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Abstract

Urban parks provide refuge for species at,r@gld maintain and preserve biodiversity
denselypopulated settirg Soil erosion on trailsvhich canhave negative impacts on the
surrounding plantommunites is a growing concerfor parkmanages. To characterize the
effects ofslope on trail erosigrand trailpresencen plant communieswithin Garry oak
ecosystems study wagonducted within Mount Douglas Park, Saanich, British Columbia. Four
trails wereassessed fdrail erosion followed byvegetatiorcommunity assessmerithe degree
of erosionwassignificantlydifferent betwee all trails observed in the current study, but was not
determined to be a function of trail slofde presence of trailsas found to affect plant
community compositionjherespecies richness and species divemsitye higher adjacent to
trails thanata distancérom thetrail. This studycan providgparkmanages with insightinto the

ecological impacts of urban recreation

Keywords Trail slope, trail erosion, Garry oak ecosystem, vegetation commspégies

richness, species diversityrban park
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Introduction

Urban parks allow visitors to access natural areas, and provide ecosystem services to the
people that use &m. 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 wahwmdak and
associate@cosystemgoundwithin themoist maritime subzone of the coastal Doudias
biogeoclimatic zone (CDFmmIn Canada, these ecosystems are found almost exclusively
within a narrow strip along southeast Vancouver Island and the<kuifis. 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, 2@@i)y of the plant species found
within Garry oakand associateglcosystems are sensitive to trampling and soil(lésshs,

2001). The loss of vegetation cover and root anchoring for soils further exacerbates
(Garry Oak Ecosystems Recovery Ted®ERT), 2013).Additionally, deciduous forests with
forb-dominatel, sensitive understory vegetation are among the most susceptible habitats to
damage by trampling (Thurston & Reader, 2001).

There are many challenges facedpayk manages, including balancing the issues of
maintenance of environmental quality, presegunaturakystemsand managing visitonsho
paradoxically degrade ecologigaiocesses (Eagles & McCool, 2002). As populations increase,
so do the pressures placed on urban paktksommon issue facdaly parkmanagesis managing
the stress of visitor @hrecreational activities on the surrounding environment daneynandated
to protect (Leunget al, 2011). While tourism and recreation are important functions of parks and
provide a plethora of benefits park usersextensiverail use by visitorgredes environmental

impacts such as soil loss and vegetation degradation (letaig2011).
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Studies show that there are two basic elemerdgsit@rosion on traitsenvironmental
and human useelated (Leung & Marion, 1996). Environmental processesrigad soil erosion
are often induced by weather evepatticularlyheavy precipitatiothatchannelize water
along trails (Olive & Marion, 2009)While these environmental processes can severely degrade
a trail within a short timeframe, the reductioinerosion on trails can be controlled through
proper design and route selection (DiSanto, 2015). Examples of humeelaisd elements
include horseback riding, mountain biking, backpacking, and hiking. Of these, hiking is
considered to contribute theal to trail degradation (Olive & Marion, 2009), yet is likely the
greatessourceof impact in an urban environmewheretrail use is often restricted primarily to
hiking activities as is the case with Mount Douglas Park, the urban park where thet studgn
occurred (Friends of Mount Douglas Park Society, 2017)

Trail erosion is costly to restore anodn often be irreversiblerimarily due to limited
budgets faced bparkdepartment$Olive & Marion, 2009. Trail erosion caused by park visitors
is regularly compounedby environmental factors such as wind and precipitation eamgtgan
be further exacerbated when trail alignment follows natural hydrological flow re¢@oésman,
1981;DiSanto, 20%). Precipitation levelsare expected to increaseimensity and severitgue
to climate change. This willurther damage trails ardisturbsoils occurring on steep slopes
(Warren& Lemmen 2014). Because of these trengimrkmanages need to be able foredict
when trailrealignment or closuremeneededandto prioritize, or preclude the need farail
restoration activities

Trail erosion measurements are simple to implement and caodstedfectiveway of
determining which variables contribute the most to eroslew¢ll & 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 desibmil alignment and topography have been
identified as important factors in determining the extersiodfloss 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 soll
erosionthatcould be minimied througtthe use otarefully planned routes. Studies have shown
that the extent of soil erosion is often related to trail slope in backcountry and alpine ecosystems
(Brattonet al, 1979; Quinret al, 1980 Weaver & Dale, 1978 Understanding the infence of

slope on trail erosion can guide park managers in decisionsw to prioritize trail restoration
activities.

