-m (4%) quadrats 

(Figure 21a – 21d). 
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Figure 18 a,b,c&d. Mean species diversity for Glendenning trail at 0 m (top left), 1 m (top right), 

2 m (bottom left) and 10 m (bottom right) from trail edge.   

  

  
Figure 19 a,b,c&d. Mean species diversity for South Ridge trail at 0 m (top left), 1 m (top right), 

2 m (bottom left) and 10 m (bottom right) from trail edge.   
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Figure 20 a,b,c&d. Mean species diversity for Informal trail at 0 m (top left), 1 m (top right), 2 

m (bottom left) and 10 m (bottom right) from trail edge 

  

  
Figure 21 a,b,c&d. Mean species diversity for Irvine trail at 0 m (top left), 1 m (top right), 2 m 

(bottom left) and 10 m (bottom right) from trail edge.   

 

Summaries of the results from the two-way ANOVA testing native, exotic and invasive 

species diversity as a function of distance from trails can be found in Table 34. Two-way 

ANOVA tested the difference in native, exotic and invasive species diversity at distances from 
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trails and results indicate that there were significant differences between trails (Tables 35, 38 & 

40). Holm-Sidak multiple pairwise comparison results (Table 36) indicated that native species 

diversity was significantly different between the Irvine trail and the Informal trail (p = <0.001), 

the Glendenning trail (p = <0.001) as well as the South Ridge Trail (p = <0.001). Table 39 shows 

that significant differences in exotic species diversity exist between the Irvine trail and the 

Informal trail (p = <0.001), the Glendenning trail (p = <0.001) and the South Ridge Trail (p = 

<0.001). Significant differences in invasive species diversity exist between the Irvine trail and 

the Informal trail (p = <0.001), the Glendenning trail (p = 0.007) and the South Ridge Trail (p = 

0.020) (Table 41). 

Native species diversity as a function of distance the trail was significantly different 

between all quadrats placed near trails (0, 1, and 2 m) and control quadrats (10 m) for the Irvine 

Trail (Table 37). 

Table 34.  

Summary data for native, exotic and invasive species diversity as a function of distance from 

trails compared between all trails at all distances. 

 
Proportion Native 

Species Diversity  

Proportion Exotic 

Species Diversity 

Proportion Invasive 

Species Diversity 

Trail Mean SEM
1 

Mean SEM
1 

Mean SEM
1 

Irvine 0.808 0.0277 0.0759 0.0203 0.0745 0.0155 

Glendenning 0.484 0.0314 0.358 0.0231 0.158 0.0175 

South Ridge 0.452 0.0339 0.378 0.0249 0.150 0.0189 

Informal 0.457 0.0314 0.339 0.0231 0.204 0.0175 

Distance 
Proportion Native 

Mean 

Proportion Exotic 

Mean 

Proportion Invasive 

Mean 

0-1 0.568 0.310 0.121 

1-2 0.574 0.274 0.152 

2-3 0.562 0.264 0.174 

10-11 0.497 0.302 0.139 

Standard Error of Least Squares 

Mean 

Proportion Native Proportion Exotic Proportion Invasive 

0.0312 0.0229 0.0174 
1 SEM – standard error of the mean 
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Table 35.  

Two-way ANOVA results for native species diversity as a function of distance from trails 

compared between all trails at all distances. Normality and equal variance assumptions failed. 

Significant values are shown shaded in grey (α=0.05). 
Source of Variation DF

1 
SS

2 
MS

3 
F

4 
P

5 

Trail 3 20.179 6.726 59.707 <0.001 

Distance 3 0.512 0.171 1.514 0.212 

Trail x Distance 9 1.351 0.150 1.332 0.222 

Residual 216 24.334 0.113   

Total 231 46.604 0.202   
1 DF – degrees of freedom 
2 SS – sum of squares 
3 MS – mean sum of squares 
4 F – F-statistic 
5 P – p-value 

 

 

Table 36.  

Comparison of trails for native species diversity using Holm-Sidak multiple pairwise 

comparison.  Significant values are shown shaded in grey (α=0.05). 
Comparison Diff of Means t

1 
P

2 

Irvine vs. Informal 0.650 10.867 <0.001 

Irvine vs. South Ridge 0.646 10.326 <0.001 

Irvine vs. Glendenning 0.616 10.304 <0.001 

Glendenning vs. Informal 0.0337 0.531 0.934 

Glendenning vs. South Ridge 0.0296 0.449 0.880 

South Ridge vs. Informal 0.00406 0.0615 0.951 
1 t – t-value 
2 P – p-value 
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Table 37.  

Results for native species diversity as a function of distance from trails compared between all 

trails and all distances using Holm-Sidak multiple pairwise comparison.  Significant values are 

shown shaded in grey (α=0.05). 
Comparison Diff of Means t

1 
P

2 

Comparisons for factor: Distance within Irvine 

1-2 vs. 10-11 0.436 3.899 <0.001 

2-3 vs. 10-11 0.350 3.129 0.010 

0-1 vs. 10-11 0.313 2.797 0.022 

1-2 vs. 0-1 0.123 1.102 0.614 

1-2 vs. 2-3 0.0861 0.770 0.689 

2-3 vs. 0-1 0.0371 0.332 0.740 

Comparisons for factor: Distance within Glendenning 

2-3 vs. 10-11 0.0782 0.617 0.990 

1-2 vs. 10-11 0.0453 0.357 0.998 

2-3 vs. 0-1 0.0417 0.329 0.996 

0-1 vs. 10-11 0.0365 0.288 0.988 

2-3 vs. 1-2 0.0329 0.259 0.958 

1-2 vs. 0-1 0.00877 0.0692 0.945 

Comparisons for factor: Distance within South Ridge 

1-2 vs. 0-1 0.0808 0.590 0.992 

1-2 vs. 10-11 0.0764 0.558 0.987 

1-2 vs. 2-3 0.0704 0.514 0.976 

2-3 vs. 0-1 0.0104 0.0758 1.000 

2-3 vs. 10-11 0.00595 0.0434 0.999 

10-11 vs. 0-1 0.00443 0.0324 0.974 

Comparisons for factor: Distance within Informal 

0-1 vs. 2-3 0.0590 0.465 0.998 

0-1 vs. 1-2 0.0522 0.411 0.997 

10-11 vs. 2-3 0.0521 0.410 0.990 

10-11 vs. 1-2 0.0452 0.356 0.978 

0-1 vs. 10-11 0.00695 0.0548 0.998 

1-2 vs. 2-3 0.00685 0.0540 0.957 
1 t – t-value 
2 P – p-value 

 

 

Table 38.  