Immediate environmental impacts relatedrsol erosionand traileffectsinclude those on
localflora andfauna, yet they can alsdfectmore distant systems suchdsvnslopeaquatic
ecosystemgOlive & Marion, 2009). Common impacts adjacent to trails include vegetation
compositional change, vegetation loss, trail tread widemiagsportation of surface soils,
creation of furthemformal trails, and soil erosio{Santo, 2015Hill & 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 & Be2fidypR20
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 erosionthan ecreators andogscanserve as vectors for
invasive species, which tend to outcompete native species (GOERT, 2013). Further damage to

plants can occur througioil loss andompaction caused by peopledatogs that may stray off
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trail (Leunget al.,2011) Additional sources dfrail 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 specieg sty and composition adjacent to trails
is warrantegdparticularly within Garry oak and associated ecosyst®lumerous studies have
explored how vegetation cover can redtred erosion(Braud,et al, 20021 Butt, et al.,2010;
Mingguoet al, 2007) althoughfew studies have looked at the effectdrafls on the

surrounding vegetatiomhus thereis 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 DouglatoPat&d in
Saanich, British Columé (BC)on the southern tip of Vancouver Islafidgure 1) Due to
MountDouglas R r kdpslarity and urban settingoil erosion andrail degradation are issues
faced byparkmanagers.Trail erosion in Mount Douglas Hars 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 parkAgaieesv(Burger
Saanich Parkgersonal comunication, Noveber 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 remaif&OERT, 2003). Keeping these ecosystems intaetl reducing
fragmentation is onefdahe many recovery strategies identified for thisisk ecosystem
(GOERT, 2003). To help preserve the remaining Garry oak and associated ecosystem in the
park, tere is a need to determine the effectsaf presencen theadjacentvegetationn this
area andf trail usecontributes to alterationsithin Garry oak ecosystem plant species

communities.
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Legend
Mount Douglas Park Boundary

Figure 1. Mount Douglas Park, location of current research sfadgated using Google Earth
Pro, (2009)).
Aims of the Stuly

Thefirst objectiveof thisresearctwasto examine the influence ofgreeof trail slope
on theerosionof trails in an urban park settind.he seconabjectivewas to test for a causal
relationshipbetween proximity to trail anglant species compibi®n. To accomplish this, field
measurementsereperformed to quantify the magnitude of erosion baseslape, which was
the variable thatvashypothesized to influence erosion on trailis.addition, plant species
compositiorwasmeasured both adjatito, and at distance frontrails to quantify the effects of
trail presencen plant communities Garry oak and associated ecosystdangsion and

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

Soil Erosion. The first parof thestudytestedwhether slope (the independent variable)
affectsthe amount of erosion on subject trails (dependent variable).
Ho 1 trail slope hano effect on soil erosion within trails.

Ha 1 trail slope haan effect on soil erosion within trails.

Plant SpeciesComposition. The second part of thetudytestedwhetherplant species
composition(dependentariablg changes as a result of distance from the @ir@lependent
variable.

Ho1 1 distance from the trallas no effect on plant species comigon.

Ha1 1 distance from the trallas an effect on plant species composition.
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Methodology

Research Site Description

Mount Douglas Parks an urban park that 88 hectares in size with over Rin of trails
(Saanich Parks, n.d.J'heparkis locatedn theCDFmm zoneof BC, which is characterized by
warm, sunny summers and mild, wet wintévie{dinger & Pojar, 1999). Thparkis bordered on
all sides by residential land, farmland and the Salish Segdarkeontains features of a typical
CDFmm zoneincluding oceanic boundaries, Dougkasdominant lower forests, mixed
Douglasfir and arbutus mid forests, and Garry oak outcapthe uppeslopegSaanich Parks,
n.d.).Mount Douglas Park is heavily used by members of the public, and trail ersgwidéent
on nearly all trails within the parRable 1 outlines the average climate data typical of Mount

Douglas Park.