Two-way ANOVA results for exotic species diversity as a function of distance from trails 

compared between all trails at all distances. Normality assumptions failed and equal variance 

assumptions passed. Significant values are shown shaded in grey (α=0.05). 
Source of Variation DF

1 
SS

2 
MS

3 
F

4 
P

5 

Trail 3 4.470 1.490 33.681 <0.001 

Distance 3 0.143 0.0475 1.075 0.361 

Trail x Distance 9 0.157 0.0174 0.393 0.937 

Residual 216 9.556 0.0442   

Total 231 14.340 0.0621   
1 DF – degrees of freedom 
2 SS – sum of squares 
3 MS – mean sum of squares 
4 F – F-statistic 
5 P – p-value 
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Table 39.  

Comparison of trails for exotic species diversity using Holm-Sidak multiple pairwise 

comparison.  Significant values are shown shaded in grey (α=0.05). 
Comparison Diff of Means t

1 
P

2 

Glendenning vs. Irvine 0.312 8.314 <0.001 

South Ridge vs. Irvine 0.314 8.001 <0.001 

Informal vs. Irvine 0.271 7.226 <0.001 

South Ridge vs. Informal 0.0428 1.034 0.661 

Glendenning vs. Informal 0.0408 1.025 0.519 

South Ridge vs. Glendenning 0.00200 0.0485 0.961 
1 t – t-value 
2 P – p-value 

 

Table 40.  

Two-way ANOVA results for invasive species diversity as a function of distance from trails 

compared between all trails at all distances. Normality assumptions failed and equal variance 

assumptions passed. Significant values are shown shaded in grey (α=0.05). 
Source of Variation DF

1 
SS

2 
MS

3 
F

4 
P

5 

Trail 3 0.543 0.181 9.362 <0.001 

Distance 3 0.0952 0.0317 1.640 0.181 

Trail x Distance 9 0.0892 0.00991 0.512 0.865 

Residual 216 4.177 0.0193   

Total 231 4.913 0.0213   
1 DF – degrees of freedom 
2 SS – sum of squares 
3 MS – mean sum of squares 
4 F – F-statistic 
5 P – p-value 

 

Table 41.  

Comparison of trails for invasive species diversity using Holm-Sidak multiple pairwise 

comparison.  Significant values are shown shaded in grey (α=0.05). 
Comparison Diff of Means t

1 
P

2 

Informal vs. Irvine 0.128 5.168 <0.001 

Glendenning vs. Irvine 0.0802 3.238 0.007 

South Ridge vs. Irvine 0.0734 2.832 0.020 

Informal vs. South Ridge 0.0547 1.998 0.134 

Informal vs. Glendenning 0.0478 1.820 0.135 

Glendenning vs. South Ridge 0.00683 0.250 0.803 
1 t – t-value 
2 P – p-value 

 

Summary data for species diversity as a function of distance from trail for plants native to 

Garry oak woodland/meadow landscapes, plants native to Garry oak rocky outcrop landscapes, 

and plants invasive specifically to Garry oak ecosystems, can be found in Table 42. Diversity of 

species native to Garry oak woodland/meadow landscapes, rocky outcrop landscapes, and plants 
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invasive specifically to Garry oak ecosystems, were significantly different between trails (Tables 

43, 46 & 48).  

Holm-Sidak multiple pairwise comparison (Table 44) indicated that native species 

diversity unique to Garry oak woodland/meadow ecosystems was significantly different between 

the Irvine trail and the Informal trail (p = <0.001), the Glendenning trail (p = <0.001) and the 

South Ridge Trail (p = <0.001). Furthermore, diversity of native species unique to Garry oak 

woodland/meadow ecosystems was significantly different between the Glendenning trail and 

both the South Ridge (p = 0.013) and Informal trails (p = 0.034). Table 47 shows that significant 

differences in diversity of native species unique to Garry oak rocky outcrops exist between the 

Irvine trail and the Informal trail (p = <0.001), the Glendenning trail (p = <0.001) and the South 

Ridge trail (p = <0.001). Significant differences in invasive species diversity specific to Garry 

oak ecosystems exist between the Irvine trail and the Informal trail (p = <0.001) and the South 

Ridge Trail (p = <0.001) (Table 49).  Additionally, invasive species diversity specific to Garry 

oak ecosystems was significantly different between the Glendenning trail and both the South 

Ridge trail (p = <0.001) and the Informal Trail (p = <0.001). 

Native species diversity unique to Garry oak woodland/meadow ecosystems as a function 

of distance the trail was significantly different between all quadrats placed near trails (0, 1, and 2 

m) and control quadrats (10 m) for the Irvine Trail (Table 45). 
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Table 42.  

Summary data for species diversity unique to Garry oak woodland/meadow and rocky outcrop 

ecosystems and invasive species specific to Garry oak ecosystems as a function of distance from 

trails compared between all trails at all distances. 