Tablel.

Location, vegetation zone and meteorological dataesearch sitesMount Douglas Park.
Site Chareacteristics 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 Noaits accessed from Environment Canada 198110, station Saanichton CDA.

The CDFnm zone is characterized by Itscationin the rainshadow of Vancouver Island
and Washingtolstat®d s Ol ympi ¢ Mount ai ns. Low pressure s\
Pacific Gcean hit these mountains first and discharge much of their moisture aldDkynigic
Mountain range. The drier sites within the CDFmm zoné¢harse of theGarry oakand
associate@cosystemsThesetypically havedry and shallow soils and can range froreadows
and shady woodlands to rocky outcrop ecosystems (GOERT@20Barry oakand associated

ecosystems contain more plant species than any other terrestrial ecosystem iBComstichre
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at threat from invasions of exotic species, land developreantoachment, habitat loss and
fragmentation (GOERT, 20@B

The study focused on four trails of similangth that occur in the upper slopes of the
park, within rocky outcrops, woodlan@nd meadow landscapes@#rry oak and associated
ecosystemsThe Glendenningrail, the South Ridgé#ail, the Irvinetrail, and antformal trail to
the west of the Glendenning trail (Fig@e Table2 depicts thdength of each trail that was

subject to the current study as well asribenber ofsurvey locationglong each

Legend

&+ Glendenning Trail
&+ Informal Trail

& Irvine Trail

& South Ridge Trail

Figure 2. Four trails subject to erosion measurements and vegetation community anétlyses
Mount Douglas Park (created using Google Earth Pro, (2009))

Table2.

Length of trail subjecta 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 Glendenningyail is a long, linear trail ontsep slopes that has been subject to
massiveerosionfrom heavywinter storm precipitation and human foot traffic. The trail faces
south and igonsists okxtensivebraiding Sde channels exist due to erosion of the upper slopes
and depsition along théower slopes.A large gulley has emerged at the toe of the slojech
was excluded from the current reseatoh-ebruary 2017Saanich Parks Department installed a
number of drainage controls along the Glendenning trail, which alsoexcluded fromhe
current research studkfigure5). Symphoricarpos albusnowberry) and@anicula crassicaulis
(Pacific sanicle) dominate the vegetation commuymitlyich is characterized dise early season
nativeplant community, Oak Camassia quamashypicsubcommuity (Erikson, 1998).

The South Ridge trail parallels the Glendenning trail to the east and has more frequent
switchbacks.It occurs orthe soutkhfacing slope®f Mount Douglas anttail erosionis evident
primarily from humarnduced trampling. The uppslopes of the South Ridgeail are subject
to expansivédraiding and were excluded from the study due to numerous informal trails and
ubiquitous exposed bedrodRlaytonia perfoliatal mi ner 6 s Stedaria medigcdmmam d
chickweed) were observeaal high numbers along the South Ridge trail, whkesdalia
nudicaulis(shephe d 6s cress) was observed in abundance
the higher elevation sections of the traithe plant community that best describes the plants
growingalong the lower elevations of the South Ridge Trail is the native plant community, Oak
T Lonicerahispidula(colluvial) while the upper slopes plant commun#ypetter representative
of the seconarder disturbance community of OalBroomi Anthoxanthunodoratum
(Erikson, 1998).

Thelnformal trail to the wet of the Glendenning trail, b#éhe highestfrequencyof

switchbacksf all thetrails and is generally narrower. The trail occurs on the south western
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facing slopes of the parki here are numerougde channels andhformal trails that branch off
along the slopand trail widenings evidentlikely as a result of improper trail alignment. The
vegetation community along the Informal trail has less shade cover from shrubs and tree species.
The vegetaon community was dominated 6 perfoliata( mi ner 0 £ytisugt t uce) ,
scopariug(Scotch broom)S.media(common chickweed)Collinsia parviflora(smaltflowered
blue-eyed Mary) Hypochaeris glabrd s mo ot h ¢ aGaliurs apariagcleaversiThed
plant communityhere conformsvith thesecondorder disturbance community of bedrock
outcrops, Oak Broomi Rhacomitirum canescens: Tygicbcommunity (Erikson, 1998).