 

Proportion Native Species 

Diversity Woodland/ 

Meadow 

Proportion Native Species 

Diversity Rocky Outcrop 

Proportion Garry oak-

specific Invasive Species 

Diversity 

Trail Mean SEM
1 

Mean SEM
1 

Mean SEM
1 

Irvine 0.444 0.0225 0.0165 0.00949 0.0976 0.0202 

Glendenning 0.329 0.0255 0.147 0.0108 0.0976 0.0229 

South Ridge 0.217 0.0276 0.119 0.0116 0.251 0.0248 

Informal 0.239 0.0255 0.115 0.0108 0.272 0.0229 

Distance 
Woodland/ Meadow 

Mean 
Rocky Outcrop Mean G.O Invasive Mean 

0-1 0.351 0.0834 0.174 

1-2 0.316 0.0962 0.180 

2-3 0.309 0.105 0.201 

10-11 0.253 0.113 0.164 

Standard Error of Least 

Squares Mean 

Woodland/ Meadow 

Mean 
Rocky Outcrop Mean G.O Invasive Mean 

0.0253 0.0107 0.0228 
1 SEM – standard error of the mean 
 

 

Table 43.  

Two-way ANOVA results for native species diversity unique to Garry oak woodland/meadow 

ecosystems as a function of distance from trails compared between all trails at all distances. 

Normality assumptions passed and equal variance assumptions failed. Significant values are 

shown shaded in grey (α=0.05). 
Source of Variation DF

1 
SS

2 
MS

3 
F

4 
P

5 

Trail 3 2.534 0.845 19.727 <0.001 

Distance 3 0.324 0.108 2.520 0.059 

Trail x Distance 9 0.398 0.0442 1.033 0.414 

Residual 216 9.248 0.0428   

Total 231 12.593 0.0545   
1 DF – degrees of freedom 
2 SS – sum of squares 
3 MS – mean sum of squares 
4 F – F-statistic 
5 P – p-value 
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Table 44.  

Comparison of trails for native species diversity unique to Garry oak woodland/meadow 

ecosystems using Holm-Sidak multiple pairwise comparison.  Significant values are shown 

shaded in grey (α=0.05). 
Comparison Diff of Means t

1 
P

2 

Irvine vs. South Ridge 0.256 6.642 <0.001 

Irvine vs. Informal 0.232 6.300 <0.001 

Irvine vs. Glendenning 0.138 3.751 <0.001 

Glendenning vs. South Ridge 0.118 2.894 0.013 

Glendenning vs. Informal 0.0940 2.403 0.034 

Informal vs. South Ridge 0.0238 0.585 0.559 
1 t – t-value 
2 P – p-value 

 

 

Table 45.  

Results for native species diversity unique to Garry oak woodland/meadow ecosystems as a 

function of distance from trails compared between all trails and all distances using Holm-Sidak 

multiple pairwise comparison.  Significant values are shown shaded in grey (α=0.05). 
Comparison Diff of Means t

1 
P

2 

Comparisons for factor: Distance within Irvine 

0-1 vs. 10-11 0.226 3.270 0.007 

1-2 vs. 10-11 0.225 3.261 0.006 

2-3 vs. 10-11 0.176 2.554 0.045 

0-1 vs. 2-3 0.0494 0.716 0.855 

1-2 vs. 2-3 0.0487 0.706 0.730 

0-1 vs. 1-2 0.000650 0.00942 0.992 

Comparisons for factor: Distance within Glendenning 

0-1 vs. 10-11 0.0919 1.175 0.809 

0-1 vs. 2-3 0.0630 0.805 0.935 

0-1 vs. 1-2 0.0509 0.651 0.945 

1-2 vs. 10-11 0.0410 0.524 0.936 

2-3 vs. 10-11 0.0289 0.370 0.917 

1-2 vs. 2-3 0.0121 0.155 0.877 

Comparisons for factor: Distance within South Ridge 

2-3 vs. 10-11 0.0456 0.540 0.995 

1-2 vs. 10-11 0.0399 0.473 0.994 

2-3 vs. 0-1 0.0289 0.342 0.995 

1-2 vs. 0-1 0.0232 0.275 0.990 

0-1 vs. 10-11 0.0167 0.198 0.976 

2-3 vs. 1-2 0.00569 0.0674 0.946 

Comparisons for factor: Distance within Informal 

0-1 vs. 1-2 0.118 1.510 0.574 

0-1 vs. 2-3 0.0995 1.273 0.681 

0-1 vs. 10-11 0.0864 1.105 0.717 

10-11 vs. 1-2 0.0317 0.405 0.969 

2-3 vs. 1-2 0.0186 0.237 0.965 

10-11 vs. 2-3 0.0131 0.168 0.867 
1 t – t-value 
2 P – p-value 
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Table 46.  

Two-way ANOVA results for native species diversity unique to Garry oak rocky outcrop 

ecosystems as a function of distance from trails compared between all trails at all distances. 

Normality equal variance assumptions failed. Significant values are shown shaded in grey 

(α=0.05). 
Source of Variation DF

1 
SS

2 
MS

3 
F

4 
P

5 

Trail 3 0.656 0.219 32.826 <0.001 

Distance 3 0.0274 0.00914 1.373 0.252 

Trail x Distance 9 0.0304 0.00337 0.507 0.869 

Residual 216 1.438 0.00666   

Total 231 2.149 0.00930   
1 DF – degrees of freedom 
2 SS – sum of squares 
3 MS – mean sum of squares 
4 F – F-statistic 
5 P – p-value 

 

 

Table 47.  

Comparison of trails for native species diversity unique to Garry oak rocky outcrop ecosystems 

using Holm-Sidak multiple pairwise comparison.  Significant values are shown shaded in grey 

(α=0.05). 
Comparison Diff of Means t

1 
P

2 

Glendenning vs. Irvine 0.132 9.071 <0.001 

South Ridge vs. Irvine 0.103 6.801 <0.001 

Informal vs. Irvine 0.0988 6.797 <0.001 

Glendenning vs. Informal 0.0331 2.145 0.096 

Glendenning vs. South Ridge 0.0285 1.774 0.149 

South Ridge vs. Informal 0.00460 0.286 0.775 
1 t – t-value 
2 P – p-value 

 
 

Table 48.  

Two-way ANOVA results for invasive species diversity specific to Garry oak ecosystem as a 

function of distance from trails compared between all trails at all distances. Normality 

assumptions failed and equal variance assumptions passed. Significant values are shown shaded 

in grey (α=0.05). 
Source of Variation DF

1 
SS

2 
MS

3 
F

4 
P

5 

Trail 3 1.736 0.579 15.104 <0.001 

Distance 3 0.0879 0.0293 0.765 0.515 

Trail x Distance 9 0.163 0.0181 0.474 0.891 

Residual 216 8.275 0.0383   

Total 231 10.255 0.0444   
1 DF – degrees of freedom 
2 SS – sum of squares 
3 MS – mean sum of squares 
4 F – F-statistic 
5 P – p-value 
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Table 49.  

Comparison of trails for invasive species diversity specific to Garry oak ecosystems using Holm-

Sidak multiple pairwise comparison.  Significant values are shown shaded in grey (α=0.05). 
Comparison Diff of Means t

1 
P

2 

Informal vs. Irvine 0.176 5.035 <0.001 

Informal vs. Glendenning 0.180 4.870 <0.001 

South Ridge vs. Irvine 0.167 4.591 <0.001 

South Ridge vs. Glendenning 0.172 4.467 <0.001 

Informal vs. South Ridge 0.00817 0.212 0.972 

Irvine vs. Glendenning 0.00454 0.130 0.897 
1 t – t-value 
2 P – p-value 

 

  



TRAIL EROSION, TRAIL USE, AND VEGETATION CHANGE  76 

Discussion 

The aims of the current study were to determine if trail erosion is a function of trail slope, 

and if plant species composition changes with distance from trail. Four trails within Mount 

Douglas Park were assessed for trail erosion and plant species composition. Trails were selected 

based on ecosystem type, with trail erosion and vegetation species data collection focused within 

Garry oak and associated ecosystems.  Results of the plant species composition analyses will 

allow park managers to employ best management practices to protect these rare ecosystems, 

while maintaining visitor use and recreation within the park. 

Soil erosion is evident on all four trails. However, no significant causal relationship was 

found between degree of slope and erosion for any of them (Table 5 – 8; Figure 9). Trail slope 

was found to be significantly different between the Irvine and both the Informal and 

Glendenning trails, while trail erosion was significantly different between the South Ridge and 

both the Informal and Irvine trails (Tables 6 & 8).   

In general, species richness and species diversity were higher near trail edges and 

decreased with distance from the trail.  The exception to this trend was found along the Informal 

trail, where both species richness and species diversity increased with distance from the trail.  

Significant differences in species richness were found between the Irvine and all other 

trails for native, exotic, invasive, and native species commonly found within Garry oak 

woodland/meadow landscapes, as well as native species commonly found on Garry oak rocky 

outcrops.  Total species richness was significantly different between the Irvine trail and both the 

Glendenning and the Informal trails, as well as between the Glendenning and the South Ridge 

trail.  Both the Irvine and Glendenning trails were significantly different than both the Informal 

and South Ridge trails for richness in invasive species that are specific to Garry oak ecosystems. 
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Richness of species that are native to Garry oak woodland/meadow habitats were significantly 

different for quadrats placed at 0 m when compared to control quadrats (10 m) along the Irvine 

trail.  

Significant differences in species diversity were found between the Irvine and all other 

trails for total diversity as well as proportion native, exotic, invasive, and native species 

commonly found on Garry oak rocky outcrops.  Diversity of native plants commonly found in 

Garry oak woodland/meadow habitats was significantly different between the Irvine trail and all 

other trails, as well as between the Glendenning and both the South Ridge and the Informal trails.  

Both the Irvine and Glendenning trails were significantly different than the Informal and South 

Ridge trails for invasive species diversity that are specific to Garry oak ecosystems. Total species 

diversity as a function of distance from trail was significantly different for quadrats placed at 0 m 

when compared to control quadrats (10 m) along the Irvine trail.  Finally, composition of native 

species that are commonly found within Garry oak woodland/meadow landscapes was 

significantly different for quadrats placed at 0, 1, and 2 m when compared to control quadrats 

along the Irvine trail.  

Soil Erosion 

A positive linear relationship was found between trail slope and trail erosion on all four 

trails and trails were found to be significantly different in the degrees of slope and the amount of 

soil erosion; however, no significant effects were found between trail slope and trail erosion. 

Other environmental variables have been found to influence trail erosion that were not 

assessed in the current study.  Some of these include soil texture, organic content, topographic 

position of the trail, user volume, elevation and aspect of the trail (Bryan, 1977; Chiu & 

Kriwoken, 2003; Coleman, 1981; DiSanto, 2015).  Many of these variables cannot be controlled 
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through experimental design, which is why the current study design focused solely on slope.  

Slope can be controlled through proper trail alignment and routing, but only when new trails are 

being developed or re-aligned (DiSanto, 2015). Due to the limited timeframe of this study, trail 

slope was chosen as the only independent variable; however, results indicate that other variables 

could be influencing erosion along trails.   

Findings from previous studies show that increased trail use over time can have a 

logarithmic effect on soil loss from erosion (Chiu & Kriwoken, 2003).  Therefore, the higher use 

trails will lose less soil over time when compared to younger, less frequently-used trails.  This 

trend may not yet be seen with the Informal trail, as it is younger and potentially less frequently 

used.  The Informal trail had the steepest overall slope, but the least amount of erosion.  The 

steep terrain and unmarked, unplanned trail may help reduce soil erosion along this trail as it is 

possible that its alignment deters users from ascending and descending to/from the top of Mount 

Douglas Park.  Furthermore, the informal trail appears to be younger than the other three trails in 

the current study, which could also be the cause of less erosion than the other trails (Darrell 

Wick, Friends of Mount Douglas Society, personal communication, June 17, 2016). With an 

increasing number of people moving into urban settings (Warren & Lemmen, 2014), it is 

possible that this trail may experience more frequent use over time. If this proves to be the case 

in the future, steps should be taken by park managers to limit the use of this trail to prevent 

further erosion.  