The Irvine trail is a long trail that occurs on the northeast slope of the pddgins at
the main entrance to the park and travels through Dodiglautus/bigleaf maple ecosystems,
before gaining elevation until it terminates within a Garry waladow and gock outcrop
landscapet the summit Only the upper part of the trail thaccurred 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 pelag& simmitThe vegetation
community adjacent to the Irvine trail wdsminated byHolodiscus discolofoceanspray) and
Erythronium oregonunfwhite fawn lily), while fartrail vegetation largely consisted of
Polypodium glycyrrhizdlicorice fern).The plant community that best describes the plants
growing alongside the Gldenning trail is the native plant community, Qakolodiscus

discolori Symphoricarpos albusRhytidiadephus triquetri€Erikson, 1998).

Study Design and Data Collection
This study incorporatetwo methodologies:
1) Measurementf slope ancerosion on tails; and

2) Measuremenof plant species compositiandices in relation talistance from trails.
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To test the hypothesthattrail slope infuences trail erosion an experiment was designed
to quantifysoil loss at locations atmefour trails with varyng slopes.Once measurements of
trail erosionwere conducted at each locatianseconaexperimental design was utilized to
observe the effect gdfroximity to trail onplant species composition.

Soil Erosion Quantification

The amount of erosiodépendenvariable) occurring on trailwasmeasured gainst trail
slope(independent variabjeThe four trails that were subject to survey were similar in length,
(177mto 239m), which gave between 12 anfl drosionmeasurements péail (Table 2)

Quantifyi ng Slope. Trail slope waglefined as the vertical rise over a horizontal distance
of 0.7m, the approximate distance of travelling one step while walfdiganto,2015) The
slope at each transect locatwas reordedby placing a im ruler along the@und in line with
the trail bearing and centering the ruler in the middle of the erosion trads&ciunto
clinometer was placed atop the ruler stick and slope was recorded in degrees inclination.

Quantifying Erosion. Erosion measurements were colleciahg trailseveryl0Om, as
determinedising a measuring wheel. Rbe Glendenning, South Ridge and Informal &ail
erosion measurements comment8an upslope from where each trail diverged frarmain
feedertrail. For the Irvine trail, epsion measrements commencdd m upslope from the
transition zone betweddouglasfir-dominated and Garry oak meadow ecosystem

Along each transect location, measurementsadlferosionwere collected using the
CrossSectional Area (CSA) method (Jewell & Harti2000). On either side difie trail, two
150 cmlongrebar stakeswere driven into the ground until refusal,umttil the bar was sunk
deep enough tmaintaina sturdy anchoffFigure3). Once the stakes were in placdiberglass

tape reel was stretied taght across the trail and was mddeizontal using level(Figure4).
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Once the line wakorizontal, vertical measurements were tat@the tread surface every
along the horizontal line using a weighted plumb measuring Mesical measwements were
collected starting at the trail edge, and ended abppesitetrail edge. The CSA(cn?) below
the horizontal line was then calculatesing the equation in FiguB providinganestimate of

soil lossat each erosiotransectocation (Svajd et al, 2016).

Vs

—

Fixed Point

—

Fixed Point

B
______*;_________
¥

Where

A= Cross sectional area

Vil Vh+1= Vertical distance measurements, starting;athe first fixed
point, and ending at, . 1, the hst vertical measurement taken.

L= Interval on horizontal taut len

Figure 3. Layout of trail transects and formula for calculating Ci8sstional Area (adapted
with permissiorfrom Jewell & Hammitt, 2000).
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Figure 4. Field tpfoslopeqantifiction using ried erosion quntifiatin 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























































































































































