Species Richness, Diversity and Proportion 

One null hypothesis in the current investigation stated that the presence of a trail has no 

effect on adjacent plant species composition.  It was rejected for both total and proportional 

species richness and species diversity.  Studies focusing on experimental trampling and its 
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effects on vegetation found that impacts to vegetation do not extend beyond 30 cm of the 

trampling centerline (Thurston & Reader, 2001).  It is possible that any effects on vegetation 

from trail use are only visible immediately adjacent to the trail edge, resulting in statistically 

significant results for species diversity and richness found in the current study. This trend was 

found along the Irvine trail where near-trail quadrats (0 m) were significantly different than 

control quadrats (10 m) for total species diversity and species richness (Tables 14 & 33) as well 

as proportional richness and diversity for native species common to Garry oak 

meadow/woodland habitats (Tables 25 & 45). This study was designed to analyze the effects of 

trail presence on vegetation communities using a 1-m
2
 quadrat.  A quadrat of this size was 

chosen to obtain the highest amount of data in a limited timeframe.  However, this experimental 

design may have resulted in an oversaturation of data within the trail-side quadrats that could 

have masked any observed vegetation community changes by extending measurements further 

than trail use effects can be seen. Future studies might reduce the quadrat size to focus on smaller 

increments extending from the trail edge to determine if trail presence affects vegetation 

community composition.  

In general, species richness and species diversity were found to be higher near trail edges 

(0, 1, and 2 m from trail edge) and decreased with distance from the trail.  The exception to this 

trend was found along the Informal trail, where both species richness and species diversity 

increased with distance. The Informal trail was the steepest and had the least amount of erosion 

when compared to the other three trails.  This implies that the presence of trails and their use lead 

to increased species richness and diversity. Species richness is a count of all species, while 

species diversity is a measure of the variety of different kinds of species that make up a 

community (Campbell et al., 2006).  The results of this research are consistent with findings 
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from previous studies, which found that plant species diversity increases in proximity to trails 

(Bright; 1986; Hall & Kruss, 1989; Van Winkle, 2014; Weaver & Dale, 1979). Other external 

factors not investigated in the current study may also have led to increased trail-side species 

richness and diversity.  Variables such as trampling, soil compaction, light availability, and 

selective grazing from deer and rabbit populations may all be leading to the trends observed in 

this study (Hall & Kruss, 1989; Potito & Beatty, 2005).  While the findings from the current 

research suggest that trail use may be beneficial by increasing trail-side biodiversity, frequent 

trail use can also contribute negatively to at-risk Garry oak ecosystems by vectoring invasive and 

exotic seeds that hitch rides on people and pets, remove soils that stabilize banks that provide 

nutrients, and encourage wildflower picking by members of the public (GOERT, 2003b).  While 

total species richness and diversity were higher adjacent to the Glendenning, South Ridge and 

Irvine trails, so were exotic and invasive species richness and diversity.  

Natural variability between trails was evident.  In general, native species richness and 

diversity were lower than exotic and invasive species richness and diversity combined, for the 

Glendenning, South Ridge, and Informal trails.  The exception to this trend was the Irvine trail, 

which had the highest native species richness and diversity. Along this trail in particular, the 

proportion of native species was higher near the trail edge (0, 1, and 2 m quadrats) and decreased 

with distance from the trail.  Control quadrats along the Irvine trail often were composed of one 

dominant species (P. glycyrrhiza), while many near-trail quadrats had a dense canopy cover of 

H. discolor and/or S. albus.  The canopy cover provided by these woody shrubs may have let 

shade-tolerant native species thrive and provide more trail-side root stability that prevented 

alteration to the plant community.  This dense canopy cover is indicative of the Garry oak plant 

community that exists along the Irvine trail, the Oak – Broom – Rhacomitirum canescens: Typic 
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subcommunity (Erikson, 1998).  According to Erikson (1998), this community benefits from 

additional moisture due to being found at the toe of slopes and its often northern and eastern 

exposure.  This native plant community is likely benefitting from protection against the vectoring 

and spreading of invasive and exotic seeds through the dense shrub layer that prevents people, 

pets and deer from veering off trail. The thick mat of P. glycorrhiza that dominated many control 

quadrats is also likely outcompeting exotic and invasive plants that, if seedlings were 

established, would be shaded from light availability by this dense bryophyte layer.  

When near-trail quadrats (0, 1, and 2 m) were compared to control quadrats for species 

richness and diversity, there were significant differences found along the Irvine trail. Total 

species richness and diversity were significantly different between 0 m and control quadrats, 

while diversity and richness of native species commonly found in Garry oak woodland/meadows 

were significantly different between 0 m (richness only), 1 m, and 2 m quadrats (diversity only) 

when compared to control quadrats (10 m). The species composition along the Irvine trail 

comprised a dense canopy of woody shrubs that provides shade and moisture for the vegetative 

undergrowth that the other trails lacked, which is indicative of its plant community (Erikson, 

1998).  Near-trail quadrats were often dominated by the dense shrub layer which provided shade 

and moisture retention for those herbaceous plants that could survive below.  Many control 

quadrats lacked this shrub layer and exhibited traits more indicative of Garry oak meadow 

habitats, which is possibly the reason for the significant differences as a function of distance 

from trail along the Irvine.  While similar to the Irvine, the Glendenning also had an abundance 

of canopy cover from S. albus near-trail; however, most quadrats on this trail that were 

dominated by this one species had very few non-graminoid herbaceous understory plants.  The 

Irvine trail is also primarily northeast facing, a trait of its plant community, while the other three 
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trails are mostly south facing.  The difference in aspect, paired with the additional moisture 

retention provided by the shrub layer, could also account for the significant differences between 

quadrats along the Irvine trail.  Soil moisture was unaccounted for during the current research, 

but may have been a determining factor in the significant differences between near-trail and 

control quadrats for this habitat type. 

Herbaceous plants and woody shrubs were grouped functionally into Garry-oak habitat 

subcommunity types.  There are some plants that are exotic species in BC (BC Conservation 

Data Centre, 2017) yet are considered invasive specifically to Garry oak ecosystems (GOERT, 

2003a).  These species, along with plants that are commonly found in Garry oak 

meadow/woodland and rocky outcrop landscapes, were functionally grouped and analyzed to 

determine if differences occurred between quadrats compared at distances from the trail, and also 

between trails (Table 10). Similar to trends noted above, the Irvine trail was significantly 

different from the Glendenning, South Ridge and Informal trails for Garry oak 

meadow/woodland and rocky outcrop native species richness and diversity. Additionally, the 

Glendenning and Irvine trails were significantly different from the South Ridge and Informal 

trails for Garry oak-specific invasive species richness and diversity.  The Garry oak-specific 

invaders listed in Table 10 were found at higher frequencies along the South Ridge and Informal 

trails.  Both of these trails lacked an abundance of shrubs and shade cover, which may be a 

determining factor in ecosystem resilience against Garry oak-specific invasive species.  The 

open, steep, dry slopes of these two trails may provide opportunities for invasive species to 

colonize, as these species are often resilient to drought (Butt et al., 2010).  The plant community 

found along the Informal trail, as well as the upper elevation slopes of the South Ridge trail, is a 

second-order disturbance community, where exotics and invasives are part of the community 



TRAIL EROSION, TRAIL USE, AND VEGETATION CHANGE  83 

landscape (Erikson, 1998).  Both of the plant communities found on the Informal and South 

Ridge trails are described as having southern exposures and occurring on very steep slopes with 

only a shrub canopy layer (Erikson, 1998).  It is possible that trail use and seed dispersal through 

these linear corridors have vectored the spread of exotics and invasives to create the second-

order disturbance subcommunities found on the Informal and South Ridge trail. However, it is 

also possible that any statistically significant results between the Glendenning and/or Irvine trails 

and the Informal and/or South Ridge trails may be attributed to the difference in the habitat 

subcommunity.  The inferences generated here suggest that it is possible that park managers may 

be able to prioritize restoration activities based on Garry oak ecosystem habitat subcommunity 

instead of by user-related alterations in plant communities.  Park managers may endeavor to 

classify habitat subcommunities in order to determine susceptibility to future exotic and/or 

invasive species infiltration and prioritize protection and restoration efforts among urban park 

resources.  In addition, long term monitoring may give more insight into trends over time 

regarding the effects of trail presence on Garry oak and associated ecosystem plant communities.    

Limitations and Future Research Consideration 

 The current research was constrained to one field season of vegetation assessment.  

Because the experimental design involved Garry oak and associated ecosystems, the research 

focused the data collection in the early spring, when Garry oak meadow, woodland and outcrop 

vegetation was emerging.  It is possible that the results of the current research are biased toward 

native species, which emerge in the spring in Garry oak ecosystems and are therefore more 

apparent during surveys at this time of year (Erikson, 1998).  If the research was completed later 

in the season (i.e., between late June and early September), it is possible that the observable 

vegetation community would consist of fewer native species and be more heavily weighted 
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towards exotic and invasive species that can survive in drier conditions. Future studies may 

benefit by including data collected over multiple field seasons to obtain a clearer picture of how 

the vegetative community changes as a result of trail presence over time.  

 Future research opportunities could be employed over multiple years and field seasons.  

The CSA method of measuring trail erosion is particularly useful for documenting soil loss over 

time and can provide managers with information useful for trail restoration and closure activities.  

Deployment of trail counters can give park managers useful data on how visitors influence trail 

erosion between the four researched trails. Future studies can also investigate other variables that 

influence trail erosion in order to allow park managers to anticipate which trails will be subject to 

further erosion with changing environmental conditions.   

  



TRAIL EROSION, TRAIL USE, AND VEGETATION CHANGE  85 

Conclusion 

Park managers have control over environmental variables such as trail slope, grade and 

alignment, but only when new trails are being designed or existing trails are being restored. Soil 

erosion is evident along trails within Mount Douglas Park; however, is not primarily a function 

of trail slope, leading to the conclusion that other contributing environmental and human-use-

related factors are involved in trail erosion. Trail presence and trail use can lead to alterations in 

the vegetation community within Garry oak and associated ecosystems. Plant species diversity 

and richness generally decrease with distance from the trail edge. Along unmarked and 

potentially less-used trails, greater plant species diversity and richness was found with increasing 

distance from the trail edge, suggesting that trail use alters the community composition within 

urban parks. Native plant species were more prevalent along the Irvine trail, where shrub canopy 

cover may have provided refuge for native forb species, and also stabilized soils along the edge 

of the trail. All trails were significantly different from the Irvine trail when plant species were 

grouped according to habitat subcommunity type and Garry-oak specific invaders. 

Differentiating between Garry oak ecosystem habitat subcommunity types may be beneficial in 

prioritizing restoration activities. Understanding the impacts of trail erosion and trail presence on 

Garry oak and associated ecosystems will help managers target resources for restoration and 

education opportunities, and can improve protection of these at-risk ecosystems.  

Saanich Parks has intentions of developing a Park Management Plan for Mount Douglas 

Park in the near future (Eva Riccius, Director, Saanich Parks, personal communication, May 12, 

2016).  The results regarding trail erosion and vegetation community change from trail use 

within Mount Douglas Park will help Saanich Parks in determining preventative mitigation 
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measures to reduce soil erosion on trails and protect and preserve at-risk Garry oak ecosystems 

that occur within Mount Douglas Park boundaries. 
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Appendices 

Trail  Erosion Transect ID Slope (degrees) Soil Erosion Calculated from CSA (cm2) 

Glendenning G-01 15 612.5 

Glendenning G-02 23 1476.5 

Glendenning G-03 17 1932 

Glendenning G-04 21 4776 

Glendenning G-05 20 416 

Glendenning G-06 27 3183.5 

Glendenning G-07 19 2457.5 

Glendenning G-08 20 16553 

Glendenning G-09 22 4599.5 

Glendenning G-10 15 10441.5 

Glendenning G-11 20 5981.5 

Glendenning G-12 9 7224 

Glendenning G-13 10 395 

Glendenning G-14 13 1267 

South Ridge S-01 15 5915 

South Ridge S-02 17 15502.5 

South Ridge S-03 18 8944 

South Ridge S-04 18 23824 

South Ridge S-05 17 4007.5 

South Ridge S-06 26 12520 

South Ridge S-07 15 16644.5 

South Ridge S-08 14 3803 

South Ridge S-09 13 3883.5 

South Ridge S-10 7 3686.5 

South Ridge S-11 19 3495.5 

South Ridge S-12 9 4381.5 

Informal  IT-01 16 743.5 

Informal  IT-02 22 2299 

Informal  IT-03 15 1672.5 

Informal  IT-04 16 1139.5 

Informal  IT-05 17 424.5 

Informal  IT-06 20 4544.5 

Informal  IT-07 18 4575.5 

Informal  IT-08 15 2025.5 

Informal  IT-09 14 135.5 

Informal  IT-10 16 1741 

Informal  IT-11 23 1022 

Informal  IT-12 19 1904 

Informal  IT-13 29 559.5 

Informal  IT-14 20 2938 

Irvine IR-01 4 1030 

Irvine IR-02 5 2794.5 

Irvine IR-03 13 896.5 

Irvine IR-04 15 1069.5 

Irvine IR-05 10 2429.5 

Irvine IR-06 3 1204 

Irvine IR-07 4 4386.5 

Irvine IR-08 15 4662.5 

Irvine IR-09 11 717.5 

Irvine IR-10 13 3559.5 

Irvine IR-11 8 1299 

Irvine IR-12 1 479.5 

Irvine IR-13 12 1203.5 

Irvine IR-14 16 2787 

Irvine IR-15 15 3869 

Irvine IR-16 20 1048.5 

Irvine IR-17 20 11975 

Irvine IR-18 13 1927.5 
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Species  

(Latin name) 

Species 

(common name) 

Species 

Code 
Life Form 

Functional 

Group 

Native 

Status 

Habitat 

Subcommunity 
Seed Type 

Dispersal 

(primary, 

secondary) 

Claytonia perfoliata miner's lettuce CLPE annual forb native 
GOE rock 

outcrop 
capsule gravity 

Anthriscus caucalis bur chervil ANCA 
annual, 

biennial 
forb, weedy invasive invasive nutlet hitch-hiker 

Galium aparine cleavers GAAP annual forb, weedy native native nutlet hitch-hiker 

Lamium purpureum purple dead-nettle LAPU 
annual, 

biennial 
forb exotic invasive to GOE nutlet gravity, stolon 

Geranium molle dovefoot geranium GEMO annual forb exotic invasive to GOE carpel gravity 

Sanicula crassicaulis Pacific sanicle SACR perennial forb native 
GOE meadow/ 

woodland 

subglobose 

burrs 
hitch-hiker 

Cerastium glomeratum sticky chickweed CEGL annual forb exotic exotic capsule gravity 

Symphoricarpos albus common snowberry SYAL 
shrub, 

deciduous 
shrub native 

GOE meadow/ 

woodland 
berry animal 

Nemophila parviflora Small-flowered nemophila NEPA annual forb native Native capsule gravity 

Veronica arvensis wall speedwell VEAR annual forb exotic exotic capsule 
gravity, hitch-

hiker 

Cardamine hirsuta hairy bitter-cress CAHI annual forb exotic exotic siliques ballistic 

Stellaria media common chickweed STME perennial forb exotic exotic capsule gravity 

Daphne laureola spurge-laurel DALA 
shrub, 

evergreen 
shrub invasive invasive to GOE drupe gravity, animal 

Cytisus scoparius Scotch broom CYSC 
shrub, 

evergreen 
shrub invasive invasive to GOE pod 

ballistic, wind, 

water 

Mahonia nervosa dull Oregon-grape MANE 
shrub, 

evergreen 
shrub native native berry animal 

Mahonia aquifolium tall Oregon-grape MAAQ 
shrub, 

evergreen 
shrub native 

GOE meadow/ 

woodland 
berry animal 

Camassia quamash common camas CAQU perennial forb native 
GOE meadow/ 

woodland 
capsule bulb 

Geranium dissectum cut-leaved geranium GEDI annual forb exotic exotic carpel gravity, wind 

Turritis glabra tower mustard TUGL 
biennial, 

perennial 
forb native native samara wind 

Erythronium oregonum white fawn lily EROR perennial forb native 
GOE meadow/ 

woodland 
capsule bulb 

Holodiscus discolor oceanspray HODI 
shrub, 

deciduous 
shrub native 

GOE meadow/ 

woodland 
achene wind 

Mimulus alsinoides chickweed monkey-flower MIAL annual forb native native capsule gravity, wind 

Dodecatheon hendersonii Henderson's shooting star DOHE perennial forb native 
GOE meadow/ 

woodland 
capsule 

rhyzome, 

bulbette 

Collinsia parviflora small-flowered blue-eyed Mary COPA annual forb native 
GOE meadow/ 

woodland 
capsule gravity, wind 

Rumex acetosella sheep sorrel RUAC 
annual, 

perennial 
forb exotic invasive to GOE achene rhyzome 
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Species  

(Latin name) 

Species 

(common name) 

Species 

Code 
Life Form 

Functional 

Group 

Native 

Status 

Habitat 

Subcommunity 
Seed Type 

Dispersal 

(primary, 

secondary) 

dioecious 

Teesdalia nudicaulis shepherd's cress TENU annual forb exotic exotic silicles gravity, wind 

Hypochaeris glabra smooth cat's ear HYGL annual forb exotic exotic achene wind 

Hypochaeris radicata hairy cat's ear HYRA perennial forb invasive invasive to GOE achene wind 

Sedum spathulifolium broad-leaved stonecrop SESP perennial forb native 
GOE rock 

outcrop 
follicles rhyzome 

Achillea millefolium yarrow ACMI perennial forb native 
GOE meadow/ 

woodland 
achene rhyzome 

Polystichum munitum sword fern POMU perennial fern native native spore rhyzome 

Lonicera hispidula hairy honeysuckle LOHI evergreen vine native 
GOE meadow/ 

woodland 
berry 

rhyzome, 

animal 

Oemleria cerasiformis Indian-plum OECE 
shrub, 

deciduous 
shrub native native berry animal 

Lomatium utriculatum spring gold LOUT perennial forb native 
GOE meadow/ 

woodland 
samara wind 

Lithophragma parviflorum small-flowered woodland star LIPA perennial forb native 
GOE meadow/ 

woodland 
capsule 

rhyzome, 

bulbette 

Rubus discolor Himalayan blackberry RUDI perennial vine invasive invasive to GOE drupelette animal 

Lupinus polycarpus small-flowered lupin LUBI annual forb native 
GOE meadow/ 

woodland 
pods gravity, wind 

Trifolium willdenovii tomcat clover TRWI annual forb native native pods gravity 

Delphinium menziesii Menzies' larkspur DEME perennial forb native 
GOE meadow/ 

woodland 
follicles bulbette 

Cerastium arvense field chickweed CEAR perennial forb native 
GOE rock 

outcrop 
capsule rhyzome 

Aphanes arvensis field parsley piert APAR annual forb exotic exotic achene gravity 

Polypodium glycyrrhiza licorice fern POGL perennial fern native native spore rhyzome 

Pityrogramma triangularis goldenback fern PITR 
perennial - 

evergreen 
fern native native spore rhyzome 

Rosa gymnocarpa baldhip rose ROGY 
shrub, 

deciduous 
shrub native native achene animal 

Microsteris gracilis pink twink MIGR annual forb native native capsule gravity 

Montia linearis narrow-leaved montia MOLI annual forb native 
GOE rock 

outcrop 
capsule gravity 

Castilleja attenuata narrow-leaved owl-clover CAAT annual forb native native capsule gravity, animal 

Lotus denticulatus meadow birds-foot trefoil LODE annual forb native 
GOE rock 

outcrop 
pods gravity 

Erodium cicutarium stork's-bill ERCI annual forb exotic exotic carpel gravity 

Myosotis discolor Common forget-me-not MYDI annual forb exotic exotic nutlet gravity 

Grindelia stricta Oregon gumweed GRST perennial forb native native achene 
wind, hitch-

hiker 

Calandrinia ciliata red maids CACI annual forb native native capsule gravity 



TRAIL EROSION, TRAIL USE, AND VEGETATION CHANGE  95 

Species  

(Latin name) 

Species 

(common name) 

Species 

Code 
Life Form 

Functional 

Group 

Native 

Status 

Habitat 

Subcommunity 
Seed Type 

Dispersal 

(primary, 

secondary) 

Narcissus pseudonarcissus daffodil NAPS perennial forb exotic exotic capsule bulbette 

Vicia sativa common vetch VISA perennial forb, weedy exotic exotic pods gravity 

Trifolium hybridum alsike clover TRHY perennial forb exotic exotic pods gravity 

Vicia tetrasperma slender vetch VITE annual forb, weedy exotic exotic pods gravity 

Vicia lathyroides spring vetch VILA annual forb, weedy exotic exotic pods gravity 

Lomatium dissectum fern-leaved desert-parsley LODI perennial forb native native 
oblong/ 

elliptic 
gravity 

Moehringia macrophylla big-leaved sandwort MOMA perennial forb native native capsule rhyzome 

Clinopodium douglasii yerba buena CLDO perennial forb, weedy native native nutlet rhyzome 

Amelanchier alnifolia saskatoon AMAL 
shrub, 

deciduous 
shrub native native berry animal 

Fritillaria affinis chocolate lily FRAF perennial forb native 
GOE meadow/ 

woodland 
capsule bulb 

Trientalis latifolia broad-leaved starflower TRLA perennial forb native native capsule tuber 

Bellis perennis English daisy BEPE perennial forb exotic exotic achene 
wind, hitch-

hiker 

Vaccinium ovatum evergreen huckleberry VAOV 
shrub, 

evergreen 
shrub native native berry animal 

Taraxacum officinale common dandelion TAOF perennial forb exotic exotic achenes wind 

Vicia americana American vetch VIAM perennial forb, weedy native native pods 
rhyzome, 

gravity 

Rosa nutkana Nootka rose RONU 
shrub, 

deciduous 
shrub native 

GOE meadow/ 

woodland 
achenes animal 

Fritillaria camschatcensis northern rice-root FRCA perennial forb native native capsule bulb 

Centaurea cyanus cornflower CECY annual forb invasive invasive achene wind 

Arabis eschscholtziana Eschscholtz's rockcress ARES 
biennial, 

perennial 
forb native native siliques wind 

Piperia unalascensis Alaska rein orchid PIUN perennial forb native native capsule tuber 

Quercus garryana Garry oak QUGA 
deciduous 

tree 
tree native native acorn gravity, animal 

Prunus virginiana choke cherry PRVI 
tree, 

deciduous 
tree native native drupe animal 

Brodiaea / Triteleia* bro/trit BR/TR perennial forb native 
GOE meadow/ 

woodland 
capsule bulb 

allium sp.** onion sp. ALSP perennial forb native native capsule bulb 

* The growth pattern of brodiaea and/or triteleia involves leaves emerging early in the year and withering before the flowers appear.  Leaves are difficult to distinguish between 

species before a flower emerges.  At time of data collection, no flowers had emerged, therefore the difference in species cannot be distinguished without re-sampling at a later date 

* At the time of data collection, allium sp. had withered and gone to seed.  Unable to identify to species with single specimen. 

 


